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NPEAUCJIOBHE PEJAKTOPOB
NEPEBOJA

«unepunka» — Tpetbsi KHura M. Diirena, nepese-
JleHHas Ha DYycCKHH A3bK. B xuure «CamoopraHusainus
MaTepUH U 3BOJIOLHS OHOJOTHYECKHX MAaKPOMOJEKYJ>»
(M.: Mup, 1973) Diirex BnepBrle cHOPMYJHPOBAJ KOH-
uenuyuio o0pa30BaHHA YNOPANOYEHHBIX MAaKPOMOJIEKYJ
W3 HEeyNnopsA0YeHHOTO BeLeCTBA Ha OCHOBE MAaTPHYHON
penpoaykuHn H nocaeaywoouero orbopa. Takum obpasom,
npunnun JlapsuHa Obl npuMeHeH K mnpofsieMam Jo-
6HOJOTHYECKOH 9BOJIOUHH H MPOUCXOXKAEHHH MKU3HH.
ODTa KHura BbI3BaJa OOJBUIOH HHTEpeC H HECOMHEHHO
CTUMYJupoOBa/ia JanbHeliline paboTol B o6saacTH ¢u3n-
KO-MaTeMaTHIECKOr0 MO/Ie/MPOBAaHHS HPOIecCOB AOGHO-
Jgorudeckodl H GHosorudyeckod sBosounud. B Heboabimoh
Kuure «Mrpa »KHM3HH», HanhcaHHO# OHreHoM BMecTe ¢
ero cotpyauuueit Pyrxuapa Bunrkiep (M.: Hayka,
1979), Te ke BONPOCH paccMaTpHBATCA NONYJASPHO —
€ TOMOIIBI0O OCTPOYMHBIX HIPOBBIX MoJenefl.

B npensaraemoil BHMMaHHIO yHTaTeneldl MOHOrpacdHH
Ditren u UlycTep BhmepBhle NPUMEHHJH annapaTr Kaude-
CTBEHHOH TeOpHH JIHHAMHYeCKHX CHCTeM JJd aHajiu3a
panee pa3BuTOil KoHuenuuu. HyxHo ckasaTh, 4To MeTOx
«(a30BbHIX MOPTPETOB» OHEHb KpPAaCHB, M 5TO OlUyllaeT
KaXAsll, KTO0 C HHUM 3HakoMHtcs. UyBcTByeTcs, YTO H
aBTOPBLI  HCObITalM  obasiHMe KaueCTBEHHOH TEOPHH.
CrnpaBefsiMBOCTH DajiH cJelyeT OTMeTHTb, 4TO K MpoO-
JeMaM 3BOJIOLUHH W fa)Ke K BOIPOCY MPOHCXOXKAEHHS
XKH3HH 3TOT ammapaT npumensiaca u panee. K coxaxe-
uuio, diiren n Ulycrep He comocras/ifAlT CBOH Hccae-
AoBanua ¢ paboTaMH JADYTHX Y4YeHHIX, B pe3y/abTaTe
KHHMIa He TOJHOCTbIO OTpa)KaeT COBpeMeHHOEe COCTOsIHHE
npobJaeMsl.

Maremarnueckas MmoJeab, pa3pafoTaHHasi aBTOPAMH
JaHHoii Modorpaduy, uUMeeT TIJIaBHBIM 00pasoM HJJIIO-
eTpaTUBHOe 3HadyeHue, B AelCTBUTENLHOCTH 3THM pOJh
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MaTeMaTHYeCKOro IO0JAX0Ja K npodjeme BO3HMKHOBEHHS
AKH3HH OTHIOAb He HcuepnbiBaeTca. KauecTsenuast Teo-
pHSl  IHHAMHUYECKHX CHCTEM OTKDHIBA€T BO3MOMKHOCTH
UEeTKOH IOCTAHOBKH HOBBIX HPUHUHIHAJBHO BaXKHBIX
npo6aeM U HX pelleHHUs.

Bo-nepBBIX, OCHOBHOe NOHSITHe «OTOOP» [PH CKpPYHy-
Je3HOM aHaJ/H3e OKa3blBaeTcsl HeojAHO3HauHbIM. OO6BLIUHO
3TOT TepMHH ynoTpebasiercs B cMmblcie oTOopa Hausiyy-
lIero BapHaHTa, T. €. KaK JOCTHXKeHHe abCoJI0THOro
ONITHMYMa; B 3TOM CJydae pe3yJbTaT oT60Opa mpeaomnpe-
nenen 3apanee. OfHAaKO B XOAe 3IBOJIOUHH H Jaxe B
caMoM HauajJe ee (T. e, B Ipouecce BO3HUKHOBEHHSH
JKH3HHM) BCTpeualoTcsl CHTYalllM, NPH KOTODbIX pasBH-
THe MOXXeT NOHTH IO HeCKOJIbKHM pPa3JHYHBIM NOYTAM.
3lech caefyeT roBopuUTh He 06 orbope, a o BhboOpe 0f-
HOTO M3 BO3MOJXKHBIX BapHAHTOB; MPH 3TOM JOCTHraercs
He abCOJMIOTHHIH ONTHMYM, a OIMH M3 NpHemJeMbXx. Pe-
3yJbTaT NpolLecca 3apaHee He MNpeJoNpeleseH, OH 3a-
BHCHT OT cJydalisoro Beibopa.

Meron $a30oBoro mpocTpaHCTBa MO3BOJAeT Haubosee
4eTKO NOCTaBHTb Bompoc «Ot6op HAK BLIGODP» H jpaxe
OTBETHTb Ha Hero B paMKaX TOH WA HHOH MOJIesH.
B cayuae, eciu HMeeTcss HECKOJLKO CTALHOHAPHBIX CO-
CTOSIHH, OTHeJeHHBIX JAPYr OT [Ipyra cenapaTpuHCaMH,
MbI MMeeM Heso ¢ BEIGopom. Ecsiy Xe cocTosiHHe TOJIb-
KO OJHO, TO B 3TOM (H TOJBKO B 3TOM) C/Jyyae MOXKHO
roBopuTh 06 oT6ope. Bompoc 0 TOM, 4TO Xe HMeJO
MECTO B IPOLECCe IPOUCKOXKAEHHS >KU3HH H JaJbHefl-
meH 3BOJMIOLUH — 0TOOp uAH BBHIGOP — SIBJAAETCS OXHHM
U3 npUHIHNHa bHBLIX. OTBeT Ha Hero MOXKHO MNOJYUYHTb
MyTeEM CTPOTOTO MAaTEMaTHUYECKOro aHajH3a CYIeCTBYIO-
IIUX -Mojesel, BbLIBOJOB M3 HHUX M COIOCTaBJEHHS pe-
3yJbTATOB C 9KCIEPUMEHTOM.

Bo-BTOpBIX, HA OCHOBe JHHAMHYeCKOH TeopHH MOXKeT
OBIThb 4eTKO NOCTAaBJEHA W pellieHa npob/emMa BO3HHKHO-
BEHHUs OUONOTHYECKOH HHbOpMalHH, yBeJIHUeHHS €e KO-
AvyectBa M uHeHHocTH. OTMmerum, 4To 3Ta npobiaema-
cBfi3aHa ¢ NpeAbAYIIEll, a UMeHHO: HOBas HHOPMALHsA
BO3HHKAeT B CHCTEMe, TOAbKO €CJIH IPOHCXOAHT Chydai-
et BuiGop (Kactnep), a He or6op HaHJIYYLIEro Ba-’
puanra. B nocieiHeM cayyae MOXKHO IOBOPHTH JIHIUR
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0 peaaH3auHu HHGOpPMAUHH, 3a/0KEHHOH B CHCTEMY
a priori, T. e. 0o BHAGNEHHH HMellllelicsa HHDOpMANUH
U3 uyma.

M3 Bcero ckasaHHOro cJjeayer, 410 (OpPMYyJHPOBKA
npobJaeMbl TPOHCXOXKAEHHS XKH3HH Ha OCHOBE TEOPHH
IHUHAMHYEeCKHX CHCTEM OTKPHIBaeT [BEPH B HOBYIO H
BecbMa HHTepecHylo o6.acTtb. ABTOpH npeaJgaraemofi
KHHTH clenady B 5TOM HallpaBJ/leHUH [IepBble INard, Kak
BCErJa B T4aKOM cJydae ocOGEHHO TPYyAHble M BaKHHIE.

M. B. Boarvkenwirelin
A. C. Yepnascruii



NMPEOHCIAOBHE

OcHoBo# [J151 3TOf KHUTH MTOCAYXHJAa CepHs craTed,
onyO/siMKOBaHHBIX B  XypHane ,Die Naturwissen-
schaften* B 1977—78 rr. PasneneHne KHHI'M Ha TpH
YaCTH OTpa)KaeT ee JOTHUYECKYIO CTPYKTYPY, KOTOPYIO
MOXKHO Pe3IOMHPOBATh B BHJE TPeX Te3HCOB.

A. Tunepuur.aI— 3TO NPHHLHI eCTeCTBEHHON caMo-
OopraHusauuy, oO0ycJOBAHBAIOUIHI HHTErpalui0 H
COrJIacOBAHHYIO 3BOJIOUMIO CHCTEMHBl (PYHKUHO-
HaJbHO CBAI3AHHHIX CaMOPENIHUHPYIOLIHXCA eaH-
HHLL.

B. I'unepuukAsl — 3TO HOBBIH KJACC HEJHHEHHBIX
ceTell peakliufl, 06/MagalOUHX YHHKAJIbHBIMH CBOH-
CTBaMH M NMOANAIOIHXCS YHHGHHHPOBAHHOMY Ma-
TeMaTHYeCKOMY ONHCAHUIO.

B. I'nriepuHKABl MOTYT BO3HHKAThH B pacnpefeneHHH
MYTaHTOB OT/eJbHOIO /apBHHOBCKOTO KBa3HBHIA
B pesyJpraTe cTabWIH3alNH ero AHBEPIHPYIOLIHX
MYTAHTHBIX TeHOB. 3apoJHBIIMCH, THIEPIHKIILE
3BOJIIOLHOHHPYIOT B CTOPOHY VCJOXKHEHHA [O-
CPeACTBOM IIpollecca, aHAJOrMYHOrQ AYNJAHKaLHH
reHOB H CHellMasH3alHH.

YT06H NOACHHTH CMBICA NE€PBOrC YTBEPKAEHHS, MOXK-

HO 0OpaTHTLCA K NPYroMy NPHHIHIY CaMOOpraHH3alHH
MaTepuH — K JAaPBHHOBCKOMY IpPHHUHINY eCTeCTBEHHOIOo
or6opa. DTOT NPHHUHUN — KaK Mbl TpeJCTaBjseM €ro B
HaCTosilllee BpeMfl — ABJSETCS €IHHCTBEHHBIM MOHSATHBIM
HaM crnocoboMm co3faHus uHbopmauuu, Oyib TO TNpPO-
rpaMma CJ0XKHOrO KHBOTO OpPraHM3Ma, KOTOPHIH Tpex-
craBjsieT co0OH MNPOAYKT 3BOJNIOUHH MeHee CJOKHBIX
NpPapoaAUTEJbCKHX (OPM, HJIH OCMBICJEHHAS MOC/E/]0Ba-
TEJbHOCTb OYKB, OTGOP KOTOPOH MOXKHO HMHTHPOBAThH B
MOJEJbHBIX 3BOJIOUUOHHEIX HIPaXx.

EcrecTBenHbl 0T60p —31ech aKLEHTUPYETCS CJIOBQ
«eCTECTBEHHBIH» ~— OCHOBaH Ha CaMOBOCIPOH3BEJCHHN,
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PRS-

- UHBIMH CcJ0BaMH: eCJM JaHa CHCTeMa CaMOBOCIPOM3BO-
AAUIMXCS  eJMHUL, KOTOpbLle CTPOSITCA W3 MaTepHaJja,
NOCTYNAIOULero B OIPaHHUYEHHOM KOJIHUecTBe U3 0Oliero
HCTOYHHKA, TO HenabeXHO BO3HUKAeT eCTeCTBEHHBIH
or6op. CoOOTBETCTBEHHO 3BOJIOUHOHHOE MOBEJEHHe, YII-
paBJjisieMoe eCTeCTBeHHEIM OTOODOM, OCHOBAHO Ha CaMo-
BOCIPOHU3BeJeHHH ¢ <«iyMoM». Hanuuusi stux ¢usuve-
CKUX CBOHCTB J0OCTaTOUHO, UYTOOB CTa/0 BO3MOXKHBIM
3aKOHOMeEpHOe BO3HHKHOBEHHE B BRHICIIEH CTeHeHH CJIOXK-
HBIX CHCTeM, T. €. TreHepHpOBaHHe Tako#i uHpoOpMa-
LWH, KaK IOporpaMMa XHBoro opranusma. ORHaKo jaap-
BHHOBCKOMY M€XaHH3My €CTeCTBEHHOTo oT6opa NMpHCYILU
KOJTHUECTBEHHBIe OTpaHHdeHHsT B oObeMe HaKalJaHBae-
Mo#l HHpopMalHUH. 3AeCh-TO H BHIXOJIUT Ha CIeHY THuep-
uuKJ. [Umepuukya — 370 TOXKe NPUHILHM CaMOOpraHu3a-
IIH¥, HO OH OCHOBAH Ha APYILHX NPEeANOCHIJIKAaX H HO3TO-
MY BeJleT K MHBIM NOCJeICTBHAM.

Teopus napBHHOBCKHX CHCTEM, H3j0KeHHas B yac-

TH A, NPUBOAHUT K JBYM OCHOBHBIM pe3y/bTaTaM.

a. CaMOBOCIPOU3BOASLIMECS eNUHULUL KOHKYDHPYIOT B
npouecce orbopa. DTa KOHKYDEHIHs MOXKeT ocaab-
JAThCSL [ HePOACTBEHHBIX BHIAOB, YXOASILHUX B pas-
ubie HHIIKM. Tem He MeHee B Ipegenax KaxKAOro pac-
npeleseHUss MyTaHTOB OHa JOJKHA ObITH AOCTAaTOYHO
3¢ PekTuBHOH, uTOOH HOALEpPKHUBANACh YCTOHYHBOCTD
IuKoro Tuna. De3 Takoll KOHKypeHTHO# crTabuiusa-
HHH ero HHQopmauus paccessach OHL.

5. ndopmanyionHoe coAepKaHHe YCTOHYHBOTO AHKOIO
THNA OrpaHnueHHo. JIpyrHMH cJoBaMH, KOJHYECTBO
HH(OpPMaLHK He JOJI2KHO NPeBHILATh HEKOETro NMOopora,
BeJHYMHA KOTOPOTO OOpPATHO IPOMOpPLHOHAJNBHA CPen-
HeMy TeMIly reHepalik oln6ok (Ha cumsoa). Haaee,
3TOT TMOPOTOBLIH yPOBEHb 3aBUCHT OT Jorapudpma
fIPEBOCXOACTBA AHMKOrO THNA, T. €. OT CPeJHero celex-
THBHOIO IIpeHMyllecTBa IO OTHOILEHHI0O K MyTaHTaM
cymmapHoro (ycrofiunBoro) pacnpeneienusa. Pacnpe-
JlefleHHe CTAHOBUTCS HEYCTOHUHBHIM BCKHi pas, Kor-
Ja NosBJsgeTcss HapyWaouHil 3TO YCJIOBHE MYTaHT,
AMCIOLIHHA TPeMMyLIeCTBO HaJ paHee YCTOHUMBBIM
JHKHM THIIOM,



10 Mpeducaosue

—

DTH cBOMCTBA BHYTPeHHe MOPHUCYLIH AaPBUHOBCKHM
cucreMaM. OHH rapaHTUPYIOT 3BOJIOLHOHHOE MOBEAEHHE,
1J151 KOTOPOTO XapaKTepHbl oT6Op H cTabuAbHOe BOCHPO-
u3Be/leHne HauboJiee alanTHPOBAaHHOH CaMOBOCHPOH3BO-
Aamuefica eAMHHLBl, a TakXKe 3aMeHa ee JIOObBIM MyTaH-
TOM, KOTOpHI ajantupoBad ette Jayudwe. C apyro#
CTOPOHBI, 3BOJIONUS TaKOH CHCTeMBl OrpaHuYeHa omnpene-
JIeHHbIM YPOBHEM CJIOXKHOCTH — MOPOTOM MAaKCHMAaJLHO-
ro HHGOPMAIHOHHOTO COAEpKAHHS.

H3-3a 3TOro orpaHH4YeHUsi MEPBLHIMH CaMOpEHIUIHPY-
IOUIMMHCS eQWHHIaMU OblJIH, BepOSITHO, OTHOCHTEJBHO
KOPOTKHE [enH HYKJIECHHOBBIX KHCJIOT. DTO eIHHCTBEH-
HBIF KJIaCcC MAakpoMoJieKyJa, o6/aZanolix cnocoGHOCTbIO
k camopocnpousBenenno. OnHako (HIHUUECKHE CHJIBI,
onpelensollie TOYHOCTb CaMOpeNJIHKaLHH, HMEIOT orpa-
HUUEHHYIO cllellHdHUYHOCTb. YBeauueHne TOUHOCTH MOTJIO
npoH3OHTH TOJbKO Onaropaps HaJHUMIO KaTa/lH3aTopa,
npuueM  KaTaJu3aTop — 4ToObl OH MOT 110JBepraTthes
3BOJIIOLIHOHHON ajanTaliiy — ToXe JRoJXKeH OBl BOC-
npoH3BoAHTbcA. Ha sTom 3Tame 3BOJIIONMH MNOSBHIACH
HeoOXOJHMOCTb B TpaHCASILMH HHPOPMAIHUH, yHacCJeLo-
BaHHOI BOCIIPOU3BOISALIHMCS MaTEpHAJIOM.

Bapbep 6wl KOsMOCCAABLHOH BHICOTHL. JBOJIOLHS, MNO-
BHAHMOMY, (paKTHUECKH OCTaHOBHJacbh. TpeboBanach Ma-
IIMHA, HO 4TOOBl €O3/aThb ee, HyXKHa Oblja B8Ce Ta XKe
MawuHa. Jlake NPHMHUTHBHBIN anmapaT TpPaHCAAIHH
noJxKeH OB COLepXaTb, BEPOSTHO, He MeHee YeThipex
ajanTopoB AJs YeTbpeX Pa3HBIX aMHMHOKHCJOT IJIIOC CO-
oTBeTcTByloUlee uncyo ¢epmentoB u ux MPHK. Koau-
gecTBO HHpOpManuu, HeoOXoouMoe IJsi TaKOH CHCTEMH,
CpPaBHUMO C KOJIHYECTBOM HH(bOpMaLuH B BHpYyCe, cOAep-
*Kamem oaHounenoueynyio PHK. OaHako Takde BHPYCHI
MOTYT HCHOJb30BATh COBepLIGHHBIH anmapaT TpaHc/s-
UM KJAeTKH-X03s1HHa. KpoMe TOro, oHW BOCIPOH3BOASATCA
¢ [OMOIIbLIO BBEICOKOAJLANTHPOBAHHOTO (hepMeHTaTHBHOTO
anmapata — KOHEYHOro, T. €. OITHMaJbHOrO MNPOLYKTa
3BOJIIOLHH.

Fenom PHK-cogepxamero ¢ara He NPeBOCXOIHT
HEeCKOJbKHX ThICSY HYKJEOTHAOB, YTO KaK pa3 AOCTaToy-
HO 1M KoaHpoBaHHs Heboabiioro uucia (HAIpHMep,
yerblpex) MoJekyan Genka. Kak MnokasaHo B 4acTH A,
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3TOT npefle 00YCJAOBJIEH TOYHOCTBIO KOMHPOBAHHA, KO-
Topas MOXeT OHTb MOCTHTHYTA € NMOMOMIBIO XOPOUIO
aJanTUpOBaHHOTO (epMeHTa peniukauud. Jlio6oe Aajb-
Helilllee yBeJHueHHe HHPOPMAIHOHHOIO COJepIKaHHA MHO-
TpeboBaso OBl TAaKHX COBEPIHIEHHHX MeXaHH3MOB, Kak
KOpPeKUHs ¢ y4YyacTHeM 3K30HYKJea3sl W JHrasbl, 4YTO
craqo poctynHo auwb JHK-nonumepasam Ha oueHb
NO3JHHX CTaAHSX 3BOJIOUHH. Kak Morjaa BO3HHUKHYTb
Jaxke NPUMHUTHBHAs CUCTeMa TPaHCJAANHH, €CJIH TO4-
HOCTb BOCIPOHU3BENEHHS ONpeletsnach HCKJAIOUHTEABHO
(ODM3uUeCKHMH CBOHCTBAMH HYKJEHHOBHIX KHCJOT, He
[O3BOJSIIOUIHMH BOCIIPOM3BOJMMO PeIJIMIHPOBATL OT-
HedbHble HYKJEOTHAHBIE Iiend ANAuHOH OGoJsee 50—
100 myk/aeornaos? KosuuecTBo HHpOpMalHH, HeobXoaH-
Moe IJisl CHCTeMHB TpaHessuuu, 6e3 xoropofl He MorJo
NPOU30HTH yBeJHYEHHs TOYHOCTH, BO MHOrO Da3 MpeBbl-
maer TO KOJHYECTBO, KOTOPOE MOKeT CojepXaThbCid B
OTZAe/NBbHBIX CAMOBOCIPOU3BOASIINXCS LENsX.
I'Hoepunka — 310 cpelAcTBo 0o0belMHEHHSI CaMOBOC-
OPOM3BOAAIIKUXCH e[HHHI[ OFPaHWUEHHOH IUIMHBL B HOBYIO
VCTOAUMBYIO CHCTEMY, CIoco6HYI0O K COTJIaCOBaHHOH 2BO-
mound. Hukako#i apyrofi crnoco6 opraHn3alHH — BO3-
HUKHOBEHHe KOMIIAPTMEHTOB HJH 06pa3oBaHHe HEUHKJIH-
YJeCKUX ceTeff — He MOXKeT rapaHTHpPOBaTh OJAHOBpPEMEH-
HOT'O BBHINOJIHEHUS TpeX CIeAYIOUINX YCJIOBHIL:
~— NOJAJNEpPXKHBATh KOHKYPERUHIO B paclnpeleieHHsax IH-
KOTO THIA BCeX CaMOpPEMMTHIHPYIOIHX eIHHHI, YTOOLI
COXpPaHUTb HX HH(MOPMALHIO;
~— JONYCKATb COCYUIeCTBOBaHHE HECKOJLKHX (B APYTHX
YCIOBHSIX KOHKYDHPYIOUIHX) €IUHUI, U MX MYTaHTHBIX
pacnpeneneHHil u
— 06beAUHATb 3TH eAMHMIL B CHCTeMY, CnocobHYI0 K
COTJTACOBAHHOH 3BOMIOUMH, TA€ NMPEHMYILECTBAa OIHOTO
HHAVBUIA MOTYT HCIOJbH30BATHCS BCEMM UJEeHAMH CH-
CTeMHl, MpHUYEM cHUcTeMa KaK liesJoe NpoJdoJKaeT HH-
TEHCHBHO KOHKYpPHUpPOBaTh ¢ Jio6oil efuHuuei HHOTO
cocTagBa.
Haiute yTBep:KieHHe JOTHYECKH CJleNyeT H3 pe3y.b-
TaToB wacTH A:
Ecnmu uckaTb @uanueckuil MeXaHW3M, TapaHTHPY-
IOWHA HenmpepHIBHYIO 5BOJIIOLHIO allliapaTa TPaHCISILHH,
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TO HaJHuyHe THHEePUHKJIHUECKOH OpPraHH3aUHH sABJAETCH
MHHHMaJbHBIM TpeGoBanueM. Heobxoaumo, urto6bl. BO-
B/ieUeHHblE B THUIEPUHKJ HOCHTeNH HHGMOPMANUK OblIH
cnoco6HbBl K CaMOpeNIHKalHH — OJHAKO OJHOTO 3TOrO
negoctatoyHo. [Ipu aHasnu3e yCaA0BHH THIepuMKAAYe-
CKOH' OpraHM3alHH cpasy e BHAHA 3KBHRAJIEHTHOCThb
THX YCJOBHH MNpPeANOCHIJIKAM JapBHHOBCKOro oTGopa.
[TocsenHuit OCHOBaH Ha CaMOBOCIPOHM3BEAEHHH, KOTOPOE
ABJIsieTcss ONHHM M3 BHIOB JHHEHHOrO aBTOKaTaJH3a.
Tunepuuka — 3T0 cjaelyiollul, 6oJjiee BLICOKHH ypOBeHb
B HepapxHH aBTOKAaTAJUTHYECKHX cHCTeM (KakK [10kKa3a-
HO B uyact¥ A). OH NOCTPOEH M3 aBTOKAaTa/JH3aTOPOB,
HJH [HUKJOB BOCIPOH3BENEHHS, KOTOPBIE COUJIEHEHBl MO-
CPEACTBOM LHMKJIHYECKOTO KaTaju3a, T. €. NOCPEACTBOM
ellle OJHOr0 aBTOKATaJ/H3a, HaJOXKEHHOTO Ha CHCTEMY.
Takum o6pasoM, THHEPUHKA OCHOBAH Ha HeJIHHEHHOM
aBToKaTasu3e (HalpUMep, BTOPOTO H/IH 6oJee BHICOKOTO
NopsAJKa).

[TockoanbKy THIEepPUHUKAB BeAyT cebsl <«peryaspHo»,
HX MOXKHO HCCJeIOBaTbhb KaK KOHKPEeTHBIH KJsacc cerel
peakuuit., Tarolt ob6Liufi aHAJAU3 NPOBOAMTCH B 4YacTd b
(cM. BrOpoe yTBepxkaenue). OHHM MpPOSBJAAIT YHUKAJb-
Hble (H3NYEeCKHe CBOHCTBA, KOTOPBIX JHILUEHB JApYyrHe
THOB CBfi3eHd, U [m03TOMY Tpebyercss YHHU(PHUUDOBAHHOE
paccmoTpeHHe «abCTpPaKTHOIO THMNEpUHKIa». DTOT CHOo-
co6 mnpeicraB/eHHs NpeiMera caM [0 ce6e onpaBAbl-
BaeT yuebHYIo (OpMY H3IOKEHHS.

C apyro#i CTOpOHBI, THMIEPIHKJ HHKOHM o06pa3oM He
ABJSieTCH JHIMb aOcTPakTHBIM IPOAYKTOM HAILEro yMa.
DTOT NPUHUHI ellle COXPaHseTCs B LIMKJE Da3MHOMKEHHS
PHK-conepxauero ¢ara, XoTs 37ech OH IpHJIaraercs
TOJMBKO K 3aMKHYTOMY MHUDY KJeTKH-X03sAHHA. Darosblit
TeHOM IocJe TPaHC/IALUN MPOH3BOAUT (GAKTOP, CTAHOBS-
muiics cyObeauHHIell B PENIMKA3HOM KOMIJIEKCe, ApPY-
rHe YacTH KOTOpOro I[OCTaBJafeT KJeTKa-X03sHH. ITOT
thaxTop, KomupyeMulit ¢arom, npusaer ¢depMmenry abco-
JoTHYIO (aroByio cnenududHocTb. Ilockoabky ¢arocne-
nud UYL penaHKa3Hblii KOMIIeke oTBepraer sce PHK
KJIETKH-X035IHHA, €ro Ha/JMuHe PaBHOCHJIBHO HAJIOXKeHHIO
nersin oOpaTHOH CBsI3W, aBTOKATAJUTHYECKH YCHJHBAlO-
meft ¢arosblfi reHOM.
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Haule yrsepxieHUe OTHOCHTENbHO HEOGXOXHMOCTH
THNepUHKANYECKOH OpraHM3anHH NPUMHTHBHOrO annapa-
Ta TPAaHC/IALMH HMeeT NDPHPOAY <«EC/H — TO» H elle He
03HauaeT, YTO HCTOPHUECKH HMEHHO TaK Bce H ObuIO.
Ha camom aeje Morau NpOHCXOOUTb HEOXKUIAHHBIE KC-
TpaopAnHapHble CcOOBITHA — QAYKTyaUHH, KOTOPBIE HE
0TpPa¥KaloT HUKAKOH peryJsapHOCTH NMPHPOABL, HO BJHAIOT
Ha xoj] cobOmituii. Ecau Mbl cobupaeMmcsi NoKasaTb, YTO
9BOJIIOLUS NPOTeKasa, MOAYHHSSACH olpefeNeHHOMY (H-
3HMYecKOMY NMPHHUUIY, TO HaM HYKHO HCKaTb 3TOMY HCTO-
pHuecKue CBHIeTeNbCTBA, T. €. CJeAbl paHHHX OpraHu3a-
OUOHHBIX GOpPM B COBPEMEHHBIX OpraHuamax. 23710
caenaHo B Yactd B, u Haule TpeTbe yTBepXKIeHHE OTHO-
CHTCS K Hefl.

Hexoropyio uHHpOpManHio 0 CBOeM INPOHCXOXKAEHHH
natotr Ham Ttpancrnoptirie PHK — kiioueBbie BelllecTBa
rpalcasauun. [lo-BuanmoMy, OHM yKa3blBalOT Ha ecTe-
CTBEHHBIH NyTh paspemieHns npobjaeMbl HHHLHALHH He-
AuHefHOA ceTH peakuuwit — npobaeMbl HyKJeauuu. Bee
yJeHb 3TOH CeTH SBJSIOTCS NOTOMKaMH OJHOH U TOH
xe popoHauaapHo# konuH, TPHK-npeaumrecTsennuka.
MyTaHTEl KBa3HBHAOBOIC pacnpeje/eHus 3TOr0 Mpea-
IIECTBEHHUKA MOTJIH HaKONHTBCS [pPEXAE, ueM HagaJ
paforaTh OpPraHU3allHOHHBI! NPHHIKI runepuukaa. bBy-
KyuH OJU3KODOACTBEHHBIMH MYTAHTAMH, BCe aJanTopHl
u Mojekyasl MPHK, a Takxke UX IpOAYKTH TpaHeasLHH
(GYHKUHOHHPYIOT BecbMa CXOAHHIM 00pa3oM (Kak MHIle-
HH H Kak Hcrmonuutenu). [losToMy OHM aBTOMaTHUECKH
«BOBJIEKAIOTCA» B OPraHU3alMI0 C MHOTHMH IIeDeKpecT-
HEIMH CBAI39MH, BKJIIOUAIONYI0 HeKHH wukJ. Kak mo-
Ka3aHO B 4acTH B, 3TOT UMKJ MOXKeT NOCTeNeHHO cTa-
OuJ3HpOBATLCS NyTeM 3BOJIOLHOHHOTO pa3BHTHA crie-
oudUYHOCTH CBSI3eH, mpHYeM Bce OHH MOTYT OBITH THIIA
«pen/iikasa — €€ MHUIeHb> (TakoH THI CBSI3H Bce elle
ucnoab3yercs PHK-comepxamumu daramu). Peasnucru-
YeCKHH THIEPUHKA MOXKHO HCCIeJ0BaTh 9KCIIepHMEHTaN b-
HO, HanpyuMep, NpH AeTajbHOM H3y4YeHHH COBPEMEHHOro
MexaHH3Ma TPAaHCJ/SLUH,

Mbl  HagzeeMmcd, uTO 3Ta KHHTa G6yaeT crnoco6cCT-
BOBaTb MOCTAHOBKE aJeKBaTHHIX BONPOCOB, HaMpaBJeH-
HBHIX Ha u3ydyeHHe mpobJeM 3BoJioLuH. Teopusa JuiueHa
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abCoO/IOTHON LeHHOCTH, eCJH ee BbLIBOAB He/b3sl IpoBe-
puTb 5KcnepHMeHTaJbHO. C  [Apyrofi CTOpPOHE, TEOPHSA
IOJIKHa JaBaTb HeuTo 60Jbllee, yeM NPOCTOE 0OBSICHEHHE
aKcnepuMeHTanbubix ¢aktoB. Kak ckasan DiHuirTefin:
«ToNBKO TEODHSA MOXKeT yKa3aTb HaM, KaKHe 3JKCIlepH-
MEHTHl OCMBIC/JEHHELY.

B 3ToM OTHOUIeHHWM Hallla KHHra HalHucaHa He TOJlb-
KO 1151 (pH3UKa, KOTOPHI CTPEMHTCSH K €AHHOOOPAa3HOMY
IpUMeHEHHIO (H3HYECKHX 3aKOHOB KO BCell mnpupoje.
Ona aapecoBaHa TakxkKe XHMHKY, OMOXUMHKY U GHOJO-
Iy, 4ToOBl NOABUTHYTh MX HAa NOCTAHOBKY HOBBHIX 3KCIIe-
pUMEHTOB, KOTOpwle crnocobcTBoBanu 6wl GoJiee ray6o-
KOMY MOHHMAaHHIO XH3HU KaK NPOSIBACHHS <«PEryJasipHO-
CTH IPHPOJLI» U ee NPOUCXOXKACHHS.

Hamy paboTy B 3HAUUTEJBHOH CTENEHH CTHMYJAHpO-
Baau auckyccuu ¢ ®@psncucom Kpukom, Cranan Muane-
pom u Jlecnn Opresnom; 3TH AHCKYCCHH OblIH paBHO-
CHJIBHBl JJIS1 HAac «JAaBJeHHIO OoTGopay, 3acTaB/sABIIEMY
ucKaTh OOJbIIYIO HENPEpHIBHOCTL B MOJIEKYJAPHOH 3BO-
mounn. OcobeHHO MOJe3HBIMH OblIM COBEeTH H 3ameua-
uust Kpucrodpa Bubpuxepa, Mpsurra dmmrefina, Beph-
na Tyrre, durmapa Ilépmke, Kapna 3urmyuna, Ilona
Byau n Po6epra Boabba. Pyrxuaba Bunkiaep-OcsaTuuy
npeAaoXuaa GOJMbUIHHCTBO HJAJMIOCTPaUHil u Oblla Beer-
Ja TepneuBOH U KPHTHUHOH cobeceHUIEH.

Cnacu60 uM BCEM 33 NOMOLIb.

CerTunres, Mangped Jiizen
6 monfps 1978 r, Ilerep Llycrep



YACTDb A
BO3BHUKHOBEHHE THNMEPUHUKJIA

I. lapagurma eaMHCTBA U pa3HooGpa3us
B 3BOJIIOHHH

[ToyeMy CyLIeCTBYIOT MHJIJIMOHLI BHJIOB *HBOTHBIX H
pacTeHHHl HeCMOTpA Ha TO, YTO MOJEKYJSDHBIH anmapar
KJETKH B CBO€Hl OCHOBE OJHHAKOB: OJAMH YHHUBEpPCAaJbHBIH
TeHeTHYeCKH# KO H MaKPOMOJEKYJbl OnpeleneHHOMH
XHPaabHOCTH?

CoBpeMeHHble TeHeTHKH 6e3 kojeGaHHH HeMeNJeHHO
OTBEeTST Ha NEepPBYI0 YacTb 3TOro Bompoca. Pa3znoobpasue
BHAOB fBJseTCH pe3yJbTaTOM TPaHIHO3HOTO BeTBALIE-
rocsl mporecca SBOJIOLHMH ¢ MHpHalaMH OTAEJNbHEIX la-
rOB BOCIPOM3BeJAeHHA M MyTauuii. B npouecce 3spoJio-
LUUH HPOHCXOAHT OTOOD CpeAH KOHKYPEHTOB, nOTpebJis-
IoIHX ofLiHe THILEeBble pecypchl, XOTA AONYCKAeTcH
TaKXe H30JAIHS, CMEHa HHIOH HJH JaXe B3auMHas
TOJIEPAHTHOCTh M CUMOHO3 — NIPH HAJMHYUH [OCTATOYHO
MSITKHX CeJIeKIHOHHBIX oOrpanHuennit. J[lapBHHOBCKuI
OPHHUHI ecTeCTBeHHOTo oTOopa IpeacrasnasieT cofoil
NPUHUMN YNpaBJeHHs, HaloWHA AHOepeHIHPOBAHHYIO
OUEHKY reHHOH MONYJALHH B OTHOUIEHHWH ee ONTHUMAaJb-
HO# mpucnocobsenHocTH k cpefde. CTporo rosops, OH
a¢deKTHBEH TOJIbKO NPH HAJIHUHW TOAXOASLIHX TPaHHY-
HHIX yCAOBUM, KOTOPHe B MPHPOAE MOTYT BHIIOJHSTHCA
HJIH He BHINOJHATBCA. B pabdorax Pumepa, Xoagefina u
PaiiTa — OCHOBONOJIOXXHHKOB  IVIaBHLIX  HaNpaBJieHUH
HONYJSILHOHHOH T'€HETHKH — NPUHUHUNY eCTEeCTBEHHOTO
otbopa Oblia naHa TouHasi HOPMYJUPOBKA, II0KA3BIBAIO-
Iasi ero BO3MOXKHOCTH U OrPaHHYeHHA. ITOT NPHHIHI
onupaercs Ha oOLiHe CBOHCTBA JKHBHIX OPTaHH3MOB, OCO-
6eHHO Ha MeXaHH3MBI HX BocupousBelenus. [locneanue
3aBUCAT OT psAga (PaxTOPOB, ONpeleNAIOIIHX KaK TeHe-
TUYECKYI0 OAHOPOLHOCTb, TaK H HEOLHOPOAHOCTb, KOTO-
pele OBLIM M3BECTHBI elle [0 YCTaHOBJEHHS JeTasb-
HBIX MOJIEKYJ/SIPHBIX ~MeXaHH3MOB HAacCJ/JeACTBEHHOCTH
(rabu. 1),
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Co3HaBass 3Ty TreTepOreHHOCTb KHBOFG MHpa, [ed-
CTBHTEJNBHO TPYJAHO INOHATb MPHUYHHY €ro OJHOPOJHOCTH
Ha cyOrJeTouHOM YypoBHe. MHorue OHoJOTH NPOCTO
06'beJHHAIOT BCE [OKJIETOUHBIE IBOJIOLHOHHBIE COOBITHS
H cobupaTeNbHO HAa3bIBAIOT HX <«BO3HHKHOBEHHEM IKH3-
Hu». KoHeuHo, ecqn O6bl XH3Hb BO3HHKJIA B Pe3yJbTaTe
O/JHOKPATHOTO KOJOCCAJbHOTO aKTa TBOPEHHS H ec/H Obl

Tabauya 1
dakTopsl ecTeCTBEHHOro orbopa (no Paiiry [1])

dakTophl reHeTHRECKOH
OJHOPOAHOCTH

G aKkTophl MeHeTHUeCKoH
HEeOJHOPOAHOCTH

Jynaukauus rexcs

Arperauunsi reHoB

Muros

Kouzploramus

Cuennenue

OrpaHnueHne pasMepoB MHony-
NSAUHH

HasneHue cpefndl

KpoccBpuaunr Mexay NOArpyn-

Myraunn reHos

CryuafiHoe JeJeHHe arperara
XpoMocoMmuble abeppaluu
Penyxiuus (Mefio3)
Kpoccuurosep
I'u6puansanus
HunuBrayanpHas

MOCTb

Ioxpasnesenne rpynnsl

ajanTtupye-

naMu " JloxkanbHas cpeia HOATpymn

3TOT AKT — KaK YHHKaJbHOE H 3KCTpaopAHHapHoe cobbi-
THe, BBIXO/sllllee 3a Tpeenbl BCeTO CTaTHCTHYECKH BO3-
MOXKHOTO C TOUYKH 3peHHS (DHU3UKH,— B INPOULIOM HMEJ]
MeCTO TOJbKO OAMH Pas, TO MbI MOIVIH OBl y/OBJETBO-
putbcsi noaoOHBIM oObscHenuweM. Ho mwobas paabueit-
mast MOIBITKA MOHATh «Kak?» Oblsa Ovl TuletHOH. Cay-
YalHOCTb HeJb3d CBECTH HH K 4eMy, KpoMme cJayudail-
HOCTH. o

OaHako TO, YTO HaM H3BECTHO O MOJIEKYJSIPHOH TOH-
KON CTPYKType Jaxe NMPOCTEHLIHX CYLIEeCTBYIOLIUX HBLIHE
KJeTOK, HHKAaK He CBHAETEAbCTBYeT B I0JAb3Yy TAaKOTO
o0bsicHeHHs. 3AKOHOMEDHOCTH CTPOEHHS 3TOH OueHb
CHOXHOH CTPYKTYPBl HE OCTaBJAIT COMHEHHS B TOM,
yTo IlepBasd JKHBas KJeTKa CKOpee BCero cama ObLia
IPOAYKTOM JAJHTENbHOIO NpOUecca 3BOJIOIHH, KOTODHIN
JoJKeH OBl COCTOSITh ¥3 MHOTHX OTAEJABHBIX — HO He
00513aTeIbHO SKCTPAOPAHMHAPHBIX — 3TanoB. B wacTHQ-
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CTH, TIE€HeTHYeCKMH KOJ MOXHO HpeiCTaBHTb KaK pe-
3yJbTaT TaKOTO MHOTOIIATOBOrO Mpoliecca 3BOJIOUHH [2],
KOTODPbIH, MO-BHIHMOMY, HauaJcs C OJLHO3HAYHOTO KOJH-
poBaHusl JHUIIL HEMHOTHX H3 HauboJsiee pacIpOCTpaHEH-
HBIX B IEPBHYHBIX YyCJAOBUSIX amuHOKHCAOT [3]. XoTsi
B KOJAe He yAaeTCs YCMOTPeTb COBEPLIEHHO! JIOTHUECKOH
CTPYKTYPHl B OTHOLIEHHHM BCEX OKOHUATEJbHBIX COOTBET-
CTBHUH, OH JaJ/jeK OT CIy4afiHOTrO, U HEBOJBHO TPHXOMUT
B T'OJIOBY MBICJIb, YTO 37eCh «cpaboTan» KakoH-TO ONTH-
MH3aUHOHHBIA mnpHuuun. Ero mokHO Ha3BaTh HPHHILH-
NOM HaHMeHblLIero H3MeHeHHUs, IIOTOMY 4YTO CTPYKTypa
KOJa TaKoBa, 4YTO Ha YPOBHE aMHHOKHCJOT MOCJeACTBHS
TOYEYHBIX MYTallHH CBOJASATCA K MHUHHMaJbHHIM H3MeHe-
HHsIM. M36EITOUHBIE KOMOHEL, T. €. TPUNJIETH, KOAHPYIO-
1He OAHY M Ty e aMHHOKHCJOTY, PacloJioXeHBl B CO-
CeJHHX MOJIOXKEeHHAX TabJUUB KOJa, a KOJOHH I/ aMH-
HOKHCJIOT, CXOIHEIX 10 CBOHM (PH3HKO-XMMHUECKHM
cBOHCTBaM, OOBIYHO Pa3/IHYalOTCS TOJBKO 1O OLHOMY H3
TpexX TNOJOXEeHHH, Kak NpaBHJIO, [epBOMY HJAH TpeThbe-
my. Uto6bl Takas ONTHMH3alHs MoOrJa [POU30HTH B
npolecce 3BOJIOLHH, TpebyeTcss HCIOBITAHHE MHOTHX
BO3MOXKHOCTeHl nyTem npo6 H OWHOOK, B TOM UHCJe Le-
JOro psAa BBIPOXKIEHHbLIX BapHaHTOB KOAHPOBaHHS.
Wrak, Dok/JeTOUHAs 3BOJIONHS XapakTepH3oBaJach, Be-
POSATHO, TAKOH Ke CTeNmeHbIO BeTBJIEHHS, KaKyio MHBl Ha-
XOJHM Ha yYPOBHE BHJOB, €CJH TOJbKO OHA yNpaB/isaach
TeM e JapBHHOBCKHM- Me€XaHH3MOM €CTEeCTBEHHOTO
otGopa.

OpHako HaM He HM3BECTHHl HHKaKHe BapHaHTHI reHe-
THUECKOrO KOJ/a, Jaxe eCJH paccMaTpHBaTbh e€ro TOHKYIO
cTpyktypy. C oaHo#i cTOpOHBI, OBLIO OBl COBEPIUEHHO
HEeYA0BJETBOPHTEAbHBIM JIOMYILEHHEe, UTO ONTHMAJbHbIE
KOJLOBbIE COOTBETCTBHSi BO3HHKJH IO HPOCTOH cJiyuai-
HOCTH, KOTOpAasl NPOM30LLIA BCEro OJHAXKIAB H Kak pas
B HYXHBII MOMEHT BpeMeHH, He [ONycKas HHUKaKHX
aJibTepPHATHB, KOTOpPble HECOMHEHHO NpuBeu Obl K BeT-
BJIEHHIO KOJa HAa BapHUaHTH C Pa3/H4YHOA TOHKOH CTPYK-
Typoii. C JApYrof’ CTOPOHLI, CTO/b K€ HEBePOSTHBIM
Ob10 Gbl AOmMyUIeHHE, YTO HCTOPHYECKHH NYTh JOKJeToU-
HOH 3BOJIIOIHMH OBLT OLHO3HAUHO 3a/laH JeTePMHHHDPOBaH-
HBIMH (PH3HIECKHMH COOBITHAMH, ' '
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PesysnbTaThl  HalIHX  HCCAeMOBAaHHE  33CTABJASIOT
noJjaratb, 4TO JapBHHOBCKOH 3BOJIIOUMH BUAOB Mpel-
m1ecTBOBaJl aHAJOTHUYHBIA MHOrO3TamHBIR Mpollecc MoJe-
KYJAPHOH 3BOJIIOINH, KOTOPLIH NMpHBea K CO3JaHUIO YHH-
KaJbHOro amnmnapata KJAETKH, HCIOJb3YIOLIER YHUBEp-
ca/JbHBEI KOA. DTOT KOA OKOHUATEJNLHO YCTAHOBHJCH He
IIOTOMY, UTO OH Obll €NMHCTBEHHO BO3MOXKHBIM, a MNO-
TOMY, uTO 3J4ech paboran CcBoeoOpa3HLIH MeXaHH3M
orbopa «pa3 W HaBceraa», NpHYeM 3TOT Npoulecc MOr
HayaTbCs € JIOOBIX KOAOBBIX cooTBeTcTBHHA. OTGOp «pas
1 HaBcerja» SIBJseTCs CJeJCTBHEM TUIEPUUKIHIECKOH
opranusaunu [4]. TilaTelbHBIl aHa/AM3 MeXaHH3MOB
BOCIIPOM3BEACHHS MaKpPOMOJEKYJ [03BOJsAET AYMaTb, 4TO
HaJn4yue KaTaJHTHYeCKHX THIEPUUKJOB — 3TO MHHH-
MaJbHoe TpeGOBaHHe A BO3HUKHOBEHHS MaKpoMo.Je-
KYJISIpHOR OpraHu3anuy, CcHocO0HOW HaKamauBaTbh, CO-
XpaHATh ¥ 06pabaTbiBaTb IeHETHUECKYIO HH(pOpMaLHIO.

H. Yto TaKoe runepuuka?

PaccmorpuM  NOC/AeAOBAaTeNBLHOCTh pEaKIHi, B KO-
TOPO# Ha KaXIOM 3Talle NPOAYKTH — C YYaCTHEM MIO-
MOJTHUTENbHEIX PeareHToB HJH 6e3 HHX — MOJBEpraroTcs
LalbHeHIIUM npeBpalilenusaM. Ecan B8 Tako#d mocaenosa-
TEJAbHOCTH KAaKOH-1160 U3 APOAYKTOB HAEHTHUEH HCXOM-
HOMY peareHTy KakoH-nu0o npejllecTBYIOllell CTaiHH,
TO Takasi cHcTeMa TMOA0OHA pPEAKYUOHHOMY YUKAY,
a UUKJ B lleJJOM — KaTrajusatopy. B npocreiiuieM ciay-
yae KaTagu3aTop-—3TO OTAesdbHAs MOJeEKyJa, HalpH-
mMep ¢depMeHT, NMpeBpallaoUIui cyOcTpaT B NPOAYKT:

S —>p,

MexaHusM, KOTOPHHA CTOHUT 3a »To# dopMaabHO#
cxeMoi, TpebyeT N0 MeHblIeH Mepe TPeXUJEHHOro LHKJ/a
(puc. 1). BoJjee cioxHBIE DEAKUHOHHEIE IHKJBI, BBHIIOJ-
usioe QyHIaMeHTa/bHBle KaTaJHTHUYeCKHe GYHKILHH,
nokaszann Ha puc. 2 u 3. Luka DBere — Bafinsekepa
[6] (puc. 2) BHOCHT CyulecTBeHHBIH BKJIaR B MOAEpIKa-
HUEe BBICOKOH CKOPOCTH BBICBOOOK/IEHHS SHEPTHH B Mac-
cHBHBIX 3Be3fax. OH, ecau MOXKHO TaK CKa3aTb, 3aCTaB-
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asger CoJHIE CBETHTb H, CJEJOBATEJALHO, SIBJAETCH Of-
HOlt U3 HanGosee BAXKHBIX BHEWHUX NPEANOCHUIOK CYIlle-
CTBOBaHUA Xu3nu Ha 3emJge. He wmeHbluee 3nauenwe,
no-suauMomy, uMeer UMK Kpebca, WAH UHKA JHMOH-
HOl xucaoTw [6], u3obpaxkeHHLI Ha puc. 3, x0T OH
KaCaeTCsl BHYTPEHHE20 MeXaHU3Ma KHBOTO. DTOT ULHKJ
peakuufi omocpenyeT H peryjupyer merabo/H3M yrieso-
JIOB W KHPHBIX KHCJOT B JKHMBOH KJETKE H BBIIOJHAET
TakxKe BaKuble QYHKUHH B aHabosuuyeckux (6HOCHHTe-

ES EP
S P

E

Puc. 1. O6wwui mexanuam depMeHTATUBHOrO kKaTaausa no Muxas-
ancy — Menred. B sToM nponecce yuacTBYHOT IO MeHbliell Mepe
TpH HHTepMelunara: csobonuntii depment (E), xomnnekc depment —
cy6erpar (ES) u xommirekc depment — npoaykt (EP). Cxema mo-
KasblBaeT, 4TO KaTaJAHTHYECKOe JAeHcTBHe GepMeHTa SKBUBAJEHTHO
OHKJIHYECKOMY BOCNIPOM3BEACHHIO MHTEDMELHATOB NPH NpeBPalleHHH
cy6erpata (S) 8 npoaykt (P). Brnpouem, oua paer aunib ¢opmads-
HOe fpejcTaBJeHNe HCTHHHOTO MPOUECca, KOTOPHIHA MOXeT BKJKUaTh
B ce6s MHOrOCTymeHuaTyi0 aKTHBanyio cyfcTpara M HHAYUHPOBaH-
Hble KOH(hOpMALHOHHEIE H3MeHeHus (depMeHTa.

Puc. 2. VraepouHslfi UHKJ, OpeasnoxeHHull Dere u don Bafnzexe-
pOM, OTBeTCTBeH — N0 KpailHeR Mepe 44CTHYHO — 3a BHICBOGOXK[e-
HHe SHEPrHM B MaCCHBHBIX 3Beanax. Ero kommosents — 12C, BN,
BC, N, 150 g !N — n0oCTOSHHO BOCHIPOH3BOAATCH B XOAE peax-
UMOHHOro mukJaa. Llukavueckas cxema B LeJOM OpeacTaB/sieT coboil
KaTa/lu3aTop, KOTOpHI npeBpaltacr uetsipe atoma 'H B oaum aTom
‘He ¢ BHCBOGOXKICHHEM 3HeDrHH B BHAE Y-KBAaHTOB, IO3HTPOHOB
(e*) u mefitpuno (v).
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Puc. 3. Lluka TpHKapOOHOBBIX KHCJAOT, MJIH LMK/ JHAMOHHOH KHCJAO-
Tbl, — 3T0 OGWIMH KaTa/JUTHYEeCKHA anmapat OHOJIOTHYECKOTO OKHC-
JIEHHS «TOMJHBHBIX» MoJeky.. IlosHas cxema uukja Gbia npeasio-
Kena KpefcoM, paxHBIi BKJIajJ B ee NOCTPOeHHe Ohl] BHeCeH TaKkKe
Cenr-Ipépau, Mapunycom u KHonmoM. OcHOBHble KOMMOHEHTH IHK-
aa: uurpar (C), yuc-akouutar (A), umsoumurpar (I), a-kerorayra-
par (K), cykuunun-CoA (S*), cykuuuar (S), ¢ymapar (F), l-ma-
aat (M) u okcamoauerat (O). Auerar BCTymaeT B UHKJA B aKTHBH-
poBanHo# dopme B Buae auetua-CoA (sran 1) u pearupyer ¢ oxca-
aoaneratoM H HyO c o6pasosanem uwnurpata {C) u CoA (+HT).
Bo Bcex mpeBpalleHHsiX y4acTBYIOT (epMEHTH H Takue KO(aKTOPHI,
kak CoA (srand 1, 5, 6), Fe?*+ (sranm 2, 3), NAD* (sranu 4,5,9),
TTI®, aunoesas xkuciora (3tam 5) u FAD (stan 7). Ha cxeme ue
NOKa3aHbl AONoJHHTENbHBle peareHT: H,O (stanm 1, 3, 8), Pr n
GDP (sran 6) u npouyxthl peakuuh — Ho,O (sram 2), H* (ara-
ot |, 9) u GTP (3tan 6). B pe3aysabTaTe Bcex peakmuf muKJaa mpo-
HCXOAMT NOJHOE OKHCAEHHe ABYX alETHIbHHX yraepoaos fo CO,
(1 Hy0). 3a omun obopor uuraa resepupyercsi 12. maxkpospraue-
ckux (ochaTHBIX cBsi3zeH, NpHYeM OAHa H3 HHX 0o6pasyercss B CaMOM
uukne (GTP, stan 6), a 11 —B peayavrate oxucaesus NADH u
FADH, [rpu naph saexTporoB nepenocsitcs k NADT (3ranm 4,5,9)
H oina napa — k FAD (stan 7)].

NB: Xors uuka B neioM OYHKUHOHHDYeT KaK KaTaJH3aTop
6sarofiapsi BOCIPOH3BEEHHIO HHTEDMEJHATOB, OH He NMOXOXK Ha Ka-
raauTuyeckutl yuxa, n3obpaxeHHsift Ha puc. 4. Heemorps Ha T0 4TO
KaX[bili 3Tan HUKJIa KaTalA3HpyeTcs (epMEHTOM, HH OMHH H3 3THUX
(epMeHTOB He 00pa3yeTcd B CZMOM IHK.JE.

CoA — kodepmentr A, NAD — HuKoTHHaMUAaJEHUHARHYKJICOTHI,
GTP — ryaHosuutpudocdar, FAD — ¢aaBuHaXeHHHAKRHYKJICOTHA,
TI® — tramunnupodocdar, GDP —ryanosunaudocdar, P;— doc-
¢daT HeopraHHYECKHHL.

THYECKHX) Dnpoueccax. B ofeux cxemax BHICOKOIHepre-
THYECKOe BellleCTBO NpeBpalllaeTcs B NPOAYKTH, OelHEble
5Hepruefi, IpH COXpaHEHHH, T. €. HHUKJIHYECKOM BOCIIPO-
H3BeJIeHHH CYLIeCTBEHHBIX HPOMEXKYTOUHBIX IPOAYKTOR,
O6a uugaa ObLIH NpEAOKEHbl NPHMEPHO B OJHO H TO
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xKe Bpemsa (1937—1938 rr.), XoTsi MexAy HHUMH HET
HUKaKO# NpUUMHHON CBS3H.

OnHoHanpaB/leHHOCTb LHKJHYECKOTO BOCIpOH3Beje-
HHA HHTEPMeAHATOB, KOHEYHO, NpejanoJaraer, uTo CHC-
TeMa HaXOLHTCH B COCTOSHHM, 4aJeKOM OT paBHOBECHS,
M BCerja CBs3aHa ¢ pacxoJOBaHHeM 3HEpPIHH, 4acTb KO-
TOpPOR AHCCHIMPYeT B OKpyXawiuyio cpeny. C apyroit
CTODOHBI, YCTAaHOBJEHHEe DPABHOBECHS B 3aMKHYTOH CHCTe-
Me NpHBeleT K TOMY, 4TO BCe CTaAHH OYIYT HaXOAHTbCSA
B COCTOSIHMH JeTa/lbHOrO paBHOBecHfl. KaTa/juTHueckoe
JdedcTBUe B TaKOH 3aMKHYTOH cHcTeMe OyneT MHKDOCKO-
muYecKH o0paTHMO, T. e. OHO OyaeT NPOHCXOANTb C paB-
HO! 5 beKTHBHOCTbIO B 060MX HanpaBJeHHsX.

Tenepb, moab3ysick npocToll HTepaluHed, HOCTPOHUM
HepapxuH peakUHOHHBIX LHKJOB H 3aJaJiNM HX YacCTHbIE
CBOACTBA. DTO O3HA4aeT, YTO Ha CJAEIYIOIleM 3Tame MBI
paccMaTpuBaeM peaKIMOHHBI LMK/, B KOTOPOM IO
MeHbllel# Mepe OJHH, HO, BO3MOXKHO, U BCe HHTepMeJHa-
Thl CaMH fIBJISIOTCS KataauzatopaMu. OTMeTHM, UYTO 3TH
HHTepMeAHaTH, OyAyuy KaTaJjH3aTopaMH, .Telepb OCTa-
IOTCST HEeH3MeHHBIMH BO BpeMs peakuun. Kaxawii u3
HHX ofpasyercd M3 INOTOKa BBICOKOHEPTETHYECKOrO
" CTPOHTEJNBHOI0 MaTepHaJja C HCNOJNb30BAHHEM KaTaJsIHTH-
4eCKol NOALepKKH OT Npe[llecTBYOILLEr0 HHTEpMeauaTa
(puc. 4). Ilpu GoabuioM 4YHC/Ie HHTEpMENHATOB TaKas
CHCTeMa CTAaHOBHTCA OY€Hb CJOXKHOH 1O COCTaBy H MO-
3TOMY BPSiL JiI MOXeT BCTpeTuThbCs B npupojpe. CaMbiM
H3BECTHHIM NPHMEPOM SIBJSI€TCSA YeThIPeXUJEHHBIH UHKJI,
CBAI3aHHHIH ¢ MaTpHuHO# peninkanuell MmousekyJasl PHK
(puc. 5). Takoro posa MexaHH3M HcclejoBadcs in vitro:
HCIOJB30BAJH PEaKUHOHHYIO CPely, COnepXallyl HYK-
Je03HATpH(OCH ATl YeTHIPEX THIIOB B KAYECTBE BLICOKO-
SHEPreTHUeCKHX CTPOUTENbHBIX MaTepHaJ/OB, a TaKxkKe
¢aroByi0 pennkasy, KOTopas HrpaJa poJb NOCTOSHHO-
ro daktopa cpeanl [7, 8] (OoJee nerasbHOe ONHCaHHe
nauo Kronnepcom [9]). Kaxpas u3 asyx uenefl neficr-
ByeT KaK MaTpHLla, HHCTPYKTHpYWOLlas CHHTe3 CcBoeH
KOMIlIeMeHTapHOA KONHUHM,— Kak NpH ¢doTtorpaduuecko
pPenpoayKuHH. B

[lpocreiiiunM npencraBuTesieM 3TOH KaTerOpHH peax-
LIHOHHBIX CHCTEM SIBJISIETCsSi OTJ@bHBLI/l aBTOKATA/JAH3aTOp
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Puc. 4. KaraauTuueckuil UMK fpencrasasier cofoft Gosiee BHICOKHA
yPOBeHb OPTAaHH3AUHM B HEDADXHH KaTaJHTHYeCKHX cxeM. Kowmmo-
HeHTH uukJa E;— E, caMu sBasioTcs KaTajiu3aTopaMH, KoTopsie 06-
Pa3yITCa M3 KaKHX-AHOO BLICOKO3HepreTHueckux cyberpatos (S),
npuyeM KaxAabfl uHTepMenuar E; sBasercs KaTajansaropom Ajas 06-
pasosanug E;y,. KataanTudeckuil uuks B HeqIOM 5KBHBaJIieHTEH aBTO-
KaTaJu3aTopy, HHCTPYKTHDPYIOIIEMY CBOe COOCTBEHHOE BOCIPOH3BE-
Jenne. s cylllecTBOBaHHS KAaTaJHTHYECKOrO HHKJAQ AOCTaTOYHO,
4yto6H OAMH H3 HHTepMeAHaTOB OblJ] KaTajlu3aTopOM A/ OXHOA H3
NOCAeAYIOUHX PeaKuni.

HAKW — B CJydae L0eloro kjaacca oO0bekToB l;, Hecylux
vH(OPMAIHIo,— CAMOBOCIIPON3BOAALLasicss einnnna. Ta-
KOH npouecc hopmabHO MOXKeT OBITh OMHCaH CJAENYIO-
muM obpasom:
1
X—L
B artoft Knure 6yayT 4acTo paccMaTpHBaTbCsl peaxlHH
TaKoOro THIA; MEl 6yldeM 0603HayaTb HX CHMBOJIOM (V).

Tako#i mncrunno camosocnipousBoisielica  popmoi
apiagerca Asyxuenodeunas JIHK (B orauume oT oaso-
uenoueynoi PHK) — ofe ee nenn onnospemenno komu-
pytorcst moaumepasoit [10] (puc. 6). drta xe dop-
MaJbHasg CXeMa NpHMeHHMa ¥ B cjyyae NPOKapHOTHUe-
CKOH KJETKH, T'le BCe HaclefOBaHHE OCYLIECTBJSACTCA B
OCHOBHOM HEe3aBHCHMO B KaKJI0#l KJETOYHOH JIHHHH.

KuHeTHueckHe ypaBHEHHs KaK MPOCTHIX KaTaJHTHYe-
CKHX, TaK H aBTOKAaTa/JUTHYECKHX CHCTeM NPH HOCTOSH-
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HOHl KOHIeHTpauHu cyOcTpaTa COIEpXKAT 4JjeH [epBOro
nopsiKa [0 KOHUEHTPAaUMH KaTajauzatopa. Kpusble
pocTa, OAHaKO, 4eTKO AH((epeHUUPYIOT ABe 3TH CHC-
TeMbl. KonMuecTBO mpoaykTa Ajs HPOCTOro KaTa/uTHUE-
CKOTO lpolecca B YKa3aHHBIX YCJOBHSIX pacTeT BO Bpe-
MEHH JIMHefHO, TOTAa Kak AJA aBTOKAaTaJHTHUECKHX
CHCTeM XapaKTepeH 5KCHOHeHIHAaabHEBIH pocCT.

CTporo roBopsi, aBTOKAaTaJHTHYECKYIO CHCTEMY Y¥Ke
MOX(HO Ha3biBaTb THIIEPLMKAHUECKOH, nOO OHa TpeicTa-

PP

Puc. 5. KaraauruuecKdfi UHHKJ, HUMeEIOMHH OHOJOrHuecKoe 3Haye-
HHe, — penaukauus oaHouenoueynoit PHK. Murepmegnatn (nsioc- u
MHHYC-UENH) yYyacTBYIOT B LHKJE KaK MaTpHIBI A/ CBOEro B3auM-
HOro BOCHpOu3BedeHus. MatpuuHash QYHKUMS 3KBHBaJNeHTHa H3Gupa-
relbHOMY Karanuzy. Hyraeosuprpudochatst (NTP) npencrasasior
coGofl BBICOKOIHEpPTeTHUECKHH CTPOMTENbHBIA MaTepuaj, a nupogoc-
¢atr (PP) spasercsa orxolom peakuuf uukaa. Komniementaproe
HHCTPYKTHPOBaHHE, MeXaHH3M KOTOpOro 6yler o0cyXaaThCsi B CBA3H
¢ pHc. 11, sBjseTcs CYIWIECTBEHHO AaBTOKATAJHTHUCCKON ¢yHKUMeH,
T. €. QyHKUHeH caMOBOCTIPOU3BEAEHH .

Puc. 6. HMcruuubl mnpolecc caMOBOCIPOH3BeAEHHS (OLHOYJEHHBLH
KaTaJauTHYeckuil Uuka) — penaukauns JHK. Mexanuam storo upes-
BEIYAHHO CJAOXKHOrO mpouecca {cm. pHC. 12) oBecn~yuBaer cBA3b
KaXA0OH nAouepHelt uenn (D) ¢ COOTBeTCTBYIOLIEH pPOAUTENbCKOMH
LENbIo (P). i ;
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Puc. 7. KaTaauTHueckull THOEPUHKJ COCTOHT M3 CAMOHHCTPYKTHPY-
JOUINXCA  eAMHHU I; ¢ [ABOMHBIMH KATAJHTHYECKUMH (DYHKUHSMHU.
B kauecTBe aBTOKaTa/iu3aTopa HJH — B GoJjee oflleM cjyyae — B
KauecTBe KaTaJUTHUECKOrO LHK/JIA HHTEPMEIHAT I; CHOocoGeH HH-
CTPYKTHPOBATb CBOe COGCTBEHHOE BOCIPOH3BEIEHHE, a KPOMe TOTO,
OH OKa3bBAeT KaTAMHTHUECKOE COAe/iCTBHE BOCIPOH3BENEHHIO Clle-
JyOLlero HHTepMeaHata (C HCIIO/Jb30BAHHEM BbICOKO3HEPTETHUECKOro
cTpouTeNbHOro Matepuasia X). YnpouleHnas cxema (B5) noxasuBaer
HepapXHI0 [HKJIOB.

BJsieT CO0OM LHKJA KaTalH3aTOPOB, KOTOPhLie CaMH SBJIA-
I0TCA LHKJaMU peakuuil. Mbl, olHAaKO, OrpaHHYHM HC-
NOJIb30BAHHE 3TOTO TEPMHHA TAKHMH CHCTEMAMH, KOTO-
pble SIBJASIIOTCS THNEPUHMKJIHYECKHMH 0O OTHOUIEHHIO K
Karaautudeckor gynxyuuw. B nefcTBHTENBHOCTH 3TO
THIEPUHKAb BTOPOH WM OoJiee BHICOKOH CTeMeHH, MOTO-
MY 4YTO OHH OTHOCSTCSl K PeakUHsM [0 MeHbLIeH Mepe
BTOPOTO MOPAAKA MO KOHLEHTPAaLHSM KaTaaH3aTOpOB.
KaraauTuueckuii TUmepUHK] — 3TO CHCTEMa, CBSA3HI-
Balollass aBTOKATa/JUTHYECKHE, HJH CaMOBOCIPOH3BOAS-
Liuecsd eJHHUIBl APYr ¢ APYTOM IOCPEJICTBOM LHKJHYe-
ckoit cBsisH. Takas cucrema H3o0pakeHa Ha pHC. 7.
Hurepmennatsl I,—I, Kkak camMoBOCIpOH3BOASLIHECH
eAMHHIB CaMH SIBJASIOTCS KaTaJlWTHYECKHMH HUKJIaMH,
HanmpuMep KOMOHHAUMSAMH INIfoc- W MHuHyc-lenedr PHK,
Kak mokasaHo Ha puc. 5. OfHako npolecc pemTHKALHH
KaK TaKOBOH J0JIKeH NPSAMO HJIH KOCBEHHO CTHMYJHpO-
BAThCSt JIONMOJHHUTENbHBIMH ClNenuHIeCKHMH CBI3sIMH
MexXJAy PasMUHBIMH  PeNNHKaTUBHBIMH  €AHHHIAMH,
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PeanbHo TakMe cBA3M MoryT oecrneudHBaTbCs OeJka-
MH — NPOAYKTAMH TPaHCASLUHH NPERIIECTBYIOUINX LHK-
JoB Bocnpouseeiennss PHK (puc. 8). dtu Genxu moryr
AeACTBOBATb KaK crellndHYecKHe DelIHKa3H MJIH jAepe-
Npeccoprl WM Ke KaK clelHdbHYeCKHe 3alllHTHHE (ak-
TODPBI, NpPeAOXpaHsollHe OT Aerpafauud. CBA3H Mexa1y
CaMOBOCHPOH3BOAALMMHUCA eIHHHUAMH AOJKHH o0pa3so-
BbIBATb HAJOKEHHBIH LMK/ — JHULIIb TOTJa CHCTEMA
B uejom OyaerT mojpobHa runepuukay. [lo cpasrenuio
¢ CHCcTeMaMH, NOKAa3aHHBIMHM HAa DpUC. 4 H 5, THIEPIHKI
SIBJSICTCS CAMOBOCNPOHM3BOAALIMMCS B 6oJiee BHICOKOI
CTeleHH.

IIpocTefitliM mpejcTaBUTeJeM CHCTEM 3TOTO KJacca
cHoBa sBJsdeTcqa (KBa3W)OjAHOWIAroBas cCHCTEMaA, T. €.
yCHIeHHBI aBTOKaTanH3aTOp. MH CTa/KHBaeMcst ¢ Ta-
Kot cucremolt B caydae wuHdexnuum Kiaetkd PHK-

€,

E;

Puc. 8. Peanucriueckass MoJe/b THMNepUHMKAa BTOPOfl CTemeHH, rie
HocuTeadd uHbOpMmauuu I; «BHAAOTY HHCTPYKUHH [ABYX THIIOB: BO-
nepsblx, AJA9 COGCTBEHHOrO BOCHDOHM3BEJEHHS H, BO-BTOPBIX, A
TpaHeasnux ¢ ofpasosanyem uHTepmenuatoB E; BTOporo rtuna, xo-
Topble 06JaJal0T ONTHMAaJbHLIMH (YHKUHOHAJBHBIMH CBOHCTBaMH.
Kaxabii ¢epment E; katanusupyer BOCIPOH3BelecHHe CJielyIOLIEro
nocurenss unpopmaunn I, OH MOXET HMeTb H ApYrHe KaTajluTuye-
CKHe CBOHCTBA, HeOoOXOAuMble /51 OCYWECTBJEHHs Tpolecca TpaHce-
asiuun, metabonusmMa W T. 4. B noaofHBIX c/ydasix cTeneHk THIep-
HHKJH4eCcKOl ¢BA3u 60Jblle ABYX.
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cozepxaium ¢arom (puc. 9). Ecam c¢arosas PHK
{nmatoc-nenp) npoHUKaeT B OaKTepHAJIBHYIO KJETKY, TO
ee TeHOTHNHYecKas WHGOPMALUA TPAHCAHPYeTCs anna-
paToM KJeTKH-xo3suHa. OAHH U3 OPOINYKTOB TpaHCJS-
LUH CBSA3LIBAETCA C ONpeje/eHHBIMH (akTopaMiu XO03siHu-
Ha ¢ 06pa3oBaHHEeM aKTHBHOTO ()epMEHTHOrO0 KOMILJIeKca,
KOTOPHIH CcHenHUYecKH pelNHUUupYyeT MII0C- H MUHYC- -
nenu ¢arosoii PHK, neficTBymoouine npu BocnpoH3Bene-
HHE Kak Marpuuwl apyr aas apyra [11}. Ogpnako pen-

/4

/ //////
% D) /,,/ 1 2

A °B

Puc. 9. Pasvnoxenne PHK-conepxamero c¢dara B GakrepuaiabHof
KJeTKe MpeicTaBasieT COGOH MPOCTOA rHIEPUHKAHYECKHH Mnpouecc.
Hudeknuonuas n/woc-ienb, KCNOMb3YS annapat TPaHCAAUUH KJeT-
KH-XO3MHa, CHAauajla HHCTPYKTHPYeT CHHTe3 G6eslKOBOH CyObelHHHILbI
(E), koropasi cBsi3blBaeTcH C APYTHMMH GeJKaMH KJeTKH-X03fHHa C
o6pasopannem ¢arocnenuduunoli PHK-pensnkase. Jt0T penankas-
HbIl KOMIIEKC Y3HAeT TOJbKO ONpejefieHHble (eHOTUNHYECKHE 0CO-
6enHoctH tdarosod PHK, koTopble mMeloTcsl Kak y ILIOC-, T2K H Y
MMHYyC-yenH 6Jarofiaps CHMMeTPHH ONpeAeJieHHBIX Y4acTKOB UeENH
PHK. B pesyasraTe DDOHCXOAHT BChbIIKa CHHTe3a tarosoii PHK,
KOTOpas — K3-3a THIEPLHKIHYECKOHR OPHPOLE — HOCHT rHUepGosmye-
ckuil xapakTtep (cM. 4acts B, pue. 17), noxa He HaCTYNHT Hachlle-
HHEe N[0 OAHOMY H3 MHTEDMEAHATOB HJM [OKA HE HCTCUIATCHA 3anachl
meTaboJuTOB KiaeTkM-xo3sinHa, Cxema 5 mokasblBaeT, 4TO aBTOKAaTa-
JHTHYECKHMH WJE CaMOHHCTDYKTHBHLEIMH CBOCTBAMH MOXeT ofvia-
gaTb BCero OAMH H3 HHTEPMEJAMAaTOB fpH YCJAOBHH, UTO Jipyrue
«TApTHephl» CBA3AHBl C HMM C [IOMOIIBK LUKJIHYECKOR O0OpaTHON
CBSI3H.
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Ramanusamep £ Asmonamernisamep ‘él" Kermemernuvecnizg
(camopenmuyupyomasts 2UNEPUIKIT @
‘ edzwauq)

Puc. 10. Mepapxus UHK/JHYECKHX PeakLHOHHbLIX CeTell OuUeBHMAHA ©3
CONOCTaBJEHHA 3THX cxeM ( ——> XHMHYECKOe NpeBpalleHue, —*
KaTaJdUTHIeCKOe NeACTBHE).

JUKA3HBIH KOMIUIEKC HE pPa3MHOXAEeT — B  CKOJIbKO-
HUOYAbL OLIYTHMOH cTeneHH — HHpopMmanuonuyio PHK
KNeTKU-X03sMHa. B pesysabTaTe MHQEKIUH HAUHHAETCH
eunepboaruveckud pocT 4ucja (aroBbiX 4aCTHU, KOTOPHIH
B KOHIle KOHLOB BHIXOJHMT Ha HacChllleHHe H3-33 OTpPaHHU-
YeHHOCTH PECYypPCOB KJAETKH-XO3SIHHA.

Jpyrofi ecTecTBeHHBIHl THHOEPLHUKJ MOXKET BO3HHK-
HyTh B MEH/EJEeBCKHX NONYJSUHAX B Hava/lbHOH (ase
BHA006pa30BaHNs — [I0KA YHCJAEHHOCTH UONYJSIUHA Ma-
abl. sl penpoAyKIUH T€HOB HeoOXOAHMO B3aHMO-
jJeficTBHe MeXAy [AByMs ajjeaamua (M u F), 1. e.
MeKAy TOMOJIOTHUHBIMH YUaCTKaMH B MYXKCKOH U XKeH-
CKOfl XpOMOCOMAaX, KOTOphble 3aTeM MOSBJASIOTCS B IO-
TOMCTBE B IlepecTpoeHHOH KomOHHauuu. ToT ¢akrt, 4To
KUHETHYeCKHe ypaBHEHHs [ONYJSLWOHHOH TeHeTHKH
MeHJejeeBCKUX nonyasuui [12] o6biuHo me comepkar
THNEPUUKANYECKOR HeJHHeHHOCTH (KOTopas BeleT K TH-
nepOONHYECKOMY, a He K 3KCIOHEHIIHaJbHOMY pOCTY),
0ObsACHAETCH HacblleHHeM, HaCTYOAoUIUM [PH CPABHH-
TeJbHO MaJIblX 4YHCJIEHHOCTAX MONMYyJasiLMH, KOTAa CKO-
poCcTb poxKAeHHH (OOLIMHO) CTAHOBHTCS NPONOPHHOHAJL-
HOJ TOJIbKO YHCJAEHHOCTH CaMOK.

Kax BHAHO U3 CpaBHEHHs CXeM, NOKa3aHHBIX Ha
puc. 10, rumepuHKAbL NPEACTABJSIOT co00fi HOBHIA ypo-
BeHb OpraHH3anuu. DTOT (aKT NPOsABJIAETCs B HX YHH-
KaJbHBIX CcBoMicTBax. He cBfsaHHble Apyr ¢ JApyrom
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CaMOBOCIIPOH3BOASIIHECA ©JHHHLB apaHTHPYIOT coxpa-
HeHHe OTPAaHHYEHHOro KOJHYeCTBa HH(POPMAaUHH, KOTOPOEe
MOXKeT NepelaBaTbCs OT MOKOJEHHS] K TMOKOJEHUID., DTO
oKasbiBaeTcsl OAHON U3 HEOOXOAMUMBIX NpPEANOCHIIOK Aap-
BHHOBCKOro NoBeleHus, T. €. orbopa # sBoJiounu [13].
[Tono6HO ¥M, THNEPLHKJBl TOXE CeJEeKIHOHHEI, HO, KpO-
Me TOrO, OHH HMEIOT HHTerpHpYIOllHe CBOHCTBA, KOTOpbIE
Je1aI0T BO3MOXKHOH KOOMepauuio MexJIy eIHHUIaMH,
KOHKYPUDPYIOILUMHU B JAPYTHX ycaosusix. BoJee Toro, ru-
NEePLUHKIALl KOHKYPHPYIOT Aaxe elle 60oJjee 0XKeCTOYEHHO,
yeM JAapBHHOBCKHE BHUABL, ¢ J1060# CaMOBOCHPOH3BOAA-
meficd eiuHylell, He sBJAIOLLEHCA YAaCTbIO THIEpIHKIA.
Hasnee, oHH cmocoGHB yCcTaHaBAMBATDL rjolbajbHbie ¢op-
MB OpraHu3alMH OGjarofaps cBOHCTBY OTOHpaTh «pas3
H HaBcerjza», KOTOpoe He JAONYCKaeT COCYUIeCTBOBaHHSA
¢ APYTHMH THIEPUHKIHYECKHMH CHCTEMaMH, €CJAH TOJb-
KO OHHM He CTaOUJIN3UpPOBaHH CBA3sIMH GoJee BBHICOKOTO
nopsiaka.

[IpocTefilunfi TUN CBA3H BHYTPH THOEPUUKJIA — 3TO
npamMas CTUMYJSLHS HJAH AepelpeccHs, KOTOPHM B KHU-
HeTHUeCKHX YPaBHEHHSAX COOTBETCTBYIOT 4J/eHbl BTOPOTO
nopsiaxa s npoueccop obpaszoBaHus. UJeHbl AAA CBA-
3eli 6o/iee BLICOKOTO MOPAAKA MOTYT BOHTH TOXE, H OHH,
TaKHM 00pa3oM, Onpefe/sIoT cTeleHb p THNEPUHK/HYe-
CKOH OpTaHH3alHH.

Otae/nbHBle THOEPUHKJIB MOTYT TaK)Ke CBA3BIBATbCA
ApYyr ¢ ApyroM ¢ oO6pa3oBaHHeM Hepapxuil. ITo, 0OAHAKO,
TpebyeT BBEAEHHA UJEHOB HHTEPLHK/JIHYECKOH CBSA3H,
KOTOphiE CYIECTBEHHO 3aBHUCST OT CTeNeHH OpraHH3a-
uud., UToO6B yCTAaHOBWJIOCH YCTOHUHMBOE COCYLIECTBOBA-
uue, Iaa runepuukaoB H; u H,, uMmeomux crenenn
BHYTpeHHell OpraHusalH¥ P, U Py, HEOOXOAHMBI UJIEHHI
HHTEPLUUKAHYECKOH CBSI3M CTENEHH P+ Pa.

Heab sTofit paboTw cocTouT B TOM, 4TOOBI paspabo-
TaTb JAETaJbHYIO .TEOPHIO TOH KaTeropuu cerefl peakuu,
KOTODBIE MBI OKPECTHaH eunepyuxasamu [4], n obecyauts
X 3HAYHUMOCTh M5 OHOJNOrHYECKOH caMOOpraHH3aUHH,
ocof0eHHO B CBSI3H C BO3HHKHOBEHHEM TPAHCASUNH —
coOnITHS, KOTOPOE MOXKHO CUHTATh pellarollHM 3TanoM
B JOKJETOUHO 2BOJOILHIH.
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I11. JlapBHHOBCKHE CHCTEMBbI

HL.1. MpuHuMn ecrecTBeHHOTO oTGOpa

B ¢usnke H3BeCTHH 3aKOHBl, KOTOpHE HE MOTYT
ObITb cBeleHbl K GoJjee (GyHIAMEHTAJbHBIM NOPUHIMUAAM.
Kak axkcHoMbl OHM afCTparupoBaHBI M3 ONBITA, NPHUYEM
Jio0bie CAeICTBHS M3 HHX He INPOTHBOpeYaT 3KCIepH-
MeHTy. THNIHYHEIE PHMepPBH — HEepBHIH U BTOPOH 3aKOHH
TePMOAHHAMHKH.

JlapBHHOBCKMA NPHHUHUIN ecTecTBEHHOro oTGopa He
OTHOCHTCS K KaTeTOpHH nepBuuHblx npunpunos. Coraac-
HO NONYJANHOHHOH reHeTHKe [14], ecTecTBeHHBIH OT-
60p — 3TO CJeACTBHE OUEBHAHBIX (YHIaMeHTaJJbHBIX
CBOWCTB NONYJASAUHH KUBLIX OPTAHH3MOB, NMOJBEPKEHHBIX
onpejie/leHHbBIM BHEWIHHM BC3ACHCTBHAM. DTOT IPHUHUHI
IO3BOJISET UYETKO ONpeAesNUTb CMBLICA TepMHHa <«Haubo-
Jee NPUCHOCOOJMEHHBIA K VCJIOBHAM Cpelbl», HE CBOAS
€ro JHIIb K MPOCTOH TaBTOJIOTHH «BBIXKHBAHHE BLIXKHBA-
IOIHX». B NpUMeHEHHH k MPHPOJHBIM NMOMYJISALHAM ¢ HX
H3MEHUHBHIMH H OOBIYFO HEHW3BECTHBHIMU TPaHHYHBIMH
yCJAOBHSIMH IMPHUHIHI BCE-TAKH JaeT Ham oObICHeHMe
caMoro ¢akta 3BOJIOUHH H (PHJIOTEHETHUECKHX B3aUMO-
OTHOLUeHHHA MeXAy BHAaMH. B 3TOM H cocToslla OCHOB-
uas uenp Yapnza P. Jlapeura [15] u ero cospemeHnuu-
ka Aabdpena P. Yomseca [!€] —— nats Gosee ynosier-
BOpHTEJbHOEe O0OOCHOBaHHE TNPHHIHIY 3BOJIOLHOHHOTO
MPOUCXOKAECHHUS.

Ha caMom jpene O6OJBIIHHCTBO paboOT IO reHeTHKe
nonyJsuuii B HacToslllee BpeMs cBsizaHo ¢ OoJee mpak-
THUeCKMMH npolieMamy, KOTAa pacCMaTpHUBAlOT pac-
NpOCTpaHeHHe TeHeTHYeCKOH HHGpOpMau¥u No MeHJeseB-
CKHM TOMYJSAUHAM H OCTaB/ASIOT B CTOPOHe TaKHe aka-
JeMHYecKHe BONPOCH], KakK, HaOpHMep: 1eHCTBHTEJIbHO U
CBOHCTBO OBITb JKUBBLIM SIBJASETCS HEoOX00uMOL HpeAno-
CLIIKOH /s CEeJEeKUHOHHOTO M 3BOJIOLHOHHOTO IOBEje-
uusti. ToT dakT, 4TO OueBHJHble aTPHOYTHl XKHBBIX Opra-
HU3MOB — MeTa60/MH3M, CaMOBOCNPOM3BejieHHE, KOHEH-
HOCTb OPOJOJKHTENbHOCTH KH3HH H MyTaOHABHOCTb —
JOCTAaTOUHH AJsl OGBSICHEHHS] CEJEKIHOHHOTO H 3BOJIO-
UMOHHOTO TIOBEJeHHst IPH HAJNHYHH COOTBETCTBYIOLIHX



30 Jacre A. BosnukHosenue esunepyuxia

OrpaHHYeHHH, 3aCTaBHJI MHOTHX COBPEMEHHHIX T'€HETH-
KOB /AyMaTb, 4TO 5TH CBOHCTBA XapaKTEPH3YIOT AUULb
(heHOMEH >KHM3HM H He MOTYT OBITh NPHCYIUH HEXHBBIM
cucremam [14]. Onwitel B npoGupkax [7], pesynabrathl
KOTODEIX 3aCT&BJIAIOT AyMaTb, UTO 31eChb €CTeCTBEHHELIN
0oT60p M 3BOJIOLHST HPOUCXOJAT in vitro, WHTepmpeTHpO-
BaJUCh Kak Hal/ioleHHe NOCTOHOJOTHUECKUX SIBJEHHH,
a He KaK JAeMOHCTpPalys THNUYHOTO M CHelU(pUYECKOTOo
nopefenuss mMartepuu. HeoO6x0AHMO OTMETHTb, 4YTO AeH-
CTBHE €CTeCTBEHHOro oTHopa oOHAPYKHBAETCst Aaxe B
MOJax Ja3epHOTO H3JyueHHMsd, M aHaJU3 MexaHH3Ma HX
YCHJIEHUS TOBOPHT O TOM, YTO 3J€Ch HMEETCS He TOJBKO
dopmanbHas anaJjorus. M1 Tem He MeHee HUKTO He pe-
muaes O6bl HAasBaTh MOJY J83€PHOTO HAJNYUEHHS <KHU-
BOMH>.

Takue mpoGaeMbl BpPSIA JH NPHBJIEKYT BHUMaHHE TeX,
KTO 3aHMMaeTcs H3yueHUeM CBOHCTB PEayibHBIX JKHBBHIX
OpPraMH3MOB, OJHAKO OHH NMpPHOOPETalOT NepPBOCTENEHHOE
3HaueHHe B CBA3H ¢ NPOGAEMON NPOUCXONOCHUSA HCUBHU.
3nech HaM JeHCTBUTENBbHO HYXKHO BHIABHTh He0Oxo0u-
Mole TPENNOCBUIKH, 4TOOH HAHTH TaKHe MOJeKyJaAspHbIe
CHCTEME!, KOTOPHIe OblM Obl CIOCOGHB K 3BOJIIOLHOHHOH
camoopranu3anyn. Ta CJOXKHOCTb, C KOTOPOH MBI CTaJ-
KHBaeMCsl Ha YPOBHe Ipoliecca MaKpPOMOJEKYJAspHOH op-
raiusauuu, tpebyer, utoOBl 3TOT NpOLecC ympapJsiicA
TaKHMH X€ [pUHOHOAMH OT60pa H 3BOJIOUNH, KaKHE
JNefiCTBYIOT B MUpe XKHBOTO.

Srtum npobiemam OblIH NOCBAIUEHH HeJlaBHHE HCCJIe-
nosanusi (loc. cit.), kak TeopeTHueckHe, Tak H 3KCIle-
puMeHTanbHBle. [asee Mbl BKpaTlie OCTAaHOBHMCS Ha
HEeKOTOPHX paHee IMOJIYYEHHBIX pe3y/abTaTaX, Kacarmuiux-
Csl 1apPBHHOBCKHX CHCTEM.

111.2. Heo6xomxnuMbie npeinoChlIKH BO3HHKHOBEHHUS
JapBUHOBCKHX CUCTEM

Yro cocrasaser MOAEKYAAPHYHO OCHO8Y oTbopa u
sgonoyuu? OuesudHo, 4TO TaKkoe nogedeHue He A8AALT-
ca esobasvHolm atpubyrom A0600 Apou3soabHOL dop-
Mol marepuu, a ofycaoeaeno Hasuuuem ocoboix c8olicrs,
KoTOpbsie HEO6X00UNO 0npedesuTs,



111, apsunosckue cucremo 31

Has Toro utoOml cHctema ofaajana cnocoGHOCTBIO K
caMooT60py, JOJHHO BHIIOJIHATHCA BaXKHOE YCJAOBHE —
OHa JOJKHA CTaOHJIM3UPOBATH OINpeje/eHHbIE CTPYKTY-
pPBEl 32 cYeT OCTaJbHbIX. KpHTEpPHH Taxo# crabuausauuu
MMeIOT AMHAMHUECKYIO NPHPOAY, NOTOMY UTO pelleHHe
0 TOM, Kakoil BHJ joJxKeH ObITb oToOpaH, 3aBHCHT OT
pacnpeleieHHst KOHKYPEHTOB, HMEIOLIUXCH B KamkAblf
MOMEHT BpeMeHH. pyrumu ciaoBamu, Awbas OAHAXKAH
oro6paHHas CTPYKTypa He fIBJISETCS CTATHYECKH YCTOH-
YHBOH — OHa MOXET CTaTh HEYCTOHYHBOH, KaK TOJbKO
NosABSITCS JApyrue, Gosee «6siarONPHSITHEIE® CTPYKTYPHI
WIH HM3MEHATCS YCJAOBHsS cpeibl. KpuTepHH OLEHKH
JOJIXKHBl BKJ/IOYaTh KakoH-HHOyIb 3jeMeHT oO0paTHOI
CBSI3H, KOTOPbIl NPUBOAUJ Obl B COOTBETCTBHE LEHHOCTh
H JHHAMHYECKYI0 YCTOHUUBOCTb. MYTaHT ¢ CeNIeKTHBHBIM
NpeuMyILlecTBOM, OJHAXKJAB BO3HUKILHA BCJAENCTBHE He-
KOH (JAYKTyallMH, AOJKeH HMeTb CINOCOOHOCTL YCHJHU-
BaTbCSt B NDHCYTCTBUU OoJbluoro H30BITKa MeHee MpH-
crnocoONeHHBIX KOHKypeHToB. TakuM o6pa3oM, Openmy-
IIECTBO J0JI2KHO CONOCTAaBJAATLCS XOTA 6bl ¢ HEKOTOPLIMH
H3 Tex JHHAMHYECKHX CBOHCTB, KOTOpble OTBETCTBEH-
HBl 3a YycnJjeHHe. JlHmb TakuM NyTeM CHCTEMa MO-
KeT CeJIeKUHOHHO CaMOOPTaHU30BAThLCSI B OTCYTCTBHE
«BHeEIlIHero ceJjekTopa». HeoOxonumoe cBoiicTBO obpar-
HOM CBSI3U — 3TO BHYTpPEHHe MpHCYyLlass CMOCOGHOCTL K
aBTOKAaTaJusy, T. €. CaMOBOCIIPOU3BEJICHHE,

B pabore [18], rae 6bi1 jnaH ofWiMi aHAMH3 ¢ OPH-
MeHeHHeM WrpoBHIX MoOjeJjell, Mbl YKa3aJH Te CBOHCTBa
MaTepuH, KOTOopble HeoOXOAHMB 1151 JapBHHOBCKOIO MO-
BeieHMs Ha MOJIeKYJAspHOM YypOBHe. DTH cBOHCTBa mepe-
YHCJIEHH! HHIKeE. ‘ ,

1. Mera6oausn. Kak obpasoBaHlie, Tak H pasJjoxe-
HHe MOJIEeKYJ/SPHHX BHIOB [IOJXKHBI ObITb HE3aBHCHMBI
IpYr OT Apyra H CIOHTaHHB, T. € HX ABHXKylleH cHJIOH
JOJIXKHO GBHITb HOJIOXKHTEJBHOE CPOACTBO. IJTOIO HeJNb3d
JOCTHUYL HH B Kako#i paBHOBecHo#l cucteme, rie oba
npolecca B3aHMOCBSI3aHbl MHKDOCKONHYECKOH o6paTH-
MOCTbIO, NPHUBOAfALLEH K YCTOHUHBOMY paclpeleseHHUIo
BCEX KOHKYPEHTOB, NPHCYTCTBYytollUX B cHcTeMme. Ciaox-
HOCTb, T. €. HaJHuue rpoMajHoro yucja ajJbTepHAaTHBHBIX
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CTPYKTYp B COYETAHHH € MPOCTPAHCTBEHHO-BPEMEHHEIMH
OTPaHHYEHHSIMH, MNPOCTO HE JAONYCKAaeT Takoro ypas-
HOBeIIMBaHHsI W TpebyeT MOCTOSHHOIO pa3pyLIeHHSA
U o0pa3oBaHHA HOBBIX CTPYKTyp. OT60p MOKeT nelcT-
BOBaTb TOJbKO Ha NPOMEXYTOUHBIE COCTOSIHHS, KOTOpbLIE
00pa3yioTCsi M3 BBICOKOZHEPTETHUECKHX I[PeAlleCTBeHHH-
KOB H paspyliamTcs, NpeBpalliasfick B HH3KOdHEpreTH-
yeckHe OTXOAB. CrnocoGHOCTh CHCTEMBI MCNOJbL30BATh
HeoOXoxUMble ANS 3TOH Ley CBOGOAHYIO IHEPTHIO 1 Bellle-
cTBa HaspiBaeTcs MerabosusmoM. Heobxonumocts mon-
JepXKaHHsl CHCTeMBl JOCTATOUHO JAaJieKO OT PaBHOBECHUS
3a’ CueT MOCTOSIHHOH KOMIIEHCAUMH NPOH3BOJCTBA SHTPO-
nuu BnepBole Obljia fICHO oco3HaHa IpsuHoM Ulpepun-
repom [19].

2. Camosocnpoussedenue. KOHKypHpYIOLLHE MOJEKY-
JApHBIE CTPYKTYPHl AOJKHEL 00JanaTh BHYTPEHHeH Cho-
CcOGHOCTbIO HHCTPYKTHPOBATbL CBOH COOCTBEHHBIH CHHTeS3.
MoXHO TNOKa3aTb, YTO TaKasi aBTOKAaTaJUTHYeCKast
dbyHkuHa ABJAseTCS HeoOXoAHMOH Aas JI00OT0 MeXaHH3-
mMa orfopa, BKJOUAWUIEro AecTabHAH3ALKI0 NOMYJALHH
B NPHCYTCTBHH €JUHCTBEHHOH KONUH BHOBbH BO3HHKIIETO
GaaronpusaTHoro Mmytanra. Kpome rtoro, camokomuposa-
Hue Heo6XOIMMO AJIst cOXpaHeHHs WHGOpPMalUUH, HAKOM-
JeHHOH B cucTeMe 3a npeasiaylinil nepuoi. [locrosu-
Has jerpajfauus — HeoOXOAUMAs NpeNNOCHEIIKA /5 Ha-
auuusi cBoficte 1 ¥ 3 — B mpoTHBHOM cJyuae IIpHBeJa
6Bl K TIOJHOH yTpaTe HHGOPMAILHH.

3. Myrabuasrocre. TounocTs Jroboro mpouecca ca-
MOBOCMPOH3BE/eHUSl [IpH KOHeYHOH TeMIepaType orpa-
HHYeHa H3-3a TemyoBoro liyma. [leiictBHe lIyma ocCo-
6eHHO 3aMETHO, €CJH KONHpPOBaHME HAET ObICTPO —
BepHee, eCJH JHeprus B3aUMOLEHCTBHS AJAS1 KaXKAOTO
3JIEMEHTaPHOIO Ulara KOMHPOBaHHWS JIMIIb HEHaMHOTO
Bbllle TemaoBof sHeprud. CiefoBaTeJbHO, MyTaOu/b-
HOCTb BCerxa (U3HYeCKH CBA3aHa cO CHOCOOHOCTBIO K
camoBocnpon3Besiennio. DoJsee Toro, oHa (/0rHYecKHu)
neobxo0uma pas sposouud. OWHMOKH KONHDOBAHHS —
5TO OCHOBHOH HCTOYHHMK HOBOH uHdpopmauuu. Kak wu
YBUAKUM, AJS TeMmma MYyTallMHd CyUeCTBYeT MOPOroBoe
3HaueHHe, MPH KOTOPOM CKOPOCTb HBOJIIOUHH MaKCH-
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MaJbHa, HO KOTOpOe He MOXKeT ObiTb [peBHIIeHO §e3
notepu Bcell HHGOPMAaALHH, HAKOMJIEHHOH B XOAe 3BO-
JOIHH,

JIHib Takue MAaKPOMOJEKYJsIPHbIE CHCTEMBI, KOTO-
pble obnanaloT BceMH TpeMf HeoOXOAHMBIMH CBOHCTBa-
MH, MOryT OBITh HOCHTEJsIMH HHGOpMAUHUH B HEOIPaHH-
YeHHOM II0 CYLIecTBY 3BOJIIOLHOHHOM mpouecce. [lepe-
YUCJAeHHBIE CBOHCTBA JOJ/IKHBL HAaCJelN0BaTbCH BCEMHU
yJeHaMH COOTBETCTBYIOULEr0 MaKPOMOJIEKYJ/SPHOTO KJac-
ca, T. e. BCeMH BO3MOXHBIMH aJbTEePHATHBAMH, HIH MY-
TaHTaM¥® JA4aHHOH CPYKTYpHl, H JaJjee — OHH JOJKHEI
3¢ dekTUBHO NPOSIBJAATBCA B UIMPOKOH 06/aCTH KOHIEH-
Tpauuh — OT ONHOH KONHH A0 MaKPOCKONHYECKHX KOJH-
yecTB. «[Ipennoculika peanH3yeMOCTH» HCKJIIOUAeT CHC-
TEeMBl CO CJOXKHBIM COCTaBOM H CTPYKTYPOH, B KOTOPBIX
yKa3aHHBIE CBOHCTBA MpPOHCTeKaAM OB HU3 CaAydyafiHoOro
COUEeTAHHSA MOJIEKYJSIPHBIX B3aUMOJEHCTBHil, a He U3 06«
mwero (U3HYeckoro NpuHuHNa. PaccmMoTpHMm, HampHMep,
HYKJEeHHOBBIE KHC/IOTH B CpaBHeHHH ¢ OenxamMu. OcHOB-
HbIM, NPHCYLUIHM BCEM HYKJEHHOBBIM KHCJIOTAaM CBOH-
CTBOM SIBJASIeTCSI BOCIIPOH3Be/JeHHe, OCHOBAHHOE Ha CHaiax
(hU3UYeCKOH NPHUPOABI, OT KOTOPBIX 3aBHUCHT YHUKAaJbHas
KOMIIJIEMEHTApPHOCTb YeThlpeX OCHOBaHui. Deaxkn xe
UMeIOT Topasfo 6oJsiee IHPOKHe (GYHKIHOHAJILHEIE BO3-
MOXKHOCTH, OHM MOTYyT 006J1a7aTh, B YaCTHOCTH, HHCTPYK-
THPYIOIIUMY U PernpoRYKTUBHBIMH cBoficrBaMu. OnHaKo
Kaxjaas otrjedbHas (QYHKIUHS SBJSIETCS CJAeNCTBHEM
cneuuduueckod YKMAAAKU MONUNENTUAHON Lend ¥ HE MO-
KeT OBITL arpubytoM Bcero kiacca Oenxkos. Hmuoraa
OHa Jaxe TOJIHOCTHIO yTpauKBaeTcs B pe3yJabTaTe OJAHOMN
MyTalHH.

Yrobo. marepuaisrvle CcucTems. Ovlau cnOCOOHbBL K
CEeAEKYUOHHOL CamMO0P2anu3ayul, OHU JOANHbL HACAEJO-
84Ty (husuyeckue ¢8olcTea, donyckaowue meraboiusm,
T. €. NpespaujeHue BblCOKOIHEPETUHECKUX DeazeHTos &
6ednote  auepeueii NPodyKTHL, U camosocnpoussedenue
(¢ «uymom»). ITu npednocvisku 6AAOTCA He0BX00U-
momu. Ipu nooxodsujux BHEWIHUX YCA0BUAX OHU OKG-
36L8AKOTCA TaKxie O0CTATOUHbIMU OAf CEACKYUOHHO20 U
3B0AIOYUOHHO20 NOBEOCHUA.
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111.3. lunamuka or6opa

Ipocteiiulas cucreMa, yIOBIETBOPAIOULAs YKa3aHHBIM HeO6XO-
IUMBIM YCJIOBHAM, MOMKET ONHCHIBATHCS cucTeMoll auddepeHunaNbs
HEIX ypaBHeHufl caexyiomero suia [4] (& = dx/df; ¢ — spems):

X, =(4,Q,—Dy)x; + Z W% T Oy (1)
RE

TJle [ — MHJAEKC, KOTOPBIM [OMEYeHE! BCe Pa3JHYHMEIE CaMOBOCIPOH3-
BOASLIMECS MOJEKYJIApHbe eJHHUUBl H, CJleLOBATENbHO, XapakTe-
pU3yOIK MX MHAUBHAYAAbHYIO (reHeTHueckyw) uHpopmauuo. Cum-
BOJOM X; Mbl 0603HauaeM COOTBETCTBYIOULYIO MOMYJSLHOHHYIO mepe-
MeHHY1©O (ua¥ KOHueHTpaluno). Duspyeckufl CMBlCA APYrHX napa-
METPOB CTaHeT OYeBHAHBIM K3 OOCYXK/eHUs 3TOro ypasHenns. [aH-
Hasi CHCTEMa yDaBHeHHil Mpex/e BCETO BK/OUALT B celi Te caMmo-
BOCNPOH3BOAsANIHECA €AHHHLUB [, KOTOpHIe NPHCYTCTBYIOT B paccMa-
TPHBAEMOH CHCTEMe W KOTOpble MOryT ObiTh HOPOHyMepoBaHbl OT |
Jo N. Ona wmoxer OblTh paclIHpeHa Tak, YTOGH B Hee BOIIIH H
BCEBO3MOXHBIE MYTaHTBl, 9acTb U3 KOTOPHIX [OfBJSETCS B XOLe
3BOJIIOLHH.

B 31HX ypaBHeHHSX, ONMHCHIBAKIINX OTKPLITYIO CHCTEMY, MeTa-
6onu3M HpeACTaBNeH CHOHTaHubiM obpasoBaHuem (A;Qix) n pas-
Jaoxennem (D;x;) momexynspHoro suna. «CIOHTAHHOCTB» O3HAYAET,
u4to ofe peakunH HAYT C MOJOXKHTEJNbHBIM CPOACTBOM H, CJAeL0Ba-
TeNbHO, HE ABASIOTCA B3aUMHO ofpaTnMuiMu, Unen A; Bcerga coxep-

JKUT KaKyi0-1H60 CTeXHOMETPHUSCKYIO YHKLMIO f; (Mg, my, ..., m,‘)

KOHIEHTpPAUUA BBICOKOZHEPreTHYeCKOTO CTPOMTeIBHOr0 MaTtepHasa
(A knaccoe), HeOGXOAHMOTO MAJSi CHHTE3a MOJEKY/ISpHOro BUZA I,
ToYHas (opMa KOTOPOH 33aBHCHT OT KOHKPETHBIX MEXaHH3MOB peax-
UHH. DTOT BHICOKO3HEPreTHUecKMil CTPOHTEJBHEIl MaTepHasd JOJIKeH
[OCTOSIHHO TOJABOAHTbCH MNPUTOKOM BellleCTBa, a NPOAYKTH peakuuil
JOMIKHH YAANATBCA COOTBETCTBYWoMmuM oTrTokom (M;). Unen D;, onu-
CHIBAIOIHI CIOHTAaHHOE DasJoXeHHe, JHHelHO CBfi3aH ¢ X; m0 OOBI4-
HOMY 3aKOHy MepBOro nopsiaka. B Gosee coxHBEIX cucteMax xag Aj,
tak u D; Moryr BraouaTh B cefs u Apyrie (yUKUUH KOHUEHTpa-
UMH, eclH COOTBETCTBYIOIUIHe PeaklHH KaTaJu3upylorcs ¢epMeHTaMH
HJIH €CJIH MEeXMSAY pPeakUHAMH HMelOTCsl KOMOJHHTEJBHBEIE CBSI3H.

Camosocnpousgederue — BTOpasg NPEANOCHIIKA — NPOABITETCS B
TOM, 4TO YJIeH, OTMHCHIBAICILUA 06pa3oBaHue, 3aBHCHT OT X; Ilpsamas
JIMHeHHas 33aBHCUMOCTL ABJsIeTCA JdlIb npoctefmefi dopmoit asro-
karanusza. Jlpyrue, Gonee CJOXKHEIE, HO BCe ellle JMHEHHble Mexa-
HH3MBI, HalpHMep KOMIJIEMEHTAPHOe WHCTPYKTHPOBAHHE MJH WHKJIH-
YeCKHH KaTaju3, MOXKHO paccMaTpHBaTh, Kak 370 GyldeT NOKasaHuo,
aHajoruyHeM 06pasoM. HenuHelHBI JKe aBTOKATa M3 SABJISETCS
IaBHBIM OGLEXKTOM PacCMOTPeHHs B 31011 yacTH.

Myrabuasnocte otpaxaercs B dakrope Kavectsa Q;, KOTOpHI
MOKeT OPHHEMATL JMi0Goe 3HaUeHHe MeXAy HyJeM H efnHHUeH. DToT
dakTop 3ajaeT Ty JOJI0 pelpOAYKUHH, KOTOpas MPOHCXOJAHT Ha
DaHHOH MaTpHue i ¢ O6pasoBaHHeM ee TO4HON KOMHH. KoOHeuHo,
HMeeTCsl LONOJHHUTENbHBEIH UJeH, OTHOCAIMACA K HETOUHOH penpo-
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aykunu matpuusl f, — A;(1 — Qux;). OH oTpaxaer o6pasosatine MHO-
JKeCTBa PA3HOOGPA3HBIX «OLHOOYHBIX KOMHIT», KOTOpHE B GOJIbUIMH-
CTBe CJy4aeB OYeHb MaJjo OTJAHYANTCs ot Buga i. O6pasoBaune
ownGOUHEIX KOMUH [ ONHCEIBAETCH COOTBETCTBYIOUIMMH YJeHaMH B
KUHETHYeCKUX YPABHEHHSAX HAJA €ero <«pOACTBEHHHKOB» k. B cBoIO
ouepefb, KONHA { NOJAYyYaeT BKJAAAB OT 3THX «POACTBEHHHKOB» W3-3a

ownbox B ux penauxauud. OHH YYHTHIBAOTCA CyMMOil Z WXy,

ki
[TapameTp w»i, 3a4a0OWK# HHAMBHAYAJABLHBI TemMn MyTalHli, OGBUHO
Man U0 CPaBHEHHIO € NapaMeTPOM CKOPOCTH penpoxnykuud A;Q; —
ero 3HauyeHne TEM MeHblle, yeM OOJblle pasAudHe MEXAY i H k.
Ecsm NpreyTCTBYIOT BCe BHABI M BCE HX BO3MOKHLIE MYTaHTHl y4H-
THIBAIOTCA HHAeKCAaMW { u k& (mpoGeraiolinMu Bce 3HaueHus ot 1
no N), 1o miug OWHGOYHHIX KOMUil GyAeT BLIMOJHATHCH CJelyioniufi
3aKOH COXPaHEeHHS:

ZAi(l"Qi) xi=Z Z Yip e (2)
7 T KEi

Hakoney, waen @, sadarowuil undusudyarsHolli ROTOK, uu
TpaHCnopT, OTHCHIBaeT No0aBJjeHHWe UMM YAajeHHe BHAZ [ JMOOHIM
cnocoBom, kpoMe xumuueckofl peaxunu, OH HyXKeH A% TOro, YTOGH
y4yecTb MerabosHuecKHe mpespauleHus (cM. Belle). B GoabluuHcTBe
cnyd4aeB kaxAb BHA BHOCHT BKJajJ B CyMMapHu# nmotox @: B co-
OTBETCTBHY CO CBOUM H300HJIHEM:

X,
O =0t = ®

Z"k.
k

B 5BOMIOUHOHHBIX SKCNEPHMEHTAX CYMMADHBIH IIOTOK MOXKHO MOZO-
6paTh Tag, 4TOGH OfecneunBasoCch NOALEPIKAHHe BOCHPOUZBOMHMEIX
rNOBabHEIX YCHOBUH ~— TAKHX, KaK MOCTOSHCTBO CYMMAapHO# nJoT-
HOCTH MONYJISTUHH:

Zk: X, =const = ¢ . 4)

B sroM cayyae morox @; HEOGXOIUMO MOCTOSTHHO DEryJIHPOBATh T2k,
uTOGE KOMITEHCHPOBATb H3OBITOYHYIO OOMIYI0 NPOAYKUHIO, T.e.

D, = g Agx, — zk: D,x, = ; E,x, ®)

Benmuuny E; = A;— D; Mpl uaseiBaeM  «u3GHTOYHON MPOAYKTHB-
HOCTBIOY MaTpHUuB {. OTMeTHM, YTO OWHOKH He BJHAIOT HA BHJ
3TO CyMMB! BCJEACTBHE YDPaBHEHHS COXDaHeHHsa (2).

Ecan, KpOMe TOTO, OTAe/bHBIE MOTOKH BEICOKO3HEPreTHUECKOrO
CTPOMTEJBHOIO MaTepHasa TakyKe PEeryaupyloTcsi, 3afaBas NOCTOSH-
Hele GydepHble YPOBHR (A1, ... M) AAS KaXKIOTO 3 A KAACCOB,
TO crexnomerpHueckne QYHKUMH fi(m4, ..., M), BXOASUHe B BH-
pakeHHs AN KHHETHYECKHX mnapameTpoB A; GYAyT TNOCTOSHHLI, H
MO3TOMY HX fIBHBId BHA MOXHO He KOHKPETH3HPOBaTb. JTO OrpanH-
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uegne, NPH KOTOPOM KaK KOJHYECTBO HEOPraHH30BAaHHOIO MaTepHana,
TaK H CyMMapHOe KOJHYeCTBO OPraHM30BAaHHOrO MaTepHasia HOAJep-
KHBAKTCA HA [OCTOSHHOM YPOBHE MyTEM pDEryJsfldd MOTOKOB, MbI
OyfeM HaA3LIBATH OTPAHHWYCHHCM <IIOCTOSHHON OO6Lieli OpraHH3aLHu».
OO 06LIYHO BHITOJIHAETCA B JBOJIIONHOHHBIX SKCMEePHMeHTax, HalpH-
Mep B MPOTOYHOM peakTope [9], wiM —B CpPelHeM — B ONBITAaX C
cepuitHBIME TlepeHocaMi [7]. Jlpyroe npoctoe orpaHuyeHie — 3TO
YCJOBHE IOCTOSIHHBIX MOTOKOB». B 3TOM CJyyae ypOBHM KOHIEHTpa-
Uuil sIBASIOTCS TIepeMeHHBIMH: OHH 3aBHCAT OT MerafosnuaMa NpH
(UKCHPOBAHHBIX NPUTOKAX H OrTOKax. Ofa OrpaHHYeHHs NPHBOIAT
K TOMy, UTO CHCTEMa HAuMHaeT NPOABJIATbL SIPKO BHIpaXKeHHOE ce-
JIEKUHOHHOE [OBeleHHe NpPH NMOAXOAe K CTallHOHAPHOMY COCTOSIHHIO.
KosuecTBeHHEIE pe3yabTaTH s O0OHX OTPAaHMUEHHII MOLYT OKa-
3aThCS PA3JIUUHBIME, HO KAUeCTBEHHOE MOBeleHHe OKa3bIBAETCS OUeHb
6auskum [4]. TTosToMy 3/6ch JOCTATOYHO PACCMOTPETH TOJNBKO OLHH
W3 JBYX NpeJelbHBIX caydaeB. B npupome xapaxTep orpanuueHuil
MOJKeT H3MEHSIThCS BO BDEMeHH, H, CJIeAOBATENbHO, OHM OOBIUHO He
6YAyT COOTBETCTBOBATH HHKAKON M3 3THX MPOCTHIX KpPalHHX CHTya-
oHA — Tak e K4K B CJydae MOTOJAHBIX YCJOBHII OOLIYHO He BBINOJ-
HSIOTCST MPOCTBIC TEPMOANHAMHYCCKHC OrpaHudeHHs (HalpuMep, mno-
CTOSIHCTBO AaBJEHHs, Temmepatypsl H T. 1.). OAHAKO CyliecTBeHHBIE
NPUHYLAbL €CTECTBEHHOrO OTOOpPa MOXKHO H3y4aTh TOJNBKO NDH KOH-
TPOJHPYEMBIX M BOCHPOHU3BOAHUMHIX JKCHEDHMEHTANbHBIX YCJIOBHSX.

Hast orpaHndeHns NOCTOSHHONR oO6Lledl OPraHM3auMM KHHeTHYe-
ckde ypaBHenus (1) B COYETaHHH C AOMNOJHUTENLHBIMH YCIOBUSMH
(2)—(5) npuEEMAIOT cJeAYIOUWHI BUA:

"‘i=(Wii’“E(t))xi+k§_ ©iete t6)

rje BeJHYHHY
W =40 ~D; ™

MOXKHO Ha3BaTb (BHYTPeHHefl) CeNEKTHBHOH WEHHOCTBIO, a BEJHYHHY
E(t)y= ; Ekxk/zk: X, ®)

— cpe/Hell H3GHITOYHON NMPOAYKTHBHOCTBIO, KOTOPAs fBJsETCS (hYHK-
UHell BpeMeHH. TOJbKO KOrZa TONYJASUHOHHBIE I[epeMeHHBle Xg(f)
CTAHOBATCS NMOCTOSIHHBIMHA, E(f) AOCTHraeT CTanHOHApPHOrO 3HAYEHHS,
KOTOpOe fBJsteTcst MeTacTaGHABHEIM, NMOTOMY UYTO 3aBHCHT OT 3ace-
JdenrocTell crekTpa MyTaHToB. JJIst MOCTOSHHBIX (T. €. He 3aBHUCAILHY
or BpemcHu) avaucuuit Wi u wie HenuneliHas cHcetema Autpdepen-
uManbHLX ypaBRenufi (6) mMoxeT OuiTh peuwieHa. IlpuGnuxennsie pe-
UIeHHsA CeJeKUHoHHol 3ajaun OblaH ony6/JHKOBaHH paHee. B po-
CJeJHHC TOAB TOUKOe pemleHHe GblI0 NojyyeHo Tomncowom m Maxk-
Bpafinom |20] u wuesasmcumo JIxoHcoM, DHHCOM M Panruekapom
[21]. BerpaxkeHus, nojyueHHble H3 TOUHBIX peUIEHHN U COOTBeT-
CTBYIOIIME BTOPOMY MNOPSAKY TEOPHH BO3MYIUeHHll, HaxoisTcs B
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COTVIaCHH ¢ paHee ONYOJHKOBaHHBIMH npurbankenaamu [4] 1. Cue-
Ayoilee 06CyxKACHAE OCHOBAHO HA TOUHHIX pelleHHsix :oHca H Aap.
[21], xoTOpble Zaiam 3JEraHTHOE KOAMYECTBEHHOe HPENCTABJICHHE
npoGiemMn 0T6Opa.

I11.4. Konuenuus KBasuBuaa

OTnenbHBIl BHI He ABJASAETCH HE3ABUCHMOH eUHHIEH
u3-3a Hajuuyus cBAsell. CoxpaHeHHe cymMmapHO# uuc-
JIEHHOCTH MONYJSLHN BBIHYXKJAaeT BCe BHIB KOHKYDPHPO-
BaThb APYT ¢ APYrOM, B TO BpeMs Kak MyTaCHJIBHOCTDH
JIOTIYCKAET €llle HEKOTOPYIO KOONepaluio, 0CoGEHHO MexK-
Ay OJU3KOpPOJACTBEHHLIMH BHAaMu (T. €. BHAAMH [ u &,
AJIS1 KOTOPHIX UJ€HBl Wi U Wr; HE PABHBI HYJIIO).

IlosToMy peoprarusyeM HalUIy CHCTEMY CJHAEAYIOLIHM
obpasom. BMecto Toro 4tobpl moapasiensTh BCIO MOMY-
asuuio Ha N BHIOB, BBeleM HOBYIO cucteMy N KBasu-
BUIOB, NONYJASLHOHHBie NEpPeMeHHBble Y; KOTOPHIX SIBJIA-
10TC  JIHHeAHBIMY KOMOMHAUHAMH HCXOAHBIX MOIYJs-
LIMOHHBIX TIEPEMEHHBIX X;, NPHYEM HX CyMMa, KOHEIHO,
HE H3MEeHAeTCs:

M=

N
Xp = ngll Yp- )

k=1

! Ixonc u ap. [21] oTMeTHaM, uto npeHeGpereHHe UJEHOM,
COOTBETCTBYIOWINM OGpaTHOMY IIOTOKY, w,, %, B pafore [4]
Re#A1i

He3aKOHHO IIPH MOAXOAE K CTALMOHADHOMY COCTOSHHIO, NMOTOMY YTO
yjged Wopm — E(!) CTAHOBHTCS OHeHb MaJsbIM. ABTODHl CCBHITAIOTCSH
Ha ypaBucrue 11-49 uz paGoter [4], rme MyTaGH/IBHOCTE HaMepeHHO
He yuuThiBanack (T.e. Q = 1), 4T06Bl NPOJEMOHCTPHPOBATL IPHPO-
Iy pelleHHH, THMHYHHX JJs oT60opa. OgHAKO OHM He OBDaTHAM BHH-
MaHHA Ha 3aMeuaHue, CHelaHHoe Ha crp. 482 B [4], uTo Takoe
JIONyIHeHHe MOXKeT TPHOJIHKEHHO BEINOJHATLCS TOJNBKO B OTHOLIGHHH
JIOMHHHDYIOIIETO BHAA C YeTKO BBIPAXKEHHBIM CeJICKTHBHHIM IIDEHMY-
IIEeCTBOM, TOrZa KaK CYIWeCTBOBAHHE MYTAHTOB YUHTHIBACTCA JIHIIb
ujleHaMH Wi [IpHOMMIKEHHS, TOJAYUICHHBe paHee (ypaBHenns [1-33a,
11-43, 11-59, 11-69, II-72 B paGore [4], cm. Taxxke [22]), B mef-
CTBUTEJABHOCTH KOJHUECTBCIIIO COIMACYIOTCSt ¢ TCMH NMPHOGJIMXKeHHAMH,
KOTOPblE MOXKHO NIOJYYHTL 113 TOUHBIX DPelleHHI C IOMOILBIO TeOPHH
BoaMyliennit (ypasHenns (21) u (22) B [21] u (13), (18) n (19)
H3 Hacrosilleli paboTH).

C fpyro# CTOPOHBI, MBI XOTEJH Gbl IOAYEPKHYTb, 4TO CUHTAEM
OUeHb BAXKHBIM HaJHUMC TOUHHIX pellleHHil, moJyueHHHX ToMrcoHOM
u Maxk-Bpafinom [20] u xoncom u ap. [21]; 310 HeoGbuaiiHO
o6serdaer 3amauy CO3JaHHA CBA3HOH M TOCIEOBATENbHOH KOHIEN-
IIHH KBa3UBHAA.
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Kaknum 006pasoM BHINONHHTL 3TO HOBOE MOApa3jefe-
HHe, TNOJCKAa3biBaeT CTPyKTypa AuddepeHinaNbHBIX
ypaBuenuil (6). OHo cooTBercTByeT ad@UHHOMY Hpeosd-
Pa30BaHHUIO CHCTEMBl KOODIHHAT, XOPOUIO H3BECTHOMY H3
TEOpUU NHHEHHEIX nud@epeHuraibHbix ypaBHeHuii. [das
TpaHCGOPMHUDPOBAHHBIX NONY/ISUHOHHBIX [ePEMEHHBIX Y;
NOJYUUM HOBYIO CHCTeMy YpaBHeHUH:

J; = —E®) y,. (10)

[Tpumenenne 3TOH mpoueAypel K HeJHHEHHBIM ypaBHe-
HusaAM (6) Bo3MOXKHO Gjaronaps TOMY, YTO UJIeH, OTBET-
CTBeHHbIHf 3a HejHHeliHOCTb, E(f), COTJIacHO ypaBHEHHIO
(8), ocraercs HHBapHAHTHBIM @pH TPaHCPOpMALHMH H
Tenepb MOXKeT OLITL BBIDAXKeH KaK cpelHee Bcex A

E() = 2 haye] X e (1)

BennunHbl A; ABAAIOTCS COOCTBEHHBIMH 3HAYEHHUSIMH JIH-
HefiHofl AuHamuueckofi cucrembl. Ony, Kak # coOGCTBEH-
Hble BEKTOPHI, KOTOPblE CBSI3BIBAIOT X; C Yi, MOTYT OHITH
NoJIyueHHl H3 MaTpuubl, coctosiued M3 Ko3(h(HIHEeHTOB
Wii H Wik

duspueckuil cMuicn peimtennit cucremnl (10) ouesn-
nex. JIwo60oi kBa3uBujJ (XapakTepHU3YIOUIHiicA COGCTBEH-
HbIM 3HauYeHWEeM A; W NONYJSLUOHHOH nepeMeHHOH y;),
cOOCTBEHHOE 3HA4YGHHE A; KOTOPOTO JEXHUT HHXKE MOpOo-
ra — cpentero E({)— Gyner BmMupatb. (CkopocTh u3-
MeHeHHs ero uhcjJeHHocTH otpuuareasHal) Coorser-
CTBEHHO UYHCJEHHOCTh Ka’K/IOr0 KBa3WBHAA C A; BBIIE
nopora Oyzner pactu. [asnee, mopor E(f) saBasercs
¢hyHKUHel# BpeMeHH H — corjacHO ypaBHeHuio (11) —
Oyner pacTH, NOCKOJbKY CHcTeMa OJIaTONpHATCTBYET
KBa3HBHAAM, KOTOPHIM COOTBETCTBYIOT OoJ/blline co0-
cTBeHHblE 3HauyeHHs. DTo GyneT NpoJoJaKaThCcs JO Tex
nop, INOKa CHCTeEMa He JOCTHI'HET CTalHOHAapHOro co-
CTOSTHHA:

E(t)%}\'maxv (12)

T. €. CpPelHds NPOAYKTUBHOCT: OyAeT pacTH, NOKa He
CpaBHsSIeTCA € MaKCHMaJbHBIM COOCTBEHHBIM 3HaueGHUEM.
K »aToMy MOMeHTy Bce KBa3uBHJb, KPOMe OJHOTO,
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a4 MMEHHO TOrO, KOTODOMY COOTBETCTBYeT MaKCHMAaJbHOE
coOcTBeHHOE 3HauYeHHe, OKAXKYyTcs BhIMepmumu. Mx mo-
[yJsIIHOHHbIE MNEePeMEeHHble  JOJKHB  00paTUThCsl B
HYJIb.

Hrax, dapsunosckuii ot60p u 380A104USL MO2YT Xa-
PaKTepU308aTHCA 3KCTPeMasvrbim npunyunon. Ox on-
pedeasier Tun nosedenus pPenAUKATUBHbLY eOURWUY NPU
3a0aHKbLY 02paHULEeHUX 0TOODA.

34ech MOXKHO BHAETh aHAJOrHIO, HANPHMED, C Ipolec-
coM npuUOMKEHHA K PaBHOBECHIO — (DYHIAaMEHTaJbHBIM
THIOOM IOBeJeHHSI MAaTepHaJbHBIX CHCTEM MPH OUPaHUYH-
BAIOLIEM YCJOBHH H30JIALHH, KOTOPOE XapaKTepU3YeTcs
o0II¥M  SKCTpPeMasbHBIM  [PHHIMOOM. DKCTpeMalib-
Hblfi nmpunuun (l2) cBa3aH ¢ KpuTepusIMH ycroHuH-
BocTH [lpuroxkuna—Inanegopdpa [23]. Kak onrtumu-
3alHOHHBIA OPUHLKAIN, OH CIPaBEAJMHB TakiKe AJs Onpe-
LEeNEeHHBIX KJACCOB HEJHHEHHBIX NHHAMHUECKHX CHCTEM
[21]. Manee, cnpaBeiguBOCTL pelleHUll KBa3HIHHEHHON
cucremnl (10) He orpaHHuYHBaeTcs OKPECTHOCTHIO CTa-
IITHOHAPHOT'O COCTOSHHUS.

Kakos xe @usuueckuii cMplca KBasupuza? Bux B
6uoJOTHE — 3TO Tpynna ocobell, XapaKTepU3YIOUHXCS
onpejiesieHHbiM (eHoTHROM. Ha reHoTHnuueckoM yposHe
0cO6H JaHHOTO BHJA MOTYT HECKOJIbKO pPasauvaTthbesi, HO
TeM He meHee ux mogexyasl JHK umeror Becbma 6.113-
Ky10 CTPYKTYpy. PasanyaioTcss e OHH MOCJAeROBaTel]b-
HOCTbIO HyKJeoTHZoB. PaccmarpuBas Temepb Takyue Mo-
JIEKYJIbl — PelJIHKATHBHBIE €JMHHULB,— MBI HCHOJb3yeM
HUMEHHO 3TH Pasyinidsg B NOCJICI0BATENbHOCTH AJS TOTO,
yTo6Ll 1aTb omnpeleseHue (MOJeKyASPHOro) BHAA. DTH
pas3Juuns NPOSIBJSIOTCS, KOHEYHO, H Ha YPOBHe (DEHOTH-
MHYECKHX CBOMCTB — TAaKHX, KAaK CKOPOCThL DEIJIHKALUH,
BpEMsl JKH3HH, TeMI MyTHPOBAHUA H T. K.

Ordenvhotii (morekyaspHbll) suld He ssasercs, 00-
HAKO, UCTUHHbIM 00BEKTOM OTOOpa. ¥pasnenue (10) eo-
B0PUT HAM, 4TO 8 PE3yabTaTe 0TCOPA BOZHUKALT CKOpee
k8a3usud, T. e. OPeAHU30BAHAHAS COBOKYHHOCTb 8UO08 ¢
onpeleaennoim  pacnpedeaeruem eepoarnocreil. Kax
Taxosoii, on orbupaercs us scex Opyeux pacnpedenserull.
o0 Oasrenuem 0T6OPQA HUCACHHOCTU NORYAAYUL 8Cex
k8a3usudos, Kpome 00HO20, 8 0elicT8UTEAbHOCTU BOANCHbL
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obpawarscs 8 Hyasv. Keaszusud recHo c8A3aH C TeM,
4TO HA3HLBAECTCA «OUKUM TUROM> NONYAAYUL.

YacTo OpPEANOJaraior, 4To AUKHE THI — 3TO CTaH-
NAPTHBIE TEHOTHI, KOTOPBIH B pacnpefies]eHHH MyTaHTOB
COOTBETCTBYET ONTHMAJbHO ajaNTHPOBAHHOMY (heHO-
tuny. ToT ¢akr, yTo B caydae ¢aroBoro refoma orpe-
JesleHHe YHUKAJbHOH IIOC/]eN0BATEILHOCTH OKa3bIBAETCA
BO3MOKHEIM, T'OBODHT B INOJIb3Y 3TOH TOUKH 3DEHHSA O
LOMUHHPOBAHHH cTaHpapTHoi komuu. Opamnaxo GoJsee
THIATeJbHOE M3yueHHe paclpelresNeHHs [AHKOTO THOA
dara Qg (B sn1aboparopun Y. Beficmana) [24] moka3sa-
JIO, YTO HA CaMoM Jeje JIKIbL Manaas foJs MNocjaenoBa-
TenbHocTell HAEHTHYHA TOH, KOTOpas MPHIHCHIBaeTcd
JUKOMY THIY; GOJBIUMHCTBO Ke HX IpejcTaB/fgeT coboii
pacrpejeseHne KONHH ¢ OJHOH WJH HECKOJbKHUMH OLIHO-
KaMH, U TOJBKO CpedHee MO TOMY pacClpelleseHUI0 aHa-
JOTUYHO [OCAEA0BATENBHOCTH AHKOTO THHA. Jpyrumu
CJI0BaMH, CTaHAApTHBIE KONMH MOTIYT COCTABAATH MEHb-
e (a HMHOrAA M MHOTO MeHBblIe) HECKOJbKHX NpOLeH-
ToB Beefl nonyasuni. OQHAKO, XOTs MOAABJANIONIASA YaCTh
NONYJSUHNA COCTOMT U3 HeCTAHJAPTHBIX THHOB, KaXIBIH
HHJAHBHAYAJBHEI MYTAaHT B 3TOM paclpeleieHHH HpH-
CYTCTBYeT B OUEHb MaJoM KoJxuecTBe (IO CpPaBHEHHIO
co crangaptHoit komueii). IlosHoe pacmpegeneHnue xa-
pakTepHu3ayeTcs ycpeoOHeHHol NOoCaefoBaTeNbHOCTLIO, KO-
Topas WAGHTHUHA CTAHAAPTHOHA H, CIeLOBaTeJdbHO, OIpe-
denser AuMKui Thn. KBasuBuA, cTporoe ompegesneHHe
KoToporo OBLJIO AaHO BHLE, NPEeACTaBJseT coGofl Takoe
OpPTaHU30BAHHOE paclpezejeHde, xapaKTepH3yiolleecs
OfHOH (UM BOJbUIUM UYHCJOM) YCpeOHEHHbLX NOCaeLO0-
BaTesbHocTedl. THNUUHBIE NpHMepHl pacnpeneneHus (OT-
Hocamuecs K PHK-conepxaiiemy dary Qp) npuseienn
B tab.1. 2. OnHa yHukajbHas (ycpeiHeHHast) MOCJIENO-
BaTeJbHOCTb HMEeTCH TOJILKO B TOM CJyyae, €CaAH KO-
nus, HAeHTHYHAA CTaHAApPTy, SBHO JAOMUHHPYET, T. €.
ec/H OHAa HMeeT MAaKCHMAJBHYIO CeJIeKTHBHYIO LUEHHOCTh
B [Mpefenax pacnpejeneHus. MyTaHTel, A8 KOTOPHIX
W.; ouenb GJIN3KH K MakCHMaJ/bHbIM 3HAYEHHSIM, B CPel-
HeM OyAyT HPHCYTCTBOBATb B COOTBETCTBEHHO OO0JBIIHX
konuyectBax (cM. Taba. 2). Ux paanuue nNpuBeseT K
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Tabruya 2

PacnpocrpaHeHHOCTb, HAH OOHJHKE, CTaHLapTHOH NOCJIEAOBATENb-
HOCTH B paclpefleleHHH [HMKOro THIA onpeieidercs (paxTopoM xade-
ctBa Qm ¥ ee MPeBOCXOACTBOM Om. IIpH AaHHOM 4nC/e HYKJIEOTHIOB
Vv (DAaKTOP KaYecTBa MOMXeT OBIThb BBIUHCJEH H3 CPEIHEr0 KauecTBa
KOMHPOBaHHA GOYKBH §m AJs HYKJEOTHAOB, KOTOpPOe ONpejensercs
KOHKPETHbIM ()ePMEHTATHBHBIM MEXaHH3MOM CUMTLIBAHHS. 3HayeHus
Gm W Om ONPEfENSIOT TAKMKe MAKCUManbhoe YHCJIO HYKJEOTHAOB
Vmax, KOTODOE He IOJKNO MNPEBHIIAThCA CTAHAAPTHOH MOCJAEROBA-
TeJbHOCTLIO, B INPOTHBHOM CJydyae KBa3HBHAOBOE pacmpejeseHne
cranopuTca HeycrofynspiM. IlpecTapneHHble HMXKe JA@HHBle OTHO-
carTca k nocaenosarensrocTaM PHK, cocrosimum 3 4500 nyxmeo-
Tunos (dar Qg).

3naueHns, NPUBeACHHbIE B TEMHBIX TpeyroJbHHKax rtabauusl A,
yKa3bBAIT OTHOCHTE/IbHEIE PACUPOCTPAHEHHOCTH CTAaHAAPTHOH mo-
CJeOBATENBHOCTH B pachpefefeHuy AUKOTo THNMA (B MPOLEHTax)
corsacHo ypasuenusM (18) m (25). OtpunartenbHble 4HCJIa O3Ha-
YaloT, 4TO pAacHpefesieHie HeycTOHYHBO. B cBeT/ibIX TpeyroibHHKax
NPUBEAEHE! OPOTOBHE 3HAYCHHA Vmax JJIS 3aA2HHBIX §m W Om. ITH
INaHHble JeMOHCTPUPYIOT UYBCTBHTEJNBLHOCTbD Vmax K TapaMerpy §m.
Jlas XOpomO aXaNnTUPOBAHHONO ByAa 3HadeHHe | — G, HOJKHO
6bITh HeCKOJBKO BHIlIe, ueM 1/v, (wampumep, | — §m =0,0005 nus
vm = 4500 HykJeoTHIOB, NpuueM TpefyeTcs, 9T06H Om == 10).

ITpesocxodermao O

A

B rtabaute B maH Gosiee pealHCTHYeCKHH NPHMep pacopenesne-
HHsl KBasusuia, coctoaulero uz 1-10° MHIHBHIOB. [TocaepoBaTenb-
HOCTH u3 4500 HyRJICOTHAOB OyAyT COOTBETCTBOBATH 13 500 myrauToB
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[Ipodossenue taba. 2

c ofHofi oWHOKOX npu [ONYHIEHHH, 4YTO AJAR KaXAOr0 NPAaBHJb-
Horo Hykaeotuza (A, U, G man C) uMeOTCH TPH HENpPABH/bHBIE
anpbrepHatBbl, Onmbitet ¢ PHK-pemymkazamm mokaselBawT, 0AHAKO,
4TO 3aMEUIEHHA NYDPHH — HYDHH ¥ NHPHMHIHH —~ DHDUMHIHH NPOHC-
XOAAT ropasjo Halle, 4eM J06ble 3aMelleHHs] NePEKPECTHOro THIA
NypHH <——>- nupuMuaud. [TostroMy — uTOGH ObiThb ONMIKe K peanbHo-
CTH — MBI TIDHMEM, YTO [/l KaXKAOr0 HYKJEOTHAA HMEETCS TOJIbKO

oJlHa HeBepHas afnbTepHaTHBa. COOTBETCTBEHHO KPaTHOCTh JM0GOM KO-
v

mHH ¢ k ommubGKamu CTAHOBHTCS PaBHOI (k) Bcs coBOKymHOCTB
4500 pas/MYHBIX MYTaHTOB ¢ ofHON owHGKOf GblIa pasfuta Ha MATH
KJIaCCOB B COOTBETCTBHH € HX BHIPOMAEHHBIMH (CPeIHHMH) CeJieK-
THBHEIMA LEHHOCTSMHU.

IIpuHaTas OTHOCH-

UucsieHHOCTD NMONY-

Kanace BEIDOXASH"  rejnpan ceaekTHR  JSIMHH OTACTRHOLO

MyTaHTa HOCTB HAaf LEHHOCTh Myrtaura (XBEIpO-
Kaacca W/ Wimm XJIEHHOCTh)

Bes omuGok 1 1 8,9. 107 (X1)

Opna omubka

M, 1 0,99 4.108 (X1)

My, 4 0,9 5.105 (X4)

M 495 0,3 6,3 - 10* (1X495)

My 2000 0,1 4,9 - 10* (3X2000)

M, 2000 ~0 4,3 . 10* (;<2000)

> M 4500 2,2+ 108 (X1)

Muoro omn6ox

M, ~ 107 ~0 < 30 (X 107

ZMk>1 ~ 1500 ~0 6,88 + 108 (X1)

b

B kmacce M;s HMeeTcs BCEro OIHH MYTaHT, OdYeHb OJH3KHA K
cranpaptHomy tuny. Ero cenexrusHas iensHocts Wiee oTinuaetcs ot
CeNIEKTHBHOM IEHHOCTH CTaHAapTHOro THHa Tonabko Ha 19%. Kaace
M, CcOZEepXKUT ueThipe BHIPOXKAEHHBIX MYTaHTA, CeJeKTHBHHE LEH-
HOCTH KOTODBIX OTJIMYAlTCg OT cTraaaprtHoit Ha 109, Torma xak
st 495 myrautos xsacca M. sHauemus Wy coctaBaseroT 309 ot
W um. Dosplias rpynna uz 2000 MYTaHTOB HMeeT Ha NOPSAOK MeHb-
miee 3HaueHHe Wyp M CTOMBKO JKE€ MYTAHTOB BOOGIE HEKH3HECNOCO6-
HO, T. €. OHH BOCHDOH3BOASITCS CO CKODOCTBIO, HECPABHEHHO MEHbIUEH,
YyeM CKOpPOCTb BOCHpOH3BeldeHHs cranpapra. J[lanee, BceM Komuam
¢ uAcaoM owHGoK Gosee ABYX OBIIM  NpUNHCAHLl  3HAYEHUS
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[Ipodosncenue raba, 2

Wit € Winm. XoTS 5T0 70TyHIEHNE MOXeT OBHTL HepEeaNucTHUHBIM,
OHO He HMMEET CEePbe3HHIX MNOCJAeNCTBHH A/ UHCAEHHOCTEH MOmyAsuuil
UHOUBUOYOAbHLLX TIOCAENOBATENBHOCTER, KOTOPHE KpafiHe ManH H3-3a
GospuIoro uMcsia PasHOOOPasHEIX ouruGouHnix xonufl. HecMorps Ha
9TO, CYMMa BCeX KOMHH ¢ MHOrHMH OIIUGKAMHU fIBJSAETCH B TOM IPH-
Mepe HauOoOJbIICH TPYyMmoN, 3a HeH cJaeayeT CcyMma Bcex Komuit
¢ oauoit omubxoil. C Apyroft CTOPOHE!, CTAHAAPTHHIH THN MO cBOEH
PacHpOCTPAHEHHOCTH AaJeKo MDPeBOCXOAHT BCE ADYrUe HHAHBHIL
B pachpejeeHHN KBAa3HBHJA.

Belan caenan Apyrofi BapuaHT pacdera, rie OTHOCHTEJBHAS CeJeK-
THBHasl HEHHOCTb MYTaHTa la ¢ oxHON ouwnbkofi OkJIa NOBHINEHA
¢ 0,99 no 0,9995. [Ipn sTOM OCHOBHAS YacTh paclpelesNeHHs] H3MEHH-
Jlach OueHb MaJso, a YMCJIEHHOCTb MOMyJsiHm MyTanta la pospocna
J0 YHC/JIeHHOCTH CTaHAapTHOro THma (T.e. ofe OHH CTaNd PABHBIMH
8,4-107). Dror WpUMep NOKA3LIBAET T'PAHUUY MPHMEHHMOCTH anmpo-
KCHMaluu#l, cogepxaunxcs B ypaBHeHusx (18) a (19), xoropre tpe-
GYIOT BBINOJMHEHUA HePaBeHCTBA Wem K Wi — Wum. Bontee crporudét
pacueT JaeT UYHCJNEHHOCTh NMONYJNAUHA MyTaHTa la, COCTaBASIOMWIYIO
upuMepro 60% OT UHCJAEHHOCTH cTaHAapTHoro THna. [laxKe 1pH ma-
JbIX Da3NHUMSEX CeNeKTHBHBIX LEeHHOCTeH CTaHZapT OCTaeTcsl SIBHO
JOMHUHHPYIOIUMM BHAOM. JIHUIB B TOM CJIyuae, KOrLa MYTaHT ¢ OfHOH
OIIMOKOA OTJIMYAeTcsl OT CTaHAapTa Tak Malo, 4TO BHIIOJHSIETCS
HepaBeHCTBO Womm — Wer <& 1/vm, O MOMKeET CUHTATHCH BHIPOXK/IEH-
HHIM H, CIEOBATENbHO, HEOTJIHIHMBIM OT CTaHIApTa.

TOMY, UTO MOCJIEeNOBaTeJbHOCTh AWKOro THna Gyner He-
CKONBKO pa3MbITa B ONpPEleJeHHbIX TNoJoXeHHX. Ecan
nBa GJM3KOPOACTBEHHBIX MyTauTa uMeloT (IIOYTH) ORH-
HAKOBble CeJeKTHBHBIE [EHHOCTH, oHM 06a MOTYT BXO-
IUTh B KBa3UBUA ¢ (MOYTH) PABHBIMH CTATHCTHYECKHMH
Becamn. Hackonabko O6AM3KH ApYT K APYTY HOMKHH
Ouith snauennss W nas aTHX ABYX MYTaHTOB, 4TOGHI
OHH CTaJH CEJNIEKLIHOHHO HEepa3HYHMBbl, 33aBHCHT OT HX
«crenend poacteay. s oTHaNeHHBIX POICTBEHHHKOB
COOTBETCTBHE AOXKHO OHTH ropasfo GoJjee TOUHBIM, UEM
nas komuii ¢ onxHo#t ourn6koit. Takum obpasom, crmenn-
aJbHOMY KJaccy «OOpaTHMBIX HelTpaJsibHEIX» MYTaHTOB
MOXKeT OBITh AaHO KOJHUeCTBeHHoe onpenesente. Koneu-
HO, CYUIECTBYeT BTODOH, Oosee mupOKHA KJaacC HeHT-
paJbHBIX MYTAHTOB, OTHOCSUIHXCS K PA3JHYHBIM KBasH-
BHIAM, KOTOpDble BBIPOXKJEHH M0 COGCTBEHHBIM 3Haue-
HHAM A; DOJIBLIHHCTBO 3THX HeATpa/bHBIX MyTAaHTOR BbI-
MUpaeT MOCJE CBOETO NMOSBJAEHNS, HO HEKOTOPHIE H3 HHX MO~
TYT PaclpOCTPAaHHTbLCS B MONYJSILHMH M COCYLLeCTBOBaTh
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C paHee YCTaHOBHUBHIMMCSI KBA3HBHAOM HJH Haxe BHI-
TECHUTb ero. JTo AHPQY3HOHHOE paclpOoCTpaHeHue Hefi-
TPaJbHBIX MYTAHTOB MOXKHO AHaJH3HPOBAThb TOJLKO B
paMKax CTOXAaCTHUECKOH TeopHi (CcM. HIDKe).

I11.5. Peaniuctiueckne annpokcuMainu

Brlpamenne B sIBHOM BHie Aasi cOGCTBCHHOrO 3HaueHHA OTO-
6paHHOrO KBa3WBHZA MOXKeT OHITB [OJYYeHO C MOMOUILIO TEODHH
BO3MYLIeHHA. Pe3yapTar, COOTBETCTBYIOLIMH BTOPOMY MOPSAKY Teo-
pHH BO3MylleHu#l, MO0GeH BbIPAXMKeHHID AAA Wmax, NOJYUEHHOMY
paHee B paGore [4] (ypaBuenue 11-33a):

w w
Mo 0 Wi+ ) ik, (13)
k=m

3mech HHEEKC m OTHOCHTCS K TOMY (MOJEKYJSPHOMY) BHAY, KOTO-
PHIL OTiMYaeTCs HauGOJMbIIeHd CEMeKTHBHOH WEHHOCTbIo. Dta anmpo-
KCHMAaUHUs TOLHTCA TOMLKO B TOM CJyuae, eC/IH HH OZHO APYroe Wis
He OKa3blBaeTCH CJHIUKOM OJU3KHM K S5TOMY 3HAUEHHI0 W JTOMUHH-
pyloLlas KOMHA 1 MOXET CUATAThCA NPSACTABUTEbHHLUEHA JIHKOIO
Tuna, Ta6a. 2 moxasbiBaeT, HaCKOJbKO 3(D(EKTHBHHIM B AefCTBUTEND-
HOCTH SIBJITETCSI 3TO NPHOMMIKeHHe HJs NGO peatpHO 3HAYUMON
cucteMel. Yem Goubure HHGOPMAUHOHHOE COILEepXAaHHE, TeM MeHblle
HHIMBUAYAaJbHble 3HAUeHHsd ©@. TeM caMblM 3Ta aNlPOKCHMAIHS BH-
SBJSCT O4eHb BaXHHIT (akt: or6op (MOA JaBACHHEM) ABASETCH
VCKJIIOUHTEIBHO XKECTKHM TO OTHOUIEHHIO K JaJbHHM DOICTBEHHHKAM
(ueM MeHbIlle 3HAUEHHS Wme H Wim, TeM OJHKe MOTYT 6ot Wre H
W nm — 6e3 Kakux-nu6o orpaHudednii otHocuteabHo m). ORHaAKO OT-
6op sABJAsSETCH MATKHM 10 OTHOLIEHHIO K OdYeHb OJIH3KHM DOICTBEH-
HukaM. OHU GyAyT NPHCYTCTBOBATL B pACHpeAe/eHHH H TOTA4, KOTAa
HX ceJeKTHBHAs HeHHOCTb Wyee MHOro Menpile Wam (HIH maxKe
paBHa Hyq0). Ecau BTOphIM ciaraeMelM B ypaBHeHMH (13) MOXKHO
npenefpeub (cM. 3HayeHust B Talj. 2), TO 3KCTPEMAJbLHHIH MPHHIUIT
[ypaBHenune (12)] Momer GuiTh BHpaKeH B ciefywoulell dopme:

Wmm > Ekaﬁ ms (14)
Hay
Q> 0r, (15)
rae
Eperm= 2, Exty/ Y, % (16)
kFE=m k#*=m

npeacraBisier Co60il CPEIHION NPOAYKTHBHOCTh BCEX KOHKYDEHTOB
OTOGPAHHOrO AHKOrO THIA M H

am=—A”_”-——- a7
Dm+Ek¢m

SIBJASETCH IapaMeTpoM IMPeBOCXQJACTBA JAOMHHHPYIOUIEro BHAA,
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B rtom ke OpuGUIAKCHHH MOUYT OblTb BHIYICICHLI OTHOCHTCJb-
HBle CTALHOHADHLIE YICJACHHOCTH MNONYJSUHMI, NpuHdeM AJAd JAOMHHH-
pyoieil KOMHA

N 5 -1
- / - Viim— E % m Qp = O
xm/ xk = — = 1 (18)
E=1 Ep—=Epsm =0y,
a JJs KOMMH ¢ OJAHOI oubroi
w
- = km
X, 0 = —=— . 19)
1%/ — (
" ‘me Wkk

D70 BHIpaXKeHHE OCTaeTCs BEPHHIM, NMOKA Wim €K Wmm — Wi (cM.
Taba. 2).

[TpuGanxenuss GoJjiee BLHICOKOrO IOPSIAKA MOTYT OHITh MOJy4eHBI
C HCHOJIB30BAHHEM Amax HE3aBHCHMO OT TOrO, B KaKOi (opMme BhIpa-
JKeHa 9Ta BeauuuHa, YpaeHenus (16)—(18) usMmeHsoTCSI COOTBET-
CTBYIOLLEM 06pa3oM.

OcHo8bI8AACY HA ITUX NPUBAUNCEHU[X, MbL MONCEM KOAUYECTBEH-
HO XapaxTepu308aTe 0ap8UHO8CKOe ROBEJeHUE MAKPOMOACKYAAPHOLL
cuctem. Ypasnenue (13) noxaseisaer, 8 Kaxkoi mepe OuHAMUKQ
orbopa onpedeasnerca UHOUBUOYAABHbIMG CcBOLUCTBAMY OOMUHLPYIO-
weeo (crandaprroezo) suda m, roeda xax ypassenus (18) u (19)
YKQB6IBAIOT OTHOCUTEAbHOLI Bec cTaHOAPTHO20 8uda U e20 MYTAHTOS
(cm. Takwe Taba 2). ¥Ousuressvro, HACKOALKO MAAQ Ha camom Deae
doan crandaprHoeo suda 8 pacnpedeseruu Jux020 TURA HECHMOTPA
HQ TO, 4TO €20 (Pu3uqecKue RAPAMETPbL NOUTU ROAHOCTBIO onpede-
A810T QuHamuveckoe nosederue pacnpedeserus. 3ro daer rKeasusudy
boabuiyt0 aOQNTAUUOHAYIO U IBONOUUOHKYD eubKoCTb U nozgoaser
emy GoicTPO peazuposats HA usmexerue cpedol.

3T annpOKCHMAUHH OKa3HIBAKOTCS HENPHrOAHB TOJNBKO B CJIy-
qae HaNMYHs ABYX HJIH 60jee DOMHHHDYIOIIMX BHIOB (cM. Taba 2),
KOTOpple  SIBJASIOTCSL  (MOYTH CTPOro)  HeHTPAJBHEIME MYTAHTAMH.
OpHako 3TH o6paruMble HEHTpaJbHBIE MYTAHTHL MOTYT OBITH 00Db-
elMHEHE B CeJeKUHOHHO HEOTJNHYMMHIl NOJAKJAacC BHIOB, KOTOPHIH
OyldeT ONpene’sTh AHHAMHUECKOe NOBeJEHHe KaK OAHH JIOMHHHPYIO-
A BHI B COOTBETCTBHH C ypPaBHEHMsIMH, TPUBEJeHHHMHU BhIe. MH-
TepPecHO OTMETHTh, YTO BHYTPH KBa3uBHIa HeT oT6Opa NPOTHB 0bpa-
THMBIX HeHTpaJbHBIX MYTAHTOB (<OGDATHMEIMH» SIBJSIOTCS TaKie
MYTAHTH, AJAST KOTOPHIX Wi H @ JOCTATOUHO BEJHKH, UTOGHI ra-
PaHTHPOBATB HX BOCIPONH3BOJMMOe MOsiBAeHHe). 3T1H oOpaTHMblE
HefiTpasbHEle MYTaHTLI, COCTABJSIOIIHE YacThb KBA3WBHAA, HeobXO-
JAUMO OT/JHYaTh OT HEPOACTBeHHLIX HeHTPaJbHBIX MYTaHTOB [wie H
Wp CJAMIIKOM MAaJE, YTOBE OBECIeYHTb HX BOCIHPOH3BOAHMMOE IIOAB-
Jeune cornacHo ypaeHenuo (18)]. HeGosblioe KOAHUECTBO 3ITHX
HEPOLCTBEHHHX HeHTPaJbHBIX MYyTAaHTOB MOMKET COCYIIeCTBOBATL
Bclenereue caydafineix duaykryaunii [25]. CroxacTHueckas Teopus
IIOKA3LIBAET, UTO KOHKYPEHLHUsS MeXKLY STHMH HellTpaJbHBIMH BHAAMH
npeActaBaser cobofl cayyafiHell apefid, KOTOpBIA BeleT K BHIMHPA-
HUI0O W HeJeTePMHHHPOBAHHOMY «BBUKHBAHHIO BBIKHBAIONICTO», a
TakXXe K HEKOTOPOMY DPA3MHOMKCHHIO H DPAaclpoCTPAHEHHIO HOBRIX
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MYTaHTOB — SIBJEHHIO, KOTODOe TreHeTHKH [26] wnasbiBaloT Hexapsu-
HOBCKUM TOBeleHueM (T.e. BHDKHBaHWEM 0Oe3 CeJeKTHBHOTO HpeuMy-
wecrBa). CrleayeT MOHMMATb, YTO CTOXACTHYECKOe IOBEAEHHE HEpOJ-
CTBeHHBIX HeHTPaJbHEIX MYTaHTOB, XOTS OHO H He OBLIO mpejcka-
3ano JlapBHHOM H er0 NOCJACAOBATENAMH, He NDPOTHBODEYHT TeM
CBOfICTBAM, KOTODHle BCAYT K KETEDPMHUHHCTHYSCKOMY JAapBHHOBCKOMY
nosefenno. Hamporns, 0160p 06paTHMBIX HeHTPaJbHLIX MYTAaHTOB
HAXOAHTICS B COMIACHH C /IAPBHHOBCKHM HDHHUHUIIOM, €CJIH €ro Ho-
HHUMAaTb NPaBHJIbHO — KAK BHIBOAHMEIA (H3HYeCKHH 3aKOH, KOTOPHIH
3aTeM NpHMeHseTcs K MOHSTHIO KBA3HBHAA.

I11.6. OGo0mweHus

IlpH KOMMYECTBEHHOM TNpPEACTABJEHHH MJAapPBHHOBCKOH CHCTEMbl
ypaBHeHHsiME (2) u (6) MBI cHelaJH psf CUenHAaJbHBIX LONYLIEHHIH,
KACAIOWUXCsl CTPYKTYPHEIX TNPEATNIOCHIIOK M BHEUIHMX OrpaHnyeHuil.
B sroM paspgene Mbl TONBITAEMCS YCTAHOBUTH, HACKOJNBKO IaJEKO
MOXKHO OOOOIUHTb 3TH XOMylieHHs 0e3 NOTepU XapaKTepHBIX 0COGeH-
HocTell apBHHOBCKOro NOBEJEHHs.

1. Yaenot kuueruueckux ypasrenuld. JIuHeHHble YJAeHBI, ONHCHI-
BAKOLIME aBTOKATAJNUTHUECKOe 06pasoBaHHe M DAa3JIOXKEHHEe, NpoTe-
Kaloli¥e Kak NIPOLeccH IIepBOTO NOPSAAKA, MOTYT OBITh 3aMeneHnl 6o-
Jee ofmumu  BopaxeHuaMu. Jad  ¢GepMeHTATHBHHIX MeXaHH3MOB
camofi obwelt asaserca ¢dopmyna Muxasanca — MeHTen

xi JCL.
Ckopoctp ~ —Et—  man ,
1 + aixi 1 + Z akxk
%

KOTOpas 3aMeHAeT NPOCTYI0 3aBHCHMOCTb OT X; DblIO nokasano [4],
4TO /IS ABTOKATAIHTHYECKHX MEXaHH3MOB 3TOro THma otfop ocra-
etcst 50GEKTHBHEIM U NPH MafblX YHCAEHHOCTAX MONYJANUl, T.e. B
obnacTd, KoTopas SIBASETCS KPHTHYecKofi maasa oT6opa. Hacwlenue
He [pelOTBpalllaeT pa3MHOMKEHHS MYTaHTOB, HMEIONIHX [peuMylie-
CTBO, HO MOXET JONYCTHTb ONpeAeJeHHOe COCyLlecTBOBaHHe, 006-
yCIOBJEHHOE MePeXOAOM OT IKCNMOHEHIHAJBLHOTO POCTAa K JHHEAHOMY
Ip# MexaHH3Me Ge3 orpaHuueHnH.

BooGue rosops, eciu NOPSAOK peakLHH ONpelessieTcs UIeHOM

TO [JAapBHHOBCKOe IOBeAeHHe GyleT HabmoAaTbCst HPH
0<kgL.

<,

Ina k= 0 cocymecTBOBaHHe NPHBEAET K JHMHTHPOBAHHOMY DOCTY.
IIps OrpaHMYeHHH NOCTOSAHHBIX MOTOKOB TaKasi CHTyalHs MOXKeT
BOSHHKHYTb JUIsl CaMOBOCIPOH3BOJSIHXCS BHAOB B TOM Clyuae,
€CJH WX CKOPOCTh OOpa3oBaHMs OTpaHuyeHa IIOCTOSHHON CKOPOCTLIO
MOCTYIJIEHHS  BEICOKOHEDreTHYeCKOTO  CTPOMTENBHOTO MaTepHaJa.
Buzabl, KoTophie nOTpebJsilOT pas3Hble (B3aMMHO HE3aBHUCHMDIE) IH-
eBBIE PeCypcHl, He GYAYT KOHKYypHpoBath Apyr ¢ apyrom. Hesagn-
CHMBIE MUILEBBe Pecypcsl GyAYyT NPeJACTaBNATb DA3JIMUHBIC <HUILHY»,
4TO MNpHBEJET K COCyllecTBOBaHHIO. MHOroyuc/eHHEe BapHaLUHN
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PAasJMYHLIX BUAOB HacTO 00sS3aHbl CBOMM CYIIECTBOBAHHEM HOLOGHEIM
MeXaHH3MaM, LOC/IEACTBUS KOTODHX HAXOAATCS B [1OJHOM COFJIACHH
¢ LapBHHOBCKON Teopueil.

Jas nokasateseft & >> 1 kapTuHa Gosiee geTasbHO NPOaHANH3H-
poBaHa B uacTH B pannofi xkauru. B 3TOM caiyyae npomcxomuT Kpafi-
He XKeCTKuH 0TGOp, MPHYEeM HEKOTOPHE €ro CJAeICTBHs HECOBMECTHMEL
co Bsrusigamu JapeuHa, ocoGeHHO B CBsI3u C mpolJeMamMu Hacaego-
BaHHUSL.

2. Asroraraaus. Kaxk ob6cyxpanocs B pasa. I, mpamoe camo-
BOCIPOH3BEJeHe SIBASETCS JHIIb NMPOCTeANIHM IPHMEPOM B KJjacce
JNMHEeHHBIX aBTOKATAMHTHYECKHX MeXaHH3MoB. B obueM cayuae camo-
BOCNPOU3BeeHNE MOXKET OCYUIeCTBASTLCS MOCPEICTBOM UHKJIHYE-
CKOTO KaTaluTHyecKoro upouecca. Hanpumep, darn, conepraiine
opxouenoueynyio PHK, Bocnpoussosares nyrem B3aHMHOrO HH-
CTPYKTHPOBAHHA C TOMOIIBIO ABYX KOMILIeMeHTapHhIX wueneft. Kume-
THYECKHE YPaBHEHHA [JJs Taxoro /[ABYXUJIEHHOTO KAaTaJMHTHYECKOrO
uukaa [4] nawor ABa cOGCTBEHHBIX 3HaYeHHs1 1/ JOMHHHDYIOLErO

BHIA: D +D
- 1
hig= ——j—r“— * \/A+A_Q+Q_ +5 (D, —D_p (20)

OTH BbIpaXkeHHs] OCHOBAHLI Ha TAKHX JKe ANNPOKCHMAUHSX, KaK H
ypaBHenne (13), — He YYHTHIBAIOTCH WJEHH, COOTBETCTBYIOLIHE MY-
tanuaM. OOHO ©3 3THX COGCTBEHHHIX 3HAUeHHWHl, eCJIM OHO I1OJIOXKH-
teapno (T.e. AyA_Q4+Q- > D;D_), samensner Wum, oTHOCAIIeCCS
K camoBOCIpousBojfilefics eauuuue. 3Kech KHHETHYECKHEe fapaMer-
pbl ofeux Uemefi BHOCAT pPAaBHEIl BKJaA (cpelHee reoMeTpHyeckoe)
B CeNeKTHBHYIO LeHHOCTb, O6a OHH AOMXKHH OHTb ONTHMH3UPOBAHH,
yTo0bl HMEJ0 MeCTO ONTHMajAbHOoe (YHKUHOHHDOBaHHe, Besme, rae
BaXHH (eHotunnueckHe cpofictea ueneit PHK, 3kBuBaseHTHOCTH
Jlerye BCEro JAOCTHTAETCS NP MOMOUIM CTPYKTYPHOH cuUMMeTpHH
(cm. TPHK, wmuzu-sapuant PHK Qﬁ [27]). Bropoe, Bcerma orpu-
HaTeNbHOEe COGCTBEHHOE 3HAUEHHE OTHOCHTCH K NPOLECCY KYPaBHOBE-
IHBAHHS» [JMC- ¥ MAHyC-Uelell, KOHIEHTPaLHI KOTODHX 3aTeM Oy-
AyT HaxoguThcs B (UKCUPOBAHHOM OTHOWmeHHH. Kak TOJBKO 3TO
ypaBHOBEIUMBAKHE AOCTHUIHYTO, MJIOC- H MHHYC-UENH IefiCTBYIOT Kak
0JHA DPEeNINKAaTHBHAA H KOHKYpHpyOIlas efuruydq.

O6utee paccMOTpeHME KaTaNUTHYECKHX LHKJIOB [OKaszano [4,
20—22], 4TO OHM CXOAHBl ¢ NPOCTHIMH CAMOWHCTPYKTHPYIOMIHMHCS
cucteMaMi. #-UJeHHBIH UHKJI TOXe XAapakTepPH3YeTCsd OLHHM I10JIO-
SKHTENbHEIM COGCTBEHHBIM 3HAUEHHEM, KOTOPOE COOTBETCTBYET CeJieK-
THBHOH LEHHOCTH OT/[eNbHON CaMOBOCHDOU3BOAALIEHCH eZHHHLEL
B 3710 co6CTBEeHHOE® 3HAYEHHC BHOCST BKJAJd KaTAJHTHYECKHe CBOIi-
CTBAa BCEX YJeHOB, B HpOCTefimeM cJydae — B BHAE CPEAHETO Teo-
merprycckoro 3snadenuii AQ, orciona TpeGoBalHe KOHEYHOCTH 3Ha-
yepnii AQ pas Bcex uiaeHoB nMkJa. Hasee, n-uleHHBIA UMK Xa-
pakrepHayetcss (f— 1) OTpPHUATeTbHEIMH COGCTBEHHEIMH 3HAYEHHS-
MH, KOTOpBle OTDarKalOT BHYTPEHHeC YpaBHOBEWHBAHHE KOHLEHTPA-
LIMOHHBIX OTHOLIEHHI! BCeX YJeHOB UHKIA.

3. Myraguu. OCHOBHON MCTOYHHK MyTauuii, ocofeHHO Ha paH-
HUX CTalMsX 3BOJIOLHUH,—3TO HeBePHOe KONHPOBaHHE, T. €. BKJAKUeHHe
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HYKJCOTHAA C HEKOMNOJCMEHTAPHBIM OCHOBAaHHEM B [polecce pel-
aukauuy. OmsITe C CpaI‘OM in [IOKA3LIBAKT, YTO BCPOSATHOCTH OIIH-

GouHOH 3ameHbl JAHHOrO NYPHHA HJIH NHPUMHIANHA €f0 T[OMOJO-
roM 3HAaYUTENbHO OTJHYATCA OT BeposATHOCTell omubouHol 3a-
MeHH TypUHA OJHMM H3 NHPHMHAHHOB HiM vice versa [24]. Tlpm
(GhOpMaJbHOM PAacCMOTPEHHH € HCHOJNB30OBAHHEM NapaMeTpo Q H ©
OTAeNbHBIE BHABI MYTaluli — TaKde, KaKk TOUCYHAN MYTaUHA MWIH MY-
Tauus €O CABHIOM PaMKH BCJAeACTBHe AeJelHH HJIA BCTaBKH, — HE
pPasaMUAIOTCSA, XOTS DTH Pas3/HYusg, KOHEUHO, BAXKHbLI NPH HCCAeHOBa-
Huu (yHKUMOHaMbHEIX cBoficTB MyTtanToB. Ilpn dopmanbHOM pac-
CMOTpeHHY (e3pasiHyHBl TakKXke [PUYHHEL MyTauuit — 6yAb TO He-
BepHOe CYHTBHIBAHIE IIPU DPEMJHKALKH, XHMHYECKH HHAYLHPOBAHHBIE
H3MeHeHUsl WIH pajJualiOHHBle ToBpexpaenud. MHorza O6niBaeT He-
06X0UMO HEKOTODHIE MYTallHH CBS3BIBATb CKOpee C YJIEHOM, OIHCHI-
BAIONIMAL Da3JoXkKeHHe (CM. HHXKe), OJHAKO 3TO He BJHsfeT Ha ¢op-
MaJbHYI0 CTPYKTYPYy ypaBHeHHIlL

4. Pasaoxcenue. Myrtauuu, oGycsaoBJeHHble BHEIUHUMH BO3jel-
CTBUSIMH (HanpuMep, pajdaunel), cjeiyeT yYHTHIBATb B YJeHe, OIH-
chiBaloieM pasjoxende. Bool6lle rosops, pasjoxeHHe Buia [ MO-
JKeT IPHBECTH K NOSBJEHHIO JAPYroro BHAA — &, KOTOPHIH COCTOHT
TOJMLKO K3 (parMeHToB i, Taxye TpOLeCCH TOXe He H3MEHAT (Hop-
MaJbHOH CTPYKTYpH AuddepeHUHaNbHBX ypPABHEHHH, eClH NPHHSTh
BO BHUMAaHVE COOTBETCTBYIOUIHE YPaBHeHNs COXpaHeHHs.

5. Brewrue oeparudenus, SIBHBIH BHJ pelUEHHHA CeJeKIHOHHBLIX
ypaBHEHHH 32BHCHT OT HAJNOXeEHHBIX orpaHuuesuil. Panee mpt no-
Lpo6HO ofcyaunn caydafl IOCTOSHHOH ofwed opraHuzauud. Cxon-
HBle, XOTS KOJHYeCTBEHHO JpyrHe, pe3yAbTaThl IHOAy4aloTcs Ak
OrpaHNueHHs IOCTOAHHBIX NoTokos [4, 28, 29]. Brewdme pery.u-
pyeMble MapaMeTphl MOLYT, KOHEYHO, BKJIOUaTb B cels BpeMeHHble
(nanmpumep, JIOGBIC NePHOAHYECKHE) H3MEHEHHS. DTO MOKEeT BECTH
K MeXaHHCTHYCCKHM NpPEHMYLICCTBAM, HO He H3MEHSET CYUIECTBEHHHIX
[OPEeJIIOCEIOK M NOCJeACTBHII JAPBHHOBCKOTO MOBedeHnst. IIpuuuun
srcTpeMyMa (12) npuoOperaer B 3TOM cJjydae CACAYIOIMEA o6uIuil

BHXI:
T

lim -L— S E () dt = dm. 1)

T-—>» 0

JancHefimee o6o0lleHne NPHHLUNIA SKCTpeMyMa YAANOCh TOJNYUHTh
Ixoncy u xp. [21].

Ot6op KBasWBMAA NPH HAJHUMI KOHKYPEHTOB MOXMET paccMma-
TPUBATLCS TaKXKe B pacTyllell cHcreMe. Dyaer moxasaHo, yTo He-
CTAUHOHAPHBIE CHCTEMBI MOJXKHO paccMaTpupaTth B OOLieM BHAC NoCJe
npocToll HPOUEAYPHl HOPMUPOBKH.

6. Croxacruueckas reopus. Ilocaeanice ofobuieHne uMeer 60.ce
OPHHUMANAJBHEI  Xapakrep. JleTepMHHHCTHUECKHE  KIIHETHUECKHe
ypaBlUCHHS, BOOOIIEe TOBOPSA, ONHUCHIBAIOT CpeflHee MOBeleHHe aHCaM-
6J1efi, COCTOSAILNX U3 GOJBLWIOrO YHCJAA HHAMBHLOB. DJIeMCHTADHLIE Xe
NPOLeCCH MOFYT ONHCBIBATBCS TOJBKO C [MOMOUBI BCPOSITHOCTH
peaxuufi. Mrpoesle Mmojneau, paspaborasHble BMecTe ¢ BuekJjep-
Ocparna [18], ueTKO JAeMOHCTPHPYIOT TPH OCHOBHEIX THNA INOBele-
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HHS, KOTOPLle MOIYT pPacCMaTPHBATbCA CTOXACTHUECKOfi TeopHed:
a) BHYTPCHHUl CaMOKOHTDOJAb (JAYKTyaUHH, Kak 3TO HMEET MeECTO
B OKPECTHOCTH YCTOAUHBOrO CTANHOHADHOIO COCTOSIHHSL H, B 4acT-
HOCTH, NPH TePMOAMHAMHYECKOM paBHOBeCHH; 6) caMOyCHJEHHe
GaykTyaunl, xapakTepHsylolljee HeyCTOHUHBOCTb, H B) 6e3pasinuHe
K GJayKTyauusM, NPHBOAsilLee K CAydaliHOMy Apelidy.

B nepBoM ciayuae QUyKTyaluH BaKHbl TOJBKO IIPH MAasHX YHC-
JICHHOCTSIX TOMYJSUHH H O3HAYaIOT NPOCTO HEONPENEeJeHHOCTh B JHO-
6oM MrHOBEHHOM MHKPOCOCTOsHHH. Ilis MakpococTosHHl, KOTOphle
MOTYT 6BLITh HCCJAEAOBAHBI IKCMEePHMEHTA/bHO, OHH AAl0T OXKHJaeMble
3HaUeHHd B MOpejesax BEIYHCAHMBIX CDeJHHX (JAYKTyaHOHHEIX HH-
TEPBAJOB.

Bo BTOpOoM ciyuae AeTepMHHUCTHYECKOE OBEACHHE OrpaHHUHBA-
eTcAl OTBETOM Ha AaHHyl0 ¢aykryauuo. HpyrumMu cnosamu, stot
LETepPMUHH3M THIIA «EC/HH — TO» NPEeACKasbiBAeT, UTO CAYYHUTCH, eCH
npousofjier onpefeneHHas (JAyKTyalHsi, H TOYHOCTb NPEACKa3aHUA
pacrer ¢ yBennyeHueM GayKTyauuu. BoO3HHKHOBeHHe e caMoi
¢GaykTyaluH, OJHAKO, HeNpesckKa3yeMo, M 3Ta MUKPOCKOIHYECKAs
HEONpeAeNeHHOCTh 0TO6paxkaeTcss Ha MaKPOCKONHYECKOM YPOBHe ye-
pes NeTepMUHHCTHYECKHH B KOHEYHOM CyeTe NPOLECC YCHJIEHHA. DTOT
cayyait O0coGeHHO BaxeH JJIs AapBHHOBCKHX cHCTeM. BoablnuHCTBO
MyTanuH npeAcTaBAAOT coGofi GAYKTyaluHH MepBOTO THHA, T.e. OHH
He JRalOT HHKAKOrO CeJAEKTHBHOIO IPEHMYIleCTBA H He YrpoXawT
cTabuAbHOCTH AMKOro Tuma. ITocse BOSHHKHOBEHHS OHM HCYE3aloT
JLeTeDMHHHCTHYEeCKHM 06pa3oM, Kak H B ciaydae paBHOBecHs. OfHaKo
CYLLECTBYIOT TaKyie MYTallMH, KOTOpHle HecyT ¢ cOOOf ceJeKTHBHOE
MPeHMYIeCTBO, H OHH HMEIOT TEHJEHIHIO YCHJIHBAThcd, T.e. MOpO-
KIA0T HeyCTONYHBOCTb, [LOCTUMHYT Ji OHH YyClexa B 3aBOEBAHHH
JMOMUHHPYIONLErO FOJOXKEHHA, 3aBUCHT OT BEJHYHHEl HX CeJEKTHBHOI'O
IpeHMYILeCTBA B OT pasmepa Quayrryauun. OrdesbHast KONHS HMeeT
[OBOJIbHO BLICOKHE MIAHCHI Ha BHIMUpaHHe, NPEXKJE 4YeM OHa yCIeeT
BOCIIPOM3BECTHCh, OCOGEHHO ecH ee 3HaueHHe W TOMBKO HEHAMHOrO
Gousblue, wem FE(f). CroxacTudyeckas TeopHs NOKa3bIBaeT, 4TO JJist
Majbix TpeumymecTs, T.e. Korda (Wpmi1t— Wn) € Wn, pasmep
GAYKTYalUHH AOJKeH YBENIHUHTBCS A0 OHpeJeNeHHON BeJHUHHHI, T. e.
[0 4HucJa Kommii, Kotopoe cootseTcTByeT BeaudnHe W /(Wanys — W),
TMpexKJe ueM BepOATHOCTh POCTA QJIYKTYalMH CTaHET GoJblile, gem
1 —e-!. JlpyruMH CJOBaMH, TOJBKO MYTaHTH, XapaKTepH3yIOILHeCs
3aMETHBRIMH TpeuMyllecTBaMu, OYAYT AeTePMHHHCTHYECKH BJHATH Ha
3BOJIIOLAOHHOE TOBeJleHye., DM3KHe K HeHTPaJbHEIM MYTAHTH BELYT
ceBsT CTOXACTHYECKH — ITOYTH KaK HCTHHHO HeHTpaJbHElE MYTaHTH —
H, CJe1OBATEJBLHO, COOTBETCTBYIOT TpPeTbeH KATerODHH HID, KOTOpHIE
OPHBOAAT K caydaliHOMY apefidy.

HefiTpanbHble MYTaHTH, BO3HHKAWOLIYE C BLICOKOH YacTOTOMH, KO-
HeYHo, SBJASIOTCA YacTb0 JTAHHOIO KBasHBMAA M KakK TaKOBHe He-
CKOMBKO CTAGHMM3UPYIOTCS BC/JIEACTBHE KOHEUHOCTH TeMia MyTauHi.
Tem caMBIM OHH HCHOJB3YIOT GJIYKTYauHOHHHl OTBeT, 4TO ObLJIO Xa-
pakTepHO JJs mepBof kKaTeropuH. Ilockonbky mnomofHas cBA3sb
JLOBOJIbHO cjiafa, OTHOCHTEJIbHBlE YHCJIEHHOCTH HEHTPaNbHEIX POX-
CTBEHHHKOB MOTYT HCIBITHIBATH OdeHb GoJbive ¢ayktyamun. He-
poIACTBeHHBe (T.e€. OYeHb pejKHe) HelTpanbHble MYTaHTHl, ¢ Apyroil
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CTOPOHEI, MOXKXHO PacCMaTPHUBATL KaK APYro#l KBa3HBH[, cOGCTBEHHEIE
3HaueHUs KOTOPOTO HMEIOT TY Ke BeJHYUHY, YTO H Yy AHKOrLQ THHOA.
Bésbimast yacTh 3THX HelfTPaJbHEIX KBa3HBHJIOB ROJKHE BLIMUDPATH,
HO ec/li UM YZAajoCh PasMHOMKHUTBCS, TO OHH MOTYT CTATbL YCTOHYH-
BLIMK H JAa’ke BHITECHHTb NpexHHH JHKHA THN («BbIKHBAHHE BHI-
KHBAWIEro»). DTOT THI INOBEAEHHs MOXKeT OHTh MNOJydYeH TOJBKO
U3 CTOXACTHUECKOH TeOpHH. DELIH chenansl COOTBETCTBYIOUIHe pac-
YeThl JJI pacIpOCTPAHEHHs T[E€HOB B MeHIeJeBCKAX NONYJALUAX,
B yactgoctn Kumypo#i [25] # ero mikoJoi.

Hrax, ossoaoyus Asasercs OeTepMUHUCTUYECKUM
RpOYeccom 8 OTHOULEHUU CB0E20 npPOepecCuBHO20 XaApPaK-
Tepa. Bcez0a umeer mecTo ycnewnas KOHKypeHyus Ou-
K020 TUnQ ¢ MYTAHTAMU, UMECIOWUMU MeHblile ApeumMy-
ujecTea, COCYULeCTE08AHUE HEUTPAAbHOLX UAU  NOUTU
HeliTPanbHOIX  OAUBKOPOOCTBEHHLIX MYTAHTOB U POCT
YUCACHHOCTU HOB020 K8a3usulda, umerue2o S8Hoe npe-
umyujecrso. OO0nako 2804104us He AB8AAETCA OeTepmu-
HUCTUYECKOI 8 OTHOWeHUW 8peMeHHOl nocaedosareis-
HOCTU NOABAEHUA MYTAHTOB, Q@ TAK#E 6 OTHOUEHUU
eeHeTuMeCK020 Opeliha, BbI138AHHO20 HaAUdUEM HePOO-
CTBEHHOIX HEUTPAALHbLX MYTAHTO8. B Oedictsuresvrocru
yoaercsa 3aKpenuTscs Aulis Maaol 0oae aTux HeldTpasb-
HoLx KB8a3usudos. Pedxue HelTpasvHbie MyTAUUN MO2YT,
Takum oopason, 6GoiTo 0O0Aee BaXCHOHIMU HA NO30HUX,
HEXCeAll HO POHHUX 3TANAX 980A104UL, KO20Q euwje 803-
MOMCHOL MHO2Ue U3MeHerus, daroujue NpeumMyuiecTeo u
BOBHUKAIOUWUE CO CPABHUTEALHO 8bICOKOL 4ACTOTOL.

111.7. UndopmanuoHHoe cofepKaHnue KBa3uBuia

B mameMm noaxofe K MOJEKYJASPHOH 3BOJIOUHHM Mbl
ellle He BCTpedanuch B SIBHOM BHJIE C MOHSITHEM TEHETH-
geckoit HHbopmauuu. Mpl onpenenusn  (MosekyJasp-
HBIH) BHE KaK DENIHKAaTHBHYIO €[HHHLY C ONpeAeNeH-
HBIM HHPOPMALHOHHBIM COAepIKAaHHEM, BLIPaXKEHHBIM
B crnenu(HUYECKOM pacHOJOKEeHHH MOJEKYISPHBIX CHM-
BoJioB. OCHOBBLIBAsicb Ha CXOJACTBe MeEXK/Ay TaKHMM paa-
JINYHBIMH PAaclOJOXKEHHAMH CHMBOJIOB, MBI IPUULIH K
noHsATHIO KBa3HBHia. i BHIBOJ2 KpUTepHeB or6opa
W 3BOJIIOIHH OKa3a/Jochb IOCTATOUHBIM, KAK H B MOMY.Js-
UMOHHOH TeHeTHKe, OTMETHTb HHIAUBHAYAJbLHBIE DasJjiH-
yHsl B TeHeTHYeCKOH uHdopMalHu M CBA3aTb HX C Xa-
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PAKTCPHBIMH AMHAMHYECKHMH CBOHWCTBaMH, BhIpaXKeH-
HBIMY 4yepe3 cesJeKTHBHBIE lenHocTd Wi

C npyroil CTopoHBI, IpPH TakKOM MOIXOJe OCTAaIOTCH
Ge3 orseTa Bompochl Takoro THma: «Cko/abko uHpopMa-
AU MOXKeT OBITh HAKOIJIEHO B JaHHOM KBA3UBHIE?»
uan «I'Jle HaxoIUTCA Npenes penpoAYKIIHOHHOH crocol-
HOCTH KBa3uBUAA H, cCJeJOBaTeJbHO, KaKOBa €ro 3BO-
MmonuoHHas cuna?» IlosTomy Temepb MH chopMyanpyem
6oJlee TOYHO NOHATHE HHpOPMAILUN.

B Teopun cBsA3H HHGODMAIMOHHOE COAEpPKAHHE COOGIUEHHS, CO-
CTOALIETO U3 Vi CUMBOJIOB, BHIPAXKAETCS CJAEAYIOUIHM 00pasoM:

I, =, (22)

rie {—cpefHee HH(OPMALMOHHOEe COAepXKaHUe OJHOIO CHMBOJA.
ITo IlenHony, { MOXHO CBA3aTh C paclpefeseHHeM BePOSTHOCTEH

cuMsogsios [30, 31]:
i=—KY p/inp, (23)
i

apuyeM
0<p;<l H ij=1 (24)
7

Koncranty K o6blugo Gepyr pasHolt 1/ln2 aas Toro, wroGsl mody-
YHTh eJHHULY «GHT/CHMBOI». B of6meM ciyuae aadaBUT COCTOMT H3
HECKONBKHX KJIACCOB CHMBOJIOB (HampHMep, AJISI HYKJEHHOBHIX KHC-
jaor A = 4). IlpakTuueckoe ucnosns30BaHMe YypaBHeHHs (23) orpa-
HHYHBAETCH TAKHMH CHTYalUHsIMH, KOTAAa H3BECTHBHl anpHOpHBIE Be-
POSATHOCTH BCeX CHMBOJIOB ¥ KOPJa YHCJIO CHMBOJIOB B COOOLICHHH
JIOCTATOUHO BeJUKO, YTOGB MOKHO ObIJIO HCIOJB30BAaTh CPejiHHe 3HA-
yernst. Uro6el yuecTb BCe KoornepaTHBHBIC 3PQPEKTH HIH H3GHITOUHO-
CTH, BJMSIOLIHE HA DacHpeleieHHe BePOSTHOCTEH, MOKET 0Ka3aTbCs

HeOBXOJMMHIM 3HATb BEPOATHOCTH BCEX aibTepHATHBHEIX A KoMOH-
Hauuf CHMBOJIOB.

B naHHOM caydae Hac HHTepecyeT He CTOJIbKO CTaTHCTAHECKasi
anpHOpHasi BePOSTHOCTb CHMBOJA, CKOJBKO BePOATHOCTh TOrO, 4YTO
LAHHBIH CHMBOJ MPABHJBHO BOCIPOH3BEAETCA TeHETHYECKHM Mexa-
HU3MOM, Kakofl O6bl HH Oblla €ro CJO0XKHOCTD Ha pPAa3HBIX YPOBHIX
OpraHu3auuy. DTa BEPOSTHOCTb OTHOCHTCA K JHHAMHYECKOMY IpO-
neccy nepeHoca HuHQOPManMA K I0TOMY JIOJXKHA ONPeleNsATbCs
SKCIIEePUMEHTANbHO H3 KHHETHUeCKHX JAaHHBIX (Besfde, TAe 3TO BO3-
MoxHO; cM. HHke). O603HaYHM BepOATHOCTH NPABHILHOTO BOCHPOH3-
BeleHust CUMBOJIOB uepes g;. CooClleHne, cocTosllee H3 v; (MOJEKy-
JISPHBIX) CHMBOJOB, OyAeT MPaBUIbHO BOCHPOH3BOAHTHCA C BEPOSAT-
HOCTBIO, WK (aKTOpPOM KauecTna:

Vi
_V;
Qi: l I qij = qil‘ (25)
i<
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Xorsi HUMeercs BCero A KJnaccoB CHMBOJIOB, (axkTop KauecTBa
IJsi KaXKJO0r0 CHMBOJIA B COOOGLICHHH MOXKET 3aBHCETb OT KOHKpeT-
HOTO OKPYXKEHHsl CHMBOJA, TAK 4TO ONpeJeJeHHe CPeIHEero reOMerpH-
YeCKOro §; MOXeT moTpefOBaThb PACCMOTPEHHS PasfiuHBIX KOONepa-
THBHHIX 3({eKToB, crnelHHYECKH CBA3AHHBX ¢ COO0LIelHeM «i».
Tem He MeHee Ans J0OOT0 AAHHOTO COOOIIEHHS [ cpejlHee §; MOMXKET
GBlTb OMpefesIeHO, H OKAa3blBaeTcd, YTO JJAS JAHHOIO (PepMeHTATUB-
HOTO amnmapara BOCIPOH3BeAeHHA 3TH CPe/llile MOKHO HCIOJB30BATD
NPaKTHYECKH BO BCeX CJAy4aax, KOTAAa COOOIIEHHEe JOCTATOUHO BeJH-
ko. BoJsiee Ttoro, orjesnbHble 3Ha4eHHs ¢ OOBIYHO TaK OJU3KH K efH-
HHIle, YTO BMECTO CPeJAHEr0 reOMeTPHUYECKOr0 MOXKHO B3fTb CpeAHee
apudMeTnIecKoe, T.e.

vy v, 7
Hq” ~ = ecam (1—g,)<L (26)

’

j=1 vy
VYpapHuene (25) Torza BbIpaxkaer HHGPOPMAIMOHHO-TEODETHUECKHH
acmeKT BOCHPOHM3BeJeHHs, TAe §, OJHAKO, OTHOCHTCS K JHHaMpue-
cKoff, a He K craTHyeckoli BeposiTHOCTH. Ha umcieHHBle 3HaYeHHs §
MOTYT BJHATh BCe OCOOEHHOCTH MeXaHH3Ma BOCHDOH3BEJIEeHHS CHM-
BOJIOB, BKJKOYAas JOGYI0 CTATHCTHYECKYI0 H36BITOUHOCTb, KOTOpas
yMeHbIIAeT BepPOATHOCTb OWMOKH B Ipouecce Komuposauus. Ilpu-
pora H3obpesna HCKyCHBle KONMpYIOIIMe YCTPOHCTBAa-— OT KOMIJe-
MEHTApHOIO Y3HABaHHSI OCHOBAHHH M0 H3OIPeHHHIX (hepMEHTATHBHBHIX
MeXaHH3MOB KOHTPOJst H KOPDEKUHH.

I'enetnueckoe BOCHPOH3BEAEHHE — 3TO HENPEPLIBHO
CaMONOBTOPHAIOIIKACA NpOLecC, U ITHM OH OTJHIaeTcd
OT IPOCTOH Nepeiaud HHPOPMALMH yepe3 KaHaga ¢ Iy-
mom. [Ipu kaxgo#t oTienbHO# mnepenaue Tpebyercsa He
TOJIBKO TIPOCTOE BOCCTAHOBJEHHE CMBICAA COOBIIEHHS —
OpH HaJUYUH OmpeleseHHOH H3OBITOUHOCTH HEKOTOpast
LOJsT CUMBOJIOB BCerfa Morja OBl BOCIPOU3BOAUTLCS
HetouHo. HeobxoxumMo Takxke NpegOTBPATUTb MOCTEIeEH-
HOe HaKOIIeHHe OLIMOOK B IOC/Ae]0BaTENbHBIX LHK/IaX
BOCNpOU3BeAeHUsT. [|pyrUMH CJI0BaMH, HEKOTOpas [0Jis
aGCoJIIOTHO INPaBUJAbHLIX KOMHH JHKOTO THIA HOJXKHA
HMEThb BO3MOXKHOCTb YCIEHUIHO KOHKYPHpPOBATh CO BCell
COBOKYHHOCTBIO OIfHO0UHBIX Komu#. Toabko TakuMm my-
TeM JUKMUI THO MOXKET YCTOHYHMBO COXPaHSTbCH B pac-
npefesieHUH, HHaue INPOM30HAET MeJJCHHOe paccesHue
nHdopmauun (remnepb B ee CeMaHTHYECKOM CMBLICTE, T. €.
TIof UHpOpMalHell IIOHHMaeTCcsl KOMHS C ONTHMaJbHBIM
snauenveM W), IOKa B KOHIle KOHLOB OHa He Oyner
Halleso IoTepsHa,
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YcaoBHe, KOTOpOe rapaHTHpyeT YCTOHUMBOE cOXpaHe-
Hue HHPOpMalLHH,— 3TO KpHTepHil orbopa [ypaBHeHue
(14) uau (15)]. B obuieM BHIe 3TOT KpHTEPHH MOXKHO

3anucarb Kaxk
Qm > Qmin = 0;11’ (27)

¥ Tenepb OH MPHMEHHM K JIOOOMY MeXaHH3MY BOCHpO-
H3BEJEHHs], JaXe €eC/H Oy HeJb3s BHIPA3UTb B TaKOH
npoctoil ¢opme, Kak A5 JuHeHHOTO MexaHu3Ma [cM.
ypapuenue (17)]. Ecan oObeAHHHTL KpuTepHH oTGopa,
MNOJYUEHHBIH M3 JHHAMHUECKOH TeOpuH, ¢ HH(popMaiuu-
OHHBIM aCIIEKTOM, KOTOPBLIH BBHIpaXKaercss YPaBHEHUEM
(25), To MBI IOJYYHM BaxKHOe MOPOTOBOE COOTHOLIEHHE
IS MaKCHMaJbHOTO KOJHYecTBa HH(pOPMALHH, KOTOpOe
MOJKeT COJepKaThCsd B KBa3HUBHIE:

Inom,

T (28)

Vmax =

Jucro MOACKYAAPHOLX CUMBOAO8 8 CAMOBOCNPOU3EO0-
wetcs eQuruye 02pARUYEHO, npuvem npedesbroe 3Ha-
yenHue 0OpPATHO NPOROPUUOHANLHO CpeOHel 8epOATHOCTU
owubru Ha cumgor: 1 — gm.

WUmeercss m ppyroél cmocob (opMyJIHPOBKH 3TOTO
BaXHOro cooTHollenud. OxuiaemMoe 3HaUeHHE OIIHOKH
B MOCJEN0BATENBHOCTH Vi CHMBOJIOB &m == Vi (l— gm)
Bcerja JOJXKHO OCTaBaTbCa HHUXKe CTPOro ONpeleseHHOTO
nopora

e’m < o, (29)

HHade uWHGOpMAlNs, HAKOMJICHHAs B 3BOJIONMOHHOM
npouecce, Oyler moTepsiHa H3-3a KaTacTpo(bl OMHGOK.

B Tabus. 2 npuBeseHbl NPHUMepH], MOKA3kIBAIOLIHE 3Ha-
ypmocTh ypaBHeHus (28).Ilopor HeoueHs UYyBCTBUTEJEH
K BeJgHuMHe (QYHKUHH IIPEBOCXOJACTBA, HO Gm JIOJIK-
Ha ObITb GoJblie eguHuubl (T. e. lno, > 0), uto6w ra-
PaHTHPOBATh KOHEYHOCTb 3HAUCHHH IS Vmax. Ha mpak-
tuke (cm. HuUXKe) 1N, OOBIYHO JIEKHT MEXAY eIHHH-
nei n gecarbio. @opwmynta (28) no3BoJsieT NOJYUHTH
KOJIMYECTBEHHYIO OLEHKY 3BOJIOLHOHHOTO IMOTeHIlHaa,
ofecrneyuBaemMoro JoO6bM  KOHKPETHBIM MeXaHH3MOM
socnpouspefennss. OHa INOKasblBaeT, HanpHMep, 4TO
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BEPOSATHOCTh owubku, pasHas 1Y% (T. e. TOYHOCTb KO-
nMpoBaHUA CHMBOJIOB paBHa 999%), nocrarousa JHuIb
IJs1 TOFO, YTOOBl NPABHJBLHO BOCIPOH3BOAUTH KOJHUECT-
Bo uHpopMmauuu, He OoJbliiee, UeM HECKOJBKO COTEH
CHUMBOJIOB (B 3aBHCUMOCTH OT 3Ha4deHHd Ino,), HAH
UTO /5 HOAJEpPXKAHUA HH(POPMAIHOHHOTO COAepIKaHHSA
tTakoro GoJblIOro reHoma, Kak y E. coli, Heobxonumo,
uyToOH OIMOKY MPOUCXONUJAH He yallle, YeM OAHA Ha
108—107 HyKJe0THZOB. ITO COOTHOILIEHHE [OJAAAeTcA
9KCNEpPUMeHTaJbHOH NpPOBEpKe, H HHMKE MBI COOBLIHMM
pe3yJbTaThl COOTBETCTBYIOUIMX H3MepeHMH. YpaBHeHHe
(28) nmaer TakKe KOJMUECTBEHHOE BLIPAXKEHHE TOTO, YTO
B IHONYyJAANHOHHOH reHeTHKe ObLIO Ha3BaHO <«TeHeTHUe-
CKMM Tpy30M» — [OHSITHE, BAaXKHOCTb KOTOporo Onlia
OTMeueHa OueHb AaBHO.

Pesyavrarer ar1oco pasddera MOMCHO pe3romMuposaTy
caedyrowum obpasom. J10600 mexanusm ceseKyUoOHHO20
HAKONACHUS UHMOPMAUUU XAPAKTEPUYETCA BEPXHUM
npedesom Oas 4ducia 6yxs, pacnoraeaerelx 6 onpede-
aenHom nopadke. Ecau at1oT npedesr npessoiifex, TO
nopsadok (T. e. 9KBUBANEHT uHpOpmayuu) npu nocaedo-
s8aTeabHblx 8oCnpousdsedenunx OGydeT nOCTeNneHHO ucte-
3arb. ¥YcTOUYUBOCTL UHGDOpMAUUL IKBUBAAEHTHA GHYT-
pennell ycroduusoctu xksazusuda. Ona OCHOBLIBACTCA HA
KOHKYPEHYUU 8 TAKOL e CTeneHu, Kak u oT6op K8asu-
suda. O0uako Jea keasusuda MmozYyT COCYULECTBOBATS,
10200 KaK npesvluietue nopoza npusoOUT K NOAHOL
norepe eeHetuueckofi urgopmayuu. Hrax, 8HyrpexHas
ycToiunsocTy  pacnpefeseHus  K8a3UBUO08  ABASETCA
6oaree xapaxrteprolm arpubyrom Oapsurosckoeo nosede-
HUS, Heceau ux «6opbba 3a cyujecT808anuUes,

1V. IMopor ominGoK U 3BOJIOLHUS

1V.1. Monenupoeanne na IBM karacrpodsl omubok

dusvueckoe CojepKaHHe MNOPOTOBOTO COOTHOIIEHHUS
[vpaBuenue (28)] MoxeT ObITb NPOUJINIOCTPHUPOBAHO HA
npumepe Hebosabliofi mamuunofi urpst (raba. 3). Hedab
COCTOHT B TOM, UTOOBI MOCTPOHTb OCMEICJEHHOE cooblle-
HHe 3 Gosee MMM MeHee CaydaliHOM NOC/IE0BATENbHOCTA
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Tabruya 8

CaMOKOppPEKIUUS NPeJaoKeHnil ABAseTcs] Pe3yibTaToOM
9BOJIOLHOHHON UIPbI, IPUMEP KOTOPOIi Aaer 3ta TaGauna

KOHTPOJ’I]:HOC npenJioKeHue:

TAKE ADVANTAGE OF MISTAKE

At1o npensoxenue OHJIO BHIGPAHO TOTOMY, YTO OHO jpdeT <ce-
JIEKTHBHO BHIOJAHYIH HHGDOPMAIHIO» B OTHOIIEHHH MeXaHM3Ma 3BO-
monun, Ero crennanssas ¢opMa IONYCKAaeT 3aMbIKaHHe B LHKJ,
ecJi MeX1y OTHeJbHBIMH CJIOBaMH BBOXATCS (YHKIHOHAJbHbIE CBA3H
(kax 310 M Gyaer clenaHo B uyactH B). Ilpw ucrnosb3oBanum Koza,
B KOTOpOM Kax7as OykBa (M HHTEPBAJ MEXKAY CJIOBAMH) MDEICTaB-
JsieTcsl KBUHTETOM OWHAPHEIX CHMBOJOB, HH(OpPMAIHOHHOE colep:Ka-
HHE [0C/IeZ0BaTeNbHOCTH COCTABNSET Vm = 125 6uT, Aomyckas mpH-
MepHo 4-10%7 anbrepHaTHB. DTO HCKJIOYAET UHCTO C/ydaiiHOe mosB-
Jenue uudopmauud. IlocnegoBaTenbhocTH OGYKB, NPHBEAEHHHIE B
s10ff Tabanne Nad psifa reHepanuil, ObIAM BHIOPAHBH KAK THIHYHLIE
I8 BCel MOMyJALMM IOCAeNoBaTeqbHOCTEH B mamMsatn SBM.

Hcxomuas mocaenosatenbiocts: BAK GEVLNT GUPIF LESTKKM
KauectBo xonupoBarusa 6yxssl §m: 0,995

CenexTHBHOE MpenMyllecTBO Ha GuT: 10

Tenepanus 1 RAK GEVNNT GUPQF KESTKKM
T'enepanus 5 NAK AEZ NS GEPOF MESTMKU
Tenepanus 10 VAKF ADVINT.GE OF MISD!KE
Tenepanus 16 TAKE ADVANTAGE OF MISTAKE

(uens mocTurHyTa)

Tepsblii mprMep MOKA3LIBALT, UTO 3BOJIOLHA OYeHb 3¢ (eKTHBHA
B6Iu3Y KpuTHueckoro 3HaueHus (1 —g) = 1/vs,, KOTopoe mpu
V= 125 pact §m = 0,992. KoHTposnbHOe mpemioxeHHe OOLIUHO
ynaercss cocraBuTb uepe3 20 (+4-6) remepamuil HauuHas co caydaii-
HO! nocJefoBaTeJbHOCTH OYyKB AJs J1060ro 3HaueHus § Mexay 0,995
n 0,990. Dra Bucoxas 3dhdexTHBHOCTL BOAH3H [OPOra CTAHOBUTCA
enle Gosiee OUEBHAHOI, ecH CpPaBHHTH 3BOJIOLHOHHEIT nporpecc, K0-
CTHTHYTHIY K AAHHOH TeHepaNuH, JJs DPAa3HBIX 3HAUEHHH i
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I podosncenue Taba. 3
Hexonnas nocnenosatensiocts: BAK GEVLNT GUPIF LESTKKM
CeJleKTHBHOE NpeHMyLleCTBO Ha Out: 10

Em Jlydmas noc/eroBaTelbHOCTb yeped 11 remepanuiy ;{12;%%1{
0,999 LAKD AEV,NTAGU AF KISTQKM 9
0,995 TAKE ADVINT GE OF MISTAKE 2
0,920 TAKEBADVINTAGE OF MISXAKE 3
0,985 VATA ADBKMDI DHOD ?CSYBKE 18

Ananornunas kapTHHa HaGmojaercs AJs pacnaga HHbOpMALUH
IPH Vi = Vmax. 11pu BeposTHOCTH omubku (1 — §m)= 1,5% cesnex-
THBHOE MDEHMYIeCTBO HA OHT, paBHoe 2,5, COOTBETCTBYeT 3HAUCHHUIO
Om OKONO 5. Ilpum Takux Yc/lI0BHAX HHPOPMALHST CTAHOBUTICH He-
ycroiiuuBoil. OJHako M MaJblX CeNeKTHBHLIX IEHHOCTeH (KaK B
JlaHHOM TIpHMepe) pacnal (HJIH HakoI/eHHe) HHQOPMALMH sIBJAETCS
CPaBHUTEJNBHO MeJJeHHHIM NPOLecCOM.

Hcxonnoe npepnoxenve: TAKE ADVANTAGE OF MISTAKE
KauecTBO KOMupoBaHus GYKBH Jm: 0,985
CeJleKTHBHOE TPEHMYIIECTRO Ha OUT: 2,8

Yucno Uucno
renepaluit Jlyuliee npejJoKeHne OLINGOK
1 TAKE ADVANTAGE OF MISTAKE 0
5 TAKF IDVALTAGE OF MISTAKE 3
10 TALF ADVALTACE OF MISTAKI 5
20 DAKE ADUAVEAGE OF MJUTAKE 6
40 TAKE ADVONTQCU OF MFST!ME 7
71 TAKEB ?VALTAGI LV MISTIKE 8

71 renepauus pas §m™ == 0,97
PAMEBADTAMOACFHQEBA!STBMF 18

CpaBHeHHe JBYX MOCJEAHHX CTPOUeK (OTHOCSIIHXCS K reHepannu 71)
NOKAa3HIBAET, UTO MpH BepoATHOCTH OWHOKH 3% (7. = 0,97) pacnan
HIEeT HAMHOro GhicTpee.
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B apyrom mpuMepe (ceqeKTUBHOE NpeHMyIUecTBO Ha GuT = 10)
npu §m» = 0,985 nopor ellle He OpORJEH, Tak 4Yroe uHGOpMaUUs
ycTOlUNBA, KAK MOXHO BHAeTb H3 TalJHLB, NDHBEAEHHO! HHXKe, rje
npollecC HauuHAeTCH ¢ NMPaBHJILHOTO MPeJJIOXKEHHS.

Hexoanoe npepnoxenne: TAKE ADVANTAGE OF MISTAKE
KauecTBO KOnHpoBaHHs OGYKBH §m: 0,985
CeJleKTHBHOe TIpenMyliectBo Ha Gut: 10

[Ipodorcerue rada. 3

71 renepauus Qucao
BpiGopxa H3 8 THNHMHBIX NpepJoxKeHu#t OHBOK

TAKE ADVANTAGE OF MISTAKE
TAKE ADVANTAGIPOF MISTAKE
TAKE ADVANTAGE OF MISTAKE
TBKE !IDVANTAGE OF MISTAKE
SAKE ADVANTAGE OF MGSTAME
TAOE ADVANVAGE OF MISTAKE
TAKE ADVAVTAGE OF MISTAKE
TAKE , DVANTAGE OF MISTAKE

_— W N O N O

O6yks. Huaa stofi uwean B IDBM BHauaje 3akjaanbl-
BaloT Habop u3 N cayda#HBIX MOC/ELI0BAaTEJBHOCTEH H
CeAYIOUIYIO MPOTPaMMy:

a) yAaasaTb H3 naMmaTH J0o06yilo [10CTIe10BaTeNbHOCTh
nocje HCTeUeHHS OIlpeflesieHHOrO (cpeaHero) BpPEeMeEHH
HKU3HHU;

6) BOCIPOH3BOAUTH JIOOYI NOCIEA0BATENBHOCTh, KOTO-
pas XpaHHTC B NaMATH, C XapaKTEPHCTHUECKOH CKO-
POCTbIO;

B) BHOCHUTbH cJyuaiiHbie OUIUOKY B PEnpOAyUHpYEMEBIE KO-
IHH — ONIATb 2Ke C HeKOTOopoH BHIOpaHHON cpeaHeil
CKODOCTBIO 3aMeIleHHsT Ha CHMBOJI,

Cpennne cxopocTd aias a) u 6) momoGpaHBl TakKUM
ob6pa3oM, 4TOOB B DaMATH IIOCTOSHHO XpaHujocs N
HpeIOKeHN#, npudeM KaxKjaoe NpelJIOKEHHEe HMeeT KO-
HeuHoe Bpems xu3uu, CiegoBaTenbHo, a0bas HHbopMma-
Ius1, npuoGpereHHas Bo BPEMs HIPbl, MOXKET COXPaHHTh-
¢Sl JIMWIb MOCPEJACTBOM BEPHOTO BOCIPOH3BENEHHA HMEIO-
MHXCSl MOC/eA0BaTeIbHOCTeH. YBeanueHue HHpOpMallHH,
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C Jpyrod  CTOPOHH, JO/KHO OBITb  Pe3yJabTaTOM
CEJeKTHBHOHA OLEHKH Pa3/JHUYHBIX MYTAHTHBIX MOCJE10Ba-
TeNLHOCTEH B COOTBETCTBHM C HX CMBIC/JOM HJH, JyYlle,
B COOTBETCTBHH ¢ HX OJH30CTHI0 K KAKOMY-1HOO CMBIC-
Jy. DTa OUEeHKa J0JIKHa OCYUIECTBAATHCA HOCPEACTBOM
BHYTPEHHHUX, 3aBHCALUX OT CMBICAA CBOUCTB MOC/JAEA0BA-
TEJNbHOCTEH,— CBOHCTB, KOTOpPBIE JMAOJXKHH BJAHATL Ha
CKODOCTH HMX BOCHPOM3BeAeHHst U (WJHU) yIageHus, Kak
3TO OTPAXKAETCS B CEJNEKTHBHON LIeHHOCTH.

Tlpu ecTecTBeHHOM OTGOpE LEABIO 3BOJIOLHH BCeraa
AIBJSIETCA CO3/aHHEe TEHOTHIA, COOTBETCTBYIONIEro eHo-
THOY C ONTHMAaJIbHOH CeNeKTUBHOH UeHHOCTh0. OueHka,
CNef0BATENbHO, [POM3BOJANTCS uepe3 (EHOTHNIHUECKHE,
T. €. (pH3HUECKHEe M XHMHYECKHe CBONCTBA [NAHHOIO HH-
IUBHAA, KOTOpHIe ONpelessioT CKOpPOCTb H  KadyecTBO
BOCIPOH3BEEHNSA, A TaKXKe BpeMs JKH3HH TeHOTHNA IO
OTHOIIEHHIO K Cpe/JHeMy BPEMEHH XKH3HU ero KOHKY-
peuToB, MpUCyTcTBYyOIIUX B monyasauuu. [lonobubiM ke
o6pasoM M uesloBeuecKas MaMATb crnoco6Ha cBA3aTb C
a060f moCNenoBaTeNbHOCTbIO OYKB DPENPOAYKTHBHYI
LeHHOCTb, KOTOpas cBs3aHa ¢ ee cmbicaoM. Mrak, B
JAHHOH UTPe MOXKHO 6bl10 OBl OLEHMBATH OOy mocje-
IOBAaTEJIbHOCTh OYKB B COOTBETCTBHH C €€ CMBIC/IOM, HC-
mosb3yss Halle BooGpa:keHne. Koneuno, IBM moxer
LelaTh 3TO TOJbKO C IOMOIIbIO KaKOH-HOO KOHKPETHOH
IPOrpaMMBbl, B KOTOPOH 3BOJIIDIMOHHMDYIOUIHE NpeLIoxke-
HHSl CPaBHUBAIOTCS C OJHHM HJH HECKOJIbKHMH KOHT-
POJILHBIMH NDEAN0KEHUAMH —KH@AAMH»,

JlomycTHM Telepb, YTO KaxKAas HOC/IEA0BATeJbHOCTb
BOCIIPOM3BOJNTCA CO CKOPOCTbIO, KOTOPas 3aBHCHT OT
yHc/Ja CHMBOJIOB, COBMAJANOIINX C CHMBOJAMH (B COOT-
BETCTBYIOLIUX IOJIOXKEHHUSAX) OCMBICJAEHHOIO  UeJEeBOro
npepnoxeHnus. Mcrnonbsysa OuHapHOoe  KOJAHPOBaHHe,
MOKHO IOCTYJHPOBATh, UTO ¢ KaX</AbiM OHTOM OaHXKe K
UeJH MBI YBEJHYHBAEM CKOPOCTb BOCIIPOH3BeAEHHS,
YMHOKasl ee Ha OllpellefleHHbIH MHOXHTeNb, a ¢ KaxX-
AbiM  GUTOM Jafjblie OT UEJH MBI COOTBETCTBEHHO
yMeHbllaeM ee.

Hudopmanus 0 BO3MOKHBIX HeJEBLIX PEIJTOKEHUSX,
KOoTOpas A0JIKHA BBOAMTbeA B DBM c¢ camoro Hauasa,
HCIIOJIb3YeTCs TOJMBKO AJs Toro, 4to0n 3aaats DBM
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cxemy oueuku. [Iponenypy oueHKH Jierko -MOMXKHO OnlLro
Obl caesath Gosee H30MIPeHHOH, 4TOGH oHa GoJblle Ha-
NOMHHAaJ/a Hally MBICAEHHYK OLEHKY «CMBICAa», BIJAOTH
IO TOrO, YTO KOHKPETHas Ilesb, K KOTOPOH B KOHUE KOH-
LOB MPHBOAHMT OLEHKa, He OyJeT ompedesneHa 3apaHee.
OzxHako 3TH JeTaji MexaHH3Ma HMHTAIlMH BOBCE He
TAaK YK BaXKHB AJS WIJIOCTPAUHH (HH3HYECKOTO CMBICJa
noporosofl (GOPMYJE, MOCKOJBKY Mbl MOXKeM JaTh OI-
pellejleHHe BHYTPeHHeH INPOLEAYPH OLEHKH MOJIeKYJsip-
HOH 3BOJIOUHH — INPHMEPOM CJYXHT HIpoBasg MOJEb,
IeMOHCTpHpyloWlas 3BoJdoUHI Mosekyn TPHK [18].
PeayapTaTl  MAlIHHHOIO  9KCIEPHMEHTa,  COIVIACHO
Taba. 3, MOXHO pe3lOMHPOBATH CJEAYIOLHM 06pas’oM.

[Ipn BHICOKOM KauecTBe BOCIHPOH3BEAEHUS] CHMBOJIOB,
HanmpuMep nJsg npepnoxxenus 43 100 O6utoB co cpen-
Hell BepOATHOCTBIO OLIHOKH HA CHMBOJ

1— G, < 1075,
CKOPOCTb 3BOJIIOIIMOHHOTO IpOlecca OueHb MaJa Jdaxe
npH GOJbIUIKX SHAYEHHSX Op, T. € OPHU OOJbLIHX Ceslek-
THBHBIX NpeHMyllecTBax. MaxkcuMaJsibHasi CKOPOCTb IO-
cTUraercd, eciM BbLIOpaTh cpellHHe BepOSITHOCTH OLIHOOK
(1—§m) TOro :xe MOPAAKA BEJHUHHBI, 49TO H 1/vm
(nanpumep, aas 100 6uror g =~ 0,99).

[pu pocraToyHo GOJIBUIMX 3HAUEHHUSX Om (>3) Ue-
JIeBOe TpEeJIOKeHHe TMoJydaeTcd Iocsae TAaKOro 4YHc/aa
regepanuii, KOTOpOe IO MNOPSIKY BEeJHYHHB COOTBETCT-
ByeT 3BOJIOUHOHHOMY DACCTOSTHHIO MEXAY LUeNbo H Ha-
yaJnpHoH (fosee HJAM MeHee cJyvaiiHOH) nocjenoBa-
TeJbdocTsio (Hanpumep, 100 renepaumit). OgHako, Kax
TONLKO NOPOT i 1| — §m = 1IN 0Om/vy OyleT HpeB30ii-
JeH, He MOXKeT OBITb HAaKOIJIEHO HHKakKod HOBOH HH(Op-
Maluy, KakuM OBl 60JbIIUM HH Oblo BLIOpaHHOE ceJlek-
THBHOE NPEHMYLIECTBO, MpUXOAAILeecs Ha OAMH OHT.
EcaM HauWHaTh HIPY C TOYTH NPABHJIBHOTO NpeaoXke-
HHs, TO HHOOPMALHMS pacnalaerTcs Ha CaydaldHyI0 cMech
6yKB, a He 3BOJIOLHOHMPYET K lpaBUAbHOH KomuH. [lo-
poOr OueHb pe3KMH, HO CKOPOCTb pacmaja BapbHpyeT
B6ausyu nopora. IloporoBoe 3HauyeHHe odeHb cJaabo 3a-
BUCHUT OT BEJNHUHHEI Gy, €CJH TOJIBKO 3TOT NapaMerp He
CTAHOBUTCS OueHb Oau3kuM K eaunuue. IIpeBocxoicrao
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Oy, BBIUHCJISIETCS M3 OTHOCHTENLHBIX CEJEKTHBHHIX IIpe-
HMYHIeCTB, H, CJAeJ0BATENbHO, TPeOYIOTCS HEKOTOpPLIE
CBeJeHHUsI O XapakTepe paclpejeseHus oiuinbok (mo or-
HOLICHHIO K COOTBETCTBYIOIlefl ONTHMaJbHOH KOIHH).
DTo pacnpeleseHHe, KOHEUHO, 3aBHCHT OT BEJHYHUH Ce-
JIeKTUBHBIX  IpeuMmyllecTB. Pe3yjbTarbi MalHHHOrO
JKCIeDHMeHTa oueHb OJHM3KH K OXKHAAeMOMY pachmpefe-
JIEHHI0 OIIHOOK, KOTOpoe BOJH3H KPUTHUECKOTO 3Haue-
HUA | —§Gm =~ /v, (npuuem Inom = 1) npunuceiBaer
HOYTH ONHMHAKOBBIE Beca ONTHMAJbHOIN KOIHM, BCEM KO-
OUSM ¢ OAHOH OMHOKOH (OTHOCHTE/IbHO ONTHMAaJIbHOMH)
U CyMMe BceX KONHH ¢ 60AbIIUM 4dHcaoM olnboxr (rie
JOMHHHPYIOT KONHH ¢ ABYMS OIIMOKaMH, a BKJAad KON
¢ 60IBIINM UHC/JAOM OUIHOOK Pe3KO Majgaer).

Jlag MeHBIIHX CeJeKTHBHHIX NpeUMyllecTB (HAMpH-
mep, Wmm — Wie < 3) 310 pacmpejeneHde caBuraercs
B [0JIb3y OUIHOOUHBEIX KONMUH U B yllepO (OTHOCHTENbHO-
My) ONTHMYMY, KOTOPHH Aas Inom = 1 yXe cocraBiaser
menee 10% or obuiero uncia xomui.

1V.2, AKkcnepuMeHTaNbHbIE HCCAEN0BAHMSA.
¢ PHK-conepxamumn dparamu

Hackonbko TpuBHA/JAbHOH MOXKeET MOKAa3aThCs 3Ta
HTpa — II0CJe TOTO, KaK ee¢ pe3y/JbTaThl palHOHadH3U-
pOBaHBl,— HACTOJbKO YMeCTHa OHA B INIPHPOAE, ONpefe-
Jsil HHQOPMaIKI0, TPHOGPETeHHYI0 Ha Pa3JHYHBIX yPOB-
HSX JOKJIETOYHOHl M KJIEeTOYHOH camoopranusauuu. Beiic-
MaH C COTPYAHHKaMH TIPOBENU 3KCIEPUMEHT ¢ ¢arom
Qp, pe3yabTaThl KOTOPOTO IIOYTH TOYHO COOTBETCTBY-
10T MCXOAY 5TOH urpwl |32, 33].

C mnoMowplo HamnpapJeHHOro cadT-cnenudHyecKoro
MyrareHe3a Oblsta NojaydeHa omu6ouyHAss KONHA (haropo-
ro reHomMa. JTa Ipouelypa 3ak/JKuyaeTcid B CHHTe3e
in vitro munyc-uenu ¢arosoii PHK, conepxanteit B no-
JoxKeHud 39 or B’-KOHLA MYTaHTHHI! aHAJ0T OCHOBaHHS
N¢-rugpokcu-CMP Bmecto ucxoznoro UMP. Hcenoassys
3Ty Lielb B KayecTBe MaTPUUBLl H MOJHUMEPH3YIOUHH dep-
MeHT Qp-pemnyukasy, MOKHO ObLIO HOJYYHTL HHDEK-
HHOHHYI0 INJIOC-LeNb, B KOTopoil B mosoxeHUH 40 oT
3’-gonua (OHO coOOTBeTCTBYeT NOJOXKeHHIO 39 or &'-
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KOHIA B MHHYC-UeNH M JOKAJH30BAHO B SKCTPALHCTPOH-
HON o0aacTH) octaTok A samemten Ha (. 3arem 3Tofl
MYTaHTHOH TIIOC-LeNbld OblM HHGHUUPOBaHH cdepo-
maactel E. coli n mosydeH ypoxkal MYTaHTHBIX ¢haro-
BBIX HYaCTHL, KOTOPBHIX MOXHO OBbLJIO H30JHPOBATH H3
OTJeabHBEIX O/fileK. DKCIEPHUMEHTEl ¢ CEepHHHBIMH mepe-
Hocamu in vivo (uHdexuus E. coli uenbiMu (HaroBuiMu
gacTHIAMH) M in vitro (KHHEeTHYeCKHe HCCAeJOBAHHA Ha
u3onupoBaHHeX menax PHK ¢ wucnoawnszoBanuem Qp-
penJyinkasbl) MO3BOJHUJIHN ONPEeeNHTh MapaMeTpel CKOPO-
CTH BOCHPOH3BEAEHHHS KakK AJs Qara AUKOrO THNA, TaK
H aast MyTanTa-40, a TakKe yCTAHOBUTb pacrpefeneHus
UX CaTeJUIHTOB. MeTol «OTIEeYaTKOB majblieB» W aHaJu3
HYKJEOTHIHBIX NOC/IeN0BaTeNbHOCTEH AJs psna Nocie-
IOBaTeNbHBIX TeHepaluuWil NOKa3aJH, 4TO B MYTaHTHOH
HOMYJSLUHA NPOUCKOASIT HU3MEHEHUs, BEI3BaHHEBIe 06pa3o-
BaHueM peBepTanToB. ONBITHI ¢ Pa3JMUYHBEIMH Hauyagdb-
HBIMH pachpeiejieHHAMH (ara AMKOTO THIAa ¥ MYTaHTa
ofHapy»KWid, UTO B Ipollecce ecTecTBeHHoro orbopa
UAeT KOHKYPEHLHT MEeXLYy eNHHCTBeHHBIM JOMHHHDYIO-
HWIMM THIOM W MyTaHTaMH. KoJHuecTBeHHLIE pacyeThl
YKa3blBAlOT Ha 3aBHCHMOCTb OT JAHHOTO CEJEeKTHBHOTO
NpeuMyILecTBA M OT NapaMeTpPoB pacHpeleeHds My-
ragTHOH monyasuuyu. CeJeKTHBHOE NPEHMyIlecTBO HAH-
KOTO THIIa MO CPABHEHMIO C MAHHBIM KOHKDETHBIM MYy-
TAHTOM PaBHO

Wzmknﬁ Tam WMyTaHT ~ 2 +4,

B TO BpeMs KakK CKOPOCTb 3aMelleHHsi paBHa IPHMepHO

—4

l—g=~3-10"".
D70 3HaueHHe ¢ ONpPeeNsieTcs CKOPOCTBIO 006pa3oBaHus
pEeBEPTAHTOB H, C/Je10BaTeJbHO, OTHOCHTCA K CJAedylo-

wuM (KOMIJIEMEHTapHBIM) 3aMelleHHsIM:
G—>A unm C—U.

Cornacno ypastenuio (20), dakropsl kKayecTBa aus
MJII0C- W MHHYC-Uenedl BHOCAT paBHBI BKJald B TOY-
HOCTb Bocmpoussefenus. 3amemesus G—A nu C—-U,
TakuM 00pa3oM, 5KBHBAJEHTHB. Bo03MOXHO, OHH He
OYeHb CHJBHO OTJHYAIOTCA OT 3aMmemieHHiH A—G #
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U—C, uro o6yci0BaeHO I1aBHBIM 06pa3oM CXOACTBOM
«KauaHui» paga s3aumonedicreuit GU u UG.

[Tockoapky pennuuupyolinid depment tpebyer pas-
BEPTHIBAHHSA MaTpPHLBL, 4YTOOB OHA MOIJIA CBR3aTbCH C
AKTHBHBIM [EHTPOM, 3HAYeHHs ¢, BEPOSITHO, HE 3aBHCAT
OT BTOPHYHOH HJAM TPETUUYHOH CTPYKTYPH! MATPHILL
Onmtel in vitro ¢ muau-sapuantom PHK Qp [27]
namT ckopoctH 3amemlenHa C—U, Kortopele coraacy-
IOTCH CO 3HAYEHHAMH, TNPUBENEHHBLIMH BHIIE, 3aMelle-
HHSl TYPHH — NHPUMHAWH H NHPUMHIHH — OYPHH, [O-
BUAMMOMY, NPOUCXOASAT TOPa3fo peXe U Mo3TOMy He
BHOCSIT CYLIECTBEHHOTO BKJajla B BeJHUHHY §.

OnpenennuTs 0, TPYAHEE, TaK KaK 3Ta BeJHYHHA 3a-
BHCHT OT Epem. [lpexnae Bcero o6paTHM BHHMaHHe Ha
TO, YTO MOAMGMHKAUMA 3KCTPAUHUCTPOHHOH oO6aacTH, KO-
TOpad He BJAHSET HH Ha OAHH OeJIOK, KOAHpYeMBblll ¢aro-
Boii PHK, cyulecTBeHHO H3MeHsieT CKOPOCTb peljHKa-
uun. CnureJiMad NepBbIA MNOAUEPKHYJ Ba)KHOCTh (heHon-
Tunuyeckux cBolficTB MmoJgexy.abl arosoli PHK B cBasu
C MeXaHH3MOM pellIHKauuu Hu oT6opa. 3HaYeHHE O,
NpUBeJEHHOE BHIIIE, OTHOCHTCSH K ONPENeJEHHOMY MYy-
TaHTy MW ero caTteqnuraMm. JIpyrHe wmyTauHd MOTYT
BJAUATL Ha TpeTuuHylo cTpykTypy PHK Qp wunmM
ofpa3om, u, caegoBaTe/bHO, COOTBETCTBYIOUIHE MYTaHTH
MOTYT HMMeTb JpYyrHe CKOPOCTH pemJHKauuu. DBosee
TOTO, MYTallU¥ B HHTPALHCTPOHHBIX O0OJACTAX MOTYT
OBITh JIeTaJbHBIMH M NO3TOMY ,Boo0lle He 1aBath
BKAafa B Epsm. Ecanm cuuTaTh H3MepeHHOE 3HaueHue
XapakTepHHM 1Js OoJablileft gacT¥ MyTauu#i, TO TOTAa
ISl MakCHMAaJIbHOTO HH(OPMALHOHHOTO CONepYKaHHA
MOJAYYHTCS BEeJHUHHA, JHIIb CJerka IpeBbllaollas
JefiCTBHTeJIbHHI pasmep redoma ara Qp, KOTOpHIH co-
crasasteT okono 4500 mykaeotuaoB. Takoe OaH3Koe
COOTBETCTBHE KaKeTCs MOAO3PUTENbHBIM, H MBI cjienaqt
onpejeseHHble OoroBOpkH. OIHAKO 3TH OTOBOPKH OTHO-
cATCs B OCHOBHOM K 3HAUEHHIO Gm, KOTOPOE BXOAUT B
COOTBeTCTBYIOMYIO (HOPMYJY TOIbKO B BHIE JoOrapudpma.
Ilpn O6OABIIHX O TOXKe OBLT OBl MOJyYeH NpUEeMJeMH
npeaes AAS Vmax. VITaK, NPHBEIEHHOe 3HaueHwe B KO-
HEYHOM cueTe MOKeT OLITb He TaK VYK AajJeko Of
JeHCTBUTEJIBHOCTH.
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Lpyrasi cepust 3KcnepuMeHTOB, BhiIOJHEHHBIX Belic-
MaHOM ¢ COTpPyAHUKamHu [34], mokasmiBaer, 4TO B pac-
npejeseHHHd JAHKOTO THIIA INPUCYTCTBYET CpPaBHHTEJNBHO
HeOOoJbIIOe KOJHUYCCTBO CTaHLAPTHOrO ¢ara. ITH AaH-
HbIe 3acTaBJAIT AyMaTh, 4TO O,! ~ Q  u 4TO AeHCTBH-
TeJbHOE YHC/IO HYK/ICOTHAOB Ha CAMOM AeJe OYEHb OJM3KO
K MOPOTOBOMY 3HAUEHMIO vmax [CM. ypaBHeHHe (18)].

Muju-BapHaHT, HCIOJb30BAHHBIE B 3KCIEPHMEHTaXx
Munnca, Cnureamana w ap. [7], cocToHT Bcero us
218 HyKJEOTHAOB H, CJEAOBATEJbHO, He TaK XOpOLIO
ajanTHPOBaH K H3MeHeHHAM cpensl, kak PHK Q.
On, KOHeYHO, ONTHMAJIbHO 2JaNnTHPOBAH K cHelHaJIbHOH
Cpele — «CTaHAdpTHOH PeakKLHOHHON CcMecH», HCHOJb30-
BAaHHOH B 3kcmepuMeHrtax in vitro (B xoTopmix He Tpe-
6oBanock, uTobbl Mogekyas PHK 6viin HHpEKUHNOHHE).
OpnHako ero peaxiusi Ha HM3MEHEHHS Cpejbl, HANPHME)
Ha JoOaB/jeHHe HHTHOHTOPA peIHKaLUU — 3THIHYM-
6poMua,— OKasagnach JOBOJbHO MeateHHOH. Myranr,
noJayueHHbifl nocie 20 mepeHOCOB, B KaXKAOM H3 KOTOPBIX
MOTJIO IPOHMCXOAHTHb ycuseHHe B 10° pas, otsnyascs ot
MHJH-BapHaHTa AWKOTO THIA BCErO B TPeX MONOXKEHHIX
H B HOBBIX YCJOBHSIX CpeAbl NPOSBJIAA CPABHUTEIBHO He-
00JIbIIOE CEJIEKTHBHOE NperMylnectBo. [lpnunHoit men-
JICHHOH peakUuu $BJAsieTcH TO, 4To 218 HYRJIeoTHAAM
IPH CpelHeM KauecTBe KONHPOBAaHUA OTAEJHbHON OYKBBI
0,9995 cooTseTcTBYIOT 3HaueHnsa @, GaH3KHe K eIMHHIE,
TaK YTO [0C/Je[0BATEJbHOCTH AMKOLO THIA pPeMJHIH-
pYIOTCSi OYeHb TOUHO — ¢ 0o0pa3oBaHHeM JIHWDb CPaBHH-
TeabHO HeGOoJbWOro KomnyecTBa MyTaHTOB (<L10%) ua
pacnpeseseHus OLIMOGOUYHBIX KOIHH.

3ameyaTeNbHBIM Pe3YJbTATOM 3ITHX HCCAENOBAHHA ¢
TEOPETHUECKOH TOYKH 3DEHHS HBJASETCS BOBCE HE TOT
({akT, 4TO MOPOTrOBOE COOTHOLIEHHE BHINOJHAETCA Kak
HepaBeHcTBO. [locKo/ibKy ero BbIBOJL OCHOBBIBA€TCS Ha
OoYeHb OOLIHX pacCy:KAeHHsIX, JI000e CEePbe3HOe HecooT-
BETCTBHE 03Hauajso Obl, YTO Mbl [JOXO NOHHMAaeM, 4TO
Takoe AapBHHOBCKHE cHcteMbl. JlJisi TaKHX HeCooTBer-
CTBHH HET HHKAKUX NPHYPH, [OTOMY 4YTO MBI 3HaeM
JIOCTATOYHO XOPOIIO MOJEKYJADHBI MEXaHH3M PpelJiH-
Kalid B TaKHX <«NPO3PauHBIX» cHCTeMaX, Kak dar Q.
[ToucTHHe yAHBHTENbHBLIM pE3yAbTATOM SBJSIETCH TO,
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YTO B JAeACTBMTENbHOCTH 3HaueHHe v OCTaeTcs He TOJIbKO
HUXe [0POra WVmax, HO H IIOYTH COBNaJaeT ¢ HUM.
Hncno HYKJAEOTHOOB BIOJHE MOIVIO Gbl JIHMHTHPOBATLCA
He KauecTBOM KONHPOBAHHA CHMBOJA §, a APYTHMH
tdakTopaMu, 4TO NpUBeso OB K 3HAYEHHIM v, JexalllM
HAaMHOTO HHXKe Iopora, JOiyCKamwlliero BOCIPOH3BOAHMOE
HaKoIJeHHe HHOPMALHUHL.

o
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Puc. 11. Huka pennuxauuy, kotopeit Betpevaercs y PHK-coaepika-
mux ¢aros, BeAeT K 006pa3oBaHMi0 onaHouemoueuHwlx eauHuy PHK
¢ BBICOKOCHeHH(MDUUHBIMY BTOPHUHOH H TPETHYHOHR CTPYKTypamH, KO-
TOpble UrpaloT poab GeHotunuyeckux Muiuereft [11, 34]. OG6paso-
BaHHE MOJHBIX HMJH YaCTHUHBIX AYIJEKCOB H3 IJIOC- M MUHYyC-Lene
(tTak HaspBaemblx nap XodmHafaepa wuan PpaHrAEHA COOTBET-
CTBEHHO) NpeAOTBpallaeTcs HeMelJeHHbiM 3akpyuHBaHHeM Ha cebs
HOBOCUHTe3UpOBaHHON Uenu. Henonesya wmnau-sapuaHt ara Qps
Cnureamany u ap. [35] yaanocs 10Kasats CYILeCTBOBaHHe sddex-
TOB MHrHGHPOBAHUSA, KOTOPble OOYCJOBJIEHb 0GPA30BAHHEM AYIJIEK-
coB. Pensnkanus ojHOLENOYCYHBIX MOJEKY.] OCHOBaHa Ha 3s¢bek-
THBHOM B33HMOJEACTBUH PENJHKA3BL ¢ [JIOC- H MHHYC-LENSIMH, 4TO
TpefyeT HaJMUHA ONpefe/eHHON CHMMETDHH TPeTHUHOM CTPYKTYpH
(eHoTUNHYEeCKH BAXKHBIX Y4acTKOB. |
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Hrak, mol 8otnyscdenst saxaiouurs, 4ro atu PHK-
codeparcaujue gaeu 8 xole ceoerd asoiroyul OelicTeu-
TCALHO CTPEMUAUCH HOAKONUTL MOAKCUMAALHO BO3MONCHOE
KOAUHECTBO UHPOPMAYUL, UCNOAL3YS NpU ITOM TAKICE
Donbuiue IKCTPAYUCTPOHHOIE (HO (heHOTUNUUCCKU aKTUB-
Hole) obaactu eeroma. 3T0T (PAKT He UCKAIOLAET TOZO,
410 npu Opyeux (Hanpumep, UCKYCCTBEHHBIX) YCAOBUAX
copesrosanue moeau Ool «svluepaTsy moaexyao. PHK
20pa3do meHoulell OAUHGL— TAKUE, KaK YHOMAHYTOLL
soiule MUOU-BAPUAHT, UAU 4TO npi Opyeux APUPOOHBIX
YCAOBUAX CYWECTSYIOT 20pa300 MeHee CAOMNCHOLE KHU3HE-
cnocobnote azu. Ewe s8aotree 0co3Hauue T020, 4TO 8
npupode He cywecrsyer azod ¢ (00HOyenoueuHol)
PHK, zenom roropotx 6oia 661 6oabuie, uem APUMEPHO
10000 wnyxkaeorudos. IT0 3acrasaser noAazarb, HTO
pepmenrarusnelii mexanuam pensuxayur PHK, ocoben-
HO MO OTHOWEHUIO K Ouckpumunayuu ocrosanuii A u
G uau U u C, Jocrue ce0ee0 . ONTUMYMA U HE MOKCET
6oito Oanee yayuuwen. Hukaxas odnoyenoueunas PHK
He cnocobra noddepicusars npasuibroe 8ocnpousgede-
HUE uHopmayuu, npesvliliaouiel T0 KOAUMECTBO, KOTO-
poe no nopadky eeauuurns sksusaseutHo 1000—10 000
HYKAeOTUO08 (TOYHOE 3HAUEHUEe 3ABUCUT OT Om).

Koneuno, ¢ xumHUecKOH TOUKH 3peHHs MOTYT Cy-
IIeCTBOBATh MOJEKyAbl GoJibliiedl MJIHHB, HO OHH He
HMEIOT 3BOJIIOUHOHHON 1eHHocTi. Bojee Toro, ypaBHe-
uue (20) npeanuchBaer, 4TO TPeGOBAHHAM CEIEKTHBHOTO
coxpaHeHHs UH(OPMAIHK [OJIKHEL YAOBJETBOPSATH Kak
IJIIOC-, TaK U MHHYC-LENMH, XOTS TOJbKO O[Ha W3 uemnefl
obs13aHa HeCTH TreHeTHYeCcKyl0 HH(OpMauuio, TPaHCHAH-
pyeMylo afnmapaTtoM XO3siHHAa. JTH BBHIBOJLI OTHOCATCSH
auis Kk Mosexkysnam PHK, koropwie Bo BpeMmst cBoeft
pemyIMKalui AeHCTBYIOT Kak OOHOLEeNoueuHble MaTPHILBL
H JI7I KOTOPBIX OB NpeNJoKeH MeXaHH3M pellHKalHH,
uso6paxkennnil Ha puc. 11 [11].

1V.3. Penaukanua AHK

B cayuae aByxuenoueuHblX MOJexyJ, ocobenno JHK,
MBI CTaJKHBaeMCSl C COBEpILeHHO ApYrofl cuTyaumued.
Taxue mosiekyanl OOGBITHO pPeAYIHLHPYIOTCA B (opMe
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ABYXLEIOUYCUHBIX eAMHHUL, T. € OHH MOTYT cunTaTbcs
HCTHHHO CaMOBOCTIPOH3BOASIIMMY, MO KpalHed Mepe B
(heHOMEHOJIOTHYECKOM CMEIC/]e (X0Tsi nepefaua HHQOP-
MalHy 1 B 3TOM ¢Jyuae OCHOBAaHA Ha KOMILJIeMeHTapHO-
CTH HYKJIEOTHIOB).

PaccmoTpum BKpartie, 4to HaBecTHo [10] o Bocmpo-
U3BEJEHMH TAaKUX [Byxuenoueussix Mmosexysn JHK
(cMm. puc. 12).

l. Pensukauusi gBJsgeTCs NOJYKOHCEPBATHBHEIM NPO-
neccom. [Byxuenoueunas HHK xomupyerca ¢ obpaso-
BaHueM ABYX (COBepIIEHHO HAEHTHUYHBIX) [YIJEKCOB,
KaKAbBId H3 KOTOPBbIX COJEPKUT OAHY POAUTENLCKYIO
Hensb.

2. Pennukauus HayuHaeTcs B ONpeJejeHHON TOuKe
pocTa M MOXKET pacHpocTpaHsTbcad B OBOHMX HanpaBie-
HusiX. PackpyuHBaHHIO ABOHHON cHUpagu cHOCOGCTBYIOT
TaK Ha3blBaeMble pacljeTaloulne Oe/KH; HEKOTOpble H3
HHX ObUIH BBIEJeHB W HAeHTH(DUUUpOBaHb. OHU yBeJH-
YHBAKOT CKOPOCTh PAaCKPyUHBAHUS HA TPH [OPSIKA, B
pe3yJbTaTe peNJIMKALHOHHAS BHJKA MABHKETCH CDABHH-
TejbHO ObicTpo. B TO Ke BpeMsi HeOOXOAMMO CHHMATH
HanpsxKeHHe Kpy4YeHMs, BEI3BAHHOE pacKpyuyHBaHHeM
qacTy MOJexkyabl, CyllecTByeT Npeano/oXKeHNe, uTo Bpa-
LIeHHEe YYacTKOB MOJIEKYJbI BOKpPYyr QocdoanadupHoit
CBSI3M MOXKET IPOMCXOAUTH OJarojapsa paspeiBam i
BOCCOEZHHEHHSM LeNH MOoA AeldcTBHeM 3HJOHYKJea3 H
JIUTas.

3. Pensuganust xkaxooid 13 ABYX Lenell NPOUCXOIUT
nyTeM TNPUCOCAWHEHHS HYKACOTHAOB B HANpaBAeHUH
5 — 3. IHK-nonuMepassl COOCOGHBE HPHCOEIUHATH MO-
HOMEpPBI TOJHKO TAKHM YHHKaJbHEIM BEKTODHBIM MOyTeM,
¥ 3TOT NPOLECC HE MOXKET NMPOTEeKaTh Ha o0eux Lemsix
OJIHOBpEMEHHO. JJIEKTPOHHA MHKPOCKOIHA ¢ paapelle-
niem oxoso 100 A BeABHIA Ha/MuMe OAHOLEMOYEYHBIX
YUaCTKOB TOJLKO Ha OLHOH CTOPOHE peIVIMKALHOHHOH
BUJIKU; 3TO TO3BOJIIET AYyMaTb, UTO IOCTPOCHHE BTOPOH
IeNH HAuWHAeTCs JIHUIb [OCJde TOTO, KAK BO3HHKAET 3HA-
YUTEAbHBIH MPOMEKYTOK, NOCTATOUHBI IS MPOABHIKe-
Hys B HanpasJjenun 5 — 3.

4, Pennyurauys OcyllecTB/sieTcss KOPOTKHMHM  JH-
CKPeTHBIMH HMIyJAbCaMH. ¥ NPOKApHOT (parMeHTHl,
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Puc. 12, TlonykoHcepBaTHBHAs pelIUKaldd aByxuenoueunofi JTHK —
3TO KpafiHe CJOXKHBIl IpoLlecc, COCTOSHIMHA M3 MHOTHX 3TanoB, Ha
KOTOPHIX MPOTEKAIOT pPa3/MYHble PEaKIMH M OCYLIECTBJSETCA KOHT-
poab. HauGosiee BaXKHEIe M3 3THX 3TamloOB yKasaHbl Ha pHCyHKe [10].
O6e AouepHHe LEMU MOJMMEPH3YIOTCS B HampaBjenun 5 — 3’. Pac-
Kpyd4uBauHe POJHTEIBCKOH JBOHHOH CHHpaAn NMPOM3BOIUTCA paciie-
rajominm Genkom (U). Cnures HOBbIX (parMeHTOB HHUIHHPYETCS
PHK-3aTpaBkamn, KOTOphle 06pasyloTcsl ¢ IOMOUIBIO (hepMeHTaTHB-
Hoit cucrembl (I) ® 3aTem TIHAPOJH3YIOTCA, NO-BHIHMOMY, NPH
y4acTHH HYKJea3HOfl aKTHBHoCcTH moJjuMepasnl-l1 (P;). Cunraor,
yTO POCT UenH x0 obpasoBaHust ¢parMenTtos AauHofi 10002000 ny-
KJEOTHAOB B OCHOBHOM MNPOU3BOINITCS KOMIJIEKCOM noaumMepasn-I11
(Pi1). Ots HoBOOGpasoBaHHEIE TAaK HasbiBaeMble ¢parMents Oxa-
3aKW COEMHSIOTCS [pYyr € apyrom ¢ mnomomblo smrassr (L). He-
NpaBHJLHO ClapeHHBle HYKJeOTHAb Ha J3’-KOHUE ¢GparMeHtos (u
TOAbKO OHM) BHIpe3atoTcst 3 — 5-3K30HYK.ICa30H, MO BCel BepoAT-
HOCTY, KoMmIsiexcom moaumcpasbl-I (Pr), akTHBHOCTL KOTOpOro B
OCHOBHOM CBSI3aHa C pernapauueidl H 3anojsenHeMm npoGenos. pyrue
NPOLECCH — HANpPHMep, PCHapauds ¢ MoMompblo 5 — 3’-3K30HyK.lea-
3bl, KOTOopas MOXeET yjaanasars ueable ¢parmedtst AHK, — na stoft
¢XeMC He YKa3aHBl, IIOTOMY 4TO OHH, HO-BHAMMOMY, He HrpaioT
GOJbLIOH POJH B CHHTE3e HOBHIX LieleH,
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ofpasyouinecs 3a OLMH HMIY/bC, HMEIOT AJHHY OKOJO
1000—2000 Hykaeornaos. CuHTE3 HX HHUIHHpyeTcs 3a-
TPaBKOHW, KOTOPOH CaAYyXKAT OueHb KOPOTKHE (parMeHTHl
PHK. ¥Yuactku penaunuposansnoii HHK, pacnosaraio-
uigecs BAOJbL oOeuXx Lenell [103al4 peNJIHKALHOHHOH BHJI-
K4, COCJHHAIOTCA 3aTeM APYT ¢ APYTOM C IOMOLLBIO JIUra3.

5. Pasnnynble ¢yHKUMHM, HEOOXOAHMBIE IJd pelau-
gaund JAHK, 6pinn uaeHTHOHIIUPOBAHBI NyTeM BhIAese-
HMSI OTZEJNbHBIX (DEPMEHTOB M ONpEeNeJeHHS HX AaKTHB-
HOCTH. B yacTHOCTH, 6HIJIO 0XapaKTePH30BAHO HECKOJBKO
nosuMepubix kommiekcos (I, 1I, Ill), kotopwie BEINOJI-
HAKT Kak NOJMHMepH3youine dYHKIHUH, TAK H HEKOTODHIE
(yHKUMH  jerpajauud. 3jJech OCOOEHHO HHTEpecHa
3" — b’-3K30HYKJea3Hass aKTHBHOCTb NMoJuMepassl-I. Ona
obecreunBaeT H3OHpaTe/lbHOE OTIIENJEHHE HECIAPEHHOTO
HYKJeOTHIa Ha 3’-koHue pactyulefl menu. [lockogabky
pocT Lenu HAeT TOJAbKO B HamnpaBJeHun 5 — 3/, arta
5K30HYKJ€a3Hass (YHKIUSA MO3BOJSIET KOPPEKTHPOBATh
HOBOCHUHTE3HPOBAHHbie (pparMeHThl. Ee MakcuMa/jbHas
aKTHBHOCTb COCTABJSIeT 0KOJO 29 mojyMepasHOH aKTHB-
HocTH. 3" — H’-3K30HyKJea3y CJaeayeT OTJHYaTh OT
5" — 3/-3K30HYyKJ/1€a3kl, KOTOPAsi TaKXkKe BXOAHUT B COCTAB
komrsiexca JAHK-nmoaumepassi-1 1, BeposiTHO, yuacTByer
B penmapalun c sbulenaeHneM. OHa ZeHCTBYET TOJIBKO
Ha b’-koHeln H pacutenasfer GocPoaUdIPHPHYIO CBA3L B
cnapeHHOH o6sacTH, NO-BUAMMOMY, Ha pAacCTOSHHH [0
10 HykmeoTunoB OT 5'-KOHLA. JTa 3K30HYKJAea3a, Clelo-
BATeJNbHO, MOXKET BBHIUIIEIVISAThL OJUTOHYKJIEOTHIB, TOrAa
Kak KOppekTHpyoui 3" — 5-pepMeHT ynanser TOJbKO
OT/leJbHEIE HeClapeHHble HYK/JeOTHABLI Ha KOHIE pacry-
e ueny. ,

Teneppr MBI MOXEM NOHSITh, B Y€M COCTOMUT CYIIecT-
BeHHOE pa3/jHuyne Mexay npoleccamu permukauun PHK
n OHK, koTopoe BhuIpaxaercs B PAas3/iHUMH CPEAHHX
(hakTOPOB KayecTBa KONIMPOBAHHA CHMBOJOB [JS 3THX
AByX npoueccoB. B cayuae pensukauun PHK tounocts
nepenayn HHQOPMALHMH [JOMXKHA obecHeudnBaThCsi B He-
NpepriBHOM npolecce NojauMepH3auud. Kak 6b Hu pe-
mana 3Ty npobnemy PHK-peninxkasa, oma nocturaer,
NO-BHAMMOMY,  TIPeJeJbHOTO  3HAYEHHS  § — Mexay
0,9990 u 0,9999. I[lpumepHo Ta XKe TOYHOCTb MOTJia Onl
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JOCTHTATbCsl JIOObIM HeNpepHIBHBIM MEXaHHW3MOM HOJIH-
mepusanun JHK.

Ucenenosanre in vitro myrasTHbix ¢harosnx JHK-
nojuMepas, He obaanaomux 3" — 5-3K30HYKI€a3HOH
aKTHBHOCTBIO, I[I0Ka3a/J0, YTO 3TH (epMeHTH CpPaBHH-
TEJbHO 4acTo omHbaloTCst — ¢ 4acTOTOH mpumepHo | Ha
KaX{Ayio THICAYY HYKAeoTHa10B. CXOAHBIE pe3yJbTaThl
noayuennl jias oudiennod JIHK-nosumepaswl u3 supyca
nrudveeo mueaodaacroda. OAHAKO €CTh JaHHBIE H O
MEHBHIMX BEPOATHOCTAX owiMbOK. Hanpumep, Adsi HU3KO-
MOJIeKYJASPHBIX 3yRapuotnuecknx JAHK-nosumepas, He
0o0siaflal0NX KOPPEKTHPYIOLULeH 3K30HYK/Iea3HOH aKTHB-
HOCTbIO, OBIIM NOJAYYEHHl 3HAYeHHUs] Ha NOPSALOK MeHb-
1ye, YyeM B CJAyuasiX, IPUBEAEHHBIX Bhllle (0AHA OwWHOKa
Ha kaxavie 5—10 Toicay HykaeoTHA0B) [36—39]. [Tossae-
rue ¢parmenta JHK nausoit 1000—2000 nykneoTnaos
Bo Bpems nouaumepusauun JHHK (B npokapuornue-
CKHX KJeTKaX) MOKeT ObiTh NPAMO CBSI3aHO C OTpPaHHu-
YeHHOH TOYHOCTBIO mosuMepasnoit dynkuuy. Ilo-BHau-
MOMY, [NOJAMMepasa He MOXeT JIerko  YAJHHATD
IpOU3BEJIeHHBIHl €10 HeNpaBMJLHO CIapeHHbIA KOHel
({10], crp. 88) — npasjaa, at0 HaGaOAANOCH B OTCYTCT-
BHe 3K30HYK/aea3. B To ke Bpemsi 3’ — 5'-3k30HyKIea-
3a, ecJU oHA HMeercs, OygeT ONO3HABAaTb HECOOTBETCT-
BHe W BHIpe3aTb HEeBepHBHIH HyK/aeoTHA. HeT HHKakKux
OCHOBaHMI NpeAnonarath, YTO ONTHMAaJbHAs pa3peLialo-
mast cnoco6HOCTb Ha 9TOM 3Tale CHJIBHO OTJIHYAETCs OT
TOH, KOTOpasi XapakKTepH3yeT MNpOIece NOJIMMEpPH3allun.
Vtak, KOppeKUHsS MOXET CHH3HTh BEDOSITHOCTbH OUIMOKH
(B nyumiem cayuae) eule Ha TpH nopsaka. Koppekuus
ouwl6oK, C APYrofl CTOPOHBI, He MOXKeT ObLiTb OTJNOXKeHa
no Gosiee no3gHeR CTaiuH, T. €. 0 3aBepHIEHHs CHHTe3a
ofenx ueneil. XOTS CHCTEMBl pernapaluy, KCHOAb3YIOLIHe
5’ ~> 3/-HyKJea3Hbie AKTHBHOCTH, CYLIECTBYIOT, OHU He
MOTYT YyCTAHOBHTb, KOTOpas M3 ABYX LeneH CONEPHKHT
HellpaBU/bHBIA 4Y/eH B HempaBu/ibHO# nmape [36]. Buuu
npepjoxensl {40] u mpoBepeHrl KCHEPHMEHTaJbHO
[41, 42] OGosnee neranbHBlE MEXaHH3Mbl KHHETHYECKOH
Koppekiun (cM. 0630p [43]).

Hrak, MOXKHO caejaTh cjaeaylowud BoBoa. Onrtue
MaJbHOE CcpejHee KaueCTBO KOIHPOBAHHs CHMBOJA MAJfA
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Puc. 13. TemeTHueckas DEKOMOGHHALUA NO3BOJSET OGHADYKHBATL OWMOKHM B 3aBEpIIEHHHWX jxByXuenoueunslx JHK. 3ro wmomen, neprouas
9anbHO GBLAAa NPeAJOXKEHA HAA OOBACHEHAS MeXaHH3Ma KpOCCUHroBepa. Ee MOMKHO UCHOJAB3OBATH TAKIKE AJS aHAMI3L MCXAHUZMA KOPPEK-

gui omuboK. Cnmpon @ O3Hayaer TeHETHUECKH NPABHALHBIA HyKAeoTud, cumsod (O — ommnbounnifi, COOTBETCTBEHHO CHMBOJ [ neergi 060+

[ ] O
3HAYAET NPABHJBHYIO KOMIJICMEHTAPHYIO Tapy, CHMBOJ — HCOPABHAbUYI0 (HEKOMIIEMEHTAPHYI0) NApy, @ CHMBOA | —~ KOMILICMCRTAp-
‘Y
A

HYI0, HO OomuOOuNyl0 UAPy HYKJEOTHLOB, HE3aBHCHMO OT TOrO, KaKOfi M3 ueThIpeXx HYKJCOTHAOR, 3jech, satpounyr. [Ipcanosnoxus, Hr10
RHajpe3aHue UCHH HHHIHHDPYETCH HaJM4YKeM HeKoMiJeMeHtapho# mapsl (srtan II). Torma 3/ —> 5/-sk3ouykiaeasa ucnpasit ounidky: n 50%

cjay4aeB o0pasyercsi NpaBHJbHAas KOMIJIEMEHTapHas napa ( —_— | (s3tan IIl), B to Bpemst Kak B npyrux 50% cuayuaes — Heupapddb-

O O

Bas KoMnjemeHTapHas mapa | —-- | . Henpasuabmas (XOTH W KOMMJEMEHTapHAs) Hapa, OAHAKO, He (UKCHDPYeTCs, KAaK N[PH I[POCTOM

MexaHH3Me penapaiid. PexomGuuanns ¢ npasuabHOB Komued (sranm VI, VII) soccramasausaer ucXxomnylo curtyanmio (srtanm [ u VIII),
NpH KOTODPOIl HENPABHJbHLIM HYKJEOTHJOM 3aHATO TOALKO OJHO H3 UYETHPEX IOMOJOTHUHMWX MOJOXKeHHil. CiaemoBarenbHO, MHOrOKPATHOE M0-
BTODEHHE 3TOrQ MPOLECCAa MOXKET BECTH K NOCTORHHOMY CHMXKEHHIO NOAH OmuOOK, a He K HX 50%-Ho# ¢ukcanun. dra cXxeMma NoKasnBaeT, 4ro
KOPDeKIHsi OIiuGOK B 3aBEPUIEHHBIX [enfiXx CBf3aHa ¢ KpoccnurosepoM. Jlauenifi MexaHH3aMm (U3 pa6orm [45]) MoxkeT OnlTh pealUd3OBaH C TNO~
Mompbio H3BecTHHIX dGyHkuui JHK-nosumepass, 4T0 He HCKJ/IOYAeT CYIIECTBOBAHWA JAPYLHX THNOTETHYECKHX H paxe eule Gonee adbdexTus-
HHX Mexanusmon. Jlns mnosxoro mnoHuManusg npoGJeMbl TOUHOCTH, CBA3aHHON C HEOGXOLHMOCTHIO DACCMOTPEHUA (IPOLECCOB BEreTATHBHOIOG
Pa3MHOXKEHHS, HEOOXOAUMEl GoJjee AeTasbHBE CBEJEHHSI O MEXaHH3Me, KOTOphie MOKAa OTCYTCTBYIOT.



72 Yacre A. Bo3quxHo8eHue eunepuiskia

penuxkannyd JHK nocruraer spmawenns 0,999999 uian
HECKOJIBKO BBIllE, YTO NO3BOJISET HAKalJauBaTh HHGOP-
MALXI0 BIJIOTh 10 BepXHEro npefena, 3KBHBaJEHTHOTO
1—10 mMuannonam HyKAeOTHAOB (B 3aBUCHMOCTH OT Be-
BeJIHYHHBl G ). [IpuaTHO OTMETHTH, UTO 3Ta OllEHKA COB-
najaer ¢ H3BECTHBIMH pa3MepaMH TeHOMOB HNPOKapHO-
THYECKHUX KJeTok (Hanpumep, E.coli — 4-10°% nap ocHo-
BaHu#i), M onsTh pasmep reHoMoB Jw00Oro opraH#EaMa
BOBce He 00s13aH ObITb PABHBIM 3TOH NpPeieJbHOH BeJsiH-
uyuHe. JleficTBHTeIbHBIE PAa3Mephbl reHoMa MOTYT JHMHTH-
poBaThbcst JpYrHME akTOpaMH, cBsi3aHHBIMH, HanpuMep,
¢ ynakoBKOW moJaeryan B ciayuae HHK-coaep:kamux
¢daroB, u 1. a. Takum ofpasoMm, Kak H B cayudae
PHK-conep:xamux ¢aros MOLyT peajn3oBaThCs JAt00bie
pasMepsl FEHOMa HHKe [10poTa.

Has codepycanus eeneruueckoil ungopmayul 8 npo-
KAPUOTUYCCKO KACTKE CcyujecTeyer BepxHuii npedea.
Jro6oii soixod 3a npederst UH(DOPMAGUOHHOL eMKOCTU
odnoyenoueunoii moaexkyaol (10% nykaeorudos) rpebyer
HOB020 MEeXQHU3MA PenAuUKAyuUu ¢ yuacTuem 08Yxyeno-
YEUHBbIX MATpul o KoppexTupyoujux gepmenros. Touno
TaK sce Hosoild npedea (oxkoao 107 nyxaeorudos), ycra-
HoBAeHHObLL Mexanusmonm penasuxaduuw HHK e npoka-
PUOTUHECKOLL KACTKE, He M02 ObiTh Npes3oiideHn, nNoka He
NOABUACS HOBbI Mexanusn 0as Oaavreliuieeo ymeHo-
wenus owubor. Taxkoild mexanuss, a UMEHHO ceHeTuue-
ckaa pekombunayus, Ooin  uszobperen npupodoti Ha
npogapuotuteckom yposue. O0uako norpe6osaiocs OT
osyx do tpex munauapdos (10°) aer, npexcde wem OH
Jocrue cosepuiencrsa, 41006l 8bI3BATL HOBOE lBealye-
HUe KOAUHECT8A 2eHeTUYecKOl ungopmayuy oTdesbHbLX
undusudos.

[Tponecc reHeTHuecKOH peKOMOMHAUWH, HCIOJAb3Ye-
MBIf  BCEMH 3YKApHOTHUECKUMH KJeTKaMH, Tpebyer,
yToBbl JIBa aJjenss B HX TOMOJIOTHYHBIX IIOJIOXKEHUSX
OBl uaeHTHUHB. [1OCKOJIBKY BepOSATHOCTb OUIMOKH /19
thepMentatusuofl penmukaunn JIHK cocraBasier menee
10-5, meckoppekTHpPOBaHHLIe OMINOKM KpaifiHe peakH, I
B UeTHIpeX 3KBHBAJEHTHBIX cafiTax JABYX aJJeftell He
MOXKET BeCTpeTiiThes Oosee oaunoli owudki. Crenosa-
TeJIbHO, CYLIECTBYET jaJjbHeflllas BO3MOXKHOCTL O0Hapy-
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JKEHNS ¥ HCIPaBJeHHs Takux OMHOGOK y pekoMOHHAHTOB,
flaXke ecJiH OHH coAeprKaTcsi B JYIJIEKCAX, pemiuxalnd
KOTOpBIX Oblia 3aBepulena panee. OJHa W3 BO3MOMHBIX
cxem u3obpaxena Ha puc. 13. OpHako mexaHH3M
pekoMOHMHAUHMN B HacTosiliee BPeMs HeH3BecTeH n0CTa-
TOUHO NOJApPOGHO; He SCHO TaK¥XKe, CKOJbKO 3TanOB B
KOHEYHOM CYeTe OTBETCTBEHHO 3a JAaJibHelllee CHUKEHHE
BEPOSTHOCTH OLWINOKKH. VI3BeCTHO JHllUb, YTO Takoe CHH-
JKeHue OBIJIO JAOCTHTHYTO, KaK IOKa3biBaeT aHaJju3 3BO-
JIIOLIMOHHOTO JIpeBa, H YTO 3TO SIBJAAETCS BAXKHOH MNpEn-
MOCHIAKOH yBEJHUEHHs] TeHeTHYecKol HHPOpMauOHIOH
eMKOCTH BIIOTH A0 YPOBHS, XaPaKTEPHOTO Al uejOBEKa.

1V.4, llepsble penauKaTHBHbIE eIHHHIBI

Jast ob6cyxaeHns npoGaemMbl BO3HHKHOBeHUsi OHOJO-
rugeckofl HHQopMauMH Mb JOJUKHBI HayaTb ¢ APYIoro
KOHIIAa 2BOJIOUMOHHOH WKaJ/Jbl H HPOaHaJH3MpoBaTh Te
MEeXaHH3MBl, KOTOpble IpHBENH K IePBhIM BOCIpPOH3BO-
AUMBIM T€HETHUECKHM CTPYKTypaM. PHanueckue CBOHCT-
Ba, BHYTpeHHe IIPUCYIIHE HYKJIEOTHAAM, NAIT BO3MOXK-
HOCTb AMCKPHMHHHPOBATbL KOMHJEMEHTapHble W HEKOMII-
JeMeHTapHble HYKJIeOTHAB ¢ (aKTOpOM KauecTBa ¢, He
npesocxodiuM 0,90—0,99. bonee perasphblil aHANU3,
OCHOBAHHBIH Ha KHMHETHYECKHX M PaBHOBECHBIX HCCJIeI0-
BaHHAX KOOHEPATHBHBIX B3aUMOLEHCTBHH MexKay OJHIO-
HykJeoTHAaMH, Obl omyOaukoBaH panee |4, 44].
B CcOOTBEeTCTBUH C H3BECTHHIMH PAa3/IHUHSIMH B CBOOOM-
HBIX 3HEPTUAX M JHCKPDUMHHALKMH MeXAy KOMIJIEMEeH-
TAPHBIMH W HEKOMIJIEMEHTAPHBIMH IapaMH OcHOBaHHI
MOIJIO OKa3aThCs MOJE3HbIM HaJH4ile B cpele OONbILHX
KOJUYECTB OBeNKOB — KaTaJHTHUECKH AaKTHBHHIX, HO HE
BHITOJHSIONUIX HUKAKHX APYTHX CHeluaJbHbiXx (YHKUHT.
Oanaxo Ttakle OedKOBble MPEALIeCTBEHHHKH B OJIHUX
cayyadgx GyayT 0JaaronpHsiTCTBOBATH KOMIJieMeHTaPHBIM,
a B JpYrHX cJayuasix — HEeKOMIJIEMEHTapHBIM B3aHMO-
neficrBusiM. [IpeumyliecTBo OAHUX nepex  APYTHMH
MOMKET ONpeleNsiThCsl TOJBKO HEPABEHCTBOM CBOOOJHBIX
SHePrHil AJsl Pas3iiyHBIX BHAOB NapHHIX B3aHMOREHCT-
Buil. Jlioboe cnennguueckoe ycHJAeHle KOMIJIEMeH-
TAPHLIX UapHBIX  B3auMOJAeHcTBHH noTpeGoBasno Ol
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KOHBEPTeHTHON 32BOJIIOIHH TEX KOHKPETHHIX (epMeHTOsB,
KOTOpBle OJ1aronpHATCTBYIOT JaHHOMY THIY B3aUMoOjed-
cru. Haa storo camn (QepMeHTH JOJXKHBI CTaTh
9acThI0 CaMOBOCHIPOH3BOASLIEHCS CHCTEMEl, YTO B CBOIO
ouepeb TpebyeT 5BOJIOIMOHHOTO Pa3BUTHS TPAHCJAALMH.

[TepBbIMH CcaMOBOCIPOH3BOASIIHMHUCA CTPYKTYpaMmu
HYKJEHHOBBIX KHCJOT € YCTOHUHUBHIM HH(OPMAaLHOHHBIM
CONEpKaHHEM — NPH JaHHBIX ONTHMAaJ/bHBLIX 3HAUYEHHSAX
§ = 0,90—0,99 — Gpiin Mosiekyaw tHna TPHK. Onnako
aast o060l  BOCIPOU3BOAMMOH CHCTEMBI TPaHCJSLHHA
HeoOXOAHMO NO KpafiHe# Mmepe Ha nopsAoK OoJbliee
nHpopMaluOHHOe cojepxaHne. Kak Mbl 3HaeM H3 aHa-
ausa peninkauun PHK-cozepxkamero ara, takomy
TpeGOBAHUI Y/AOBJETBOPAIOT TOJBKO ONTHMAaJbHO ajal-
THPOBaHHBIE PEMJIUKA3K, KOTOpble He CMOIJIA OBl 3BO-
JIOLHOHHO pPa3BHTbcsl 06€3 COBEPIIEHHOTO MexXaHH3Ma
TpaHcaauuu. CoBpeMeHHBle (aru SBAAIOTCA MO3AHHMH
OPOAVKTAMHR 3BOJIOIUHA, Ybe CYLLeCTBOBaHHe O006f3aH0
HaJHUKI0 TaKOTO MEeXaHH3Ma, 6e3 KOTOPOTo IIpHpOAe He
yaajoch OB HAaKONHTh TakK MHOro HHGOPMAalHH B
OTIEeNbHOM MoOJekyJe HYyKJIeHHoBO# kucaoTH. Crenosa-
TEJbHO, N MOJIEKY/sPHOH 5BOJIOUHH HYKJIEHHOBBIX
KHCJOT cyllecTBoBaJ Oapbep Ha ypOBHE CTPYKTYP THIA
TPHK, nogo6unifi 6aprepam, xapakTepHbM /s Oosee
NO3JHUX 3TANOB BOJIOLNUHM — T. €, AJS YBEJHUGHUA UH-
dbopMaLUOHHON eMKOCTH He00XOAUMO OBLIO BO3HHKHOBE-
HHe KaKoro-1ubo MexaHw3Ma HOBOLO THUIIA.

Hrax, TPHK uau ux npeduecrsennuxu, no-eudu-
momy, OGoiau <«cTapelimiumus pPERAUKATUBHOIMU eOur-
yamu, KOTOPLLE HAHAAU HAKANAUBATL UHGOpMAyUID U
oTbupaslcy Kax K8a3usuOsl T. e. KAK BAPUAHTbL 0OHOL
U TOi e OCHOBHOL CTPYKTYPOL.

[TepBriM TpebGoBanHeM Obla YCTOHYHBOCTL K THAPO-
auzy. HrpoBas wmomeap, mnoao6Hasi onucaHHOH B
pasxa. IV.1, mokasana, uto usBecTHast BTOpuuHas (M Tpe-
tHuHada) crpykrypa TPHK (cm. puc. 14,4 u Bb) siBas-
eTcsi IPAMBIM 3BOJIOUMOHHBIM CJeNCTBHEM 3TOro Tpebo-
Bauusa. lanee, cuMMeTpusi 3TOH CTPYKTYpBl OTpazKaer
ONTHMH3aLHIO ee PeNMKAaTHBHOIO MeXaHH3Ma, KOTOPBbIi
B COOTBETCTBHH ¢ ypaBHeHueM (20) npeanosaraeTr 3KBH-
BaJIEHTHOE IlIOBeAEHHEe ILIIC- H MHHYC-1eNneld, 4ToGH
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Puc. 14. Cummerpust dyHruuonaspHbix mosexynt PHK (pacemorpe-
Ha TPHKP"®) cmoco6crByeT penyukanul OAHHOUHHX Iemefl creiu-
dudecku ajanTHpoBaHHBIMH  (epmedTamu. Ilmoc- ®  MEHyc-Leny
CHMMETPHYHOI CTPYKTYPH HMeIOT OAHHAKOBLIe (heHOTHIMYEeCKHe 0CO-
GenrocTH. XOTs B COBPEMEHHHX oprauusmax tpancnoprisie PHK xo-
JHPYIOTCS TeHOTHIMUECKH, HX CHMMETDHS, BO3MOXKHO, ellle OTpaKaer
NepPBUYHEI MeXaHH3M PeHpOAyKUHH ofHouenoucunmx PHK, mpu xo-
TOPOM IIIOC- H MUHYC-IENU OJAUHAKOBO BaXKHBL. DTa CHMMETPHA HaH-
Gosiee oueBHAHA HA YPOBHEe BTOPHUHOI cTpyKType (A), Xors oHa
IPOSBAAETCS TaKkXKe HAa YPOBHe TPETHUHOH CTPYKTYpH (B) (u3 [46]).
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Puc. 15. Mogenb «uBeTRa» AJs COHTEJIMaHOBCKOTO MUAH-BADHAHTA
PHK ¢ara Qg (mmoc-uens). Tpe6osanus cUMMETPHH MeHee BaXKHBHI
B Tex cJyuasX, Korja uHbopMmMauus oTobpaxaeTcs B TeHOTHIAX,
KOTODbIe BOCIPOU3BOAATCSA MOCPEACTBOM CTAHJAPTHHEIX MEXaHH3MOB
nojuMepusauni. Munu-saprant Qara Qﬁ OTOOPAH UCKAIOHUTEABHO
0O cBoelt ¢eHoTHMHUeckoll HHOOPMAUNH -— 0 KPUTEPUI0 ONTUMAJb-
HOCTH CTPYKTYpbt /I y3HaBalua depMenToM Qp-peminkasoit. 2to
CBOHCTBO JIOMKHO HACTEAOBATLCA KaK ILIOC-, TAK M MUHYC-LENbIO,
CuMMeTpHs CTPYKTYPbl CTAHOBHTCA naHGoJee OUEBHAHON B MOAeNH
«IBETKa», XOTH 3Ta KOH(Urypauus, no-BUANMOMY, He XapaKTepHa
JUIsL aKTUBHOH MOJCKy/bl B eCTeCTBEHHBIX YCJIOBHSAX. B cooTBer-
CTBUH C MeXaHH3MOM peNJMKalHH  OJHOLENOWYeYyHHX  MOJEKYJH
(puc. 11) npenMyulecTBO J0J:KHA, HO-BHINMOMY, HMETb MOJeJb,
OpeAnosaraias HeMmelJeHHoe CKJAajiblBaHHe LeNH BO BpeMs e~
cunresa [27].
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MMeJO MECTO ONTHMajibHOe (YHKUHOHUPOBAHHE. ITY
CHMMETPHIO MOXHO 00Hapyxuth Ha yposie PHK-coxep-
Kauux (arop, oco0CHHO 115 BApHAHTOB, KOTOPHE OTO-
OpaHbl HO CBOHCTBY MaKCHMAILHONI 3(D(GERTIRBHOCTH 11pH
pemaukaniin in vitro 1 He HecyT HHKAKOfl JHiIHEH
reneTHueckoft Hudopyauun (pue. 15).

IV.5. Heo6x0auMOCTh BOSHHKHOBEHHSI TMISPUHKIOB

Uenb 370# paboTsl COCTOUT B TOM, YTOOB! MOKA3aTh,
BO-HEPBLIX, 4YTO CKAYOK B MOJIEKYJIAPHOH 9BOJIOLUH,
MO-BUAHMOMY, OBL1 BBI3BaH HHTErpanell HeCKOJNLKHX
CaMOBOCNPOH3BOAALIUXCSA €AUHHIl B KOOHNEPATHBHYIO CH-
cTeMy, H, BO-BTOPBIX, UTO MeXaHH3M, CIIOCOOHHI obecie-
YHUTb TAKYI0 HHTETPALIO, MOI IIpUHALIE}aTh TOJBKO K
giaccy THIepUHKIOB. K 3TOMY BHIBOAY MOXKHO OpHHTH
NyTeM CJAEAVIOL{HX PacCViKIeHHHA.

Wnpopmanunonsoe conepxauue NepBbIX PENPOAYK-
THBHBIX €IMHHUL ObIO OrPaHHUEHO Vmax < 100 Hykieo-
tugaMy. ast mocTpoeBus cUCTeMBl TpaHcasiuuy Tpebo-
BAJOCh HECKOJbKO TaKHX EAMHHUU, HMEKNIHX CXOAHbIe
(GhYHKUHH, HO pasHbie CHEUHPHUHOCTH. YKa3aHHas Cu-
cTeMa MOIJia BO3HHKHYTb H3 OJHOIO KBasMBHAA, HO
9KBUBAJ/IEHTHLIE ITAPTHEPHl AOJXKHBl OBLIH 3BOJIOLUOHU-
pOBaTh OJHOBPEMEHHO. DTOTO HEb3st OBLIO AOCTHYL HH
MOCPEACTBOM COUJEeHEeHUsl HX B OAHY CaMOBOCIPOH3BOAL-
myocs enusHuny Oosabuiero pasmepa (M3-3a Topora
ominBoK), HH NyTeM KOMIapTMEHTauuu (#3-3a CHJILHOH
KOHKYPEHINH MeX/Iy 3KBHBaJEHTHBIMH CaMOBOCIPOH3BO-
ASUIMHCS €NWHHIAMH BHYTPH KoMmnapTMmeHTa). Heof-
X0AMMO Obuio 00paszoBaHHe (PYHKIHOHAMBHBIX CBA3eH
MEXAY BCEMH CaMOBOCHPOH3BOAAIINMHCH €AHHHIAMH,
AMEIOUIUMH CJeAYIolHe CBGHCTBRA:

1. CBsi3b JOMKHA BCE-TAKH JONYCKATb KOHKYPEHUHIO
KaxJIOH caMoBOCTpOH3BOAsilIefics eNUHHIBl C €€ OIH-
GouHBIMH KONHAMH — HHAY€ 3TH eAHHHIL He CMOTJH
OBl COXpaHATL CBOIO HH(POPMALHIO.

2. CBfI3b AOJIIKHA <«BBIKJIOUATH® KOHKYDPEHIIHIO MEXK Y
TEMH CaMOBOCIPOH3BOAALIHUMHCA eIHHHUAMH, KOTOpLIe
HHTETPUPYIOTCH B HOBYIO (YHKIHOHAJNBHYIO CHCTeMY, H
JIOTIYCKATh HX KOOMepalHuIo.
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3. MurerpupoBansas

(yHKUNOHAJAbHAA  CHCTEMA

nosxKHA OBITh CHOCOOHOH YyCIeUIHO KOHKYPHPOBAThH ¢

Tabauya 4

OcHoBHbIE ITANbI HAKOMIEHUs MHQOPMALMY
B JAPBHHOBCKMX CHCTEMax

Bepoataoctn ITpesocxoi-
OMIHNGKH Ha CTBO,

6yxBy, 1 —f O

Makcumadnbhoe
uiicao OyxB,

Vmax

MoneKyNapHBIE MEXaHU3M H
GHONOTHYCCKUI IpUMep

5.10-2 2
20
200

5.10—* 2
20
200

1.10-¢6 2
20
200

20
200

14
60
106

1 386
5991
10 597

0,7 108
3,0-108
5,3 108

0,7 10°
3,0-10°
5,3.10°

Pennukaunss PHK B orcyT-
cTBHE (epMeHTOB 1)

[TpenurecTBeHHKK TPHK,
v =80

Penmukauuss  oAHouenouey-
noii PHK ¢ nomoursto
cret HHYECKUX  DerJIHKas
Qar Qﬁ, v = 4500

Penyukauus [JHK ¢ mo-
MOIbIO MOJHMepas, BKJKO-
4asi KOPPEKUHIO 3K30HYK-
nTea3oi
E. coli, v = 4.10¢

Penmsukauus u pekoMOuHA-
uns JHK B aykapuoru-
YeCKHX KJeTKax

IMosBoHOUHEIE (yenoBex),
v == 3.10°

) VOeAHTEAbHBIX AAaHHEIX O Hexataausupyemoil penauxkauun PHK mnoxa
He NoJY4YeHO, OJHAKO IIPH KaTaJjJu3e Ha TNOBEPXHOCTAX HJH NpDH KaTaJsuise mpo-
TEHHOULAMH, KOTOPhle He Oniid crnenudHuecky amantTHpoBanm (Haes Pokca).
BEPOATHOCTH OMHKOKH MOT'YT COOTBETCTBOBAThH NPUBEASHHBIM 3HAUCHHAM.

Jao6oft apyrofi, MeHee 3QPeKTHBHOA CHUCTEMONH HJH eLH-

HHILIeH.

O1H TPH YCJOBHS MOKHO BBIIIOJIHHTL TOJDBKO INyTEM
YCTAHOBJEHHUA UMKJHYECKOA CBSI3H MEKJLY CaMOBOCIPO-
H3BOAAIIHMHUCA eJUHHAUAMH — APYTUMH CJOBaMH, beHK-
LHOHAJ/bHAS CBA3b MEXKAY aBTOHOMHBIMH CaMOBOCHPOH3-
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BOASIIUMECS €AHHHLAMH caMa NOJXKHA HMETb CaMOYCH-
JHBAMLYIOCA LHUKJIHUECKYI0 NPHPONY — MHAue HX CyM-
MapHoe HHGOPMALHOHHOE COAepXKaHHe He CMOXKeT
coxpaHaTbecsl. MTak, runepnuk/aHyeckas oOpraHu3alus,
MO-BUAUMOMY, siBJAsieTcss HeoOXOAUMOH MOpeAmoCHKOMH
In5% HyK/Jealuy WHTeTPUPOBAHHBIX CaMOBOCIPOU3BOAS-
IMHXCS CHCTEM ¢ GONBIIMM HH(OPMALHOHHBIM COAEpPXKa-
HHueM, ueM Tpe6OBaJOCh [Jisl BO3HHKHOBEHHS TPaHC/IfA-
nuM. OTo yTBepXKAeHHe cJaeAyeT M3 TOro, 4to O6yner
NOKAa3aHO B NOCJEAYIOIUMX pasjenax npe Oojee neTasb-
HOM aHajH3e CHCTEM CO CBSI3AMH.

Ecau nac cnpocar, 8 wem cocrour 0cOGEHHOCTb eli-
nepyurxaos, mot orserum: «Onu feaswTca anas02aMU
OJapeunosckux cucrem Ha ciedywoujem, 6oaee BblCOKOM
yposre opeanusayuu». Jlapsunosckce nosedenue — 370
ocHoB8a O0an eceHepuposanus ungopmayuu. Eezo npedno-
COHLAKOL ABARETCR UHTEPAYUS CAMOBOCAPOU3BOOAUYUXCA
CUMBOA08 8 camosocnpoussodaujuecs eOuHUYbL, CROCOD-
nole npedoxpanars ceba or waxonaenus owubok. To e
Tpebosanue CoXpaHaeTcs 048 UHTe2payul Camos80Cnpo-
U3800AUUXCA U CEABKTUBHO YCTOUuUBbIX eQuHUYy 8
credyrouiyro, Goaee 8bicoKYy0  opmy  opeanusayuil,
4T00bL 8 PE3YALTATE CHOBA BO3HUKAO CEACKTUBHO YCTOli-
yugoe nosederue. ToabKo yuxaudeckas cea3s — 3K6U-
BANEHT QBTOKATAAUTUYUECKO20 YCUNEHUS HA OAHHOM
yposne (cm. pasd. II) — cnocobna npusectu K 3710l
yeau.

Pesyspratel pasn. IV cymmupoBansl B Ttaba. 4,
HJIOCTPUDYIOUlell OCHOBHBIE 3Tallbl HAKOMNJEHUs HHGOp-
Mali{ B JLapBHHOBCKHX CHCTEMax, KOTOPHIM CHOCOGCTBO-
BaJN pas3iuyHble B OTHOLICHHH HAKONJIEHHS! MeXaHH3MHI
BOCMpOHU3BeneHuss. Jra Tabiuua OKa)eTcss MNOJNe3HOH
0as o6CyKAeHUs MOJeNH HENPEPBbIBHOH 3BOJIOUHME OT
OTHEJBHBIX MOJIeKYJd JO0 HHTEIPHPOBAHHBIX KJETOUHBIX
CHCTEM, KOTOpasi paccMaTpHuBaeTcss B 4acTH B,
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Jlasi XxapakKTepHCTHKHM OIPE/eIEHHOTO KJacca caMo-
pPenHUUPYIOIUXCST  ceTell  peakuMH — THIepUHKJIOB —
HCIIOB3YIOTCS  TONOJOTHYECKHE MeTOAbl. PesyibTathl
NOKa3BIBAIOT, YTO CBOHCTBA THIEPUHKIOB HOCTATOYHH
JJis cTaOUABHOrO HHTErpHPOBaHUS HHQOpMAIHH, COLep-
JKauleficss B HECKOJbKHX CAMOPEMIHIHUPYIOIHXCSH eAHHH-
nax. Cpean Hcec/Je0BaHHBIX KaTaJHTHUECKHX ceTei
THNepUHKINYECKass OpPTaHU3allus OKasbkiBaeTcss HeobXo-
JHMOH NpPeNOoChLIIKOR [/ COXpaHeHHS YCTOHUHBOCTH
HHBOpMAUMH H I8 YCKOPEHHs ee JAaJbHEHHIeH 3BOJIO-
uuu. MeTOAbl, MCIO/b30BaHHbIE B 3TOH paloTe, NpHUBHIY-
HBle [Jid MAaTeMaTHKOB, I3JIOXKEeHBl 3Jechk JO0BOJbLHO MOJ-
pobHO, ¢ TeM uTOOLI JIOTHKA pacCyxAeHHsl Oblja NOHAT-
Ha ¥ HeMaTeMaTHKaM.

V. KonkperHslit npumep

B wyacrit A 3TOil TPIIOTHH O THIEPUHKJIAX MBI
HNPHULIH K HEKOTOPHIM BaXKHBIM BbiBoJaM 08 ocoGeHHO-
CTSIX JapBMHOBCKHX CHCTEM Ha MOJIEKY/ISPHOM YpDOBHE.

1. O6bekTOM 0TGOPA U 3BOJIONHH SBJASETCS KBa3H-
BUJ — pacnpejenende (TeHOTHIIHYECKH) GIH3KOPOICT-
BEHHBIX PEIMJIMKATHBHBIX  €IMHHI, CTPYNNHPOBAHHBIX
BOKPYI KONHMH (HJH BHIPOKIEHHOIO MHOXKECTBA KOMHii),
COOTBETCTRYIOILEH (PeHOTHNY C MaKCHMaJabHOH CEJNEeKTHB-
HOH LLeHHOCTBIO.

2. ndopmanuoHHoe cOAeprKaHne 3TOH NOMHHHPYIO-
mell  KOMHHM — BLIpaXS€HHOE B  UIC/AEe CHMBOJIOB WV
(HyKJ€oTHZOB) Ha OJAHY peNJHKaTHBHYI eIAHHHIY —

Ino
orpaunyeno: v, < T:% rie om(>1) — npesocxoxn-
‘m

CTBO HOMIHIPVIOLLEl KONHH, T. €. CPelHee CeJeKTHBHOe
IpeNMyLLecTBO Hajl BMAAMH OCTa/bHOH YacTH pachpeje-



V. Koukperuoiii npumep 81

J€HHA, Gm — CpPeJHee KaueCTBO KONMPOBaHHS CHMBOJA.
[IpesHimenne 3T0r0 nopora UHGOPMAaLHOHHOTO COAEpHKa-
HHS BBI3BIBAeT KaTaCTPOQy OLKGOK, T. e. pacnaj HHPop-
MalHH H3-32 MOCTOSHHOIO HaKOMJEHHs OlIuOOK.

3. Ong nocruxenuss ycToilunBoro HHMOpPMaLHOHHOIO
CONepIKaHHUA TNOpPsAKa HECKOJBKHUX THICAY HYKJEOTHAOB
TpebyeTca KpafiHe CJAOXKHBIA ammapar (pepMeHTaTHBHOH
penauxkauni. Takoro KoJHYecTBa HYKJEOTHAOB KaK pas
JOCTATOYHO, 4TOOB! 3aKOAHPOBATb HECKOJbKO OeJKOBBIX
MOJIeKyJl, KaK Y HblHe ¢yllecTBylomux PHK-coaepxamux
¢daros. Pusnueckue cBOHCTBa, BHYTpeHHe MNpHCYIIHE
HYKJEHHOBBIM KHCJOTaM, AONYCKalOT BOCHPOM3BOAHMOE
HaKOIJIeHHe MHQOpMalHH B KOJHYECTBE, HE NPEBOCXO-
nsipeM 50—100 HYK/1€0THIOB.

[Tocnensee M3 aTHX TpeX YTBEPKAEHHUH He SBJACTCH
6ecCrOpHBIM, €CJH yuecTb, YTO HaJHUYHe OIpeje/eHHBIX
(aKTOPOB CpeJbl, HAMPUMEP KaTa/JHTHYECKHX HOBEPXHO-
creli uianm naxe O0eNKOBONOZOOHBIX INPEALICCTBEHHHKOB
¢epMeHTOB [47], MOMXKET 3HAYHTEJIBHO CMECTHTb 3TH
OueHKH. B felicTBHTENbHOCTH NpHBENEHHbIE BHIIe 3Ha-
yeHHs OblIM INOJyYeHbl H3 pAaBHOBECHBIX JHAHHHIX, a
HMEHHO H3 CBOOOAHBIX HEpPrHil a4 (KOONepaTHBHBIX)
KOMIlJIeMEHTapHbIX B3aHUMOJACHCTBHH HYKJAEOTHIAOB [0
CPaBHEHHIO C HEKOMIJIEMEHTapHHIMH. TeM He MeHee Mbl
BCE JKe CU#TaeM, 4TO OHH IpejiCTaB/asioT coboif Bepx-
HHMe [pefedbl, KOTOPBle B MNPHPOAE MOTYT AOCTHIaThCHA
TOJILKO B NPHCYTCTBHH NMOAXOJSAIINX KATaJH3aTOPOB HJIH
fiyreM oTXkHTra. JlabopaTopHble 3KCIEPHUMEHTH C NOJHMe-
pr3anHe#i Ha MaTpHLIAX B OTCYTCTBHEe (DEPMEHTOB AAOT
3HAUUTENBHO MeHbiuHe 3HaueHus. C Apyrofi CTOPOHH,
KaTaJH3aTOPH, HMeEIOUIHecsd B cpeiae, He MOTryT obecne-
YHTb TOYHOCTb pAacMO3HABAHHS CHMBOJOB, NPEBLILIA-
ylI0 PaBHOBECHVIO, €C/Y¥ TOJbKO OHM CAMH HE CTaHo-
BSATCH YaCTbIO CEJEKTHBHO ONTHMH3HPYIOHIEHCS CHCTEMBI.
Iasi cuCTEMAaTHYeCKOro 6.1aronpHATCTBOBAaHHS B3aHMO-
NeHcTBHAM, HalOLIUM (QYHKIHOHAJbHBIE NpeHMYLecTBa
repej B3aMMOJAENCTBUSIMH, He RAOUIMMH TaKHX HpeUMYy-
[1IeCTB, He CYILECTBYET APYTOTO ITyTH, KpOMeE O3TaNHOH ce-
JIEKTUBHOI onTHMH3aUuu. Parosble T€HOMBI MOTJIH 3BO-
JIIDILHOHIIPOBATh B (hopMe OJHOUenoyeyHsX Moaekya PHK
TOJBKO MOTOMY, 4YTO KJETKa-XO34HMH Npel0CcTaB/sla
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COBepIeHHBII annapaT pelIHKaUUuH MW TPaHCJAUMH.
DTO NOCTKJETOUHblE, a4 He JOKJETOYHble NMPOAYKTHl 3BO-
goupd. Heuro nonobuoe BesuunHe HH(OPMAaIHOHHOTO
COJepaKaHHsl reHOMa TaKMX BHPYCOB, a HMEHHO BOCODO-
H3BoauMas HHpopmauus Aas Habopa ¢(epMeHTOB, H3
KOTOpPBIX MOr OBl BOSHHUKHYTb NPUMMTHBHBIA anmapar
TpaHCASLMN,— 3T0 KaK pas TO, YTO, BepPOsATHO, TpeboBa-
JIOCb B HawvaJe 3BOJIOUMH TpaHcasuuu. HMrax, BaKHBIR
BHIBOJ, BBITEKAIOUHH H3 9acTH A, COCTOHT B CJeAyio-
mem. JLasa 3apoxkaerus Tpancasuuud Tpebyercs HHTerpa-
Il HECKOJbKHX PEeNMKATHBHBIX €JHHHIl B KOONEpaTHB-
HYIO cucTeMy, 4ToObl 06EeCNeUnTh J0CTATOYHOE KOJIKHYecT-
BO MHGOPMAIMK A5 NMOCTPOEHHA anmapaTa TPaHC/IALHH
1 pemyiHKauMu. ToAbKO TaKoOH oObelUHEHHLIH anmapar
criocoGeH OPHBECTH K JaJgbHellleMy BO3pacTaHHIO TOU-
HOCTH H, CJeI0BaTeNbHO, K YBeJHUEHHIO HH(pOpMalHOH-
HOTO COJAepIKaHHs.

Kak MoxeT npoucxoAuTb HHTErpalHss KOHKYPHPYIO-
MIUX MOJIEKYJl, KOTopas He CBOAHTCH K HX 00BbeAHHEHUIO
B OJHy OOJbIIyI0 PEenJHKAaTHBHYIO €AMHHIy — INpOIleccy,
3alpellleHHOMY HaJuydHeM IIOPOTOBOIO COOTHOLIEHHS AJs
Vmax? (OTMETHM, 4YTO HHTerpupyloUlHecs eIHHHIEI
JOJIKHBL OCTaBaThbCsl B KOHKYDEHTHHIX OTHOUIGHHAX CO
CBOUMH MYTaHTaM¥, 4TOOBI 3BOJIOHMOHHPOBATH Aalblile
U He MOTePATb CBOKX CcleuubpHdIeckKyrd HHPOpMALUO.)
PaccMOTpHM KPaTKO TPH BO3MOXKHBIE aJbTePHATHBGL:

1. Cocyuiecteosarnue. YcrofiuuBas B3auMmHas ToJe-
PAHTHOCTb CaMOPEIJIHLHPYIOUUXCS eAUHUL, B OTCYyTCTBIIe
CTabUNH3UPYIOUIHX B3aHNMOIEHCTBHI BO3MOMKHA TOJBKO
AJsl WHAHBHJOB, NPHHALJEXKAIIHX K OJHOMY U TOMY XKe
kBasusuny. KBasuBnpoBoe pacnpejeseHue MOTJIO Gbl
obecreynTb OaaronpusATHble HauaJbHbIE YCJAOBHS A/
5BOJIIOIIMH KOOMEPAaTHBHON CHCTEMBl, OJHAKO OHO He
croco6CTBYeT  3BOJNIOUHMH  (DYHKUIHOHAJBHLIX  CBOHCTB.
Cssi3b, cTabunnaupyiolllas KBa3HBHA, AHKTyeTCd JHHUIb
reHOTHIIMYECKUMH  OTHOIUEHHSIMH  POJACTBA, KOTOpLIe
06BIYHO He COBOAAAIT ¢ (DYHKIHOHAJNLHBIMH MOTpebHO-
crsiMd. Heobxonum HaGop CeJEKTHBHO 3KBHBAJIEHTHHIX
TEHOTHUIIOB, JONOJHSIINX ADPYT JApyra Ha ¢esorunuue-
ckom ypoBHe. PacnpenesenHusi KBasHBH/IOB He YIOBJe-
TBOPAIOT 3THM CEJIECKIHOHHBIM KPHTEPHUSIM.
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2. Komnaprmenrayus. 3akiaioueHHe JIapBHHOBCKOH
CHCTeMBl B KOMIAPTMeHT (OTCeK) ToxKe He pelllaeT 3Ty
npobiemy. [JaBHBIM cJaelCTBHEM KOMUAPTMEHTAlHH
ABJAETCST YCHJEHHE KOHKYPEHIHH BCJEJCTBHE OTpaHHue-
HHSl $KH3HEHHOLO NPOCTPAHCTBA H NOCTYIJICHHS [UTa-
TeJbHBIX BelllectB. CyefoBaTeNbHO, KOMIIAPTMEHTAIHA
OyzneTr TOJIBKO ellle (oJsee cTaGUIH3HPOBATH JAHHBIN KBa-
3UBHJ, HMEIOUHH ceJeKTHBHOE NPeuMYLIecTBO, a He CIIO-
coOCTBOBATb  3BOJIIOLIMM  3KBHBAJIEHTHBIX  [apTHEPOB
COr1acHO (DYHKUMOHAJNBHBEIM KPUTepusiM, yTo Tpebyer re-
HOTHIHYECKOH [WBEPreHIHH KOOIEPHPYIOUIHXCS MapTHe-
poB. OgHAKO KOMIAapTMEHTALHS MOXKET [aTb IPeHMy-
LIECTBO CHCTEME, B KOTOPOH yiKe yCcTaHOBH/IACH YCTOH-
yUBasl KOONEpalHsi uepe3 (YHKLHOHAJbHBIE CBA3H (CM.
yacte B). DoJsiee c/IoXxHBIE KOMIIADTMEHTBI THIA COBpeE-
MEHHBIX HBBIX KJAETOK, COAEPKAIIHX TONBKO OJHY (H/IH
HECKOJIbKO) KONMHH pENIHKaTHBHON cyObefnHHIBI BMecTe
C anmapaTtoM BOCIPOH3BEJeHHA BCEro KOMIIapTMEHTa,
TpebyioT, KOHEUHO, uTOOH CpefHee KauecTBO KONHPOBa-
HHS CHMBOJAa {m COTJIACOBEIBAJIOCH C CYMMapHLIM
HH(QOPMAIHOHHEIM COJLepKaHHeM B COOTBETCTBHH ¢ (hop-
MYJI0H IS Vmax. JPYTHMH CIOBaMH, OHH NOJBEPIXKEHH
TaKHM K€ OrpaHHvueHHdM, 4YTO H CHCTeMa, TJe Bce
cyObernHUIE 00beIMHeHb B OAHY AJIMHHYIO Helb.

3. Dyuryuonasvroie cea3u. OTOOp PYHKUHOHAIBHO
KOOTICPHPYIOIINXCS ~ NAPTHEPOB  MOMKET COBeplUaThCd
uyepes (PYHKIHOHANbHLIE CBA3H, KOTOpHE JHAAOT JHGO
B3aHMHOE KaTaJHTHUECKOEe YCHJEHHe BOCIPOH3BeIEHH,
anfo eTPYKTypHYIO crabumuzauuio. Dosee noapobHoe
H3yueHHe TAaKHX CBs3ed W SIBJSIETCS OCHOBHOH LeJbIo
3TOH paboTHL.

[Tomoxem cHOBa Hamiefi HATyHUHE — 06CYyAUM ApY-
roff BapuHaHT MAaIUMHHOH HIpPB, pPAacCMOTPEHHOH B
yactu A.

B nepBoil yacTH UIPBEL LeJb COCTOsI1A B TOM, UTOOBI
NoKa3aTh HeOOXOJHUMOCTh COOTBETCTBUS KayecTBa BOC-
NPOU3BENEeHUS CHMBOJOB HHGOPMAIHOHHOMY COJdepiKa-
HHIO TOTrO TpeaJoKeHHs], KOTOPOe JOJMKHO BOCIPOH3BO-
auTbes. Tenmepp, BO BTOPOH YacTH, Mbl JONYCTHM, UTO
BeJHUHHA CPeJHEro (akTopa KaJyecTBa §m HEJOCTATOUHA
Ijs cTaOUIBHOTO BOCIPOU3BENEHHs BCEro NpeAJokKeHHs
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Ta6auya 5
Hrpa, nsobparkaiollass KOHKYPEHUHIO
CeNIeKTHBHO 9KBUBAJEHTHBIX PeMIMKATHBHBIX €IHHHLL

Lleapo urpst siBAsieTcss coXpaHeHHe HHGOPMAUNWH [PEAJONKEHHS

‘ Advantage @ @

Kaxoe o0 CHMBOJM3UPYET PENJIHKATHBHYIO eiauHany. Bce ciosa
HMEIOT PaBHYIO CEJEKTHBHYIO LeHHOCTh., CeJIeKTHBHOe NPeuMyllecTBO
Ha 6uT papHo 2,7. Kaxnas GykBa COCTOHT U3 HATH ABOHYHBIX UHPD.

BeposiTHOCTD daxkTop Ka-

MYyTallH{ Yucqo uudp, , Oxupaemoe
by e, sl
TAKE 3,15 20 0,53 0,63
ADVANTAGE 1,4 45 0,53 0,63
OF 6,3 10 0,53 0,63
MISTAKE 1,8 35 0,53 0,63

IMockonbky Mexay cJAOBaMH HeT CBSI3H, KaxXJAas Hrpa KOH-
yaercsi 0r6opos o0nozo ca08a. Bee c0Ba ABJASIOTCS BHPOKIEH-
HHIMH B OTHOIIEHHH CBOMX CEeJEKTHBHBIX LUEHHOCTCH, MOITOMY Kax-
J0€ M3 YeTHIPeX CJI0B HMEeT paBHble HIAHCH CTaTh «HOGefHTeneM>.
H3z-3a Gosburofi cpegnell BeposTHOCTH owHOKH (~2% Ha 6ur)
npeanoxenue B nejgoM (125 6ur) He siBAsfeTcss yCTONYHBOH penjnka-
THBHOH exuHULEH.

Huxe mepeuncieHsl THIHUHBIE HCXOAB fAecatd urp. Cumsosn X
yKaspIBaeT, Kakoe CJOBO OTOHPAETCs; NPH 3TOM BCe JAPYTHe 3JHMH-
HHPYIOTCs. Uwcao ykaselBaeT reHepalluio, NOCIe KOTOPoi oT6op 3a-
KAHUHBAETCH.

HUrpa TAKE ADVANTAGE OF MISTAKE lenepanus
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Pacopenenenne omubok ans orobpanHoro cjiosa ADVANTAGE.
ka—¢

Crournas auHus 61M3Ka k pacnpefederuio Ilyaccona & ar " TRe

g = v(l — g) -— oxHAaeMoe sHaUeHue OWMOKN B CyioBe (Vv = 45 our).
(Omubxn ortHocaTca K oAHOH aBomumoil uudppe. Kaxzas He-

BepHass GyKBa OTJHYAETCS OT BePHOH TOJBKC B OAHON M3 CBOHX

NATH ABOMYHLIX UAdp.)

0 omuGor 1 omubka 2 omnGku 3 own6KH

ADVANTAGE

ADVANTAGE

ADVANTAGE

ADVANTAGE | ADVANTAG!

ADVANTAGE ADVANDAGE

ADVANTAGE ADVARTAGE

ADVANTAGE ADVINTAGE

ADVANTAGE ADFANTAGE

ADVANTAGE  ADZANTAGE

ADVANTAGE AHVANTAGE

ADVANTAGE AHVANTAGE | ADVANDAC

ADVANTAGE AHVANTAGE ADVANDAIE

ADVANTAGE AFVANTAGE ADVARXAGE

ADVANTAGE AFVANTAGE ADVINTBGE ITVANTAGU

B (hopMe DeNJIMKATHBHOHN eNHHMIBI, HO [OCTATOYHA AJS
KOIIMDOBAHHUSI MEHbIIUX eJUHHI — TAKHX, KakK OTHAeNb-
Hble C/0Ba. JTO COOTBETCTBYET €CTECTBEHHOH CHUTYalLHH
Ha paHHMX 3Talax 3BOJIOLUH, KOTJa (hpU3HUeCKHX B3aH-
MOJeHCTBHA MeXAY HYKJICOTHAAMH MOIVIO 0Ka3aThCsd
JOCTaTOUHO A4as1 3Bogouuu crabuabasix TPHK-nompo6-
HBIX MOJIEKYJ (== OT/JeJBHBIX CJOB), HO OHH He AOMyCKa-
JM TIOCTPOEHMS JAasKe INpoCTefillero anmapata TpaHCIs-
UMM (== BCero OcMBIcJieHHOro Inpeasnoxenus). CoorBeT-
CTBEHHO mporpaxma ansg DBM cocraBaserca Tak, 4To0bl
KaKk pa3 MOIJIH BOCIPOH3BOAHTBHCS OTAeJbHBIE CJOBA;
IPH 3TOM HCHOJIB3YIOTCH TAKHE BEPOSITHOCTH OMHOOK,
KOTOpble I103BOJAIOT H30exaTb HAKONJEHHs MOC/AeAHUX.
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Puc. 16. Kaxpoe caoso npepaoxenus TAKE ADVANTAGE OF
nuny. Uadopmauns npenioxeHus cTabuUAH3HPYETCH THNEPUIKJIH-
Ha amarpamMe coorBercTByeT 10 komuam B mamsatn DBM. Bee
MEHH; BpeMs M3MeHSeTCs AUCKPETHO BJAOJDL TOPH30HTAJNBLHOH OCH.
Gauusi, [puyeM OT CJIOBAa K CJAOBY COXpaHseTcs ONpefeseHHbIH
pex CJOB YCTOHYHBO H OTHOCHTCH K TaKOMYy Xe THIY, 4TO H

B nepBoM BapHuaHTe MIPbl MBI [ONBITAEMCH NOJYYHTb
IPOCTOE COCYLIeCTBOBaHHe ueTblpex cJjoB. Has sToro
NPUCBOMM BCeM MpPABHJIBHBIM CA06QM B TPEAJOKEHHH
OJHY H Ty e CeJIeKTHBHYIO LEHHOCTb, TOTJa KaK OILHO-
Ka B Ji060M cJ0Be OyleT jejaTh ero cyllecTBOBaHHe
MeHee BLITOJHBIM, UeM [PaBHJIBHOTO CJOBa, 4TO OTpa-
3UTCSl B YMHOMKEHHMH CeJeKTHBHOH LEeHHOCTH Ha Omlpene-
JeHHBIE MHOXKHTeab (Ha Our). Kak n mpexpe, cjoBa
MOTYT BOCIPOM3BOLHTHCS, MPHUEM HX CyMMapHO€ YHCJO
ocraercs paBHbIM N. DTOT BapHaHT, OZHAKO, OTJIHYaeTcA
OT [epBOHAYAJBHOH HLPHI TEM, YTO TeNepb OTAe/bHBIE
cnoBa BeayT ceb0A Kak He3aBUCHMblE DPENJIHKATHBHHE
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MISTAKE npencrasnser co60il CaMOBOCNPOM3BOAAILYIOCA efH-
yeckofl ¢BA3bI0 MeXAYy caoBaMmu. Kaxjoe HameuaTaHHoe cJOBO
CIOBa B BEPTHKAJbLHOM Psily OTHOCATCSH K OLHOMY MOMEHTY Bpes
[Tocsie HayaJbLHOIO pABHOpPACHpPEAE]eHHs CJIOB BO3HHMKAIOT KOJice
cOBUr mo (ase. Pacnpenenenne OmMHOOK AJA KaXXKAOTO M3 HETHI-
B Tabu. 5.

equHulbl. Talbs. DB NOKAa3LIBAET HEKOTODbLIe THUNHUHBIE
pe3yabTaTH Takol urpel. Hecmorps na To u4To Bce
C/I0OBA HMEIT OJHY H Ty e CeJeKTHBHYIO LEHHOCTb M
KOHKYPEHTOCHOCOOHB 10 OTHOLIEHHIO K CBOHM omu60U-
HBIM KONUSIM, [peNJOXKEeHHe B [e/10M HeycTOHYHBO.
KoHKYypeHUHIO MOXKeT BBIHIPATb TOJIBKO OAHO H3 YeThi-
pex CJ0B, HO HHKaK HeJb3sd I[pelcka3aTb, Kakoe
UMEHHO. DTy CHTyallHi0 MOXHO XapaKTepH30BaTb TaBTO-
JOTHEH «BBIXKHBAHHE BHIXKHBAWOIEro». TepMHH «HauboJsee
npucnocobieHHBI» He XapakTepuayeT 3JleCb HHYEro,
KpOMe CaMOro pe3y/ibTaTa COPeBHOBAHMSL.
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B cienyiolieM BapuaHTe UIrpHl Mbl BBeAeM (HYHKUMO-
HaJbHYI0 CBSI3b MEXKAY COCEeILHHMMH CJOBaMH: JHaHHOE
CJIOBO  KaTajHu3HpYeT BOCIpPOH3BENeHHe CJeAyIolero
CJIOBA, eCJU NpU 3TOM oOpasyeTcsl OCMBIC/JIEHHAs MOC/e-
JIOBATEJNbHOCTD

Cuna cBfi3n NPONOPLHOHAJbHA YHCJAEHHOCTH INOMYJSIIHA
KaTanuzaropa (T. e. uuMC/Jy KONHH JaHHOTO cJOBa B Na-
MsaTH DBM). [pyrumu cioBaMik, BOCHPOH3BeJCHHE YCH-
JIBaeTcs MO CJAeAylolleMy KHHETHUCCKOMY 3aKOHY:

s
kx, m kx,+kxx _, pna =2 3,4

rie X; WJIH X;.,— COOTBETCTBYWOLIHe YHCJIEHHOCTH MHOMy-
Jaanui, B JMaHHOM cJAyuae monyJasuud B namatu OBM.
Pe3yabTaToM 3TOTO BapHaHTa HIPbl OOBIYHO HABJAETCH
(GuKcaluus I[OC/IeJHEr0 CJOBa B IPeIJOXKEHHH, T. e.
cioBa «mistake», B To BpeMsi Kaxk Bce JApYyr'He cJOBa
«BBIMHpaOT». ToJbKO B TOM cCjydae, KOTJa CBS3b OTHO-
CHTe/IbHO cnaba M OIpeje/eHHOe 3HauyeHHe R; BHIOpaHO
JOCTATOYHO OOJIBILHM, COOTBETCTBYIOILee c0BO (i) MoO-
JKeT «BBITECHHTb» BCe JApyrue, T. €. NPOUCXOLHT OTOOP
NPOTHB (CYLIeCTBEHHO) HE3aBHCHMBIX KOHKYpeHTOB. ToT
pe3yJbTaT, UTO HOCJAellHee CJA0BO B IOCJHEJOBATENbHOCTH
noJyyaeT BCIO BBITOAY OT CBsI3W (KOTJa uYJeHbl CBSi3H
npeo0/aajaioT), Kakercs YAMBHTEJNbHBIM. MoxHO OblIO
OBl OKHJATh, YTO CYLIECTBYeT MO KpalHed Mepe Kakas-
TO 06J1aCTh YCTOMYHBOCTH AJSl BCETO INpeANoXKeHHsA. DTo
BEPHO /ISl ONpelesNeHHOH BEJMUYUHBI UUCJAEHHOCTH OOMY-
JALHHA, ecJau 3HAueHHs KUHETHYeCKHX I[lapaMeTpoB pac-
NOJNAT4al0TC B ONPENeJeHHOM MOPSAKEe OTHOCHTEJIbLHO
NOJIOKEHHST ¢/I0B B MocsienoBatenbHocTd. OnHaKo Hec/e-
IoBaHHE OCcOOBIX TOUEK, rpoBejeHHOe B pasa. VII, moka-
3bIBaeT, UYTO Ja)ke INPH 3THX CHEUHAJbHBIX YCJIOBHAX
YHCJAEHHOCTh JIHIUbL [OCJAeNHero ujeHa B HenH Oyaer
pacTH MPONOPUHOHAJLHO CYyMMapHOH UYHC/IGHHOCTH NOmy-
JAUHH, YHCJAEHHOCTD K€ BCeX APYIHX YJIEHOB CTAHOBHTCS
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CYLIECTBEHHO NOCTOSHHOH HE3aBHCHMO OT pa3MepoB CyM-
mapHoil nonyasuud. ClenoBaTe/bHO, B pacTyllefl mony-
JAAUHH OTHOCHTebHOE O6HJIHe MOCAeIHEro ujaeHa pes3Ko
HU3MEeHsAeTCsl, MOKa BCA CHCTeMa CHOBA He JOCTHIHET
obsiacTH, rje ycTOHUHBOCTL cOXpaHseT TOJBKO UJeH ¢
BHICOKHM oOnjiHeM. B mnpomecce MoJeKyasspHO#I 3BO-
JIOUHMH YHCNEHHOCTH WHAMBHJOB OOBIUHO HCIBITHIBAIOT
MMEHHO TakHe pe3KHe H3MeHEeHHH — OT OJHOH MYyTaHT-
HO# KONWH [0 OUIYTHMOH BesauuuHsl (Oojee uem)
10° konuit. Utak, pesysnbTaTt Haluell HIPBHl OKa3biBaeTCA
XapakTepHBIM [/ peasbHbIX [POLECCOB, NMPOTEKAIOIIUX
B NpUpOJLe.

Tor dakr, yto JuHefdiHAs CBSI3b — eCJH OHa BooOLIe
paboTraer — mepefiaeT BCe MPEHUMYILECTBO MHOCJIEAHEMY
4J€Hy MNOCAefOBATENBHOCTH, AaeT UYeTKOe yKalzaHHe Ha
BO3MOXKHOe pelleHHe MpOOJeMbl: CBA3M JOJXKHBI obpa-
30BLIBATb 3aMKHYTBIH LUK/

Advantage

Torpa ycuienue, o6yC/aOBJIEHHOe CcBA3bio, Oyner nepe-
MellaThCsi 10 KPYry uYepe3 Bce cJIOBA B MOCJAEN0OBATENb-
HocTH. Hame npensoxenne na camoMm jefe OblIO BhI-
GpaHo Tak, YTO OHO aBTOMAaTHYECKH O0ecleuyHBaeT TaKoe
UUKJIUYECKOe HaJOoXKeHHe H3-32 CJ0Ba  «misfake».
[TockoabKy KaKa0e CJIOBO SBJAETCS KaTAJIHTHUECKHUM..
nukjaoMm (T. e. camMopenHuMpyollelicd eauHHueH), BCs
cuctema npejcraBasieT co00i rHIEPUHKI BTOPOH CTEeNeHH
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B COOTBETCTBHH C OlpejlesieHHeM, AAHHBEIM B udacTH A.
Hcxon urpwl mpeicTaBieH Ha puc. 16. Bumso, uto Bee
yeTHIpe CJA0BAa HMEIT VYCTOfUHBLIE CTalHOHAapHble YHKC-
JIEHHOCTH, Ha KOTOphe HaJOKeHBl [epHoAHYecKHe Ba-
puanny. Ce/ieKTHBHBIE LEHHOCTH PA3/JHUHBLIX CJAOB MOTYT
He ObiTh OAMHAKOBBIMY — TaKasi cHTyaudsa Aas Jjwoboi
peaibHO#l cHcTeMBl OueHb MaaoBeposTHa. [lanee, Kax-
Jl0e CJIOBO NPeACTaBJeHO cTaOUJIbHBIM pacrnpejejeHneM
myTtanToB. EcjaH TOMBKO Kakoe-HUOYAbL CJIOBO He CTHpa-
ercs aykTyaunoHHo#l katactpodoit (xkotopasi CTaHO-
BUTCSI OYEHb MaJIOBEPOSITHOM MpH AOCTATOUYHO O6OJBUIOM
yHcJe KOMNWiH), UUCASHHOCTH MHONYJALUHH NPOLONKAIOT
BapbupoBaTts. JIpyrumMn csioBamH, HHGOpPMAlHs BCero
npesIoKeHHss yeToHuHBa.

VL. O6mas knaccuukauua JUHAMUYECKUX
cHcTeM

VIL.1. Onpeagenenusn

B caeayromux pasigenax Mul3aiiMeMcs 6oJiee CTPOTHM
MaTeMaTHYeCKHM aHaJdH30M RHHAMUYECKHX CHCTEM, OCO-
OeHHO TaKHX, KOTOPble BaXKHBl C TOUKH 3peHHS HOKJe-
TOUHOH camoopranusaunu. YTo6sl ONpeenuTh, Kakue
HMEHHO CHCTeMBl BAXKHBI, MBI JOJKHBI 00cnen0BaTh pas-
JIUUHBIE KJACChl CeTeH peaklud, HEUHKJAHYECKHX i
OMKJIHYECKHX. DBOJMIONHOHHBIE TNPOLECCH MOTYT OBITh
(heHOMEHOJIOTHUECKH OMNHCAHbl ¢ NMOMOILLIO CHCTEM JTH(D-
(hepeHUHaNbHBLIX yDaBHEHHH, Kak OblJI0O [OKa3aHO Ha
KOHKPeTHOM npumepe B yactH A. Torma TepMuH «ausa-
MH4ecKas chucremay OyneT OTHOCHTBCH K IIOJHOMY MHOTO-
06pasyio BceX HHTETPasbHBIX KPHBBIX (pelleHuit) naH-
HOH cHCTeMbl AM(@epeHINaNbHBIX ypaBHEHHH.

PaccmoTpuM 00UlYI0 AHHAMHYECKYH) CHCTEMY, KOTO-
pas ONMHCHIBAETCS # OOBLIKHOBEHHBIMH ABTOHOMHBIMU AHD-
(depeHUHANbHLIMH yPABHEHHAMH [1ePBOTO MOPSIKA:

dx,
_H%Exi:;Ai(xl’ ce xﬂ’ k[, ML) km; B); (30)

i=1, 2, ..., 1
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B nanbHefilieM MBl pacnpoCTPanMM HAll aHaMHW3 H
Ha HEKOTODblE HEaBTOHOMHBIE CHCTEMBI, JJs1 KOTOPHIX
A= Ai(2).

Kak u npexne, x; — 3TO NONYJSIUHOHHbBIE HepeMeH-
HBle, KOTOPbie OOBIYHO OYJAyT OTHOCHTBCS K CaMOpEMNJH-
LHPYIOIHMCS MaKpOMOJeKyaspHBIM aHcambiusam. Kon-
crautel k; (=1, 2, ..., m) uUrpaioT posJb HapameTpoB
H MOryT OBITb COCTaBJIEHB M3 KOHCTAaHT CKODOCTEH 3Je-
MEHTapHBIX IIPOLECCOB, KOHCTAHT PaBHOBeCHs Js obpa-
THMBIX CTaJHil ¢ GBICTPO YCTaHABJIHBAIOWIMMCS pPaBHOBeE-
cHeM H H3 KOHUEHTPAaUMH TaKUX MOJIEKYJ, KOTOpble
CaAyXKaT (BBICOKOHEPTeTHUECKHM) CTDOUTENLHEIM Mate-
pHaJoM IS CHHTE3a MaKPOMOJEKYJ] — IPH JAONYILEHHH,
YTO 3TH KOHIEGHTPAlHH NOALEPXKHUBAIOTCS MOCTOSTHHBIMU
H, CJeJOBaTeNbHO, HX MOJXKHO CUHTATb He 3aBUCSIIHMHU
ot BpeMenH. O6a HabGopa 3HaueHHH X W R MOXKHO mpej-
CTaBUTh B BHJE BEKTOP-CTO/IONOB B HPOCTPAHCTBE KOH-
ImeHTpaUMH HJH COOTBETCTBEHHO B IPOCTPAHCTBE Mapa-
METpOB:

{x ) (kl\

Xo ‘kQI
X = u kz’ .

Xn om

Bykso#i B MB o0003HayaeM HayaJbHbBE YCJAOBHS M4
JaHHOro Habopa WHTerpa/JbHBIX KPHBBIX; B HAlleM CJy-
Yyae 3TH HavyaJjbHble yCJIOBHS SIBJAAIOTCA Ha0OpOM Hauasb-
HBIX KOHLEHTpauHui Xo.

Cor/sacHO Ipoueaype, HCIOJAb30BAHHON B uacTH A,
MBl TioApasjesseM (QYHKUHH A; Ha TPH COCTaBJSIONINX:

Ai=Ai-—Ai—4>i. (31)

Beanunnbl A; cOCTOAT U3 BCEX MOJOKHUTEIbHBIX BKJIAL0B
B CKODPOCTH XHMHUECKHX PeaKUHH H NPeACTaBJIOT co6oH
«yCUJeHHe» NepPeMeHHBIX X; B TO BpeMs Kak A; BKJIO-
4ajoT BCE OTPUUATENbHBIE KHHETHUECKHE YJIeHB, 9KBHBA-
JIGHTHBIE «Da3JIOXKEHHI» MAaKPOMOJeKyJaspHoro suaa. Ha-
KOHel, ¢; — 3TO NOTOK, KOTOpPhIH MOXKeT 1u6o pasbaBisaTh
KOMNOHEHT {, Ju0O INOANePXKHBAThb €ro KOHUCHTPALHI
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Ha TOCTOSHHOM YpOBHE B 3aBHCHMOCTH OT BHEIl-
HHX OTpaHHYEHHH, HaJIOXKEHHBIX Ha cucreMy. Pas-
HOCTb A; — A; MOXKeT ObITh Ha3BaHa (QyHRIHEH YUCTOTO
pocta 'y [lns papBHHOBCKOH cHCTeMBbl (cM. uyacTb A)

I'; onpenensercst kKak Wx; 4 Z W;rXp Y NIPH CYMMH-
EEi

pOBaHHH IO BCeM BHiam % or | [0 n mnoaydaercs
BHIpaxeHwe, nofoOHOe QYHKIUHM H3OHITOYHOFG pOCTa

n
E= Z Ekxk.
k=l

V1.2. Heorpanuuennbii pocr

CHsITHEe CeJIeKUHOHHBIX OrPaHMUeHHH NPUBOJAHT K

HOBOH cHCTeMe Au¢@epeHUHANbHBIX YpaBHeHUH

5 ="T;(x, k, B), (32)
ONHCHIBAIOUEH CUTYalHl0, KOTOpas BIpeAb OYAeT Hashl-
BATHCH <«HEOTPAHHUEHHBIM DPOCTOM». DTa TEPMHHOJOTHS
XapaKTepU3yeT CHCTeMY B HeJOM; UHAHUBHAYyaJbHBIE YJie-
Hel MOTYT IIPH 3TOM pacHajgaTbcsl WJIH HaXOLHThCS B
CTALHOHAPHOM COCTOSIHHUH.

JonycTyM, 94T0 MBI MOXKeM IpeiacTaBUTb [; B BHIe
HOJIMHOMAa, NepeMeHHble KOTOPOrO CYTh KOELEHTpPalHuH
x; (MOJMHOMOM MOXKHO ANIPOKCHMHPOBATh TaKKe Hppa-
UMOHAJbHBE BHIPAXKEHUS WM OTHOLIEHHS TIOJHHOMOB).
Torna B ['; 0ObIYHO MOXKHO BBIIENHTH BedyLiWe YJeHHI,
KOTOpble OYAYT NIOMUHHPOBATHL B OompeleneHHON 06JacTH
KoHuentpauu#. Kak npaBuso, 5TH BEAYIIHE YJEHH $B-
JSIOTCS  NPOCTO  OJHOYNEHAMH HdAHHOH CTEMeHU  X;.
OHu-TO ¥ ONpeIensiioT IHHAMHUYECKOE I[OBEJeHHe CcH-
CTEMHI.

Puc. 17! manmwoctpupyeT HpocToiél cayuail X == kxP.
CranpapTHble pellleHuss OBJIM HOPMHPOBAHHI TakK, YTOGH
x(0)=1u x(0)= 1. Kak yKasaHo B MOJMNHCH K PHCVHKY,
BCE CeMelCTBO HHTerpaJbHBIX KPHBBHIX MOXHO pasfe-

1 B moamucu K pHc. 17 comepxkuTcs omubka, 3aMeueHHAas aBTo-
pamr pamHofi kmurd (Eigen M. Schuster P. 1979. Naturwissen-
schaften, 66, 512): Ha camom jene kpuBas 4, aas xKoropoi I (x)=
= e!~* He pasgenser obsactu A u B. OaHako BBIBOAB aBTOPOB,
KacawllHecss AOCTaTOUHO OOJbIIMX 3HAueHHH f, U BCe BHIBOIHI, Cle-
JIaHHHE B TeKCTe, ocralorcs B cuie. — [lpum. nepes.
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x(t)

1
2

—

t=t,

Puc. 17. Pa3nnuHble THOB POCTa MOXKHO OIHCATH C IOMOILIBIO OIHO-
aneHHBIX (QyHKUMH pocta [ (x)= dx/d¢! (sopmupoBauubix x [ =1
ux=1npu { =0). B obaactu A Her GbyHKUHH pocTa, KoTOpLIE
MOryT OBITH NpPeACTaBJeHBl NPOCThIM OJHOudeHom [ = xP. B 3roil
06/1acTH BCe YMCAEHHOCTH HONMYJsilui X(f) OCTAlOTCS KOHEUHLIMH NPH
t-> co, [lorpannunas kpuBasi mexny obnactamu A u B 3anaercs
¢ysknuneit pocra I'(x) = e('~® (kpupas 4). O6aacte B mnpexpcras-
JeHa BceMu ojHoudeHaMn [ (x)=xP, rge —oo<C p << 1. Kpu-
Basg | — npumep moctosiHHOR ckopocTH pocra (p = 0). DKcrnoHeH-
UHaJbHOMY pocty (p = 1) COOTBETCTBYeT NOrpaHu4Has Kpusas 2
mexny obaacrsmu B m C. B To Bpems kak B obnactH B uucsen-
HOCTH TONyJ UM JOCTHraioT GeCKOHEdHOCTH TOJIBKO uepe3 GecKo-
Heudoe Bpemsi, B obnacTu C OHM HMEIOT CHHTYAAPHOCTH B KOHEYHbIE
MOMeHTHl BpemeHH. KpuBasi 3, Hampumep, COOTBETCTBYeT TrHIepGO-
JIHYECKOMY POCTY (p == 2, CHHryJsipHOCTb NpH ! == f. = 1).
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JIUTH Ha TPH KJjacca, paclojaraloliyxcs B pasHbXx 06-
JIaCTAX JHarpaMMbl KOHUEHTpauusl — Bpems. Pacemot-
PUM TPH THIHYHBIX CAYydYasi, KOTOPBIE NMPEACTABIAT LIS
Hac ocoOulit HHTepec (cM. TabJ. 6).

1. KpuBasa | xapakTepH3yeT CHCTeMY C NOCTOSTHHOH
(nos0XuTEeNbROU) cKOpOCThio pocta. [lonyasunoHuas me-
peMeHHas x(f) pacreT JMHEHO BO BpeMeHH. dTa KpH-
Basl ABJAETCA TakkKe NPHMepOM ceMeHCTBa KPHBBIX M3
obsactu B, KoToprie pacTyT A0 OecKOHeUHOCTH 3a GecKo-
HeuHoe BpeMsA. OOLIMHLIM NPHMEPOM TAKOTO poja MOXKeT
CAYXUTb peaknus HeoOpaTumoro ob6pa3oBaHHUsl Belle-
CTBa NpH MOCTOSIHHLIX KOHUEHTpalHsx peareHra. Ecan
IONYJSIUHK CaMOBOCHPOH3BOASIIMXCS] BUAOB B 9KOJIOTHUE-
CKHX HHOIaxX, jo0piBaloillMe MNHILY H3 He3aBHCHUMBIX
HCTOYHHKOB, DacTyT €O CKOpPOCTbIO, COOTBETCTBYIOUIEH
IIOCTOSIHHOMY TIPHUTOKY MHTaTeNbHbIX BeILeCTB HJH IOCTO-
SIHHOU CKOPOCTH HX 00pasoBaHHs, TO OHU TOXKEe ABJASIOT-
cA NpHMepaMH CHCTEeM, CKOPOCTb POCTa KOTOPHIX He 3a-
BHCHT OT Pa3MepoB MONYyJ/IALHUH.

2. KpuBad 2 cOOTBETCTBYET CJy4YasM, KOTAa CKOPOCTH
pocTa JMHEeHHO 3aBUCAT OT NONYJSILHOHHOH NepeMeHHOH,
H COOTBETCTBYET 3KCIOHEHIIHA/JbHOMY POCTY X B 3aBHCH-
MOCTH OT f, THIHUHOMY AJS JAPBHHOBCKOTO IOBELEHHS
(uactp A). Kpome rtoro, kpusas 2 pasrpannynsaer obiJa-
cti B u C, T. e. QGYHKIHUH, KOTOpble AOCTHraloT Oecko-
HeuHoCTH 3a OeCKOHEUHOe M 3a KOHeuHOoe BpeMsl COOT-
BETCTBEHHO.

3. Hagonen, kpusas 3 npeicrap/ser co0oifl mpumep
(YHKUUH ¢ CHHTYJSDHOCTbIO IIPH KOHEYHOM 3HaueHHH
spemMeHu [fc = (kx¢)~'].B arom uwactHOM caydae mpej-
[oJaraercsi, 4Tro CKOPOCTb pOCTa IPOIOPLHOHAJBHA
KBaJpaTy NONY/JIANUOHHON NepeMeHHOH.

Bero obaacte € MOXKHO 0XapaKTepH30BaTh KaK 00-
JgacTh «THiep6o/Mueckoro ~ pocray. KoHeuHo, B J060M
peaJbHOM H KOHEYHOM MHDPE HONYJALNS HE MOXKET PacTH
00 BECKOHEUHOCTH — 3TO  OOYC/IOBJAEHO KOHEUHOCTHIO
uMerolxess pecypcoB. OAHAKO CBOHCTBA, OT KOTOPBIX
3aBUCHT CYLIECTBOBAHHE THIOTETHYECKOH CHHIY/SPHOCTH,
GyAyT BCe-TAKH NPHBOAMTH K TOBEIEHHIO, COBEPUIEHHO
He TOXOXKEMY Ha TO, ¢ YeM MBI cTaJKHBaeMcs B AapBH-
HOBCKUX CHCTEMaX.
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3aech MBI MOMeM AaThb Gosee ofliee onpeae/eHHe
«CTeNeHH» p (QYHKUHMH pOCTa, KOTOpPOE OKaxKeTcs MoJe3-
HBIM A0 KJaaccupurauund. Kak u upexne, p; — CTeNeHb
BeAyllero uiexa ¢yukuun pocra [ Torna n-mepuyio
LHHAMHUYECKYIO CHCTEMY MOJXKHO XapaKTepH30BaTh MHO-

KecTBOM 3HaueHu#l p; (pi, P2, ..., Pr). B TOM cayuae,
KOrla CTENeHH p; OAMHAKOBH:
pr=pe= ... =p,=p, (33)

MBI 6yJeM Ha3plBaThb CHCTEMY «uuCTOi». B mporusHOM
caydae MBl MMeeM [eJ0 CO «CMEeIIaHHbIMHU» CHCTeMaMH,
KOTOpBIE MOJKHO KJacCH(HIHPOBATL B COOTBETCTBHH C
pacnpeleseHHsiMH UX 3HaueHuid p; . OueBUAHO, YTO «UH-
CTbIE» CHCTEMBl HCC/AEA0BaTh 3HAUYHTENLHO Jerde, 4eMm
«CMEIIaHHBIES.

V1.3. OrpaHndennntit poct u ot6op

B neficTBHTENBHOCTH MBI BCErJa HMEEM JeJO C CHCTe-
MaMH, POCT KOTOPHIX 11O TOH WJH HHOH HPHYHHE OrPaHH-
yen. Ilpn sxcnepuMeHTa bHBIX HCCJAEAOBAHHAX MBI A0JXK-
HBl Oo0ecneyuTh BOCIPOH3BORAMMOCTL YyCJaOBHEH. [loaTomy
HeoOxoAuMO (opMa/iN30BaTh 3TH YCAOBHA H BKJIOUHTH
UX B TeOpeTHUYeCKOe PaccMOTpeHue.

B repmoannamuke HeoOpaTHMBIX NPOLECCOB MBI Npejl-
nounu Ovl BHIOpAThL TaKHe CeJeKUMOHHBIE OTPaHHUEHHS,
KOTOphle 0O0JieryaloT TepMOAMHAaMHUECKOe OllHCaHHe,
HanpHMep NOCTOSHHEIE 00OOIUIEHHEE CHIBI UM [IOCTOSIH-
Hele 0000IleHHble NOTOKH. MBI JOJIKHBEL COTIAcoBaTh
HX C YCJOBHAMU 0TOOpa U 3ROJIOUHH, KOTODLIE MOTYT
peasnsoBaTbcsi B npupofe. OrpaHuueHus ¢; HCNOJAb30-
BaHHbie B ypaBHennn (31), uMeloT c/MIIKOM OGIIHH BHI
H TO3TOMY HENPUTOJHBl /15 OPAMOro aHaausa. BooOuie
roBOPSl, MOXKHO BBIACJIHTL cHenddHyecKHe H Hecneuugpu-
yecKHe CeJeKLIHOHHBle orpaHuueHus. B nmepeom cayuae
OrpaHHYeHUs JefCTBYIOT crenudUUeCKH Ha KaKoi-nubo
OJAHH BHJ HJH Ha HECKOJbKO BHJOB, TOTAa KaK BTOPOM
cly4a#l OTHOCHTCS K peryJasnun obiiero notoxa ¢, Toraa
M3MEHEHUs] BCeX TONYJIANHOHHBIX IepeMeHHBIX OyayT
HPONOPUHOHAJNbHEl HX TEKYIIHM 3HA4YEeHHIM X;:

X.

b =19, (34)
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Ha npaxTuke HecnenudHueckue CeJCKLHOHHBIE OrpaHH-
YeHHS] MOXKHO HaJOXUTh Ha [JHHAMUUECKYIO CHCTEMY,
BBeJsl HeNpepHIBHEIH NOTOK pa3fabienus. TeMm caMmbiM
MOXKHO KOHTPOJIHPOBATh CYMMapHYI0O KOHLEHTDPAIHIO
C=in. CootBercTByoliee AUdGhepeHIanbHOE ypan-
HeHHe ]9 ¢

le, er, (x) — ¢ (35)
= I=

VAOBJAETBOPSAET YCJAOBHIO cTanHoHaprocTH ¢ ==0, koraa
IIOTOK permepyeTCﬂ Tak, l{T06bI KOMHEHCHpOBaTb pe-
3yALTUPYIOHYIO H3OHITOMHYIO HPOAYKEHIO:

¢ = ¢ = Zr (x).  (36)

3To ceneKUMOHHOE OTpPAHHYEHHE, Ha3bIBAEMOE Orpani-
YyeHHeM «IIOCTOSIHHOIl opraHusaluuy, GbLIO BBEEHO paHee
H HCIOJB30BAJOCh Takke B ydacTu A, Yciosue (36)
OyZer 4acTo NPHMEHSTLCS B MOC/SAYIOUINX pasjenax Ajs
obJierueHns oOMLIero -aHaJH3a CeJEKLHOHHBIX [POLECCOB.
HccenenoBanuch Tak:Ke Jpyrue THOHB orpanuyenuit [53].
Kak Oyzmer BUAHO H3 cJeAyIOLLero pasjesa, BaKHbe
0COOEHHOCTH Ce/eKIHOHHLIX W 3BOJIOHHOHHBIX [polec-
COB JIOBOJBHO MaJO UYBCTBUTEJbHBl K THIY HAJIOMKEHHBIX
orpanHueHuii. (XoTs OHH, KOHEUHO, BCETHa OTPaxKarTcs
HAa KOJHUECTBEHHBIX pe3y/ibTaTax.)

Yc/aoBHe NMOCTOSIHHOH OpraHu3alUHH BeleT K CJelyIo-
wuM AHbdepeHnHaNbHAM YPaBHEHHSM /5 AHHAMHUe-
CKOH CHCTEMBI:

=0 — =Y 1), =12 ..., 1. @]
i=1

3nech €o— crauioHAPHOE 3HaUYeHHe CYMMAapHOH KOH-
LEHTPALUHH, KOTOPOE MOXHQ COXDaHSThb IOCTOSIHHEIM,
MoJepIKUBasi IOTOK Ha ypoBHE ¢o.

CeJileKIHOHHOE MOBeJeHHe TPeX MNPOCTHIX (YHKIHHA
pocta {p=0, 1 u 2; cM. obcyxIeHHe B MNOAMHCH K
puc. 17) orpaxeno B tabJ. 6.

1. TTocTosinHas cKOpOCTh PocTa — YTO COOTBETCTBYET
JHHEHHOMY pOCTY HOMNYy/SILUA BO BpeMeHH — NpH orpa-
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Tabauya 6

CKO]JOCTH poCcTa 1 CEJNEKUNORHOE MOBEAECHHE

AHHAMHYECKOR CHCTeMbl X = [ — ¢ NMpU CeNeKUHOHHOM
OTPAaHHYEHUM NOCTOAHHON 06GLEli opraHu3aiuu

AcuMnroTHuecKoe NOBejeHHe
P Heorpanudenuuit poct TPH OPAHHUCHHUH IOCTONHHON
oprauusaiy

CKO~
TUIl CENECKIUOH~

POCTh HHTerpaJdnHas THIO -
})‘o(c;)a Kpupas pocra * ﬁg;gﬂellﬂﬂ
1 0k Jx=xo+ %t Jin- B kico CocyiwectBo-
Hefi- X = & BaHHE BHAOB
HBIR i 6e3 orGopa
2 1 kx|x=uxpexp(kt) |Dxe- |%,=¢ ¥, = Koukypen-
[IOHEH- kk —_ ki >0, i~k |uns, Beny-
nHajlb uasg Kk orGo-
Hulil py riaobajbe
HO HauGoJjee
npHCHoco6-
JIEHHOI'O BH-
na

_y| Cunep- | %, = ¢y 52‘.=0
3 2 kx®| x=xo(1=kxot) " 60Jm-p ke=1,2, ...,m; ivk | Komkypen-

HeCKHH g, CrpeMs-
masicss K Jo-
KaJbHOH oI~
THMH3aU}H,

pelleHne «pas
1 HaBCeraa»

HHYeHUM MOCTOSIHHOH Opranusalhd [gaeT YCTOHYHBOE
COCYLLECTBOBAHHE BCEX MapPTHEPOB, NPHCYTCTBYIOUUX B
cucreMe. PoCT 4HC/IEHHOCTH MYTAHTOB, HMEOUIUX MpeH-
MYILECTBO, CJABHIaeT CTallHOHAPHBIE OTHOLIEHMS, HO
CHCTEMa B LIEJIOM OCTaeTcs yCTOHUHBOM.

2. JluHefiHasT CKOpPOCTb POCT4, COOTBETCTBYIOIAf
SKCMNOHMEHUHAJBHOMY POCTY [OIYJASUHH, OPUBOLHT K
KOHKYpeHUuH u or6opy «Hapbojee npucnocobsieHHO-
ro». MyraHTbl, HMeioliie [PEHMYILECTBO, HOCJIE CBOEro
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NosIBJIEHUA JecTalHAH3HPYIOT ¥ 3aMellarT YyCTAHOBHUB-
IyI0Cs NONYJSLHIO.

3. Henunefinasg cxkopocTh pocTa (p>1), xapakTepHas
JJiA runepOOJHYECKOTO pocCTa, TakXke BeAeT K oTlopy,
Gosee KECTKOMY, UeM B JapBHHOBCKOH CHCTeMe, O KO-
Topoit mta peyb B 0. 2, OZHAKO MYTaHTBH ¢ KHHETHUe-
CKHMH napameTpaMH, AaIOLHMHU NIpeUMyLIeCTBO, B 06IIeM
He crmocoOHBI pacTH M jaecTabHAH3HPOBAaTb YCTAHOBHB-
mylocs nonmyJaAuHio, NOTOMY 4YTO CeJeKTHBHAs HEHHOCTb
aBJsiercss (QYHKUMEH YHCAGHHOCTH NONyasinuy (HanpH-
Mep, list p =2 W ~ x). Orcioga npenMyILecTBO J11060H
YyCTAHOBHUBUIEHCA MOMYJASAUMH C KOHEUHLIM 3HaueHHeM X
HACTOJIBKO BEJHKO, UTO OHO e/Ba JH MOXET OBITh yMeHb-
HIeHO OJHHOYHON MYTaHTHOH Komuel, Kakoii Okl oHa HH
Oblia. Torna otop siBJsieTcsl pellleHHeM, NPHHATHIM «pas3
U HaBcerga». 3[ecb HJs COCYLIECTBOBAHUS HECKOJbBKHX
BHAOB Tpebyercsl KOONepaTHBHAs CBA3b OYEHb CIElU-
aJIbHOTO BRAA.

[Ipusenennbie NpUMEpPH BeCcbMa THIHYHBL. MBI MOXKeM
KaaccuhUUAPOBaTh CHCTEMBl B COOTBETCTBHH C HX CeJeK-
LLHOHHLIM TOBeJeHHeM Ju00 Kak AOOyCKalollHe cocylle-
CTBOBaHHe, U000 KaK KOHKypeHTHHle. B naHHOH cucTeme
MBI MOXKeM BCTPETHTL OoJiee yeM OAMH THI HOBEJEHHUS.

V1.4. BHyTpenHee ypaBHOBelUUBaHHe
B pacTyulux cMcTeMax

XoTs1 ycoBUe MOCTOSHHON OPTaHU3alHMU 3HAUUTE/ILHO
yhnpollaer HCCAeI0BaHHe AHHAMHYECKOH CHCTEMBI, IpH
5TOM MBI OFpaHHUYHUBAEMCS CHUCTeMaMH C HYJeBHIM YH-
CTBIM pOCTOM. B jpaHHOM pasjene MBl IONBITAeMCH
paclupUTh KPYr paccMmartpuBaeMmbx cuctem. OcHoBHas
npoGjeMa COCTOHT B TOM, 4TO0:l HafiTH, KakKHM 06pa3om
M NIpH KAaKHX YCJIOBHSAX MOXKHO JAesaTb NpelcKa3aHus o
HOBEJEHHH DPaCTYLIUX CHCTEM, OCHOBBLIBAfACh HAa pe3y.b-
Tatax, NOJY4YeHHBIX H3 aHa/JH3a COOTBETCTBYIOLIHX CTa-
LHOHApHBIX cocTOAHHHA. [asi 2ToH Lead MBI BBelEM
HecneuHdpHyecKHe CeJeKIHOHHBIE OrpaHuHueHns [ypas-
Henue (34)], saBucsiivie oT BpeMeHH:

5= (x) = 5 30 (38)
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PyHrups c¢(¢f) aubo GyHKUHA @(f) Moxker OBITH BHI-
6pana npoussoabHo. OfHAKO NOCJAe 3TOro BTOpas (PyHK-
LU ONpelessercd CJAeAylHM AuddepeHUHaTbHBIM
HJIH COOTBETCTBEHHO UHTErpaJbHBIM yPaBHEHHEM:

$O)= T (x)~%, (39)

i=1
3

clh)=co+ |3 Y M) —p(m fdr.  (40)

0 i=1
Teneps cieayeT BBeCTH HOPMHPOBAHHBIE [MONYJSIHOHHBIE
3 1
nepemeHHble §»«~c—x. Torpa guddepenunanpHele ypas-
HEHHS MOXKHO NPHBECTH K CJAEAYIOLleMY BHAY:

b= N0 =8 X1y 00). (41)

Herpyauo y6eautbcs, uto &; B sIBHOM BHJ€ He 3aBHCHT
OT CeJIeKIMOHOro orpaHuyenust ¢ (¢). CyulecTByer, ofHa-
KO, HesiBHAsi 3aBHCHUMOCTb uepe3 c¢(f). [lostomy cnenaem
B HalleM o0LIeM HCCIAEJ0BaHHH €llle OJHH IIar, PacCMOT-
peB HeCKOJbKO NPOCTBIX Inpumepon. JlomycTum, dro
(GyHKUHH UYHCTOFO pocTa [;(X) MMEeT OZHY M Ty Ke
cTenenp A nmo x. XOTs 3TO YCJOBHE KarKeTCsi OYeHb XKeCT-
KHM, Mbl YBHIMM, YTO IOYTH BCe Hallll OCHOBHBIE MO-
JeJbHBIE CHCTEMBI € HUM COTVIACYIOTCS, MO KpaiHed mepe
IpH ompefeseHHBIX TPaHHUHBIX ycaoBuax. OpHopon-
HOCTh 110 X BeJeT K TOMY XKe YCJOBHIO, UTo H TpeboBaHHe
onpeleJeHHON cTemeHd p (A =p) B cHCTeMe ¢ HeOrpaHH-
yeHHBIM poctom (cM. pasa. [.5). Temepr mpeo6pasoBa-
HYe NTlepeMeHHBIX CTAHOBUTCS TPHBHAJBHBIM:

7 Iy (x)="T;(c&) =c"; §), (42)
W MB ToJydaeM cJAeAYllHe KHHETHUECKHE YPAaBHCHHA:
éi:C}”—I{Fi(g)_gizlfj@)}- (43)

=

Bua stix ypaBHeHUi cpa3dy Ke MO3BOJseT ciaesaTh ABa
BaXKHbIX BBIBoAa. lIpn A=p=1,T. e aas 1apBHHOBCKOM
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CHCTEMBl, pAacCMOTPeHHOH B uYacTH A, 3aBHUCHMOCTBb
OT ¢ HCYe3aeT, W ec/i HCIOJAb30BATh OTHOCHTEJbHEIE M0-
NyJsAUHOHHEE NepeMeHHBe §;, TO He TOJBKO MOBeJlleHHe
PACTYLIHX W CTALHOHAPHBIX CHCTEM INpU {— 0o, HO U HH-
TerpaJibHble KpUBble GYAyT HAEHTHUHHL.

Ecnu A= p 1, To noselenre § npu f{— oo Oyner
TAKUM e, KAK U [J5 CTAalHOHaPHOH CHCTeMBI IPH OCTO-
AHHOR oprauusallyy, ecau ToJbko ¢(f) He obpamaercs
HH B HYJb, HU B GeckoHeunoctb. Mrak, Agag Bcex peaju-
CTHYECKHX CHCTEM C OAHOPOAHBIMH (DYHKIHAMH UHCTOTO
pocta I'; pe3ynbTaThl HCCAELOBAaHUSI OCOOBIX TOUEK B
E-MPOCTPAHCTBE, KOTOPHIE MBI INOJYUHM B CJAEAYIOLIEM
pasnene, GyAyT BepHB! H [AJs Cjaydasi pacTyUHX HOMy-
JALHH.

[Tocsennuit pe3ysnbTaT MOMHO pPacnpoCTpaHUTbL H Ha
IpyrHe kjaaccel GYHKUH pocTa, Kak OyJeT NMOKa3aHO B
pasjiene, NOCBALIEHHOM HCCAEJOBAHUI0 OCOOHIX TOUEK.
BuyTpeHHee ypaBHOBEWIMBAaHHE YPE3BBIYAHHO YHpOUIdeT
AHAJIK3 CJIOKHBIX AMHAMHUYECKHX CcHCTeM. Bo MHoOrux
cayyasx  pe3yJabTaThl CTAHOBSTCS  MAGHTHUHB  HJIH
NOJLOGHE TeM, KOTOpble INOJy4YeHbl JJIS1 CTAllHOHAPHBIX
ycaoBuil. Ecau Hac uHTepecyeT CeJIeKUHOHHOE HOBeje-
HHUE CHCTEMBI, TO 3TO MMEHHO Te YCJOBHS, KOTOphe HMe-
€T CMBICJ paccMaTpHBaTh. B ciaelyiolleM pasjene Mbl
npoaHa/ausupyem OoJee noapoOHO pas3anyHLle AMHAMHU-
uecKHe CHCTEMBI, HaxOAsdIlHecs NPH STHX YCJIAOBHIX,

VII. UccaenoBanue ocoObiX TOUEK
CaMOOpPraHU3yIOUUXCS ceTell peakuui

VI1I.1. AnexkBaTHblil MeToJ MCCJaEN0BAHASA

[Ipu aHanu3ze pasyHUHBIX MOJEKYJADHBIX TPOLECCOB
CcaMOOpTraHu3allid Hac, eCTeCTBEHHO, 00Jblle HHTepecy-
€T KOHeuHm# pe3ysabraT oTf0pa, UYeM JeTalbHOe OIHCa-
HHe BCEero 3TOoro jAHHaMMueckoro npoinecca. CooTser-
CTBEHHO B 3TOM pasjese HaM He IoTpebyercss BCSI HH-
topManusa, kKOTOpasi COAEPIKHTCA B IOJHOH CHCTeMe
pelleHHil, YLOBJETBOPSIOINX CHCTeMe JAu({hepeHnnab-
HBIX YpaBHeHnil. B kadecTBe MeTOLAa adaju3a MB! BHOH-
paeMm HCcCaefioBaHHE OCOOLIX TOYEK, MOTOMY 4YTO 3TOT
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METOJl Hauay4unM o0pa3oM COOTBETCTBYET LM CPaB-
HUTENBHOTO aHa/Ju3a CeJEKUHOHHOTO MNoBeleHHs. JIHLb
B HEKOTOPLIX CJAy4afx MBI OyAeM HCIOJb30BATb TaKiKe
6osiee TOHKHE METOZRN!, HANpHUMep HCCIIE/IOBAHHE TOMHBIX
BEKTOPHBIX MOJeH.

B nHacrosillee BpeMsl HCCJeNOBaHHE OCOOLIX TOUEK
ABJsIeTCA OOLIUHBIM METOJIOM aHaJjH3a aCHMIITOTHYECKO-
ro TOBEJEHHS IHHAMHUECKHX cHCTeM. Ero wuasiomxeHue
MOZKHO HafTH B COOTBETCTBYIOIIHX yye6HMKax (cM., Ha-
npumep, [48]). HMccrenoBanne ocoObiX TOUEK NpHMEHS-
JIOCh TaKXe JJIS pelieHHs] 3a7aY 3KOHOMHKH, NPH aHa-
JIU3€ 3KONOTHUECKHX MOJeseH, a TaKXe XHMHUYECKHX
peaxipil BIaJH OT PaBHOBECH: [49]. Tlpencrasienne o
COBPEMEHHOM COCTOSIHHH 3TOH 00J1aCTH MOXKHO NMOJYUYHTS,
npouyuTaB HeAaBHO onmyOJHKOBaHHBIH 0630p [50].

VI11.2. TonoJjorudeckue CBOICTBa

[Tyere Mbl HMeeM KapTy ropsHofl crpannl (puc. 18)
H XOTHM COCTABHTh TNpHONH3UTESbHOE IPEACTaBIAEHHE
06 3TOM TpexMepHOM JaHAlladTe; Takoe HpeiCTaB/eHNe
IAl0T HaM JIHHM YPOBHA Ha JAByMeprO# xapre. 310
MMEHHO TOT THI 3ajay, ¢ KOTOPBIMH HMeEeT AeJN0 HCCe-
JoBaHue 0OCOOBIX ToueK. JlaHAmagT COOTBETCTBYET IMO-
TEHIHaJbHOH IIOBEPXHOCTH, IO KOTOPOHM ABHXKeTCS IMHa-
MHuyeckass cucrema. B OOJBIIMHCTBE CJy4qaeB IIOJHOIO
3HAHHA 3TOH NMOTeHUHaJbHOH NOBEPXHOCTH He TpebyeTcs,
U N03TOMY «KapTa OCOOBIX TOYeK» OKa3hBaeTcs HaMHO-
ro npoie Tonorpaduueckoi KapTH, MCHOJL3yeMOH HaMH
IJIs OpHEHTAUWH B He3HaKOMOH MecTHOCTH. «Kapra oco-
OBIX TOYEK» VyKa3blBaeT IIOJOXKEeHHSI JHUIbL JIOKaJbHO
CaMBIX BBEICOKHX H caMblX HH3KHX TOYeK — TaKHX, KaK
FOpHBIE BePLIMHEI, IepeBabl M BIaAHHH, KOTOPHE 3AeCh
Ha3bIBAOTCA HCTOUHHKAMH, CeljJaMH M CcTOKamMu. ITO
ocofLle TOYUKHM NOTeHIHaJbHOro mossi. YacTo Ha KapTy
O6biBaeT HEOOXOAMMO HaHecTH H TrpebHH — JIHHUH, OT/e-
AsolMe NOMMHBEL Apyr oT Apyra (puc. 18) u HaskBae-
Mble no3TOMY «cemapatpucamu». Kapra 0coObX TOuek,
BKJIIOUAlOL1asi CenapaTpPUCH, NO3BOJISET NpPelcKas3aTh, Ky-
Ia npuBeleT TPaeKTOPHS, KOTOpas HauHHaeTCsl B JARHOI
Touke Ha kapre. TpaeKTOpHH — 3TO JHHHM HanGoaee
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Puc. 18. A. Touorpaduueckast kapra jaerT abCTpaKkTHOe NpeicTas-
JIGHHE O MEeCTHOCTH. JIMHMH (rOPH3OHTAAH) COEMMHSIOT TOUKH paB-
Hoil BulcoThl. Ilokasan pafion Bocrounetx Aapn (nepeneyaraHo H3
«Kaptel ABctpun», macurrad 1:50 000, auer 177 (1962), ¢ awbes-
Horo paspemeduss Bundesamt fiir Eich und Vermessungswesen
Abt. Landesaufnahme). 5. Kapra oco6hix TOYeK, SBAAKOLIAACA
naabHefiurefl aberpaxumeii tomorpadudeckofi kaprel A. O — nerou-
HUKH, HJM BeplinHb; @ — cemsoBble TOuKH, @ — CTOKH, CIVIOIL-
HBIMH JHHUSMH O003HA4eHbl CenaparTpHChl. :
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KPyTOro chycka, [0 KOTODHIM Ha MeCTHOCTH Oyjer
cJeloBaTh TeKyllas Boaa. OQHAKO IpaBUTALHOHHOE MO-
TEHIIHAJbHOE NOJie Y MOBEPXHOCTH 3eMJHU Mpollle, 4eM Te
MoJisl, ¢ KOTOPLIMH MBI CTAJKHBaeMCsl B CaMOOPraHH3YIO-
IHXcd AMHAMUUECKHX cHCTeMax. B TO BpeMmsa KaK BOJa,
TeKylllasg 1o 3eMJe, BCErJa AOCTHraeT CTOKa — HalpuMep,
03epa — caMOOpraHHU3yIollKHecss NIUHAMUYECKHE CHCTEMBI
MOTYT NPOSABIATL §osee cl0xHOoe noBeaenre, Hanpumep,
CYLIeCTByeT CHUTyalUHus -— NpejebHble HKJBL,— KOT/1a
(Ha fA3BIKe Hallcil WJMIOCTPALUH) BOJA HE OCTaHABJIHBA-
eTCs B ONpejJlefieRHOl TOuKe, a OECKOHEYHO UUPKYJAUPYET
BAOJL 3aMKHYTOH KPHBOH, KOoTopas ompeneasercs ¢op-
MOH MOTEHUHAaJbHOTO I[0J5. DBLIM onucaHb naxe elle
6osee cTpaHHBIE CUTyalllH, KOTOpbie MATEMAaTHKH Jei-
CTBHTEJbHO HAa3LIBAIOT «CTPAHHBIMH aTTPaKTOpaMU»,—
OHH ApeJCcTaBJsIOT cOB0H HEUTO BpOJe HENepHOLHYECKHX
opGut. AtrpakTop — Gojlee oOfilee HOHATHE, HEXeNH
CTOK. B 3Ty KaTeropuio BKJIOY2IOTCA He TOJBKO CTOKH,
HO H YCTOHYHBBIE 3AMKHYTHIE OPOHTHE ¢ HENEPHOLHYECKHE
opOUTHL.

Ha kapre ocoOBX TO4UEK Bcg paccMmaTpuBaeMas
NOBEePXHOCTb MoxKeT OHITb pa3fieneHa Ha psa obaacted,
O6BIYHO Has3biBaemblX OaccefiHaMH, KOTOPbIE CBSI3aHBI C
oTiaedbHbBIME aTTpakTopaMu. [panuusl stux obnaactefi
apasioTe cenaparpucamiu. Hrak, H3 Bcex towek 6ac-
cefiHa BOJa TEYeT K ONHOMY H TOMY Ke aTTPakTopy, Ko-
TOpPHIN, KOHEUHO, AOJKEH HaXOAUThCH BHYTPH 3ToH 06-
JacTH.

Teneps Mb mepeiinem Ha Oosee TOYHHIH MaTemaTwue-
CKHIl SI3bIK M OXapaKTepH3yeM Te BeJHYHHBl H BHIpaXke-
HHf, KOTOpHe HaM OyAyT Heo6XOAMMB AIS AajbHeille-
ro obcyxaenus. Ocobbie, Han cTalHOHAapHBIE, TOUKH IH-
HaMHUECKOH CHCTEeMBl ONpPENeNSAIOTCH KakK TakHue TOUKH,
B KOTOPHIX BCE KOHLUEHTPALHH WM NONYNsIHOHHBIE Te-
peMeHHEle X; TMOCTOSHHB BO BpeMmeHu. CienoBaTefbHO,
nepsLle NPOH3BOAHBIE MO BpeMend 0OpallalOTCs B HYJb:

%=0, i=1, 2 ..., m, (44)
TeM CaMbiM ONpelensiioTCs [OJIOXKEHHS BCeX OCOOHIX

TOYEK, NPHHAANEXKALIUX NaHHOH NHHAMUYECKOH cucTeme.
Koraa Bce caydafiHble GJYKTyalHH [ONYJsSUHOHHBIX
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1!’/7“[’0 Wy Wy
1 ® <0 <0 Hsrossie
1 + <0 <0  w=w, Poxamsnere  Cmon:
1 y‘ ~a+ib ~a-ib a,6>0 Crupamsmsie
Z ® 20 <o Cednosasn movna
38 O 20 >0 Hemaunur
4 ) >0 =0
G o =0 <0
4 @ +i6 -ib Yenmp

Puc. 19. CumBOJIE, HCHOMB3YIOLWHEC A/ KiaccHOUKAINE pasiuy-
HEX o0co6bix Touek. Kuace 11— ycTofiunBoie 0cCOGble TOUKH, HJU
croku. Knace 2 — cepnosuie Touku. Kaace 3 — nerounuku. Kaace 4 —
HeyCTOHYMBBIe OCOOBIE TOYKH, B TOM HHCJeE TOUKH, COGCTBCHHBIE 3Ha-
YeHH KOTOPbLIX HMEIOT HyJeBble AefCTBUTeJbHBIE 4acTH. ODTH NpH-
Mepsl OTHOCATCA K JBYMEDHON HHHAMHYECKOH cucreme.

llepeMeHHbIX TOJHOCTBIO IOJAaBJAEHH, HHTerpHPOBaHHE
YpaBHeHHA [JHHaMUYECKOH CHCTEMBl, «CTapTyIled» H3
OCOO0H TOUKH, JaeT He3aBHCHMBIE OT BPEMEHH I[OCTOSIH-
Hple nonyasnuy. Peakuus cHCTEME Ha MaJjble M3MeHe-
HYsl KOHLUEHTPAlUUA B OKPECTHOCTH AaHHOH 0COO0H TOUKH
SIBASIETCH BEJNUKOJENHOH OCHOBOH [ KJaccH(HKaIHH
ATHX ToUeK. DTa peakUUsa CHCTEMBl MOXKeT OHTb Onuca-
Ha OpYU IDOMOLIM MHOMKECTBA HOPMaJjbHBIX MOJ, Xapak-
TepU3yIIIHXCH  OOpaTHBIMH  NOCTOSHHBIMH  BpPeMeHH
0,— COGCTBEHHBIMH 3HAYEHHSIMH CHCTEMBl JHHEeHAHBIX
~uddepeHuHaNbHEIX YpaBHEHHUH, KOTOpasl ABJAAETCA HaH-
Ayuuiedl  aNnpoKCHMalMed  HeJHHeHAHOH  CHCTEMHEl B
OKpecTHOCTH paccmaTpuBaemoil Toukn (pasa. VIL4).
CoOTBETCTBEHHO MOXKHO BBILE/IHTL UeTHIPe OCHOBHEBIX
Kjiacca 0COOBIX TOUEK:

1. Ycroduusote ocobole TO4YKU, uAU CTOKU, T. €. JO-
KaJbHO HauboJiee HH3KHE TOUKH. Bce cobcTBeHHBIE 3Ha-
YeHHUS ®p HMEIOT OTpHIaTeNbHble JAeHCTBUTENbHbBIC YACTH,
1, cle1oBaTeNbHO, (JAYKTyalUUH II0 BCeM BO3MOXKHBIM
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HaNpaBJEHHSIM B NPOCTPAHCTBE KOHUEHTPAUKH KOMIICH-
CHPYIOTCS BHYTpPeHHeH INpOTHBOAeHCTBYIOILEHR CHJOMH.
B XHMHH CTOKH COOTBETCTBYIOT XUMHUECKHM paBHOBECH-
M B 3aMKHYTBbIX CHCTE€Max H YCTOHUHBHIM CTalHOHAap-
HBIM COCTOSIHHSIM B OTKPBITHIX TepMOAHHAMHUYECKHX CH-
cTeMax.

2. Cedrosvle TOUKU, [N KOTOPHIX XOTS1 OBl ORHO
HaOpaBJieHHe fIBJAsieTCS HEYyCTOHUHMBHIM. 3AeChb MO Kpafi-
Hell Mepe OAHO 3HaYeHHe @ JOJKHO HMETb MOJOXH-
TeJbHYIO JeficTBUTesabHy0 YacTb. CJaefgoBaTenbHO, He-
6oabiuoe Bo3MyHleHHe H1H (QAYKTyalUs B 3TOM Hanpas-
JIGHUN OPUBOJSAT K BO3HHKHOBEHHIO CUJBI, CTpeMsiledcs
yBeauuuTh GaAykTyauuio. B pesyspraTe AHHaMHuecKad
cucrema OyaeT yIaasATbCS OT CeJIOBON TOUKH.

3. Hcrounux — nokaibHo HaunboJsiee BBHICOKAs TOUYKA.
OH oT/in4aeTcs OT ceAsla TOJAbKO TeM, UTO HeyCTOHYHB IO
gcem HalpaBjaeHUsM. Bce 3HaueHHs wz HMEIOT NOJOXKH-
TeJbHble NeHCTBUTE bHbBIE YACTH.

4. Ewe 0dun xaacc ocoboix TO4eK, KOTOPHIE He MOJ-
Jla10Tcs NMOJMHOMY HCC/AeLOBAaHUIO B paMKax JHHeHHOH Teo-
pun. HexoTopble 4acTOTH @ HMEIOT HyJeBble AeHCTBH-
TeJbHBIE HACTH, H HX OPHUPOLA MOXKET MEHSATHCSI B 3aBH-
CHMOCTH OT BKJaja HeJHHEAHHLX uleHoB. [Ipumepom
TAKOT'O POJa CJAYKAaT LEeHTPLl, KOTOPHE XapaKTepH3YyloT-
¢l UHCTO MHHMBIMH COOCTBEHHBIMH 3HaueHUssMH. Tpaek-
TOPHH B OKDEeCTHOCTH I[eHTpa MpeACTaBAAOT Ccoboi
MHOrOOGpa3ue KOHUeHTpHuecknx opbur. C TakHMH cH-
TyallHsIMH MBI BCTpPeTHUMcSl B JaHHOH paboTe.

[To wucreueHHY «7OCTAaTOYHO GOJBIIOTO» BpEeMEHH
(1. e. BpemeHn, MHOro OoJiblIero, ueM MakKCHUMaJbHast
IIOCTOSIHHASI BPEMEHH JHHAMHYeCKOH CHCTeMBbI) Kaxaas
peasucTHYecKas NHHaMHYecKas cucreMa (T. e, CHCTeMa
06e3 BHelIHero MNoAaBJAeHHs GJAYKTyaunufl) XOCTUTHET
artpakTopa. CusefoBaTesibHO, pesynabTaT oT6opa Oyaer
BCerfa COBIAAATh C aTTPAKTOPOM B IPOCTPAaHCTBE KOH-
IeHTpaLHH.

Oxoruarenvusili pesyasrar npoyecca orbopg coOOT-
sercT8yer AUbO YCTOUHUBOMY CTAYUOHAPHOMY COCTOS-
HUIO, AUGO Henpepol8HO 1 nepuoduuecky U3MEHAIOWeMy-
ca cemelicT8y cocTosnuil. B Hexkoropotx ocobenno peo-
KUX CUTYayuax MmoeyT npoucxoOurb, Kpome TOeo,
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HenepuoOuueckue usmenenusn 8 npedeaax onpedeseHHo2o
MHOMCecT8a cocTOAHUY. [Iaf xapakTepucTuku ecex 3Tux
YCTOLUUBHIX UAU KBASUYCTOUHUBHIX KOHEHUHOIX CUTYAUUL
8 Ougdepenyuarvroll TONOAOZUU UCNOABL3YOT OOUyUL
TePMUH — «ATTPAKTOP>» OuHAMUYECKOI cucTemst, Kyoa
BKAIOHAIOTCA YCTOUHUBBIE TOUKU, 3AMKHYTole OpOUT6l U
anepuoduueckue kpussie. Buyrtpu  OanHoeo OGaccelina
pe3yavrarom npoyecca o0r6opa ssaneTcs O0CTUNCEHUE
00HO20 U TO20 Jite ATTPAKTOPA, HE3ABUCUMO OT KOHKpeT-
HbLX HAYANbHBIX YCAOBULL.

VIL.3. AnekBaTHoe NpoCTPaHCTBO:
CUMIJIEKC KOHUEeHTpanui

Konuentpannontusle nepeMeHHBlE, HJIM UYHCJEHHOCTH
nonyasanuil, o6pasyioT #-MepHOe OTKpHITOE MNPOCTpaH-
ctBo R™ {x, %9, ..., X4 — 00 < x; < 00, i=1,2, ..., n},
JIMLIb 4aCTh KOTOPOro HMeeT (hH3HYeCKHH CMBbIC/:

n n .
X <R, X5 X, %9, eee X%, =0,i=1,2, ...,n}.
(45)
Bce KOHLEHTPAIHOHHBIE IIePEeMEHHBIE MOMKHO IPOCYMMHU-

poBaTh; CyMMa OpeACTaB/seT co60il HEOTPHULATENbHYIO U
KOHEUHYIO O6LIYI0 KOHIEHTPALUHIO C:

n
C=in, 0<Ce < oo,
i=1
KOTOpast UCHOJb3YETCsl A5l HOPMHPOBKH!:

n
X,
=l 0<E<<L ) &=L (46)
i=
Buaronaps cBoficTBaM CBOHX IMepeMeHHHX XX =~ MOXHO
n30MOp(hHO 0TOOPa3sHThb Ha eNUHHUHBIH CcHMIJeKc S,

IJIf KaxJAOro JIaHHOTO 3HAueHHsl ¢ == Co. COOTBETCTBYIO-
lilee IPOCTPAHCTBO GyaeT 0603HaUaThes 3

CZCO: Xnﬁsn:{gl, §2, oo ey gn}- (47)

Eavanunpli cuMmmnekc S, — 3TO [PAaBHJLHBI MHOTO-
TPaHHUK C N BepIIMHAMH B COOTBeTCTByoweM (7 — 1)
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(C5,0,0)2(1,0,0)

A
ETE IS
(0.6,,002(04,0) I3 = (000)3(007)
Z3
A 3=(0,0,6;)2(0,0,1)
Co
5 z7

2=(0,65,0)2(0,1,0)
Tz

1=(C5,00)2(1,00)

Xy

Pue. 20. Ouarpamma A usobpamaer cumnaekc Sy, a guarpamma b
[IOK43bIBAET, KaK 3TOT CHMILIEKC BIHChIBA€TCA B NPOCTPAHCTBO KOH-
IleHTpanuy, HMeloWwHX (HU3HYecKUH cMbici. a8 HEKOoTOpHIX TOUeK

yKa3aHbl COOTBETCTBYIOUIME CYMMapHble KOHHUEHTpAaLHn ¢, =Z X,
i
HAH KOODAHHATH X[, Xq, X3 U &y, &, &3 (B cKoOkax).

MepHOM IMOANPOCTPAHCTBE, OINpelesieHHOM  YCJAOBHEM

n
Z§i= 1. Pe6pa cuMmmiexkca UMEKT €IHHHYHYIO AJAUHY
i=1

M HpelcTaBjasioT co00# KOOpAHHATHBIE OCH [JJs Iiepe-
MeHHBIX §;. B KkauectBe wuJumocTpaunn Ha puc. 20
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Zy

A _ :
Puc. 21. Touxu, HOJOMKEHHS! KOTOPHIX YAOBJAETBOPSIOT XapaKTePHHM
8aBHCHMOCTSIM OT CYMMapHOH KOHUEHTpPauWu ¢y B HPOCTPAHCTBe
koumentpaunii 3 3(A) u Ha cummzexce Sy (B). A = (co/3, ¢o/3,
c/3), B=1(0,0,¢), C=(1, ¢¢—1, 0 u D= (cc—1, cc—1,
2 —¢o). Crpeaxu Ha A 1OKa3HBAIOT, KyJAa HABHUKYTCA TOUKH NPH
YBEJHUEHHH CyMMapHOf KOHHEHTDPAaLMH (3aMeTHM, 4YTO BCe MHOXKe-
CTBO TOYEK, y KOTOPHEIX BCE KOQOPAHHATHI NPOMOPUHOHAMbHEI Co —
panpumep, A u B — oroGpaxkalorc B OJHY H TY e TOYKY Ha Ss).

nokasan cummiekc S;. Jlmarpammel Ha S 3HAKOMBL XH-
MHKAM 10 un3006pa)keHHAM TPOHHHIX cHcreM. Beaen-
cTBHMe ypaBHeHusd (46) AMHaMHuecKas cHCTeMa Ha elH-
HHYHOM CHUMIJIEKce [oTepsiia OAHY cTelleHb CBOOOABI

n
No CpPABHEHHIO C X" IHOpyrumu caoBamm, mepe-

MeHHbIe §; n3-32 HODMHMPOBKH BCerfa OTHOCATCS K dhuxcu-

pOBAHHOMY SHAYEHHIO € ==Co, M TEM CAMEIM BBOJHMTCA

oflHa JUHelHast 3aBHCHMOCTb MEXIy NepeMeHHBIMU.
Hakonen, Mb xoTein Obl NOAYEPKHYTb pasjiuune

Mex1y kapramn Ha X ® 5", KOTOpOe CTaHOBHTCH
OUEBHAHBIM IIPH CPaBHEHHMH pe3yJbTaToB, MNOJNYUESHHBIX
A PA3JHUHBIX 3HAueHHH Co. PasMeprl CHMIUIEKCA S,
(pMKCHPOBaHbl BCJEACTBHE HOPMHPOBKH, TOTId KaK pas-
MepBl 06J1acTH KOHIEHTpauui X", wumeomeit pusuye-
CKHH CMBICJ, BapbHpyioT ¢ Co. IToj0kKeHUs W HOpMaJlb-
HBle MOABI OCOBHIX Touek B oOlleM ciaydae Takxke OyayT
3aBUCETb OT Co. JJs NOJNHOTO ONHCAHUS ACUMITOTHYe-
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CKOrO TOBeAEHHs IHHAMHYECKOH CHCTeMbl HeOGXOIHMO
NOCTPOUTL KaPTY OCOOEIX TOYEK, KOTOPhle CaMH SIBJSIOT-
cfl «PYHKUUAMH» CyMMapHOH KOHUEHTpPaLKHU Co. [Tomoxe-
HHs MHOTHX OCOOBIX TOueK, KaK Mbl YBHAHM JAaJjblie, 3a-
BHCSIT OT KOHUEHTpAUHH OUEHb HPOCTO: HX KOOPIHHATHI
NPONOPUHOHANBHEL . IIpH W3MeHeHWH cyMMapHOR KOH-
HEHTPAUHHR Co 3TH TOUKH ABHMKYTCS BAOAb NPSMBIX, NpPO-

XOASAWHKX yepe3 Haya/Jo KoopauHaT B X " (cM. puc. 21),
H, CnefOBATe/NbHO, HX 00pa3aMu SABJASIOTCS OTAe/bHEIE
Toukd B 3,. COOTBETCTBEHHO KapTa OCOGBIX TOUEK B
ILeJIOM CTAHOBHTCS HaMHOrO Mpoine, ta GopMabHa:
3aBHCHMOCTb KapThl OCOOBIX TOYEK OT 3HAUEHHS cyMMap-
HOH KOHUEHTpalUHH ¢y GydeT 1iMeTh ocoboe 3HaUeHHe MpH
aHa/Ju3e PaCTYLUIHX CHCTEM.

Buoicokocummerpuunas 4acts onpedenennod (n—1)-
MEPHOU  2unepnioCKOCTU, HO2PYMEHHOU 8 n-mepHoe
NPOCTPAHCTBO KOHUEHTPAYUL, HA3b18AeTCA eCUHUYHOIM
cumnaexcom. Ilpumep cumnaexca 8 TPexmepHoM npocT-
paucrse Oan Hg puc. 20. EOunuutblii CUMAACKC BKAIO-
yaer 8 cebs 8CH0 062ACTL KOHUEHTPAYUL, UMEOWYio
usuueckuii cmoica, u 6oaee sceeo npueodex 0aa epagpu-
4ecK0z20 npedcTagaeHus npoyeccod oréopa.

VI1.4. UccneroBaHue HOPMAJIBHBIX MOJ,

Hauunasi ncciaenoBanue oO6ilell CHCTEMBl JHHEHHBIX
nuddepeHuralbHBIX ypaBHEHHH, MBI cHauaga OOJKHBI
onpenenuTb ocobble TOUKH M3 ycaoBHA %; =0. [das
apsMOro HCCAe]OBaHUS AMHAMHUECKOH CHCTEMBI BaKHO
3HaTh 8Ce 0colbble TOUKH B Hccaenyemoit obaactH. OaHa-
'KO B ofmem cJaydae 3TOH HHGpOpMAaLUH HELOCTATOUHO.
TpaekTopun n-MepHOH HAHMHAMHYECKOH CHCTeMBl YacTo
3aKaHuuBalwTCH B cToKaX. ONHAKO MOTYT CyLIECTBOBATH
ycTOHUUBHIE 3aMKHYTHE ODOHTBEI HJIH CTPAaHHBIE ATTpaK-
TOPH, O CYILIeCTBOBAHHUHM KOTOPHIX MOXKHO CYAHTb Ha
OCHOBAHUH TIIATENBHOIO HCCAENOBAHHUS NPHPOAB ob.a-
cTel, OKPYXalolUX ocoOble TOUKH, U HCC/ENOBaHHA Bek-
TOpHBIX Nonefl. Hanpumep, ycroityuBbie NpenesbHBIE
UUKJAB B ABYX H3MepeHUsX yAaerTcs HIAeHTH(HIHpPOBATH
¢ momouio kapt Ilyankape. Unbopmaunio o npupose
0coOBIX TOYEK MOXKHO INOJYYUTb B pesyjabTare HCCAe/0-
BaHUSI HOPMAaJbHBIX MOJL.
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Jlnst aTOR WeMn AHHAMMYECKYIO CHCTeMY JIHHEapH3YIOT B OKPeCT-
HOCTH JaHHOH 0c000# TOUKH X:

=200+ ) A

j=1

24+ 0z, “8)

if
HoBrle mepeMmeHHBle 2; ONpeAeNATCH CAedyROLIUM ofpasoM:
=%, —X%, MW z=x-—x (49)

Koadppunuentsr A;; sBafloTcs. sjaeMeHTaMu MaTtpHusl Sxobu (A),
onpefesernoil B 0cofoil Touyke X:

p dA,
ii=(ax.) - (50)
7 “x

=X

TTockonbky A;(x)==0 mo onpezeseHHI0 0cOGOH TOYKH, JHHEAapH30-
BaHHAs cHcTeMa AuGQepeHUHaNbHBIX YpaBHEHHH AaerTcsi C/IeyoluM
BHIPAXKEHHEM:

z=A-z (51)

OGpaTHble MOCTOSHHBIE BPEeMeHH, COOTBETCTBYIOUIHE HOPMAJbHBIM
MOJaM, MOJy4alTCsa Telepb KaK COGCTBEHHBIE 3HAYEHHS MaTPHUH A.
Co6cTBeHHBle BEKTOPH! & OUPEJeNsIOTCs B BHJIE COOTBETCTBYIOLIUX
JIHHEIHBIX KOMOUHAUHA KOHUEHTPALUOHHBIX NePeMeHHBIX!

AL=o0,C. (52)

B ofumeM cayuae w; fB/ISIOTCH KOMIJIEKCHBIMH BeJHYMHAMH M ONpe-
eS0T THI 0coBoll TOYKH; HauGosee BaxHbIC THHB GBI YiKe NMPH-
BeJeHbl Ha puc. 19.

Ecan martpuua A He sB/sieTcs CHHryJapuo#, ycrofiuusas ocofas
TOUKA JIHHeapH30BaHHOH cucteMbl (H1) MmOYTH BO BCex CJAydasx CO-
OTBETCTBYET YycTOHYHBOM 0c0Goii TOuKe HedHHelHOH cucremsl [51].
CyumecTsylor, 0AliaKo, HEKOTOPHE BaxHble HCK/Mouenud (Re w; =
= (): UeHTp M JHHEHHOIl CHCTEMBl B HeJHHEHHOM clydae MOXKeET
CTaTh CIHPaJbHpiM CTOKOM # vice versa. [IpaMepom nosenenus Ta-
KOTO THIA CJYXHT 3HaAMEHHTAas MOJesbHas cHcTeMa JIOTKH — Bogb-
teppa [52]. B pasa. VIII. 1 MH BCTpeTHMCH ellle ¢ OAHHM MpHMe-
POM — THIIEPUHKJIOM PAa3MCPHOCTH fn == 4.

Ecau pns naHHOA ARHaMHYECKOH CHCTEMB! HOJIyYaeTcst HECKOJb-
KO YCTOAYMBHIX OCOOBIX TOYEK, NPEAEJDbHBIX MHHKJIOB HIM HAPYLHX
aTTPaKTOPOB, TO KeJaTeJbHO TaKiKe ONpeRe]HTh GaccefiHH, AJ KO-
TOPHIX AaTTPAKTOPHl SBJSIOTCS INpefesaMH TPAeKTOPH NpH f — oo.
VrauBuayanbHble GaccefiHbl OTACAIOTCS APYr OT Apyra cemapaTpu-
caMH, KOTOPble B NPUHHIHIE MOXKHO ONpedeNMTh HHTErPHPOBaHUEM
B 00paTHOM HampaBJeHHH ({—>—{), HauuHAg C CEAJOBBIX TOYEK H
cleyss JHHHAM KpyTOro ciycka. Eciu “ans AaHHOf AMHAMHYECKON
CHCTeMbl M3BECTHLI BCe YCTOHYHBBIE OCOOBIC TOYKM H APYrHe aTTpak-
TOPHI, a Tak:XKe WX OacceflHH, TO MBl MOXKeM [IpeAcKas’aTb Pe3y/bTaT
npouecca ot6opa, nauyuHamuleroca ¢ JoGoil TOYKH B AaHHOM 0pO-
CTPAHCTBE KOHUEHTpauHuil.
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B HekOTOpHIX caydasx Mbl MOXeM noayuntb Re w; = 0. Toraa
JIMHCApH3alHsl B OKPECTHOCTH 0cOo0OH TOUKM He NacT MOCTATOYHOH
UHQOPMALIMA, B AJ5 MOJHOH XapaKTePHCTHKH HeOGXOLHMO BEPHYThCS
K HenuHefiHOH AMHaMuueckof cucreme. YacTo upsiMoe uccjefoBaHue
BEKTOPHOrO TOJA B OKPECTHOCTH 0cO0Ol TOYKHM OKasbIBaeTCsa He
OueHb TPYAHBEIM ¥ JaeT HyXXHBHE Pe3y/bTaThl

Onpedeacrue HoOpmaAbHbIX MOO ABAAETCA CYW,ECTEEH-
Kot uacToo uccaedosarus ocoboix rtouex. OHo nped-
crasgaser coboll uccaebosanue TPACKTOPULl OuHamuue-
CKOU CUCTeMbL 8 MQAOLL OKPecTHOCTU 0C0060il TO4KU.
B Goavwunctse cayuaes JOCTATOUHO OXAPAKTEPU30BATH
ycrotivusocte ocoboll Touku. O0nako ucnoaszyemas npu
JTOM AUHELHAs annpoxcumayus uroeda moxer He Oa-
8aTb Q0CTATOYHOL uHGPOpMAYUL, U 8 TAKOM cAyuae Tpe-
byrorca 6oaee TOHKUE meTOObL aHAAU3A.

VIL5. Pacrymue cucrembl

W3 dopmyar (37) Jserko BreBecTn AuddepeHnnanb-
Hble YPaBHEHHUS I/l CYMMapHO! KOHUEHTpalHHU C:

c’=i1’,(x)(l —=), (53)
=1

rIe Cp— CTallMOHApHOe 3HAUEHHEe CYMMapHOH KOHIEHT-
pauuH, KOTOpas peryJuHpyercs HecneUu(HUeCKUM I[0TO-
KOM ¢0. )

OueBHaHO, YTO 3TO ypaBHeHHe HMeeT OCOOYI0 TOUKY
npu ¢ =c¢y. Co6CTBeHHOEe 3HAuUECHHE HOPMAJbHOH MOJBI

W, == — —Cl-o— (Z r; (x)) (54)

i=1 Cy

fyner oTpHLATeNbHBIM, NOKa cymMa Bcex [; ocraercs
nojsoxuteabHo#i. Hrak, B TOukKe C==C; MBH HMeEeM
ycroiiuuBoe CTallHOHAPHOE COCTOsIHHUE.

B HekoTOpHIX cHCcTeMax KapTa ocoObIX TOYek, oTpa-
Kawllias BHYTPEHHIO OPraHU3allliio THX CHCTEM, 3aBHU-
CHT TakXe OT CYMMapHOH KOHUEHTpauHWu co. Temneps
Mbl MO}KeM NpHIATh HEKOTOPHIH (PU3NUYECKHH CMEBICA Ha-
IeMY PacCMOTPEHHIO, paHee OCTaBaBIIEMYCA YHCTO Ma-
TeMaTuyeckuM. J/as 3TOrO  AONYCTHM, 4YTO HMeeTCs
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HecTalMOHapHas AHHaMHMUecKas CHCTeMa, KOTopas HauH-
HaeT 3BOJIIOLHOHUPOBATbL OPH ¢ == fo C COOTBETCTBYIOUIUM
Hada/abHBIM 3HaYCHHEM CYMMapHOH KOHLeHTpalHuu € (fo) ==
= ¢g. Ce/JIeKIlHOHHBIe OrpaHUuYeHHs NOAGHpPAIOTCS TAaKHM
o6pa3oM, 4TOOB CyMMapHas KoHUeHTpauus c(f) MeHs-
Jachb MeAJeHHO [0 CPaBHEHHUIO ¢ BHYTPEHHHMH MpoUec-
caM¥ B AHHAMHYeCKOH cHCTeMe, T e. BCe H3MeHeHHS,
o0ycJOBaEHHEIE BHEIUHMMHK [pOlleccaMi, MPOHCXOAAT
HaMHOIO MeJJIeHHee, uYeM H3MeHeHHs, OOyCJ/IOBJEHHBIE
BHYTpeHHel opranusauunell cucreMbl. B KaXABIA MOMEHT
BpeMeHU cHCTeMa OyJeT HaXoAWThcsl BOJIH3KW YCTOHUHBO-
ro pewenus (1. e. BOIN3M CTOKA, YCTOHUYUBOH 3aMKHY-
TO# opOUTHL MJHM aTTpakTOopa Apyroro suaa). Korna npu-
BEJIeHHbIE BbIlE YCJAOBHA BBHIIOJHEHB], CHCTEMA MOAXO-
AUT JOCTAaTOUHO OJH3KO K ACHMIITOTHUECKOMY pelIeHHIO,
H NPOLECC, 3aBUCSIINN OT BPpEeMEHH, MOXeT ObITb OMHCAH
KaK TIOC/Jel0BATeIbHOCTh CTAlHOHADHBIX peLleHH# ¢
HenpepHBHO U3MeHsllelica cymmapHo#l KoHueHTpanueil.
[Toab3ysace Gosaee (HU3HYECKHM S3BIKOM, MBI MOXEM
cKasaTh, UTO JAMHaMHuecKas CHCTeMa pasBHBaercs MNpH
yCTAaHOBUBIIEMCS BHYTpeHHeM paBHOBecHH. Kak u cie-
JIOBAJIO OXKHAATh, aHAJU3 CHCTeMBl HeOOLIKHOBEHHO YII-
pollaercsi, €CJAW BBHIOJHEHO YCJIOBHE BHYTPEHHETQ
ypaBHOBEIUIHBAHHS.

BHyTpeHHee ypasHoBeluBanne B JHHAMHYECKHX CHCTeMax C
00HOpOOHbI MY DYHKUHSAMY pocTa [; JIETKO HCCIefO0BaTh, HOTOMY 4TO
B 3TOM CJydae Kapra 0COOBIX TOUEK S, He 3aBHCHT OT CyMMapHOfi
KOHIIEHTPAUHHU Cq. HpH BO3PACTAHHU (g CEJCKIHOHHOE MOBeAeHHe He
usmensercst, Bosee TOTO, B paCTle,el;'! Oﬂ,HOpO}lHOﬁ CHCTEME aCHMINTO-
THYECKOE IOBEJAEHHE HE 3aBHCHT OT CTEMEHH BHYTDCHHErO ypaBHOBE-
HIMBaHHUA. I/ITaK, B CHCTEMax 2TOr'0 THIA OKOHYATENbHBIH pesyJsbTar
CeJIEKIIHOHHOr0 npouecca 6y11e'r OLHHUM ¥ TeM K€ He3aBHCHMO OT
TOrO, YCTAHOBUJHCb JIH BO BDeMd DOCTa BHYTPeHHHe DPaBHOBECHA.
CyllIeCTBleT, OJHAKO, CHTyallHH, KOrJa KOHUeNUHs BHYTPEHHEro
YPaBHOBCIIHBAHHSL HEe MOXKeT HCHOJb30BATHLCH 6e3 TIIATEJILHOrO HC-
caenosanus, IIpu ompeleseHHOH KPHTHUECKOR CyMMapHON KOHIEH-
TpauMu ¢ = Cxp B KapTe OCOOBIX TOYEK MOTYT NPOH3OITH Pe3KHE H3-
MeHeHHs, HalOpHUMep CTOKH MOI'YT CTaTb HEyCTOHUHBLIMH, YCTOHYH-
Bhle [pefesbHble HUKJBL MOTYT HCYE3HYTh H T. X. XOpPOWO H3BECT-
Has HecTaOWJILHOCTb TaKOro THMA — 3T0 «OHdyprauus Xomda» [58].
BHyTpenHe ypaBHOBellleHHast AMHAMUYECKast CHCTCMa, KOTopad INpH-
OauXKaeTcs K TaKOf TOUKe € OJHOI CTOPOHH, — HaOpHMep, pacry-
1iasg CHCTeMa, noaxoasaulasa K KpHT}NCCKOﬁ KOHUEHTPAuu CO CTO-
POHBI MEHBIUUX 3HayeHnit KOHUﬁHTpa[LH}u{,—CTaHOBI/ITCﬂ CYyIIeCTBEHHO
HEPaBHOBECHOH [M0CJe TOro, Kak OHa NPOHAET KPUTHIECKyO TOYKY.,



VII. Heenedosanue ocobolx Touex 113

Hns ananu3a JAHHaMUYECKHX CHCTEM B OKPECTHOCTH MOJOGHHX TOUEK
TpeGyeTcs crenyasbHBI MOAXOA. MBl BCTPETHMCS ¢ TAKHMH NpHMe-
pamu B pasn V1L Becbma obilee uccienoBarue NOAOGHHX CHTya-
unli 6my0 mposeneHo ToMom [59]— mmeeTcs B BHAY ero TeopHus
KaTactpod.

Koneuno, ¢ Grodu3udecKofl TOYKM 3peHHs TaKue CJOXKHHe OAH-
HaMHYeCKHe CHCTeMp OoJee uHTepecHH. Belb B caMoMm fgefe, A3
NOSBJEHUS OPraHH3OBAHHEIX CTPYKTYP TPebylOTCs peskue wu3MeHe-
HHSI, NOJOOHBIe YNOMSIHYTHIM BbIIIE Da3pHIBHOCTAM B KapTe 0COOBIX
Touek. JIMHaMHUeCKue CHCTEMBl, ONHUCHIBAKOLIKE [E€PEXOAL MEXAY
pa3JIHYHbLIMA YDOBHSIMH OPTaHH3al¥H, ¢ HEH30eXHOCTbIO [OJKHH
NPOXOJHUTh 4epe3 onpefleleHHble KPHTHYECKHE CTAAHMH, HIH NEPHOHL
g KOHKDeTHOCTH MHl PaCCMOTPUM OIMH BAaXKHBIH NpHMep H3 06-
JIACTH CaMOOPraHH3auuK GHOJIOTHYECKHX MAaKDOMOJEKYJ: [epexoi OT
MHOMKeCTBa HEe3aBHCHMBIX KOHKYDEHTOB K (DYHKIHOHaNbHON eAHHHUIE,
cocTosIle M3 KOHKYPHDYIOIIUX NOJHHYKJACOTHAOB H Genkos., B coor-
BETCTBHH C ONpefeseHHeM, AAHHBM B pasi. 1.4, B KOHKypeHTHOH CH-
cteMe OTGHpAeTCsi TOBKO OJHH BHJ, H, CJAeOBaTeJbHO, BHYTPH Sa
HeT ycrtofiuuBoro arrpaxrtopa. C apyroii crToponh, Jiobas koomepa-
THBHAS CHCTeMa J0JKHA HMeTb TaKoOl aTTpakTop, HHade mo xpaiHefi
Mepe OJHH M3 KOHKYPHPYWOLIHNX BHAOB MaKPOMOJEKYJ BHIMpeT uepes
pocratouHo Gosbltoe BpeMst. CrefoBaTesibHO, AHHAMHYECKasi CHCTe-
Ma, KOTOpasi B NPHHIHNE cnoco0Ha MMMTHPOBATb HHTepecyiolliee Hac
pasBHTHe OT OOJee XaOTHYeCKOro K GoJiee OPraHM30BaHHOMY CcO-
CTOSIHHIO, AOJKHA COHEepXKatb KPHTHYECKYIO HEeyCTOHYMBOCTh NpH
onpesieJleHHEIX 3HAYEHHAX CBOHX NapaMeTPOB.

VIL.6. AHanu3 KOHKPETHBIX CHCTEM

a. Hezasucumele KOKKYpeHTbL

[TponstiocTpupyeM Ha KOHKDeTHOM MpHMepe, Kak
NPOBOANTCA HCCJef0BaHHe OCOOBIX TOUeK. BodbmeM 3a-
nauy o6 orbope kBa3UBHAA, O KOTOPOH yXe mJa peub
B yacty A. PesyanbTaTel COOTBETCTBYIOLIETO MaTeMaTH-
yeCKoro HccjiefoBaHusl npusenennl B Tabu. 7. Koopanna-
TB NPOCTPAHCTBA KOHLEHTPAUHMii 1aI0TCs HOPMAaJIbHBIMH .
1epeMeHHBIMH Y,; COOCTBEHHBIE 3HAYEHHS] A SIBASIIOTCA
napaverpamu pocra GyHKUHE . AHann3 OTHOCHTCA K
IAHHOMY paclpefieleHHIO MyTaHToB. [losiBJJleHHe HOBBIX
MYTAHTOB, AAiOUIHX BKJAajX B OTOOpaHHBIA KBasHBHA, Oy-
JeT H3MEeHSThb CMBICA KOHIEHTPAaUHOHHBIX KOOPJIHHAT
Yr, T. € HX CBSI3W C HCTHHHBIMH KOHILEHTPalHOHHEIMH
nepeMeHHbBIMH Xp. [andple Taba. 7 He HYXAaTCa B
nosicHenyax. B panpHeiimeMm Mbl 6yleM HCHOJB30BaTh
WX MPU CPAaBHEHHH TPeX dyHKuui pocra [y = kixi, ¢u-
rypupymouux 8 Tabiji. 6, T. e.;
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Tabauya 7

HecnenoBanue ocoGbiX TOUEK A8 OT6OPA KBa3MBHAA
(cM. gacts A)

Humeem ciaelywouiee KHHETHYECKOe ypaBHCHHE:

AcuMuTOTHIECKOE MOBeJeHHe ONpEACNAeTCa n 0COGLIMR  TOYKAMH,
pacno/JioKeHHBIMH B BEPIIHHAX CHMINICKCA Sa.

Co' 01 0

0 co] 0
i=1"'1, 2=| " |y ees, Yu = .

‘0 0 Cy

Ananuz HOpPMaJbHHIX MOA JJIA KaXKAOH ocoBOf TOYKH Y. HdaeT
coexTp n 3HaveHHH @; .

(I S o@D e — () n y o
o =} —k 07 =X — A o =R, — X,
j=2,3, vee,n~l,n j=1,3, ...,0—~1,n|...|i=12, ..., 8—2 n—1

Wemi  aPm—i, o ==,

Yro KacaeTcsi cTeneHed csoboabl cHMmaerca S, TO KaXAas oco-
6as TOUKZ Yr UMeeT # — | HOPMAaJbHBIX MOA ¢ OOpaTHBHIMH NOCTOSH-

HBIMH BPEMCHH (OI- » KOTOpBIe ONHUCHIBAIOT BHYTPEHHIOW OpranHsauuio

pacnpelenenus, 00yCJOBJIEHHYIO KOHKYDeHUUel MeXAy pasnuHbIMH
KBasuBuAamu, JHalee, cuMnaexc S, uMeeT OAHY HOPMasbHYI0 MORY
m(ck" KOTOpasi COOTBETCTBYeT H3MEHEHHIO CyMMAPHOH KOHIEHTPALUHH C.
Bce BHYTpEHHHE MOAH m}k? paBnbEl Pa3HOCTAM COOCTBEHHBIX 3HA-
venuil A. CreloBaTenuHO, uMeeTcs TOJNbKO OJHA YCTOHYWBAsL OCO-
6as TOYKa [/ HAUGOJbIEro COGCTBEHHOTO 3HAUEHUA Am > Ay, [ =
(m)

=1, 2, ..., n, | %5 m D70 ysA0BOH CTOK, T.€. BCe 3HAUEHHS @

pasinyHbl H OTPULLETEJIbHbL. COOTBETCTBEHHO KBA3HBHA € HAWMEHb-
M CcOOCTBEHHBIM 3HaueHHEM ONHUCHIBAaeTC HCTOYHHKOM — BCJe[-
CTBHEe MNOJOMXKHUTENbHOCTH 3HAUYCHHH . Ocrasuinecs n—2 ocobble
TOYKH fBJAIOTCA CeANaMHU, NOTOMY 4YTO UM COOTBETCTBYIOT KaK {I10Ji0-

XKHUTeJbHbIE, TAK W OTpUUATEJbHLIE m?k‘
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1) mocrosiHHas ckopocTh pocta: p==0;
2) nuHef#iHas CKOPOCTh pocra: p==1;
3) KBajpaTHUHAs CKOPOCTb poCTa: p=2,

1. Mepseifl cayuait pact oaHY ycTOHUHBYW 0COGYI0 TOUKY —
(bOKaNbHLIR CTOK BHYTPH €AMHHUHOIO CHMILIEKCA Sp:

ky
ky
=0 (55)
k .
igl ' Ny,

<<BHyTpH>> €IHHHYHOr0 CHMIJIEKCA O3HauvaeT, 4TO MJfA BCEX KOOpIH-

HaT Xx: 0 << x; << ¢p. (OtpuuaresnsHoe) coGCTBEHHOe 3HAYEHHe MaTt-
puusl SIKoGH A-KPaTHO BHIPOKJIEHO:

= (56)

To ke camoe cCnpaBeANHBO U JJIsi ¢, KOTOPOE OTHOCHTCS K H3Me-
HEHHIO CYMMapHOHM KOHUEHTPaUHH C.

PesyapTaToM siBJsieTCS  YCTOHYHMBOe COCYIIeCTBOBAaHHe  BCeX
BHJOB.

2. Bropoii cayuall paccmoTtpex B TabJa. 7. HamoMHHM, YTO uMe-
eTcsl TOJBKO OjHa ycToHuuBas ocobas Touxka. Tor (akT, YTO OHa
pacrnoJioxeHa B BepliMHG CHMIIJEKCAa, YKa3BIBAET Ha KOHKYPeHTHOe
noBefledHe. TonbKO OfHA M3 KOHLUEHTPALUOHHBIX KOODAHHAT Y3J0-
BOTO CTOKA MOJNOMXKHTeJbHA (==(¢), BCe JApyrue paBHEl Hymo. Kax
H B IIepBOM cJy4ae, KapTta HC 3aBHCHT OT CyMMapHOH KOHIeHTpa-
HUH Co, @ KOHEUHBIH Pe3ysNbTaT He 3aBHCHT OT HAUAJbHBIX YCAOBHH.

3. Hakonen, Tperuil cayuaii naer Bcero 2" — 1 0co6blX TOUEK,
KOTODHIE MOXHO CIPYINHPOBATh B TPH KJjacca.

Iepsuiit kiacc Bxaoyaer 71 (OKAAbHBIX CTOKOB, NO OJHOMY B
KaXaoi seplinhe S,.

0
_ co;.k)=—kkco,]'=1,2,...,n—l
X=|X,=6¢], npHIeM (57)
. of = — ke,
0

Hpyrux ycroluuBpix ocoGbIX TOYeK HeT. PacrmojoxeHHe TOYEK B
BeDPIIHHAX eJHHHYHOrO CHMILIEKCA CHOBA YKa3blBaeT Ha KOHKYypeHTHOE
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TOBeAEHHE, MO03BOJAKIEe BEUKHTb JHMIIb OJHOMY KOHKYDEHTY,
T.e. JaHHA$ CHTYalHs COOTBETCTBYET UHCTOMY COCTOsAHMIO. OJHaKo
B 3TOM CJyuyae HeJHHeHHBIX CKOPOCTEH pOCTa De3yJbTaT KOHKYPeH-
LHY 33BUCHT OT HAYaJbHBIX YCIOBHI, MOTOMY 4TO HMEETCA 71 YCTOH-
YHBEIX TOYEK (B NPOTHBONOJOXKHOCTb JHHEHHOMY aBTOKAaTaaH3aTOPY,
KOrfla ocofast TOYKa TOJNBKO OJHA). JTO O3HAuUaer, UTO Ka’KABIH H3
1 KOHKYDEHTOB MOXKET PeIUHTh CIOP B CBOIO MOJNb3Y — B 3aBHCHMO-
CTH OT HayaJbHBIX YHCJIeHHOCTell momyasund. Kax ToaBKO noGemn-
Tedb YTBepAuIcs, J0G0H M3 KOHKYPEHTOB YiKe He MOXKeT Jerko
BHITECHHTh ero. [105TOMY MB!I Ha3piBaeM 3Ty CUTyauui©o «0T6opoM
pas H HaBcerAa». Kak H B AByX NpeABAYIHX cAydasx, KapTa oOCo-
ObIX TOYeK He 3aBHCHT OT CYMMapHOIl KOHLEHTPALHH Co.

HBa apyrux knacca ocofbIX TOYeK BKJIOUAOT B ceba OAMH HC-
TOUHHK BHYTPH €AHHHUHOTO CHMIJIEKCA (BCe KOOPAHHATH €ro KO-
HeyHel) H (2" —n—2) CceAJOBHIX TOUeK —II0 OJHOH Ha KakIOM
peGpe H MmO OAHOH Ha KaXHUofi rpaHd (BKMOYasg BCE BO3IMOXHHE
runeprpann) S.. OBa knacca ocolBIX TOYEK COOTBETCTBYIOT He-
yCTOHUMBOCTAM. Mbl He NPHBOXHM HX KOODAKHAT M HODPMAasibHBIX
MOJ — OHH MOTYT GEITb NMOJYYeHb! MPOCTHIMH BBIUHCJHeHHAMH. BMmecto
3TOr0 MHl HJTIOCTPHPYEM THIMYHOE CeJeKUHOHHOe NOBeJeHHe PacTy-
IUX CHCTEM Ha HECKOJIbKHX TPHMepax eAHHHUHBIX CHMIIJIEKCOB pas-
mepHOCTH 3 (cM. puc, 22).

Mpl BBIGpasH 3TH TPH CPABHUTENBHO HPOCTEIX MO-
ReJbHBIX cayyasg, 4TOOH IPOUATIOCTPUPOBATL METON
UCCJIefOBaHUusg O0COGBIX TOueKk H NOAUYEPKHYTH T€ €ro
cBOHCTBa, HaA KOTOpHIE cJaeayeT oOGpaTHTb BHHMAaHHe.
INpupona oco6oif TOUKH, B YACTHOCTH TO, KAaKOe pelle-
HHE OHa IlaeT——-yCTOIjX‘{I/IBOE HJIH HQYCTOﬁqHBOe,— HMeEeT
IIepBOCTEIICHHOE 3HA4YCHHUE a4 npoéneM 0T6opa H 3BO-
Jiound. He Mmenee Baxkna soxkanu3anuss 0cOOBIX TOUEK
B elHHW4YHOM cummiekce. KoonepaTusHeif or6op MHO-
JKeCTBa PEMVIMKATUBHBEIX eiuHUL Tpebyer, uTo6H ocobas
TO4YKa JexKaJia BHYTpU €AHHHUYHOI'0 CHMILJICKCA Sk, OTHO-
csierocs K noanpocTpanctBy X ¥, 06pa3oBaHHOMY KOH-
LEeHTPALHOHHEIMH KOOpPAMHATAMU £ KOOMepPUPYIOMIHXCS
enunun. C 7pyrofi CTOPOHHI, JOKaJau3alus CTOKAa Ha
OlHO! u3 BepWHH Sp XapaKTepH3yer KOHKYPEHUHIO,
BEAyILYI0 K OTOOPY TOJIBKO OJNHOTO M3 KOMIIOHEHTOB, B
TO BpeMsl KaK JOKalu3alMH Ha pebpax, rpaHax HJIHA
THImeprpanax YKashlBalOT HAa YaCTHUHYIO KOHKYDEHIHIO
1 oT6op.

[TocTpoeHne anmaparta TpaHCASUUM, HAaOPUMEp, Tpe-
6yeT OQHOBpPeMeHHOTo OT6Opa HECKOJNbKHX pellHKaTHB-
HbIX €IAHHHIl — MPEAIIeCTREHHUKOB pa3JHYHbIX TCHOB.
Hn OJlHA H3 TpeX CHCTEM, PaCCMOTPEHHBIX BHIIIE, HE
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s s 000 @O

/00 (700 (700)
(aw) p (0,0,7),(,,) 5 (0,0,1) (aw) s (0,0,1}

Puc. 22. TpexmepHble KapThl 0COOHIX TOYeK AJS PasAHUYHBIX THIOB
HE3aBUCHMBIX KOHKYDEHTOB NDH OIPAHHYeHMH TNOCTOSHHOH OpraHu-

sanun. (Cumsosint E, @ " @ 6bin BBeAeHH Ha puc. 10.)

A. TlocrosiHHast ckopocTh pocta (p = 0):
3

X,
-—-k — k
j=1
k1=1; k2=2; k3=3
Ha kapte umeercs (GOKYC BHYTPH €QHHHYHOTO CHUMIJeKca Ss,
4TO 03HaYaeT YCTOHUMBOE COCYLIECTBOBAHHE BCEX TPeX BHAOB. JIerko
n306pasuTh BCe MHOroofpasme TpaCKTopHﬁ—npﬂme JHMHHHA, 0po-

XOJSILINX 4epe3 KAXKAYIO TOYKY S, U BeAywmux B YCeTofuuBhbii dokxyc.
5. Jlunefinas CKOpOCTb pocra (p=1):

; *i . . :
xi=kixi——CO—ijx]., hy=1; ky=2 ky=3.
j=1
EanscTBentoe yCTOI‘/'I‘—U/IBOe ACUMITOTHYECKOE pelleHHe CHCTEMBl —
9TO UYHCTOE COCTOAHHE, KOTOpO_e_ BKi}OqaeT B cebs TOJNBKO BHA 3.

3a uckmouennem ABYX pebep, 12 H 23, BCe TpPaeKTOPHHM HAYMHAIOTCS
B TOUKe | # KOHYawTcd B TOUKe 3.
B. KpagpatuuHas ckopoCTb pocrta (p = 2):

Cumnyexe S; pas6uBaercss Ha TpPH ofJacTH, KaXAas U3 KOTOPHIX
aBasercst GacceiiHoM ycTofiunBoii ocoGoii Toukd. Pasmepwl Obacceii-
HOB 3aBHCAT OT 3HAYEHHH COOTBETCTBYIOUWIMX KOHCTAHT CKOPOCTEH.
[lockonbky HauGonpmiefi u3 HHX sABJAAETc k3 MakCHMasbHEIE Da3-

mephl GaccefiHa uMeeT ocofast TOUKA Xj.
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yAoBJeTBOpsier TpebOBaHUAM TAKOTO OJHOBPEMEHHOrO
ot6opa. Ilepras cHcTemMa, TO-BHAUMOMY, AOMYCKaeT CO-
CYIIECTBOBAHHE, HO OHa He CeJEKIHOHHA Y [03TOMY He
MOXeT 3BOJIOLHOHHPOBATb K ONTHMaJbHOMY (DYHKIHO-
HHPOBaHHIO. BTopasi cucrema JAONyCKaeT COCYLIECTBOBA-
HHe JIMIIb B V3KHX Npelenax paclpe/eseHdss KBA3UBHA:
OHa He TOJepaHTHAa K JAHUBEPTeHUHH TEeHOTHIOB, YTO
Tpebyercs nas obJeryeHHs (eHOTHNHUECKOH HHBepCH-
¢ugauuu. M naxoHel, TpeTks CHCTEMAa B BHICIIEH cTe-
IeHH aHTHKOONepaTHBHA — HACTOJBLKO, YTO OJHAXKHLI
YCTAHOBUBIIHICA BHJA MOAABJAsieT B Opoiecce oT6opa
Jio60ro MyTaHTa HE3aBHCHMO OT TOTO, obJiafaeT JH OH
CEeJIeKTHBHBIM IIPEUMYIECTBOM.

Cuoellys yka3aHuAM, BBHITEKAIOUIHM H3 CPaBHHTEIBHO-
ro o63opa B pasd. V, MBl IpoaHaJHU3HpyeM Temephb
6osee moxpobHO aHcamOJu ¢ QYHKUUOHANLHBIMH CBSI35-
MH. IDTH aHcamMOau OyayT COAepKaTh pelJUKATUBHBIE
eIVHHUBl B LleJsX COXPaHEHMs TeHeTHYecKol HHpopma-
UMM X B TO Xe BpeMs OHHM GyAyT KoomepaTHpHO crabu-
JU3UPOBATLCA CBA3AMH, KOTOPBIE AeJa0T (GYHKLHIO DPO-
cra cyulecTBeHHo HeJuHeliHOH. [losToMy oxuIaeMble
CBOUCTBA CHCTEMBI CO CBSI3IMH OYAYT B Kako#-To Mepe
CXOAHBl CO CBOHCTBAMH, XapaKTEePHBIMH [Jjisi TPETbEro
npuMepa He3aBUCUMBIX KOHKYPEHTOB.

6. Karaauruueckue yenu

Cawmbifi npsMoli cnocol YCTAHOBJIEHHS CBSI3U MeXy
BCEMH YJleHaMH aHCaMOJast — 3TO HOCTpPOeHHE IENH Mo-
CPEJICTBOM CBA3YIOUINX peaKUMH, aHAaJOTHYHO TOMY Kak
MEBL CBSI3bIBAEM CJI0Ba B mpeinoxenus (puc. 23).

YneHs! KHHETHYeCKHX YpaBHEHHH, COOTBETCTBYIOUIHE 3THM CBA-

3aM, NPUBOAAT K HeOAHOPOAHOCTH GyHKUHE umcTOro pocra [y mjd
BCEX YJICHOB, KpOMe NepBOro:

n
. X ’
X=kx — c_; Fuy Z (e + ki"f"i—l)]’
j=2
x n
ky=kox kx| — - | b + Z(ki"f + k;xjxj_l)] (58)

j=2
amai=23 ..., n
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1(1,0.0)
_P30001)
/,//’,’/ 2(01,0)
,””’/”’ 5 /’///
6 - 7 G=025
/9,—’
/ A
(1,0,0)
/

31546
(00,7)
z I
@1.0) @10) g co

Puc. 23. KapTel ocoGBIX TOYUEK KaTaJHTHYECKON UMM CaMoperniu-

OUPYIOUIHXCA €IHHHI @ npu OrpaHnvYeHuH NOCTOSTHHOH opraHu-
Salluu:
Pl =k1x1:

Py=hyx;+kxpe,_y (s i=2, 3);

Ry=3; ky=2; ky=1; ky=2 ky=1,

[Tpn Maabix xouueHtpauusx (A) ycroHuHBoe peuleHHe COOTBET-
crByer orbopy Buaa 1. OjaHako ecam aBa APYrHX BHAA elle He Bhl-
MEpJaH K TOMY MOMEHTY, KOrJa CyMMapHas KOHIEHTDallHsl HOCTUraer
KPUTHYECKOTO 3HAUEHUsl, TO BO3HHKAEeT HOBOE CTANMOHAPHOE COCTO-
AHMe, B KOTOPOM BCe TDPH BHAA CTaHOBATCA YycTofuuBmiMu (b).
Hagbuefiiiee  yBeJHUeHHe CyMMapHOH KoOHUeHTpauuu (B) 6aaro-
NPUATCTBYET TOJNBKO BHAY 3, Tak 4TO KOHewHas cutyauus (/') orse-
yaer orT6opy sToro Buaa. OAHaKo MexaHH3M maHHOro orbopa OT-
Juuaercs OT MexaHM3Ma o0TGopa B C/lyyae HE3aBHCHMbIX KOHKY-
PEHTOB.



Tabauya 8

AHaJu3 0co6bIX TOUEK AJS KATAJHTHYECKHX lenedi pPa3MEepPHOCTH TPH

Ha Kapre 0COOBIX TOYEK HMeeTCsl IecCTb OCOOHX TOYEK C KOOPAHHATAMH H HODMaJIbHBIMH MOLAaMH, [IpHBE-
JACHHBIMH HHUXe:

X1=( O)
0

o) =k;—k,

o) =kyey — &y + by

0
0

(01 =kl—~k2

o = kico — ky + kg

_ 0
X3=(0)
Co

3
oY =k —ky

3
Of) = ky — kg

’
ol — (koeq — ky =+ k) (ky — k1)
olf =

7
kycy

0 |
ky — k3

’
;5 == kS l
| £ — kot by ]

7

kg

o) =ky —ky

_ kg — e (ky— k) — kg (ky — k)
kyly

02t



@ _ (k300 — byt k) (g —ky) o B 0f —cobersennne  sHavenna
0y =

w_ 1 gprpr, _ e
@2'= k; {k2k3c0 ksco MaTpuus SIko6un A (X == Xg)

— ky(ky — ky) — kg (k) — kg)}

Tpu ocobble TOUKH — Xi, X2 H X3 — JIEXXaT B BepIIHHAX €AHHHUHOTO cuMIJekca S (cM. puc. 23), u, ciaei
JOBATENIBHO, HMEET MECTO KOHKYDEHIHs HEe3aBHCHMO OT NPHPOXH OCOOHIX Touek. [TonoeHnsi TpeX APYrHX
0CcOGHIX TOueK SaBuCAT (JNHHEHHO) OT CyMMapHONl KoHUeHTpaumn ¢o. JBe ocobeie TouKH — X, U X; — IBUNKYTCA

BXOMb pebep 12 n 23 CHMILJIEKCA, HTO YK23bIBRET HA YACTHYHYIO KOHKYDEHUHIO. Jluwe ocofas TOYKA Xz MOXKeET
TnepeMeInaTbCs BHYTPH Ss, UTO O3HAYAeT KOONEPATHBHHIA 0TOOp BCEX WIEHOB IIEMU.
Tlpu HU3KOH cyMMapHO# KOHUEHTPalHK

co<(ky=ko)fky (ky=k3)[ky wmm (k1 —kg)fks

OcoGHe TOUKH X4, X5 HAH COOTBETCTBEHHO Xg HAXOAATCA BHE CHMIIeKca Si, T. €. BHe TOit ofxactu mpocrpaH-
CTBa KOHUEHTpauuil, KoTopas uMmeeT ¢usnuecKuil cMsolek (Mo KpaliHell Mepe OZHA KOHUEHTPaLHOHHAS KOOPLH-
HaTa OTpHuaTeNbHA). [Ipu ¢o —> 0 KOODAMHATH. STHX OCOGHIX TOYEK [aXe CTpeMATcs K OeckoHeuxHocTd. Juaa-
MHyecKasl CHCTEMa aCHMOTOTHYECKH CTAHOBHTCH MIEHTHYHOM CHCTEMe BHKCINOHEeHIHAJLHO pactyuiux (HecmAsaH -
HBHX) KOHKYDEHTOB, KOTODasl XapaKTepH3yeTcs OCOOLIMH TOYKAMH Xi, Xz H Xg.

Ecan &y > ky, kg ¥ ¢y NeXAT Bhle NOPOrOBOrO 3HaYeHHs, KOTOpoe Jaercs CyMMoOR [(kl—k2)/k2]+

. —
-} [(kl—kS)/k.'i]’ T0 ocofasi TOuUKa Xg OKasblBaeTcs BHYTDH €IHHHYHOI'0O CHMIIJIEKCa, YTO yKasumBaer Ha Koome-

paruBHoe moBefenne. ONHAKO OHa He CTPEMHTCH HH K KakKo# Toyke BHYTpH Sz, a nepeMemiaercs K Bep-
muHe 3,
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V3-32 OTCYTCTBHsI OAHOPOLHOCTH KapThl OCOOBIX TOYEK OyAyT HUMeTb
GoJee CJOKHBIA BHA, YeM B PacCMOTDEHHBIX A0 CHX NOp cJaydasx.

Urobsl sTa mpoueaypa 6blaa NOHATHOH, HauHeM ¢ TpexXMepHOI
CHCTEMBI, @ 3aTe€M PaclpOCTPaHHM aHaJH3 HAa MHOTOMeDHEI cay4ail.
B 1a6s. 8 mpuBeLeHa CBOAKA HeOOGXOAMMHBIX COOTHOMIEHHH [JA Tpex-
MepHOro CJaydas, a TakXe KPaTKO OXaPaKTe€PH30BAHBI KapThl 0CO-
OblX TOYeK. B COOTBETCTBUM ¢ 9TUM aHaau3oM TpH ugeHa ([ —Ia)
JHHEHHON 1eNH CaMOBOCIPOH3BOISIIHACA EJHHHIL MOryT ObITH OTO-
6paHbl OAHOBPEMEHHO JIHIUb NPH OYeHb CHEUHANbHEIX YCJIOBHAX, 8
HMEHHO!

ky > kg, kg (59)

ki—hy | ki—k
1,2+l/3
k2 k3

Co > . (60)

KaseTcst oueHb Ma/jo BEPOSATHHIM, 4TOGH DapTHEPH!, KOTOPHE OKa3a-
JHCh YIOBJETBOPSIOMAMH ycaoBHio (59), npojosKang yAOBJETBO-
PATH €My Ha OPOTHXKEHHH JAJHTeNbHbIX NEDPHOJOB 3BOJIOUMH [3TO
o3uadajo OB, YTO MYTauUHH, H3MeHAWON(HMe cooTHowenne (59), Hu-
korga He rpoucxozar]. Ecam 6Bl oHE 6blix CIOCOGHH K 3TOMY,
cucTeMa pasBuBanach Obl KpaliHe acHMMeETPHYHBIM 06pa3oMm: ¢ po-
CTOM (o yBeJMYHBaNach OB TOJBKO UHCJIEHHOCTb MONMYJALUH OCJAEA-
Hero 4YjeHa LenH — No KpaHHell Mepe NpH CENeKUHOHHHX OrpaHHYe-
HHaX. [JOCKOMBKY fICHO, YTO 3TO CKOPO HPHBENO Obl K PACXOXKIEHIHIO
YUC/IeHHOCTEH MONyJAUKA Ha lesble NOPAAKH BEJNHYHHBI, MOXHO CHe-
JaTh BbIBOJ, YTO TaKkasg CHCTeMa He CHOCOGHA cTaGH/H3HPOBAThH
coBMecTHOe (YHKUHMOHHPOBAHUE, MOCKOJBKY OHA HE MOMET KOHTPO-
JIAPOBATb OTHOCHTENbHBIE YHC/JAEHHOCTH NOMyJsumit B GoabluoM uH-
TepBaJe CyMMapHBIX KOHUeHTpauui.

3T0 noBeleHHe HJVIOCTPHDYET puc 23, Ha KOTOPOM MpeACTaB-
JeHo KAaK OB HEeCKONbKO MOMEHTAJbHBIX CHAMKOB HENpPEephLIBHOrO
npouecca B CHCTeMe, pacTyllell B COCTOSAHHH, OJH3KOM K BHYTpeH-
Hemy papaoBecuto. A KOHUEHTPAUHH o HHXE KPHUTHYECKOIO

ypOBH#A, 3afaHHOro ypaBHeHHeM (60), Tpu OCOGHE TOUKH — Xi, Xs,
Xs — PACIOJOXEHH BHe eAMHMYHOrO cumiliiekca (puc. 23, A). Ecau ¢

paBHO KPHTHYECKOMY 3HAYeHHIO, TO 0cobas TOUKA Xe HOCTHraer rpa-
Hulib cuMnyekca (puc. 23, 5) u ¢ pocTOM co HNBHMIKETCS BHYTPH €ro.
ITpw 3TOM OHAa HSMEHSIET CBOK MPHPOAY — Telepb 3T0 yCTOHUHBAS
ocoGas rouka (puc. 23, B), Koropas B JaHHOM KOHKPETHOM clyuae
ABJAseTCs cnupanbHbiy crokom. (Bosee JeranbHOe HecaelOBaHHe
0COoBBIX TOWEK B ciydae HEOAHOPOAHBIX (yHKUMH pocta Gyzer mpo-
BelleHo B paGote [53].) Puc. 23,1 wumOCTpHPYeT OKOHYATEJAbHYIO
cyAbby 3108 ycTORUMBOH 0COBON TOUKH, a HMeHHO MHIpalHi0 B Bep-
wray 3. TeMm cambiM cHCTeMa MNPHXOAZHT K YHCTOMY COCTOSHHIO
X3 == Cy.

OcHOBHBIE De3ysbTaThl, MOJYYeHHBlE AJ TPEXMEPHOTO Clydas,
aAerko oGofmawrcs nas n-Mepeoil cuctembl. Poap Buaa 3 urpaer
BHA N, BMECTO IIECTH HMeeTCs 271 0coGeix Touek. Camas uHTepecHas
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ocofast TOUKA — 3TO Xz». Ee NOJOXKeHHe Jerko onpeldeHTh:
ki — ky

;Zn = ) ' (61)

i=2

Oco6ast TOYKA Xzn JIEKUT BHYTPH CHMIJIEKCa S, B TOM H TOJbKO
B TOM CJyuae, €CJIH KOHCTAHTBl CKOPOCTH YAOBJAETBOPSIOT COOTHOIle-
HHAM &y > k;, [=2, 3, ..., n, U cyMMapHas KOHUEHTPauMs Ipe-
BOCXOJHT KPUTHUECKOE 3HAUEHHE
n
ky—
Cxp = -—k/—— (62)
j=2 i
Toria Xz« COOTBETCTBYET YCTONUMBOMY CTAUMOHAPHOMY COCTOSIHHIO.

B 3ToM COCTOSIHHH BCe KOHUEHTDAlUH, KPOMe X,, NMOCTOSHHBI, H
No3TOMYy NpH GOJIBIIMX CYyMMAapHBIX KOHIEHTDAUHAX cMCTeMa NpHbJn-

KaeTcsd K YHCTOMY COCTOSIHHIO X, = (.

PesloMupyeM NoBeleHHe KAaTaJUTHUECKHX Lemnel.

l. ¥crofiunBble CTallMOHApHBIE COCTOSIHUS — Cyle-
CTBYIOT TOJbKO B TOM cJy4yae, eCJH KOHCTAaHThl CKOPOCTH
H CyMMapHasd KOHUEHTpPalUHa YAOBJETBOPSAIOT ONpene-
JIEHHBIM COOTHOLIEHHUSM; '

Tk —k
i . i TR
ky>ky; j=2,3,..., n C°>]=EQ_—_k; .

Yr1obpt mpoHcxoausa oTbop, 3JAHMHUHHPYIOUIMHA JApyTHe
He YHKIIHOHAJIbHEIE eJAHHHLBl, HAa CHCTEMY CJeIyeT Ha-
JOXHTh CeJeKUVOHHBIe OrpaHuueHusi, ¥ oTbop Onaro-
NPUATHBIX MYTAHTOB He JOJIKEH H3MeHSTb TPebyeMbIX
HEPaBEeHCTB, KOTODHIM JOJIKHBEI YIOBJIETBOPATh KOHCTaH-
THl CKOPOCTH.

2. Ecnu ycaoBus 1. 1 BBEHIOJIHEHBI, TO KOHLEHTPaLHH
HHAHBUIYa/JIbHEIX BHAOB OYAyT CpaBHHMB 1O BeJH-
YgHe TOJbLKO B JAOBOJLHO Y3KOil 00/acTH CyMMapHBIX
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KoHuentpanuil. C pocToM ¢, MOCHENHUN ujeH Uend [, B
(kBa3u)cTanMOHAPHBIX YCJOBHSX pacTeT H, HaKOHel,
CTAHOBUTCS JOMHHHPYIOLIUM.

CrepoBatelbHO, KaTanuTHyecKas Lelb BpAL JH MO-
KeT CAYXKHUTb CHCTEMOH, MHTerpPHpYIOUeH HHPOPMALHIO.

8. Passersaennbie cuctemor

Tpu 2BOJIOUHHE CUCTEM CO CBS3AMM HEH3GEXKHO GYyAeT MPOMCXO-
IMTb pasBeTBjende cBasell (puc. 24). Hccaemosanue ocobbix TOUEK
TAKHX DAa3BeTBJEHHBIX CHCTEM He OOHApYXHBaeT KakuX-1uGo He-
OXHIAHHBIX HOBHIX ocofeHHocTefl. IIpH oOvenb MasbIX CyMMapHBLIX
KOHIIEHTPaluAX TPH BHAA BeAYT cefs KAK HE3aBHCHMBIE KOHKYDEHTHL.
Tenepb HMeerTcs JBa KPHTHUECKHX 3HA4EHHS Co, NPH KOTOPHIX JHEO
Iy u Ip, quGo Iy u I3 cocywectByoT. Kakas MMEHHO H3 3THX ABYX
cuTyauuil peajuayercsl, 3dBHCHT OT TOrFO, KOMy OoJblile 6JaronpH-
arcteyer Iy — I uan Is. OxHa u3 ABYX OcOOBIX TOUEK OKa3blBAeTCH
YCTOHYHBHIM y3JIOM, Apyras — ceAnopoit Touxod. Ilpu Gosee Bhico-
KOH CyMMapHOHl KOHUeHTpauun ycTofiuyBast ocofas TOUKa CHOBa
MUTPHpYeT 1O HANPABJEHHIO K OAHON W3 BEPINHH — 2 HJH COOTBET-
creenno 3. Takoe nosefenue HWJIOCTPHPYET PHC. 24.

(460)

ONOWA

Q D
VA 3
(0,1,0) (0.0.1)

Puc. 24. Kapra oco6bix ToueK AMHAMHYECKO CHCTEMHI, IPEACTaB-
asoiled co60l MeCTO pasBeTBJeHHs B KaTaJuTHUECKOH CHCTeMe ca-

MODENIHUHDYIOUAXCA eAunn ) [pH OrpaHHUeHHH MOCTOSHHO
OpraHu3allu.
4 .
Fi=kux; Pi=kx,+kxx (maai=223),

k=23 k,=ky=0; ké==l; k§=2; g = 3.5.
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HccnenoBanayio 31ech TPEXMEPHYHD CHCTEMY MOXKHO 0BOGIHTH
JABYyMs crnocobami:

1. M3 nanuofi TOYkM MOXKeT HauyHHAThes Gosiee ABYX Bersed.

2. OrfenbHEIE BETBH MOTLYT COCTOATb M3 HECKOJBKHMX YJEHOB.

HccienoBanne ocoGelX TOUEK 3THX MHOTOMEDHBIX CH-
CTeM INPHUBOAHMT B CYIIHOCTH K TaKHMM 3Ke pe3yJabTarau,
KaK H B c/lydyae Tpex uaMepenuil. Mx MoKHO pe3ioMHpo-
BaTh CJAEAYIOIIHM 00pa3oM. Pa3BeTBieHHBIE CUCTEMBI
CaMOpeNIMIHDYIOUUXCS €AUHUI He ABJSIOTCS YCTONYH-
BHIMH Ha NPOTSKeHHW OGOJIBLIMX HHTEPBAJOB BpEMEHH.
BeTBb, pocT KoTOpoit Haubogee sadderTuBeH, OyLeT Bce
Gosblle AOMHHHPOBATb, B TO BPEMSI Kak JApPYTHE BETBH
6yayT ucue3aThb. B KOHIle KOHIIOB OCTAHETCH TOJIBKO
Hanbojsee >QQpeKTHBHAA JMHHeHHasa Lenb, U TEM CaMBIM
Bca npobieMa cBeleTcs K AMHAMHUYECKOH CHCTEMe THIA
(58), xoropas yxKe paccMaTpuBajach B NPEABIAYIEM
pasgene.

VIL.7. UccnenoBanue 0co0biX TOUEK TUNEPUUKIIOR

a. Kaaccugurayus

Kak MBI BHAEJH B 4acTH A, 3aMBIKaHHe LHKJa
B JHHAMHYECKHX CHCTeMaX MNPUBOJHT K MNOSBJIEHHIO
y CHCTEMHl B LEJOM COBepILIEHHO HOBHIX cBOHCTB. MHo-
JKECTBO MOJIEKYJ, KOTOpHe 00pas3yloTcs B 3aMKHYTOM
IMKJe XUMHYECKHX peakiud, 3KBHBAJECHTHO KaTaJH3a-
Topy. Llukn xaTanusaTopoB B CBOW ouepelb HMeEeT
aBToKaTaJUTHUECKHE cBOMCTBA (pHUC. 4), U €ro MOXHO
CUHTaTh caMOpeIIHIupyIollelicss cucreMoll. Mbl yeraHo-
BHJIH, TO JHHEHHBIE HJIM Da3BeTBJEHHBIC CBA3H MEXKIY
CaMOpeIIMIUDYIOMIIMHUCS eJHHHIIAMH He NPHBOAAT K
or6opy ©OOBeNMHEHHOH CHCTeMBl C (YHKIHOHAJbHBIMH
CBA3SMH; Telepb MOXKHO 3aJaTb BONPOC, He CONPOBO-
JKaaeTcs JU 3aMBIKaHHe IHUKJa B HeNH CBA3ell H3MmeHe-
HUEeM XapakTepa CeJeKIHOHHOrO IOBeAEeHHA BCEero aH-
cam@ua? EcTb OCHOBaHUS OTBETHTL Ha 3TOT BONPOC
YTBEepAUTEJbHO, MOCKOJbLKY MBI 3HAeM, UTO B OTKPBHITHIX
lensgx pelUNHeHTOM BCeX IPEMMYLIeCTB CBs3ed Bceraa
6nin nocjie U 4nen,



Puc. 25. KaraauTuyeskue ImNEePUHKAB creneHH p =2, n==6 (A), crenenn p=3, n=6 {H) U creneHu
p=n==6 (B).
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Obwas kaacCU@HKALUA THIEPLMKJIOB AaHa B 4acTH
A. Tlpocreiilune npeacrasurefd 3STOr0 KJjacca ceTel
NOJNyYyaTCsd B Pe3yJabTaTe BBeACHHUS NPOCTOl (YHKLHO-
HaJbHOU CBA3H MEXAY CaMOpEeNHUHPYIOLUMUCT eAWHH-
11aMH, KaK MOKa3aHo Ha puc. 25.

Hauupiil paszaes, NOCBSILLEHHBIA THIEPLUKIAM, MOXK-
HO NOApas3Ae]uTh Ha TpH vacTH. CHayaga MH BBeneM
HEKOTODHIE OIpejeJeHHs H KPHTepHH, MOJe3Hble AMd
KJAacCHQUKALMH 3TOr0 HOBOLO THNA KATAJHUTHYECKHX
cucteM. [lanee omuumieM pe3yJbTaThl HCCIeNOBaHUs OCO-
ObIX ToueKk MJasi HauboJiee BaXKHBIX «UHCTBLIX» THIOB [H-
nmepuukaoB. 1 HakoHen, paccMOTPUM OAHH TIpHMep
caMoopraHu3youlefics CHCTeMB, KOTOpas NpeACTaBjasdeT
co00ii peaJHCTHUECKHI KaTaJMTHUECKUH THIEPIHKJI.

Ipexe BCero, THIEPUHKJAB OTJIHIAIOTCS OT OOBIUHBIX KaTau-
THUECKHX IHKJIOB HajuudeM HeJiHelHEIX 4/€HOB B BHPaXKeHHSX
jia cgopocreil pocra. B mpocteix caydasx dymxuun I'; aeasiorcs
TpOH3BEACHUAMH KOHLEHTpaLHii:

n
P
r,==k, l[lx A (63)

IToxasatenn p,; cornacuo (63), MOXHO CUHTATL 3JIeMeHTaMH MaT-

puusl P, Uupekent A B { yKaspBalOT, Kakas MNONyJAAUHOHHAas Mepe-
MeHHAs X, B QyBKUMH I'; J0/MKHA BO3BOLUTBCS B CTeNeHb p,,. Cuie-

[0BATEJIbHO, AHHAMHYECKas CHCTEMa IMOJHOCTBIO ONDENeNseTcs Mart-
puuelt nokasateneit P, BexTopoM KOHCTaHT ckopocrel k = (ki ...
..., ky) 1 MHOXKeCTBOM HauaJpHBIX ycaosufl. CHauama ME paccMmo-
TPHM TOJIBKO «UHCTBIE» CJAY4aH, KOTOPHIE XapakTePH3YIOTCH TeM, 4TO
I'; spasioTcsi OfHOPOAHBIMH (yHKUIHAMH. TpeboBaHHe OXHOPOLHOCTH
IPUBOAMT K [EPBOMY OIPAaHMUEHHIO, HaJjJaraeMOMy Ha 9JeMeHTH
Marpuus P:

n
D pu=p i=12.., 0 (64)
A=1

CymMMa p Tenepb OCTaerca OAHOA H TOil XKe Aas Bcex n muddepen-
UMAJbHEIX ypaBHeHHH u Opeacrasiger cofod creneHh (yHKUHA po-
cTa, BBeACHHYIO B pasi. V. Kpome ycnoBHs OZHODOIHOCTH, MBI 0O-
TpebyeM, 4TOOH OTHENbHble KOHUEHTPAUHH BXOLHAX B [ TOJBKO B
nepeofl cTeneHy. HekoTopble BaXKHble CJAyuyand 3aBUCHMOCTeH OGoJee
BLICOKOro mnopsiika GyayT paccMorpenwl Huxke. COOTBETCTBEHHO MO-
KasaTeJu p,; HMET TOJbKO JBAa BO3MOXHBIX SHAUEHHA: p,, ==

={0, 1}.
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HaxoHeu, BBeieM UMKIMYECKYH) CHMMETPHIO B (YHKUHIO YH-
CTOro pocra:

1“1=kixixjxkxl con X,
j=i—=14n(d,) l=i—3+n(6“+6i2+6i3); (85)

p—1
k=i—24n(8, +0,) r=i—p+ny 8.
u=1

OchoBHble 0COBGEHHOCTH peaklHfi He 3aBHCAT OT NpPeANOJOXKEHUA
0 UHKJIHYecKoll cuMMerpuH. Bmecte ¢ TeM 3TO mpeamosoxeHue sB-
JISeTCS PasyMHBIM, €ClIH HeT JONOJHHTENbHOR HHOpMau#u O CTPYK-
TYPHBIX PA3JHYHAX MeXAY KHHETHYEeCKHMH yPaBHEHHAMH JJf OTAeb-
HEX Y/IEHOB LMKJH4eckol cuctemnl. Tenmepr matpaua P umeer 006-
myw ¢opMmy mupocToro BHza. Huke mnpHBefeH KOHKPeTHHI npH-
Mep — MaTpuna P, rae n=6 u p =3

100011
110001

111000
=6 = =21
P(n=6, p=23) 011100 (66)

001110
000111}

I/ITaK, THIIEPUHKIBL C LUKJIHYECKOR C}{MMeTpHeﬁ ?  OLHODOAHBIMH
¢)yHKU.HHMH pocra [ noanocTbio ONpEACIAIOTCA 3HAYEHUAMH # H P
H BekTOpoM k.

Ha puc. 26 noxasaHel cxeMaTHuyeCKHe AHATPAMMEI
IS TpeX THNepLHKJAOB ¢ n=0 U p==2, 3 n 6. Cayuau
¢ p=1 cjegyeT HCKAOUATL H3 OOILEro KJjgacca KaTajau-
THYECKHX CHCTEM, Ha3blBaeMbIX THNEpLHKJIAaMH, TaK Kak
OHHW OTHOCATCA K KaTeropuu CHCTeM C JHHEHHBIMH CKO-
poctsimu pocra [

6. Obwuii anaaus

Csozika pe3yJabTaToB HCC/AeLOBAHHA OCOGHIX TOYEK
THIEPUHUK/JIHYECKHX CHCTeM AaHa B Taba. 9.

Mpl ob6cyauMm JBa caydasi, KOTOPHIE fABJSIOTCT HJs
Hac HauboJ/iee BaXKHBIMH

1. Tlpocrefiuuii runepuuka ¢ p==2,

2. I'nmepunka, HCHOMB3YIOUWIMA KaTajJWTHUECKHE CBs-
34 MeXJAy BCeMH uJeHamH, T. e pa =1 a1 i=
=I,,..,nuni=l, ..., n, H, cled0BaTeJbLHO, pP=HA.
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Tabauya 9
Kapra ocofbix Touek rumepuuxaa

Hanaras Ha nuHamuueckyio cucreMy (65) orpaHuueHHe HOCTOSIH-
HOH OpraHH3allHH, HoJydaeM

n
. X
Xy==RyxixXy.., xp— Tz— Z errxs e Xy

r=1 pmi

jemi—ldnd, o l=i—pt+ldn ) 8,
p=1
p—1

s=r—1+4ndp, ooy t=mr—p+14n), 8y p=n (TI)
’ =1

I/ICCJXe,U,OBaHI/Ie 0cO6HX TOYEK MOXKHO npoBecTH AHAAUTUYECKU A

J160oro 1, €CJH BCe KOHCTAHTHL CKOpOCTeﬁ OJIUHAKOBBLL!

ki=ky= ... =ky=k. (T.9.2)

(Bausuue Bapuauuil OTJe/bHBIX KOHCTAHT CKOPOCTel Ha pelleHHA
Oyner paccMoTpeno B pazd. VIIL)

Pesyasrarst.

1. OaHa ocoGas Touxa, KOTOPYIO MLl ofo3HauaeM Xo, BCETAa pac-
10/1araeTcsl B LeHTPe KOHIEHTPALUMOHHOrO CHMILIEKCa,

2. n 0cobbIX TOYEK, X1, X2, ..., Xu, PACIONaraloTcs B BeplLIHHAX
cummierca Sp.

3. Bo MHOrHX caydasix CYUIeCTBYIOT OZHO-, ABYX- HJH Tpexmep-
Hble MHOroo6pasusi OCOOLIX TOYEK HJH Ja)Ke MHOrooGpasus Goplueit
Pa3sMepHOCTH, HallpAMep COCTOSIIHE H3 0COOLIX TOUeK pebpa, TPeyroJb-
HHKH, TeTPasAPbl UIH CUMILIEKCH (oJsiee BBICOKHX pasMepHoctell [54].
3t MHoroo6pasus BCerja paclofaralTCs Ha TPaHHLAX COOTBET:
CTBYIOIHX cHMIZekcoB S, Hanmpumep, pe6pa, o6pasoBanHble 0cO-
GhIMH TOUKAMH, HAXORATCA Ha rpaHuuax S, n == 4, TpeyroJbHAKH —
Ha rpaHuuax Su, n == 6, Tetpasapsl — Ha Sp, n = 8.

Ananus HOpMa/JbHBIX MOJ B OKPECTHOCTH LEHTPaabHOl 0coGoil

TOYKH Xo, KOTOpasd OTBETCTBEHHA 34 KOOMNEPAaTHUBHHIH 0T6Op, Jaer

1
1
- —(p-1) -1
= - |. L. <0>___1_—_\1__(&)P b
=1 nt T 1—v n ki
1
27

i
ji=12 ..., n—1; y=e?

-1
oV=00 = — (%)" k. (1.9.3)
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IIpodoascerue Taba, 9

Jns p =2 nMeercss n WIH A — ] pPa3HEIX COGCTBEHHEIX SHaUEHHH,
0
TOrjga Kaxk AJs p == f BCe COGCTBEeHHblE 3HAUEHHsS PaBHBL (o(c ), O6uiu-

HO BCTpeyaeTcss mepsblil cydafl, Has p = 2 # YETHBIX A MOJYJAIOTCH

n—1 ORHOKPATHO BHIPOXKAEHHHIX M ORHO ABAXKAL BHIPOXKIEHHOE
(0) —— = p-1

cofcrsenHOE 3HAueHHe O = 0; . 0= —k(cy/n)""", Toraa Kak

IJ1s1 HeETHHIX £ BCe COOCTBEHHLIe 3Hadenus pasmbie. OTpuuaTesnsHoe

(0(5) CHOBa O3Hayact, 4YTO NHHaMHdeckas CHCTEMa Ha CHMILJIEKCe Sn

ycTofuHBa MO OTHOWeEHHIO K (JIYKTyaulsaM CYMMAapHOH KOHIEHTpA-
UHH C.

ITepByio cHcTeMy MBI Ha30BEM MPOCTO «3JeMEHTap-
HBIM THIEPIHUKJIOM», BTODPYIO — «KOMNAYHA-THIEDPIHK-
JIOM» B COOTBETCTBHH ¢ ero HaHnboJiee JacTo BCTpeyaro-
meiics QusnuecKo#l peanu3auuelli B BHAe KOMILIEKCa
C KOOMEPAaTHBHLIM MOBE/EHUEM.

8. DaemeHTapHbll eunepyUKL

C H3MeHEHHeM pa3MepHOCTH JHHAMHUECKOH CUCTEMbI
Ha0/10AA10TCH HHTEPECHBle H3MEHEHHs IPUPOJLl 0cofoi
TOUKH B DeHTpe cumIiiekca. I[lpoanaausnpyem Gosee
TIIATEJAbHQ MHOXKECTBa COOGCTBeHHBIX 3HAUEHHH /5 pas-
JUUHBIX 7, KOTOpHe yI06HO NpeACTaB/JATb B BHAE BEK-
TopoB w=Rewe;+ilmewe; B KOMI/IEKCHOH TayCccoBOH
nnockocTH (puc. 26). Ocofast ToOUKa B IeHTpe NpH A=
=2 gBJsgercss (GOKycoM, NpH n==3 — CNHPAJLHEIM CTO-
KOM, Ipu n =4 -—ueHtpoMm. g n =5 Mb NIOIyuHM
CEeJUIOBEIE TOUKH CO CHHPAJbHBIMH KOMIIOHEHTAMH B He-
KOTOPHIX IJIOCKOCTSIX. DTH XapaKTepHble H3MEHEeHHs
npupojsl ocoboil TOUKH HamoMHHAlOT OGudyprannio Xoim-
¢da, HecMOTps Ha TO UTO ITapaMeTPOM B HallleM caydae
ABJSIETCS JHCKPETHO M3MEHSIOIAsCcss BeJUYHHA —pas-
MEpHOCTb 71 LUHAMHUecKof cucteMmbl. Kak Oyner moka-
3ado B xoje Gonee obmero amaausa (pasg. VIII), uen-
TpanbHass ocofafd TOYKa sBJACTCH ACHMITOTHYECKH
yeroiiuuBoil mast n=2, 3 u 4. B cayuae GoJsee BBHICOKOH
pasmepHOCTH (n>>5) MBI HMeeM OoJjiee CJIOXKHBIH art-
TPakTOp, a HUMEeHHO YCTOHUMBYIO 3aMKHYTYI0 opOHTY,
WY IpelesbHBIA HHKJ, KOTOPHI BCerja ocTaeTcsd BHYT-
pH CUMILIeKca, HHKOTAA He jJocturas ero rpanum. s
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%.M g}.m %.M
n=2 n=3 n=%
Jm w Jm w
n=5

Jm w
n=6 n=7

Puc. 26. HopmasbHble MOAL ® AR LEHTpaJbHOH 0COBOH TOUKH Xo
B runmepuukaax Ttuma (65) ¢ p =2 m pasmepHocTbi0 7. Rew n
Im ® —— COOTBETCTBEHHO Ae€fiCTBHTE/IbHA? M MHHMAasg d4acTH 4acTo-
TH @.

MOC/AENHEro cayyasi cpefHHe BO BpeMeHH KOHLEHTpailHH
Xi, paBHBIE

LO=7{n@dn K=lmx@, (6
>0

Ly

6uICTPO TpUOAMIKAIOTCH K Co/n (LIS OAHHX H TeX xKe
k), T. e. TOYHO K TOMY e 3HaueHHIO, YTO H B Cjyuae
YCTONUMBBIX OCOOBIX TOUEK.

Jna ocoObXx Touer, paclOOXKEHHBIX B KaxXA0# U3
BepIINH k(X = Cy) cHMIJEKca S, Mbl HMeeM OLHO Mno-
JOXKHTENbHOE W n-—1  HyjeBbXx  3HaueHufl of,
B pasa. VIII Mpl npoananusupyem HeJluHeHHBIE BKJaLbl
¥ HIeHTHQUIHPYEM 3TH ocoOble TOUKH KaK CelJOBBHIe.
CiiefloBaTeNBbHO, COOTBETCTBYIOUIHE ACHMITOTHUECKHE pe-
neHds He OyAyT JaBaTh BKJaja B CeNEKUHOHHOE MOBe-
JleHHe.

KoHKpeTHHH npuMep — Kaprta o0COObIX TOUeK AJs
THnepuyKiIa ¢ p=2 ¥ n=3 —npuselaeH Ha puc. 27.

B ofmeM cayuae GyHKIUN YHCTOTO POCTA AN OTACJLHHIX Camo-
PemUHIUPYIOUIMXCH  eAHHHL, KOTOPBle 00pasyloT  JAHHAMIYECKYH
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CHCTEMY THIepUHKJa, COAEPIKAT HE TOJIbKO KaTaJHTHUYECKIE€ YJIEHRI, HO
H YJieHBl pOCTa NepBOro nopsixa:

Fy=kyx; +kix %, (68)

Haknapripag orpanuueHne HOCTOSHHON OPraHH3alM¥ Ha JHUHAMHYe-
CKYIO CHCTEMY C STHMH (QYHKIHSIMH POCTa, MOJAYIHM

. ’ % ’
tp= kg kpxx; ——E:— Z (Bpxp + kppxy)s
)

j=i—14nd,, I=k—1+4nd,, i=12..., n

C MarTeMaTU4eCKOM TOYKH 3peHHS  KaTaJHTHUeCKas weNb
(puc. 23) ortamyaercs OT TCHIEPUHKJZ TOJbKO OJHOH KOHCTaHTOH

CKOPOCTH K MNOJYy4aeTCqd H3 TMOCJAEeAHero, ec/Ju IMOJNOXHTh k\-—O.

CuefloBaTe/bHO, MOXIO CXKHIATh, 4TO TH [ABa THIA AHHAMHUYECKHX
cacTeM GyAyT B UeM-TO CXOLHBL MexAy cobod. B coorsercTBun
€ HeoJHODOZHOCTbI0 (DYHKUHHE pocTa KapTE OCOGLIX TOUEK 3aBHCAT
OT CYMMapHOH KoHIeHTpauHu. [IpH MaJiblX KOHLeHTpauuax ofe cu-
CTeMBl CTAHOBSITCA HAEGHTHYHBl CHCTeMe 3KCIOHEHIHANbHO PACTYILHX
HE3aBUCHMBIX KOHKypeHTOB (pHc. 22). TIpH BHICOKHX e KOHIEH-
TpAUMAX CHCTeMBl pasnuyalorcst. Jumamuueckaa cuctema (69) acum-
OTOTHYECKH CTAHOBHTCH NOJOOHOH COOTBETCTBYIOLIEMY 3JeMEHTapHO-
My THOEpuMRNY (p = 2).

B xauecTBe KOHKPETHOTO NpHMepa CHOBA PacCMOTPHM CHCTEMY
pasMepHOCTH n = 3. MMeetcsa ceMb OCOOBIX TOYEK: TPH H3 HHX COB-

(1,0,0)
1

(69)

z 3
(01,0) (g0,1)

Puc. 27. Kapra oco6hlx Touek JuHaMuueckoll cHcrems! (65), cocros-
wel U3 CAMODEMJHMLMPYIOIHXCH eIHHHN ) , KOTOPHE 00pasyior

mnepumm upu orpaHuvenvu noctosuuofi opramusauun. I't = kuxg;
j=i—1+nb;n=3p=2%k=(,11)
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Puc. 28. Kapra ocofpix TOYeK AHMHAMHMYecKOH cucTemsl (69), co-
crosimell U3 CaMOPEMIHIHPYIOWHAXCA eJHHHL, KOTOpble 06pasyloT Ka-
TAJHTHYECKHI THIEPUHKIL.

Fy=tkyx,+kxx, J=i—1+nady;
n=38, p=2, k=(,23 1,2 3).
A, cy=05. B. co=25. B.lim ¢y—> oc;

l=x1, 2=X;, 3=X;, 4=Xi5, b=2Xg;, 6=x;, 7T=x

MajalT ¢ BepIINHAMH CHMIJeKca Ss, TPH APYrHe JekKAaT Ha peGpax,
ceflbMasl HAXOAHTCSA BHYTPH Ss.

Jast onpenenerHoro HaGopa mapametpos k Obiu modyueHHl umc-
JICHHBIC Pe3yJbTATHI, OpeACTaBIeHHble na puc. 28, Kak w aas xara-
JUTHUECKOH ILemoukH pHC. 23, MBI jacM KapThl 0COBLIX TOueK ans
TPeX pPAa3HBIX 3HAUeHHI CYMMapHOf KOHUEHTPAUMH Co: JJIs HUIKHErO
H BePXHEro KOHUEHTPAUHOHHBIX npcgenoB (A m B) H aast KpuTuue-
ckofi Touk (B).

r—1

Co=Cyp =ty (k7" + k)7 ) — bk — R k)
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PaccMmoTpenvie pa3BUTHs AWHaMHuecKux cucreM (58)
1 (69), GAH3KHX K BHYTPEHHEMY PaBHOBECHUIO, BHIABJAET
OuUeHb CYUIECTBEHHOE pa3/uuue MeEXAy UUKIAHYeCKOH U
HELHKJIHYeCKOH CHCTeMaMH: OHKJHYecKas cucrema HOpH-
BOJUT K AaCHMITOTHYECKOMY BEPXHEMY KOHLEHTPALHOH-
HOMY Ipejesy, KOTOPhIH XapakTepH3yeTCd HNOCTOSHHBIMH
OTHOCHTE/NbHBIMH KOHUEHTPaUHIMH OTIe/JbHBIX BHIOB,
a OTKpHiTas Lelb NPH BLICOKOH CyMMapHOH KOHIEHTpa-
MK NpUOAMIKAETCS K UHCTOMY COCTOSIHHIO (Xn==C,).

Pesiomupys Bce pasBHTHE CHCTEMBl OT HHIXKHErO 10
BEPXHEr0 KOHLUEHTPALHOHHOTO MNpelesa, MLl BHAUM, 4TO
CHIIEPUUKJ, KOTOPBIH OIHCHIBAaeTCss AMHAMHYECKOH CHC-
Temo#i (69), mpejpcTaBiseT XOpPOIIMA mpUMep CaMoOpra-
uu3anuu. HaunHasi ¢ KOHKypeHUUH MeXAy OTAe/]bHEIMH
BHIAMH pacTylllasi cHcTeMa NpHOAHKAETCH K KOHEUHOMY
COCTOSIHHMIO € JAHHAMHYECKON peryJasiuued 4YHCTOH Npo-
AYKUWH BCEX 4/NeHOB. JTOT BHYTPEHHUHA KOHTPOJDL BeIET
K YCTONYMBOMY CTAalHOHAPHOMY COCTOSHUIO HAM K CO-
CTOSIHHIO C PeryJIsPHBIMH KOJeOaHUAMH HONYASLHOHHBIX
nepeMeHHBIX BOJH3U 0CO00H TOUKH.

2. Komnaynd-eunepyura

WUcenenoBanve ciayuas p==n gaeT NpocTOH oOuIHH
pe3yJbTaT: Kak M BHIE, BHYTPH CHMILIEKCa HMeeTcs
ofxHa oco0asi Touka. Bes rpaHuuma cUMIIexca, OJXHAaKo,
COCTOHT H3 HeYCTOHYMBHIX O0COGHIX TOUYeK, pebep U3
0cOOBIX TOYeK, MJIOCKOCTeH H3 oCOOBIX TOYEeK U T. L.
Tlockonbky HHBapuHaHTHass TOYKAa BHYTPH CHMILIEKCa
(x0) sABasieTcs cdokycoMm npu a00LIX 3HAYEHHAX #, Bce
TPaeKTOPHH, HauuHaloHlhWecsi BHYTPH CHMIJIEKCA, KOTO-
pHEIil mpexcrtaBaseT cobofi objacTh, HMelOUyl0 (usHye-
CKHH CcMBICJ, uepe3 HOCTaTOYHO 6osbuioe BpeMs COHAyT-

¢ K 9T0ll Touke. Bce cobcTBeHHBIE 3HAUEHHS 03(,0), CBSI-
3aHHBIE C Xo,- OLMHAKOBHl I/ HAaHHBIX R, ¢ u n. Hx
MOXHO HafiTH u3 ¢opmyast (3) B Taba. 9, ecad moJjo-
KATh p=n. Kapra o0coOvlX TOUeK A/ KOMIayHA-THIEp-
HHKNa ¢ n==3 nokasaHa Ha pHC. 29. DTH KOMIJIEKCHI,
TakuM 00pa3oM, NPEJCTABRJAIOT NPEKpacHble MOpHUMepHl
pery/isiiiisi OTHOCHTEJIbHBIX KOHLEHTpalHil CBOHX KOM-
TIOHEHTOR,
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(10,0)
1

1§

2 3
(61,0) (0,0,1)

Puc. 29. Kapra ocofeix TO4YeK AHHaAMHYECKOi cHcTeMmt (65), co-
CTosimeli W3 CaMOPENVIHLHPYIOUIHXCA eNHHHL 1Y , KOTOpHe o6pa-

8YIOT KOMIayH/-THIEPUMKJ GPH OrPAHHUEHHH NOCTOSHHON OpraHu3a-
un, Iy = kixyxy ... x5;n=38, p=3, k=(1, 1, 1).

0. Cpasgrenue pasiudnolx eunepyuKios

XapakTepHBIM CBOHCTBOM THIEDUHKJOB SBJAAETCS HX
crocoOHOCTh HHTerpupoBath HHdopmanuio. [eficTsu-
TeNbHO, IPOCTeHlUINe UJIEeHH 5TOro KJacca SBJSIOTCA
HaMMeHee CJOXHBIMH JHHAMHYECKUMH CTPYKTypPaMmi,
CIIOCOOHLIMH HpejoTBpalllaTh NoTepilo HHPOpMAaUHU U3
ancam0/s1 (YHKUVMOHAJbHO CBfI3aHHBIX CaMOpPENJHUIH-
pYIOIIKXCS €AUHHI, H3-32 3/JHMHHAUHH HEKOTOPHIX ero
UJEHOB B pe3yJbTaTe CeJeKUHOHHOH KOHKYDeHIHH.
C puuHaMuuecKoH TOUKH 3peHHs Bce BHJBI THIEPIUKJIOB
SKBHBAJEHTHBI MO OTHOILIEHHIO K sTOMY cBOMcTBY. C npy-
rofi CTOPOHBI, MeHee CJOXKHBIE CHCTeMBl THIA IIPOCTHIX
KATaJHTHIECKHX LHKJIOB (puc. 4) He MOTYT HHTErpHpO-
BaTh MHGOPMALNIO, TAK KAK OHH He 00.1alal0T BHYTPEH-
Hefl crmocoBGHOCTbIO K CaMOBOCNpou3BeZeHH (cM. [4],
c. 501 u najee).

Hajpuefilliee mnojapasjefeHre B HePapXHH Trunep-
LUKJOB MOXET OBITL CAeNaHO B COOTBETCTBHH € HX pea-
JM3yeMOCTbIO B mpHpoAe, uTo OyAeT pPacCMOTPEHO B
yactu B. 3jech 4 nmpuMmepa Mbl CDaBHHM SJI€MeHTap-
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Helfl (p==2) ¥ KoMMayHA-(p==n) TUOEPUHKJIb C TOYKH
3peHusl uX (HUIHUECKOT0 BONJIOLIEHHH. DJaeMeHTapHHIR
THHEPLUKJIB B COOTBETCTBHHM CO CBOHM 3aKOHOM pOCTa
TpeGyIoT OHMOJEKYSIPDHBIX CTOKHOBEHHII MaKpoMOJe-
Kya1. K Tagkum GUMOJNEKYJSIPHBIM INpolleccaM Jerko IpH
BOJAAT pa3/iHyHble MeXaHH3MBI, OHH CJAEIVIOT TaKXKe H3
pPeaqUCTHYECKHUX JAONMYUIeHHH O MeXaHH3Me peMJIMKaLUH
HYKJIEHHOBBIX KHCJOT HJH O CHHTe3e Oesika, HHCTPYKTH-
pyemom MPHK (cM. takxke pasa. IX u uacte B). Kom-
naysA-rinepuuka  tpebyer, 4TOOBI KaXKIBIH NapTHep
BHOCHJI BKJaj B CKOPOCTb 06pa30BaHHA KaKIOTO KOM-
noHeHrta. [ns peaju3auMHd TAaKOro KOMIAYHJA-THIEpIHK-
Jaa neobxoguMo aHO0 MYJbTHMOJIEKY/ISPHOE CTOJKHOBE-
HHe, UYTO KpafiHe MaJjio BeposTHO, JynOo oOpasoBanHue
IIPOMEKYTOUHOI'O KOMILJIEKCA H3 A PAa3yIMUHHIX cyObenu-
HUI[, YTO OUEHb HEBHIIOAHO NPH HH3KUX KOHUEHTPAUUSAX.
HoGuosoraueckyue yCJaoBUS MeXAY TeM XapaKTepH3YIOT-
C MMeHHO KpaiiHe HH3KMUMH KOHLEHTpALHAME uxOuBU-
Oyanavuelx makpomoJsiekya. as addekTuBHOrOo Hauaja
SBOJIIOUUHN Yepe3 KOMIayHA-THNepUHK/b norpefoBajoch
Obl NPHHATL KpalHe BLICOKHME KOHCTAHTBHI acCOLHAalUH,
3HAUHUTEBHO INPEBHILIAIONINE BEeJHYHUHBL, NOJyUeHHBIE
DKCIEPUMEHTANbHO, 8 TaK)Ke BBECTH BHYTPEHHIOK CBf3b
MeXIY 3THMH KOHCTAHTaMU U (QYHKUHOHAABHYIO 3ddex-
THBHOCTH OTJAENbHBIX KOMMOHeHTOB. Takum o6pasoM,
KOMIIaYHA-THNEPIHKI, BEPOSTHO, HMEET MEHbIlle LIAHCOB
CAYKUTh NPEANOCHIKOH /s CO3MaHHS] CHCTEMBEl TpaHC-
JUSILHH, HEXeJH JI060i TUIePUUKA ¢ MEHbIIeH CTeleHbIo
p. OnHako Ha OoJiee TNO3JHHX BTanax MOKJETOUHOH
3BOJIIOUUH BEpPOSITHOCTh BO3HHKHOBEHHUS KOMIAayHI-IH-
nepuykaa mMorsia Obl CTaTh BHIIIIE,

Pasauunsle cucremsi, cocrosujue U3 KATAAUTUUECKU
QKTUBHBLIX CAMOBOCHPOU3BO0AMUXCA eOunuY, 6olau u3y-
Yenv, Merodom aHaAu3a o0cobelx TOHeK. Pesyavrarst
ACHO YKA3b6IBAIOT HA HEOBGXO0OUMOCTb 2uUnepyuKAuteckoll
c8a3u. ToAbKO KaTaAuTUMECKUE 2unepyuKAsl MOYT yOo-
BAETBOPATL KPUTEPUAM UHTeepAuull UHMOpMayUU, KOTO-
pole Bolau nepeuucaenst 8 pasd. V. 5:

1. CenexrusHas ycrotivusocTs Kancl020 KOMAOHEHTA
U3-3a YCHeWHOU KOHKYpeHyul ¢ QuuBOUHbIMU KORUAMU,
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2. Kooneparusnoe nosedetue xomnoneuros, o6wsedu-
HEHHOLX 8 HOBYIO (DYHKYUOHAALHYIO eOURUYY.

3. ¥cnewnas Kowkyperyus 910l (DYHKYUOHAALHOL
edunuysl ¢ Opyeumu, meHee IHHexTUBHbIMI CUCTEMAMLU,

VIII. IlnHamMuka ajeMeHTapHOoro
runepuukKIa

[TocKOJIBKY THNEPUHKAB fIBASIOTCS aJeKBATHHIMH
CHCTEMAMH npeAbHoJ0rHIecKo CaMOOpTaHU3alluH,
HMeeT CMbICA nNpoBecTd Oosee NOAPOOHBIA aHaNH3 HX
J¥HaMHuecKoro mnoBefeHus. Jasi kjgacca 3jeMeHTapHBIX
TUNOEPUHKIOB (p=2) MmoKker OHITH HAHO MOJHOE Kaue-
CTBEHHOE ONHCaHue BILUIOTh A0 pa3MepHOCTH n==4, [las
66abuInX pa3MepHoCTEH, a Takke M THIEPLHKJOB
¢ GoJiee CHOXKHOH CTPYKTYPOH TOMOJOTHYECKUH aHAMH3
MO3KHO 0OJ/IerYHTb, NPHMEHAS YHC/AeHHOE HHTerpUpOBa-
Hue. MBl NPOWJJIIOCTPHPYEM 3TH METOLB Ha [pUMepe
3JeMEHTaPHBIX THIEpPUHUKJIOR, KOTOPble MPeICTaBJSIOT
BCE oc]}xOBHble CBOMCTBA THNEPUHK/IHIECKOH CaMOOpraHHu-
gauuu .

Viil, 1 KauecTBeHHBI aHaJau3

[TockoMbky MBI HMeeM Jeja0 ¢ AMHAMHUECKHMH CHCTeMaMH KO-
OIePUPYIOUINXCA KOMIOHEHTOB, HAaMOOJBIUMA HHTEPeC NpPeACTABJSIOT
ycToliuHBEIe aTTPAKTOPLI BHYTPH 0O0JaCTH KOHUEHTpaLult, HMelouled
¢uspyeckuil cMbica. Dosee KOHKPeTHO, MBI JAOMKHH HCCNEIOBATh
YCTOHUHBOCTb TaKHX OCOOLIX TOUCK, AJsS KOTODHIX OTJeJdbHEE COG-
CTBEHHBIe 3HAYeHHst MaTpuubl JIKOGH uUMeIT HyJeBble AefCTBUTENb-
gle yactu. B pasx. VII (raba. 9) Mol scTpedasnch B OCHOBHOM
¢ AByMS cAydasMH:

1. Hynesnle co6CTReHHEIE 3HAYCHHS (0)(]”=O, i =23, ...,n
Hi=1 2 ..., 1) Ias ocolbX TOYeK X; B BEpIIHHAX CHMIJeEK-
coB Sy

0 .
2. Uucto MHUMBIe COGCTBEHHBIC 3HAYEHHA ((0(2 )47—-11) ang
meHTpajbpofl 0c0G0fi TOUKM TeTHPEXYJEeHHOro Tumepuukaa Ha S,2

1 Jlna vyacTHOro chayuasl THOEGPUHKJA, y KOTOPOTO uJjieH BTOPOTrO
HOPAAKA X#X(e—1y QYHKUHH POCTa 3aMeHeH UJIEHOM X IN Xk_j, MOXK-
HO MOJIYYIITh aHajlnTHYecKOe pellicHne [21].

2 Yycro MHHMBIC COOCTBENHBe 3HadeHHs OyAyT TakxKe y 3Je-
MEHTAPHBIX THIEPIHKIOB Pa3MepHOCTH 4k, rje k — Lenoe uncao ==2.
B oTHX MHOroMepHBIX NpHMepaX, OAHAKO, UeHTpajpHas ocobas TodY-
Ka SIBJSETCA CeJJIOM HE33aBHCIMO OT NPUPOABl BKJI4AOB $0J€e BLICQ-
KOro NopsjKa B YHCTO MHHMble COOGCTBEHIEIC 3HAUEHHS,
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Ot —@—0O O —()) [ E— ()]
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Puc. 30. JunaMuueckse CHCTEMH, COOTBETCTBYIOILHE 3J€MEHTaDHLIM
TURePUMKIaM pasmepHocTd n = 2, 3 n 4. OraeabHEle cucTeMbl OTO”
6paxaloTcsd Ha CHMIVIEKCH S, W MOryT OBITh pa3/oXeHH Ha rJo-
6anbHO HHBapHaHTHHE AuHaMHuecKHe nojacucTeMbl (Tabua. 10). «[Toa-
Hble» TOACHCTeMH 2, 3 M 4 XapakKTepH3YIOTCS HeHYJeBLIMH 3Haue-
HUAMH BCeX MONYJASUMOHHBIX MEPeMEHHBIX W HO3ITOMY OIUCLIBAIOT
pasBHTHE, IPOHCXOASLLEE BHYTPH CHMILIEKCOB Sn([Sn: 02> Xxi > co,
i=1, 2, ..., n). Ha rpanuuax cumniexcom S,(BS.) ozHa uau
GoJiblliee YHC/IO MONYJSUUMOHHBIX NepeMeHHBIX 00palalTcs B HYJb
H [OJYYAIOTCA AMHAMHYECKHe NOJCHCTEMBLI MeHbllell pasMepHOCTH —
TaKHe, KaK «Tekyulee pebpo» 2A, «pebpo ocobuix Touek» 2B wu
TpeyrosbHHK Tuna 3A (oTMeTuM, 4TO IUMHaMHueckafd cucrema 2A
JioKannsyercs Ha rpanunax 3, 3A u 4, cucrema 2B —Ha rpannuax
3A u 4, a cucrema 3A — Ha rpannuax 4).

ITepen TemM kKak NPOBOAUTL ofllee A0Ka3aTe/bCTBO YCTOHYHBO-
CTH HeHTpaspHOH 0co0oH TOYKHM B THNEPIHKIAX MaJoH pasMepHOCTH
n << 4, uccnenyeM Gojee JeTanbHO TONOJOTHIO ITHX CHCTEM.

JlMHaMHYeCKHe CHCTEMHl, COOTBETCTBYIOIIHE 3JIeMEHTAPHBIM T[H-
MepUHKJaM, MOT'YT OHITb fpeACTaBJeHb B BHIe COBOKYIHOCTH He-
CKOJIbKHX IMOACHCTEM, KaxK[1asg H3 KOTOPbIX ONpefeasercd Ha IJ0-
6a/ibHO HMHBAapHAaHTHOM INOANPOCTPAaHCTBe. MHOXeCTBO TOUEK WAM
[OAHPOCTPAHCTBO OYAET Ha3bIBATBCS! <«IJ10GaAbHO HHBADHAHTHLIMY
MO OTHOMEHHIO K JAaHHOH JAHHAMHYECKON CHCTEMe B TOM H TOJIbKD
B TOM CJaydae, eCJH TPAEKTOPHA, KOTOpasg NPOXOAUT Yepe3 MPOH3-
BOJIbHYIO TOUKY NOANDOCTPAHCTBA, HHKOrAAZ He MOKHAZET 3TOr0 HOX-
IpOCTPaHCTBA.

B wacTHOCTH, ZUHAMKUECKHE CHCTeMbl HA CHMIIEKCAX S, MOXKHO
nojpasienuTh Ha JBa KJaacca: cucreMbl Ha rpasuue (BSn) u cu-
cTeMBl BHYTpH cuMizekca (/S,). BHyTpeHHsin 4YacTb CHMIJeKca
(ompenenenne ee GbIO NAHO BHIE) — 3TO 06AacTh, Tie HH O1HA
NONMyJAALMOHHAS TepeMeHHass He ofpamaercs B Hyap: 0 <& <1,
i=1,2, ..., n flcHo, uto auHamudgeckne cucTeMbl Ha /S, Hauboaee
HHTEPEeCHbl [OTOMY, YTO OHM ONHCLIBAIOT PA3BHTHe HHTAKTHHIX rIH-
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nepuuk/0B. B nanpHefimieM Mbl OyfeM o003HauaTbh HX HOMepaMH
2,34 ...,N

Ha rpanuue ofHa, ABe WM GoJjbliee YHCJAO HONYJISIHOHHBIX Me-
peMennkix ofpamaiTcsi B Hyab. Cilel0BaTe/bHO, JHHAMHUECKHE CH-
cTeMbl Ha BS, MOXHO MOAPa3le/uTh HAa JHHAMHUYECKHE CHCTEMHl Ha
CHMIJIEKCAX MeHblllefl pasMepHocTd — Ha pebpaX, TpaHsfix W rHiep-
rpauax. UTo6pl OTJHYHTL 9TH CHCTEMHl OT MOJHBIX THMEPUHKJIOB, Mbl
6yneM HCIONL3OBATH COKpallleHHBle 0Go3Hauenus 2A, 2B, 8A u T. 4.
Bce nunamuueckue CHCTEMBI, COOTBETCTBYIOIUIHe 3MeMeHTapHHIM [HU-
MepUHKAAM Pa3MEepPHOCTH 1 <s 4, NOKa3aHbl cXxeMaTHueckH Ha pHc. 30,
B KauecTBe KOHKpeTHOro npuMepa B Tabsa. 10 mpeacrasjieHo pasJo-
JKeHue YeThlpexMepHOH cucTeMnl Ha 11 mogcuereM.

Bce anHaMH4eCKHe CHCTEMH BILUIOTH JO pasMepHocTH n =4
MOMHO aHaNM3¥pOBaTh MeTOROM JlamyHoBa (taba. 11). Ias tpex
cucteM — 2, 3 u 4 -— nocrpoensl ¢GyHKIHH JIsMyHOBa, M, CjlefOBa-
TeJbHO, LeHTPajdbHas ocofas ToYKa npeAcTaBiser coboil ycTOHuH-
Bl arTpaktop. Dosee rtoro, Gaccefin aTofi ocoGoit TOYKM pacmpo-
CTPaHseTCs Ha BCIO BHYTPEHHIO 4acTb CHMILIEKCA, UTO O3HAYaeT?

| He3aBHCHMO OT HaYyaJbHOrO pacnpefiefeHHss MNONYJAUHOHHHX Mepe-
MeHHBIX MBl MPHXOAHM K OZHOMY H TOMY XKe ycroiunBoMy HaGopy

1,000 010)-
{ ¢ ) 0} 3,0)

(1’,0;0,0) z

(@441

14 2
(a3,00) (31,00)

Puc. 31. JunaMuueckas TONOJIOTHS 3/7CMEHTAaDHOrO rAmepuux/ia pase
mepHocTH fn = 4. JluHamHueckas cHCTeMa Ha CHMILIEKCe COCTOHMT
u3 cucTeMbl 4 Ha BHyTpenHefl wacTH IS, U 4eTHIpeX 3KBHBAJNEHTHBIX
cucreM THONA 3A Ha paBHOCTOPOHHHX TpeyrodbHHKax (Ss), Kaxabi
H3 KOTOPLIX OrpaHHueH AByMsa TeKymumu pebGpamu 2A u omsum peb-
poM ocobuix Touek 2B. A. Cucremy Ha BHYTpeHHeH uyacTH YAOOHO
ONUCHLIBATh NepeMeHHbIMH X, y U 2 (cm. Ttabn. 11). B miockoctu
(¢, y) (samTpuxoBaHHas 06JacTb Ha PHCYHKE) JeXHT MHOroobpa-
34e 3aMKHYTHIX KOHUEHTPHYECKHX TPAeKTOPHH, NpHHAAJeNKalIHuX
IeHTPYy JWHeapH30BaHHOH cHcTeMbl. 5. JIWHamHYeckad cucTema 3A.
Kaxnass TpaekTopHst HauHHaeTcss 3 Kakofi-mu6o Toukn Ha pebpe

ocobuix Touek 13 u kouuaercs B BepuinHe 3. IlTpuxoBasa JuHMA
COeMHSET BCe TOUKH, B KOTODbIX TPAGKTOPHH Napa/uieJbHE pedpy

0co0bIX ToueK 13:
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Tabauya 10

106a/bHO MHBAPUAHTHBIE AMHAMHYECKUHE MOACUCTEMb
9JIEMEHTAPHOr0 THHEPUUKJIA PA3MEPHOCTH 1 = 4

Cumpon Ycnosua JduHamuueckasg cUCTEMA
4 . &1, &2, €3 B4 >0 gi = g;&j - §[¢» i=1,2 3; 4,
j= | — 1 + nail "
o ==E182 1 E28s + Eals - Bl
8A §4 =0 hd
§ 19,
E,; = gigj - §i¢’ i=2, 8,
j=i—1mn
=&z + E2Bs
E3=0, ;=0 nu & ==0 Anasoruuso
. %
2A Es=1E,=0 Ei=—8%, ¢=08f,
Eo=E1fs — Exp
Bp==F3 =0 =E;=0 Amnanoruuso
wm gy =8 =0
2B Ea=E4=0, .
§l=g3=0 §i=0’ i=1)2;314

Tabauya 11

®yukuun JlsnysoBa [57] A9 OCHOBHBIX THNEPUHKJIOB
pa3MepHocTH 7 =2, 3 n 4

Uro6el 1oKasaTb YCTOHYMBOCTL oNpeleaeHHOR oco0of TOUKH X

.
NHHaMHYecKod cucTeMbl X == A(x), Mbl HOMXKHB HalTH HPOH3BOJIB-
Hyo O¢yHKUHIO V(X), KOTOpas YAOBJETBODSeT CJEAYIOLIHM JBYM
KpHTEpUaM:

) Vx)==0 u V>0, xeU, (T.1LD)

T.e. GyHRuUHs ofpaliaercs B HYJ b B 0COOOH TOUKE H MOJOKUTENbHA
B ee okpectHoctH U. Taxum ofpasom, V(X) ROCTHTaeT JIOKa/JbHOrO
MHHHMYMa B 0COB0# Touxe.

d
@) V(x)_——_—Z(a ) x’<o xeU, (TI12)
=N
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T podorxcenue rtaba. 1

T.e. Npou3BoAHasi V(X) HO BpeMeHH OTPHLATEAbHA B OKPECTHOCTH
0coGofi TOYKH. 110 TPUBUAJBIEIM NPHUMHAM 1% ofpautaercs B HyJb
B Touke X: V(x)= 0. Ecau mas nauuo#l 0coGoil TOUKH AHHAMHYE-
CKOH cHcTeMpbl Takylo ¢yHkmHio V(x) ypaercs Haiiti, TO oHa Ha3bl-
Baercsa (crporoit) ¢yuxknuefi JIsmyHosa, a Touka X sBasercs {acuM-
NITOTHYECKH) YCTOMYHBOI: TPacKTOPHs, NpOXoAfllas duepes M0y
TOUKY B OKPCCTHOCTH X, 3aKaHUHBAETCS B 0COGOH TOUKE X.

Pyukuuo JIsnmyHoBa MOXKHO ONpeAeNHTb TaKkxKe NpH Godee cja-
60OM OrpaHHYCHHM:

V (x) <0. (T.11.3)

Jlwbas tpaexTopust, BXOAAWAA B OKPeCTHOCTh U TOUKH X, OCTaHeTcs
B8 a1oM OKpecTHOCTH. IlpuBeleM KOHKPeTHEIi IpuMep: CTOKH acuM-
ITOTHYECKH YCTOHYMBHL MO JISMYHOBY B CTPOrOM CMEIC/IE, TOTAA KAk
OEeHTPHl YCTOHUHBBEI TOJBKO B cMBIcHe ciaaboro xputepus (T.11.3).

Hast ynoBerBa Mbl 6yleM HCIOJB30BATh HOPMHPOBAHHEE MHepe-
MeHHBle §;; AOMYCTHM Takike, YTO KOHCTAHTH CKOpOCTeil DaBHBI CiH-

Huue (k4 = ks =...=ky=1). Tenepp npumenim wmerox Jlamy-
HOBA K OCHOBHBEIM THIEPLHKJIAM.
OyHrung
1\»
V() —8E . (T.114)

. 1
uMeeT MUHHMYyM H ofpaiiaetcs B HyJb B ocoGoffi Touxe §;, = —;

utak, soinonHserca ycioeue (T.11.1), Ilpomsosnast V mo BpeMenu
MoOKeT OLITh MOJydeHa NMpocThiM AH(depeHIHPOBAHMEM:

V=—8E ...k (1 — nr)
r= Z i, [=k—1+ns,,. (T.11.5)

Temepb MBI RO/KHBL mpoBeputh Kpurepmit (T.11.2) maa cictem ¢
pasIMUHLIME 3HAYEHUAMH n. BHyTpn cummiexca S. ycnoBue V <0
CT@HOBHTCH 3KBHBAJICHTHHIM HEpPaBEHCTBY

r@®< nl (T.11.6)

Haiigem r(§g)=-—, KOTOPOe YILOBJETBOPSET YPABHEHHIO V (E) =
=0 (E; — 310 uenTpasbHas ocobasd TOYKA THIIEPIHKIA).

Oas aBymepHoli cucreMsl (# == 2) uimoaneHue yeiosua (T.11.6)
JIETKO MPOBEPHT!

Bl=§ Bp=1—&->r=2E(l —g)g-;—. (T.11.7)
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[Ipodosscenue tada. 11

Oyukuus r siBAseTca napabojiofl ¢ MakcuMyMoM npH § = Y. Urax,
HepaBeHCTBO 7(E) << Y2 BLIMOJIHAETCS BCIOLY, KpoMe OCOGOH TOUKH
E=1, tae r="1. B zromM cayuae V —s3T0 cTporas QyHxuus
JianyroBa u §¢ acuMnTOTHYECKH yCTOHUMBA.

HAas n =3 curyaunss asanornuda. Hepaseucteo (T.11.6),
r <lfs, Bomosnaetcs B Kaxdod TOUKe BHYTPH CHMIJeKca S,
Kpome oco6oit Touku §o, rae r==!3. V cHoBa sBiseTcs cTporo#
Gdyukuuelt JIsnyHosa, H uenTpanbHas ocobas Touka & acHMETOTHYE-
CKH ycTOHuHBa.

Hast  gersipexmepuoro cayuas npoGjeMa CcraHOBHTCA GoJee
cnoxuoit. Yenosne (T.11.3) BhINONHAETCS TOYTH BCIOAY Ha CHM-
niaerce Si:

r=0E +E) (E+E)=s1—s), 0=s=1 (T.1L8)

Buytpu cumnnekca Mo umeem 0 <Cr << 'y, npuuem r = '/; Torza
H TOJBKO TOTAQ, KOTAa s == !/,, Ypapuenue s == !/, omnpepnesnser mio-
cxoetb &+ & =1/, (cm. puc. 31,4 u 34,5B). Ouepugso, uro V
sBJASieTCS JMIIL HecTporofi QyHkuuell Jlanynosa. 3DTOT pesysbTar
HO3BOJIAET MNPEANOJONKHTh, UTO LEHTPANbHAasi TOYKA SNBJAETCA MO
MeHbIIeH Mepe yCTOHuuBOH. Jlisl HOKasaTeJabCTBa aCHMHTOTHYECKOH
YCTOHYMBOCTY BBENEM HOBble NepeMeHHHEe X, Y, 2:

=—2(E+ &) +1, it=—(014+2)(y—x2),
y=2(E + &) — 1|, g=(1—2)(x —ya),
2=2(E + &) — 1, =B =zt =y

KOTOpre CABHUraloT HadaJa0 KOODAHHAT B LEHTP CHMILJICKCA Si,_npg_-

geM_OCH KOOPJAMHAT NPOXOAAT TeMepb uepes CepeluHEbl pebep 23, 34

u 13 coorBerctBeHHo (cM. pue. 31,A). Uersepras nepemeHHaf,
By = 1—Es — & —Es, uckmouaerca. MTak, ocb 2 HanpassieHa mep-
NeHIUKYJIPHO KPUTHUECKOH maockoeTH Ei + &3 = !, 4epes xoTo-
PYIO MPOXOAAT OCH X H y. B 3T0fl MJI0CKOCTH AHHAMHUECKAs CHCTeMa

yiupouiaetes A0 CAeAylOLlero BHAA: % = —y, § =X, Z = x2—y%
IMpousBonuas 2 mo BpeMeHu obpauiaercd B HYJb TOABKO BIOJb
ABYX UDAMBIX, X == =y, win E» ==&, H & = &3 COOTBETCTBEHHO.

Ce0BaTeNbHO, B 5TO# KPHTHYCCKOH IHJIOCKOCTH HET TPaeKTOpuil —

32 HCKJIOUeHHEM 0COBOl TOUKH §o— M CHCTEMa MPOXOLHT uepe3 Hee
3a GeckOHeuHo Manoe Bpems. Ycaoeue V(§(f)) <0 Bumosudercs
BLOJb JIIOGOH X4HHOH TPAEeKTOPHH MOYTH B KaXKABIH MOMEHT BpeMe-
HH — HCKJIOUEHHSIMU §BJASIOTCR JHIUb Te MOMEHTH, KOrja CHCTeMa
IPOXOANT KPHTHUECKY0 MA0CKOCTb E1 4 Es = 'fo. Baoas Bcex tpaex-
ropuit V(§(¢)) monoronso y6uBaer ¢ poctom f. V sBiserca CTpo-
roit Qynxuueit Jlanynosa, tax uro ocobas Touxka §o acuMnTOTHYE-
CKH YCTOHYHBA.

Ilpu Gonee BBICOKHX pasMepHoctsix, n == 5, V(§) He apnserca
¢yukuuell JIanyHOBa, crefoBaTeNbHO, TOT METORA He JaeT BO3MOXK-
HOCTH CJeNnaThb Kakue-Tubo npeAckasaHusi o6 yCTOHYMBOCTH ILeH-
TpasabHO# 0CO60i TOUKH.




VIII. Junamuxa 3/eMEHTAPHOZ0 2Unepyuxia 143

CTAUMOHADHHIX KOHUeHTpauuf. [N NaHHBIX AHHAMHYECKHX CHCTeM
IeHCTBUTENBHO XapakTepPHO KOOMePaTHBHOE HOBeleHUe KOMIOHEHTOB.
DT10T pe3yJabTaT OCOGEHHO BaXKEH AJA YeTHIPeXMepDHOIl CHCTeMbI, rie
nuHefiHasi aNpOKCHMaU¥s, HCIOJb30BaHHAS NPH HCCJIELOBAHHU OCO-
6hlx TOYeK, MOKa3aja HaJHUMe LEHTPa, OKPYXKeHHOro MHOroofpasueM
KOHIIEHTPHYECKHX 3aMKHYTHIX Op6uT B maockoeTn (X, y) {cMm.
puc. 31, A), 4T0 He NO3BOJAET CAENATh ONpPeAeNeHHBIX BEIBOJAOB 06
YCTORYHBOCTH,

JunamudeckMe CHCTeMBl Ha TpaHHuax cummiekcos (BS,) ompe-
NS0T NOBEIEHHE HEMOJHBIX THIEPUHKNOB, T.€ KATaJHTHYeCKHX
THHEPUHUKNIOB, y KOTOPBIX OTCYTCTBYeT IO KpaliHe#l Mepe oauH u3
wieHoB, B MeACTBUTENPHOCTH 3TH CHCTEeMBl OIHCHIBAIOT KHHCTHKY
«BLIMHpaHps» rumepunkia. OHM HMEIOT Tak)ke HEKOTOPOe 3HaueHuHe
Ha OIpefleNieHHBIX 3Tanax o6pazoBaHus rumepnukaa. Ha rpauunax
HOJIHBIX AHHAMHYECKHX CHCTEM BILIOTH IO PasMEPHOCTH 4 Mbl HMeeM
nBa Buxa pebep — 2A u 2B, a rtakxe rpams 3A (puc. 30). Bee Tpu
JHHAMMUECKUE CHCTEMBI MOXKHO HCCAEXOBATHL HPSIMBIM COCOGOM.

PeGpo 2A coeaunsieT ABa NOCAEJOBATEJBHBIX YHCTHIX COCTOSIHHS,
HJIKM JB€ BEDUIMHBI, KOTOPHle MBH o0o3Hadaem uepes [ H [ (j ==
= {4+ 1 —nb). Kak mokasano Ha puc. 32, Broap pefpa neli-
CTBYeT ABHKYLIas Cuja B HampasJeHuH i-»j. Hrak, exuncrsennas
TPAeKTOPHS 3TOIl CHCTEMBl  BCAET OT BEpUIHHB [ K BeplUuHe |
COOTBeTCTBEHHO Mbl GYAEM HA3LBaTh CHCTEMY 2A «TexkyluuMm peb-
pom». ITo mepe npubamiKeHHs K BepIIHHe j ABHXKyWAsf cujia yOH-
paer no mapaGosuueckoMy 3akoHy (puc. 32). CiefoBaTesbHO, JH-
ueliHnlii uneH B psige Telmopa obpalllaetrcd B HYJIb B 0coBoii TOU-
Ke X;, H HCCJeJOBAHMe OCOOHIX TOUEK He MOXET JaTh HYMXKHHIX CBe-
LEeHN 0 mpupojie 3Toll 0cOBOH TOUKH.

B oneMeHTapHBIX THMEPOUKIAX BEPUIMHBI CHMILTEKCOB SIBJAAIOTCS
CEJJIOBLIMH TOYKAMH: BePIUHHA i YCTOHYMBA IO OTHOMIEHHIO K (ayk-
TyauysM, HanpaBjAeHHHIM BROJb pebpa hi(fxpn >0, h=i— 14
-+ n8u), HO HeycroiuuBa BROMB pebpa ij (j =i+ 1 — nbi). Uraxk,
Ha rpaHuue M0G0l MoJHOH AHHAMMYECKOH CHCTEMBI MBI HMeeM 3aMK-
Hytyio mermo — 12, 23, 34, ..., nl, BRosb KOTOpOfi cHCTeMa Bpa-
I[aeTCsi B ONpeLeJeHHOM HaTpaB/eHHH. DTOT UHKJI He SBJIAETCH
elnHCTBeHHON TpaekTopHell. UTo6H cuctema Morsia mepediTH B cae-
Ayiollee YHCTOE COCTOSIHHE, B KaXKJAOH BeplHHe JOJKHLI IIPOHCXO-
IHTb (AYKTYaUNu OmpeAeseHHOro Buia. CylieCTBOBaHHe 3TOH metTad
oTpaxaeT UHUK/IHYECKYI0 CHMMETPHIO BCEll CHCTEMBI, a aCHMMMeTpHs
B KaXK/JO0# OTIAeNbHOH BeplIMHe — NPHHSTYI0 B Halllefi MOean He-
o6paTUMOCTh CHHTe3a H Jerpafaliu CHONOJHMEpOB.

B aunamuueckoit cucreme 3A ofsacth 3HAYEHHIl NEepeMEHHLIX,
uMelowag (BH3WYECKUH CMbicA, OrPAHHIHBAETCH ABYMH I0OCJIe/0BA-
TeNbHBIMH TeKymumu pebpami ij B jk (j=i+1—nbn v k=
= j+1-—nbd,) u oguuMm pebpoM ocobux TodeK [k (k=i— 14
+ nbi,). Tpaextopmi »TOH CHCTeMBl NOKasaHel Ha puc. 31, 5. Onu
HAUMHAIOTCH W3 Kakoif-1n60 TOUKM Ha pebGpe ocolbIXx TOYEeK u 3a-
KAHUMBAIOTCA B BepINHHe £, KOTOpasd, TakHM o00pa3oM, sBasieTcs
€ HHCTBEHHEIM VCTOINUMBLIM aTTPAKTOPOM CHCTeMBL Bux [k, ciefosa-
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82

o151

0,107

0,051

&2

Puc. 32. «Texymee peBpo» 2A. KacaTenbubii BekTop g =Ey (1 — E4)2

MOJIOKHTEJNEeH BHYTPH Bcefl ofacTH 3HauyeHHH, Hmeomux Qusnue-
ckufi cmblca (0 << B, << 1), u ofpamaercs B Hyab Ha OBOHX KOH-

1ax, KOTOpble ABJAKTCA ABYMS OCOGBIMH TOUKAMH CHCTEMbB: &f =
= (1, 0) u & =1(0, 1). Hepasencteo £, > 0 oamawaer, uto &, BO3-

pacraeT B TeueHye CJelyIollero 6CCKOHEUHO MaJoro HHTEpBaja Bpe-
menn. CuoegoBaressHO, Ha 2A nMeeTCs TOABKO OfHA TPAEKTOPHS,

Beaymias u3 &; K &y, 7. e. u3 sepumHe 1 (§; = 0) & mepwnne 2
(Ey = 1). numamuyeckas CHCTeMa «TedeT» BIOJb 3Toro pebpa. Ot-

MeTHM, 4TQ de/dgz ofipauiaeTcs B HyJab B 0coBOl TOUuKe 22 (Ea==1),

BCJeACTBHE UYero coOCTBeHHOe 3HAYEHMe JHHeapH30BAHHOH CHCTEMB
o = 0. CienoBateabHO, HCCAefOBaHHEe 0COOBIX TOUEK He [103BOJsIET
YCTaHOBHTb XapaKkTep YCTOIYHBOCTH 3TOH TOUKH.

TeNbHO, BBUKLBAEGT H SBJAETCS OCTATKOM 3TOr0 (dparMeHra rumep-
LKA,

Hccnenopalne TPaHHU OCHOBHBIX TUIEPUUKJIOB MOXKHO 0600-
IIHTL Ha cayuall cucteM ¢ GoJbliefl pa3MepsocThio. YlosydeHunle
pe3ysbTaThl JAlOT BO3MOXHOCTb NpPeACKa3saTb XaPaKTep acHMITOTH-
yecKOTO PA3BUTUA HEMOJHHIX THIEPUHKJIOB. ITocse Toro kKak OfuH u3
BHIOB THIEPLUHKI2 3JUMHHHPYETCS KAKHM-JMGO BHEIUHHM COGHITHEM,
OCTARIIASCS JHHAMHYECKAs CHCTEMA CTAHOBUTCA HEYCTONUYHBON U
yepes NOCTATOUHO GOJbUIOE BpeMst NMPHXOAHT B UYHCTOE COCTOSIHWE.
Bo Bcex cayyasix orGmpaercs TOT BHJ, KOTOPHI B THIEPLHKJIE JO-
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KaJH30BaH KakK pa3 mnepeX pas3pblBOM. JPYyruMH CJIOBAMH, eCHH |
npe/liecTByeT i (j=14+1—238um), 10 BUL [; cOxpaHHTCH Kax
nmocieanufl  KOMOOHEHT THIEpPUHKJA, paspyUIeHHOro  BEIMHPaHHeM
KOMNOHeHTa [;. DTO NOBeJEHHE BHTEKaeT W3 CBOHCTE KaTaJHTHUeE-
CKUX LemeH.

VIIL.2. YucneHHOe MHTETpUpPOBAHHE

CucreMel auddepeHuHaNbHBIX  ypaBHeHHH  AJST  3JeMeHTap-
HLIX THOEPUHKJIOB C DPa3MepHOCTAMH 10 7 <5 12 HHTerpuposasuch
C MOMOWBKY CTAHAAPTHBIX UHCJAeHHBIX MeTOA0B. CoOTBeTCTBYIO-
IIHe HHTerpafJbHEle KpHBble Xx(f) paccMaTpHBAJNHCE B  OpefBIAY-
welt paGore [4], H MX MOXHO He MPHBOZMTb CHOBA, TakK Kak 3/eCh
HAC MHTepecyeT Apyrofi acmekt npoGnaeMsl. Tenepb Hawa upeap —
[HOMCK YCTOHYMBHIX AaTTPAaKTOPOB BHYTPH CHMILIEKCOB S, KOTOpHE
rapaHTHPYIOT KOONepaTUBHOe [OBelleHHe KoMmnoHeHToB. CooTBeT-
CTBYIOllee HCCJeLOBAaHHE MHOroo0pasusi TPAaeKTOPH{I HOCTATOYHO
IpoCTo.

HuddepeHunanpuble  ypaBHeHHs AJdg  TPaeKTopuii  monyya-
I0TCSL  HCKJOYeHHEM SIBHOfI BpeMeHHOH 3aBHCHMOCTH €3 HCXOJHOM

2

H

057

0 - T b= x[
05 7

Puc. 33. Tpaektopus IHHAMHUECKOH CHCTEMBl 3 AN 3JeMEHTapHOTO
THIepPUMKIA Da3MepHOCTH f1 = 3 noKaszaHa B BHAE NPOEKIHH HA
IIOCKOCTh (X, X2). Hauanbuble ycnosus: x3(0) = 0,98, x3(0)=
== x3(0) = 0,01. :
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Puc. 34. Tpaekropuu guHamHdeckux cuctem 4, 5 u 12 pia azne-
ctBenHo. (1) n ==4: Havanbable yciaoBuA — x;(0) =0,97, x2(0) =
HHs TPaeKTODHHM Ha IJIOCKOCTb (X, X2). Tpaekropus BeieT no
HO 3atyxaiorT. b. [lpoexuust TpaekTopuu Ha IJIOCKOCTB (X, X3).
puc. 31} mepecekaer WJIOCKOCTh (X1, X3) IO IpIMOH X 4-x3 =1/,
pHs IepeceKaeT MJIOCKOCTb (X, Y) TOABKO B OTJAeJLHHIX TOYKax
(rabn. 11). (2) n = 5: NPOeKUUH HA MJIOCKOCTb (X1, Xp). B. Ha-
= x5 (0) = 0,0001. [I. Havaapape ycaoBus: x;(0)= 0,2004,
yeckasl cHcTeMa nNpub/IMKaeTcs K OLHOMY U TOMY e Ipejesb-
(3) n = 12: mpoexunu Ha IJIOCKOCTH (X, Xz). J. Hauaxabuwie
yanpuble  yeaosusi: X1 (0) = 0,0848, x2(0)= ... = x3(0)=
oueHb OJM3KO K KOHTYpPYy 1—2, 2—3, ..., 11—12, 121,
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MEHTAPHHX THNEPUHK/IOB DAa3MepHOCTH n == 4, 5 g 12 cootBer-
= x3(0) = x4(0) = 0,01; nokasaHe J£Be NpPOEKUHUH. A. Tlpoex-
crEpali B IEHTPAMBHYIO 0cO0yI0 TOWKY, NpHYEM KO/eOaHuA Chib-
InockoeTh LEHTPaJbHOTO MHOroo6pasust [maockocTs (X, y) Ha
TlepreHgHKYAAPHO efi MPOXOMUT ocb 2. OTMETHM, 4TO TpPaexTo-
i He ocraerci B Heil Ha 0ojee NPOJAOIKHTENbHOe BpeMs
yagpube  yeaosms:  X;(0) = 0,9996, x5(0) = x3(0) = x4(0) =
%2(0) = x5(0) = x4(0) = x5(0) ==0,1999. OrmeTuM, uTO AMHAMH-
HOMY LHKIy HE32BHCHMO OT HAUajJbHHX yeaou#t (B mam T).
yenosus: £, (0) = 0,9989, x2(0)= ... = x12(0) = 0,0001. E. Ha-
= 0,0832. CHoBa 00a MpeAe/bHbIX LHK/IA HACHTHYHB H IPOXOAAT
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JHHAMUYECKOR CHCTEMBI}

des Ay

o= =ha .., x),

dJCs — AS -

_d—E—A_x_fa (%1, %2, +0 1y Xn), (70)
an A

7
Tx—l—=7\-!'-=fn (x;, X2y o0y xn).
UurerpupoBanne 310it HOBOH (n— 1)-MepHOA nuUHAMHYECKOH cHCTE-
MBI JlaeT TPAcKTOPHH (HHTerpaJjibHHE KPHBBIE):

X2 = g2 (xly X2y e0ey xﬂ)’
X3=g3 (X], X2y seey xn),

¥n=gn (%1, %2, .., £n). 1)

Uraxr, TpaeKTOPHS — 3TO KPHBAs B M-MeDPHOM INIPOCTPAHCTBE KOHIEH-
rpauuit. Jag rpaduueckoro npeacTaBieHHst Mbl OyHeM HCIOJb30BATDH
NpPOEKLHH 3STHX KPWBBIX HAa TJIOCKOCTH (Xr, x1). Tpaektopuu mas
THIEPUMKJIOB MaJsofi pasMepHocTd (n==2, 3 u 4) orpaxamTr yxe
H3BECTHHlE CBOficTBA 3THX AMHaMHdeckux cHereM. Cayualt n ==
JOBOJILHO TPHBHAJEH: HMEIOTCS TOJBKO JABe ODOHTHl, KOTODBIE CXO-
JATCST K UeHTpadpHOMY ycToHyuromy dokrycy (puc. 30). Tpaektopuu
TPEeXMepPHOro THiepuukaa (n = 3) HBAAIOTCE CIHPaNsiMH, KOTODHIE
6LICTPO CXOAATCH K UHeHTpaapHOH oco6ofi Touke (puc. 33). Iror
BHJI TpPaeKTOPUH COOTBETCTBYET CHJIBHO 3aTyXaloWlUM KoJaeGaHusM
HHTErPaJbHBIX KPHBHX X(f). UeTHIpeXuJeHHBI THIEPUUKA CiaeAyeT
paccMoTperh noapoGHee. TpaekTOPHE CHOBA HAYT 1O CHHPajH B
LeHTp cuMmiekca (puc. 34, A, 5). B orsnune oT TpexmepHOro ciay-
uasg, HaOpaBJeHHas K LEHTPY CHJa HaMHOro cjabee BpalaTENbHOTO
KoMIoHeHTa. COOTBETCTBEHHO CXOJUMOCTb K UEHTPaNbHOA 0cobofi
TOouKe KpaiiHe caaBas. Ilpoeknmus 5TOHl TPaeKTOPHH Ha IJIOCKOCTb
(X1, ¥s) TpPeKpacHO HINIOCTPUPYET MOJYUYeHHLIH paHee pe3ynabTat:
OTCYTCTBUE TpPaEKTOpPU B IJIOCKOCTH X3 -+ X3 = s, xp 4 %, = 1a.
HeficTBHTeNbHO, KaK MOKHO BHAeThb Ha puc. 34, 5, Tpaextopuu mpo-
XoxstT BOIH3H CelJIOBUAHON M30rHYTON MOBEPXHOCTH.

Jn8 OCHOBHLIX THNEPIMK/IOB PA3MEPHOCTH n 2= 5 UeHTpadbHas
ocobas Toura mpexpctTaBisier cofoil HeycroiluuBoe ceano. Ha rpa-
HUIle HET CTOKd, M, CJIe/lOBATENbHO, HYXKHO OXKWAATh HaJHYMs YCTOil-
upBoi#l 3aMKHyTOH Tpaekropuu. OIHAKO COOTBETCTBYIOILME METOAN
HCCeOBAaHNUA TOKa He Pa3paBoOTaHBl B JOCTATOUHON cTelleHH H He
NO3BOJISIOT J0Ka3aTh CYIeCTBOBaHHe MOAOGHOTO aTTPAKTOPa BHYTPH
cummiexca. IToatoMy MBI JO/KHBI n0JarathCst Ha YHCJACHHBIE pe-
3yJbTATHL.
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Puc. 35. Uurerpanbible KpHBble AHHAMHYECKOH CHCTCMEH], COOTBET-
CIBYWIIE! 3/1eMEHTaPDHOMY THIEPUHKAY Pa3MCPHOCTH A = 4 ¢ He-
DaBHBIMH KOHCTAHTAaMM cKopocTeH [k == 0,25, ky = 1,75, k3 = 1,25,
ky = 0,75; wuauaapnpie ycaosust: x1(0) == 0,9997, x(0) = x3(0) ==
= x4(0) == 0,0001; mosHas KOHIEHTPALMOHHAS WIKaja == | eAUHHUE
KOHUEHTpPALMHY, IIONHasd BpeMeHHasd wmikaJa = 1000 eaunun Bpeme-
un]. OrmernM, uTO KoHueHTpauus I; (KOMIOHEHT, mpealecTBYOLHI
caMOl OBICTpOH CTagWM) OKasblBACTCS HauUMeHbllefl, a KOHUEHTpa-
uns I; (KOMIOHEHT, MpeAUIeCTBYIOMHUNA caMOfl MeAJCHHON cTaiuu)—
HauboubLIel.

UncseHHOe MHTErpHPOBaHHE ACHCTBHTENBHO YOEIHTENbHO YKA3H-
BaeT Ha CYLIECTBOBAaHUE NpPEAeJbHOTO LHKJA, WIH 3aMKHYTOH Tpaek-
topuu. HaunHass ABHKeHHE M3 DAa3JIMUHHIX TOYEK, OYeHb OJH3KHX K
IEHTPy, TpaHH, pe6py MK BepLIMHe CHMIJIEKCA, Mbl BCerAa uepes
JIOCTAaTOUHO GOJIbLIOe BPeMs] NPHXOAMM K OAHOMY H TOMY Xe Ipe-
JenbHoMy uukay. Ha puc. 34, B— E nokasaHsl ABe THIHYHBE Tpa-
eKTOpHH AJs 32JIeMeHTAPHLIX THIEPUHKAOB pa3MepHOCTH n =15
n = 12. Kax moxuo yGequThCs N3 CDaBHEHHs! 3THX ABYX DHCYHKOB,
IpK YBEJMYEHHU 71 NpelesbHBI UHKA Bee GaMMKe MOAXOIHT K KOH-
Typy 12, 23, ..., nl, 0 KOTOPOM rOBOPHJOCH B INpeAbAyIieM pas-
neqe. CiefoBaTeibHO, KOJeGaHHS OTAEJbHEIX KOHLEHTpauufi craxo-
BATCA Bce GoJiee U GoJlee MOXOXKH HA NPSIMOYrOMbHblE HMOYJbCHL.

Hcnoab3oBanie uMCJAEHHEIX METOJOB I[O3BOJISIeT Takke CHATD
orpanuvetine ky = ky = ... = k.. DblIH mnpoBedeHsl BHYHCIEHHA
s JHHAMHYECKHX CHCTEeM ¢ pa3MepHocTAMH n=4 u n=05 u ¢
Ipou3BOMbHEIME 3HaucHuami k. Oxasajoch, 4To ofmuil Xapakrep
UHTerpajbHEIX KDHBBIX He H3MeHnHJCH. TulMH4YHBle NpUMEPHl NpHUBe-
Zlens! Ha puc, 35 H 36. B ofenx cucteMax OTAeNbHble KOHUEHTPaUHH
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Puc. 36. HuaterpanbHbie KpuBHle AHHAMHUYECKON CHCTeMDL!, COOTBET-
CTBYIOUWIEll 3/IeMEHTAPHOMY THIOEPUHK/]Y pa3MepPHOCTH # ==5 ¢ He-
paBHLIMH KOHCTaHTaMu cxopocTeii [k = 25/13, ky = 1/13, ky =
= 19/13, ky =1, ks = 7/13; Hauasbuple ycjosus: x;{0)== 09996,
%2(0) = x3(0) = x4(0) = x5(0) = 0,0001; nosigas KoHIeHTPaUHOHHas
pigaja = | eJIHHHUE KOHIEHTPAaLHWH, [OJHAst BpeMeHHAS IUKaJa =
1000 eauenn BpeMenu]. OTMeTHM, YTO KOHUEHTpauust I; (KOMMOHeHT,
NpeAIUeCTBYIOMNA caMoii GHICTPOH CTAJMH) OKa3blBAETCS HAHMEHb-
e, a KOHUeHTpauuna I; (KOMIIOHEHT, mpe/llecTBYIOLIKA CaMOl Mea-
JIEHHOH cTajun) — HauGoJbllel

konebmiores. dna n = 4 KOHLUEeHTpaUHOHHbIe BOJHBI 3aTyXawT U
JUuHaMuuecKaa CHCcreMma l'lpI/I6J1PI}KaeTCS K LleHTpa.ﬂbHOﬁ ocoBoil TouKe.
Ee KOOPAHHATH ONpeAeJATes CAeAYIOWHME ypaBHEHHSIMHU:

k"‘l
n

¥ kit

[=1

Xy A= e j=i+1—nd,,. (72
0 i 0 in

[TsTHUNEHHBIe TUNEPUUKJIB C HEPAaBHBIMH KOHCTAHTAMK CKOpocTe#t
AT TaKhe e He3aTyxalollhe KOHUEHTPAUHOHHBIE HMITYJbCH, Kak
W B Cayuae cuCTeM C paBHHIMM 3HaueHusmn k. OnHako BeanumHa
HMIYJALCOB Tellepb He OAWHAKOBA [Js BceX KOMNOHeHTOB. Cpenue
10 BpeMeHH KOHIeHTpauun [onpepenerHbie mo dopmyae (67)] yao-
BJETBOPAIT ypasHeHuio (72), KOTOpPOe ONIpeJeJseT MOJOXKeHHe (He-
yeroitunsoil) ueHTpanbuolt ocoGolt ToukH. COOTBETCTBEHHO AMA TeX
BUJIOB, KOTOPble NMpPEeNIIeCTBYIOT CTAaAUM C OTHOCHTEIbHO MaJjloil KOH-
CTAHTOH CKODOCTH, HMNYJbChl OKasHBAKTCA IIMPOKHMH, a Aas BH-
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J0B, NpeAlIeCTBYIOIINX OTHOCHTEJNBLHO 6bICTpOﬁ peaKLlI/IOHHOﬁ cra-
JHuH, — MaJbiMM [0 wWupuHe H BHicoTe. Mrak, cucrema peryaupyer
KOHIEHTPAUHH CBOHX KOMIIOHEHTOB TAaKHM OépaBOM, 9TOOBl ONTHMH-
3UPOBAThL CYMMAapHYIO CKOPOCThL MPOAYKIHA.

T'unepuuKJb - OoJbIIeH pasMeEpHOCTH (n == 5) He OCTAlOTCA B
YCTOHUMBBIX COCTOSIHHAX C TNOCTOSHHBIMH CTALWOHAPHEIMH KOHIIEH-
TpaUuuaMH, a 0OHAPYXKHBAIOT BOJHOOODA3HHE KOJeGaHHst BOKPYT He-
ycTORUMBOM 0COB60OH TOUKH B [eHTpe. TeM He MeHee IOBeJeHHE KOM-
MOHEHTOB ABJIAETCA KOONEPATHBHBIM, I[MOCKOJBKY HX KOHUEHTpPALUHH
perynupyTcs JAHWHAMHKOH BCel CHCTEMBI, U HH OJAHA TMOIYJSUHOH-
Has TIepeMEeHHAas He OGan.IaeTCﬂ B HYJb.

Hunamudeckue cucremvi, COOTBETCTBYIOULUE 3NEMEH-
TAPHOIM  cUNEPYUKAAM, UMET OO0UH U TOAbKO OOUH
arTPAKTOP BHYTPU cumnaexca, baccelin KOTOpoeo pac-
NPOCTPAHACTCS HA 8CHO0 004ACTL HONOMUTEAbHOLX (He-
HYAeBbLX) KORYEeHTpayuil ecex xomnouexros. Ilpu ma-
a0t pasmeprocty (n<<4) arrpakrop ssaserca acumn-
TOTUYECKU YCTOluusol 0coboli TOYKOLU, a UMEHHO (hOKY-
com 048 n=2 u CAUPAAbHBIM CTOKOM 0A8 N==38 u n=
= 4. B cucremax ¢ OGoavuwed pasmeprocToo (n = 5)
4UCAEHHOe uHTezpuposanue yb6edureavHO YKA3bIBAET HA
cyujecTeosanue ycroiuusoeo npedeavrozo yuxaa. Hrax,
BCE INEMEHTAPHbIE 2UNEPUYUKAbL XAPAKTEPUSYIOTCA KO-
onepaTusHolM nosedenuem KOMNOHEHTOB.

baaeodapsa csoum Ounamuueckum 0cO6EHHOCTAM eU-
nepyuKAbl 31020 TUNQ TAAT 8 cebe MHONECTE0 ewe He
UCcAeJOBAHHBIX BO3MOJNCHOCTE, 08 CaAMOOP2AHU3AYUU
(ranpumep, OuccunaTuBrsle CTPYKTYPOLL, ecau 006asurs
crofa sasaenus neperoca). OHU MOeYT TaKixce UepaToL
BAXMCHYIO POAL 8 CAMOOP2OHU3AYUL HepsHolx ceTell.

X. M'unepuuKIbI ¢ TPAHCASILUEH

1X.1. UpeanbHble rpaHUyYHbIe YCAOBUS
1 o0lHe ynpoueHus

[Toaxoasamwinii HaOOp TpPaHHYHBIX YCJAOBHA MOMXKHO
peanu3oBaTh B MPOTOUHOM peakrope [4, 9, 55, 56J. Kou-
LeHTpalKH BCeX HH3KOMOJIEKY/SPHBIX COeJMHEHHA B HeM
(mi, i=1, 2, ..., A) NOLAEPKUBAITCA MOCTOSAHHBLIMU C
IOMOLIBIO YCTPOIMCTBA, KOHTPOJHPYIOULEr0 MNOTOKH H
B TO e BpeMs cHaGkawollero cucremy suepruefl. Kow-
UEHTPAIMOHHbIE NepeMeHHble OTHOCATCS K MakpoMoje-
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KYJASPHBIM BHJIaM, CHHTE3UDYEMBIM B peakTope, TOTAa
KaK COOTBETCTBYIOIIME TMapamMeTpel AJd BCeX [JPYTHX
KOMIIOHEHTOB «CTaHJapTHOH peakLHOHHOH CMeCH» He
BXOJASAT B SIBHOM BHJe B AH(pdepeHLaNbHble YpaBHEHHS,
HO HEeSIBHO BXOJAAT B 3(QQeKTHBHBIE KOHCTAHTH CKOpPO-
crell ypasuenus (30).

MN3-32 TexnuueckKHx TPYAHOCTeH, a TaKkKe MO 3BPHU-
CTHYECKHM NPHUUHHAM HEBO3MOKHO B SIBHOM BHJE yuecThb
BCE 3JEeMeHTapHble CTaJAUH PpeaklUUOHHOIO MexXaHH3Ma.
BMecro 3TOrO0 HaM NPHUXOJAUTCH HCIOAL30OBATH YIPOILEH-
HBle CXeMBl peaxlLiMii, KOTOphble BEeAyT K IpHeMJeMOl
«CyMMapHO{i» KHHeTuKe. Takas crpaTeruss oObYHa IJas
XUMHYecKoll KHHeTHKH., HanmprnMmep, KHCJIOTHO-OCHOBHLIE
peakUuy B BOJHBIX pPAcTBOPaX OOGBIYHO ONUCHBAIOTCH
(peHOMEHOJIOTHUEeCKUMH YPaBHEHUSIMH, KOTODBIE He Y4H-
THIBAIOT OTAEJNBHEIX aKTOB IlepeHoca MPOTOHOB, a OTpa-
AT TOJBKO H3MEHEHHS B COCTOSHHH NPOTOHHPOBAHHSA
paccMaTpUBaeMbIX MOJIEKYJI.

KuHernueckne ypaBHEHHs, ONUCHLIBAIOUINE MPOIECCH
moJUMepH3alul Ha MaTpHlle ¥ TPAHCAALHUH, BKJIOUAOT
‘TOJIBKO UHCJICHHOCTH HMOHYJSIUHH MakpOMOJIEKYJ, CHHTe3
KOTOPHIX 3aBeplieH. TakUM o0pasoMm, HHHIHAUHUS LU
U 3Tallbl ee POCTAa B SIBHOM BHJAE He paccMaTpHBAIOTCA.
O npaBOMOYHOCTH 3THX aNNPOKCHMAaUWH MOMKHO CYIHTb,
CpaBHUBAsS Pe3yAbTAaTHl C KCIEPUMEHTAJbHBIMH NaHHBI-
MH. B AeHCTBHUTEJBHOCTH TOT THII «CYMMAapHOH» KHHe-
THKH, KOTOPBLI MBI 31€Chb HCIO/Mb3yeM, AOCTATOUHO XO-
poiio u3BecTeH (cM. yacTb B).

1X.2. KuHeTHuecKHe ypaBHEHHs

KarannTHiecKHi THNEPLHKJ, CXeMaTHUeCKH mpef-
cTaBJeHHBI Ha pHuc. 37, COCTOMT H3 JABYX HabopoB Ma-
KPOMOJIEKYJ: H3 fi NOJNHHYKJIEOTH]0B H £ MOJHIENTHIOB.
Pennukanus nonunykJaeotTuaos (l;) karanusupyercs
noaunentuiami (E;), koTophle B CBOW ouepelb sBJSA-
J0TCS TPOAYKTAaMH TPAHCJASUHY NOJHHYKIEOTHIAOB. [H-
MepUHKINIeCKasl CBfA3b YCTAHABJHBAETCH € MOMOUIBIO
JHHAMUUECKHX CBSI3ell IBYX THIIOB:

I. Kaxanlit nmoavuykaeotua I; crneundHuecku TpaHc-
nupyercs B noannentuf E; OYeBHAHO, AJs TPaHCAALHH
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Puc. 37. Cxemarnueckoe H300paxeHHe THIEPUHKJA C TpaHC/IALHed.
Pasmeprocts 2 X n, T. e. 7 NOJHHYKJIEOTHIOB H 7 NOJHIENTHAOB.

TpebyeTcsd Ha/JH4YHe COOTBETCTBYIOILEro ammnapara, KOTo-
pbiil BK/AOuaeT B cebs1 MO MeHblleH Mepe HEKOTOpHie H3
NPOAYKTOB TpPaHCAAUMM E; U HCHOJB3YeT ONpejieseHHBI
I€HeTHUYECKHH KOJ.

2. TlonuHyxJeOTHAB M MNOJMHNENTHAH 00pasyloT cle-
uudHuyeckue KOMIJIEKCH, KOTOpDble TaK¥Ke MPOSBJAAIOT
KaTaJUTHYECKYI0 aKTHBHOCTL NPH CHHTE3e MOJIHHYKJIEO-
TuaHblx konud. IToaunmenTuan Moryr OBITH cmenudwuue-
CKUMY pelinKa3aMyl HAH clelupHIeCKHMH KodakTopa-
Mu Oenxa ¢ MOMNMepasHO# AaKTHBHOCTbIO. Bce BMmecTe
3TH NepBHUHbE OenxH obecnieuUBAIOT HAaJHUHE IO MeHb-
el Mepe ABYX (YHKUHHA: cneuuduueckKod pemiHKalHd
u tpadcasuuu. B vacTy B mokasaHo, Kak MOXKHO Tpej-
CTaBUTb cefe Takylo CHCTEMY.

Cesasu mexay I; # E; nosmxHbl 6BITb TaKuMH, 9TO6HI
MOTJIO TOpPOM30UTH 3aMblKaHue 1eny obpaTHOH CBA3H
(puc. 37). MaremarHueckH LHKJAHYeCKass CHMMeTpHs
BBOAHUTCA TeM, UYTO ImpeanoJsaraercs o6pasoBaHue
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cnenn(hHUYEeCKOTO KOMIIEKca MexAY ¢epMentoM E; u no-
JIEHYKJIEOTHAOM I;, npudem j=i- 1 —nd;.
Km{emxa CHHTe32 TOJHHYKJIECOTUIOB ONHUCHIBAETCST yPaBHEHHEM

MHXa9JH/IC3—ME‘HTEH, X0Td MBI He BBOAHM IMPEANOJOKEHHA O TOM,
YTO KOHUEHTpAallUH KOMIJICKCOB HpeHeépe)KnMo MaJinl:

Ki a1 1t
I, +EB ==1LE; LE 4+ Y viM; — 1, +1LE. (73)

Yereipe HykJeozunaTpHdocdata u HX crexHoMeTpHueckue Koaddu-
LHeHTB 0003HAYAIOTC COOTBETCTBEHHO Yepe3 M;‘ " v,{. A=1, 2
3, 4. Beemem o6Gosvauenus 2; AAS KOHUEHTpanHu Komnnekca LB,
xr}, y(g- AJI TOMHOA KOHUeHTpauuu nosxnentuzoe (E;) u moau-

HykJgeotaoB (li), X, yi— ANA KOHHEHTPAUHMH 3THX MOJHMEepPOB B
cBoGoaHOM cocrosuuy. CorslacHo 3aKOHY COXpaHeHHs, Mace

B=x+2, fi=y+z (74)

an 6bICTpOM YCTAHOBJIEHUH paBHOBecHOﬁ KOHUEHTPAIlHH KOMIIJIEK-
Ca KOHUCHTpaunHa 2; CBA3daHa C NOJHBIMH KOHUCHTPAUHAMU x? H y(t)

crefyouEM o6pa3oM:

0 (4} 0.0
; . 4
, _HiHs K 1_\/1__0__@/__2_. -
: 2 (47 + %) +K,)

Ilpennonaraercs, YT0 CHHTE3 IOJHIENTHIOB fABJASAETCA Hecneuuduy-
HBIM, T.€. TPaHCASLMA NOJHHYKJeOTHAa I; ocyulectBasgerca ¢ mo-
MOIIBIO OOIIEro «ammaparas:

k
I+ ; vEME L1, 4 E, (76)

Cumeonamu M% u VE 0603HaUEHBI AKTHBUPOBAHHBIE AMHHOKHCJIOTH!

H UX cTexuoMmeTpudecke KoddduuHeHTH cooTBeTcTBeHHO, Cesexiu-
OHHEIE OrpaHHYeHHsT MOXKHO BBECTH IOCDPEJCTBOM HE3aBHCHMOH pery-
JALHM NOJHBIX KOoHUHeHTpauuil ofoux TtunoB GuonoaumeposB (I u E).
Ilo anasorud c¢ orpaHHueHHeM [OCTOSHHOH opraHu3auun Gygem
nmoaLepXKuBaTh 00e CYMMBbl KOHUEHTPaUHH NOCTOAHHBIMH:

Z yg = c?; Z xz = cg_.. 77)
% k

flpy BCeX 3THX YC/NOBHAX HAWIA NHHAMHYECKAs CHCTEMa, COCTOALLAS
H3 2n cBsi3aHHBIX Au(epeHUNANbHBIX ypaBHeHHH, mpuolpeTaer cJae-
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- Kylowui BUA:

(78)

Hawm nocratouno o6cynmb [Ba MNpeleNbHBIX CJydas:
1. TIpy LocTaTOUHO HH3KHX KOHIEHTPaUHsX KOHLEHT-
pauns 2o kommaexkca I;E; cranoBuTcsa nponopuuoHasb-
HOH MPOU3BEIEHHIO KOHUEHTPAUHil MNOJMHYKJIEOTHAA X
NOJIHUIENTHAA:
¥ <K z1~-,é—iy?x?, 2, <y x5 (79)
Ecnu naJjee npealosnoxHTb, 4TO MPOLECC TPaHCAALMUH,
peakuus [epBOro Mopsjaka, ABjagercs OLICTPHIM MO Cpas-
HEHHIO C pelJiMKallueH, peakuuel BToporo mopsaka (3to
JomnyuieHde BINOJHe o0ocHOBAaHO, no Kpafinedl mepe mas
HH3KHX KOHUEHTPALUH MOJHUHYKJEOTHAOB), TO KOHLEHT-
palusl NOJUIENTHIOB MpHMeT CTallHOHapHOe 3HayeHHe,
KOTOpOe MOXHO BKJIOUHTb B [apaMeTPsl CKODOCTH.
Torpa o6paszoBaHHe MNOJHHYKAEOTHAOB OyAeT ONHUCH-
BaTbCsl cHCTeMOH aud¢epeHUHaNbHBIX ypaBHEHUH, TH-
MHYHOMH JJIS1 37eMeHTapHOI'o THIepLHKJIa Pa3MepPHOCTH A.
2. Tlpu BLICOKHX KOHIIEHTPAIMSIX 2; CTAHOBHTCH paB-
HOIl MeHblLIeH U3 ABYX nepeMeHHBIX !:

z;=1inf (3}, ). (80)

COOTBETCTBEHHO MBI MOJy4aeM JBe BO3MOMKHEBIE IIpe-
JeJbHBIE CHTYaLuH:

K, <y) <912, ~y), (81)

K, <) <y)iz, ~x (82)

B nmepsom H3 3THX ABYX CJyYaeB MOJNHHYKJICOTHIB Be-

ByT cebs Kak He3aBHCHMBle KOHKYDEHTEl, TOT'AAa KakK
NOJNHUNENTHAB — H3-32 TOTO uTo0 Y, =Y'—2, ~0—

!t inf = infimum — matemMaTtnueckuii  TepmuE, oGosHayaOUUH
MHHUMAJRHLIH 4/IeH AaHHOTO MHOXKECTBA,
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OCTAlOTCl B CTALMOHAPHBIX KOHUeHTpauuax. B ecre-
CTBEHHBIX YCJOBMSX, KOIJla TakHe OrpaHHMYeHHd, Kak
«IIOCTOSIHHbIC MOJIHbIC KOHLEHTpalluu», OOBIYHO HE BbI-
NOJHAKTCH — II0 KpakHeHd Mepe, AJas IpeAnoJaraembiX
MaJblX 3HAYEHMH y,— POCT KOHUEHTpaUHUH NOJHHYKJIEO-
THIOB B pe3y/bTaTe nNpuBesa Onl Kk ofpalleHHI0 KOHIEH-
TPallMOHHBIX OTHOIIEHHH y:X H, CJAELOBATENAbHO, K BbI-
noJiHeHHIO yeaopus (82). BceueacTBHe 3TOTO HAYHHAIOT
BHINOJIHATBCS aNNPOKCHMAIHH ‘

zy~x), Y, =Y, (83)

YTO NPUBOANT K 2A-4eHHOMY KaTaJUTHYECKOMY LUKJY,
HO He K runepuukay. Urax, B yciaoBusAx HachllleHH,
T. €. NpH BHICOKHX KOHIEHTpalUUsiX KOMIIOHEHTOB, THIIep-
UMK/ NepecTaeT BecTH cebsl Kak cHcTeMa ¢ HeJHHeHHOH
ckopocThio pocta. Kak ofbeannenHas cucTeMma, OH HMH-
THDyeT CBOACTBA NPOCTOTO0 KaTAJUTHUYECKOTO LHKJA,
KOTODBIH SKBHBaJeHTeH aBTOKaTa/ H3aToODy HJIH CaMo-
BOCIIPOH3BOASAIEACST eANHHIIE,

1X.3. YucnenHole peuieHus

Huddepennuansisle ypaBHeHHS AJs1  KaTaJHTHUC-
CKHX THIEDIHKJIOB ¢ YUeTOM B $SBHOM BHJe IIpolecca
o0pa30oBaHUsg KOMILIeKCa MeXKAY MNOJHHYKJICOTHAAMH U
HOJIUIIENTHAAME TPYAHO HCCTEN0BATh aHAJMHTHUYECKHMH
METOAaMH ¥3-3a HUPPaLHOHAJIBHOCTH COOTBETCTBYIOUIHX
Bolpakenuil. B 3THX caydasix uHCJEHHOe HHTErpUpOBa-
HHe CONpSKeHO ¢ OOJBLUIMMH 3aTpaTaMH BpeMEHH, HO
Teym He MeHee OHO HBJSETCS €AWHCTBEHHLIM HCTOUHHKOM
HHpOPMALHU O CBOACTBAX 3THX JHHAMHYECKHUX CHCTeM.
s WATIOCTPAUNK IMHAMHKH [OJMHYKJIEOTHLHO-NOMH-
MeNnTHAHLIX THIEPUUKIOB MBI npuBeleM rpaduxu peuie-
HHl, ToJyueHHBIX ¢ momolbio DBM, a Takke dasosbie
TpaekTopun. [lo cpaBHeRMIO ¢ 3/JeMEHTApPHLIMH THIEp-
LHKJAAMH  TOJHHYKJEOTHIHO-NOJHNENTHAHbE  CHCTEMBI
cojepXaT HOBHIH Kjacc mapaMeTpoB, a HMEHHO KOH-
CTaHTBl accoupauuu xomiiekcoB K;. Kak wu caegosaJo
0XKHIATH H3 PA3IUUUi B KUHETHUECKOM MOBEAEHHUH IpH
HIJKHEM H BePXHEeM KOHIEHTPAIUMOHHBIX Npeaenax, KOH-
CTAHTH PABHOBECHST 0KA3blBaloT pellaloulee BJIsHUE HA
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AUHaMuyeckue cBoficTBa cHCTeMbl. C LeJblo CHCTeMaTH-
UECKOTO HCCAEAOBAHHS Mbl YMEHbLIIUM YHCJIO He3aBUCH-
MBIX mapamerpoB. lonmyuleHus 3zech OYAYT B OCHOBHOM
Te e, UTO M JJs 3JEMEHTADHHIX THUIEPUHKJIOB: BCE
KOHCTAHTBl CKOPOCTEH AJsl DeNIHKAUMH IOJHHYKJeOTH-

IoB —fi=fy=...=f,=f, nns ux Tpancasuiu B
NOJUNENTHAN —k) =ks= ... = k, =k, a Takxe Bce
KOHCTaHTH accounaunun —Ki=K;=..=K,=K 1pexn-

HOJIaTalOTCs PAaBHRIMH. 3aTeM MBI HCCIEAYEM BJUSHHE
K Ha cBoiicTBa NHHAaMHYECKOH CHCTEMBI NIPH (HKCHPO-
BAHHBIX 3HAYEHHSX [ M R JJIA [OCTOSSHHOTO MHOMXeCTBa
HAYaJbHLIX KOHUeHTpaumi. s rumepuukioB pasmep-
HOCTH n<C4 WHTerpajbHbBlEe KPHBBlE Yepe3 JOCTAaTOYHO
Goabuioe BpeMsi IpPUOAMIKAIOTCE K YCTOHUHBOMY CTalHO-
HapHOMY cocTosiHuio. OTAenbHble KOHUEHTPAUHH MOTYT
HCOBITHIBATL 3aTyxatoljue kogaefanug. IHHAMHKa 3THX
CHCTEeM B CYIIHOCTH TakKaf XKe, KaK U AJad THIepLHKJIOB
¢ OOnplUMMH 3HAYEHUSIMH N H MaJbiMH KOHCTAHTaMH
pPaBHOBECHS.

HunaMuga runepuuxjos  GoJbliefi pa3mMepHOCTH
cnoxHee, ACHMITOTHUECKOE IMOBEJEHHE CUCTEMBbl H3Me-
HARTCA € yBeJHUeHHeM KOoHCTauThl papHoBecus K. Hmuxe
ONpEefe/eHHOTO KPUTHUECKOro 3HaueHusi Kyp cucTeMa
CXOJUTCH K YCTOWYUBBIM CTAUHOHAPHBIM COCTOSHHAM,
TOrAa Kak npu 66abuux snavenusax K(K > Kyp) nabiiwo-
JHAIOTCS TpeiebHble LHUKABL. [lo BHAY HHTErpajbHBbIX
KPUBBIX H TPAEKTOPHI MBI pasjuyaeM YeThpe cJaydas.
PacemoTrpum uX B MOpsiJKe YBeJHUEHUS KOHCTAHTHI PaB-
HoBecusi K.

I. [Ipn Manwix 3HadyeHUsix K AHHaMHUYecKoe NOBeje-
HHE KAYeCTBEHHO TaKOoe e, Kak W [Js THIEPUHKJOB
MeHbIlefi pasMepHOCTH. MHTerpaabhble KpHBHE oOGHApY-
KHBAIOT CUABHO 3aTyxawulue kojgebanust (puc. 38),
a TPaekTOPUH OBICTPO CXOAATCS MO CNUPAJH B UEHTP —
yCTOHUMBOE CTal(HOHAapHOe cocTosgHue (puc. 39).

2. O6muil THI AUHAMHUYECKOTO NMOBEAESHHS B NPHHLH-
e Takoi xe, Kak U B caydae 1. OnHako koneGauus 3a-
TyXaloT Teneph crabo u TNpHO/IHXKEHHe K CTalHOHap-
HOMY  COCTOSIHHIO CTAaHOBMTCS  KpallHe MeJJIeHHHIM
(puc. 40,4, B). Drta cHTYalls COBEpPUIEHHO He NOXOXKa
Ha cayda@i [, 0OTOMY UTO uIEHBl, OMUCHLIBAIOLLHE
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Puc. 38. UHrerpanbHble KPHBble AMHAMMUYECKOH CHCTEMbI, COOTBET-
cTBylomiell rumepuukay c Tpancasumel. Pasmeproers 2 X 6, K =
= (,25; HavajeHBe yeaoBus: y;(0) = 5,0, y2(0) = ... = ys(0) =
= 0,5; x1(0)= ... = x(0) = 1,0; nonuas KOHUEHTPaUUOHHAA IIKa-
Ja =5 ejuHuNAM KOHIUEHTPalUWH, IOJHAs BpeMeHHas MIKaja =
= 1000 enunuu BpeMeHH. 3HaueHHe KOHCTAHTH pasHoBecus K Ha-
XOIHTCSl HHXKe KPHTHYECKOro YpoBHA ans Oudypkauun Xonda; cie-
JIOBaTeAbHO, HabMoAal0TCs 3aTyxaoulye KoJaebaHus.

3aTyxaHHe, He NOSBJSIOTCS IPH UCCAENOBAHHH HOPMaJb-
HBIX MOJ, a TpeGyIT yueTa HeJHHEHHBLIX BKAajgoB. PeHo-
MEHOJIOTHUECKH 3TOT (DaKT MpPOsIB/ISETCS B TOM, YTO CHa-
Yaja aMIIWTYAB KojdeOaHWH (movru) mnoctosuusl, Ta-
Kas CHTyalldsl BO3HUKAET, KOU'Ja KOHCTAHTa pPaBHOBECHS
K nemHOro MeHbllle KPHTHYECKOTo 3HaueHHs Kgp, T .€.
K = Kxp—0K.

3. Tlpu 3uauveHusx K, HeMHOTC NpPEBBIIAIOMIHX KDPH-
THYECKYIO KOHCTaHTy paBHOBecust (K == Kyp-+ 6K), Ha-
GaiojaeTcst HHTepecHoe sBiaeHue. [loBeneHue nHHAMHue-
CcKOH cucTeMBl cHauaja BO MHOIOM MOXOXe Ha cayuaii 2.
Orpenblble KOHIEHTPALHH KOJEOJIOTCS ¢ OTHOCHTENBHO
MaJbiMH aMIJIATYAaMH, HO B INIPOTHBONOJOXKHOCTb CJYy-
ya 2 aMmJuTydbl BHAyajde HeMmHOro pactyT. OmHako
BCJel 3a 3Tof (a3of CHHycOHAaNbHBIX KoJebanni BoOJ-
Hbl KOHIEHTPAlHH Pe3KO MEHSIOT CBOK (OpMy K 4acro-
Ty (puc. 40, B, I'), a 3aTeM CTaHOBATCA OYeHb [TOXOXKH-
MH Ha [PSIMOYTOJbHBIE HMMYJbChl, € KOTOPHIMH MBI
BCTPEUAHCh NPH PACCMOTPEHHH OCHOBHBIX THIEPLHKIIOB
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fz I

Puc. 39. TpaekTopusi AMHAMHYECKO[l CHCTEMBl, COOTBETCTBYIOILEH rH-
nepuukay c tpancasnuefi. Pasmeprocts 2 X 5, K == [,0; nauaspusle
yenosusi: 41(0) = 5,0; y2(0) = y3(0) = y(0) = y5(0) = 0,5; x,(0) =
== %3(0) = x3(0) = x,(0) = x5(0) = 1,0. A. IIpoekuusi TpaekTOpHH
Ha TIOCKOCTL (Y, Y2) — HA IJIOCKOCTh KOHUEHTPAUHH MNOJMHHYKJIEOTH-
xoB I u I,. B. Ilpoekuust na miaockoctsb (Y, X|) — Ha IVIOCKOCTh KOH-
HeHTpauMil NONMHYKJAeoTHIA I; U ero mpoaykTa TpaHcasuuu — dep-
menta E;. OTMeTHM, 4TO KOHUEHTpauus E, IPHMEPHO NPONOPLUHOHANL-
Ha KOHNEHTpauMu I, T. e. ycjOBHe YUpPOLIEHHS THIEPUHKIA C TpaHC-
JsUAedl BHINOJHSAETC ¢ Xopomell TouHocThio. B. Tlpoeknus ma mnJo-
CKOCTb (X;, Yo) — HA IJIOCKOCTh KOHIUEHTpauwil noaumentuga E, u
noauuykaeotupa 1, ©bpasoBaHue KOTOPOro Kartajaumsmpyerca Ei.
I'. Tlpoekuusi. Ha ma0CKOCTb (X, X3)— Ha IJIOCKOCTb KOHIEHTpaln#
noannentuaoB E; u E,. Ormerum, uro K cHOBa MeHblle KpHTHUE-
cKOro 3Havenus aast 6udypraunn Xomnda, H TPaeKTOPHS CTPeMHTCS
K HeHTpasbHol ocolofl TouKe.
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BBICOKOH PasMepHOCTH. HaKOHeH, AUHAMHYECKast CHCTe-
Ma npHO/INKAETCH K IPeAeIbHOMY [HKY.

4. Ilpu Goabumux 3HayeHusix K oTAe/]bHbBlE KOHLEH-
Tpanuy Ko.ie0aI0Tesi ¢ Bo3pacraioliieli aMNJAATYAOH, H
JAHHaMH4YecKasd CcHCTeMa HEYKJIOHHO npqum{aeTcn K
npeaenpiomy mukay (puc. 40, [, E). Taxoii Tunm usnme-
HCHHA AHHaAMHIYECKOrQ MNOBeACHHA [Ipti HENPCPLIBHOM H3-
MEHEeHHH [lapaMeTpa H3BECTeH H3 JIUHTEPATYPhL Kak Oou-
dypxanus Xonda [58]. XapakrepHoe samepenie cxo-
AHUMOCTH K aCHMITOTHYECKOMY pellueHuto, 06Hapy>{<eHHoe
B caydanx 2 H 3, GbIO ONHCAHO TakiKe ¥ A% APYrHX M-
HaMHYeCKHX CHCTEM; €To OOBLIYHO HA3HBAIOT KKPpHTH-
YeCKHM 3aMefseHnem» npH Oudypranuu Xonda. B cay-
Hae THUNEPUHUKJIOB <«3aMepJeHHe» BOU3H KPUTHUYECKOTO
3HayeHuss K CTaHOBUTCsS GoJsiee BHIPAKEHHBIM C YBEJU-
yeHueM #. B nsatuudeHHoM nukjae (n==5) sBJaeHHf,
COOTBETCTBYIOIME caydaio 3, easa 3ameTHnl. C apyrofl
CTOPOHBI, KaTaJHTHuecKui LHKI npun n=10 nmeer ro-
pasjgo Gosee IJHTeJNbHBII HauaJbHBEI mepHoa (O KOTO-
pOM rOBOpPHUJOCH B .. 3), YeM LIeCTHUJEHHAs cHCTeMa
(puc. 41). Hauanbuast ¢asa cuHycoupasabHBEIX KoJjeba-
HHA nojo0Ha MeTacTabuAbHOMY KoJefaTesbHOMy cO-
crosinmo. Ilepexom K KOHEUHOMY IpeLesbHOMY IHKJY
P
Puc. 40. TpaekTopnH AHHAMHYECKHX CHCTEM, COOTBETCTBYIOIIHX TH-
nepuukjaam ¢ TpaHeasiuvell. A u B, PasmepHocts 2 X 5, K = I,1;
nauagbHbie yeaosus: y{0)==5,0; y2(0) = y3(0)}) = y+(0) = y5(0) ==
= 0,5; x;(0) = %2(0) == x3(0) = x4(0) = x5 = 1,0; npoexuun Ha
mnockocti (I, Ie) m (I, Ei) COOTBETCTBEHHO; 3HAYEHHE KOHCTAHTHI
paBHoBecus K HeMuoro HmKe ypoBHs Gudypxanmn Xomda, Tak 4TQ
HabM0gaeTcsl OueHb MeAJIeHHas CXOAHMOCTb K YCTOHYHBOH LEHTPasE~
Holl ocofoli Touxe. B m I. Pasmepnocts 2 X 6, K= 0,2784; na-
gansuble yeaopus: y(0) =35,0,52(0) = ... =ys(0) =0,5; x;(0) = ...
...==x(0) = 1,0; npoexuMH Ha mJockocTH Kounentpauu#i (I,
I,) u (I;, E;) cooTBeTcTBEHHO, 3HA4YeHHEe KOHCTaHTH pasHoBechi K
HeMHoro Bbinle yposus Gudypkauumu Xonda, tak 470 HalJa101aeTcst
MeTacTaOHJALHLIH NpefeJbHB [IIKA, a 3aTeM CcHCTeMa CXOMHTCA K
ycTofiunBoMy npefenpHoMy nuxay. J u E. PasMeprocts 23X 5, K =
=1,2; nauampHme ycaosus: y1(0) = 5,0, y2(0) = ya{0) = y4(0)=
= y5(0) = 0,5; x,(0) = x3(0) = x3(0) = x4(0) = x5(0) = 1,0; npo-
exuun Ha maockoctd (I;, I) u (I;, Ei) CcOOTBeTCTBeHHO; 3HaueHHC
KOHCTaHTH pasHoBecuss K Boie yPOBHA Sudyprauun Xonda, cu-
cTeMa HempepulBHO CTPEMHTCS K YCTOHUNBOMY OPEAETbHOMY LHKJY.
OTMeTHM, UYTO NPOfOPHHOHAJABHOCTb Mexay E; u Iy Bo srex Tpex
cayuasx (B, I', E) BLINOJHACTCA A0CTATOYHO XOPOLIO.
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Puc. 41. HuterpansHbie KpHBble AHHAMHUECKOH CHCTEMBl, COOTBET-
cTByIomefl runepuHkay ¢ Tpamcasuucll. PasmepHoers 2 X 10, K =
= 0,026; nauandehble ycaosus: g, (0) = 5,0; y,(0)= ... =y1(0) =
= 0,5; ¥;(0) = ...==x,0(0) == 1,0, nonmas KoOHUeHTpaUHOHHAH IIKA-
Jga == 10 eAWHHNIAM KOHUEHTPAUNH, NO/JHAA BPEeMeHHas IIKaja =
= 1000 exnuuu BpeMeHu. BuibpaHHOe 3Ha4YeHHE KOHCTAHTH paBHO-
BCCHS HEMHOrO BBbIlle KPHTHUECKOro ypoBHd Oudypkaupn Xonda.
Habmionaerca Meracrabuibuoe KojeGaTelbHOE COCTOSHHE, KOTOpOE
PE3Ko NEepPexoAHT B KOHEUHBIH MpelenbHBIl UHKI € €ro Xapakrep-
HLIMH KOHUEHTDALHOHHBIME BOJHAMHU.

¢ poctoM 7 cTaHoBuTca GoJiee Pe3KHM H YEeTKO BHIpa-
JKEH AJs JAeCSTHUYIeHHOTO THHEePUHKNA.

Bce u3yueHHBIE NOJHHYK/JIEOTHAHO-TIOMUIENTHAHLIE
TUNEPUHKIB HMEIOT aTTPAaKTOp BHYTPH 06/acTH 3Haue-
HHH KOHUEeHTpalui, uMewolleil dusnueckuii cmeica. OHu
XapaKkTepH3yOTCA KOONePaTHBHBIM TOBEAEHHEM CBOHX
KOMMOHEHTOB. B 3aBHCHMOCTH OT 3HaueHMs [pou3Beje-

o N
HHS TOJIHBIX KOHUEHTPAUHHU (CO u C(I)J) Ha KOHCTaAHTH!

acconmauun (K), a TakKe OT pasmepa THIepuUHKIA Ha-
6ar01aI0TCsl YCTORUNBEIE 0COOBIe TOUKH HJH NpelesibHbIe
uukas. [Ipn aToM Mansle sHauenuss K «KOMIIEMEHTap-
HbI» BLICOKHM KOHUEHTpalusaM M vice versa. Acumnroru-
yeckoe IOBeAeHHEe TMPH HUMKHEM M BeDXHEM KOHIeHTpa-
IMOHHBIX Tpejesax, MOJyyeHHOe YHCJIEHHEIM HHTeIpHpO-
BaHHeM, TMOJHOCTbIO COTJACYeTcsl ¢ TNpeIcKa3aHHAMH,
OCHOBAHHBIMH Ha aHaJju3e, [POBEJEHHOM B MOCAEAHEM
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pasjene. OfHO M3 OCHOBHBIX YIPOIUIEHUH, KacCalolleecs
KBAa3UCTALHOHAPHOCTH MOJHUIENTHAHOTO CHHTE3a, MOMKET
ObITb NMPOBEPEHO HENMOCPEACTBEHHO H3ydeHHeM MpPOeKIuil
TpaekTopuil Ha miIockoets (E;, Ij). B npuGauxennu
CTAllHOHAPHOCTI! JOJIKHBI MOJYYHTBCS npsmble. Kak
MOXHO BHJeTh M3 puc. 39,5 u 40, 5, I', E, nponopiiko-
HAJbHOCTb JIBYX KOHIGHTpAIMH npuMepHO cobaiopaercs,
TaKk UYTO VIPOIIEHHOE pAaccMOTpeHHe, NO-BHAUMOMY,
BIo/aHe onpasAaHo. Llenbio unHc/aeHHOrO aHaau3a 3TOTO
CJ0KHOTO DPeaklHOHHOTO MeXaHu3Ma (pakTHUeCKH Ghljaa
[IPOBEPKA 5KBHBAJEHTHOCTH CJAOXKHOIO H 3JeMeHTapHOTO
PUIEPUHKJIOB B OTHOIIEHHH HX CMOCOOHOCTH K CaMOOpra-
Huzanuud. TakuMm o006pas3oM, BHIBOAHL, MOJYUEHHLIE Ha
3JeMEeHTapHLEIX CHCTeMaX, CIpaBe/JINBL TakXke JJs BCex
THIIOB PeaINCTHUeCKHX THIEPIHKIOB ¢ 0oJee CJIOXKHOM
cTpykTypoll (cM. yacts B).

X. CeTH runepumuKJ/IOB

X.1. BHyTpeHHee ypaBHOBeUIMBAHHE H KOHKYpPEHLUS
MeKAy FHMepuHKJIaMu

Konuennus BHYTPEHHEI0 ypaBHOBEUINBAHUS, BBEAEH-
Haa B pasf. VI, Kaxerca oueHb NOJe3HOR A NPAMOTO
ananausa 0oJjlee CJOXKHBIX ceTell, IOTOMY YTO OHa TO3BO-
AsieT YMEHBUINTh YHCJAO He3aBHCHMBIX MepeMeHHBIX.

Cuavasna MBI HcCJeAyeM NDOLECC yPaBHOBENIMBAHUS
B 3JEMEHTAapHBIX THHepHHKAaxX. Jljasg 3TOTO BBIYHCJIHM
BpeMeHHLIe CpeflHHe OTACNBHLIX KOHLUeHTpanuil X;(f)
[eM. ypasHenne (67)] u cpaBHHM HX C COOTBETCTBYIO-
IHMH HHTerpajbHbIMH KpHUBHIMU X;({) {puc. 42). Kakum
Gyler KOHEUHOE COCTOSIHHC — CTAllHOHAPHO HHEPTHBIM
wir  KojaebaTeNbHBIM, — HE HrpaeT pOJH: BpPEeMEHHEIe
cpeanne X;(f) CTAHOBATCS NPAKTHUECKH [OCTOSHHLIMH
nocsae HECKOJLKHX HHKJAOB. [losToMy nonyiieHne o6
YCTAHOBHBIIEMCS BHYTDEHHeM paBHOBECHII 1Js THIep-
ILUKJIOB KaXeTcs BIOJHe ONPaBLaHHBIM NpPHOIMKEHUEM.
Tem He MeHee B HECKOJbKHX C/aydasx Mbl IPOBEPHM €ro
CripaBe/THBOCTb.

Hcnoab3ys KOHIEMIHIO BHYTPEHHEro ypaBHOBeNIHBA-
uHsl, MOXHO BLIBECTH ypaBlleHHe /sl YHCTOH CKOPOCTH
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Puc. 42. MHrterpajpHble KPHBHIC AHHAMHYECKHX CHCTEM, COOTBET
CTBYIOIIUX 3JEMEHTAPHEIM THIEPUHKIAM PA3MEPIOCTH # =4y n =5
C paBHbIMII KOHCTaHTaMH CKOpOCTelUl H prC,’lHeHHbIMH no BpeMeHH
koHuenTpauusamu X({); A—n =4, B—n=>5. Orveruy, uro X(f)
pocturaer X depes HECKOJABKO MEPHOA03, T. €. B 0GOHX mpumMepax
BHYTPeHIce PABHOBECHE YCTAHABJIBACTCA OTHOCHTEABHO ObICTpO,
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pocTa rHIepuHK/Ia KaK IeJ0ro:
n n n
v . Gl
c=2xi=21‘,(x)=2kix,-x,=
il i=1 i=1
1 -
=2 =kc? =T (c), (84)

n

2 ki

i=1
]=l+ 1 _néin.

Hrtak, runmepuuk/asl XapaKTE€PH3YIOTCS KBaJApaTHYHBIMH
CKOPOCTAMH POCTa H CJAEAYIOT TumepOoIu4ecKOMy 3aK0-
Hy pocra. OHH NPEACTABJAAIOT XOPOWIHE NPUMEPH TOrO
THIA HEJapPBHHOBCKOTO 0T6Opa «pa3 M HaBCeraas, KOTO-
peiii obcyxaadcs B pasa. VI u VIL

W3 Buipaxenus aasg & [ypasuenne (84)] caenyer,
YTO KOHCTaHTa CKODOCTH JJs1 THNepuHK/Ia B lLeaoM Oy-
LeT HMeTh TOT ¥Ke NOPSIJOK BeNMUHHE, YTO H KOHCTAHTa
CKOPOCTH €ro ¢aMoro MejJIeHHOrO 3Tamna.

Ilpu runoternyeckoM pocTe Ge3 orpaHHuYeHHH rumep-
LHKJ pacTeT A0 OECKOHEYHOCTH 3a ONpeleJeHHOe KpH-
THYeCKOe BpeMa (fx). B NOMHOCTBIO ypaBHOBEUIEHHBIX
CHCTEMAaX 374 HEYCTOHYHBOCTh HabJrojaercs NpH

1o =[ke(t =0)]"" (85)

PesyapraTel pacuera [AJsf YPaBHOBEIIEGHHBIX THIEPLHK-
JOB ¢ HCHOJb30BaHueM ypasuenusa (85) MoxKHO cpas-
HHTbL €O 3HauyeHUSMHU H3 Taba. 12, xkoTopele OBLIM NMOJY-
YeHBl YUC/JAEHHBIM HHTETDHPOBAHHEM CHCTeM, HaJleKUX OT
BHYTPEGHHETO DaBHOBECHS (ti.‘o). B nosnHocthl0 ypaBHO-
BEIIEHHLIX CHCTEMaX HEYyCTOHYHBOCTb BCETId BO3HHKAET
HEMHOTO paHblue: fe <fw. B 1eJ0M 3TH HHCJEHHBHE
pas/JHyHsi HMEIOT JIHLIbL BTOPOCTElNleHHOe 3HaueHHe: 00-
[lee HOBejeHHe AHHAMHYECKUX CHCTeM H OTHOCHTE/JIbHBIE
3HAUEHHA f. MNpeIcKasblBatoTcs mpasuabHo. HrTak, no-
nyLleHHe 0 BHYTPEHHEM YDABHOBEILHBAHHH KaKeTcd XO-
pourum npubamkeneMm Aad OOJbUIHHCTBA HeypaBHOBE-
IIIEHHBIX CUCTEM.

OT16op cpelu THIEPUHKIOB, KOTOpblE paccMaTpHBa-
I0TCSl KAk LENOCTHBIE €JMHHILBl, KaK MPaBHIO, MOXKHO
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Tabauya 12

HCYCTOﬁ‘lPIBOCTH B JHHAMHYECKMX CHCTEMax JJd THINEPLUUKAOB
Nnpu HEOTPAHHYEHHOM POCTE

I'pannunLie B HayadbHLIE YCJIOBHSA KP“T“‘*esggﬁeg?fTO’mele
533‘:"' HavaspHoe B pasuo- BAAJi OT
n KOHCTAHTa HavYaJbHast pacmopeseses BeCuH, PaBHOBE:
CKODOCTH KOHLEHTDAUHUHA ype i . cug,
k ¢ (0) x (0) P t&
2 1, 0,55 (0,5; 0,05) 3,64 5,0
3 Y 0,60 (05; 0,05, 5,00 6,8
0,05)
4 Y, 0,65 (0,5; 0,05; 6,15 7,3
0,05; 0,05)

! TIpuseAeHbl pacnpeseseHUsT HAZANbHBIX KOHUEHTPALUHA, UCTOAL30BAHHEIC
NpPH YHCJICHHOM HHTErPHPOBAHUHM HEPABHOBECHON cHcTeMBl X (0)=(x (0), X2(0) ...).

H3yuaTh NPH AONYLleHHH BHyTpeHHero pasHoBecus. Co-
OTBETCTBYIOLHe AHHAMHYECKHE CHCTeMBbI OyIyT, KOHEUHO,
HAEHTHUHEl CHCTEMaM, KOTOpDble ONHCHIBAIOT HE3aBHCH-
MBIX KOHKYDEHTOB, XaPaKTePHU3YIOIHUXCS KBaJApaTHYHBI-
MH ckopocTsiMu pocta. KOHKypeHUHNIO MeX1y HeypaBHO-
BEIIEHHBIMH THIEPUUKJAAMH HCCJIEIOBATH TPYIHEE, I[O-
CKOJIbKY BO3MOKHO JIHIIb YHCJEHHOE HHTErpUpOBaHHUe
cucteMbl AHp¢depenHnualbHLX ypaBHeHHH. B paGote
[63] 6Bl pazobpaH mpHMep, MOKA3LIBAIOLLH, UTO HOMY-
llleHHe BHYTPEHHEro YPAaBHOBELIMBAHHS SIBJSETCS OUEHb
LeHHOH aNnnpoKCHMAalueH.

B kauectBe mpuMepa KOHKYPHPYIOUIUX CHCTEM DacCMOTpHM JIBa
runepuukaa Ha u Hg ¢ 14 ¥ #z uleHaMi UPH OrpaHuueHud HOCTOSIH-
HOIl OpraHH3anuH.

B ycaoBusix BHYTpeHHEIO YDABHOBELIMBAHUSI CHCTEMAa CBOAHTCSH
K JBYM KOHKYpPeHTaM ¢ KBaJAPaTHYHEIMH CKOPOCTSIMH pocta, Ha-
TIOMHHM, UTO TO Pe3yJpTaTaM aHajaH3a 0oCOOBIX TOYeK rumepuuxa Iy
6yner oTGHpaTLCsd, KOrAa Ero OTHOCHTEJbHAA HayalbHas KOHLEHTpa-
s ca(0) IpeBBICUT NpejelibHoe KPUTHIECKOC 3HAYeHHe:

lim ¢y ({)=cy, ecan ¢, (0) > 0 (86)
t>o0 '

B ¢
kp+ kg

B npoTUBHOM Cjy4ae COPEBUOBAHHE BBUITPbIBAET rHnepuuxa Ha.
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IoyunTensHo paccMOTpeTh ellle OAHH 4acTHEIA caywad. Jomy-
CTHM, 4TO B JAHHOM TUNEPUMK/E OTHE/]bHbBIE KOHCTAHTH CKOpOCTeH
OueHb OJM3KH JDPYr K Jpyry, T.e. ki ~kr~...~Fk,=Fks W
kns1 ~ kyra ~ ...~ kopm = ks. Torga KOHCTAHTH CKOpocTel [JIs1
LeJBIX THIIePUHKIOB MOJNYYAlOTCs CACAYIOIHM 00pasoM:

k L u k Lz (87)

AT A T
Kak Mbl BHAMM, 3TH KOHCTQHTH OOPaTHO NPONOPLHOHAJLHLI YHCHAY
WIEHOB THIEPLUMKJIA, H, CJAeLOBATENbHO, MEHbUIHe UHKJH,, NO-BHIM-
MOMYy, OYAYT MMeTb ONpeNe/eHHOE CEeJNEeKTHBHOE IpenMyiectso. Of-
HAKO eCJH Mbl AONYCTHM, YTO KOHUEHTPAUHH BCEX MAaKPOMOJEKYJ
NPUMEPHO OXHHAKOBBl (M PaBHBI X), TO HEBBHIFOJHOCTb G6OJbLIErO
LHMKJA TOYHO KOMNEeHcUDyeTcsi OGOJbIIMM 3HAYEHHEM INOJHOH KOHLEH-
TPALHH C:

cp(O)=mny-% cg0)=nyz-% Hu co=(nA+nB)i,

ﬁm%m=% ectn  ky > kp. (88)
> 0o

Taxum 06pasoM, WAHCE Ha BBHUKHBAHHe [AJA THIEPUHKIOB pPA3HBIX
pa3sMepoB HJH Pa3MEPHOCTH A MPHMEPHO OJHHAKOBBL MPH YCJIOBHH
PaBHBIX HAyYa/JbHBIX KOHUEHTPALHII OTJe]bHBIX KOMIOHEHTOB H paB-
HBIX KOHCTAHT CKOPOCTH AJs 3TANOB PelyIHKaIluy.

PesysnbTaTh, MOJNyYeHHBIE JJs ABYX IHIEPIHKJIOB, Jlerko 0606-
WHTb Ha caydail N He3aBHCHMBIX KOHKYDEHTOB,

X.2. MNapasutTHag cBsI3b H KATAJUTHYECKHE CETH

IugIuyecky 3aMKHyTas KaTaJUTHYeCKas  CBA3b,
COeAMHSIONIasd Bce aKTHBHBIE ujeHH ... I, runmepuuxia,
MOXKeT BKJIOYaTb TOYKH DPA3BETBJIEHHS, YTO NPHBOAHT K
NOsIB/IEHNI0 BHEIUHHX BHAOB I, ,, , KOTOphle He ABJS-

IOTCSI COCTABHON YaCTbl0 KOOHEPATHBHON eAuHULB., Mbl
OyaeM Ha3plBATb 3TH BHEILIHHE UJeHH napasutamu. Uro-
6b1 Mcc/ae/loBaHHEe MOXHO OBIJIO ITPOBOAHTh B AHAJHTH-
yeckofl ¢opMe, ROMYCTHM, 4TO B LHKJE CYLIeCTBYeT BHY-
TpeHHee paBHoBecue (taba. 13). DBwwio nposegeno
uccjen0BaHpe oCOOBIX TOUEK [AJsT JBYX JHHAMHYECKHX
CHCTEM, OIHCHIBAIOUIHX THIEPLHKJ ¢ OJHOWIEHHHIM Ma-
pas’uToM.

[TepBHlll nmpHMep — 3TO KaTaJUTHUECKHH THOEPLUKJ
H Iapa3uT, He CIOOCOOGHBIH K  caMOpenJHKailuu
(puc. 43, A). Brille onpejieseHHOr0 MOPOTOBOTO YPOBHS
HOJIHOH KOHUEeHTpauud (kaco >> k), Kak BHAHO H3
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Tabauya 13

Hccnenoranne 0cobbix TOYEK TMMEPLUHUKIIOB
¢ Mapa3uTHHIMU CBA3AMH

Tumepnukan ¢ OpHCOEAMHEHHOH nAapasuTHOM eaunnted [
(puc. 43) omuceiBaerca n -4 1 puddepcHIHAIBHEME ypaBHEHUAMI,
U3 KOTOPHX A HAEHTHYHE YPaBHEHHAM [IJ5 H3O0JHPOBAHHOTO THIEp-
unkaa. HOna (n--1)-ro nuddepeHuuasbHOro ypaBHeHHs, KOTOpoe
onpeﬂ[e.n?eT KOHIEHTPALKIO NapasSHTHON enuuMUEL, noayunM: [ly} =
=X, lly| = Xy,

)E=kxxv——c—f)¢ (T.13.1)

A cucTeMmbl, Hao6paxenHofl Ha puc. 43,4, u

£=hyxyr — —’C‘-¢ (T.13.2)

0

ISt cHCTeMB, H306paXeHuoil ua puc. 43, 5.

Ecau BHYTpH THIEPUMKIAa YCTAHOBHJIOCH pasHoBecne, 1o n -1
AudbepeHunaibHEX YDABHEHHI CBOAATCS X JBYM. 34ech OKasHl-
BaeTcs yLOOHEIM BBECTH HOBLle KOHCTAHTHl CKODOCTH

n

= -ﬁ-—' =

k=T le]. (T.13.3)
=

u ka, onpenenenuyo ypaBHeHueM (84).
(1) Hapasurnasn eQuruya He ABAAETCA CAMOBOCHPOU3BOGAULElCH
(em. puc. 43, A).

‘A
c'A=kAc§——co—(/eAc§\+kcA); cy=cy +x, (T.13.4)

i=khey — —fo- (kpck + key).

Dra puHaMuUecKas CHCTeMa uMeeT ABe oCOOble TOUYKH;

_— kpcy—k _ k (T.13.5)
Xp b =—m—, X=—0—, 13,
boa ka ka
o (koo — k)2
kA
Xp By =0, T=¢y 0P=0. (T.13.6)

Touka x; ycroifiuuBa NPH YCJAOBHH, YTO [OJHAs KOHUEHTpaLus He
paBHa KPUTHUECKOH Co == R[Ra,
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IIpodoscenue Taba. I3

Aunanus ycToHyHBOCTH X2 TpebyeT HAeTaNbHOTO HCCJIeAOBAHUS
qienoB §oJiee BEICOKOro mopsiaka. JJIst TOUKH X = Co — 86X HaXomuM

o (02
c

- (B~ kpcy -+ ky 6x). (T.13.7)

Or1ciofa caelyerT, UToO
£>0 mpu ¢y <kik,

2<0 npu ¢y > klk,.

Hrak, ocofas TOYKa Xy YyCTOHYHBA NPH KOHIUEHTPAUHSIX, MEHb-
IIHX KPHTHYCCKOTO 3HAUeHMs, § HeyCTOHuHBA NPH GOJBIIMX KOHIEH-
rpauusx. IIpy HH3KHX KOHLIEHTPAaHMAX TOYKA Xi; HAXOAMTCA BHE
ofJacTH 3HAUCHHA KOHIEHTPALUHM, HMEIOUINX (PH3HUECKHH CMBICH,
TOYKA X == Co ABJSIETCS €JHHCTBEHHBIM YCTOHYMBEIM CTALMOHAPHBIM
COCTOSIHHEM, M THOEPUHKJ paspyliaercs mapasuToM. [Ipu GoublInx

KOHUEHTPALUSX YCTOHUHBAs 0cobas TOYKA Xy JEXKHT Ha CHMILIEKCE
S. 210 03HaYaeT, 4TO TUIIEPUMK] H [APa3HT COCYUIECTBYIOT.

(2) Hapasurnan eOunuya As8A8€TCA  CAMOBOCHPOU3800AIelcs
(puc. 43, 5).

¢
. 2 A 2 =
CA=kAcA—-a_(kAcA+kch), co=cs %,

. X 9
i=hopx — = (kath + kepx). (T.13.8)
CucreMa uMeeT ABe 0co0ble TOYKH B BepUIMHAX S
X Gy =0y £=0, ol)=(k—ky)c, (T.13.9)
Xy Ep =0, Z=¢c, =0 (T.13.10)

[Teppas ocofaa Touka ycroityupa, ecin ka = k. Juaa sTopolt oco-
Goil TOUK® ONAThL HYKHO HCCJAEN0BATH WJeHH 60jee BHICOKOTO MO-
panxa. Ipu x = co — 0x umeem

k—ky
i = = (8%)? (e — B). (T.13.11)
]

Tenepb 0TCIOA CJEAYET, YTO
£>0 mpn k>k,

$<0 mprn k<ky

Hrtak, Xz yCTOHuNBA, eCail BBHIIOJHSETCH HepaBeHCTBO £ >> Ra. Cu-
£TeMa KOHKYDEHTHA — 9TO 03Ha4aeT, YTO [HIEPUHKJ I NapasHTHasm
gIMHHLA He MOTYT COCYHIECTBOBATb, 3@ HCKJIOYeHHeM ocofoli cHTya-
[IMH, KOT[a KOHCTAHTBI CKOpOCTell paBHH (B = Ra).
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Puc. 43. Cxemaruueckoe u306paxeHye rHNepUHKJIOB C NapasHTHHIMH
eavnunamu. A, IlapasuTHas eiuHmna He SIBASETCA CaMOBOCIPOH3BO-
nsamefics. b. [lapasutHas enuHHma ABJASETCH CaMOBOCIPOM3BOJA-
meitcqd. Ilpeamonaraercs, 4TO pa3BeTBJIEHHe NPOHCXOAHT HA YPOBHE

KOMIIOHEHTa.  {1) |

Taba. 13, runmepuuxn ¥ mnapasur OYAYT HaXOAHWTLCS B
CTAlHOHAPHOM COCTOSIHUM B HeHY/eBOH KOHLEHTpaUHH.
Koncranta paBHOBeCHs1 THUNEDLHKJA YBeJIHUHBAETCH C
pOCTOM (o, TOTAa KaK KOHUEHTPalHs IapasuTa OCTaeT-
ca nocrosinHoifl, CJef0BaTeNbHO, NPH JIOCTATOUHO GOJb-
o#l KOHUEHTPAUHHM MNapas3uT [OJHOCThIO TepsieT CBoe
3HayeHHe Mg AHHAMUKH uUukaa. [lpw wmamofi noauo#
KOHLeHTpanuu (kaco <C k) cucTeMa CTAaHOBUTCSH HEYCTOH-
yuBo#. B paMKax npealoJioxkeHHst 0 BHYTPEHHEM pDaBHO-
BECHH NapasuT pa3pylliaeT THMNEPUUK] H B KOHUE KOH-
LIOB CTAHOBUTCS €IWHCTBEHHBLIM OCTABIIAMCA KOMIIOHEH-
TOM JHHAaMH4YECKOH CHCTEMBI.

Bropoit cayuall onuchiBaeT pa3BUTHE T[HUIEPUHKIA C
caMoperMnupyomuMess napasutom (puc. 43, 5). 3ra
JuHaMUYecKas CHCTeMa XapaKTepU3yeTCsl XKECTKHM OT-
6opoM, 3aBHCALIMM OT OTHOLIEHHSI KOHCTAHT CKOPOCTEH
k u ks Ilpu k> ks napasur paspyiuaer rUNepuHKI, TOC-
Ja KaK HepaBeHCTBO k < k, BJieueT 3a co0of BLIMUpaHHE
mapasura. Bo3moxxHO, npeAcTaBifieT HEKOTOPHIH HHTe-
pec pacCMOTpeHHE 3TOH JHHAaMHUECKOH CHCTEMBI B SIB-
HOM BHJe Ha YpOBHe OTAEJbHBIX MOJHHYKJIECOTHIOB.
W3 taba. 13 npu yca0oBHHM yCTaHOBUBIUETOCS BHYTPEHHe-
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ro paBHOBeCHS CjaeAyeT
-1

k
[ N % T (89)

A k!

1

Hcnonbsys paHee NMonyyeHHOE BLIparxkeHHe
—iy —!
ky = (Z k)
HaXOLUuM
ky 1 1
k< kA—>—-

. <
ks Dk R
15

>k, <k, . (90)

v4+1°

1
Wrak, pesysibrar orfopa MOJHOCTLIO ONpeAensercs
OTHOIWIEHHeM JBYX KOHCTAHT CKOpPOCTeH MAJSi peakLHOH-
HBIX 3TaNoOB, HAXOASLIMXCS Ha CXeMe THIEPUHK/A CPpasy
e 33 TOUKOU pAa3BETBJEHHUS, HE3aBHCHMO OT TOTO, Ka-
KOBH 3HaueHHAA APYTHX KOHCTAHT CKOPOCTeH B TrHIep-
uHKJe.

Yro6s M3yuHTh BAHSAHHE OTKJOHEHHH OT DaBHOBECHOTO pacmpe-
JesieHns, OblJIO IPOBELEHO YKCJIEHHOe WUHTErPHPOBAHHE AJA AHHAMH-
YeCKHX CHCTEM THIIA MOKa3aHHLIX Ha puc. 43. QakTHuecKu BCe mOJy-
qeHHBlE 3/€Ch BHIBOJAH OCTAIOTCH B CHJle H AJSI CHCTeM, JAJIEKHX OT
paBHOBeCHSI.

JanHble 114 OJHOUJIEHHBIX MapasuTOB MOXKHO DacipoCTPaHHThb
HA NMPOM3BOJBHLIE I[eNH, MCNOAb3ysS peaynpTaThl pasi. VIL 6. B o06-
IleM cayyae cyApGa NapasHTa TeCHO CBS3aHA C PA3BHTHEM BHAA,
NPHKPEIJIEHHOTO K LHKJAY: MapasuT Bcerja BEIMHPAeT, KOTAA KOH-
LeHTpallls BUA4, PACIOJOKEHHOTO 32 TOUKON DasBeTBJIEHHS, MPUGIH-
xKaercsl K Hymo. FMeercs OZMH HHTePecHBl 4YaCTHBEUE caydai:
by = kys. Jduddepenuuanvusie ypapHeuus ansg lyy 0 I, unen-
THYHHI, M, CJ€L0BATEJBHO, COOTHOUIEHHe MEXJy ABYMsSI BUAAMH BCe-
rga OCTaeTCs NOCTOSSHHHIM Y PaBHBHIM CBOeMYy HauaJbHOMY 3HaueHHIo.
YlcJleHHOEe MHTETPHPOBAHHE JIJIS HECKOJBKHX AHHAMHYECKHX CHCTCM
3TOrO THNA TIOK43ano, UTO B JaHHOM KOHKPeTHOM  cJjaydae
(kx == ky41) BCC UJIeHB NapasuTa, KpoMe BHAA [y, OYAYT BLIMHPATh.

TTapasuTel, UMeIOUlHe BHJ HEMOYKH, MOIYT NPUCOENMHHTBCA K
FHICPUHKAY B ABYX MECTax, YTO MpHBeAeT K 0GDA30BAHHIO KaTajH-
THUECKOl CEeTH C TOukoii pasBerBleHus M TOukoH cansmusa. C mo-
MOILBIO UHCJAEHHOrO HHTErPHPOBAHHS MBI MOKa3ajd, HTO CHCTEMBI
TAKOr0 THHA HEYCTOMYHBLI: McHee 3(¢deKTHBHAS BETBb, T.€. BETBb C
MeHBUIMMH 3HQYEHHSMH KOHCTAHT CKOpocTell k, BEIMHDaeT, M oOCTa-
€TCA TOALKO OAHH OPOCTOIl IImepuHK.I.

llonycxaﬂ NPOH3BOJILHOE pacroJoxKeHne KaTaJJHTH-

Y4eCcKHX CBs3eff B CHCTEME CAMOBOCHPOH3BOASALIHXCH
MaKpPOMOJIEKYJ, MBI ropa3fo dauie OyAeM BCTpevaThes ¢
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CHJILHO Pa3BeTBJEHHLIMH CHCTEMaMH HJIH CJOKHBIMH Ce-
TAMH, 4YeM C peryJsIpHBIMH THIepuHkAaMd. [loaToMmy,
4TOOE OUEHHTH BEPOATHOCTb 00pa3oBaHus THIEPUHK/A,
OueHb BaXKHO 3HaTh JaJbHelillee pa3BHTHe TaKHX CH-
creM. Jl17 Takoro THma CHCTEM aHAJHTHYECKHE METOHBI
OOGLIYHO HENMPHTOAHE, ¥ MBI JIOJKHBI, CJeLOBATENBHO,
[OJIATAThCsl HA Pe3yJbTaThl YHCJAECHHBIX METOAOB.

M3 naGopa uHTerpanbHBHX KpPUBHIX, MOJYUEHHBIX
YHCJEHHLHIM HHTETPHPOBaHHeM AH(depeHnnaNbHEX ypas-
HeHHH AJs pa3/MUHBIX KaTaJHTHUECKHX ceTel, yaaJjoch
cAenaTh HexoTopble ofmue BhIBOoAL. Kak MOXKEHO OBLIO
OXKHAATh, YUYHTHIBAS NPHBE/JCHHLIE BbIllle NPHMEpH, Ta-
KHe CHCTeMHl HeYCTOHYMBHI H pacnajfaiotcs Ha ¢parmes-
Thl MEHBUIHX Pa3MepoB. 3a HCKJIIOUEHHEM CJOXKHBIX JH-
HAMHYECKHX CTPYKTYpP, OOS3aHHBEIX CBOHM CYILECTBOBa-
HHeM CJaY4YaHHBIM COBHAJEHHUSIM YHCJAEHHHX SHaYeHHH
pPas/JHYHBIX KOHCTAHT CKOPOCTeH, BO3MOXKHEIE OCTaTKH
KaTaJHTHUECKUX ceTell CaMOpPeNVIHIUPYIONHXCA eId-
HHI[ — 3TO TOJBKO HE3aBHCHMO pacTylIHe BUJH, KaTa-
JUTHYECKHE I[eNd HJIM KaTaJHTHUECKHe THIEePUHKIEL
Hrak, mwobas KaTaauTHuUecKas ceTh, cocTodllas H3
CaMOpeIJIHIUPYIOUIAXCS eANHHI € OJHOPOAHBIMH WJeHa-
MH CBA3H, O6yaeT pacnajnaThcs ¢ oOpa3oBaHUeM Jau6o
THIIePHUKIA, KOTOPHIH 3aTeM NOMHHUPYeT Hal IPYTHMH
¢parMeHTaMH, JHOO KOHKYPUDYIOIIHX AHHAMHYECKHX
CHCTeM, KOTOpEle He MOTYT KOONEePATHBHO 3BOJIOLHOHH-
poBark.

X.3. Hepapxus cBsi3eil MeKAy rUmepUHKIAMH

B nOpuHLHIE THHEePUHKJAB MOXKHO CBSI3aTb JpYr ¢
IpyroM Tak, yto obpasyercs GoJee BBICOKOODraHH30-
BaHHas CHCTeMd, eCcJAH B KHHeTHUECKHE YDaBHEHUA
BBEeCTH COOTBETCTBYIOLIME KaTaJuTHYeCKHe wuiaeHnl. Pac-
CMOTPHUM 1Ba OCHOBHBIX Tunepuuxaa Ha u Hg u no-
OyCTUM, 4YTO TrHIepuuk] Ha npousBoAuT KaTajguTHue-
cxuit hakrop pocra ans Hg u vice versa. Tako# daxrop
pocTa MOxeT OBITh KOMIIOHEHTOM THNEpIHK/Ja HJIH ero
npoaykroM. Haw ombiT noickasbiBaer, 4To, NO-BHAHMO-
My, B3aHMHas KaTaJUTHYeCKas CTHMyasuus OyleT HpH-
BOAHTb K KOONEPAaTHBHOMY IIOBEAEHHIO.
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Jlua ynpomlesust npsaMoro amajiiza JOUYCTHM, uTo B
000MX THOEpPUHKJIaX YCTAHOBHJIOCh BHYTpPEHHee paBHO-
Becie, KarajuTHYeCKHe WIEHBl HMEIOT TpPeTHH NOPSAOK
Mo KOHUEHTPALUMAM MOJEKYJ (kycicy U ke cl cooTBer-
CTBEHHO; cM. Takxe Tabu. 14). CiejnoBarenbHo, npy jo-
CTaTOYHO GOJIBIINX KOHUEHTPAUUAX MOXKHO mnpenedpeun
(YURUHSIME pOCTa BTOPOTO [OPSAKA MAJs HEKaTasH-
3npyeMofi cucremnl. MccnenoBanusi 0coGBIX TOUEK Heno-
CTATOYHO [i/isl H3YYEHUs MOJNYUeHHOH AMHAMHUECKOH CH-
CTeMBl, IIOTOMY YTO OHO JaeT HyjeBble COOCTBeHHBIE
3HAUEHHS AJS BCeX HOpPMaJbHbIX MOA. OLHAKO BEKTOp-
HOe TNoJie JIerKo MOJAAETCs HCCAeNOBAaHHIO, TAK Kak CH-
cTeMa HMEEeT TOJBKO OJHY CTelMeHb CBOOOAB. Kak BHIHO
u3 puc. 44, nBa rHNepUHKJIA BCe ellie KOHKYPHPYIOT, He-
CMOTpA Ha Ha/UYHe KatanuTHueckux (akrropos. Mrax,
BBeleHHBIH HaMu THUN KaTaJHTHYECKOH CBI3H He SBJIA-
eTcss JOCTATOUHBIM JJISl KOOIIEPATHBHOTO HOBEAeHHS.

Ecnn nmOBBICHTL Ha eAHHULY HOPSLAOK KaTajJHTHUe-
CKHX WIEHOB, TO B AHHAMHYECKYIO CHCTEMY BOHAYT uJe-
HBL POCTAa ueTBepPTOro nopsika (k,cicq, kpcich). Ana-
JIM3UPYS BEKTOPHOE MOJic TakHM Ke o6pasoM, Kak i
paubite (puc. 44), Mul oOHapYyKHBaeM YCTOHUHMBYIO OCO-
6yI0 TOYKY OpH KOHEUHBIX KOHLEHTpPauuax ofoux rumep-
uukja0B (cM. Takxke taba. 14). HMrak, xBaapatuuHas
CBSI3b JOCTATOYHA JJs1 MOSABJEHHS KOONEPATHBHHIX OT-
HOLIEHUHA MEXAY KAaTaJUTHUECKHMH THIEPLUHKIAMH,

[peactaButh (GU3HUECKYIO peaNH3alHI0 KaTaJIUTH-
yeCKOH CBsSI3H 3TOrO THNA Ha YpPOBHE OHOJOTHYECKHX
MaxpoMOJIEKYJi HOBOJBHO TPYAHO: Ha/JHYHE TAKOro uJje-
Ha, Kak k,cic} mmu Rycich, B CYMMapHBIX KHHeETHue-
CKUX ypaBHeHHsix TpebyerT JuO0 CJA0XKHOTO MHOIOGCTa-
ZufiHoro MexaHmaMma, JHOG CTOJKHOBeHHS (oJee ueM
IBYX MakKpoOMOJeKyJ, o0e 5TH BO3MOXHOCTH MaJo-
BeposATHB . [T03TOMY MBI CKJAOHHBI CUHTATh, 4TO AAJb-
Helillee pasBHTHe MO NyTH o6pasoBaHus OGoJee CAOK-
HBIX CTDYKTYpP, COCTOAILUX M3 HEPAPXHUYCCKH CBA3AHHBIX

! Drux TpymHocTefl MOXeT He OLITb B CAydae UCKYCCTBEHHBIX
JHHAMIYCCKUX CECTeM, TAe I8 BBCJEHIHS KaTaJaHTIYeCKOfi CBA3M
HCIONBb3YIOTCA TeXHHUECKIe YCTpOficTRa — HANpuMep, 3JIEKTPHUECKHE
CETH,
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Ta6auya 14

Hcecnenopanue ocolbix TOUEK KAaTaMUTHYECKH
cesi3aHubiX runepunksaos Ha n Hp

(1) HYacnot cagsu Tpetveco nopadka.

¢
P 2 A .. — .
cA—kAcACB___C_O-sé, ¢~—(kAcA+chB) CACR:

éB=chAch—%—¢; cg=cp + cp. (T.14.1)
[/ICC.HE,ELOBQHHC 0c0o0BIX TOUEK' AHIIAMHYECKOl CHCTEeMBI AaeT

X 8y=c), =0 ©0=0 (T.14.2)

Xg T4 =0, fg=cy ©=0. (T.14.3)

Cuctema xoukypenrtna. HMccrnesoBanue uneHoB 60jiee BBICOKOTO MHO-
psiika (puc. 44) mnoxasslBaer, uTO X4 ycTOHuuBa npH ki > ka.

C Apyrofi cTOpOHLI, ycaOBHE ks <C ks BelleT K yCTOHYHBOCTH Xa.
(2) Yaerot c8a3u werseproco nopadka.

. €A :
b= kpCich — % ¢=(ky+kp) chens
. 22 “B
ég = kpcpcp — TO—¢; cg=1cyptcp. (T.14.4)

DTa AuHaMuyeckas cHCTeMa XapaxKTepusyeTcsa TpeMst ocobbIMH TOY-
KaMmu:

X 2p=0, Zz=0 a=0 (T.14.5)
Xy 0y =0, Cg=cy =0 (T.14.6)
- ky ) kg
P x:
op=—=nb 3 (T.14.7)

(ky + kg O

Hrak, xs sBisgcres ycrofiuneoil ocoBoil TOYKOM, UTO yKashBaer Ha
KOONepaTUBIioe TOBeJcHie ABYX CBA3aHHEIX runcpuuxaos Ha u Hp
npH JIOOLIX BO3MOXKHBEIX YCJAOBISIX. BexTopHOe moJje, H306paxKeHHOe

na puc. 44, nokasniBaeT, UTO JBe ADyrHe ocofble TOYKH, Xi H Xz,
SBJSIOTCS HCTOYHHKAMIL
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Cs
Cs 05t
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—> g
0 70
0 : gy “OSE
' 05 o ®
A 5
Puc. 44. CBs3b MexAay rumepiukiamu. A. Yaen KaTaauTHueckoit
CBSI3H —-kAcf\cB u chAczB. KacareapHbli BeKTOp NOJ0XKHTENEH

BHYTpH 00/aCTH KOHLEHTpauMi, HMemHX OQH3HYeCKuH CMBICK
(0 < ¢ << 1), 8a uCKIIOYEHHEM [IBYX OCOOHX TOUEK; NpeAnoaara-
erest, uTo kB >> ks, H, CJ€0OBATE/IbHO, OTGHPAETCS THOEPUHKI Cg.
CucreMa KOHKYPEHTHA, HECMOTPA Ha CBA3b. 5. UneHn gartajgurtuue-

. 2 2 2 .
CKOl CBA3H — KkpCacp B RgCacp. CHCTeMa €OMEPKHT JBe HEYyCToli-

ypBele 0COGBIC TOYKH B BCPUIMHAX U VCTOHUHBYIO 0COGYIO To+v
B UeHTpe (Ca = fp'== 0,5, TaK KaK k. == kg), CucTema KoomepatuBna.

CaMOpeNIHUUPYIOIIUXCS eAHHHL, BpAJ JH MOXKeT Mpo-
HCXOJHUTh IOCPEJCTBOM BBeleHUs KaTaIHTHUECKHX uJje-
HOB BBICOKOIO HOpSiAKAa B CHCTEMY, PacTyLIyi0 B TOMO-
FeHHOM DAacTBOpe,— OHO HJET MO NyTH HHAMBHAyalH3a-
LMK y¥XKe CYLIECTBYIOUNX (DYHKUHOHAABHBIX elHHNI. DTO
MoxeT OBbITb JOCTHIHYTO, HANPHMep, HPOCTPAHCTBEHHOH
H30J5LHel BCeX 4YJIeHOB TUNepLUHK/JIAa B KOMIapTMEHTe.
OfpasoBaHne NPOTOTHIIOB COBPEMEHHBIX KJETOK MOXKET
CAYXKHTb OJHHM H3 BO3MOXHBIX MEeXaHH3MOB, BeYLIHX
K dHAuBUAyasusanuu TrHnepuukiaos, [locie Toro kax
H30JsIUMs 3aBEpIUHIACh, HHAMBHAYAJIH30BAHHBIN THIEp-
UHKJ MOXKeT BeCcTH celsi Kak MpocTas pelJHKaTHBHAas
eannuna. CjefoBaresbHo, 0ojiee BepOSATHO, YTO THIEp-
LMKJAB SIBJASIOTCST NPOMEXKYTOYHBIM 3BEHOM B CaMoOpra-
HHU3aIHH, 2 He ee KOHEYHOH Ie/Ibio.

BuiBo bl

T'rasroti 3adaueli wactu b ssaserca abcrTpakTHoe
CPABHUTEADHOE U3YHEeHUE PASAULHOIX (PYHKYUOHAALHOLY
ceaseil 8 camopenauyupyrowuxcs cucremax. Henoasso-
BarHble 30ecy meTolbr 0bblunbl 048 Ouepenyuaronoil
Tonoaoceuu. [loanole  anaauTuueckue — pewtenus, 3a
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UCKAIOUCHUCHM CREYUQABHBLY CAYuAes8, O0bIYHO NOAYUUTDL
HEBO3MONHO, TAK KaK cooTsercrayrowue dupdepenyu-
aabHble YPABHEHUA CYULECTBeHHO Heauneltol. Camosoc-
npoussederue eceeda eedeT K 3A8UCUMOCTU CKOPOCTU
npoodyKyulL OT HUCAEHHOCTU MNONYAAYUL COOTBETCT8Y-
roweeo suda. Koonepayus mencdy pasauunsimi sudamnu
uepes 3axo0uposannsle (DYHKUUOHAAbHblE €8A3U Jobas-
ASeT HOBblE KOHUEHTPAYUOHHBLE 4AeHbl, KOTOpble 0ar0T
6osee 8bicOKUL NOPAJoOK 3a8UCUMOCTU CKOpocTell OT no-
NYASYUOHHBLX NEPEMEHHBLX.

CpasHurenbHbll QHAAU3 CEAEKUYUOHHOZO U  3980AI0-
YUOHHO20 nosedenuss He TpebyeT 3HAHUS NOAHBLY UH-
Teepaseuulx kpusvix. OGoluno JOCTATOUHO HAUTU UX KO-
Heurole TOUKU, OAfL TO20 4TOGbL PEUiUTd, BO3MOJNCHO AU
ycrotiuusoe CocyuleCT808anUe 8cex RAPTHEPO8 8 (YHK-
YUOHAAbHOM KOONEPATUBHOM qHcambue. 3Told yeau cay-
acur uccaedosanue 0cobelx TOYEK 8 COYETAHUU ¢ MeTO-
Oom Jlanywosa u— 8 HekoTOpolX CaAyHasax — ¢ Goaee
0eTaAbHBIM USYHEHUEM MNOAHO20 BEKTOPHO20 noAs. Pe-
3YA6TATHL TAKO20 KOMOUHUPOBAHHO20 QHAAUSA MOJNCHO
pe3tomMuposarsy caedyouum o6pasom.

DYHKYUOHANbHASL UHTE2PAUUA AHCAMOAR, COCTOAWE-
20 U3 HECKOAbKUX CAMOPEenAUyUpyrouuxcs eOunuy, rpe-
byer sesedenus Kararutuueckux ceaseil mexldy scemu
napraepasu. 3ITU €8A3U, HANOXHCEHHble HA OTOeabHble
yuraol pensuxayuy cybovedunuy, 0oaNHs, 06pa308aTh
3AMKHYTOI YUK, 4TOGb. CTAOUAUBUPOBATL QHCAMOAL
nYTeA B3AUMHOL pe2yiayuu 8Cex NONYAAYUOHHbIX nepe-
MenHolx.  Hesasucumele KOHKYpewTs,, KOTOpule npU
onpedeseHHblX NPOCTPAHCTBEHHLLX YCAOBUAX W HA 02pa-
HUYCHHOLX UHTEPBAAQX BPEMEHU MOYT COCYULLCTBOBATSL
8 «HUWAX», O TAKICE KATAAUTUYeCKUE Yenu UAU passer-
BACHHbIE CETU AUUeHb! CROCOBHOCTU K CAMOOpeaHu3q-
HuU, TURLYHOE Oas eunepyuxaos.

Q0noeo auws coCyulecT808anUa HedoCTaToUHO J44
CO2AGCOBAHMHO20 POCTA U B0AIOYUL 8CeX NAPTHEPOS AH-
cambasn. Tunepyuxa orauvaercs caedyrouumu  ceoll-
cTeamu:

1. On obecnequsaer ycroiuugoe u peayaupyersoe
cocyujecreosane gcex 81008, 06veOUHEHHbIX YUKALUE-
CKOU C8A3010,
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2. On donyckaer coeaaco8anHbll pPOCT 8Cex CBOUX
YACHOB,

3. Tunepyura koukypupyer ¢ A06oli 0T0eAbHOL
penauxarusnol edunuyeti, we npunadiescaweldl yuray,
HE3Q8UCUMO OT T020, ABASETCS AU OHA He3A8UCUMOL,
npedcrasaner au coboll 4acte Opyeoeo eunepyuria Uil
Oaxce npucoedunena Kk OQHHOMY YUKAY ROPABUTHOL
£8430b10.

4. Tunepyurka MOXeT Ys8eAuuus8aTb WAL YMEHbUIATL
ceou pasmepol, ecau TaAkas modugurayus O0aer Kaxoe-
AUBO ceneKTUBHOE NPeuMYyL,ecTso.

5. Tunepyurael ¢ Tpydom cousensorca ¢ obpazosa-
Huem ceretl boaee svicokozo nopadka. Haa e3aumuoll
crabuiuzayuy 08yx UNEPUUKAO8 CTeneHu p Heobxo0u-
MbL 4ACHBL CBA3U cTeneru 2p.

6. Buyrpennue c8a3u u xooneparusHeie €80{cT8A
2UNePYUKAQ MO2YT 3B0A0YUOHUPOBATE MO NYTU K ONTU-
MaAbHOMY PYHKYUuoHuposanuro. «PedorTunuueckues npe-
umyuiecrsa, T. e. Takue eapuayuu, Koropele 0ar0T my-
TAHTY NPAMYIO B6L200Y, HEeMEOACHHO 3QKPEHAAIOTCA.
«lenoTunuueckues gce npeumyujecrsa, Koropsle 6aazo-
NPUATCTBYIOT —NOCAeOYyrouiemy npooyxTy 1 nNo3TOMY
AU KOCBEHHO — Penaukarusnol edunuye, 8 KOTOPOU
npousowAa myrayus, ¢ Opyeoil cropoust, TpebyOT nPo-
CTPAHCTBERHOL UB0AALUY OAS KOHKYPeHTHOL Qukrcayuu.

7. Orbop eunepyuxaa — 3T0 peulerue «pas u Ha-
sceedas. B mob6oii o6eiunol Oapsunoeckold cucreme my-
TAHTOL, OQrOUjUe CeAeKTUBHOE NPEeUMYyu,ecTso, Ae2K0 MO-
2YT PABMHONCUTLCA U 3akpenurvcsa. Hx cnocobHOCTL &
pocry we 3asucur ot pasmepa nonyasyuu. Has eunep-
YUKAO8 CeneKTUsHble npeumyulecTsa 6ce20a ABAANOTCSA
QYHKYUAML HUCAGHHOCTU NORYAAYUU U3-3Q CYULeCTBEH-
HO Heauwelnblx ceoticTd eunepyuraos. Taxum obpason,
00HaObL 3aKpenusuulics eunepyuxa He moxcer ObiTo
A€2KO BAMCHEH HUKAKUM <HOBUUKOMP, NOCKOAbKY HOBbLL
8uUd 8ce2da NOABASCTCS CHAYAAQ 8 KoAuuecTse OOHOL
(uau Heckoabkux) KONUL.

Bcee aru csolicrea deararor cunepyurxs eQUHCTEEHHBIM
8 cB80eM pole KAQCCOM CAMOOPEAHUBYHOWUXCA Xumuye-
ckux cereil. 3ro cano no ceGe onpasdvisaer Goree pop-
MNAALHOC UBYUeHUe Uux CE0LCT8, 4TO U 06LA0 Yerbl0 OaHHO
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uacty. Kak Oslro nokazauo 6 4actu A, npocroe
npedcTasuTeAl 3TO20 KAQCCA 8CTpewaroTes 8 npupode.
BosmoocHo, aror Tun (YHKYUOHANALHOU Op2aHU3ayuU
WUPOKO PACNPOCTPAHEH U UePaeT KaKYl-TO pOAb 8
HEPBHOLX CeTAX uau 8 coyuaavroix cucremax. C Opyeoii
CTOPOHBL, MbL HE CHUTAEM, 4TO 2UREePYUKAbL — 3TO Ka-
Kot-To geruw. Hx posb 8 MOAEKYAAPHOL camoopaaru-
sayuu ozpanuvena., OHU NO3B0AAIOT UHTE2PUPOBATL UH-
Gopmayuwo,  4T0 66140 HEOOx00UMO 04 BO3HUKHOBEHUSA
TPAHCAAUUU.,

O0nako eunepyurka moe UCHe3HYTb, KAK TOAbKO HO-
ABUACA (PEPMEHTATUBHOLE ANNAPAT € BOLICOKOL TOUHO-
CToI0  penpolyryuu, NO3BOAAIOWLE UHTeZPUPOBAHHOL
cucteme undusulyaau3osarscs 8 (hopme Husol Kaer-
ku. Hulusudyarusosannvle peniuKaTUBHbIE CUCTEMbI
UMET HAMHO20 OOAbuiLll noTenyuas 045 OanvHeiuied
dusepcupurayuu u dupgepenyuayu.

Cyujectsyer mHO20 (ops eunepyuriuteckol opea-
HU3AYUU — OT NPOCTOLi C8:3U B8TOPO2O nopsdxka 0o KoM-
nayud-sunepyuria n-20 nopaodka, 8 KOTOpoMm 0as Kas-
0020 peakyuoHHO2O 3TANQ TPELYerca KOONepaTusHoe
OeticTaue scex 4aenos.-XoTs Mul He 3HAeM (popmel opaa-
Huszayuy 6Goaee RPOCTOU, ueM eunepyuxas 8TOpPo2o HO-
padka, koropas Mmoeaq Obl  UHULUUPOBATL ANNAPAT
TPAHCASYUU, MbL XOPOWO CO3HAEM CAOXCHOCTL Oadce
aTotl «npocteduieli 803m0ucHOLy cuctemol. [loatomy Ha-
weil 3adaueil 6 wactu B 6yder obocHosanue 1020, 410
peanucTuteckue eunepyuravl 0eifcTeUTeAbHO MO2YT B803-
HUKAQTy U3 60aee npocToly npedulecT8eHHUKO8, KOTOpble
umenucs 8 OOCTATOUHOLIX KOAUHECTBAX 68 NePBUtHbLY
YCAOBUAX.



YACTbH B
PEAJTUCTHYECKHHU THNEPUHKJ

[TpeanaraemMass MoJedb «peasliCTHYECKOTO THIep-
LUKJAa» TECHO CBA3aHa C MOJEKYJASpPHON opranusanue
OPUMHTHBHOIO annapara peldKauud M TPaHCJAAUHH.
lunepunkaudeckast oprasusauusg oOyc/aOBIUBaeT ce-
JEKTHBHYIO CTaOH/IH3aLHI0 H 3BOJIONHOHHYIO ajanTa-
UHIO0 BCEX TeHO- H (PEHOTINMHUYECKHX KOMIIOHEHTOB (yHK-
IHOHAJbHO CBfA3aHHOTO aHcaMOsuda. OHa 3apomKpaaeTcs B
(bopMe MOJIEKYJIAPHOrO KBa3HBHAA H YCJIOKHSAETCA B
XOZe 3BOJIOUHH TyTeM MYTAUHH M AYIJIHKAUWA TEHOB.
Ee mnepsonauanbHas CTPYKTypa, NO-BHAHUMOMY, OTpa-
JKaeTcsl B YCTAHOBJEHHH COOTBETCTBHA MEXAY KOJOHa-
MH M aMHHOKHCJOTaMH, B TOMOJIOTHH MOCJel0oBaTe/b-
Hoctelt TPHK, B nBofiHbiX (epMeHTAaTHBHBIX (YHKUHAX
pemuKauHy H TPaHCIAUHU H B CTPYKTYPHOH H (YHK-
LYOHAJBbHOH OpPraHH3allUHd TeHoMa [POKapHOTHYeCKOH
KJeTKH.

XI. Kak Morsa 3apoaurbes TPaHCASILUA?

«O011en3BecTHO, YTO BO3HUKHOBEHHE GeJKOBOro CHH-
Te3a MpeAcTaBasio coboll OueHb TpYyAHYIO mnpobiemy.
Mg nmeem B BUAy He 00pasoBaHHe KOMIIOHEHTOB €O
cay4aliHofi NOCJeJ0BaTeNbHOCTLIO, a CHHTe3 MOoJHIel-
THAOB, HANMpaBAsgeMBlil xoTd O B OOIIHX YepTaX MaTpH-
e — MOJIEKYJI0H HYKJEHHOBOH KUCJOTBE, H HMEIOLIHH
Takyio npupody, Ogarofaps KOTODOH [OCTeNeHHO, wIar
3a 11aroM, B XOJ€ 3BOJIONIH chOPMHPOBAJICH COBPEMEH-
HbIi reHeTHUeCKHH KOJX, BHIpAXKCHHe KOTOoporo ceffuac
Tpe6yeT HaJ/JHUHS CJIOXKHOTO amnapaTta akKTHBHPVIOLIHX
¢epmentoB, Tpancnopthsix PHK, pubocom, pasnmuunbix
(G aKTOpPOB U T. A.».

ITpeaMer naumero ofcyzKleHHss TPYAHO OXapaKTepH-
30BaTh GoJee 4eTKO, uyeM 3THMH BBOAHBIMHU CJIOBAMH H3
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HenaBHe# cratbu Kpuka, Bpennepa, Kayra n Ileye-
HHKa [3].

JonyctuM Ha BpeMsi, UTO NPHMUTHUBHHBIH anmapar
penyiuKauuu U TpaHcasuud, GyHKUHOHUPYIOUIHHA ¢ Haf-
JieKalllefl TOYHOCTbIO M aJalTHUPOBAHHBIH K JOCTATOYHO
GoraToMy andaBHTy MOJEKYJSIPHEIX CHMBOJIOB, BO3HHK
B pes3y/]bTaTe KaKOTo-TO NpOILeccd, KOTOPhl JaJjee ite
KOHKpeTH3HpyeTCsl, HalpuMep B pe3yJbTaTe CaMoopra-
HM3alMH HJIH HEKOEro akTa TBOPEHHS, B NIPHPOAE WIH B
agabGoparopuu. MHomyctum, najee, 4To uMeeTcs cpena,
KOTOpasi T0CTaBJsieT Bce AKTHBHPOBAHHLIE BLICOKOIHED-
TeTHYeCKNe BeIecTBa, HeOOXOAHMBle AJS CHHTE3a TaKHX
MAaKpPOMOJIEKYJ, KaK HYKJEHHOBBIE KHCJOTHL U OenkH,
JJIs TOrO 4TOOBI pPelyIHKalug U TPaHCAAUUS MOTJU ObITh
CIOHTAHHLIMH IIPONECCAMH, T. €. MOAJepKUBaIHCh Obl
NOJIOKUTENAbHBIM CcpoAcTBOM. Mor au Takoii aHcam0Jb,
KakuM OBl NyTEM OH HH BO3HHK, NPOLOJIKATH IBOJIOLHO-
HHPOBATh Kak JAAPBHHOBCKAs cucreMa? [[pyrumu cjoBa-
MH, MOTJIA Jid Takas CHCTeMa HeOIpeleseHHO NOJTO CO-
XpaHdiTh 3aJ0XKEHHYI0 B Hee [epBOHauaabHO HH(poOpMAa-
I[HI0O U COBEPIIEHCTROBATL €€ Jajblle, NoKa He Guiia 6Gbl
JIOCTHTHYTa MAakcuMaJnabHasg (¢yHKUHOHaIbHAA addek-
THUBHOCTh?

Uto6r KOHKPETH3UPOBATL CHTYAIHIO, PACCMOTPHM
MOzesb, n3o0paxkeHnuywo Ha puc. 45. Iliwoc-uenn nanzo-
ro muoxectsa Mouaexyan PHK mecyr undopmaunuio g
CHHTE3a COOTBETCTBYIOLLETO YHC/IA MOJEKYJ OesKOB.
[TpoAyKTH TPaHCAALUH MOLYT BHIIOJHSIT HO MeHbIIe#
Mepe caenyoline ¢ynkuuu: 1) Oaun Oenoxk wurpaer
ponr PHK-nonumepass, nopo6uofi tem cnenuduyHEIM
penauKasaM, KOTOpble CBs3aHbl ¢ pasanunbiMuo PHK-
cogepxkamuMu daramu, Ee caliT y3HaBaHusg agantupo-
BaH K cHennpUUECKOH NOC/Aef0BAaTENLHOCTH HJU CTPYK-
Type, uUMewHielicd y Bcex mmoc- u MuHyc-uemefi PHK;
JPYTHMH cJjoBaMH, oOHa 3(h®deKTHBHO BOCIPOU3BOLUT
auinb Te Mmosaexydasl PHK, xoroprle umaeHTHGHLHDYIOTCS
KaK 4jeHn omnpefeneHHoro aHcam6asa. 2) pyrue mpo-
LYKTHl TPAHCAALMH GYHKIHOHHPYIOT KaK akKTHBHPYIOLLHe
(bepMeHTH — OHH  CHeNH(HYECKH V3HAIOT pas3/HuHble
AMHHOKHCJOTBL H  NOPHCOEAMHAIT HX K  COOTBET-
creytowiM agantopuniM PHK, xaxpaas u3 koTopelx He-
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Puc. 45. Tlpocrefimas Moaelb NPHUMHTHBHON TPAHC/AIUMH BKJIOYAET
undopmannonnyio PHK I, koropas xoampyer pemsmkasy Eo, anan-
THPOBAHHYI0 K CIeUHPUYECKOMY Y3HABAHHIO [OCJHEN0BATENBHOCTEH
Io — 1, Ilmoc-uenn Iy — 1, xoampywor uereipe cuuTetaswt E — Ei,
a MuHyc-uenn MoryT ObiTh ajantopamu (TPHK) nuis gerTeipex amu-
HokHcaoT. Takas cucreMa, XOTS OHAa U BKJWUYACT B cefa Bce (DYHK-
nHH, HeoOGXOAUMEle AJS TPAHCJASUHH H CaMOBOCIDOH3BeAEHHs, ABJI-
eTcsl HeycToliuuBOil H3-3a BHYTpeHHefl KOHKypeHumH. Ecmn Ip— 1
He CTaGHJH3NPYIOTCA THNEpPLHK/IHUECKONl CBA3bIO, TO COrJlacoBaHHAs
9BOJIOLUA HEBO3MOXKHA.

ceT ONpefeseHHBI{l aHTHKOAOH. YMCI0 pa3HBIX  aMHHO-
KMCJIOT H, CJel0BaTeJbHO, aJanToOpoOB BHOGpaHO Tak,
yTOOB OHO PpAaBHAJMOCH UYHCAY PasjiHUHBIX  KOJOHOB,
BCTPEUAIOIHXCS B HHGOPMAUMOHHBIX I[IOCJAELOBATEb-
HocTax, T. e. B maoc-nensx PHK, ¢ Tem, urto6ur B pe-
3yJlbTaTe MOJIYUHAACh <«3aMKHyTas» cHCTeMa TpaHCis-
IHY C ompelefeHHBIM koxoM. OHa He 0053aTeNbHO
JOMXHa BRJKYATh MOJHBIH TeHeTHYeCKHd KOL B ero
COBPEMEHHOM BHIE, a MOXeT OrPaHHYHBATLCT MEHb-
IIHM, HO (GYHKIHOHAJBHO JIOCTATOUHBIM UHCJOM aMHHO-
KHCI0T (Hampumep, YeTHIPbMs), HCIOJb3YS ONpeaeaeH-
HBle OTpaHHMYEHHS, HaJOXKEeHHBle Ha CTPYKTYPY KOJAOHOB,
uyTofbl FapaHTHPOBATb OAHO3HAYHOE CUHUTLIBaHHE. B Ka-
yecTBe aJalToOpoB MOMXKHO HCNOJIb30BATh MHHYC-IENH
mosnekya PHK, uanm—ecan sto ycjaoBue oxaxercs
CMHUIKOM 3KECTKHM — aJIalTophl MOYKHO BBECTH BMECTe
¢ JADYIHMH KOMIOHeHTaM# (Hampumep, ¢ pubocomMamiu)
KaK IIOCTOSiHHBIE (aKTOpBl cpefsl, NOA00HBIe Tem Oak-
TepHAJIBHBEIM (pakTopaM, KOTOpHe 06eCHeunBaioT perid-
Kauuo ¢ara U TPAHCASUHIO B KJAETKe-X03sHHe.
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Puc. 46. HnTerpanbHble KpuBble Anast cucTemul AnddepeHunanbHbx
ypaBHeHHI, HMHTHDYIOWHX MOJesb, H300paxenHyw Ha pue. 45.
B 3TOM vacTHOM cJyyae MpeAnoJaraercs, YTO HayasbHbie KOHUEH-
TPALMH ¥ ABTOKATAJHTHUECKHE KOHCTAHTBI CKOPOCTH BOCIPOM3Beje-
Hus JIMHefiHO pacTyT mpu mepexoie or Iy kK s, TOraa kak 3HaueHus

k,
- i
JAPYTHX NAapPaMeTPOB — KOHCTAHT CKOPOCTell TpaHCAAUHH (Ii —_— Ei),
napaMeTPOB, ONpefeAOUIHX BHIGOP aMHHOKUCAOT (BKaaib E, E,,
Es, E4 B Fu), crabuipHocreli depmeHT-cyGCTpaTHHIX KOMIJIEKCOB

15
I; +Eo T~’IiEo) M T. [ — OAMHAKOBH JJs BCEX [apTHEPOB
peaxuni. KuHeruyeckue KpHBBIE A5 OTHOCHTENbHBIX UYHC/AEHHOCTEN

Hony AU (y?/c(,)v) OTPaXKalT KOHKYPEHTHOCTh noBefeHus. Hau-
Bosee adhdexTHBHO BOCTpouspoiAmasics marpuua (I;) B KOHUe KOH-
OB CTaHOBUTCS LOMUHHPYIOUIEH (y?/c?vel). Onnaxko us-sa Toro,

YyTO pemaukanms (npeacrasienHas Eg) u tpaHcasuus (Briagw E,,
E, u E; B Fu) npexpamaiorcs, 1, Toxe Buimupaer. Bea monyasiuns
obpeueHa Ha ruGean (C?V—>O)‘

C mepBoro B3rasja MOXKeT MOKa3aTbCd, YTO CHUCTEMa,
uzoOpaxeHHass Ha puc., 45, B J0CTATOYHOH CTeleHH Ha-
CHIlCHA (YHKUHOHAJNLHBIME TEPEKPECTHHIMH CBS3SMHU:
Bce I KartaauTHyeckH INOAAEPIKHBAIOTCS  PeIlJIHKa-
30if Eg; ara pensukasa B c¢Bol ouepelb 06s13aHa
CBOHM CYIIECTBOBAHHEM COBMeCTHOMY JeHCTBHIO ep-
MEeHTOB TpaHcasauuu E;— E;, 6e3 KOTOpPHIX oOHa He
cmorsa Owl Tpancanposathes ¢ lo. Pepmentsr E; — E,
JJIsT CBOETO BOCIIPOM3BEJEHHS HCIOJNb3YIOT, KOHEUHO, 3TY
xe QYHKUIIO TPaNC/SLIH, HO NOCKOJbKY OHH SBJISIIOT-
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Puc. 47. B 3Tofi anbTepHATUBHOH MOJEnH HPUMHUTHBHOH DPeNJHKaNHH
H TpaHCAsUHM NpeanoJaraercd, 4To ¢epmertel E; — E, BHDoaHAIT
" OBOWHYI0 (DYHKUMIO, T. €. 4TO OHM HrpaimoT pOJb CHeUnPHYIHBHIX pe-
mmkas aast csoux co6erBedHbix MPHK u cuHreras npm BeIGOpe
yeThlpex aMHHOKHCAOT. Cyzn6a CHCTEMBI Takas e, 4TO W Ha pHC. 45,
nockoJbKY HHbopMaunoHHble PHK cuapHO KOHKYpHUPYIOT Apyr C
APYyrom.

¢ HpOAyKTaMu TpaHcasuun [} — I;, To B KOHEUHOM
cueTe 3aBHCAT Takxke OT Eo mam coorBercTBeHHO OT I

HerasbHbll aHAMH3 NOKA3BIBAET, ONHAKO, UTO HMe-
IOILHXCST CBfI3€Hf HeNOCTATOYHO, uTOOH TapaHTHPOBAThb
B3aUMHYI0 CTa0HIM3anHI0 Pa3/HYHBIX TEeHOTHIHYECKUX
koMmmonenToB I, OOGme#t pennugasuoil ¢pyHkuun Eo u
obumieli TpaHcadanuoHHo# ¢yHkuHn Fir Bo BCcex audde-
peHIHaJbHBIX YpaBHEHHSIX COOTBETCTBYeT OJHH H TOT
ke ujieH. [I03TOMy 3TH ypaBHEHHS CBOASITCH K ypaBHe-
HHSIM [IJis1 HeCBS3aHHBIX KOHKYPEHTOB, YMHOXKEHHBIM Ha
obuyro ¢yHguuioo BpemeHu f(f). U3-3a BHyTpeHHeil
KOHKYpPEHIIHM CHCTeMa, KOoTopas CHauana (QYHKUHOHH-
pyer oOueHb Xopouio, ofpeueHa Ha pacnafi. THIHUHBIH
Ha00Op HMHTErpaibHBIX KPHUBBIX, [OJYYEHHHEIX UYHCJIEHHEIM
HHTErPHPOBAHUEM KHHETHUECKHX ypaBHeHHi, HpHBeJeH
Ha puc. 46.

Hlpyrofi nmpumep TakOro Xe poJa MNpejcTaBJeH Ha
pic. 47. 3necs Bce MPHK npoussoasT csou creuuduue-
ckHe pemsnkassl E; — Ei, KOTOpBIE BHIIOJHAIOT Takxke
cuHTerasHole ¢ynxuun (Fi). W cHoBa 370l cBfA3Y -



184 Yacrs B. Peaaucruueckuil zunepyurxa

yepe3 COOTBETCTBYIOIIYI0 TPAHCASUHOHHYI (YHKIHIO
OKa3LIBAETCS HEAOCTAaTOUHO [Jsg cTabuiu3auuu aHcams-
as. Ha mam Bompoc — fIBJISIeTCS JIH HAJHYHE CHCTEMBI
undopmanuonunix PHK ans pennukasuoét u Ttpancas-
IUOHHOH (YHKUMA U NPOAYKTOB TPAHCIAALUH J0CTAaTOY-
HBIM [/l MX CYyLIeCTBOBAHHS H 3BOJIOUHH — OTBETHTh
clefyeT Tak: eClMH He BBeJeHa CBA3b OIpefeseHHOro
THIIA MeXKJy pa3/jHYHBIME DeNJHKaTHBHEIMH KOMIIOHEH-
TaMu I;, To Takue CcHCTeMBl OyAeT HEYCTOHUMBEI, He-
CMOTPsL Ha TO uTO OHH 00.1a7al0T BCEMH CBOHCTBaMH,
HeOOXOAUMBIMH [JI1 PeNiMKallMd H TpaHcasuuu. Jaxe
eca1u OBl BCe MapTHEPH OBLIM CeJeKLHOHHO SKBHBAJEHT-
Hbl (MM MOYTH SKBHUBAJEHTHBI) H, CJENOBATENIbHO, MOT-
Jad OBl COCYLIECTBOBATb HEKOTOpoe Bpemsa (B 3aBHCH-
MOCTH OT pa3MepoOB HX IONyJALHH), OHH He CMOIJIH GHl
5BOJIOLMOHHPOBATL B3aHMHO KOHTPOJHPYeMbIM 00pa3soM
H, CJeJOBaTeJbHO, HHKOrja He ObIM Obl CHOCOGHBLI Om-
THMH3UPOBATh CBOE (PYHKLHOHAJIbHOE B3aUMOJEHCTBHE.
B KOHIle KOHLOB OHH 00f3aTeJbHO pacrnajanucb Obl, HO-
TOMY YTO CcJaydYaliHas CeJeKIHOHHAs 3KBHBAJEHTHOCTh
He MOKEeT COIVIACOBAHHO HOAJMEPIKHBATHCH HA TNpPOTSKeE-
HHY JJUTeJbHBEIX IEPUOJOB 3IBOJIOUHH, €CJH OHa He
NOJKpeNnJIeHa OnpeeseHHbIMH CBA3SAMH.

DTOT OTBET He BBHI30BET YAHBJEHHS, €CJAH YUeCTb pe-
ayabTaTh 4Yactu b. Bosee TmmaTenbHB aHa/nn3 cBA3ed,
oGycJaoBAeHHEIX (QYHKLHOHUpOBaHHEM (hepMeHTOB pe-
NJUKaOUK W TPaHCIASLUH, He OOHapy:KuBaeT HHKAKOH
THIEpPNUKIANUeCKOll CTPykTypul. Ilostomy »Tu cBA3U He
MOTYT OGecneunTh B3aHMHVIO DPETyJaslui0 BeJHUUH HO-
NyJASAUUOHHEIX TNEePEMEHHBIX, KOoTopas Heo0XoAHMMa AJs
COTVIACOBAHHO!N 3BOJIOLKH 4YJ€HOB OPTaHU30BAHHOH CH-
creMbl., CBsI34, HUMeIOIIHECS B 3THX ABYX H3YUYEHHLIX CH-
cTeMaX, MOXKHO CBeCTH K ABYM oOUUM (HYHKUHAM, KO-
TOpblE, MOLOGHO (hakTopaM Cpeiasl, AeHCTBYIOT Ha Bcex
NapTHEPOB COBEpPLICHHO OJHHAKOBLIM 06pasoM H, CJelo-
BaTeJbHO, He IMIPelOCTaBJSIOT HHKAKOH BO3MOXKHOCTH
JUIst B3aNMHOTO KOHTPOJIS.

PaccMorpenHsle BHILe NpUMepbl HJJIOCTPUPYIOT Te
MOJIOKEHHs!, KOTOpble MBI XOTEJH NOAUePKHYTb B JAaH-
HOM pasjeje; '
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1. Ha panHnx 3Tamax 3BOJIIOLHH, NOKA TOYHOCTb pe-
IJIMKAUUH H TPaHC/AUHK Oblla HH3Ka H KOHUEHTpaLHH
3(pGheKTHBHO pelNIHUHUpYIOIHXCS eIUHUL MaJbl, THIep-
IMKJIHYecKas oOpraHu3auusg pnaBajsa GoJblIOe OTHOCH-
TeJbHOE MNPEeHMYINeCTBO Hap Jioboi Apyrofi ¢opmoi
(ctpyktypHO#t) oprannsauun (pasa. XV).

2. JlenicTBHTEeNBHO, ydaercs TOCTPOUTHL TakHe THIEp-
LHKJHYECKHE MOJeJH, KOTODble MOXHO CUHTATh peasi-
CTHYECKHMI HpeJIlecTBEHHUKAMH anmnapaTa BOCIPOH3-
BeJEHHSI # TPAHCJAALUH COBPEMEHHBIX IIPOKapHUOTHYE-
ckux Kaetok (pasa. XVI).

Kak npeactaBuTb BO3HHKHOBEHHE TPAHC/SIUHM, €CJAH
JOIYCTUTh CYllecTBOBaHHE BOCIPOH3BOJAHMBIX  MoOJie-
kya PHK, umerourux pasmepn TPHK, n nannuue npen-
NOCHLIOK AJA CHHTe3a OelKOB B NPHMHTHBHOH ¢opme,
C HCHOJb30BAHHEM OrPAHAUYEHHOrO YHCAa (AOCTATOYHO
pacmpocTpaHeHHBIX) aMHHOKHCJIOT?

XII. Jlornka nepBHYHOrO KOAHUPOBAHUS

XIL1. Koz RRY

Hau6onee npus/iekaTebHast CHEKYJASATHBHAS MOJENb
BO3HHKHOBEHHsS MaTPHUHOTO CHHTe3a OeakoB, Npejo-
XKeHHad coBceM HelaBHO [3], ocHoBRaHa Ha wesoM psaie
coo0paenui, OTHOCALIUXCS K mpobJeMe CBS3HOTO CYH-
ToiBaHusT Oe3 3anAThX. [lepBHUHBIN KOA AOJIKEH HMEThb
OTIpejleJIEHHYI0 CTPYKTYPY pPaMoOK, uHaue uHDOpMauHs
He CMOXKeT CUHTHIBAThCA COrnacoBaHHbiM ofpasom. Cay-
uafiele cMellenus (asul OyAyT NPHBOAHTL K CABHTY
paMKM TPaHCIAUHH Ha KaKHX-TO ydacTkax HHpopma-
uuonHoit PHK u k nckaxenuro cMblcaa. [losromy aBro-
pH OpejJaraioT ONpelesNeHHYI0 HOC/eJ0BaTeJbHOCTb
OCHOBAHHNI, KOTOPOH JOJIKHBI NPUAEPIKHBATLCA BCe KOAO-
uel. Huau, apyruMu caoBamu, (YHKUHOHHPOBATb B Ka-
yectBe MPHK moryT Jumb Te nocienoBaTe/IbHOCTH HYyK-
JIEOTH/AOB, KOTOpHle HeCyT omnpejejeHHLH NaTTepH
(«o6pas»). Enpmnoo6pasne mnaTTepHa MOXeT BO3HHK-
HYTb Garofapsi HHCTPYKIHH, KOTOPYIO COLEPIKUT BBHICTY-
natomas anTukonoHosas netas TPHK, a Takxke 6aaroza-
psl BHyTpeHHemy caMokonupoBanuio. Cpein naTTepHOB,
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KOTOpble TapaHTHPYIOT HelepeKphiBalolleecss CYUTHIBA-
HHE, aBTOPHl BLIGPAJH MOC/EL0BAaTENbHOCTh OCHOBAaHUH
IypUH — NYPHH — AHPUMUAUH (HaH, B OOBLIUHEIX 0060-
3Hauedusx, RRY) kak obumywo ans Bcex KOROHOB, ofpa-
3yOWUX coobuieHne, Itor BEIGOP Obl NPOAMKTORAH pe-
I'yJAsIpPHOCTBIO MOCJEeLOBaTeNbHOCTH, KOTopas Owlia o0-
Hapy:xeHa B aHTHKOLOHOBOI nerye coBpemenunx TPHK.
Ynomanyras nocaegoBaTebHOCTh TakoBa: 3'NRafiyUYy,
rie affy — aHTuxkonoH, N — j1060ff U3 ueThHpex HyKJeo-
THA0B, a R u Y — NypuUH ¥ NUPUMHIUH COOTBETCTBEHHO.
Jpyrofi npeanochIKOH BO3HHKHOBEHHS TpaHCAAUHH 0e3
pubocom dBJsAeTcss cTabWJIBHOCTH KOMIJAEKca, 00pa3so-
BaHdoro MPHK u pacrymell noJunenTHAHOH Lenbio.
ITentuana-tTPHK He nosxua oThensaTbcd KO TOrO, Kak
OCYLIeCTBUTCA IepeHoc caedywomledi amuuHoauna-tPHK,
T. e. 1IOKa He 3aKOHUMTCS TpaHcasuusa Bceit MPHK, B
MPOTHBHOM CJyuae CHHTE3UPOBAJHCh OBl TOJBKO (YHK-
uuoHaflbHo HesdhdexTUBHBe Oenkoshie ¢parmentel. Ha
OCHOBAHHY H3BECTHBIX JaHHBIX O CTaGHJABHOCTH Nap oc-
HOBAaHHH OUEBHJHO, UTO TIPOCTOE B3aHMOJAEHCTBUE
KOJIOH — aHTHKOJOH He rapaHTHpyeT HeoOxoaMMoO# cra-
6uabioctn kommaekca MPHK — tPHK. Ilosromy mis
06oCHOBAHHS  MOAEJNH CYILECTBEHHHB TPH BCIOMOTATENb-
HEIX JONyLIeHHs:

1. Crpykrypa aHTUKOZOHOBOH IeTJIH  ajanTtopa
(mpenmecrsenduka TPHK) Takoga, uToO eC1u KOHKpeTH-
3upoBaH ofiiuit narrepd xonoHa, To PHK moxer Bcer-
na obpasoBatb naTe nap ocHosanui ¢ MPHK. Takum
06pa3oM, aHTUKOJOHOBOH MeTJe neésmﬂblx TPHK npu-
NECHIBAETCSA Caefylollas obias Mocjaef0BaTeNbHOCTD:

INANNAAU=G LY TY IR U- U~ AAAASS

raie YYR — anTHKO/I0H.

2. AHTUKOJOHOBast NeTsg Kaxnaoi nepsuunoii TPHK
MOXKeT NPHHUMAaTb JBe pa3Hble KoHdopMauuu, usobpa-
Kenuble Ha puc. 48. O6e onu Obliu onmUcaHH B GoJee
pauneil cratbe Bése [60], koTopmit 0603Haunn ux FH
n hi. (O6osnauenne FH ofpasoBano u3 nepsbix GykB
davunuit Oyanepg u Xoaxkcona [61] — yuennix, koro-
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pble OPEANONOXKU/IMN, UTO U3 CeMU HeCHapeHHbIX OCHOBa-
HAH B AaHTHKOLOHOBOH mneTse crTonky o6pasyloT NATh
ocHOoBaHulf, pacmonoxeHunlx ¢ 3-xonua; hf, mo Bése,
o603HayaeT JAONOJHUTENBHYIO. KOH(MHUTYypalHio, B KOTO-
pofi cronky o6pasyioT naTb OCHOBaHHH Ha 5/-KOHIE meT-
Ju.) Bése npeanoso:kug, 4TO Hepexof MeXKAY STHMH
KOHQUTypaUHsIMH HIpaeT BasKHYIO poJb B CHHTe3e Oeli-
Ka Ha pubocoMax, HO yKasaJ/ TaKXkKe H Ha ero BO3MOXK-
HOoe 3HaueHHe 1JIs1 NpeHUux, 6ojee NPUMHTHUBHBIX Mexa-
HU3MOB.

3. Kakas u3 THX AByX KOHOUrypauuil HedCTBUTEJb-
HO peaJjiU3yeTcs, 3aBHCHT OT TOTO, ¢ 4YeM CBsi3aHa
TPHK — ¢ amunokucjaoTofl: mau ¢ nenTtujgHoli Iensblo.
[Tpu mnepeHoce aMMHOKHCJOTH Ha MNeNTHAHYIO Lelb
TPHK ckaukoo6pasno nepexcaur u3 hf- 8 FH-koupu-
rypaunio (cM. puc. 49).

HononruTenbHBIN, 4YeTBepTHH mocTysaar, He abco-
JIOTHO HeoOXOAuMBIH AJist o0OoCHOBAaHMS MOJEJNH, BBOJAUT
B3aHMOJEicTBHEe MexAy naAByMsa coceanumu TPHK wHa
MPHK, kotopoe nenaeT 3HepreTHUeCKH BBIFOJHOH HeoO-
XOMUMYI0 KOH(HFYPAaUHI0O M BHOCHT (aaJbHeHUInH)
BKJaJld B CTaOHAU3aLHI0 KOMIJIEKCA IOJIHIENTH] —
MPHK.

Puc. 49 nokaswiBaeT OoJsiee JeTalbHO, KaK MOMKeT
06JeruaThCsi CHHTE3 IOJHIENTHIOB, €CIH yYecTb IpHBe-
JcHHBie coolpaxkeHHus. PacTymast mOJIHIENTHAHAS Ielb
nepememtaercss BAoab MPHK, ucnonwssys B xauectse
«TOIJIHBA» CBOGOJHYIO 3HEPTHIO peaklUUH NepeHoca. ITa
peaknHs MOXKET YCKOPATbCs OOMIUM HecCHelH(pHIeCKUM
KaTaJH3aTopoM, HO Tako#l MexaHusm He Tpebyer

vy u-u~ A~ 8!
G-UAAAAA/ G

FAAANU-GIYIYTE]  FH
S\ AAAANU-

Puc. 48. IlBe BO3MOMKHBIE KOHMHIYPALUHH AHTHKOIOHOBOH NeT/IH

TPHK (xoudurypauna FH — no ®yanepy u Xomxkcony [61], hf —

no Bése [60]). Anruxogosuuii nmarrepd (B paMrax) — 00 MOAC/N

Kpuxa u ap. [3]).
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Puc. 49. TlpuMnTHBHBI MexaHH3M TpaHCAAUMA TpebyeT «JIUOKOro®
KOTOPOrO pacTyllass MOJHIENTHAHAS LeNb OCTAaeTCs CBASAHHOH ¢
TPAHCOOPT OCYILECTBJASETCS CKAUKaMH, [OPH KOTOPBIX H3MEHSETCH
nemb Bcersa cBszana ¢ MPHK ¢ nmomombio naTu map OCHOBAHRMH,
coceansis amunoauma-TPHK. YactuuHoe mnepexkpblBaHHe NPH Clapu-
AIIPOBAHHOTO TPUIJIETAMH OCHOBaHHIL.

HHKAKOro CJIOXKHOro amnnaparta THIa COBpeMeHHBIX pH6o-
coM. XOTs1 B3aHMOJEHCTBHE MEXKIY KOLOHOM H aHTHKOLO-
HOM cTabHan3HpyeTcs OATBIO apaMH OCHOBaHHH, cylue-
CTBEHHO, 4TO KOJA B AeHCTBUTENbHOCTH HCNOJb3YeT TDPH-
nieTsl OCHoBamufi, Panee yxe mnoauepknsajiocs [62],
4TO NEePBUUHBIA KO, HCHOJAB3YIOLHHA He TPUIJIETH OCHO-
BaHHl, He MOXKeT OOBSICHUTL BO3HHKHOBEHHE COBpPEMEH-
HOTO KO/1a.
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N

VR D]
B

BzaumoneiictBua Mexay MPHK n mentupua-rPHK, B pesyabrarte
MPHK, noka we saxonumtcesi Tpaucasiuua. [lo Kpuky u ap. [3],
xondopmamnss TPHK (FH == hf). Hosoobpaszosanunaa nentuanas
npHYeM HEKOTOPYH [OINOJHHTeNbHYI CTabuiH3auHI0 ofecheunBaeT
BAHUH OCHOBANUA TapaHTHPYET CBSI3HOE UTEHHe COOGIIEHHS, 3aKo-

Jra MojeJb XOPOLIO O()’bHCHHQT, KaK B OTCYTCTBHE
CJI0WKHOrO amnmnaparta TpaHdJsaluul MOXKeT NPOUuCXOoAHUThb

CHIOHTAHHOE,
nocJe10BaTELHOE,

noJiHoe, T. €. He 10 4acTaM, H

BOCHOPOU3BOAHMOE, T. €. MPH CTPOTOM COXPAHEHHH
3a/laHHOM paMKH KOAOHOB,

cunreBanie MPHK.
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Tako#i xo4 Hepa3pEIBHO CBsI3aH ¢ OlpelesNeHHLIMH
CTPYKTYPHBIMH OCOOEHHOCTSMH AaHTHKOJOHOBON mNeTaH
coppeMennnix TPHK, 1u »T0 noaposser nomycTHTh, 4TO
YKa3aHHble MOJIeKYJBl SIBJAAIOTCA IMOTOMKAMH HEPBLIX
(hyHKIMOHANBHO  OPraHM30BAaHHBIX  eAuHHu., UYeTkipe
AMHUHOKHCJ/IOTEl, KOAUDyeMBle MO 3TOH MOJEeJH, TaKOBHI:

u u u U
GGg GAc AGe AAg
TTHIHH acmaparmHoBas cepuH acnapara
KHCJIOTA

CoJlep:KaHue HeKOTODEIX W3 HHX B NepBUYHOM OyJbOHE
OBLIO OYeHb BBICOKHM [63].

C napyrofi CTOPOHBI, MOjJeJb CTaJKHBAETCS H C HEKO-
TOPBIMU  TpyaHOCcTAMH. B  mnocnenosatenbroctH RRY
uMeeTcst 60JbLION H30LITOK IYPHHOB H NO3TOMY OHa He
CMOKET JIerKO CKJaAbBaThcAd Ha cebsi ¢ o0pa3zoBaHHeM
CTaBUNBHON CTPYKTYPHL.

BceaencrBre 2TOr0 TakHe IMOC/Ie10BaTebHOCTH

— OYeHb JIETKO THAPOJH3YIOTCS (eCad OHH HaXOJAT-
csl B BHJE OJHHOUHBIX Lenef),

— HMeIOT HOBBILIEHHYIO TEHAEGHLHI0O K 06pa30BaHHUIO
NyIJIeKCOB (KOTOPHIE He MOTYT JIeTKO PeMJHIHpPO-
BaThCAl ¢ MOMOUIbIO HPHMHTHBHBEIX MEXaHU3MOB),

— He UMEIOT BHYTpPeHHeH CHMMETPHH H

— TNPOU3BOJAT MHHYC-LENH C APYrEM OOGLIHUM KOJIQ-
BeiM natrepHoM (T. e. 5'RYY).

Xil.2. Kon RNY

[Tpexxpe uem mnepedTd k OGogee AeTanbHOMY 06CyxK-
JICHHIO BOMPOCOB, IIEPEYHCJICHHBIX BBHIIIE, DPACCMOTPUM
aabTEPHATHBHYIO MOJEJNb, KOTOpas JHIIEHA 3THX KOH-
KPeTHHIX HeLoCTaTKOB. [IpefsioiKeHHe HCMONB30BaTh 06-
wufi kogosuil narrepH RNY, rme N — nw06oil u3 ueTw-
pex uykaeotngos A, U, G, C, Toxe npumuchBaercs
Kpuky u ap. [3]. Onnako aBTOpE «pasjiO0HIH» CBOIO
MOJEeJbL H3-32 OJHOI0 ee HejocTaTKa: ecan N spasercs
NHPUMHANHOM, TO aHTHKOLOHOBas NeT/d ¢ obuefl nocie-

nosatensroctsio 37 (V) GYNRU (U) B HeKOTODHIX cayuasx
MOZET HCMOAb30BAaTh JHUL CBOH [ATL HEUTPaJbHBIX
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HYKJEOTHAOB AJsa o6pasoBaHusi cTaOW/AbHBEIX Hap OCHO-
BaHnit ¢ MPHK. 3To Bospaxenue, oanako, cHHMaeTcs
Ha oCHOBaHMH Toro ¢akra, uro koA RNY moxeT nerep-
MHHHPOBATbL BOCeMb aMHHOKHCJOT, BCJAEACTBHE YEro He-
KOTOpble KOMOHHAIHM, He yAOBJeTBOpsitoliHe TpeboBa-
HHsM  cTabuiabHocTH  KoMmmiaekca MPHK — nentuana-
TPHK (cMm. HiKe), MOXKHO HCKJIIOUHTD.

KakoBel npenmyuiectBa 0611ero KOAOBOIO NaTTepHa
RNY? [Ipewxae scero, koa RNY, kak u ero anajaor RRY,
AaBjgercss KoaoMm 6e3 3andaTeix. DoJsee TOro, OH CHM-
MEeTpHYeH 10 OTHOLIeHHI0O K IUIIOC- M MUHYC-LensaM.
B rampassenun 5 — 3’ ofwas cTpykrypa paMKn KaK

JUist NUII0C-, TaK M AJs MUHyC-Llelln 6yner RV Y, rne N
u N’ KoMmIleMeHTapHBl H PacHoJOXKeHH B LENsAxX 3ep-
Ka/JbHO-CHMMETPUUHEIM oOpa3oMm. Takas e CHMMeTpus
MOXKET BO3HHKHYTb B Ipefe]ax OAHOH Lemu; TeM CaMblM
nomyckaercd o0pasoBaHHe CHMMETDHUHEIX HeTelb BTO-
puyHOil cTpyKTypel. CoBpemenusle TPHK — 310 TuMNY-
HBIH IpHMEp MOJIeKyd ¢ (IOYTH) CHMMETPHYHBIMH Ier-
aamu. OnHOUenoyeuyHsle (aroBele I'eHOMBI M HX HpPOM3-
BoAHbe (Hampumep, wMmugH-Bapuant PHK Q) Toxe
OTJIHYAIOTCA TaKHMH 3JeMeHTaMH CHMMeTpHHU. 31ech ce-
JeKTHBHOE INPEHMYILIECTBO CHMMETPHUYHOH CTPYKTYpLI
oueBHaHO. Ecan MoJseky/asl BOCNPOH3BOASTCS ¢ TO-
MOIIpI0 IIOJHMepa3bl, KOTOpasi CHelH(pHUIECKH Yy3HaeT
KAaKYyI0-TO CTPYKTYPHYIO OCOGEHHOCTb, TO JHIIb [pH
YCJIOBHH CHMMETDHYHOHA CTPYKTYpH NJIOC- H MHHYC-
nény Moryr OblTb paBHO 3(Q(eKTUBHHIMHM MaTpHILAMH.
Takoe paBeHCTBO 3ddexkTHBHOCTEH HeoOXonuMO AJAd OT-
6opa. Mrax, cummerpus TPHK, BosMoxuo, aBasercs
PEJIUKTOM TOH 3MOXH, KOTJa 3TH MOJEKYJbl elle A0JXK-
HBl GBIIH BOCOPOU3BOAUTLCS aBTOHOMHO.

O6pasoBaHue mneresJp yBeJHuUUBaeT TakKe YCTOHUU-
BOCTb MOJIEKYJB K THAPOAH3Y H CO3/A4eT NPEeANOCHIIKH
JJIsT NIPaBUJBHOTO CYHTHIBAHHA. B OTKPBITOH CTPYKType,
rae 6oJbiioe YUCAO HYKJIEOTHIOB OCTaeTcs HecrnapeH-
HEIMH (HanpuMep, B nocaefosarespHocTsax THoa RRY),
pelInKallig ¥ TPAaHCAANNS MOTYT HayHHaThCA B J1000M
OJHOUENOYEUHOM  YYaCTKE [OCJAE€A0BATEJbHOCTH, YTG
OPHBOANT K 00pa30BaHUuI0 (parMeHTapHBIX HPOLYKTOB.
B NoMHOCTbIO ABYXUENOUEUHOH CTPYKTYpe HadasbHBIMU
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Puc. 50. Hast cumMeTpuuHOCTH BTOpHuHON cTpyxTypet PHK wueod-
XOAHMA COOTBETCTBYIOLLAS BHYTPEHHSA KOMILIEMEHTapHOCTL (CM.
puc. 14 B uact A) — TOBKO TOrAa IJIOC- H MHHyC-Hemu OyAyT
CKJAAABIBATLCS OAHHAKOBO. Takue CTPYKTYpBHl MOryT o0pasoBaTh KO-
pounble natrepHsl Tuna RNY. Ilpuaymana urpa, npaBhsia KoTOpOfi
YUHTBIBAIOT (DHSHUCCKHE B3aHMOAEHCTBHSA, XapakTepHbe AJS OJIHTO-
nykaeorugos u TPHK [17, 18]. 3ta wurpa mnoxaswiBaer, Kakue
CTPYKTYpul o6pasyiorca ¢ HauGoabliefi BeposiTHOCTblo. Jas o6pa-
30BAHHA IUNHJIbKE Heo0X0AuMO, 4TOOb 00 IIOJOBHHKH MOJEKYJBl
6B KOMIIEMEHTAaDHH  (HampuMmep, mnoc/aefoBaTesnbHOCTE 5-RRY
MOXKET COERMHMTbCA CO CBOeH MHHYC-IENblo, Hecyllell IaTTepH
5-RYY).

TOYKAMH peVINKalUUd M TPAHCAAUUN SIB/IAIOTCS TOJNBKO
OTKDBLITBIe JIHNKHME KOHUBL. TakuMm CcnocofoM MOKeT
6eiTh npourea’ Bcst MPHK, npu stom Tpebyercs mmib
BpEMEHHOe YaCTHYHOEe pa3BepPTHIBAHHE MAaTPHIBL, KOTO-
poe MOXKeT CTUMYJHPOBATHCS B3aHMOLEHCTBHSIMH C pa-
cryued nenbio. CHMMeTpHSL JaBasia Obl M B 3TOM CJy-
Yyae TMPEHMYLIECTBO, XOTS ee HaJHuHe He 006sd3aTebHO
(cMm. puc. 50).

Uncro qmoruuecku koa RNY kaxercs Gosee npusJe-
KareabHbIM, YeM KoA RRY, no tpem npuunnam:

1. CenextusHoe ycuaenue wmogaekyn PHK  goaxkuo
ObITb 3Q(PEKTHBHEIM Kak AJad IVIOC-, TaK U AJds MHHYC-
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peneii. CumMerpuyHble natrrepsl RNY B Gosbuie#f cre-
NeHH YAOBJETBOPSIOT 5TOMY TpeGOBAHHIO, 4eM MOCJEN0-
BaTeJbHOCTH RRY, KOTOpBle OTJAHYAKTCS OT CBOUX MH-
uyc-ueneit (RYY) u, ciaenoBarenbHO, He MOryT ¢ TOH
xe 3 GhEeKTHBHOCTBIO Y3HABATHCA (hEePMEHTaMM.

2. M3-3a BBICOKOH CJO0XKHOCTH IIOCJAEA0BATENbHOCTEH
BEPOSTHOCTh OTHICKATH MMEHHO Te HEMHOTHe H3 HHX, KO-
TOpHle 00.1aJal0T CBONCTBAMH, MOJE3HBIMH MAJIS DeIlJIH-
Kaluu W TPaHCIASLUHH, OYeHb MaJja. Ecan 3TH mociaeno-
BATEJBHOCTH, OYAYYH CHMMETPUUHBIMH CTPYKTYPaMH,
YIOBJIETBOPSIOT TpeOGoBaHHuAM N. 1, TO Kak mJIOC-, TakK H
MHUHYC-IleH MOryT ObITh KaHRMZATaMH Ha pOJb MoOJe-
KYJ — HOCHTeJsIell TaKUX (DYHKUME.

3. DBomonnsi anmapara TPaAHCJSIUH C €ro pasaud-
weimu TPHK # MPHK tpeGyer Bzanmuo#i crabuansaunu
BCeX - pemyaHKaTHBHBIX Mojekys. Kark Oyzer mokasamo
HMKe, TUNMEPUUKJ MOXeT Jerde o6pa3oBaThCi U3 KBa-
3MBH/A, CJH 5TOT KBA3WBHJ BCJEICTBHE CBOEH CHMMET-
pun ofecrmeurBaer HaJIWYHe [BYX KOMIJIEMEHTAPHEIX
DYHKIMA.

Cucrema mMoxuer HOKANAUBATL UHMOPMAYUO U 8 KO-
HeUHOM CueTe JBOAIUUCHUPOBATy K Goabtuell CA0NC-
HOCTU TOALKO 8 TOM CAY4YQe, ecAu OHA npuemaser «oap-
BUHOBCKYID  N02UKY» CEACKTNBHOU CamMOOpeanusayull.
Oduaxo sra roeuxa G0A%HA HAUTY c80e 060CHOBAHUE U
c80e BbIpAKCEHUE 8 MATepuanvHelx ceolicTeax. Bcee, uTo
MO2YT Y3HABATG KOMMOHEHTH. 6 CAMOM HAYAAe,— ITO
eCTECTBeHHAS PACHPOCTPAREHHOCTy U cuala 83aurodet-
cT8us. 3ro te csoilcTea, ¢ KOTOpBLIMU Mbl DOAMCHBL UMETDH
deno, urobsl HOHATL, KAK BOZHUKAX TPOHCAAYUS.

XIII. ®usuka nepBUYHOr0 KOAUPOBAHHUS

XII1.1. YcnoBua Ha crapre

Camoopranusanusd Kak MYJIbTHMOJIERYJAAPHBIA 1IpO-
nece tpebyer; uTo6H KOBUEHTP AL NS COOTBETCTBYIOIIHX MO-
HOMEepOB i MoJHMepoB BulNa XOCTATOYHO BhHICOKA. Takum
obpasom, ee Hayajay AOJKeH ObIJI NpeNlIecTBOBATH JJIH-
TeNpHBIE 3Tan NMpeLlHOJOTHYECKOTO CHHTe3a, BO BPEMS
KOTOPOTO HAKaNJMBAJHCh BCe BellecTBa, HEOOGXOAHMEIE
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IJisl cO3AaHMsl «OueHb OO6OralleHHoro OyaboHa». Mul
He HaMepeHBl 3a/lepKHBaTbCd HA STHX Opolleccax
npeABHOJOTHYECKOH XHMUH, He coOupaemcs MBI TaKke
CIODHTb M O JeTassdxX KHCTOPHYECKHX TpPaHHYHBIX YCJIO-
Bull. Takue BONPOCH, Kak, Hanpumep, oOpa3oBajcs JH
«bOyJbOH» B OKeaHax, B BOAOEMAaX MM Ke B MajeHbKHX
JyXKax HIH Kakyl poJdb HIPaJdH 3j1eCh OOBEPXHOCTH
pasjaefa, KpYTHO3ePHHCTble HJIH HOPHUCTHE MOBEPXHOCTH,
MOTYT OBLITb BaKHB TOJLKO B TOM CJydae, eClH He0D-
XOANMO JaTh OLEHKY aO6COJIOTHBIM CKOPOCTAM ucmpu-
4eCKUX TIPOLECCOB.

3decy moL npocro npednosoxum, 4To Koeda Ha4a-
AQCH CAMOOpeaHU3ayUs, BbICOKOIHEpIeTUHeCKUe Belie-
cT8a 8cex 8udo8 uUMeAUCh 8 UB0OUAUU, 8 TOM HUCAE

— QMUHOKUCAOTbL, PABAULQIOULUECS NO CTEREHI .CB0et

pacnpoCTPAHEHHOCTY, :

— nykaeotudu A, U, G, C,

— noaumepbl 060UX YNOMAHYTHLX KAQCCO8, T. &. RPO-

reunoudsl u TPHK-nodobroie seujecrsa, umeroujue
< boaee uau meree Cay4alinole nocaedo8aTeAbHOCTU.

«Menee cayuaiinpie» B JLaHHOM KOHTEKCTE O3Hayaer
HaJHyue B3auMOAeHCTBHH Mexay OauxkaluMH coces-
Md H OoJjlee CHOXKHBIX B3aUMOJAEHCTBHH NPH YKJIajiKe
MOJIEKYJIBl, KOTOpble BeAYT K NpeoG/ajaHHI0 oOnpeje-
JeHHBIX CTPYKTYp, B TO BpeMs Kak «Oosee cjyualinpie»
OTHOCHTCSI K TOMY, 4TO HCXOLHO 3TH MHOC/JEI0BAaTE/Nb-
HOCTH He NpPEJHA3HAUYAJNUCh AJS1 BHIIOJHEHHS - KAaKOH-
an60 OGYHKUHH: eCau Takas CHOCOOHOCTL M CYLLECTBO-
BaJia C CaMOro HauaJja, TO OHa MOIJIA MOSIBUTBCS TOJIb-
KO cJaydaiHo,

C npyroii CTOPOHBI, Mbl He MpeANoJaraeM HaJHdus
Kagux Obl TO HH ObLJIO aJaNTHPOBAHHLIX OE/NKOBHIX al-
apaToB — TaKHX, KaK

— cneyuguueckue noaumepasst,

~— a0anTuposanHble CUHTETA3b6l UAU KAKUe-AUubO pu-

Bocommbie CTPYKTYPOL.

DTO He 0O3HAYAET, YTO HEMHCTPYKTHPOBAHHBIE, MIOXO
ajJaNnTApoBaHHble OeJAKOBble KATAJH3aTOPHl HE MOINH
COJEHCTBOBATh 3apOXKAEHHIO pEeIIMKaUUH H TpaHCJs-
puy. OgHako 3TH Genky, HeCHOCOOHBIE BOCHPOH3BOAUTH-
CA H COBEpIIEHCTBOBATLCS NOCPelAcTBOM oTOopa, A0JXK-
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HBl OBIThb BKJIOUEHbl BMeCTe C APYTHMH KaTaJHTHYeCKH-
MH MOBEPXHOCTAMH B KAaTETOPUIO <«IOCTOSIHHBIX (aKTO-
pOB CPelbl».

XII1.2. PacnpocTpaHeHHOCTb HYKJAEOTHIOB

[TockoIbKY K caMOBOCHPOH3BENEHHIO  CIOCOBHBI
JHUIIb CTPYKTYPH, TOROGHBIE HYK/JIEUHOBBIM KHCJAOTAM,
BaxkHO O6oJjiee JeTajqbHO NpPOAHAJIHU3HPOBATH, BO-MEPBHIX,
HX pAacHpoCTPaHEHHOCTH M, BO-BTOPLIX, HX B3aUMOZAEN-
CTBHSL APYL C APYTOM. B

Hykaeotunel, a emte Gosee nx BBICOKO3HEpTreTHYeCKHe
osaurogocdatHeie Gopmbel obpasyorcs ¢ GOAbLIUM TPY-
AoM (ecau HCHOJbL30BATh BO3MOXKHBEIE IpeAOHOJOrHYe-
CKHE MEeXaHHM3MBl), YeM aMHHOKHCIOTH. [loaTomy KoJH-
yeCcTBeHHBEIe JaHHBle 00 HX OTHOCHTEJNBHOH pacmpocTpa-
HEHHOCTH BecbMa CkyaHBL. Muanep u Opren [63, c. 104]
MOAYePKHBAIOT LEHTPaJbHYID POJb AJZEHHHOBBIX HYKJe-
OTHIAOB KakK B TFeHETHUECKHX Ipolleccax, Tak W OPH nepe-
HOCe 3HEeDPrHM M CBA3LIBAIOT 3TO C OTHOCHTENLHOM Jerko-
cThio nx ofpaszosanusa. Opo ¢ coTpyaHukamu [64] obua-
DYXH®IH, 4TO B KOHIEHTPHPOBAHHBIX BOJHBIX PacTBOpax
OHAaHUAA aMMOHHSA afeHHH MOKeT OBITb MOJYYeH ¢ BHIXO-
nom 0,5%, a Mmmep " Opren [63, c. 105] mokasasn,
YTO JlaKe YHCTBIH UHAHUCTHIH BOJOPOX B XOJ€ peakilHH,
KaTaJH3UPYeMOl COJNHEYHBIM CBETOM. JaeT. BaxKHQe IMpo-
MEXYTOUYHOE COeIHHEHHE:

N
N=C ‘
: Ay - AN
4HCN —> Terpamep —> | —> Anenun,
. HeN NH

DTOT HHTEPMELHAT MOKET pearupoBaTh TaKkKe C IHaHa-
TOM, MOUYEBHHON HJ¥ ¢ HUaHOM ¢ 0Opa3oBaHUEM TyaHH-
Ha. MeHee HM3BECTHH MEXaHH3MBLI CHHTE3a MHPHUMUJAWHHOB.
Yaanoch YCTAHOBUTL NYTh CHHTE3a WHTO3HHA, UCIOJbL3Vs
coyeTaHHe UHAHATa C UHAHOALETHJICHOM,— MOCJETHHI
o6pasyeTcsl NpH 3JeKTPHUECKOM pa3psie H3 CMECH Me-
TaHa ¢ a30TOM. Ypalua fBJAfAETCH, MO-BHAMMOMY, NpO-
LYKTOM THIPOJH3A [HTO3HHA, H BO3MONKHO, 4TO €ro cylle-
CTBOBAHUE B UEPBHUHBIX YCJHOBHsSIX OBLIO 0053aHO MUMEH-
HO 3TOMY HCTOYHHKY,
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HBIX [ap AaeTcs cjeayiouleil Gopmyaoi:
K,=ps", (91)

KOTOpasi OTHOCHTES K JuHeHHo# mofenu MsuuHra. f — 310
dbakTOop KOONEpaTHBHOCTH, KOTOPHIH Kak Aiast AU-, Tak u
jna GC-nap no nopsidky BeanuuHnl pasen 10-31!), a
$ — KOHCTaHTa cTaOW/IbHOCTH OTHAeNbHOH Napsl B KoOIle-
patuBHoOfl ctonke. Last romononumepa AU sTor napamerp
OPUMEPHO HAa [NOPALOK MeHblle, 4eM s FOMONOJAUMepa
GC, uan npu rpy6oit KOTHUECTBEHHOH OLEHKE:

S,y =~ 10, rtoraa xak 55, = 100.

Hnst cayuasi, korna oAHa H3 KOMILIEMEHTADHBIX Uelel
MOKEeT NPHHHMAaTb TY KOHKPETHYIO KOH(DUIYpanuio CToIl-
KM, KOTOpas peaJ/JH3yeTcss B AaHTHKOAOHOBOH IeTJe
TPHK, noayuenn 66spline suayeHust abCONIOTHOH cTa-
OMJILHOCTH, ueM paccuMTaHHble no ¢opmyae (91). Bepo-
ATHO, GaKTOD KOONEPATHBHOCTH f§ B 3TOM CJaydae HHOH.
Onunako Yaenbek, Bbarrep u Horu [65, 66] ycraHOBHAH,
YTO TPH- U TETPAaHYKJIEOTHAB], KOMMJeMeHTapHble aHTH-
kononoBo# o6aactu TPHK 1 pasnnuaroniuecs ool na-
po#t AU, pasnuuaoTcs IO CBOMM KOHCTaHTaMm craGuJb-
HOCTH Ha OJHH MOPSAOK — B NOJIHOM COTJIACHH C_IpUBE-
LeHHO#l Bullle oueHKOH. C 3TUM TaKkKe coIJacyercs TO,
YyTO HafileHHBlE MaKCUMaJbHBIE a0COIIOTHBIE 3HAUEHHS
KOHCTAHT CcTalWJIbHOCTH OTHOCATCA K B3aUMOIEHCTBHIO
aByx TPHK, uMewomiux KOMRJAEMEHTapHBIE aHTHKOJOHBL
[67].

Jlannsie, noJydYeHHBle A ONPENeJeHHBIX KOPOTKHX
nocsienoBaTebHOCTEH, MOrYT OBITL HCIOJIB30BAHB [0
KpaiiHe#i mepe /s CPaBHEHHs Da3/IHUHBIX MOJeJed pell-
JUKAUHY ¥ TPAHCIALHH H IJf CyXJAeHuda o0 UX OTHOCH-
TeabHOH 3HaunMmocTH. OueBHIHO, UYTO H3OJMHPOBaHHBIE
AU- nnu GC-napbl HeCTaOHJIbHBI NPH JMIOOBIX peasbHLIX
KoHuenTpauusx. [ Havama pensukauuH HeoGXOAHUM
HeKHfl BCIHOMOTaTe ]bHbll 3Tanm — obpa3oBanue 3aTpas-
KM, M HMMEHHO 3TOT 3Tal B MepBYIO ouepenb Tpebyer

1 Takoe cooTHOWeHHe (GOPMAJBHO BEPHO KaK [Jsl CHApHBaHUSA
OCHOBaHH{I B mpeneiax HdaHHO NOCNEAOBATEJbHOCTH, TaK M AJA
accouHaluy ABYX KOMIUIEMEHTAPHBIX MOCJENOBATENbHOCTeH, KOrfa f
uMeer pasmepHocts M—1,
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HbIX ap AaeTcs caelyioulell GopMyJon:
K, =ps", (o1

KOTOpasi OTHOCHTCH K JHHEHHOH Mofenu Mawnnra. f— ato
(haKTOp KOONEepaTHBHOCTH, KOTOPHHA Kak wisg AU-, tak u
s GC-nap no OOpsAAKY BeduuuHbl paBed 10—21!), a
§ — KOHCTaHTa CTa0W/bHOCTH OTAEJNLHOH Hapsl B Koome-
patusHoOfl cTonke. s romonosumepa AU sTot napamerp
DPHMEPHO Ha MOPAAOK MEHbIUe, ueM AJAs TOMOIOJHMEpA
GC, win npu rpy6oil KOAHUECTBEHHON OlIEHKE:

Syy =~ 10,  rtorpa kak S5, ~ 100.

Hasi caygasi, korga ofHa M3 KOMILIEMEHTAapPHBIX Lened
MOXKeT NMPHHHMATb TY KOHKPETHYIO KOHQUIYpAUHI0 CTOI-
KM, KOTOpas peaJu3yeTcs B aHTHKOJOHOBOH MeT/Ie
TPHK, noayueus 60Jbline 3Havyenys abCONIOTHOR cTa-
OHJIBHOCTH, UeM pacCcuHTaHHble no ¢opmynae (91). Bepo-
ATHO, (haKTOP KOONEPaTHBHOCTH [ B 3TOM CJyyae HHOH,
Onnaro Yaen6ex, Barrep u Hotu [65, 66] ycraHOBH.H,
YTO TPU- U TEeTPAHYKJEOTHHAH, KOMIJIEMEHTapHLle AHTH-
kojouoBolt o6aacru TPHK u pasmuualomuecs oaHo#t na-
poit AU, pasnuuyaloTcsd IO CBOWM KOHCTaHTaM CTabHJb-
HOCTH Ha OIHH NOPSIOK — B MOJHOM COIVIACHH C_NpHBe-
LeHHO# Bbliie oleHKOH. C aTuM TaK:Ke cOTJacyercs To,
YTO HalfiileHHble MakKCHMaJjlbHble a0COJIOTHble 3HAYEHHSH
KOHCTAHT CcTaOHJIbHOCTH OTHOCSITCS K B3aUMOJEHCTBHIO
aByx TPHK, uMmerollux KoMn/IeMeHTapHBIC aHTUKOJOHBI
[67].

Jlanuple, moJyuyeHHBle AJsS ONPEAENEHHBIX KOPOTKHX
NoCJAeI0BaTebHOCTEH, MOTYT OBITL HCHOJB30BAHBl 10
KpafiHeli Mepe IJig CPaBHEHHS DPA3JHUHBIX MoOJesedl pell-
JUKALMH ¥ TPAHCJISIIHH M ANA cyXIeHHa 00 HX OTHOCH-
TesibHOM 3HauumocTH. OUeBHAHO, YTO H3CJAHPOBAHHBIE
AU- uau GC-napbl HeCTaOUAbHLL NPH JIOOBIX peasibHLIX
KOHumeHTpauusx. s Hauajsa penJHKau¥H HeoOXOIHM
HEKHH BCHOMOraTeNbHBIH 3Tam — o6pa3oBaHHe 3aTpaB-
KM, M MMEHHO 5TOT 3Tan B [epByl0 ouepenb Tpebyer

1 Takoe cooTHOIleHHe (GOpPMaJbHO BEePHO K&K [Jf CHapUBaHHA
OCHOBaHHiI B npefetax [aHHOI MOCNEAOBATENBHOCTH, TaK W AJd
accouHanyy AByX KOMIJIEMGHTApPHbIX MOC/E/lOBATEJbHOCTEH, KOrAa
uMeeT pasMepHocts M-t
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yuacTusi ¢epMmentoB. CoBpemenHwie ¢arossie PHK-pen-
JHKA3bl TaKkKe chneuddrueckd ajanTHpPOBaHBI K NaTTep-
HY NIOCJEeXOBATEeNbHOCTH HYKJAEOTHAOB (aroBoro reHoMa.
doHralusi UeNH NPOUCXOAUT NYTeM KOONEPaTUBHOTO
CBA3BIBAHHS OUePeNHOTO HYKJAEOTHAA Ha BepIIHHE CTONKH
nmap OCHOBaHWil pacTyiled udenu. Mmeromuecs agaHHBIE
ykaseiBator, uto GC-mapa npuMepHo B AecaTh pa3 Gojee
crabuanHa, uem AU; 3To NPHBOAUT K OTHOCHTEJNbHO
Goapluelt Tounoctn kornuposanua G u C, yvem A u U, Ec-
J¥ CKODOCTh PeNINKALHHM JHMHTHPYeTCs 00pa3oBaHHUEM
KOBaJIeHTHOH CBA3M B TOJMHYKJIEOTHAHOM  OCTOBE
(a He cmapuBaHueM OCHOBAaHU#), TO TOYHOCTb MOXKeT 3a-
BHCeTb OT KOHIEHTpAauufd MOHOMEPOB Mg H My H OT
koucTanT crabuapnoctn nap Kry, Krr u Kyy. Toraa
TOYHOCTb BOCNPOH3BEAEHHS AJA J1000ro JaHHOTO HYKJe-
OoTHHA MOXeT OBITh IOJydYeHa H3 CPelHero reoMeTpHYe-
CKOTQ TOYHOCTEeH /151 000UX KOMIIJIEMEHTAPHBIX Npolec-
coB R—>Y, Y—R:

myKgy mpKyr

Iww=~ " ¥ p=—F > (92)
Ry ZN: myKpy YR 21\; myKyn

rae Kry &~ Kyr © cymmupoBanue uaer no BceM N =
=A U, G, C Jdnga A v U wim ansa G u C 311 3Ha-
YeHHUd ¢ paBHBl, IOTOMY 4TO OLIHOKA MOMKeT NPOH30HTH
KaK B NJOC-, TaK U B MHUHYC-LleNH. ECJH KOHIEHTpaluu
MOHOMEPOB OJHHAKOBBI, TO KOHCTAHTH CTaGUABHOCTY OI-
pelessioT JOCTHXHUMYKO TouHOCTb. K3 aroro caenyer,
yro G u C BOCHPOM3BOASATCH 3HauHTeAbHO OoJee Tou-
uo, yem A u U. Oanako oTHOLIEHHE TEMNOB OIHGOK MpH
BocrpousBeseHnn GC u AU B CMeIIaHHBIX CHCTeMax He
coBceM coBmanaer ¢ (oOpaTHBIM) OTHOIIEHHEM COOTBET-
CTBYIOLUHX KOHCTAHT cTabMJBLHOCTH, TJIaBHBIM 00pa3om
U3-3a HaJIHuMs «Kauawiuxcs» (wobble) ssanmoaedict-
Bui mexay G u U, koTopble IBAFIOTCH OCHOBHBIM HCTOU-
HHKOM OILIMGOK BOCHPOH3BEJAEHHS — [a)Ke MpH pemiKa-
uuy coBpemennnix PHK-comepxkauinx daros [34].

MBI oueHHJIH 3HAUeHHE ¢ HA OCHOBAHHWH DAa3/IMYHBIX
JAHHBIX NO B3aUMOJEHCTBUAM MeEXAY HYKJEOTHIAMH B
OTCYTCTBHE (epMeHTOB. ITH OUEHKH MpeACTaBjeHH B
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taba. 15. [lepBrle Tpu cTPoK®M B 3TOH Tabuuie OTHOCAT<
¢Sl K CJ1yualo paBHBIX KOHLEeHTpauu# moHomepoB A, U,
G, C. Dto ponyillende MoxKeT OmITh BecbMa AaJfe€KHM OT
peasbHOCTH, H MO3TOMY B TPeX CJACAYIOUIHX NpUMEpax

Tabauya 15

OueHKH TOYHOCTEH U BepOSTHOCTE!H OHGOK
aas socnpouspesenusi G u C no cpasHenuio ¢ A u U

ToynocTs g DBEPOATHOCTH
owuGku 1—-g

Konmentpayuu KoxeTauTn ¢TabuiapHo-
MOHOMEpOB CTH Nap OCHOBaHHI
) GC AU GC AU
mA=mG=mC=mUKRR=KYY=1 0,93 0,59 0,07 0,41
Kpe=1 Kgy=10
K v= 10; K c= 100
my=mg=my=m;, Kp,~ Ky, <<1 0,95 0,67 0,056 0,33
ac="h ) Koy=10
KAU= 10; KGC= 100
My ==Mma=m =M, KRR = KYY <1 0,97 0,78 0,03 0,22

Kpe=1L Kg,=5
Kyp=10; Kgg =100

my=10m, g NKYY<<1 0,93 0,81 0,07 0,19
mg=mg Kje=1 Koy =5

mC=IOmU K 10 KGC#-IOO

m, = 10m, KRR ~ 1'<YY <1 0,95 0,69 0,05 0,31
mg=me KAC=1’.KGU =5

mC=10mU KAU=10, K = 100

my= lOmG KRR -——KYY-—l 0,86 0,25 0,14 0,75
mg=me Kje=2 Ko, =10

mg=10m, Ky =10; K 5o =100

OHO CHATO. MOXKHO NOCTABUThL MOj COMHEHHE MPaBOMOY«
HOCTb HCOOJb30BAaHHSI [AaHHBIX 110 cTaGHAbHOCTH, KOTO-
pbie OblJIH MOJY4eHbl M3 ONBITOB C OJUTOHYKJACOTHAAMH.
OzHako BRJIOUEHHE OJHOIO HYKJIEOTHAA B [polecce pe-
MMUKALHH CONPOROKIAETCS KOOMEPaTHBHEIMH B3aMMO-
JZefCTBUAMH MeXAY NapaMu OCHOBaHHI, U, CJIEA0BATENbHO,
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OTHOCHTE/NbHBe [ODPAAKH BeJNHYHH, MOJy4YeHHble MJIf
OJIMTOHYKJIEOTHAOB, MOTYT OBbITb BEDHBL ¥ [Jif 3TOTO CJY-
yas. Jlas BouNCcaeHHA ¢ TpeOYIOTCH JHIbL OTHOCUTEAb-
Hote, a He abcONrOTHOLe 3HAUCHUS CTA0HALHOCTH.

W3 pasnuunbix olieHOK, mpeAcTasieHnbix B Taba. 15,
ciaenyeT Takoit BBIBOA: G 1 C BOCIPOH3BOASATCA CO 3HA-
upTeNbHO OGosibliiell TouHOCTbIO, 9eM A u U. B 3asucu-
MOCTH OT TpPEBOCXOACTBA OTOOPAHHEIX TNOCJAEN0BATE/b-
Hoctell [o; cm. ypaBHenue (28), uwacTp A] BOCIpOH3BO-
nuMoe HHpopMmalHOHHOe cojepxkaHue GC-6orarelx no-
CJel0OBaTEJbHOCTEH B paHHUX pPeIVIHKaTHBHBIX Npolec-
cax orpannuuBaercss npumepHo 20—100 uykaeoTHmamy,
1. e. TPHK-nojo6uEIMU MoJeKyJaaMu, TOrfia Kak mJis
AU-6oraThix HoCJAef0BATeNbHOCTEH OHO BPSAL JH MOMXKET
npesocxoanTb 10—20 HYK/I€OTHAZHBIX OCTATKOB Ha pefl-
JHUKAaTHBHYIO eAMHHLY. 3]ech CleAyeT NOAUePKHYTh, YTO,
BooOHIe TOBOPA, MOTJH CYILECTBOBaTh OoJjee IJIHHHbBIE
nocjenoBaTeqbHOCTH 4106020 coctaBa. OpHAKO OHH He
Obiau BOCIPOU3BOJUMBEIMH U MO3TOMY He MOIJIH 3BOJIO-
UOHHPOBATH B COOTBETCTBHH ¢ KakUM-1HG0 YHRUHO-
HaJbHBIM TpeBOBaHHEM.

V3 aHanu3a sxcnepHMEHTAJNbHBIX TaHHHIX O DElJIHKa-
uud ¢ara B yacTH A MBI 3aKJOUHIH, YTO JaXKe XOpOIo
apantuposatnsle PHK-penankassl He mno3BogadoT m0o-
CTPOUTb 80Cnpou3sodumyro uenb anuHo# Gosaee 1000—
10 000 BykJeoTnaoB. JTa OLEHKA COOTBETCTBYET jeficT-
BATeAbHOMY uHcay TeHoB y PHK-comepxkaiiux caros.

Mpbl MoxKeM Tenephb caenaTh OKOHYATEJbHBIE BHLIBOMbI
OTHOCHTE/IHO NMEPBHUHBEIX MeXaHH3MOB DeNIHKALHH: NpH
YCIIOBUH 80CHpOU3BOOUMOCTY TAKOH pa3mep, KaKk BCA
TPHK, morsu umers tonbko GC-6orarTele MOJHHYKJ/IEO-
ruasl. Takum obpasoMm, GC-Gozarsie nociedosareibro-
cTU moeau seicTynars 8 poau nepsuinsix TPHK (adan-
T0p08) U 80CcnpOU3BOTUMBLY UHGBOpMayUOHHbIX PHK —
‘110 KpalHed Mepe [0 Tex MOp, MOKA penIMKalHs He CTa-
.Jla  KaTaJMH3HPOBATLCA  yMepeHHO alanTHPOBAHHBIMH
depMenTamu.

Takoe ke 3aK/I0YEHNE MOKHO ClenaTh OTHOCHTENbLHO
Havasna rpancasyun. Kax noadepkusaan Kpuk u ap.
{3], crabunbnocTe Komnaerca nentuauma-TPHK—MPHK
OueHb BaxKHa MJf 11000 MOAeNH NPUMHUTHBHOA TpaHC-
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aguuy. Mcxoass u3 NpuBeleHHHX BHINE MAHHBIX KOHC-
TaHTa CTaOWJLHOCTH KOMILJIEKCA, COCTOSIIEr0 M3 IISITH
GC-nap, paBHa
7 -1
Ksae =~ 100 M7,

B TO speMa xak aas naty AU-map oHa Ha maATh nopsi-
KOB MeHBIIle:

Ksau ~ 10 M™%

DTH 3HA4YeHHs] ONATb HeOOXOAMMO paccMaTpuBaTh Kak
OTHOCHTeJIbHBIE: B JefCTBHTENBHOCTH OHH MOTYT OBITh
HEeCKOJIbKO BBIIIe, €C/AH JONYCTHTb HaJjiu4yue CT3KHHTa
WJIH NPEeANOoJOXKHTb, 4TO MBI HMeeM feso ¢ TPHK cospe-
MEHHOTO THIA; 3TO, OLHAKO, He 1esqaeT HeBepHbBIMH pac-
CY)K/IeHHs, OCHOBAHHBIE HAa OTHOCHTENbHBIX BeJHUYHHAX.

OueHKH MOKHO clejaTh TaKiKe, HCIOJb3ys AaHHBIE
no BpeMeHaM u3Hu. HaligeHo, 4TO H3MepeHHBIe KOH-
CTaHTEl CKODOCTH pPeKOMOHHALHWH KOMILTEeMEHTapPHBIX
OJIATOHYKJ/JIEOTHAOB BCErAa HMeEIOT NOPAAOK BeJHUHHE

krp~ 10° M. ¢l

Ecnu BOCmONB30BaThCA NPHBEAEHHBIMU BHIIE KOHCTaH-
TaMi cTabHJIBLHOCTH, BpeMeHa KU3HH COOTBETCTBYIOHIUX
KOMIIJIEKCOB OyIyT pPaBHBI

-4
Tsae = 10w T5,,= 107 ¢

OTH OUEHKH CHOBAa MOTYT CTaTb HECKOJbKO GOJBIINMH 110
BeJHYKHE, €CJIH CTA0MAbHOCTH OKaMKyTCAd BBILIE H-€eCJH
ase coceanune TPHK, cBsizannble ¢ nHpopMalHOHHOH
PHK, crabunusupyior apyr apyra. Torpa spemeHa Xus-
HHM OKa3blBalOTCS KaK pa3 AOCTAaTOUHBIMH 1St TOTO, HTO-
6n1 GC-GoraTele NOCJAELOBATENbHOCTH MOIVIH NODPOJHTH
NPUMHTHBHYIO TPaHCAALHMIO. DTH BpeMeHa KM3HH Ollpe-
IEeJEHHO CJAHUIKOM MaJbl, ecau npeobaanaior AU-napsl
Teneps MBI BUIMM, YTO HEKOTOPBIE HEIOCTAaTKH, CBOH-
crBennble Koy RNY no cpasreruio ¢ kogtom RRY, o6y-
CJIOBJIEHHBIE COOTHOILEHWEM CTAa6HJIBHOCTEH, MOryT OBITh
CKOMIIEHCHPOBAHLI  HCIOJNb30BAHHEM  TPEHMYIIECTBEH-
Ho G n C, mo kpaiinedl mepe B uactu nonoxeHud R u Y.
Yerpipexunennas GC-cTpykTypa KoHeuHo Gonee cra-
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6usnbHa, ueM Jo6asg MNATHWIEHHAd CTPYKTYpa, BKJIIO-
yaiomas Gosee yem ase mapel AU.

BuiBoa caenpyroluii:

BOBHUKHOBeHUI TPAHCAAYUU CUALHO 6AQ20NPUATCT-
sytor GC-6oearsie cTpyKTYpor — KAK 8 cayuae npeduie-
craennuxkos TPHK, tax u 6aa ungopmayuornox PHK.

X1V. Kog ¢ GC-pamkoii

XIV.1. MNepBbie 1Ba KOAOHA

Eciu BBIBOABI H3 [AHHBLIX 10 CTaOUILHOCTH oObedH-
HUTh C paccyxaenusamMn Kpuka u [Ap., ToO MB MOMXeM
npeicKa3aTh, KaKHe KOAOHB OBIH CKODee BCEro cambl-
MU NEPBLIMH,

EUHCTBEHHBlE MOCTATOYHO AJHHHBIE MOCAELOBATE/h-
HOCTH, KOTOPHIE MOIJIH TOYHO BOCIIPOH3BOJIHTHLCH,— 3ITO,
[O-BHAMMOMY, Te, V KOTOpHIX Npeobiaaganu ocratku Q
u C. Torza nepBBIMH KOJAOHAMH OBLIH TOJNBKO KOMOHHA-
HHUH 3THX ABYX oCTaTkoB. TpefoBaHMe CUMTHIBAHHA 0e3
3alfSTHIX  HCKJAOYaeT  CHMMeTpPHuUHbie  KOMOHHALHH
GGG/CCC u GCG/CGC. B atom Jserko yBenutbes, 3a-
HHCAB TaKHe MOCJAEIOBATENLHOCTH, ALANTOPH! C NPABHIb-
HBIMH KOMOHHANHUSIMH B AHTHKOJOHE MOLYT CBA3bIBATHLCS
B pasJIUYHBIX [ePeKpHIBAIOIUXCA nonoxXeHusx. Ecau
Jajee BBECTH KOJOHHEIE KOMOGHHALMH, [OJYUYEHHBIE H3
CHMMETPHUUYHBIX [PEAIIECTBEHHHKOB, TO 3TO NPHBEAET K
emle O6oJiee Pa3pyUIMTEJNbHEIM MNOCAeACTBUsM. Torja y
HaC OCTaHYTCA JHIIb ABe KOMIJIEMEHTapHLIe Naphl KOM-
6unanni, a umenno GGC/GCC u CCG/CGG (Bce xoM-
OHHALUWH UUTalOTCs B HampaBaeHudn 5—-37). C Touky
3peHUs] CHMMETDHH OHHM KaXKyTCs COBEPIIEHHO 3KBHBA-
JedTHeIMH. HMmeeTcst, omHaro, HeGoJbllasi aCHMMETpUS,
cBsI3aHHAafA C «KayaHHeM» OCHOBAHNIA B TPETLEM MOJOXKe-
uuu. CpaBHuMm nocaenosaTeapHocTH MPHK, cocrosmue
NCKJAIOUNTENbHO Ju60 u3 kKomoHos CNG, anbo n3 GNC.
B mepeom cayuae «xauarollleecsi» ocHoBanue (O Bcersa
HaxOAMTCA B TPETbeM TOJIOKEHUH KOLOHA, BO BTOPOM XKe
clyyae — B NEPBOM IOJIOXKEHHH, KaK B IJIIOC-, TaK H B
MHHYC-LeNsiX (ecaH CUHTBIBAHHE Bcerja HeT B Halpas-
JeHun 5—-3’). Jlna pensmkaluH pasJuuybble KOJOHHBIE
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NOJIOZKEHNA  Hepa3JIHYHMEIL. C.He].lOBaTeJIbHO, KaXAblH
pas3, Korjga BCTpeyYaeTcqa <«Kaualouleecsa» OCHOBaHHE, B
KOMHOJEMEHTApHYIO Lelb MOXKeT OLITh BHeceHa Heonpe-
AeJICHHOCTb, KOTOpasd IHpH TPaHCAALHMH B IIEPBOM CJyudae
3aTparuBaer nepBoe, a BO BTOPOM c¢JayHae — TpeThbe IIO-
JIOKEHHE KOINOHA:

5 — — — — CNG CNG CNG — — — — 3’

B — — — — ON'GEN'GEN'G — — — — &
. |

5 — — — — GNC GNC GNC — — — — 3’

5 — — — — GN°GNGGNG — — — — 3

BocnpousBejientsle NOCAEAOBATENBHOCTH TPAHCAUPYIOT
CSl PABWALHO TOJbKO BO BTOPOM CJyYae, T. €. KOI'la Kas
Y4HHA [PH B3aUMOJEHCTBUH ¢ aAalTOPOM HMEIOT MECTO
NpPEeUMYyLIECTBEHHO B TPETbeM, a He B NEPBOM IOJOXKe-
HUH KOJIOHA.

Hpyrumu  cjoBamy, aJamntop ¢ @GHTHKOHLOHOM
3’CNG cnocoGen ysuaBath kKak O5'GN’C, tak u
5GN’U, a agantop ¢ antukopoHoM 3'GNC — toabko
5’CN’G, Ho ne B'UN’G. drta aprymeHTalHs MOXKeET OKa-
3aThCsl HECOCTOSITENbHORM, ecaH [Jis1 CBsI3bIBAHMA afanTo-
pa ¢ MPHK rtpe6yercsa nsith map oCHOBaHHH, NOTOMY 4TO
TOrZa <KAYAOUIHECS» [OJOXKEHHS MOTYT BBIABAATHCS HE
Tak 4eTko. TeM He MeHee 5Ta aCUMMETDHSI B OTHOUIEHUH
IepBOrO U TPETLEro NOJIOXKeHUIl KOJAOHA B COBPEMEHHOM
reHeTHUECKOM KOJe CYLIeCTBYeT M fBJSETcsl TBEPJO yCTa-
HosjgeHHOH !, OTHOCHTENBHO  MaJblX  CEJEKUHOHHBIX
npenMyllecTs oObLIYHO AOCTATOYHO, YTOOBI MOBJAUATH Ha
xoj sBodonun. OueBnaxo, Kpuk ¥ Ap. Ipeamousn Mmo-
nesb RRY (uan RNY) Toxe Ha ocHOBaHuM Takoft apry-
MeHTaLYH.

Tenepb MBI MOXKEM CHe/1aTh OJHO3HAYHBIH BEIGOp Mep-
BBIX [BYX KOJOHOB, a HMEHHO:

5'GGC u 5 GCC,

! Hawma aprymentauis Mnojkpennsercst teM (akToM, 4TO B CTa-
uKHOHApHOM pacnpenenedud G Gonee ycroituuso, yem. C.
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KOTOpble OyAyT KOMIIEMEHTADHEIMH, €CJH HX pacloJo-
KHTb aHTHIApPAJIedbHO. DTOT BBIGOP AHKTYETCS YETHIPb-
M1 TpeOOBaHHUSIMHU: :

— CTabuAbHOCTLIO B3AHMOJEHCTBHA MEXAY ananTo-

pom u MPHK;

— TO4HOCTHbIO0 pelsiukauuu (o0a TpefoBaHHst 1OA-

CKa3blBAIOT HaullHaTh ¢ kKoMOunHauuu GC);

— CYHTHIBaHUeM 0e3 3anfATolx NPH TPAHCJALMH, AJS

4ero HyxeH HecuMMerpuuHblii GC-natTTepH;

~— C02AACOBAHHOCTHI0 TPAHCJASIIHYE, YMeHbluawliel

HEeOJHO3HAUHOCTb, KOTOpas oO0yc/oBJIeHA <¢Ka4a-
HUSMU» B TPETbeM IIOJOXKEeHHH KOLOHA.

Mul xotenn Obl NOJUEPKHYTH, UTO 3TH apryMEHTHI OC-
HOBaHBl HCKJIOUHTEIbHO Ha CBOHCTBAX HYKJEHHOBHIX
kucaor. llpuarHo oTMeruts, uTto aBa kKoaoHa, GGC u
GCC, B coBpeMEHHOM TIeHeTHUECKOM KOJe COOTBETCTBY-
I0T [IBYM MpPOCTeHLINM aMHHOKHCJIOTaM — IVIMIUHY H
aJaHNHy, KOTOpble B SKCIEDHMEHTaX, MOLENHDPYIOLIUX
NepBHYHblE YCJOBHA, HeHCTBHTENbHO 06pasyioTcs B KO-
JHUECTBAX, NaJeKO IPEeBOCXOJANIUX BCE APYrHE aMHHO-
KHCJIOTHL.

MoskHO BO3pa3uTb, YTO HPOAYKTH TPAHCIASLHH, CO-
CTOSIIKE TOJBKO M3 5THX ABYX OCTATKOB, BPSL JIH MOTYT
6LITb XOTb CKOJbKO-HHOYAbL 3(DQeKTHBHBIMH KaTaJH3aTo-
pamu. K aromy Bompocy Mbl BepHeMmcss B pasf. XVI.
Cefiyac J0CTaTOYHO OTMETHTH, YTO TPAHCIASIHS Ha HTOH
CTajud elle He ObLIa CBOHCTBOM, HEOOXOAHMEIM /IS CO-
xpanenusa coorsercrsytomux MPHK. [lepsre GC-6ora-
THIE TOCAENOBATENBHOCTH OTOUPAJUCh HCKJIIQUUTENBHO
fsaronaps cBoell CTPYKTYDHOH cTaGHJBHOCTH H cIOCO6-
HOCTH TMPABUJILHO BOCHPOH3BOAHTBbCA. DTHM TpeboBaHHU-
M OJHHAKOBO XOPOLIO MOIJIO YAOBJETBOPHTL MHOTO
pasanuneix GC-GoraTelx M0C/I€10BaTeIbHOCTEH, H BCe
OHH MOLJIH 0Ka3aThCs OTOOPAHHBIMH KakK napThHepsl (6o-
Jdee HWAM MeHee BHIPOXKAEHHLIE) OJHOIO KBa3UBHIA.
HanGoabiuee npeanouyTeHHe OTAABAJOCh 37eChb CHMMeET-
PHUHBIM CTPYKTYpaM, NOTOMY HYTO OHH YIOBJETBODSIH
KPHTEPHSIM CTa0HABLHOCTH OJHOBPEMEHHO IJd INIIoC- H
IJISE MAHYC-leNed.

Cpenu craGuapHBIX CTPYKTYD, BO3HHKIIHX, BEPOSITHO,
Gaarofaps MaTpHuHOH (YHKUHH aHTHKOJAOHOBLIX NETENb
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H Toc/eRyloldM AyNJHKaOHAM IaTTepHa, MOTJH OKa-
3aTbCs KOAHPYIOUIHE NOCJAef0BATENBHOCTH 0e3 3alfTHIX;
TOrAA-TO H 3apoausaach TpaHCAsuHd. Ecau OpoayKTH
TPAHCAAUNH NaloT XOTh KaKoe-HUOyAb MPEeHMYINECTBO B
OTHOILIEHHIT CTa0WJIBHOCTH HJH CKOPOCTH BOCIPOH3BE[e-
Hust csoux HHpopmaunosuex PHK, To onn 6yayr sBo-
JHOLLHOHHPOBATbL IO AAPBHHOBCKOMY MeXaHH3MY H TeM
,CaMBIM HeNPepHBHO H3MeHSITh KBA3WBHIOBOe pacmpeje-
jeHue. [Ipexae yeM BEpPHYTbCA K DacCMOTPEHHIO TaKof
-cTabuiu3aluy NPOAYKTAaMH TPAHCJAALMH, 3alepKUMCH
elile HeMHOTO Ha NpobJemMe COOTHOLIEHHS CTabHJAbHOCTH
CTPYKTYPH H 3(D(PEKTHBHOCTH peNJHKalHH, HOCKOJbKY
co3jaercs BIevaTJeHHE, YTO 3TH HeoOXOAMMEIe CBOHCTBA
OCHOBaHBl Ha MPOTHBOPEUYAUHX APYT APYry NPEAnoCHlI-
Kax.

XI1V.2. «<Anepuonuueckasn anneiitnas GC-pewerka»

Moiekyay, nogobnyio TPHK, ¢ ee nerasimu, crabu-
JIN3UPYEMBIMH BOLOPOAHBIMH CBA3SMH, MOXHO paccMar-
pHBaTh KaK MUKPOKpUCTa/. Ecau oHA cOmep:KUT ANUH-
unie GC-yuacTkH, TO ee BHYTPEHHSS CTPYKTypa MO-
XKeT OBITh COBEPLIEHHO HHepTHOM. M3 KpUBHIX miaBJieHHUs
neteqab TPHK uH coOTBeTCTBYIONIHUX OJHIOHYKJIEOTHAOB
MBl 3HA4eM, YTO HENpePhIBHAH HOCJAeA0BATENBLHOCTh, CO-
cTosilllas ToJbKO H3 uerhipex GC-map, yXe siBasieTcs

oyenb crabunbHoit. Kayrc [68] HccienoBan oJaHTOHYK-

o o 117 Ser
JIeOTHH, COOTBETCTBYIOULIHH J06aBOYHOK neTne TPHKLEQ

13 apoxxel, conepxamuii yerbipe GC-napoul (9TOT 0JH-
TOHYKJAEOTHA OB TNOJAYYeH B pe3yJabTaTe YacTHYHOTO
paculengenusi monekyasl TPHK). Temnepatypa nuasie-
HUS ero cocraBasna (84 £1)°C, a AH=44+
4 gxaJj-moap~!l. 3To COOTBETCTBYET KOHCTaHTe CTalHJib-
HocTH oKoJsio 2-10% npu 25°, 4To HAXOAMTCH B XOpOIIEM
corjlacMil ¢ TIPUBEJEHHBIMM BEILIE 3HaueHusasmu. Has or-
fopa KBasuBu[a CYLNIECTBEHHA He CTOJBKO CTPYKTypHAas
CTabuJLHOCTL lielell, CKOoAbKO O0JaronpHsiTHoe coueTa-
HHUE CTPYKTYpPHOHN cTaOHILHOCTH ¢ 3P(HEKTHBHOCTLIO BOC-
npousseflenus. DddekTHBHAa MaTPHUHAA (QYHKUHA Tpe-
6yer GBICTPOrO JOKAJMBHOrO pacl/eTaHus IeTJH, a 3TOMY
upensTeTByOT caimukoM auanuHbie GC-yuactku., OpHaxo
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npupodrsle nocaedo8areabHOCTY CO0BCeM HE ABAAIOTCA
COBEPUIEHHBIMU.

[Ipn BBICOKOH OTHOCUTENBHOH KOHUEHTPalH® MOHO-
MepoB A H OrpaHHYEHHOH TOYHOCTH CIApHBAHUA OCHOBA-
uull GC-MUKPOKpHCTAANBl Beerna OyAYT CHIBHO «3a-
IpsI3HEHBI» OCTATKAMH A, HIPaIOIIHMH POJb Ae(eKTOB B
aunefinoli GC-pewerke. A priori mnocsenosaTeNbHOCTh
MOXKeT ObITh JIOOOH — ¢ HU3KHUM HJH C BBICOKHM COJep-
xkauueMm A, U, G unu C. Orbuparbes, a 3aTeM BOCIPOH3-
BOJAUMO pa3MHOxKaTbcs Oyaer (GC-6oraTas, HO HecoBep-
IIeHHAs NOC/eN0BaTeAbHOCThb. Ecau, Halpumep, KaxKaoe
I5iTO€ IOJIOXKeHUe B TaKOH NOCJAe0BATEIbHOCTH 3aMelle-
HO octaTkaMH A uam U, To cnapeHHBle y4acTKH B 3aBU-
CHMOCTH OT BHYTPeHHeH KOMIJIEMEHTAapHOCTH OyIyT cO-
CTOATb B cpegHeM He OoJee ueM u3 ueThipex nap GC
(cp. ¢ cospemensummMu TPHK). Takne ctpyxTypn Jerko
MOTYT NOKaJbHO NJAaBHUTbCA, OCOOEHHO e€cAM mpoleccy
pemHKauuy crocobeTByeT 6esoK, KOTOPHIH B TaKOM CJy-
yae mpeacraBasgeT cofofi HauboJiee NPHMHUTHBHYIO ¢op-
MY pemInKa3bl.

Wrax, ormerum: AU-Gegexror 8 anepuodu4eckoll
GC-pewerke 0aI0T CEAEKTUBHOC NPEUMYULECTEO.

Kak ckasan Tomac Maun: «Kusne usberaer aéco-
JIIOTHOTO COBEPLIEHCTRA» !,

XIV.3. Or GNC k RNY

Ecan B GC-6orateix nensx oTo0paHHOrO KBa3MBUIA
rMeeTcss OlipejlesieHHas KoOHUeHTpanus JedekToB A
(1 komnseMenTapueix nedektos U), To cleaywowui sran
B 5BOJIIONMH KOJa, [O-BHAUMOMY, MOXKHO CYHTaThb mIpe-
JlonpesieseHHbIM. MyTauuu MOTYT BO3HHKHYTBb B JIOOGOM
U3 TpeXx NOJOXKeHHH KOAOHA, HO HX MOCJAeACTBHA OyAyT
COBEPIUIEHHO pas3JH4HBl. 3aMelleHHe CPeJHero OCHOBa-
HUS B KOJOHE BLI3OBET KOMILJIEMEHTapHOe 3aMelleHHe
CpeHero OCHOBAHHA B COOTBETCTBYIOIlEM aHTHKOIOHE
MHHYC-LeMH, M, CAeLOBATENbHO, HEMEIJEHHO BO3HHKHYT
aBa nosbix kKopoHa — GAC u GUC. MaMesenus B nep-
BOM WJIH TPeTheM MNOJIOXKEHHH, ¢ APYrofl CTOPOHELL, OYAYT

t Th, Mann, Der Zauberberg (T. Maun, BoaweGuaa ropa).
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ZOTOJIHEHB COOTBETCTBYIOUIMMH H3MEHEHHSIME B TPETbeM
(MM CCOTBETCTBEHHO B MEePBOM) MOJOXKEHHH MHHYyC-le-
nu U u3-32 3QGheKTa «KauaHusg» NPUBELYT B KOHIE KOH-
LOB K TNOfBJEHHIO TOJIbKO ellle OQHOTO KojoHa. Kpome
toro, 6yner Hapyumena GC-paMka s CUUTHLIBaHHS 0Oe3
3amnsATHIX.

TpeGoBanua cTabHJIBHOCTH CcHauajJa He MAONYCKAIOT
MOACTAaHOBKH GoJiee ueM oaHolt AU-mapnl B y4acTok, C€o-
CTOSIIIUA Y3 NATH nap ocHoBaHu#, gomnjekca MPHK—
TPHK. CuaemoBatenbHOo, Haubojiee BepOSITHO, 4TO cJe-
AyouME Bo3HUKHYT komowsl 5'GAC u 5GUC. Ilo-
CKOJIbKY OHHU BJAOTCA MyTaHtamu napu 5 GGC/5°GCC,
OHM MOTYT MPUCYTCTBOBaTb B ZOCTATOYHBIX KOJHUECTBAX,
BXOAs B cocrtaB orobGparHoro GC-6oraToro KsasuBHAA.
" QOnuako, ec/a¥ Ha 3TH MYTAHTH BO3Jaraetcsi Kakas-
au60 (QYHKUHS NOpH TPAHCJASUNWH, OHH JOJIKHEL CTaThb
[OJIHOCTBIO 3KBHBAJEHTHBIMHM IOMHHHDYIOIEMY BHAY
5 GGC/5'GCC. HMmernno Ha 3TOH CTafMH THNEPUHKIH-
yeckast CTaOW/IH3aLHs UYETBIPeX KOJOHHBIX aJamnTOpOB
(n napopmauunouneix PHK, kozupymomux dbakrops cei-
3u) cTaHOBHTCH abCOJIOTHO HeOOXOAMMBIM TpebOBaHH-
eM. De3 Taxoro cousjieHeHUS pa3/HYHBIE KOMMOHEHTHI
NepBHYHON CHCTEMBl TPAHCJSLHH XOTS H MOTYT COCYLle-
CTBOBATh HEKOTOpOe -BPeMsl, HO HHKOrJa He OyAyT co-
rJ1aCOBAHHO 9BOJIIOIHOHUPOBATh WJIH ONTHMH3UPOBAThH
CBOIO KOONepauHio.

YeTolpe KOAOHA CHOCOOHBI KOAMPOBAThH UYeTHIpe pas-
Hble AMHHOKHCJOTBI, KOTOpBIE CO3[ 3T OCHOBY Aad 60-
raToil nmanutpel GyHKUHH, Tak uTo obpasopaBiuuecs B
pe3y/abTaTe OeqKH MOTYT CTaTb 3(h(MerTUBHHIMH (aKTO-
pamu cBssu. Mudopmannonasie PHK » TPHK kak use-
Hbl OJHOTO KBAa3WBHAA MOIVIH BO3HUKHYTbH M3 KOMILIEMEH-
TapHBIX Uemneil ogHoro u toro xe suga PHK, srnimonuss,
taxuM obpa3om, obe QyHRIHH.

C npyrofi CTOPOHBI, 3TO MOIVIO CYLIECTBEHHO OI'DaHH-
4yuTh WX AajibHeluryio asogounio. CJeloBaTeTbHO, MK
LOJIXKHBl IONYCTHTb, YTO OHH BO3HHKJH H3 obllero npex-
LIeCTBEHHHKA, HO JAMBEPrHpOBAIM B Pa3jHYHLIE [OCTe-
JI0OBATeJbHOCTH H3-3a CBOHX COBEDLIEHHO DAa3HBIX CTPYK-
TYPHBIX H (PYHKUHOHAJbHBIX TPeGoBaHUH,
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CorsacHo Tab/ulle COBPEMEHHOTO IeHeTHYeCKOro KO-
na, GAC u GUC xoxHpylOT acmapardHOBYI KHCJIOTY H
BaauH. [Ipexne ueM oOCyX IaTh AMHHOKHCJOTHHIH ac-
nexT 0o/ee AeTajbHO, PACCMOTPUM BKpaTUe HECKOJLKO
JaJbHEeAIINK 3TaloB B 3BOJIOLMH HA NyTH K BoJjee 006-
IIeMY KOAY.

Tpebopanue BbICOKOH CTAGHIBHOCTH B3aWMOAEHCTBHSA
KOJOH — QHTHKOAOH CTAaHOBHUTCS MeHEe IKECTKHM Mo
Mepe INOBBILIEHHST aJanTalid HPOAYKTOB TPAaHC/SUUM.
HakoHen, ponmyckaiorcs B3aWMOAEHCTBHS ¢ <«KavyaHHS-
mu», 1 Kog ¢ GC-paMKO# MoOXKeT 3BOJIOUUOHUPOBATL K
BoJiee obuiemy Koay ¢ RY-pamkoil. Bce 310 BMecTe BBO-
IMT B [AelCTBHe elle YeTbipe aMUHOKHCJIOTH. IlepBoe 3a-
MeI[eH’e MPOUCXOIHT ellle TOrjaa, KOTAa OCTaeTcs B CHJe
rpefoBaHie cTaGH/IBHOCTH, KOTOPOE YMEHBbIIAeT 10 MH-
aumyMa cogepxanne AU-nap. Tem cambiM BBOASATCA
1Ba kojoHa: 5’AGC (= cepun) u 5’ACC (== tpeonus).
B xomnsemeHTapHBIX HM [OCJEJ0BaTENLHOCTAX H3Me-
HJETCSA TpeTbe INOJOXEHHE KOA0HA, B PE3YJbTaTE UYErO
nosiBasiiorest 5°GCU u 5°GGU — Brophle KOAOHH Aas
ananuna (GCC) u raununa (GGC). Bupoxaenne, css-
3aHHOe C HaJ/JMYUeM B3aUMOJEHCTBHH ¢ «KauaHUAMH>
IpPU BOCIOPOU3BEAEHHH 3THX MOCJAEIHHUX KOIOHOB, MOFJO
ObITb OCHOBHOH NpHUHHOH mnosiBienusi Koxonos AGC wu
ACC ¥ jeTepMHHHDOBAHHUS COOTBETCTBYIOIIHX aAMHHO-
KHCJIOT.

[Tosinenne B 00/1aCTH KOAOHA IpPH 3BOJIOLHH hep-
MEHTATHBHOTO annaparta OoJiee onHol mapel AU npuse-
JO K KOAHPOBAHHIO eule ABYX ' amuHOKueaor: AAZ
(acnaparusa) u AUE (usosefinuua). STo neuepnano see
BO3MOXHOCTH KoAupoBaHusa s koxa RNY. Urtobul 380-
JIOHHMS TEHEeTHYECKOTO KOJa MOTJia MpPONOJKAThCsH, He-
00x0auMO ObIIO OTKa3aTbCf OT OTPAaHUYEHHS] Henepe-
KphIBaolluXxcs paMok. Teneps crasia HeoOXoxuMol afam-
Tauns pHOOCOMHBIX NpellleCTBeHHUKOB.

XI1V.4. MepBuunbiii aiaBUT aMHHOKHCAOT

HepButmbte pacnpOCTPaAHEeHHOCTU PA3J/IUYHBIX AMHHO-
KHCJIOT MOTYT BLITh OlleHeHsl oueHb HaaexkHo. OcHoBHBIE
YKa3aHHus, HeoOX0oAUMBIE AJISI OUEHKH BepOHTHOCTeﬁ CHB-
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Te3a 3THX COefAHHEHHH B IEePBHYHBIX YCJOBHUSX, AAIOT
yKe HX CTpyKTypa u cocTaB. Ha puc. 51 mpumenena
«pojoc0oBHAaA» HepPBHX |2 Henoasipubix anudartHye-
CKHX aMHHOKHCJOT, a TaKXKe HEeCKOJbKO BeTBel, MOKa-
3LIBAIOIINX POJCTBEHHBIE OTHOMLIGHUS HJS NPOCTEHIINX
nonsapuelx OoxkoBEIX Uenefl. Ilpu paccmoTpenun 3Tof
CXeMbl BO3HHMKAIOT HHTEPEeCHHIe BOINpPOCH, KacawuiHecs
Bet6opa [Ipupozmoit Genkosoro asndapura.

JBe mnpocreiiuine aMHHOKHCJIOTH — MJIHIUH H aJja-
HUH — SBJISIIOTCH <IPUPOAHBIMH». Bugumo, TpeGoBanus
ruapo¢po0HOro B3aHMOAEHCTBHUSA Jerue OblJIO BHINOJHHTE,
100aBHB HEKOTOpHEe BBHICUIHE TOMOJOTM — Takwe, Kak
BaJIAH, JeHuHH H u3oJefuud. Bo3mMoxkHO, 3TOT BBHIGOP
Obl  cayuafiHBIM, a MOXKeT ObTb, Ha HEro MOBJHAMH
NUCKPUMHUHHDPYIOILME B3aHUMOAEHCTBHA ¢ HMeEIOHIMMHCH
anantopamu. Cpefl NOJSAPHBIX CoeluHeHUil MBI OOHApY-
;KHBAeM HeKOoTopble anudaruueckue KapOOHOBEIE KHCJIO-
Tol (acnaparuHoBasi H IIYyTAMHHOBAs KHCJAOTA), a TaKkKe
CIHPTLl (CepHH W TPEOHHH), HO He COOTBETCTBYIOLIHE
aMUHB (o, B-IMaMUHONPONHOHOBas KHCJIOTA U a, y-Aua-
MHHOMacaAsHas Kucjgora). M3 aBagunatu «npupoaHBIX»
AMHHOKHCJIOT TOSIBJSIETCS TOJbKO BTOPOH CJEAYIOIIMH
romMoJior (JH3MH), B TO BpPeMsl Kak HHTepmenuat (op-
HUTHH) TpeACTaB/JeH JHIIb B CJAEIOBHIX KOJHUYECTBAX.
Ato Moxer 0OBACHATHCS TEM, UTO IOCJKE aKTHBAIUH BTO-
pofi aMMHOTPYNIBl I[POHCKORHT o6pa3oBaHHE JaKTaMma
WA 2JHMHHAUUsA, KoTopas oOpbiBaeT MOJHMEPH3aIHIO.
BoJaee Toro, HalHYKe BTOPOA aMHHOTDYNINBEI MOXKET IpPH-
BECTH K Pas3BeTBJIEHHIO NOJMIENTHAHOH Henmu (XOTH Ta-
KO# e apryMeHT MOKHO NDHMBECTH M B OTHOLUEHHH Kap-
GoKcHIBHBIX rpynn). [Jasd MepBblx (QYHKUHOHAJBHBIX
KOMTIOHEHTOB HaJHuue MOJOXKHTEJNbHO 3apsXKeHHBIX 60-
KOBBIX Leneld BnoJHe Morjio OwiTh HeoOsi3aTeabubm. [a-
XK€ B BOJE COBDEMEHHBIX Mopel KoHueHTpauus Mgt
aocratouHo Boicoka (~50 MM), uTo6H BH3BaTbL 3aMer-
HOe KOoMIIeKcooGpasoBaHHe ¢ KapOOKCHIbHBIMH Tpyll-
maMi. [Ipu BOCCTAHOBHTEJbHBIX YCJIOBHAX B OKeaHax
MOrJio OBbITh PACTBOPEHO elle O6OJbIIE ABYXBaJEeHTHBIX
voHor (mampumep, Fe?T). Taxue uHoHB MeTasJOB, CB-
3aHHble ¢ KapOOKCHALHBIMH I'PYNNAMU U BCe-TaKH coXpa-
HUBIIHe CBOOOJHBIE KOODAHHHpYIOIHe cafTh, 0COGEHHO
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Puc. 51. T'eHeasiorus mepsblX anudaTHYeCKHX aMHHOKHCJOT H He-
Yucsna B /MeBOM BepXHEM YIJY KaxKIOro MNPSMOYroJbHHKA — 3TO
BHYHBIX ycaoBusix nmo Muanepy [63] (7. e. MmOJSpHEI BHIXOA
aMHMHOKHCJIOT, Mepeync/IeHHBX B Tabld 7-—2, c. 87 ynoMmsHyToR
HOKHCJIOTAaM, BBLAEJEHbI,
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KOTOpble BETBH J/AA NPOCTeHIIMX HOASPHHIX GOKOBHIX Iemeil.
OTHOCHTEJIbHBIE BBIXOAB COOTBETCTBYIOWIMX COeAMHEHUH B mnep-
JIleIeHHBIA  Ha CyMMY BBIXONOB BCEX
patorbl). IIpAMOyrobHHKY, COOTBETCTBYIOUIME NDPHPOLHBIM aMil-

AAHHOH

AMHHOKHCJIOTH],
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BaXKupl JJs oOJerueHnss B3aHMOJEHCTBHI MeXAy paH-
HHMH GenkaMu M (OTPHLATENbHO 3aPSIKEHHBIMH) IOJIH-
uykaeoTHaamu. C 5TOH TOUKH 3peHusi OOKOBLIE HemH,
cojlep:Kallde OTPHUATENbHO 3apsKeHHble JHIaHIBl, Ka-
KyTcst Gosiee HeOOXOAMMBIMHY, 4eM OOKOBBle Lenu ¢ IMo-
JIOXKHTeJNBHBMH 3apsaMH.

«IIpuponHbie> aMHHOKHCJIOTH, He NpPeICTaBJACHHLIE
Ha puc. 51, UMeT 3HAUUTENbHO OoJiee cnoxHble GOKO-
BBIe IlellH, H MOITOMY HX KOHUEHTPALHY B NePBHUHOM
6yJiboHe GBbIH CPABHUTEABHO HH3KH.

IIpeamosnoxeHusi, OCHOBaHHBIE HAa JAHHBIX O CTPYK-
Type # COCTaBe aMHHOKHCJOT, BEJMKOJENHO COr1acyioT-
¢l ¢ pe3yabTaTaMHM 3KCIEPUMEHTOB, HMUTHDPYIOIIHX
npenOHONOTHYECKH CHHTE3 YKa3aHHBIX COeJAHHEeHHIl
(Munsep u ap.; cM. o630p B [63]). Beixoanl, moayueH-
Hble [AJs NOPHPOAHBIX AaMHHOKHCIOT (KakK BIPOUYEM H
IJisT JPYTHX BETBEH TeHeaJIOTHYECKOTO [ApeBa), Npumep-
HO COOTBETCTBYIOT BeJHUMHAM, OXHAAaeMBIM H3 YHCTO
XUMHUYECKUX JaHHBIX (CM. UHCJAEHHbIE S3HAuYEHHs Ha
puc. 51); B X0Ze 3THX 3KCIIEPUMEHTOB OBIJIO BHIBJACHO
Tax3Ke MHOIO APYTHX HHTepecHBIX Aerajell. BoJsee Toro,
9TH Pe3yJbTaThl HAXOASTCA B XOPOLIEM COTJIACHH C AaH-
HBIMH, MOJYy4YeHHBIMH H3 aHa/ju3za MeTeoputoB [69, 70],
KOTOpblE OTpaXaloT BCTpPeUYaeMOCTb AMUHOKHCJIOT B
MEX3Be3AHOM npocTpadcTBe. TabJa. 16 comepKHT cBOA-
Ky AaHHBIX (B3ATBIX u3 pabotsl (63]), umernowuxr oTHO-
IeHHe K IpeaMeTy HameH AHCKYyCCHH.

[Tepsuunniéi 6yjboH 6e3 comHeHHd Obl1 oueHp Oorat
IIMIHHOM H ajaHuHOM. B onblTax Musnepa atu amuHO-
KUCJAOTH 06pa3yloTesi npHUMEpHO B ABaALATHKPATHOM H3-
6blTKe 10 CpaBHEeHHIO ¢ 060N Apyroit MpHPOAHON aMHHO-
KucJaotoil. Creayolye ABa MeCTa Ha IKaJjge paclpocTt-
paHeHHOCTeH HNPUPOJHBIX aMHHOKHCJIOT 3aHHMAIOT acna-
pardHoOBasi KHCJOTa H BaJjHH, NPHYEM MeXJLy HHUMH H
JeHIHHOM, [AYTAMHHOBOH KHCJOTOH, cepHHOM, H30Jel-
IHHOM, TPEOHHHOM H HPOJHHOM HMeeTcd 060JbiioH pa3-
PHIB.

Ectp Bce ocHOBaHHfl mpelAnoJaraTb, 4TO COOTBETCT-
BUST MEXJY KOIOHAMM M aMWHOKHCJIOTAMH B [eHCTBHU-
TEJbHOCTH BO3HHKA/MH B NODPSJKE YMEHLUIEHHS pacnpo-
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CTPaHEHHOCTeH mocaeXHHX. Ecaum riulMH U anaHpH 10
CBOHM DaCHpPOCTPAHEHHOCTSIM JasNeKo NPeBOCXOAAT BCe
Apyrie aMHHOKHC/IOTEL, TO OHH BHOJHE MOIMJIH OnITh 3a-

Tabauya 16

BLIXOZ NPHPOAHBIX AMHHOKHCJIOT HPH MMHTALHH TPENOHOJOTH-
YeCKOrO CHHTE3a M CoJepiKaHHe uX B MmeTeopure Mepuucon. B mep-
BOM CTOJ6Le HepeuucyeHEl aMHHOKHCJIOTH COJepIKallHecss B GesKax,
Bo Bropom croa6ue mpuBeNeHB THIHUHBIE Pe3yJAbTATH SKCHepHMeH-
toB Mmisepa (M3 o6Gsopa [63]). Dtu naHHele O6BUIM TOJyYCHB,
Korfa depe3s Merad (336 MM) B mpuCyTCTBHM a30Ta M BOAH NpO-
IycKa/nH HCKPOBOH paspsif. CyMMapHBIHl BEIXOX aMHHOKHCJIOT (BKJIO-
yasg Te, KOTOPble He coAepkarcs B GelkaX) MO yNiepoAy Gvl pa-
BeH 1,9%, cooTsercTsyioilde BHIXOAM [MIHUMHA H asaHuHa — 0,26 u
0,71%. Apayornunnle pe3y/bTaThl ObIAH NMOJYYeHH H B APYLHX ycJo-
BHSX, IPHYEM B HaHOGOJbILIEM KOJHYECTBE U3 IPHUPOAHBIX aMHHOKHC-
JOoT npucyrerBoBanan obwviuro Gly, Ala, Asp n Val. Hauuse no co-
HepKaHUI0 aMHHOKHCJIOT B MeTeopute moaydensl Opo u ap. [70]
u Kpeusosagenom u 1p. [69]. Bo Bcex cayuasix D-uzoMepst cocras-
nﬁn?63r]10!{m touno 50%. Jpyrue cceulke MOXHO Hafitu B paGo-
Te .

Coenunenue Buixost, MKM I\Mﬂgeggnll‘;
Cannun 440 6
Ananus 790 3
AcnaparusoBas KucjoTa 34 2
Bausns 19,5 2
Jleliuun 11,3
T'nyramuHOBas KuCI0TA 77 3
Cepun 5,0

Hsoneiiuna 4.8

Tpeonun ! 1,6

Ipoaun : 1,5 1

! Bkao4asi ajlJIOTPEOHHH.

KOJMMPOBAaHbl paHbllle BCEX, cpasy XKe [0CJe TOro, Kak
copMHPOBA/IUCL XHMHUECKHE MEXaHH3Mbl- aKTHBAUHH.

B TakoM cjyyae MepBbIMH NPea0HOJIOTHUECKUMH [O-
JHNEeNTHAAMH — KaK MHCTPYKTHDOBAHHBIMH, TaK MU He-
HHCTPYKTHPOBAHHBIMH — Obl/IH, BEPOSATHO, B OCHOBHOM,
conoaumepst Gly—Ala co cayyadHBIMH 3aMelleHHAMH
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JAPYTHMMH aMHHOKHCJIOTaMH, CPeldH KOTOPBIX, MO-BHAUMO-
MY, BCTPEYAJIHCh U TAaKHe, KOTOPble B KOHEYHOM cUYeTe Tak
1l He ¢Tany KOAUpOBAaThC.

CoOTBeTCTBHE MeEXJAY PAacHpOCTPAHEHHOCTAMH MpH-
POAHBIX AMHUHOKHCAOT H 0OYepPeJHOCThIO HX CONOCTABJE-
HUsL TIEPBHIM UYETHIPpEM KOJOHAM nopasurtesbHo. Ciaepyer
MOAYePKHYTh, YTO Hall BHIOOP KOAOHOB OCHOBAH HCKJIO-
YUTEJbHO Ha AapryMeHTax, OTHOCALIMXCA K CTPYKType
HYKJIEHHOBHIX KHCJOT. He TOJIbKO IepBBHIEe UYeTHIpe KOIO-
Ha ¢ GC-paMKOH TOYHO OTBEYAIOT PACHPOCTPAHEHHOCTAM
COOTBETCTBYIOIHX AaMUHOKHCJOT, HO M 4YeThIpe CJelyo-
mux RNY-kogoHa conocTtaBasiioTcss UMeHHO ¢ TeMH aMu-
HOKUCJAOTAaMH, KOTOPhie —3a HCK/IIOYeHHEM achapard-
Ha — npencTasiedsl B Tabauie Mujsiepa co sHauHTe b-
HBIMH BbixodaMH. OIHaKO BO3HUKAET BOMPOC — fABJSET-

ca i cooTBercrBue AAE acmaparumy NePBHYHBIM HJIH
e (Kak NoJckasniBaeT GJH3KOe CXOACTBO C KOAOHOM JH-
3HHA) 3TOT KOJAOH CHauaja OTBeuas] OJHOH H3 HU3IIHX
TOMOJIOTHYHBIX AMAMUHOKHUCJIOT, KOTOpble B TalbJHIe
Musnaepa wumeloT oOpalleHHBIH NODPSI/I0K BHIXOJOB IO
CPaBHEHHIO C 4ClaDaruHoBOH KHCAOTO#H (o, y-AMaMHHO-
Mac/AsHasg  KHCJIOTa) M IVIYTaMHHOBOH — KHCJIOTOH
(o, B-nmamunonponuonorass kucaora). Caenyer mpH-
3HaTb, 9YTO B OTCYTCTBHE [ONOJHHTENbHBIX AAHHBIX Bce
IPeANOJIOKEHASA N0 3TOMY HOBOAY MOFYT HOCHTh TOJBKO
CIEeKYJNATHBHBIA Xapakrep.

B srtoll cBA3NM BaXHBI Tak:ke HEKOTODble HOBEIE pe-
3yAbTaThi, MOJAYUEHHBIE K3 2aHA/AH3a AMHHOKHCAOTHBIX
nocsieloBaTe]bHOCTER  HYKJEOTHA-CBA3LIBAKILUX  (ep-
MEHTOB, KOTOpBIE, MO-BUAUMOMY, CYUIECTROBAAU elie 60-
qee 3-10° ger masaj B JOKJETOUHHIX ycaoBuax (71,
72]. OTH JaHHBE MO3BOJSIOT NPEANOJOKHTL HaJHUHe
N0C/Ae0BATeJNLHOCTH-IPEAIIECTBeHHHKE  HYKJIeOTHA-CBS-
3LIBAIOIEH MOBEPXHOCTH, KOTOpas BKJAOYaLa aMHHOKHC-
AOTH Ba/iuH;,aCMNapariHoBYIO (H TJyTaMHHOBYH) KHCJIO-
THI, aJaHUH U [JHUHH, a KPOMEe TOro, M30JeHALHH, JH3UH
¥ TpeoluH (XOTs 9TH JaHHBIE B JEHCTBUTENbHOCTH OTHO-
caTca K Oojiee Mo3aHed CTafHH  AOKJETOUHOH 3BO-
JIOUUH, HeKeJH T4, Kotopas obcykiaeTcs B 3ToH pa-
6oTe).
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XV. lN'unepuukanyeckas opranusauus
pPaHHEro annapara TPaHCJAAUMH

JIrobasg Moneab BOJIIOIMK PAHHErO KOJA U annaparta
TPAHCJAANIME AOJXKHA YHZOBJETBOPSTH YCJAOBHAM, B KOTO-
puix TPHK-nomoGubie amantopsl U mpelluecTBEHHHKH
reioB (uan uHdpopmauuonHex PHK) ans pasiauusbix
¢epMeHTaTHBHLEIX (AKTOPOB MOIVIH OBl He TOJBKO COCY-
IleCTBOBAaTh, HO W COIVIACOBAHHO pPa3BHBATHCA H 3BOJIO-
LMOHUPOBATL K ONTHMAJbHOMY (YHKUHOHHPOBAHHIO.
B vacrax A u b 610 moxasawo, 4TO Takas camoopra-
HU3auus TpeOyeT Ha/JM4Hs LUKIUYECKH 3aMKHYTHIX pe-
aKUVOHHBIX CBfI3efl MeXKAYy BCeMH NapTHEPaMH, eC/H
TOJIbKO OHH He MOTLYT CTPYKTYPHO HHTEIPDHDOBATBHCS B
OJHY pelIHKaTHBHYIO eIHHULY. B 3ToM pa3sjene Mmul mHo-
nelTaeMcsl MOKa3aTh, KAK peauCcTHUECKHe MOJCIH KoJa
CBsI3aHbl ¢ THNEPUUKJAHYECKOH opraHu3alyell # Kak Ta-
KHE CHCTEMBl MOTYT 35BOJIONHOHHPOBaTh. OueBHIHAS
npoGJema, CBA3aHHAS ¢ THNEPIUKJIOM,— 3T0 Hpobrema
€ro BO3HHKHOBeHHs. [lpelHOCBIIKOA TI'HIEPUHKIHYECKOH
OpraHH3aluu SBJSETCS, NO-BHAMMOMY, Ha/JHude B JO-
CTATOYHOM KOJMYEeCTBE BCEX KOMIIOHEHTOB THIIEpLHKJA.
Toopsi Gosiee Hay4yHBIM S3BIKOM, A/ BO3HHKHOBEHHS
THIIEPUHKIAa — CeTH peakuuil BHICOKOTO MOpPAAKA — Tpe-
Gyercs €ro «HyKJealua» MO KaKOMY-HHOYAb MeXaHH3MY
BBICOKOTO IOPSAKA.

PaccMOTpUM i CPaBHEHHS MNPOCTYIO PENIHKaTHB-
HYI0 €AHHHIY, YHCJIEHHOCTb KOTOPOH pacTeT IO0 aBTOKa-
TAJNTHYECKOMY 3aKOHY MepBoro mopsiika. B pacrtsope,
cojepIKauleM BBICOKOIHEPreTHUECKUH CTPOMTeNbHBIH Ma-
Tepuas B ONpeJesNeHHOH KOHLEHTpaUuy, AN Havaja
mpouecca pa3MHOXKEHHs HyXKHa JHilb oiHa Konus. Ta-
KHe KCIIepUMEHTH nposoauauce ¢ darosoit PHK wnan ¢
ee HeHH(pEKUHOHHBIMM Bapuantamu [7, 8, 32, 34, 73].
OpmHOH MaTpUYHOHN LeNM AOCTATOYHO, 4TOOH B TEYEHHE
HECKOJNbKHX MHUHYT M[POHU3BECTH OOMBIIYIO MONYJSLHUIO
HIEHTHIHBIX KOMUE (cM. yacTb A).

Munepumka HUKOrAa He MOr OBl 3apOAHTLCH TaKHM
cniocobom. OTaenbHas MATPUUHAS KOMHWS HE CTaHeT pas-
MHOXKAThCs, IOKa B Ha/JWiyuu He OyAeT [OCTaTO4HO
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6oJpiioro 4Hcada ee cHelM@HUIeCKHX KaTaJHTHIECKHX
naptHepos. [lociiennue B cBOIO ouepelb KOTHPYIOTCA Mart-
pullaMH, KOTOphe camu no cebe He Moran Obl pasMHO-
JKaTbcsl 0e3 NOMOLIH CBOHX IIPOAYKTOB TPaHC/IALHH.
PazmuoxeHHe BceX MaTpHIl B CHCTeMe 3aBHCHT OT KaTa-
JUTHYECKOH MNOJLEPXKKH, HO UHCJAO KaTajJu3aTopoB He
CMOJKeT pacTH, €CJH He pa3MHOXKaloTcs MmaTpuubl. Ha-
CKOJBbKO BEJHKAa BEPOATHOCTh TOTO, UTO HYKJe€allHs Tpo-
U30HJET NOCPEACTBOM KaKOH-HHOYAb c/aydalHOl ¢ayk-
tyauun? JlomyeruM, uto umeeTcs npofupxa ¢ 1 ma pac-
TBOpa. KoHCTAHTa CKODOCTH peakUuH MexAy MaKpoMOo-
JIeKyJaMH, JHMHTHDyeMas Auddysnell, HMeeT MNOPSAOK
108M~!.¢c-l, CraefoBarte/ibHO, B pacTBope [OJKHO CO-
AepxaTthes N0 MeHblieil mepe 10° HAEHTHUYHBIX KOMNHI
napTHepa JAaHHOH KaTaJUTHYECKOH peakliuH, YyTOOn Ha-
4a/Joch pAa3MHOXEHHe MAaTPHUBI C Ty, pAaBHBIM TMPH-
MepHO | cyT. OueHp MAaJIOBEpPOATHO, YTOOLl COLJIACOBAH-
HOe (YHKIHOHHDOBaHHE HECKOJbKHX apTHEPOB MOIJIO
ObITb pe3yJabTaTOM CJay4affHOrO COBIajeHHs TakHX TH-
TaHTCKUX (aykTyauuil. KoHeyHO, He HCK/IW0OYEHO, YTO
npouecchl Pa3MHOMXKEHHS pAa3aHM4YHBIX MaTpHIL HMeEIOT
CMeIlaHHBIH NOPSAOK, T. €. aBTOKAaTaJHTHUYECKHE UYJIEHH!
MepBOro HOPsiiKa (B OTCYTCTBHE (DEPMEHTOB — 3TO pas-
MHOXKeHHe MaTpulbl 0e3 KaTaJHTHUeCKOTo COJeHCTBHUs
OPYTHX KOMIIOHEHT) HaKJAaAblBAlOTCA HA UJEHH KaTaJH-
3upyeMofl pelvIMKanHu BTOpPOro nopsiika. Toria rumep-
INUKJHYeCKas CBSA3b CTaHeT 3¢@QeKTHBHOH JHUIL NOC/e
TOTO, KaK KOHUEHTPAL MU BHIPACTYT A0 AOCTATOUHO BBICO-
Koro ypoBHsi. OHaKO CHCTeMa He MOXKeT 3HaTh 3apaHee,
KOTOpBlE H3 MHOTHX aJbTepHATHBHBIX MOC/JEA0BATE/b-
HOCTeH, pa3MHOXKAIOWHXCA 0[O 3aKOHYy aB. KaTajHusa
nepeBoro mnopsiaka, OyAyT J[aBaTh MoJe3Hywo uHbOpMa-
IO AJ5 KaTaJH3aTopoB, HeOOXOAUMEIX Ha GoJsee mo3j-
HHUX 3Tanax OpraHH3al{H.

CyuiecTByeT TOJbKO OAMH IYTb pelleHHus 3TOH Npo-
GaeMmnbl:

Tunepyuxay  OGoasnHa npedulecT8o8aty  CuUCTeMa,
umeowas  BLICOKYI0 APUPOOHYIO  PACHPOCTPAHERHOCTS,
U3 KOTOpOU OH BOBHUKAET NOCTENEHKO, NYTeM MYyTAyur
u orbopaq. '
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Takyum TNpeflIeCTBEHHHKOM MOMKeT OBITh KBA3HBHI,
npeacrasjieHnbll pacnpenenenuem GC-6oraTeix mocJse-
HgoBaTenpHOCTefl. UHC/HEHHOCTD BCEX WIEHOB YCTOHUHBO-
ro kBasuBuia OyAeT pacTH, NOKAa HX KOHIEHTpalnuH He
CTaHYT AOCTATOUHO BeJHKH. Kak OblIo MOKa3aHO B pasf.
X1V, nekoropsle GC-6oraThle TNOCIEA0BATEJILHOCTH MO-
IyT AaTh Hada/Jo TPaHCJAALUA IyTeM YCTAaHOBJEHHS CO- ,
OTBETCTBHS MeXKAy aMHHOKHCJOTaMH H OIpejeseHHBIMH
aHTHRoJoHAMH. Ha 3ToM 3Tame HPOAYKTH TPaHCASIHH
Ha caMoM JeJe elle He SIBASIOTCS HeOOXONMMBIMH JJIs
COXpaHeHHS CHCTEMBI, TaK YTO TPAHCJSLHIO MOKA MOXKHO
cyutath Hrpoft mpo6 u omubor. Ecau, oaHako, OfHH H3
HIPOLYKTOB TPAHCISIIMH CO3AACT NPEHMYINECTBO AJS BOC-
npouspejeHus cpoeli co6ersennoit MPHK, to sta MmPHK
MOXeT CTaTb AOMHHHpYIOILeHl B KBa3HBHJIOBOM paclpe-
JdeneHuH.

Ormenvuuit Bug PHK wmoxer cosnarks andaBur B
JyulileM cjiydae M3 ABYX aMHHOKHCJOT, €CIH KakK ILIIoC-,
TaKk H MHHYyC-llemd [eHCTBYIOT KaK afantopsl st [IBYX
KoMIJeMeHTapHBIX KojoHOB (Hampumep, GGC u GCQC).
Ecny  ajnanTopHBIE  IMOC/AEIOBATENBHOCTH  JAOCTATOYHO
o0HJIBHE, TO C HEKOH KOHEWHOH BEpOATHOCTBIO cocylile-
CTBYIOLHe MYTaHTH OYAYyT COHOCTaBJSATH aMHHOKHCJ/IOTHI
ABYM WJIM Jaxke uyeThipeM Kojonam (Bxjaouas GAC n
GUC nasg acmapardHOBOH KHCJIOTH M BaJlHHA), IIPHUEM,
MO-BHAHMOMY, CHOBA HCIONb3YIOTCA KaK IJOC-, TaK H
MHHyC-llend. Bce 3TO MOMKET MPOH30HTH elle Ha CTaLHH
KBa3UBH/A.

Takasi cucTeMa, OZHAKO, MOXKET 3BOJIOIHOHHPOBATH
TOJBKO B TOM CJayuae, ecqd pasquudsie suabl PHK Gy-
IyT CcTaOUIM3HPOBATH APYr Jpyra ¢ NOMOIIBIO CBOHX
NpoaykToB TpaHcasauuu. OOcyxkienue jaeratell KOAHPO-
BaHHdA, HaANOpHMeED BOIPOCAa O TOM, MOTYT JH ILIIOC- H
munyc-tienn ganHoro sufa PHK soatonunonuposats of-
HOBDEMEHHO H TeM CaMBIM CTAHOBHTLCH [ABYMS alalTo-
paMu A KOMIIEMEHTAaDHBIX KOJOHOB HJAH XK€ ILIIOC-
uens B kayecte MPHK koaupyer daxrtop cBsisH, B TO
BpeMs Kak B KauecTBe aJalTopa AeHCTBYeT TOJBLKO MH-
Hyc-11enb, MBl OTJIOXHM A0 pasj. XVI. 3xeck e MBI He-
cneayeM Takylo mnpo6seMy: KakK U3 KBasHBHAOBOIO
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Puc. 52. Isa myranTHeix reHa [, m I, Koaupymowiux cBou co6-
cTBeHHHle pemnkasbl E; u E, MOryr co3pgaBaTh paBHOUEHHBIE CBi-
3H, NDPHUBOJsLIKE K camoycuieHuio [11, 22] n B3aUMHOMY yCHJ/IEHHIO
[21, 12], Gnaromapst cBoemy Gau3KOMY POACTBY. AHaJOrHyHoe mHO-

BelleHHe MO:KeT OblThb CBOICTBEHHO pensiMkasam coBpemeHHbx PHK-
comepxamux ¢daros.

pacnpeseseHHsl MOXKeT NOCTeNeHHO c(hOpMHPOBATLCSA [H-
NepUHKINYECKasl OpraHu3anusl.

Puc. 52 unatocTpupyeT BO3MOXKHLIA NyTh pelleHHs
aTofi nmpoGsempl. [JonmycTuM, 4TO HMeIOTCS ABa MYyTaHTa
KBa3HWBHAA, MNPHCYTCTBYIOILHX B JOCTATOYHO BHLICOKOH
KOHLEHTPAUHH, NJII0C- H MHHYC-IENH KOTOPHIX CIIOCOGHHI
HefcTBOBAaTh KakK ajanTopel A (MakCHMYyM) ABYX map
amuHokucaor (nmanpumep, Gly/Ala u Asp/Val) u ko-
TOpHlE B TO Xe BpeMd MOTYT TPaHC/AHPOBaThCAd B Oe€JIOK,
coCTOAIUA U3 (MakCUMyM) 4YeThHpeX BHAOB aMHHOKHC-
sor. Eciii OPOAYKTH TpaHCAAUME obsnanatoT KakoH-aubo
KaTaJHTHYeCKOH ¢yHKuYAeH, OMaronpusiTCTBYIOIIEH BOC-
npoussesnenno csoux MPHK, To MH, Bepositho, noayunm
OLHY W3 CHTyauHu#l, upeicTaBJeHHEIX Ha pHC. 52 wau 53.

O6e undopmannonnsle PHK, O6yayun Gauskoponct-
BEHHLIMH MYTaHTaMH, KOAUDYIOT ABa 6enxa ¢ GAH3KHMH
dyuxuusamu. Ecan oann M3 HUX — cnenMdHuueckas pen-
JiuKa3a, TO Apyrofi Oyjaer TOXKe peMIHKa30l, npuueM
Kaxaas U3 akTHBHOCTell OyaeT ycHJAMBaTb Kak caMmy ce-
6g, Tak ¥ BTOPYI0 akTHBHOCTb. OJHAKO MOXKeT HMeTb
MECTO ¥ CNelH(PHUYHOCTh, MOTOMY 4TO 00a Oeska He 006g-
3aTeJILHO JOJXKHBI y3HaBaTb o6e NO0C/IeN0BaTeNIbHOCTH
OJHHAKOBO XOPOWIO, HEPOACTBEHHBIE Ke NOCJEe10BaTellb-
HoCTH oMY BooOlle He GyAyT y3HaBaTb, JlBe «CBOH» IO-
CJ1eJlOBATENbHOCTH UMEIOT cnenuduueckuil caiT cBA3bIBa-
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HMA [Jd UHULIHHPOBAHHA pemnuraunud. Pasnauuus B
CHJle CBSI3BIBAHUS A/ YeTHIPeX BO3MOXKHBIX B3aUMOJIeH-
ctBufl Ey u Eg ¢ I} n Iy moryr 6wite HeGonbmumu. On-
HAKO 3TH pa3auuusg (OTMEUeHHbie Ha PHCYHKaX pasHoifl
TOJIHIMHON JHHUHA), KakUMU Obl MaJbiMH OHH HH OBLIH,
6yAyT MMeTb pajHKajJbHBEE NOCAENCTBHS, KaK BHAHO U3
paccMOTpPeHHs COOTBETCTBYIOILUX AHAarpaMM OCOOBIX TO-
yex (taba. 17). Mpl MoxeM BBILEJIHTbL YeTbIpe cJyyasi:

I. E; 6osee Oaaronpusitctyer I, dyem Iy, a Ey 6o-
aee Gmaronpusarcreyer [, uem Iy (puc. 53,A4). Caedcr-
gue: u Iy, n Iy runepunKNnIECKH YCHAUBAIOTCS COOTBETCT-
BYIOIIMMH (E€PMEHTAMH, UTO BeleT K CHJIbHOH KOHKYpEeH-
IUY. BBIKHTD MOXKET TOJNBKO OJMH M3 KOHKYPEHTOB, la-
e ec/Ii OHU OYIyT CeJEKIIHOHHO SKBHBAJIEHTHBI.

2. Kak E;, tax n E, Gosee OaaronpusrctByotr I,
yem Iy (puc. 53, 5). ,

Caedcrsue: 1) BuxoauT nobeantenem, a ly BoIMHpa-
erT.

3. Kak E;, Tak u E, Gonee &aaronpusarcTByioT s,
geMm 1, (puc. 53, B).

Caedcrsue: teneps nobenurenem siasierca Iy, a [y
BHIMUpAET.

4. E, 6onee Gmaronpusitctsyer Ip, uem I;, E, Gosee
Onaronpusitcteyer I, uem Iy (puc. 53, I').

Qb QQ 2 Qy 2 09
@ 7 @ 1z é

A B B r

Puc. 53. DBOMOUMOHHBI MPHHUMN A8 THIEPUHKIOB HJWIIOCTPHPY-
€TCsl YeTHIPbMSI BO3MOXKHBIMH CHTYAUHSMH, KOTOpble BO3HHKAWOT 6aa-
rofapsi CBSI3sIM MeXXAY [ABYMS MYTaHTaMH, [PCACTABJEHHBIMH Ha
puc. 52. ToucTele JHHMNH YKa3WBAOT, KakHe CBA3M ABIAIOTCS nped-
NOUTHTENbHBIME (KaKuM OBl Masjblm HU 6BLI0 3TO NPeANOoUuTeHUE).
Ilist ycTOMYMBOCTH ABYUJIGHHOTO THIEpUHKAa Tpebyercs, 4TOOL Mpe-
o6ranano B3auMHoe ycuaerue (I7).
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Tabauya 17

UccienoBanne 0COOBIX TOUEK ABYUYJIEHHOTO THIEPUHKIA, Mpei-
CTaBNEHHOro Ha pHUC, 52, NPOBOAMWIOCH C HCHOJNb30BAHHEM YIPOLIEH-
HBIX KMHETHYECKHX ypaBHEHMH:

Z k¥ xk"" Z Z Ry 1% o

k=1,2 i=1,2 m=1,2
i=1,2, x1+xs=c

DTy ypaBHeHHs JalOT TPH ocobble TOYKH CO CJAEAYIOIHMH COGCTBEH-
HBIMH 3Ha4YeHHAMMU:

xi={(c, 0); "= (kg — ki1) &
X_z = (0, c); (0(2) = (k12 — ka9) C,

c
fay = kear) kiy — Ry koa — ki’

0¥ = (k11 — ka1) (kog — klz)
kin — ko) + koo — k12

;3 = (k22 - k!2:

MoxHO BBIEIUTL YETHIpE CAyYas:
a) kiy > kgi;  kgg > kyz — KoHKypeHmus mexny Iy u Iy
6) ki1 > kai; ko < ki — oTO0p Ij;
B) ki1 < ko ke > kg — oT6op Io;
r) kn < ks kR < kip ~— runepuukianveckasi craGuamaanua I
H Ig.

JlnarpaMmbl 0COGBIX TOUEK MJisi 3THX UeTHIPeX CIyYaeR (CM. TakkKe
yacte B):

I 3 2
A *———0 @
()] {o,0)
7 2 z
O
(€,0 (0,C)
3 i 2
[ B
(.0) zU,C)
4 3 2

Ot @O
(c0) (0,0)
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[ podonncenue Taba. I7

EAKHOE NPCACTABACHHE MOMHO NOAYYWTH, €CAH BBECTIH -KOODJH-
HaThl
Q=2Rig+ ko — k1 — kas U P==Fkp— ko + k11 — ka2
«

Cocyusecmsosarue
A

Oméop 1. Oméop 1,

OHRYDRHI 1S MERDY;
Lul

Ecny B KHHETHYECKHE YDABHEHMA KPOMe ujeHa BTODOTo MOPsiAKa
BBECTH JHHellHbIH aBTOKaTaJMTHUecKH# ujed (MpH 3ToM (yHKuMA
pocra mpuAumaer caefyiomuit By I, = R x, -4 . Zl \ ki].xixi), o

j=1
06/1acTb yCTOMYMBOTO FUIEPUHKANUECKOTO COCYLIECTBOBAHHA ABYX BH-
noe Iy u Iz 6yzmer npexcraBasaTh coOOH MONYNPOCTPAHCTBO Hal CO-
FHYTEIM JIHCTOM, KOOPAHHATBL KOTOPOTO B TPEXMEDPHOM IPOCTPAHCTBE
napaMetpoB OyLyT cieAyiolliye:
o= kig + kgt — kit — R, \’—"2"(’31—132)
B = kig — kay + ki1 — Ry, ¢ "

x
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Caredcrsue: umeeT MeCTO B3aMMHasi THIEDUUKIHUECKAs
crabuausanusa I; u lo.

BaxkHO OTMeTHTDb, UTO /IS TAKOTO [OBEJEHHS AOCTa-
TOYHO MaJbiX pas3/jHuHil B cHJe cBA3biBaHud. [losTomy
HHTEPECHO 3HATh, YTO OyAeT B TOM ciyuae, Koraa E; u
E, BenyT cefsl COBepIIEHHO OJAHHAKOBO B OTHOLIEHHH I,
i I, 3xech Mbl UMeem MOJMHYIO. 6eCIPHUCTPACTHOCTL, He-
3aBHCHMO OT TOTO, HACKOJBKO Pa3iHyaloTcd HHUCIEHHO-
CTH momyJasuuil x; wiaw y;. I, uaum Iy moryr BHIMepeTb
BCaeACTBHE (UIYKTYyalHoOHHOR KatacTpodbl, INOCKOJBKY
TeHepb HeT B3aHMHOH cTaOW/AH3alHH, KaK 3To ObIO B
caydae 4, C apyrofi cropousl, QJyKTyallui He yCUJIHBA-
I0TCS, H €CJAH UHCJACHHOCTH MONMyJSIHHi AOCTATOYHO Be-
JHKH, TO (JAYKTyalHOHHass KaTacTpoda NPaKTHUYECKH
HUKOrza He npousoiiaer. CoBceM IPYrWM B 3TOM OTHO-
IIeHHH OKaaweBaeTcs caydadl 1. 3mecs cucrema Gyner
HaxXOAHTbCS B AHHAMHUYECKH cOaJaHCHPOBAHHOM COCTOSA-
HHH TOJILKO NPH YCJOBHH CTPOTO OJAMHAKOBEIX YHCJIEHHO-
crefi nonynaunit Iy, I, Ei, E. He6osbmasa d¢aykrya-
IIUS MOXKET HAPYLIHTb PaBHOBECHE M 3aTeM H3-3a CaMo-
yCHJIeHHs HeH30eKHO NpuBeleT K 0T00py OAHOTO M3 ABYX
BuaoB. To xe camMoe cnpaBeiJHBO JJs Jwoboro ancam6-
as, 8 kotopoMm Kamxpgas MPHK 6aaronpusrcreyer ToJb-
KO CBOeH co6cTBeHHOH pemsukase (cm. puc. 47). Hrobu
HaBA3aTh COCYIIECTBOBAHHE, HEJOCTATOYHO CBS3H, NpPO-
uexonsineit or obuleli GYHKUMH TpaHCJSIHH,— BCe pel-
JUKa3s MOT'yT (YHKUHOHHPOBATb OZHOBPEMEHHO B Ka-
YecTBE AaKTHBHPYIOIIHX (epMeHTOB (HCHOMB3YS CBOH
cafitel ysuasannsg PHK). Kak u B cucreme, noxasanuo#
Ha puc. 45, 3necy 6yAeT TONBKO ONHH BBIKUBILINH, 110CJe
4eTro TPAHC/ASIUOHHBIA anmapaT pas3pyuHTCs.

Tounrie ycioBus 00pa3oBaHUS THIEPUUK/IA BhIBEje-
Hbl B Taba. 17. PuCyHKH ZaloT sicCHOe mpejicTaBJjenne o0
o6sacTy yCTOAYHBOCTH B MPOCTPaHCTBE 000BUIEHHBIX KO-
OpAMHAT, 3aBHCAIIHMX OT KHHETHYECKHX NapaMeTpoB.

Wrtag, MH OOJYUHAY 3BOJIOLHOHHBIA MPHHIHIT Ajs
THIEPUIHKAOB. DTOT BHA OpPraHH3alMH MOXKET BO3HHK-
HYTh M3 OT/EJbHOTO KBAa3UBHIOBOTO pacipejeseHus, Kak
TOJBKO pAa30BLIOTCH CPEJCTBAa PEaKIHOHHOH CBs3H.
[Ipenmoculiki  COCYILECTBOBAHHA  NPEALIECTBEHHHKOB
MOTYT BBINOJHATECS, KAK [IPABIJI0, TOJABKO AJs GJAH3KO-
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POACTBEHHBIX MyTaHTOB. Takum 006pa3oM, BO3HUKHOBe-
HHE IHIECPUMKAOB TpebGyeT npeicyUleCTBOBAHHSI MOJEKY-
JISIpHOH JapBHHOBCKOH CHCTEMB!, HO BeJAeT K COBeplUeH-
HO HOBBIM MNOCJeACTBHUAM. DTOT 3BOJIIOIHOHHBIA NPHHIHUI
paGoraer jJaxke DIpH OUeHb MafblX Pa3dHYUiAX B KHHe-
THUECKHX  NlapaMeTpax, U I[O3TOMY XapaKTepH3yeTcs
4yBCTBUTE/bHOCTBIO K MaJibiM H3MeHEeHMAM, BHI3BAHHBIM
Mytauusmu. Ecian HMmeeTcss KBa3HMBHAOBOE pacipefele-
HHE C 9BOJIOLHOHHDPYIOLIHMH B3aHMOAEHCTBHAMH MEXAY
KOMIIOHEHTaMH, TO He3aBHCHMO OT TOTO, HaCKOJbKO

cnabul 3TH  B3aHMOAEHCTBHSI,  THIEPIHKJIHYecKast
E
-
E
A
E,

Puc. 54. OfofmeHne >BOJIOLHOHHOIO (DRHUMNA AJS THIEPUHUKIOB.
Cps3n AOMKHB YAOBJETBODSATH KPUTEpUSM, foJydeHHkm 8 Taba. 17
u 18, T. e. B3aHMHOE YCH/EHHe [OJKHO MPEBAJHPOBATL HAJ CAMO-

yeunenvem (cm. toncThe JjuHuu). A. [lospasercs 12— MYTaHT Ig.
B. Myrtaut (Tenepdb I3) BK/IKOUYAETCA B THIEPUHKIL
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Tabauya 18

O6o6uicHITe BOMOUHOHHOrO NMPHHLHNA JJ5 THICPUHKIOB 00BsIC-
HAETCA HA NpHMepe Mepexoja OT ABYY/ICHHOH CHCTEMBI K TpPEXWJeH-
Hol (puc. b4).

O6uine KHHETHYCCKHE YPABHEHHS MMEIOT TOT e BHJA, 4YTO H
yDaBHeHHS, TpHBelJeHHEe B Taba. 17. Bpededne tpervero usmena Is
(nanpumep, myraHta Iz) B ABYYJEHHHl THIEPLHKJ, KOTOPBIH GBI
cHayajJa YCTOH4YHB, UacTO BeJeT K TOMY, 4TO paHee ycTOHuHBas
ocofasg TouKa IpeBpalllaeTcsi B CEAAOBYIO. JTO NPOABISETCS sCHee
BCEro, €C/IH AONYCTHTh HaJiHUMe LMKJAHYecKol cuMmmerpuu. IIpe sTom
0603HaYeHHs] YRPOUIAOTCS

kyy==hoy=kyy=1kp, kg=rky=rky="k; kg=lhyy=1ly="k_

H [OJyYaercss CJAeAYLIas MaTpiila KHHETHUECKHX KO3(DQHUUEHTOB:

by ko k.
K=k, kp k.
k. ki kp

Ocobbic TOYKH H COGCTBEHHBlE 3HAUEHHA TAKOBHL:
Bepuwiunbe:

x,=(c, 0, 0); co(ll) =(k_ —kp)e, mgl) =(ky —kp)o
Xz, X3 — aHATOTHYHO,

Pebpa:

c

X4=(O, kD-——k__, kD—k+) m;

9
s Eoltp )k (b —ky) bk —kp
U hp — ky — R_ :

(kp—ky)(kp— k)
Sy — Fy — ki

of) =

X5, Xg — aHaJOTHYHO,

Bryrpennss ocobas rodxa:

w=(5 7 3)
X7 == 3) 3: ’
[

(o(17,)2== {QkD —k,—k_ i V3 (ky — k—)} 5
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Puc. 55, «Peanmucruueckuil» - ueThHIpeXuJeHHE runepuuka, UYersipe
undopmannonnsie PHK Ij — 1, (myrantsl oxmoro ofliero npexile-
CTBEHHMKA) CJyXKaT A8 KOLHPOBAaHHS 4YeThpeXx pemuukas E; — Eg,
KOTOphle BLIIOJHSIOT OAHHAKOBYI (GYHKLHIO, HO HEMHOrO pasinia-
oresa 1o cneunduynoctn. Munyc-memu I, — Iy Moryr oaHoBpemeHnHo
CJAYKHTb B KayeCTBe alanTOPOB aMHHOKHCJOT.

opranu3alus Hen30exKHO BO3HHKAET, DAa3 YK TakHe B3aH-
MOJEHCTBUS MOABHIHCE.

Funepuuka takkKe 6yneT Heu30eXHO Pa3sBHBATLCH B
CTOPOHY YCJAOXHEHHS H3-3a MyTrauu#i (puc. 54, 55).
DBOJIIOLUUOHHBIH TPUHIUN MOXKeT OBITh 0606UIEeH MO HH-
AYKUHH TakuM oOpas3oMm, uToOb OH OBl IpPHMEHHM K
J06oMy n-ugeHHOMY runepuuxay. Torma myrant I” mo-
w)eT aubo 3aMeHuTb I, 1H60 BHIMepeTb, AHOO YBEJHUUTDH
runepuuka no (n 4+ l)-ugentoro pasmepa (cm. XVI. 10).
MoxHo nosyuuts M Oosee OOLHE 3BOJIOLHOHHLIE KpH-
TepHH, Kak ykasaHo B TabJa. 18.

XVI. lecsaTh BONPOCOB, KACAIOLM{HUXCH HALIHX
CaMbIX PAHHUX MOJIEKYJSIPHbIX MPEJKOB
i TeX CJeJ0B, KOTOPble OHH OCTABHJIH
B OMOCHMHTETHYECKOM anmapare
COBpPEMEHHBIX KJIETOK

XVIi.1. Ogun PHK-npenmecTBeHHUK?

DTOT BONPOC KACARTCHA CJAOKHOCTH TE€X MOJEKYJ, KO-
TOpBle II€PBBHIMHM HauaJH BOCIPOH3BOJHMO ()YHKIHOHHPO-
paThb. [loaunykaeorna u3 100 ocTaTKOB COOTBETCTBYET
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Puc. 55, «Peanmucruueckuil» - ueThHIpeXuJeHHE runepuuka, UYersipe
nudopmannonnsie PHK Ij — 1, (myrantsl onmoro ofwero npeatle-
CTBEHHMKA) CJyXKar /A8 KOLHPOBaHUS 4YeThpex penaukas E; — Eg,
KOTOphle BLIIOJHSIOT OAHHAKOBYK (GYHKLHIO, HO HEMHOrO pasinia-
wred 0o cneunduunoetn. Munyc-memu I, — Iy Moryr oaHoBpemeHnHo
CAYKHTb B KayeCTBe alanTOPOB aMHHOKHCJOT.

opranu3alus Hen30exKHO BO3HHKAET, Da3 YK TakHe B3aH-
MOJEHCTBUS MOSBHIKCE.

Funmepuuky takkKe 6yneT Heu30eXHO Pa3BHBATLCH B
CTOPOHY YCJAOXKHEHHs H3-3a MyTauu#i (puc. 54, 55).
DBOJIIOLUUOHHBIE TPUHIUN MOXKeT OBITh 0600uIeH MO HH-
AYKUHH TakHM o0pas3oM, 4To0bl OH OB NPHMEHHM K
JoGomy n-ugeHHOMY runepuuxiay. Torma myrant I” mo-
x)eT aubo 3aMeHuTb I, 1u60 BHIMepeTb, AHOO YBEJHUUTDH
runepuika a0 (n + 1)-ujsennoro pasmepa (cm. XVI. 10).
MoxHo nonyuuts u Oosee OOLHE 3BOJIOLHOHHLIE KpH-
TepHH, KaK ykasaHo B Taba. 18.

XVI. lecsaTh BONPOCOB, KACAIOL{UXCH HALIHKX
CaMbIX PAHHUX MOJEKYJSPHBIX NPeIKOB
1 TeX cJae]0B, KOTOPbie OHU OCTaBHJIHU
B OMOCHMHTETHYECKOM anmapare
COBPEMEHHbIX KJETOK

XVIi.1. Ogun PHK-npenmecTsBeHHUK?

DTOT BONPOC KAacaeTcs CJAOXKHOCTH TeX MOJEKYJ, KO-
TOpBle II€PBBIMH HauaJH BOCIPOH3BOJHMO ()YHKIHOHHPO-
saThb. [loaunykaeorna u3 100 0ocTaTKOB COOTBETCTBYET
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cjoxHOCTH oKoso 10%0  anbTepHaTHBHBIX [OCJEAOBA-
teabhocTell. Ecau 1mo coobpaxeHusMm cTaGUJIbHOCTH MBI
OrpaHUuYNMCH ToabKO conosuMepamu GC-tuma (¢ BKJIIO-
yennsimu AU), to y Hac ocrarercs eme 10%° Bo3MOKHBIX
BapHaHToB. HeoOx0AUMOHA NpeaAnoculikoll orfopa OAHOH
HJH HECKOJbKHX ONpee/]eHHBIX [0CAeN0BaTeIbHOCTEH
ABJAsieTCH TOUHOe caMmoBsocnpoussegenne. OHO Heuzbex-
HO OyJeT BecTH K JapBHHOBCKOMY INOBEAEHHIO ¢ OTOOPOM
onHoro Kksasuguma. OT6Op NPOAYKTOB ONpenessercs
IIPOCTO UX ONTHMaJIbHOH ceNeKTUBHOH 3(p(heKTUBHOCTDIO,
HO CTPYKTypa NPOAYKTOB 3aBHCHT OT HCTOPHYECKOTO
IyTH pa3BHTHS, KOTOPHLI BO MHOTOM ONpEREJsieTcs ca-
MOKOIIHPOBaHHEM OJHTOHYKJEOTHAHBIX NAaTTEPHOB MeHb-
IHX pa3MepoB. '

“

XVI1.2. Yro o3HayaeT ceNIEKTUBHOEe HPEHMYLECTBO
st MOJEKyJabI?

CeslekTHBHAS [IEHHOCTb ONpeLeJseTcsl Kak ONTHMAaJ/lb-
Hasi KOMOHHaUUsl CTPYKTYPHOH cTabuibHOCTH H sdhdek-
THBHOCTH TOYHOH penJukauuu. OHa MOXeT OHITb BEIpa-
XeHa KOJHYeCTBEHHO Yepe3 (Hu3uueckue CBOHCTBA MoJe-
KyJabl B JgaHHOH cpele. HeoOxonuMbIiM yCIOBHEM CTPYK-
TypHO#l CcTaOUJIbHOCTH, YCTOHUMBOCTH K THAPOJU3Y H
Pa3BHTUS KOOMEPAaTHBHHIX CBOHCTB OBLIO yBesJuueHHe
JJHHB MoJIeKyJbl. He6oabiive OJUrOHYKJICOTHAB HE MO-
IyT yKJAaAbIBaTbesi ¢ oOpasoBaHHeM CTalU/IBHBIX CTPYK-
TYp H NO03TOMY Jerko Tuapoausyoorcs. anee, oHn He
0063 ai0T B JIOCTATOUHOH CTemeHd cnoCOoOHOCTHIO K KOM-
naekcoo6pa3oBaHuio, YTo6bl ofecnednTh MPaBHIbHOE KO-
nupoBaHue WM TpaHcAsnuwo. IlinHa, ¢ ApYyrofl CTOPOHHL,
JVMHTHPYETCS CKOPOCTBIO DEHJIHKAUHH H TOYHOCTHIO KO-
nuposannus. Beuio nokasaHo, uro cofictBa GC-6oraThix
nocsefoBarebHocTefl OGnaronpHaTHH Aas o6pasoBaHus
cTabu/IbHBIX KONHWH JI0BOJIbHO Gonbluoilt miuHb. CpaBHH-
MBI JIH 3TH AJMHHBI ¢ Pa3MePaMH COBPEMEHHBIX MOJEKY.JI
TPHK, ocraercs nesicesIM. B monekynax TPHK 6uia 06-
HapyxeHa TOMOJIOTHSI nocjepoBaTenbHocTeli [74], KOTO-
past yKasblBaeT Ha ONPeAeNeHHYIO CTeleHb caMOKOMUPO-
BAaHHSl BHYTPeHHUX ob6JacTefl. ITo. caMoKONUpOBaHHe
BIOJHE MOIJIO MPOH3OHTH €llie A0 TOro, Kak MOSBUIOCH
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KoaupoBauue. [lif BO3HUKHOBEHHSl TpaHcaAsauuu Ttpely-
I0TCA CHJbHBIE B3aUMOJEHCTBHS MeXIy ajalTopaMH H
uupopmanmonnsivy  PHK, a »Tn  B3anMopeficteus
He MOryT 06eCcle4yuBaTbCsl MOJAEKYJaMH HeGoJabuIof
JUTHHBL,

Kag TOsbKO B pe3ynjbTaTe MOSBJACHHUSI TPaHCAALHH
CHCTEMA HAUMHAET BOCIPOH3BOJAHUMO (YHKIINOHHPOBATH,
ceJleKTHBHAs LEHHOCTh JOCTHIAeT HOBOrO YPOBHA. Tem
He menee jns Kaxjao#d pauHoil MPHK owna nomkua BH-
pasaTbcs uepe3 CTPYKTYPHYI cTalHJIbLHOCTL H 3(dex-
TUBHOCTh  HPABHJIBLHOrO  BocmpoHsBeZeHus. OaHako
Tellepb TH CBOUCTBA 3aBUCAT TAaK:Ke OT KayecTBa (M KOH-
neHTpalHn) TPOAYKTOB TpaHcasuud. [loaromy cneuundu-
yeckas CBfi3b, HeoOXonAUMas AJAA THIEDIHKIHYECKOH Op-
raHu3aluy, HeoO0XoAuMa Takxe 1Js JI000f CHCTeMbl, B
KOTOPOH NPOJYKTH TPAHCAANHMH JOJNKHH OLEHHBATHCH
npu or6ope W MOCPEACTBOM 3TOTO 3BOJIONHOHUPOBATH.
Takaa CBA3b HMeeT KaTaJHTHUECKYI0 HJIH 3alIUTHYIO
HpHUPOLY.

XVI.3. MoueMy Hy:KHA THNePUHKAUYECKas
OpraHu3auMs OTAeJbHBLIX MYTAHTHBIX I'eHOB,
a He OJMH MOCTOSIHHO PACTYIUHH FeHOM?

OTBeT Ha 3TOT BOIPOC B OCHOBHOM OB/ yike JdH B
gactn A. JIns oueHb NPUMHTHMBHOTO annapaTta TPaHCJsi-
LUHH HeOOXOJNHMO TaxKoe KOJHUYeCTBO HH(OPMALHH, KaKoe
COOTBETCTBYeT TeHOMY coBpeMeHHHX PHK-coaep:xamux
taros (uan paxe mperocxoiaut ero). Mudopmauus da-
TOBOIO TeHOMAa MOXKET COXPaHAThCS JHIIL ¢ NOMOWIBLIO
(barocnenuduueckoro ¢epMeHTATHBHOTO KOMILIeKca, a
u3BJeueHNe 3TOH HH(OPMalHH OCHOBAHO Ha 3dderTys-
HOCTH MOJHOTO anlapaTta TPaHCASUHUH, NPeioCTaB/seMO-
ro kjeTkofi-xossiusom. Eciu corsiacutbes ¢ OTBeTAMY, -
JIAHHBIMH Ha MNepPBbI H BTOPOH BONPOCH, TO HH(pOpMA-~
uus, HeoOXoAuMas AJs 3apOXKAEHUA TPAHCASUNH, J0/KHA
CO31aBATbCl Ha OCHOBE KOOMEpalMH MexXAy HeCKOJb-
KHMH MYTaHTAMH{ — 4I€HAMH KBA3WUBULOBOTO pacmpefe-
JeHHs, a He MPOCTO B peay/abTare YAJHHeHHS OJHOH MO-
C/IeXOBATENBLHOCTH, MJsl KOTOPOH cHadajga He CYLLeCTBO-
BaJ/10 OBl HUKAKOTO AaBJenust ordopa.
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Munepunxinueckas craOu/in3alusl HECKONbKHX coCy-
UIeCTBYIOLINX MYTAHTOB 3KBHBaJ/JeHTHA 3BOJIOLHU Yepe3
LIyNJHKalUo reHoB. [lepBoHavaJibHO MYTaHTBI BO3HHKA-
JU KaK OTJAeJbHble lefH, a He KaK KOBaJeHTHO CBs3aH-
Hble AynJaekcot. OrpaHHYeHUss TOYHOCTH He AONMYCTHJIH
OBl TAKOTO yBeqaHueHHusl AJHHBL. Dojiee TOro, BEpOATHOCTD
MOJY4YHTb HeoOXOAMMYI0 KOMOMHALHIO MYTaHTOB B OJ-
HOH WenH oueHb MaJga. [lociaenoBaTeNbHOCTH, COCTOSALUEH
H3 100 octatkoB G u C, cOOTBETCTBYET

100 myTanToB ¢ OAHOM OLIHOKOM,
4950 MyTaHTOB ¢ OByMs OlINOKaMHy,
161 700 myTaHTOB ¢ TpeMsd OmWUOKAMHE H T. A., T. €.

R
Uucao uenei, cofepikalliuX 1 MYTAHTHBIX T€HOB, OT-
JIMUAKOUIEXCA JAPYT OT APYyra B 2 onpeje]eHHBIX MOJ0XKe-
HUAX (3TO pasfanuHe MOKeT ObITb HeOOXOAMMOW mpej-
NOCHIIKON (PYHKILHOHHPOBAHUA), PABHO

N,+n—1 N?
( o )z——k (a1 1 < Np),

100
Nk=( ) MYTaHTOB ¢ k omubkami.

nl

4To B cayuyae n=4, 0 k=3 paer 3-10'° anprepuaTus-
HBIX mociaefoBaTensHocTeil. Ilpu Hanuuuu faxe TakHX
MaJblX OTKJOHEHHH B DelJIMIIIPOBABIIMXCS TeHax Bepo-
STHOCTb HallTy KONHUIO ¢ 6JaronpusaTHOH KoMOuHauueid B
OJHOH THr2HTCKOH nenu OyAeT NOYTH HyJeBOH Aajs JIIO-
6o#i nmonmysasiMH pasyMHBIX pa3mepoB. OAHaKO KamAblf
U3 U30AUPOBAHHLLX MYTAHTHBIX I'€HOB, COAep:KallUX TpH
3aMelilennsi, OyaeT mnpeacTasied B JIOO0H MaKpOCKOINH-
YecKOH NMONyJsIUNY B JOCTATOYHO O0JBIIOM KOJHUYECTBE.

Hagoneu, He MeHee Ba)KHO, YTO TDPAHCIOPTHHIEC
PHK — agantophl TpaHCAsiuMM — BO  BCSIKOM  CJydae
JTOJIKHBL OBLIK CYIIECTBOBATH B BUJAE OTIACJBHLIX LemNefl.
dsoaonus obbenuHEHHOro reHoMa norpefoBana O C
caMOro Hauaja CJOXKHOH peryJjsuiy Ha ypOBHe TpaHC-
KPUIIIHH.

EcTecTBeHHBII  HCTOUHHK  H30JHPOBAHHBIX  Liemed
PHK — sT0o KBasuBupoBOe paciipefeseHne. Bee nocaeno-
BATEeABHOCTH OBLIY CXOAHBI APYL C APYrOM, H TakKHM XKe
CXOJACTBOM, JOJKHO OBITh, 00Jagand TPOAYKTH HX
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TpadcaALud. Kak To/NbKO OJUH NPOAYKT TPAHCIAALUN NPH-
BOLHJ K BO3HHMKHOBEHHIO (AaKTOpa CBA3H, 3Ta QyHKUHA
nosBAAJSach M y BCeX APYTHX NPOAYKTOB. B pesyabTaTe
MOIJIa BO3HHKHYTb M LMKJAHYeCKass CBA3b, HeoOXonHMas
IJIsl THIIEPIUHKJ/JINYECKOH opradn3auni. MoXHO Jaxe CKa-
3aTb, 4TO THNEPLUHKJAHYECKAd OPraHH3allus CaMEIM ecTe-
CTBEHHLIM 00pa3oM BhITEKaeT H3 J0ol peasHCTHUECKOH
MOJeJH NPUMHTHBHOH TPaHC/IALHH.

Jlaet ¥ cOBpPEMEHHAsl OpPraHM3aliis TeHOMa KJETOK
NPOKAPHOT KaKHe-TH6O YKa3aHUd Ha CBOK TEpPBOHA-
yaJbHYI0 CTPYKTYpy? COBpeMEHHblE TeHbl, KOHEYHO, TO-
pasjo O6oJsbllle NPHUMHTHBHBLIX HHpopmauHoHHEX PHK.
YanuHeHHe TeHOB, TdK Xe KAaK U AVIUIHKALHUS, AaBAJO
NpeuMyINecTBO BCSKHII pa3, KOIZa MOCTOAHHO pacTylias
TOYHOCTb (PEPMEHTATUBHOrO anmapara JoNycKaja 3To.
[IpoaykTel TpaHCAALMH CTAHOBHJIHCH OoJiee CJHOKHBIMH,
co3jaBasi NMPeANoCLIKY AJsA 9BOJIOLHH N0 NYTH co3na-
Hus OoJiee TOHKHX TONAUGMEPMEHTHBIX MeXaHU3MOB, HC-
MOJIB3YIOIHX AHDGEpeHIIPOBAHHDBIE (EPMEHTE, KOTOPEIE
npousouwsan ot of6uero npeilllecTBeHHHKa. B mpu-
MHTHBHBIX CHCTEMaX OTCYTCTBOBAJH MeXaHH3Mbl PEKOM-
6UHaUYH, HCHOJb3yeMble KJIeTKaMH B HacTosllee Bpemd.
[loaToMy coBpeMeHHass CTPYKTypa IpPOKapHOTHYECKOTO
reHoMa MoIJa c(OpPMHPOBATbCA B pe3dyJbTaTe YAJHHE-
HUS H30JHPOBAHHAIX TeHOB, HX AYIUIMKALHHA H TPHUIJIHU-
Kanuu ¢ obpasoBaHueM OMNEPOHOB H HX IMOCJAEAYIOILErO
orobpaxenus mna JAHK, xoropas MoxkeT uCHONB30BATH
6oJiee coBepllieHHBIE CpeACTBa BOCIPOH3BEJEHHS, NPHUBO-
asIine K o6pasoBaHulo 00beJHHEHHOTro reHoma. Pasme-
PBEl COBPeMeHHBIX ONepOHOB XOPOLIO COOTBETCTBYIOT TeM
pasmepaM, € KOTOPBLIMH MOXKET paboTaTbh COBEplUeHHas
PHK-pemaukasa (1000—10 000 vykneoTHa0B).

XVIL.4. HeoG6xoaumbl an npu crapre TPHK?

3TOT BONPOC MOXKHO CHOPMYJHPOBATH MNO-APYIOMY:
«A mouemy Ovl azamropam He OBITb MaJIbIMH OJIHTOHY-
KJIe0TUAaMU?»

Anantoput 6e3 undopmanuonssix PHK Geccmruicaen-
Hbl. KOpOTKHe HYK/IeOTHIHBIE II0CJA€I0BATEILHOCTH He
MOryT (yHKUHOHHPOBaTb B KauecTBe HHQOPMALHOHHBIX
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PHK. JexanenTu/bl 2XKBUBaJEHTHL! YK€ NOYTH NOJOBHHE
mosaexyas TPHK. [lanee, kopoTkue OJHIOHYKJEOTH-
OBl MOTYT OBITh HecTaOWJ/IbHBI, TaK KaK OHU JHIIEHH Tpe-
THYHOH CTPYKTyphl. [Ipocrefimiass cummerpuunas CTpyK-
Typa, T. €. OTAeJbHas HeTs, cTabHIH3UpPOBaHHAS ue-
THIPbMA HJH NATbIO NapaMH OCHOBaHHH, TpebyeT Le/BIX
NATHaAUATH HYKJAeoTHAOB. DecdepmenTHoe cnenuduue-
CKOe paclo3HaBaHHe aMHHOKHCJIOT, B KOTOPOM yuYacTBYy-
I0T ORHOBPEMEHHO AaHTHKOLOHOBasd MNeTAd H 3’-KOHel
aJanTopa, BO3MOXKHO TOJBKO NpH Hajauuuu Gosee mpo-
TSKEHHBIX CTPYKTYp. To XKe caMoe BepHO AJf B3aHMO-
HDeHCcTBHH MeX Ay ABYMSI COCEIHHUMH ajJaNnTopaMH, KOTO-
pple  HeoOXoAuMBI  Aas  cTabu/IH3allIM  KOMILIEKca
MPHK — nentuaua-tTPHK nan ans xordopmaunonHoro
usmenenus: (Hanpumep, HF—fh), kortopoe moxer o00-
Jerdyuth nepeMeHleHde pacTyilleil NeOTHAHOH LeNH BJAOJb
uapopmanuonnofi PHK. Maac u np. [99] HeapasHO co-
o6IKId O TaKOM KOHQODMAUHOHHOM H3MEHEHHH B aH-
tukonoHoBoli nerse TPHK, kotopoe onu 3aperucrpupo-
BaJsn, HalJIO4ass M3MeHeHHe (JIyopecUeHHHY OCHOBaHH#A
Y. las ¢dparmMeHta aHTHKOJAOHOBOH meTaH (T. e. A/ Je-
KaHYKJEOTHAA C IOCJAeN0BATEbHOCTHIO aHTHKOJOHOBOH
nerau) stoT 5¢¢erT, No-BHAHMOMY, OTCyTcTByeT. Bce
9T0O MO3BOJASIeT AYMAaTh, YTO HEAOCTATOYHO AJHHHBIE NO-
caenoBateapiocth PHK He moryr ¢yHkuvoHHpOBaTh B
KayecTBe a/jalTOpOB.

Toraa moxHO 3amaTh Bompoc: «YTo oTsmyaer azan-
top oT uHpopmauuondoii PHK?» Mx wmunumaapuas
OJMHA JoJxHa OBITh IOpHMepHO oZnHakoBoh. Obe oHH
LOJKHBL HMeTh CNenu(dHYECKYI0 CKIAAUaTyio CTPYKTYDY,
KOTOpasi co3iaeT NPeANOCHJIKH BOCIPOH3BOAKMOIO y3Ha-
BaHHUS KX GAaKTOPaAMH CBA3M.

[Tockoapky kaxaaa TPHK u kaxpas vmPHK syxaa-
toTca B (akrope cBs3u (HanpuMep, B pemsukase), Gja-
FOTIPUSATCTBYIOEM HX CeJeKIHOHHOH cTabHan3auuH, TO
asoiiasle  ¢gyukuun PHK-mocnenosaTesnbHocTell  comep-
IWweHHo HeoOxoxumel. Mrak, miaoc- 0 MHHYC-LENH AaHHOH
PHK-nocnegoBaTeIbHOCTH MOTYT HCNOJAb30BATHCA COB-
MecTHO Kak uHbopmaunonnas PHK wu xax apan-
TOP.
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XVL5. JlaoT an coBpemennsie TPHK
KaKHe-TH6O YKa3aHUs HA CBOE MPOHCXOXKeHue

CTpyKTypHOE CXOACTBO MOXKeT OBIThb JHOO CJACACTBH-
eM ajanTalli AJs ALOCTHXKeHHs oOlled uesau, AubO yKa-
3bIBATb Ha NPOHCXOXJeHue oT obmtero npeaxa. Cospe-
mennsie TPHK HMel0T MHOrO CTPYKTYPHBIX COOTBETCT-
Bufi [75]. I1o3BOJSIOT Jin 3TH aHAJOTHH CAedaTb BHIBOJ O
toM, uto Bce TPHK npousoman or obutero mnpeaxa?
B cooreercrBun ¢ anaauszom JlKykca [76], Ha aTOT BO-
IPOC MOXKHO OTBETHTb OCTOPOKHBIM «aa». [lodemy cie-
LyeT MpOABAATb OCTOPOXKHOCTb, MOXKHO [10Ka3aTb Ha
npumepe. OpaHa 0coGeHHOCTb, XapakTepHas A BCeX
M3YUEHHBIX O CHX HOP NMPOKAPHOTHYECKUX H IYKapHUOTH-
ueckux TPHK,—3To Hanuume noc/aeroBaTeJbHOCTH
TYCG B rtak HaspiBaemoll T-meriie — obmem caiite ya-
HaBaHHWg npu pubocoMHOM KOHTpoJse. Henapuue wuccre-
nosaHHa Meranobpasylomux Gakrtepuil [77] mnokasadn,
4TO Y 3THX MHKPOOPTaHH3MOB, CUHMTAKOIHHXcA «Haubosee
JAPEBHHMH BETBSIMH H3 BCEX, KOTOpPLIE  BCTPETHJAHCHL O
CHX HOp B reHeaJsJoruu GakTepui», ykasanHas [OCHAEI0-.
BATEJILHOCTb OTCYTCTBYET, @ BMECTO Hee y O}lHOf/’l prnﬂbl
uMeercsl nocaenoBatenpHocts YYCG, a y aApyrod —
UypCG. Xord »Tu AaHHBIe He CTABAT HOJ COMHEHHe, a
Hao0opoT, MOAUEPKHBAIOT TECHLIE 3BOJIIOLLHOHHBIE CBSI3H
AAHHOTO KJacca MHKDOOPTaHHM3MOB C JAPYTHMH IpOKa-
pHOTaMH, OHH ONpeJe/]eHHO IOKa3bIBAIOT, uYTO 0OIIHe
CBOHCTBa MOTYT COIJIACOBAHHO NPHOOpPETATbCS LeJBIMH
KjlaccaMi, JTO0 0COOEHHO XapaKTepHO /I TeX MOJEKY.JI,
KOTOpble MPOU3BOAATCS OOILIHM annapaToM, HanpuMep pH-
60COMOli — MeCTOM CHHTe3a BCeX Oe/NKOBBIX MOJEeKY.J.

Puc. 56 nokasblBaeT COOTBETCTBHE IOCJEN0BATENBHO-
creil ans gersipex TPHK wus E. coli, xotoprie, Kak Mbi
cunTaeM, SBJASIOTCA COBPEMEHHBIMH HpPeICTaBHTE/IsMH
NepPBHUYHBIX KOAOHOBBIX afanTopos. K coxajieHHIO, B Ha-
IieM pacrnopsizkKeHun He OLIIO MOC/eJO0BAaTENBHOCTH aJja-
nnn-cnenuduunoil TPHK nas xonona GCC. Ecam cpas-
Huth sTor BuL TPHK, umewwell auruxomon 3 UGC,
¢ coorsercrByiowell TPHK ans BannHa ¢ aHTHKOLOHOM
SAUAC, 1o Mbl o6Hapyxum Oospliee CcXOJACTBO € [O-
cnepueit TPHK, wem Toif, KoTopas usobpakeHa Ha pu-
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K] 10 15 20 25 30
GCGGGAAUAGCUCAGDDGGD AGAGCAC GACCUUGgCA AG-?BO
GGGGGCAUAGCUCAGCDGGG -AGAGCG CCUGCUUUGCACGC
GGAGCGGSAGUUCAGDCGG DD AGAAUACCUGCCUGU CACGC
GCGUCCGSAGCUCAGDDGGDDAGAGCACCACCUUGACAUGG

45 50
UCGGGBUCGCGABTACGAGY CUCGUUUCCEGCUCEA
AGGAGBUCUGCGGTQCGAUC CCGCGCGCUCCCACCA
AGGGEBUCGCEGETQEGAGU CCC 6 ACCEUUCCGEEA
UGG6E6UCGGUGGTQCGAGUCCACUCGGACGCACCA

Prc. 56. Cpasuenne mocaegosaresshocreil TPHK aas Gly, Ala, Asp
1 Val, K coxajennw, mnociaenosaresbHocte TPHKA2  coorser-
creyiomas koaony GCC, mnoka HeuspBecTHa. BO3MOXKHO, CXOACTBO
mexkay TPHK aas Gly u Ala 6si10 66l eute Goablie B cayyae npa-
BHJLHOH I10C/EA0BATEBHOCTH, KOTOpas COOTBETCTBYET AHTHKOJOHY
GCC (o ToM, 4TO 3TO TaK, MOXHO CYAHTh Ha OCHOBaHHMH CXOIACTBA
MeKAY ABYMS mocaeposatesibHocTsiMH aast Ala u Val, koropele oT-
gocaTes k aHturogoHaMm *UGC um *UAC COOTBETCTBEHHO). IDTH MO-
C/1eOBATEAbHOCTH [TOKA3BIBAIOT, 4YTO cCHapeHHBle 0G6JaéTH COCTOAT
B ocHosHoM 3 GC-pap ¥ 49T0 ONM3KOE CXOACTBO TOBOPUT O DOA-
cree mexay Gly/Ala u Asp/Val (cm. S B nosoxenun 8 pasi Asp
u Val smecto U gns Gly u Ala win BseraBgky D mexay nosoxke-
Husivn 20 u 21 gqa Asp u Val). A — agenosun, *A = 2MA —
N (2)-mernnagenosud, C-— gumiang, D — 5,6-auruapoypunus, G —
ryaosud, *G = 7MG — N(7)-meruaryanosun, Q == W —TceBjo-
ypumat, S — taoypuan, T — pnbosuarumun, U ypuaus, *U =
= 5AU — 5-oKCHAMeTHAYPHLHH.

cynke (coBnajgatoT 57, a He 54 mosoxenus). Cuaeiosa-
teqpHo, npaBugabhHas TPHKA2 ¢ auntukoponom GGC
MOMKeT uMeTh He 44, a OoJbliee 4HCJAO COBHNAjeHUH ¢
npupefeHHOf Ha pucyHKe riuuuHoBOi TPHK. Ecan ne
NPUHUMATb BO BHHMAHHE 3TOT «(H3HUECKUH HeLoCTa-
TOK®, TO MOXKHO CIeJaTh BBIBOA, uTo 1) Bce mpUBEJEH-
Hble OOCJEAOBATEJNLHOCTH COBIAJAl0T B 0O0jiee ueM B
NoJIOBHHE HOJIOXKeHUH (33 copmajieHus, eCau BKJIOUUTH
«HenpaBUAbHBIA» Ala, uian 41 cosnagenue aas Gly,
Asp u Val); 2) noarpynna Gly/Ala orsinuaercs He-
CKOJIbKHMHE 0coGeHHOCTsiMH oT moirpynnel Asp/Val (tuo-
ypunnd «S» Bmecto U B nmoaoxkenun 8, BcraBka 5,6-an-
ruapo-U mexay nonoxenuamn 20 1 21; 3) Bce npuBe-
JeHHBIe 110CJIeJ10BaTeNbHOCTH UMeIOT sBHBL{I U36BITOK G
u C mo cpasuennio ¢ A u U (wi# uX NPOH3BOAHLIMH),
0cOBEHHO B ABYXIENOUGUHEIX Y4acTKax.
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Hanee, cpaBHeHHE ¢ MOCJEA0BATENbHOCTAMH APYTHX
TPHK nokassiBaer, 4To 3TH OCOGEHHOCTH — XOTH OHHU
ONpEeJeNeHHO He DeAKH H AJad OGoJbLIMHCTBA APYTHX
TPHK'— 0co6eHHo cuibHO BhHIpaKeHH As JAHHOH rpyn-
nbl. CXOACTBO TaK K€ BEJHKO, KakK H [Jsi pa3HbIX anan-
TOPOB OAHOH H TOH Ke aMHHOKHCJOTH B OJHOM H TOM
JKe OpraHuaMe.

Onve ¢art ocobenHo KpacHopeuuB. Eciu cpaBHHTb
[0C/1el0BATeJbHOCTH JABYX aRamTOPOB, HMEIOUHUX KOMO-
JieMEeHTapHble aHTHKOAOHH (Hampumep, a1 Asp u Val),
TO cOBIajeHHe Mexay obeumn nawc-uenamu TPHK 6y-
mer ropasfo Gojee NMOMHBIM, YeM MeKAy OMAHOH IJIIOC-
uenbio (ecau yuTaTh OT 3° K 57) M JAPyrod MHHYyC-LeNbio
(ectn wmtath or 5 k 3’). [eilcTBUTeNbHO, €CIH CPaB-
HUTb TAKHM 00pa3oM MJIOC- B MUHYC- lienu OAHOH U TOH
xke TPHK, To cooTercTBue OKaxeTcs Jaydymnm. ITH CO-
OTBETCTBHA ABJAIOTCS BHIpaxKeHHeM 3aMedaTebHOH
BHyTpeHHel cummerpun TPHK, npu Kotopoi#l aHTHKOIOH
pacrosiaraercsi OYTH TOYHO B CepelvHe MOC/AEI0BaTe/b-
HOCTH M TeM caMbIM ofpasyercst CHMMeTpUYHAs ABYMeEp-
Has cTpyKrypa. Ml MoxkeM cuuTaTh 3TO CBOHCTBO yKa-
3anveM Ha To, uro TPHK BosHuriaa ouenp paHo kak
He3aBUCHMasl PeNHKATHBHAd equHHuna. TpebosBaHHe TO-
ro, uTo0bl NJAIOC- H MHHYC-LeNH HMEJAH CXOAHYIO CTPYK-
TYPY, BaXKHO, JHIIb €CAH OHH HpelcTaBasioT coboit He-
3aBHCHMBIE DeNJHKaTHBHbE eAMHHLEB, a He HHTETPHDO-
BaHB CTPYKTYpPHO ¢ o6pazoBaHHeM AJUHHOH TeHOMHOH
NOC/EeIOBATENLHOCTH, KAK 3TO HMeeT MecTo Temepb. Ta-
Kas Ke CHTyalHusl xapakTepHa H s ¢aroeuix PHK nan
HX BApPHAHTOB, KOTODble Pa3MHOXKAIOTCS B BHAE OTAeJb-
HBEIX PeNJIMKATHBHBIX eluHui [78].

C npyroit croponsl, agantanus TPHK k ofmemy an-
mapaTy BbI3BaJjia, BepOATHO, oOUlNe OTKJOHEHHA OT He-
o6xoanuMO# BHauaje cumMmerpuu. ToT ¢dakr, 4TO 3epxafb-
HEIE KOMMM HJI0C- W MHHYyc-IeneHl oOAHON M TOH Xe
TPHK o6HnapyxuBaioT 6oJjbllle CHMMETPUUHOIO CXOACT-
Ba, YeM 3€pKaJbHBle KONHHM IJIOC- H MHHYC-Lenel
TPHK ¢ xoMmiemeHTapHEIMH aHTHKOAOHAMY, I03BOJSET
aymath, 4ro o6e TPHK 3BoJIlOLUOHHO pa3BHIHCH KAk
MyTaHThl OZHOH M TOH Ke MeNH, a He [ABYX KoMIiljle-
MeHTapHbIX Uenell. Torga MoOXKHO clesnaTb BBIBOJ, 4TO
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coBpeMeHHBle afantopul Aas  kogoHos GGC(Gly),
GCC(Ala), GAC(Asp) u GUC(Val) Bo3HuKAH H3 OLHOIO
KBa3UBHJAa Kak MYTAHTBl C OJHOH OLINOKOH, MPOHCXOAs-
mwHe ot obulero npeaka. OfHAaKO HCXOZHOH CHMMeETPHH
OblJI0O HEROCTATOUHO (a TovyeMy ee AOJKHO ObiTb LOCTa-
TOYHO?) M TOTO, YTOOBl ajanTOpHblE (QYHKLUHH MOLJIH
BO3HHKHYThb y NJI0C- & MHHyc-ueneid nanHofi PHK.

XVIL.6. Kak B undopmauuonnoit PHK Morau BO3HUKHYTB
KOJOHHBbIe MATTEPHBI 0€3 3anAThiX?

[Tepie MPHK 6bl1H, BEPOATHO, HIEHTHUHBI NEPBBLIM
ajantopam - (HJH HMX KOMIIEMEHTapHBIM ienam). Jlei-
CTBHTe/IbHO, ¢QyHKUUM afantopa H MPHK npeanosara-
I0T CTPYKTypHOe cooTBeTcrBHe. Kakum Obl HM OBl1 KO-
JIOHHBI maTTepH B nochenosartenbHocTH MPHK, o noa-
JKeH MMeTb CBOK KOMIJIEMEHTApHYIO pealH3auuio B
agantope. [ NpHMUTHBHBIX CHCTEM Takoe TpeOoBaHHe
Jlerde BCEro BBHIUIOJNHHTD, HCIOJb3Yd 06Ul CTPYKTYpPHBIH
naTTepH JAjs OOOMX THIOB MOJEKYJ: UTOOBI. Nepable
ajgantopbl Onin MHUHYyC-uensamu nepBeix MPHK (ecan
CUATaTh, YTO MJIOC-LENbIO N0 ONpeAeseHHI0 BCerja, aBJjsi-
erca MPHK) u utobbl onpesneseHHas CHMMETPHS CTPYK-
TYPHl NO3BOJIAJMA H IJIIOC- U MHHYC-LENSM Y3HaBaThCd
OJIHOH M TOH jKe pellinKa3oi.

[lepsrie nnuHHBle Mosekyanl PHK 6bnn oGorauiesst
G u C, uro sBJseTcsl cJeICTBHEM 0TOOpa, OCHOBaAHHOTO
Ha KPHTEPHSIX CTPYKTYPHOH CTabHJIbHOCTH H TOYHOCTH
KoImUpoBaHHsl. MoJslekyanl ¢ oOIIMM KOJOHHBIM MNaTTep-
HoMm — TakuM, Kak GGC/GCC — TpebyOT HHCTPYKIHY B
BHJE 3aTpaBKU (HampHMep, MOLYT HCIIONb30BAThCS KaTa-
JII3aTOpPBl HJHM HMewliHecss oTKpbitle merau PHK) ¢
pocaelyollell BHYTPeHHe#d Aymaukanued. 310 HeusGex-
HO mpuBeleT K 00pas3oBaHHIO CTPYKTYD, COAepKAUIUX IO
MeHbIel Mepe ABa KOJOHHBIX NIaTTePHa C BHYTPEHHeEH
KoMIieMeHTapHocThio, Haupumep 5'GGC3 u 3'CCGH.

CymiecTByeT XOpOLIXH NpuMep, NOKasbBAOMWUi 3¢-
(EKTHBHOCTh JAYIJIHKAUHH BHYTDEHHEro IaTTepHa MpH
cuHTe3e de novo M ycuJaenue nocgaenosatenbHocteir PHK
¢GaroseiMn penukasami. Ecan Qg-pensukasy JHIIHTDL
BCAKHX MaTpHL, TO OHa HaYMHAeT «CBA3BIBATb» JPYT C
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10 20 30 40
ppp GGGBACCCCCCGGAAGGGGGGACGAGGUGCGGGCACCUCGUACG
ppp GGGGCCCCCCCCBAAGGGGGGGCGAAGGGCGGGCCCUUCGUUCG

50 80 10 80
GGAGUUCBACCGUGACGAGUCACGGGCUAGCGCUUUCGCBCUCU
GGGGUUCGCCCEGGGGCGAACCCCGGGCGAA CCCCUUCGCGAACT

130

90 100 "o 120
CCAGGUGACGCCUCGUGA AGAGGCGCGACCUUC GUGCGUUUCGG
CCGGGEEGGECUUCGCGAA GGGE CCCCCCCUUCGUU CGUUUCGG

140 150 160 170
CGACGCACGAGAACCGCCACG CUG CUUCGCAGCGUGGCCCUUCE
CGAAGUUCGCGAACCCCUUCE CCCCUUCGCCCCGGBEGCCCUUCG

180 130
CGCAGCCCBCUGCGCEAGBUBACE CC CEAAGGEGEEUUCCEE
CGAACCCCC CUUCGCGAAGGEGECCC C CBAAGGBGGGGGC0CE

Puc. 57. ComocraBiaeHne moc/ief0BaTeJIbHOCTH MHIH-BapHaHTa Qg

(mo CnurenmaHy © Ap.) ¢ HCKYCCTBEHHO! MNOCJER0BATEIbHOCTHIO,
cocrosimei u3 6aokoe CCC(C) u UUCG m Hu3 KOMIIEMEHTapHbLIX
6aokoB GGG(G) u CGAA. Cosnagzenue B 169 nonoxeHusx H3
218 nosBodasfer NpeAnoNOXHTb, UTO MHAHM-BADHAHT ~— 3TO [POAYKT,
obpasopaniki de novo depmentom Qp-pemiHKagod,  KoTOpasA

umeer caditel ysuaaums gas CCC(C) n UUCG (EF Tu). Kuneruxa
cuntesa de novo nOKa3blBaeT, 4yTo B ()epMEHTATHBHBIX CaHTaxX y3Ha-
paHua ofpasyercd TeTpamep, lOC/Je HYero NPOHCXOAMT KAaKOe-TO
BHYTDEHHEE CaMOKONUPOBAHHE CO CJAYYaHHBIMH 3aMeleHHAMH. JTOT
KOHKPETHBI MUAM-BAPHAHT OOBIYHO BHIUIPHBAET KOHKYDEHUMIO CO
BCeMH HMEIOUIMMHCA [10CJIe0BATEbHOCTMHE H [03TOMY sIBJseTCH,
BepoAaTHO, HauGojee sddextuBHON Mmartpuued. [anHbfi npumep mno-
Ka3blBaeT, KaKk B NpOIEccax NMPUMUTHBHOTO KONHDOBAHHS MOTYT BO3-
HHKATh OAHOPOTHBIE NATTEPHLL

IPYrOM CBOM COOCTBeHHBIE 3aTPaBKH, KOTODEIE OHa 3a-
TeM AYIJHLEPYeT W H30HpaTeJbHO YCHIMBAET, MOKa Ha-
KoHel, He ofipasyeTcsti OJHOPOLHAS MaKpOCKOIHueckas
nonyasiuys mocsaezoBaTesapHocTedl PHK ¢ maunoil He-
CKOJIbKO COTEH HYKJIEOTHAOB. B ApYTHX YyCJOBHAX cpeAbl
nojiyyatotess Apyrue (HO TOXKe OAHOPOAHBIE) MOMYJSUHH
nocaenoBateastoctefi [8). Cnureaman, Muans u ux co-
TPYAHHKH ONpPeNeNHAH TOC/AeJ0BATEeIbHOCTH HECKOJbKHX
TaKuX «MHJIH-BapHaHTOB», KOTOPBIE BCEra CofepaKar cre-
unQUUeCKni cailT ysHaBaHus a8 Qg-pensmkasbl [78].
Hocaenyouiue >KcnepyMeHTH NDPOJKIH CcBeT HAa Mexa-
HU3M 3TOro cuuresa de novo, mOKa3as, 4To He(oJblINE
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(¢hparMeHTsl, COOTBETCTBYIOLINE MOCAeA0BATENbHOCTSM,
KOTODPHIC Y3HAIOTCA (DepMEHTOM, CHHTE3HPVIOTCA KAK 3a-
TPAaBKH, a 3aTeM BHYTpeHHe AYIUIMUHPYIOTCS 1 H3bupa-
TeJbHO YCHJIHBatoTcA. Bosiee panrue uceaenoanns [22]
N0oKasand, uTo (hepMeHT MOXKeT y3HaBaTb, B WACTHOCTH,
nocienoBatesasioery CCC(C) u UUCG. UUCG cootser-
cTByeT nocaegopatenpHocTH TYCG, oburell aaa Beex
TPHK u crneuuduveckn B3anMoAeHcTBYOlLEH, KaK u3-
BecTHO, ¢ puGocoMubiM aktopom snonranu EF Tu, Ko-
TOpHIfl siBAsieTca cyObeAMHHLEH KOMIJeKca (Qg-penJii-
ka3wl. ConocraBieHHe MUAN-BAPDHAHTA € IOCAEIOBATE/b-
HOCTBIO, COCTOSIIIEN HCKIIOUHTEIbHO H3 IBYX YHOMSHYTHIX
OJIMTOHYKJEOTHIOB U KoMmieMenTapuuix um GGG(G) u
CGAA, BHgBageT coprnajenue B Oojsice ueMm 759 mono-
JKeHHH, 4yTO ToBOPHUT 00 3(h(PEKTUBHOCTH BHYTPEHHEr0 KO-
nupoBaHus MmociefoBaTenbHocTe#-3aThaBok  (puc. 57).

Auasnornunpe coo6pajkeHHs MOXKHO BbICKasaTb H O
HepBHYHBIX MexaHu3Max o0pa3oBaHHsi OLHODOIHBIX HaT-
Tepuos. Ecaum cpead MHOTHX [aTTEPHOB MOABHJACH
5'GGC/5'GCC u, BosMoxHO, Takxke 5’'GAC/5’'GUC, To
3TH DaTTepHL B uH(popmanuowHo# PHK wmorsu nopo-
JAWTh BOCIPOU3BOAMMYIO TPAHCJAALHIO MO MEXaHH3MY
Kpuxa u ap. [3] u npuoOpecTu cnoco6HOCTh CeJEKTHB-
HO VYCHAMBAThCH C IOMOILBIO CBOUX BOCHPOH3BOIMMBIX
MPOAYKTOB TPAHCISILHY.

XVIL.7. Kaxumu 6blu nepBble HYHKUHOHAIBHO
aKTHBHbIE GelKn?

[pocrefiuinfi 6e0k MOT OHITh TOMOMNOJHIENTHIOM,
Hanpumep nosmurauuuHom. Mmen nn oH Kakymo-HHOYIb
KaTaJHTUIECKYI0 aKTHBHOCTL? Ha 3ToT BOmpoc MOTYT H
JOJKHBl JaTh OTBET 3KCHEpHUMEHTHl. [eTeporeHHblEe I0-
CAeA0BATENBHOCTH € JOCTATOUHO OOJILIIHM YHUCJIOM OC-
TaTKOB — cKaxeM, 15—30— cnoco0HB K 00pa30BaHHIO
B-csos, MMeIOLlero AKTHBHEIH LEHTD, B KOTOPOM KOHIle-
Basi xapOoKcuJIbHAS rpynna (QUKCHPOBaHa B ONpeJeseH-
HOM  TIOJOXKEHHH  BOJH3H  KOHIEBOH  aMHHOTPYNIH
(puc. 58). Paccrosmne Mexny HHUMH BapbHpPyer ¢
JJIVHOM LeNH, Tak Kak B {3-C/loe aHTHIApaJs/esabHble HenH
sakpyuensl [79]. Konuemasi amunorpynma wumeer pK
0K0JIO0 8, cCreNoBaTeNbHO, KATAJHTHUYECKHH  LEHTD
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e=C 2=N o=H ﬂ @©=0 @ =R (donosas yem)

Puc. 58. Ilpocroii npeamectseHHHk depmeHTa H300paXeH B BHIE
B-cTpYKRTYpH, cocTosielt u3 15—25 amuHOKHCAOT (A4 oOpasoBa-
Hust KOTopoll HeoOxoauma MPHK nawnnoft 45—75 HYKJI€OTHAOB).
B axkTHBHBIA HeHTP BXOAMT KOHILEBAs aMHHOTpYynna, KOTOpas fB-
asercs oueHb 3bMeKTHBHbIM AOHOPOM NpoToHOB (pK ~ 8), KoHue-
Basi KapOOKCHABHAS [PYNNa, KOTOPas CJYIKHT aKUenToOpOM MPOTOHOB,
M KaTaJHTHYECKH aKTHBHAas OOKoBas uenb (HanpuMep, Asp uau
Ser). MoXHO HNOCTPOMTH MHOIO a/JbTE€PHATHBHEIX CTPYKTYD, HO
JUIIb B HEKOTOPHIX H3 HUX Lend OyAyT 3aKpyueHbl B CNHUPalb HMEH-
HO € TeM IuaroM, koTopeti Heo6xonawm nas ofpasosaunus sdhdex-
THBHOTO aKTHBHOTO LEHTPA.

CONEPKHT MO MeHbLEH Mepe 3P(PexKTHBRYIO NPOTOHHYIO
IOHOPHO-aKUEeNTOpHYIO cHcTeMy., O6pazoBaHHI0 B-CTPYK-
Typ O/1aronpusiTcTByeT depenoBanue ocTatkoB Gly—Ala.
OnHaKO TMOJMHNENTHAB, COCTOSIIIHE HCKJUHTENbHO H3
ocratkoB (Gly u Ala, njoxo pacTBOpHMEL, M03TOMY OHH
MOFYT NPHCYTCTBOBAaTb B  OIIYTHMBIX  KOJHYECTBaX
JIHUIb Ha NMOBEPXHOCTAX paslena.

Crpoenue B-cnoes usyuaau Yoy n ®acman [80], xo-
TOpble TNpOAaHaJU3HPOBANH PEHTIEHOCTPYKTYPHBIE JHaH-
HBle 105 .29 GenkoB H BHABHAN 459 B-usrn6oB. B uucne
TpPeX OCTATKOB, uallle BCETO BCTpPeyawiluxcs B 006aacTH
B-narnGa Bo Bcex ero ueThLIPeX MOJOXKEHHAX, HAXOAATCS
Gly n Asp, torjia kak B yuacTKax, pacliOJIOXKEHHBIX 3a
B-n3rubom, npeobaanart riuapodobuble oCcTaTKH,

Baxunofi npeanocbl1Kol KaTaJHTHUYECKOH AKTHBHOCTH
SABJSIETCS onpejieseHHOe NPOCTPAHCTBEHHOE DacHosN0Xe-
HHe KOHLEeBLIX rpymi. [Jasg cTabuanzauuy BOCIPOU3IBO-
LUMOTO CKJ/a1BIB2HHA MOMXKET OKa3aThcsl HEeOOXOAHMBIM
UCNONb30BaAHHE ABYX HAH OoJsiee BHIOB aMWHOKHCJOT.
JlaBHO H3BECTHO, 4TO (-CJ0OH ABJAIOTCS BaKHBIMH 3Je-
MeHTaMmH OejkoBofl  cTpykTypul. Cornacuo Jlepurty
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[81], cyuiectByer BecbMa OOWHHA NpUHLMA cTabHAU3a-
IIMH C HX NOMOWDbIO aKTHBHOH KOHQopMauuu OeJNKOB.

BoJpillasg pacnpocTpaHeHHOCTb IVIMLIMHA M aJaHHHA
MOIJa B OCHOBHOM OIpeNeNUTh XapaxkTep NepBulX Oen-
KOB, HO /51 ofecnedeHHs pacTBOPUMOCTH BoJiee AJHHHBIX
noc/efoBaTeIbHOCTe OblIM HeOOXOAUMBIMH NOJSPHBIE
6okoBbe I1end. Haaunume ueThipex BHAOB aMHHOKHC-
JIOT TpuBeJgo Obl, KOHEYHO, K ropasno Gouabliefdi CTPYK-
TypHO{i THOKOoCTH. Ecan caefyioliuMu ABYMS KaHAWza-
TamMu OblIM acnaparHHOBAasg KHCJOTA H BaJHH, TO MOIVIH
0o0pa3oBaTbhesi [VIOGYJASIpHBIE CTPYKTYPBI, CTa0HIH3UpYe-
Mble THAPOGOGHEIMH B3aHMOJAEHCTBUAMH OOKOBHIX Lemneil
BaJUHA U ajJaHUHa U COJMIOOUNTH3HpYeMble KapOOKCH/b-
HBIMH OOKOBBIMH LIENSIMH acllapardHOBOH KHUCJOTH. IDTOT
OCTAaTOK CO3AaeT YCJIOBHA AJas o0pa3oBaHHA cnenudHue-
CKHMX KaTa/HTHUYECKUX LIEHTPOB C YYaCcTHEM JBYXBaJeHT-
HBEIX HOHOB MeTaJsJOoB.

Hawemy B006paKeHHIO CJAHIIKOM TPYAHO OXBAaTHTb
KoJIoCCaJbHOe MHOroofpasue BCeX BO3MOXKHocTell. B Ha-
cTOsillee BpeMsl NPOBOASTCH 3IKCIHEPUMEHTH, [eJab KOTO-
PBIX COCTOHT B HCCJENOBAHHH pPa3JHYHBIX CTPYKTYP B
OTHOLIEHUH KX 3 (PeKTHBHOCTH B AMCKPHMHHAIUK Pa3Jny-
HBEIX nocaegoBatenpHocTeds PHK u ux cTpykTypHBIX 0CO-
Oennocrell. PesyabTaThl, HoJyueHHble ¢ pHOOHYKJIeasa-
MH [82], cTHMYJUPYIOT IOHCKH «MHHHMAaJbHOH CTPYKTY-
pBI», CNOCOOHOH cneuudHYeCKH y3HaBaTh ONpejeseHHE
nocnenosarespHocty PHK.

XVI1.8. Heo6xonume! 4 NPH cTapTe CHHTETA3bLI?

B TpexMmepHo#i cTpykType coBpemenHnx TPHK (cm.
yactb A, puc. 14) anTHkoAoHOBaA mHeTis (GHUKCHPOBaHA
Ha 3HAYUTESLHOM PACCTOSIHHH OT aMHHOALHU/IbHOTO caliTa.
Takas CTPYKTypa afanTHpoBaHa K (QYHKIHOHAJbHEIM
noTpebHoCcTAM coBpeMeHHHX MoJexya TPHK, kortopre
onpenensiorcss pubocoMaMd H CTPYKTYPOH CHHTeTas.
C npyro#t cropoHsl, ussectno, yro TPHK Moxker cosep-
waTh KOHGOpPMALHOHHBIE NEPeXOAbl, KOTOpHEe CyllecT-
BEeHHO H3MeHsI0oT ee dopMy 1 pasMmepo. Purnep u ap.
[83] dayopecueHTHEIMH MeTOJAMH HCC/ALOBAJH BpeMe-
Ha OKIIBHH KOH(POPMAUMOHHBIX COCTOANHE, a Takxe
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BpeMeHa BpallaTebHOH pesJakcalii H CAeNajl BhIBOJ O
CYULeCTBOBAHHY O MeHbllefi Mepe Tpex KOH(pOPMAIHOH-
HBIX COCTOSIHHH, OBLICTPO HepexoifliHX APYyr B ApYyra.
Anasnornunple pesysabTaTsl moJydeHsl OJicOHOM # Ap.
[84], xOTOpHIE HCIONB30BAJNH METOJBbI, OCHOBAaHHLIE HA
paccesiHHH Ja3epHOTO U3JYyueHHs. 3aceNeHHOCTh pasJiny-
HBIX KOH(GOPMALUOHHBIX COCTOSIHHH CHJABHO 3aBHCUT OT
KOHUEHTpAUHU HOHOB Mariud. BaKHO OTMeTUTh, YTO B
VCJIOBUSIX, KOTODBIE  COOTBETCTBYIOT MOpPCKOH BojJe
(~50 MM Mg?t), npucyrcrsyer KoHdopMep, OTaHYA-
rouics ot L-dopMmel, o0Hapy:KeHHOH NpH KPHUCTAI0-
rpaHuecKUX HCCAEJOBAHUAX, — IO CBOGH ¢opMe OH ro-
pa3fo 6amxKe K UUJIHHIDY.

Bce ckasaHHOe caMBIM HPSMBIM o6pa30M CBA32HO C
noCTaBJeHHbIM Bonpocom. I[lepBuunbie depmeHTH CO-
CTOAJM HM3 BecbMa OTPaHHYEHHOTO YHC/Ja aMHHOKHCIOT-
HBIX OCTATKOB U MO3TOMY He MOTJH OHBITH OUeHb 60Jb-
UMK TJAOGYJASPHBIMH CTPYKRTYpaMmu. [as Ttore 4Tolwn
FrapaHTHPOBATb OJHO3HAYHOE COOTBETCTBHE aMHHOKHCJO-
THl AHTHKOAOHY, JHGO JHO/KHBI OBLJIH CYILIECTBOBATHL Ta-
KiHe COBepIUeHHBle ()epPMEeHTBbl, KaK COBPEeMEHHBIE aMHHO-
anuncuaTerassl, aubo TPHK nosxua Obl1a HMeTh Takywo
CTPYKTYPY, 4TOOBl OCYILECTBJAJCHA ropasno 0oJee Tec-
HBifl KOHTAKT MEXJAY aMHHOAUHMJIBHBIM H 2HUKOJOHOBLIM
caiTaMu, ueM B caydae L-dopmel, ¢ TeM 4TOOB MOXKHO
OBI10 OJHOBPEMEHHO KOHTPOJHPOBAaTL 00a cafita. B npo-
THBHOM CJyyYae BBICGKMH TeMNI MyTalHH Ha paHHHUX 3Ta-
max 3BOJIIOLMM OUeHb CKOPO Hapywua On aw000e OfHO-
3HAYHOe CJAyvYaifiHoe COOTBETCTBHE MeEXAY ABYMS 3THMH
cadramu, C Apyrofi CTOpPOHLI, KOH(QOPMALMOHHHIA mepe-
X0J BCe-TakH HeoOXOAHM, IOTOMY 4YTO MeXaHusM obpa-
30BaHNA menTHAHON cBa3n (cM. puc. 48) Tpebyer mo-
CTATOUHOTO IPOCTPAHCTBeHHOro pasaeneHus MPHK wu
pacryuleit menTHAHOW unenu. JlaHHBE, O KOTOpHIX wuIa
peub, BBI3BIBAIOT JKe/JaHHE NOPA3MBICAHTh O TAKHX BO3-
MoxHoCTAX., C Apyro#i cTOpOHBI, NPH HAJAHYUH CTPYKTYp
THna uzobpaxenHolt Ha puc. 49, B xoqupoBaHue nepBHIX
AMHHOKHCJOT MOrJIO OBl OCYLLECTBJASATLCA Jaxke 06e3 Mo-
molin depmentoB. Crpykrypa camoit TPHK 3aBezomo
JIOCTATOYHO CJOXKHZ, YTOGHl CTA/I0 BO3MOMKHBIM CIELH-
¢uueckoe ysHapanie. Bruio ormeyedo [85], uto uerBep-
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TOe OCHOBaHHe or 3’-KoHUa (T. e. OCHOBaHHE, CJAEAYIO-
mee 3a 3’ACC) umeeT Kakoe-TO OTHOIIEHHE K AHTHUKO-
noxy. IlepBonauaJibibie MpeanONOXKeHHsT 00 OAHO3HAUHOMN
Koppeasiiug aas scex TPHK B xoHeunoMm cuere He on-
paBaaJich. OnHako Takas KOppeasalHs MOIJa HrpaThb
KJIIOYEBYIO pOJb B [EDPBHUHBIX MeXaHH3Max crenudnye-
CKOTO  Pacno3HaBaHHS AaMHHOKHCJAOT TPAHCHOPTHHIMH
PHK. Tlo umeromumcs nauswivM ans E. coli u dara T4,
B N010K€HUH, KoTOpoe caenyer 3a 3’ACC, maxoasarcs
Takne Hykaeotuab: U maa Gly, A pas Ala, G aas
Asp w A mna Val. Jlna nepBHUHLIX aZamnTopos 6nuio,
HeCOMHEHHO, BaXXHbIM oOfecheueHHe OJHO3HAUHOIO (COOT-
BETCTBHs € MOMOIILI JAHCKPUMHHHDYIOUIMX CafTOB —
CBOMCTBO, KOTOpPOe MOrJ0 ObITb UaCTHYHO YTepSHO B
XOjle 3BOJIONUYU. ITO, KOHEUHO, YHCTO CIEKYJsTHBHbIE
paccyXJAeHns, KoTopule TpeOyIoT 3sKcIepUMeHTa bHOH
TPOBEPKIL. :

Bet0d. BO3MOXKHO, CHHTETA3bl He GBIIH HEOOBXOMHMBI
Ha caMBIX paHHHUX 3Tanax, a TpaHcnoptHsle PHK B ko-
HeUHOM cuYeTe OKa3ajucCh HeyaauyHo#d nonbITko# [lpupo-
Abl CO371aTh (pepMEeHTH H3 HYKJIEHHOBEIX KHCJIOT. Bosee
5(ppeKTHBHOE pacMO3HaBaHHE MOIJIO 3BOJIOUHOHHO pas-
BUTbCA H3 (PAaKTOPOB CBs3H, KOTOpHle OBUIM NpegHas3Ha-
yeHn aasa cnenHbnyeckoro ysnaeauns TPHK-momo6rbix

CTPYKTYP.

XVI1.9. Kakumu Gblin nepsoie GpepMeHTHI?

Ecnu cunterasnl B AefCTBUTEJNBHOCTH He SABJSIOTCS
HeOGXOLUMBIMH A8 3aposcOeHus TpaHcasaunn (a 3To
Goapiioe «ecau»!), TO B KayecTBe €AWHCTBEHHOTO
aBCcONIOTHOTO TIEPBUYHOTO YCJIOBHS COTVIACOBAHHON 9BOJIO-
UMY TPAHCJSUHM y HAC OCTAKTCA TOJNBKO (HaKTOpH! CBf-
3u — BEPOSITHO, penukaspl. C MoMolbI0 TaKol (yHK-
[IHH CeJIEKTHBHOE MPEHMYIIEeCTBO, 3aKJIOUEHHOEe B MpO-
AVKTe TpaHcAsfiluH, MoXeT ObIThb Hanbogee sddexTHsHO
penoabn3oBano aaa obOpatHo#t cesasn ¢ MPHK. Caenosa-
TeJNbHO, ClenH(HUECKHe peninkaswl (KOTOPHBlE BCe MpH-
HajJeKaT K OAHOMY KJaCCy CXODHEIX Oe/NKOBHIX MoJe-
KyJa) He TOJbKO CO31a10T NPEANOCHINKY N BO3HHKHO-
BeHHS THNEpPUHUKJIHYECKOH CBSI3H, HO M OKa3bIBAIOTCS
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KpaliHe BaKHBIMH /51 JajbHelllell 3BoJOLMH OejiKOB,
Tak KaK TOJbKO OHH MOTYT COOBIIUTH MHMOPMAUHOHHON
PHK, uro umeHHO sipjsiercsi ()eHOTHNHYECKH BBIFOLHBIM,
H OCYINECTBHTH OTGOP HA TEeHOTIHIHUECKOM YpPOBHE, T. €.
NOCPEe/CTBOM  HHTEHCHBHOTO  CHHTe3a  ONpelleseHHOH
MPHK. Kak Mbl yBHAHRM B C/eAyIOlleM pasfene, Takas
CelleKTHBHasl CBA3b MEKAY TeHOTHIHYEeCKHM H (PeHOTH-
NHYECKUM YPOBHSIMHU Jyulle BCero paboraeT B COUYETaHHH
¢ I[POCTPAHCTBEHHHIM pa3heleHHeM, HIH KOMIOAapTMeH-
Taunen.

Hanee cienyer oxugath NOABJEHHS KaTajdHTHUECKOH
NOJepXKKH AA5 pasiauyuelx GyHknuil tpaucasuuu. Ecan
pemanKassl YCTaHOBHJAY onpeleneHHyw cBsash ¢ TPHK-
nofoOHeIMH nHpopmaunoHHeiMH PHK (Bkiiouast crofa
U IJ110C-, H MHHYC-LEMH), TO HX CNOCOOHOCTH K pacnosHa-
BaHHIO BIIOJIHE MOTYT HCHOIb30BATLCS 151 OCYHIECTBASHHS
CHHTeTa3HOl M «TpaHchaaTasHoil» (T. e. npepufocomHoil)
bysxuui. Hpyrumu cjgoBamH, TeHHBIH AYNJAUKAT pelJii-
Ka3sl BIOJHE MOXeT OnThb mnpeamrectBedHunkom MPHK
/11 CHHTeTa3hl, a TakxkKe A TaKOro ¢akTopa TpaHC/sd-
uny, kak EF Tu, Tem 6oJee 4To XUMHYECKHE MeXaHH3MbI
(YHKUHOHHPOBAHHUS pelJINKassl H (akropa mepeHoca
OUYeHb CXOJHBE H B COBPEMEHHBIX CHCTEMAX, NO-BUIHMOMY,
OCYLIECTBJAIOTCA OAHHMH H TEMH Ke 0CTaATKaAMH.

[TocTenenHo AuBeprupyiomue nBofiHble (QYHKUHUH,
BEPOSITHO, MPEACTaB/IstaH cOBOH OueHb PAHHION 0COGeH-
HOCTb MEXaHH3MOB pENJIHKAlUHH 1 TPaHCAALUH, TOUHO
TaK Ke KaK AYILIHKaluus TeHOB Oblia ONHOH U3 ABHKY-
IUX CHJ 3BOJIIONMH Ha ee foJiee MO3AHUX sTanax. Taxkue
IBOHHBIe (DYHKLIUHM OCTABHJH CBOH CJel B COBPeMEHHBIX
KJAETOUHBIX OpraHessax; BHPYCH TaK¥Ke HCIOJb30BaJH
X TNpH cBOell NocTOHOJIOTHYECKOH 3BOJIIOUMH B KJETKE-
xossinne. I'eHoM tara Qp KOZHPYeT TOJIbKO OAHY CYOb-
e[IHHUIY CBOEHl pelvIHKa3bl, OJJHAKO HCMOJIb3YET ellle TPH
dhaxkTOopa M3 KJAeTKH-X03fHHA, KOTOphle OBLIH HAeHTHDU-
LIMPOBAHBl KaK PUOOCOMHBIH 6enok S; H (HakTOpH 3JOH-
ranuu EF Tu u EF Ts [87, 88].

bubpuxep [89] uccaenoBan cmoiicTBa 3THX hakTo-
pPOB M YCTAHOBWJ, YTO OHH BHINOJIHSIOT OLHOBPEMEHHO
HeCKONbKO (MYHKUMA npu pHOOCOMHOM KOHTpOJE, HC-
NOJIb3ysT CBOIO INPHOGPETEHHYI0 CHOcOBHOCTh Y3HABATh
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mosekyasl TPHK. O=n yrBepxkiaer, 4To B KJjeTke
E. coli umeercs npeimecTBeHHHK (arocrnelnndHIHOro
B-dakropa Qp-penynkasel, u 310, HO-BHAHMOMY, AeHCT-
BHTeJabHO Tak. Mcnonbays HMMYHOJOTHYUECKHE METOMH,
Bubpuxep cMor HAEHTHOULUUPOBATH GEJOK, copepKallHil
EF Tu u EF Ts, xoTophiif Bener cefsi Kak mpejuiect-
BeHHHK (p-penyiikasbl B He3apaiKeHHOH kierke E. coli
H KOTOPBIA, II0-BUAHMOMY, Vy4YacTByeT (HEH3BEeCTHBIM
nmoka o6pasom) B cuntese PHK E. coli [87]. He uckaro-
4eHO, uTO MOJOOHBIE COOTBETCTBUSL OYAyT OBHApPY:KEHBI
U B caydyae cuHTeras. Co3jaeTcs BrIeyaT/]eHue, UyTO Kak
TOJIbKO BO3HHKajga HeKas (YHKIHSI — HalpHUMEp, CIo-
co6HOCTp y3HaBaTh onpegejendsie THIel PHK, -—-
IIpapona ucnosnp3oBana 3Ty QYHKUHIO BCIOAY, Tl TOJb-
KO B Hell NOsIBJAs/ach HeoO0XOJHUMOCTL (HalmpuMmep, IDH
crneudHuecKof pelJIMKalLUB, NOpPH TpaHcmopre pHOOCOM
H KOHTpOJIe HaJ HX (DYHKUHOHHPOBAHHEM, IpPH aKTHBat
HH aMHHOKHCJOT).

B HexoTopblx oTHOWeHHAX obpasoBaHue PHK-comep-
XKalux (parop MOIJIO HMHTHPOBATb 3BOJIOLHI0 HEpBHY-
Helx MPHK. ®ard HCnoan3yloT MakKCHMAJbHO BO3MOXK-
HOe uuca0 (VIKHHHA KIeTKH-XO35HHA, 334 HCKAIOUeHHeM
OJIHOM — CHeNu(HIECKOr0 y3HaBaHHA CBOEro cOoGCTBEH-
Horo reroma (T. e. CBSI3b TOCPEJCTBOM cHenu(HUeCKOH
pensmkanun). Pasnuunwie ¢aru (Hanpumep, Qp, MS 2,
R 17) macaenyior pasiuunble ¢akropbl ysHaBauus [9],
XOTSl BC€ OHH MPOUCXOAAT OT ofInero Hnpeika B KJIeTKe-
xo3smHe. B wacTu A OBLIO TakiKe IIOKA3aHO, YTO IepBas
dasa uukiaa pasMuoxenunss PHK-cozepxamero dara
9KBHBAJIEHTHA HPOCTOMY THIEPUHK/JIHYECKOMY MPOLEeCcCy
YCHJIEHHA.

XVI.10. Tloyuemy e B KOHEUHOM cHeTe — KAETKH
¢ 06heJINHEHHbIMY TEeHOMaMu?

Cuneprnukibl CHOCOOCTBYIOT YBEIH4YeHHIO HHDOpPMa-
YMOHHOro colepKaHug 6aaronaps (yHKIOHOHAJBLHOU HH-
terpaunyu cucrembt MPHK, B KoTOpo#l AjaHHa OTAe/IbHOH
PEIVINKATHBHOA eIHHHIB OTpaHHueHa H3-3a KOHEUHOH
TOYHOCTH KOIHMPOBAHHUA. YBesiuueHHe HHPOPMAaLHOHHOTO
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COlepIKAHUSA MTO3BOJNAET NOCTPOUTh BOCIPOH3BOAUMBIN all-
napat pemJIMKalUM H TPAHCJIALHH, DX HAJUYHE KOTOPO-
ro TPOAYKTH TPAHCJAALHH MOTYT 5BOJIOUHOHHPOBATbH K
Goapiuelr 3QpHEeKTUBHOCTU. ITO AaeT BO3MOKHOCTH HMOBBI-
CHTb TOYHOCTB, UTO B CBOIO OUepe/b NPHBOANT K yBeJaHde-
HHIO HHQOPMALUOHHOTO COLEPKAHUS KaXKAOH OTHesbHON
peINKAaTHBHOH €JHHHUBI M TeM caMBIM CHOBA VJyu-
maer kaudecTBo (epMeHTOB. OJHOBPEMEHHO, Kak MOKa-
3aH0 B pasia. XV, THIEPIHKJA caM 3BOJIOLMHOHUPYET K
6oJibliiefi CJHOXKHOCTH, HHTerpuUpys Bce Oojblie audde-
PEHLHPOBAHHEIX MYTAHTHBIX T€HOB.

YBenuuende HUHGQOPMALMOHHOTO  COAEpKAHHS  He
TOMLKO JaeT (hepMeHTHl JYUILIero KayecTBa — OHO MO-
JKeT NO3BOJMHTH KaxKAOH peNIHKAaTHBHON eIHHUIE Hacje-
JoBaTh HHopmanuio 6ojee yeM AJS OJHOTO ¢epMeHTA.
Tem cambM JiBOfiHBIE QYHKUHH MOTYT OBITb BBHIUEPKHYTHI
H3 CHOUCKA TNpPEANOCHIJIOK 3BOJIONHH Ha €€ PaHHHX 3Ta-
nax, T. e. pynauuuposanHele MPHK moryr passuBaThest
HE3aBHCHMO, B COOTBETCTBHH C KOHKPETHHIMH (DYHKIHO-
HaJbHBIMKH HYKZAMH CBOUX NPOAYKTOB TPAHCASIIHHU. DTO
MOTJIO MOCJAYKHTH HA4a/OM pPa3BUTHSI ONEPOHHEIX CTPYK-
TYp C MeXaHH3MOM KOHTPOJS Haj OAHOBDEMEHHOH pe-
JUKanved HeCKOJbKHX CTPYKTYPHBIX I'eHOB. TakuMm ob6pa-
30M, M3 pelaHKa3 MOIJIH 3BOJIOUMOHHO pPa3BUThCH
oOblyHBle [OJMMepa3bl, CBA3aHHLIE CO CIEeNH(pHUECCKUMH
KOHTPOJIBHBIME  (DaKTOpaMy HHIAYKIHH HJAH  penpec-
CHHL.

Tenepb, KOrZa MBI OCO3HAJH NpeHMYIIecTBa (YHK-
LHOHAJbHOH CBA3H, KOTOpAasd, BEPOSITHO, ABJASeTca ab-
COJIIOTHO HeOOXOAHMOH JJsi 3apOXKIAEHUS TPAHC/ISLHH,
YMeCTHO CHPOCHTb: NOUeMYy e (VHKUHOHAJ bHAsi CBA3b
B KOHEYHOM cyeTe Oblia 3aMeHeHa NOJHOH CTPYKTYypHOH
HHTerpauviedl Bcex TeHOB — Bejb TEHOMBI [axe CaMBIX
IPAMHTHBHBIX KJ/ETOK CTPYKTYDHO eAuHBEL. KakoBHI OTpa-
HHUYEHHUS] THIEPUUKIHYECKOH OpraHu3alid H Kakue yco-
BepLIEHCTBOBAHHUSI B Hee MOXHO BHECTH?

B cucreMe, peryaupyeMoit (YHKUHOHAJbHBIMH CBS-
39MH, MOXHO BBHIACIUTH ABa KJacca MyTawuil. Myranuu
NepBOro KJaacca H3MEHAIOT MpeXiae Bcero (eHoTHIHue-
ckue cBoHcTBa camoil HH¢popmaunoHHo# PHK wu rtem
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caMblM MOJAMQHIHPYIOT ee TApPreTHyl0 ¢yHKuuio' 1o
OTHOLIEHHIO K CHeUH(HUeCKOH pellHKa3e HJIH (PaKTopy
KOHTpOJIA. IDTH MYTalliH OCOGEHHO BaXKHBI Ha PaHHHX
sTamnax 3BOJIOUHH — POJIb  (PEHOTHHHUECKHX CBOHCTB
PHK-cTpykTyp oueHb Beauka. Takue TapreTHbie MyTa-
U1 HEMELJEHHO CTAHOBSITCA CEJNeKTHBHO 3(PdeKTHBHBIMH:
OmarompusiTHele myTauun OyAyT (uKcHpoBaThed, Hebuaa-
FONPHATHBIE — JUMHHHPOBATHCH.

Bropoit ka1acc myTallui, KOTophle MOTYT ObITH WM He
ObITh HEUTPaAJNbHBEIMH 10 OTHOLIEHUIO K TapreTHOH (YHK-
UMH, OTHOCHTCS K (DEHOTHIHYECKIIM H3MeHEeHHsIM B Npo-
aykTax TpaHcasuuu., Yem Gosee creuHaqH3HPOBAHBI HH-
dopmanunonnsie PHK, rtey cnennduunce myrauns mo-
XKeT HU3MEHUTb XapakTep (YHKUHOHHPOBAHHA HPOLYKTA
TpaHCAAIHH.

bByaer au orbop crnennpuueckn OJgaronpusTCTBOBATH
MYTaHTY 3aBHCHT TOJBLKO OT TapreTHOH (YHKIUH; IpH
TOM HEBAXKHO, B KAKYIO CTODOHY H3MEHHTCS HPOAYKT
TPAHCASIHH — B OJIArOOPHATHYI0, B HeOJArONpPUSTHYIO
HJIM Ke ero u3MeHeHHe OyaeT HelTpaJbHBIM. [lasi GoJiee
MO3AHUX CTAAHH MOKJIETOUHOH 3BOJIOLNMH caMmbiM OObBIU-
HBIM CJEACTBHEM MyTalWH OyaeT (PeHOTHIHUECKOE H3Me-
HeHye NPOAYKTa TPAHCASNUHM B COYeTAaHUH C HEH3MEHHON
TapretHoit ¢Qyskuuefi. 3aTeM MyTaHT OyleT pasaMHO-
HaThCsl, HO TPH 3TOM He Oyrer HabawAaThCsl OTOOpa
HH B NOJb3y MyTaHTa, HU B IIOJNb3y AHMKOTO Tuma (B Cay-
yae, KOrJa IPOAYVKT TPAHCJSIKMH MYTaHnTa OKaxKeTcs JJIs
nocJenHero HeGaaronpusATHbIM). EAMHCTBeHHOe, uTO pe-
aJbHO HOCTHTHYTO,— 3TO OIEHKA CHCTEMBl B LEJOM. ITO
MOKeT OCYILEeCTBJATLCS MYTeM NPOCTPAHCTBEHHOTO pas-
nenenus cucrem MPHK: ¢ nomowmio HuLI HAM jaxke
eme Gosee 3PPEKTUBHO — IOCPEACTBOM KOMIApTMEHTA-
nuu. YUnopopmaunonnas PHK B nannoM kKommaprMeHnTte
MOYKeT 00O0TallaTh OKPYXKaIOLLVIO CPeLY CBOHMH IPOAYK-
TamMy TPAHCAAUMM H KOHKypupoBaTb ¢ PHK apyrux
KOMOapTMEHTOB, HCHOJAb3Ys CBOWO 3(@EKTHBHOCTD IPOJIH-
¢pepaunn. UacTHYHO ITOrO MOXKHO JNOCTHYL H IIPOCTO

t Taprernas ¢yuxnus (target function)— sro cpolicTBo HyK-
JICHHOBO[l KHCJAOTH  GBITh MHIDenbio (target) npw crmemuduyeckom
B3AUMOJEHACTBHN € JAHHOH MakpOMOJEKYJOH, T.e. ee cHOCOBHOCTH
GLIT OPaBWIBHO ysHaHHOH. — [Ipus. nepes.



246 Yacre B. Peaaucruuecxkuil sunepyuxa

NyTeM NIPOCTPAHCTBEHHOTO pasaenenns. OIHaKO KOMIAPT-
MeHT 0e3 THICpUUKAMYECKOH OpTaHH3alMH BoOOlle He
Ooyner paboTaTb. YcUJeHHasi KOHKYpeHIIHS MexXIy Bce-
mMu HHPopmannonneiMH PHK B orpannvyenHom xusnen-
HOM IIPOCTpPaHCTBe KOMIIapTMeHTa pas3pymur Jawoboe
corjacoBaHHOe (PYHKUHOHUPOBAHHE.

KoMnaptmeHT MOMXKeT npoJudepupoBaTh Gosee 3d-
(beKTHBHO, coOrjiacyst CBO€ BOCIPOH3BeAEHHE ¢ peaymJu-
Kalpeil Bcero cBoero Habopa reHoB. /s 3TOTO, KOHEu-
HO, HeoOXOJUM AOCTATOUHO CJAOXKHLIH MEXaHH3M KOHTPO-
Asl, paboTy KOTODOTO MOXKHO OOJIETUHTb WHTerpauuen
BCEeX TeHOB B OJiIHY TUTAHTCKVYIO PCIIMKATUBHYIO efUHHU-
ny. Takas WHAHBHAyasau3alHsg BCEr0 KOMIApTMeHTa
TpeOyeT BBICOKOH TOYHOCTH amnapaTa pelJHKalnu.
B vactit A MBI CpaBHHIH HHQOPMAIHOHHOE COjAepiKaHue
Ha pas3JuuHBX OHOJIOTHYECKHX YPOBHSAX C COOTBETCT-
BYIOIULHMH (¥ HabJa0AaeMBIMH) TOYHOCTSIMH DeIlJIMKALHH
(cM. Taba. 4).

WnnuBunyanusanys KoMnapTMeHTa, BEpOSITHO, CBS-
sana c¢ nepexonoM o1 PHK-renoB wau omnepoHOB
Kk JHK-renomaMm, Tax Kak [IOCTaTOYHO BHICOKYIO TO4-
HOCTb MOXKeT TapaHTHPOBaTh JHIIb MeXaHU3M pelluKa-
oun  JHK. HoBas wuHIANBMAyaaH30BaHHasi eIHHHLA
npelcraBiasna Cco60d HHTETPUPOBAHHYIO NPOTOKJETKY.
[Ipeabiaymel ¢yHKUHOHA/IbHON OpraHU3aluH TeHOB K
HX NPOAYKTOB IIpHHLIAa Ha cMeHY OoJsiee coBeplleHHas
CTPYKTYPHO-QYHKIMOHAMbHASA OpraHusauus. bBojee nop-
poOHOe H3y4eHHe KOJIbLIEBbIX I'eHeTHUECKHUX KapT MoxKel
ellle OOHapyXHTb KakHe-TO IpPU3HAKH (assl Hauagda
CTPYKTYPHOH OpraHH3alli#, XOTS1 peKOMOWHAIUOHHBIE
snureHeTHuyeckue 3p¢exTsl MOIJIH  CTepPeTh MHOTHe
cJIebl.

Benencrue yHuduKalUuM U HHAMBUAYANHU3ALUU YHC-
THII pOCT NpH 06ecrojoM pPasMHOXKEHHH KJAETOK IIOAUH-
HSIeTCSI aBTOKATAaJHTHUECKOMY 3aKOHY MepBOrO MOpsAKa
(B otcyrcrBue uHrHOupoBaHuA). JlapBHHOBCKHE CBOM-
CTBa TAKHX CHCTEM AONYCKAIOT CEJEKTHBHYIO 3BOJIIOIHIO
H CcOCyHlecTBOBaHHe OOJBIIOTO YHCAA PAa3HOOOPAasHBIX
BHIOB. OKa3pBaeTCsl, UTO HHTErpaJjJbHOE €JIHHCTBO KJeT-
KM HMeeT TPEBOCXOACTBO Haja OoJiee KOHCepPBATHBHOH
(opMOH THIEPUUKJIHYECKO! OpraHU3alluu.
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C apyrofi CTOpPOHBI, NOCJEAYIOWAs 3BOJIOLUHS MHOTO-
KJIeTouHbx [90] opranHsmoB cHOBa MOr/a HCIOJB30BaTh
anaJorHuHble HAM  Apyrue (GOPME THIEPUHKJIHYECKOH
OpPraHH3aluy (HeJHHeHfHble CeTH), Ile HOBHIMH CyODbe-
AuHANaMH ObJIM KJETKH, U TeM CaMBIM B HEKOTODBIX
OTHOIUEHHSAX OHa MOTJa OKa3aTbCs CXOAHOH ¢ mpolec-
COM MOJIeKYJASPHOH caMOOpraHH3aluH,

XVII. Peanucrnueckue rpaHuyHbie yCaOBHUS

OGcyxkenne «peajUCTHYECKOTO THIEpUHKAa» OblIo
Obl HEMoJIHBIM 6€3 PacCMOTPEHHS pPeaNTHCTHUeCKHX [PaHHY-
HBIX YC/I0BHA. MBI OCTAHOBUMCS Ha 3TOM BONPOCE JHLIb
BKpaTlle He MOTOMY, 4YTO He NpH3HaeM BaXXHOCTH TIpa-
HUYHBIX YCJAOBHH AJS HCTOPHYECKOTO IIpoliecca 3BOJIO-
L[ — BO3HUKHOBEHYe KHU3HH Ha Hallefl n/jaHeTe B KOH-
Ile KOHIIOB €CTh HCTOPHYeCKOoe CcOObITHe,— a MOTOMY, 4YTO
IIOHUMaeM, KaK MaJjo B JACHCTBUTETLHOCTH MBI MOXeM
cka3aTb. B To BpeMsl Kak pawHue craduu Hcusxu n3-3a
3BOJIIOIHOHHOH COrJIAaCOBAHHOCTH OCTABHJIM XOTb KaKoOMH-
TO CJea B COBpPEeMEHHBIX OpraHM3MaX, COOTBETCTBYIOLLHE
CBUIETEILCTBA PAHHUX YCa08uill cpedol OTCYTCTBYIOT.
Ho cux nop B HameMm ob6cyXIeHHH MH OBLIM, HaBEpHOE,
B KaxkoH-ToO Mepe HeCmpaBelJHBH 110 OTHOHIEHHIO K
SKCIepHMEHTAM, HMHTHPYIOUIUM NOepBHYHBIH Oe3MaTpud-
HBI cuHTe3 Oe/lKa, KOTopble OBIH npoBefeHH Poxcom
[91] n apyrumu wmccaenoBartensamu (cMm. o63op Hose u
Payxdycca [92]). Hawa uenp cocrosiia B TOM, 4TOOHI
MOHATH NPUHLHIB paHHUX (HOpM OpraHU3alUH, KOTOPHIE
cresann BO3MOXHBIMH CaMOBOCIPOH3BeleHHe, OTOOp H
9BOJIIOLHOHHYI0 alanTaluio OHOCHHTETHYECKHX MEeXaHH3-
MOB — KaKHe CBOHCTBeHHHl COBPEMEHHBIM JKHBBIM KJ/eT-
KaM. DeJkH He Hac/elylOT OCHOBHBIX (DH3HUECKHX Ipek-
NOCBIIOK AJiss  Takod ajaNnTalHoOHHON CcaMOOpraHu3a-
IIMKE — Mo KpaiHed Mepe He B Takofi oueBHAHOH (opme,
KaK 3TO CBOHCTBEHHO HYKJeHHOBHIM KucaoraM. C apy-
rofi CTOPOHEI, Oe/KH HAaCJEAYIOT KOJOCCAaAbHYIO (YHK-
LLHOHAJbHYI0 €MKOCTb, B 4eM OHH JAaJieKO MPEeBOCXOIST
HYKJIEHHOBHIE KHUCJOTH. [l0CKO/MBKY GenkH B TMepBHYHBIX
yCIOBHSIX MOLYT 06pa30BATbCs ToOpasjio Jerde, HajHuHe
GoNIbIIHX ~ KOJMUECTB  PasHOOOpasHBIX  MaTePUaJIOB,
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00MaalollHX KaTanuTHueckiMy cBolicrBamyu, Obl10, Ha-
BEpHOE, CyLecTBeHHBIM cBofictBOM cpeasl. Mccaenosa-
HHSE B TOH oOJacTu SICHO MOKa3aJn, YTO B MEePBHUHBIX
VCJOBHAX MOT CYIIECTBOBATL BNOJHe 3¢ (deKTHBHbI 6en-
KOBBIfl KaTaJH3.

B sToM oTHOeHIT 0cOB0ro BEMMAHI 32CAYXKHBAIOT
noBepXHOCTH, [TOKpBITbIe KATAMUTHUECKH aKTIBHBIM Ma-
TepuaJoM, OHH MOIJIH MNpeACTaBasATL cobofi Haubosee
OJaronpHUsITHBIE MecTa [Jisg NPOTeKaHUs NepBUYHBIX NPO-
umeccoB cHHTe3a. OrpaHuueHue MOJEKYJAAPHOTO JABHXKe-
HHUSl B INpeledax MNJOCKOCTH OUeHb CHJbHO YBeJHYHBaeT
3¢ HEKTUBHOCTL CTONKHOBREHUH, OCOGEHHO eCH MBl HMe-
eM JeJ0 C M[OCJAeJ0BATEeNBHOCTAMH peakuuii BBICOKOTO
NOopsIKa.

JI. Omnsarep [93] noxuepkusa/, 4YTO B MNePBHUHBLIX
yCJIOBHAX OKeaHbl, BEPOSTHO, MOUTH CIHJObL OLIIH M0-
KPBITHl CJAOAMH OTJIOKHBIINXCA THAPOGOOHBIX M THIPO-
duabHBIX BellecTB (cM. Takxke [94]). BosmorxHo, B 3THX
MYJbTHCJOSIX  CYHIecTBOBaaH OJaronpHsATHEIE YCJAOBHS
s NPOTEKaHHA NPel0HOJOrMUeCKHX XHMHYECKUX peak-
nuf. BBUAy OYeBUAHBIX MNPEHMYILECTB, KOTOPble HaloT
MOBEPXHOCTH, MBI HCCJAeA0BaJMH  CBOHCTBA  THIIEPHHK-
JIOB HPH COOTBETCTBYWOIIMX TDAHHYHBIX  YCJAOBHIX
Cpensl.

B kauectBe mpocToil MOAeAH DacCCMOTPHM CHCTEMY,
noJo6HYI0 TOH, KOTOpas CxemMaTHUECKH H306paxeHa Ha
puc. 59. CuHTe3 no1HMepoB NPOTeKaeT TOJAbKO B MOBEpX-
HocTHOM cyoe (7 =0), KOTOpHIH HMEeT KOHEUHYI0 eM-
KOCTb /ISl CBA3BIBAHHSA MaTpull U pepmentos. Kunernue-
CKHe ypaBHeHHMs OYAyT HMeTb TOT Ke BUL, 4TO H AJS
rOMOTE@HHOTO pacTBOPa, TOJbKO Telepb Mbl JOMKHBI B
ABHOM BuJe yuyecTh AHGbdy3uio. Mel BBogUM GDYHKIHIO
pocra, KOTOpas 3aBHCHT OT IOBEPXHOCTHOW KOHUEHTpa-
IHA peNauKaTHBHBIX MoJgekyn H (epmentoB. [Ipeano-
naraercd, uto AH(MOY3NsT BHYTPH MOBEPXHOCTHOTO CJ0A
nier OLICTPO I He JHMHTHPYeT CKOPOCTH peakuui. Ax-
cop6uua # JecopbuHa MaKpOMOJEKYJa paccMaTpHBaeTcs
Kak peakuus of6MeHa MeXIy M[OBEDXHOCTHBIM CJIOeM
(r=20) u cioem pacTBOpa, IPHUIETAIOIIUM K HOBEDXHOCTH
(0 << r=C1). Pasnokeune MOKeT NPOHUCXOAHTb Ha II0-
BEPXHOCTH pasjena H/uiu (ToJabKO) B obbeMe pacTBOpa,
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Cunmes
Abcopdyus
,ZZP[’&ZJJL;W

Huggpysus
Jezpadayu
Dy, Iy

=

r=0 r=1 Pacemosnue (r)

Puc. 59. CxemaTHuyecKoe npejacTaB/leHue MOICIH reTEpPOreBHOR pe-
AKLMH C YYaCTHEM THIEPUUKAHYECKOH cBA3H. BrizeseHbl TPH HpPO-
cTpaHcTBeHHble oO0aact: r == 0 — NOBepXHOCTL pasiena, r = 1 —
fIOrpaHUYHEI  CJIOH Yy MOBePXHOCTH pasjena, r > 1 — olbeM pac-
TBOpa. Ha XHUMHUecKHe peakUHH, NpPOTEKaloUHe [0 CXeme FHIep-
UKIa, HakJgaAblBaercd AndOdysHs K OOBepXHOCTH pasjaena u 06-
paTHO.

HakoHell, TPaHCHOPT BeIleCTB K TOBEPXHOCTH H OT Hee
OMKCHIBAETC COOTBETCTBYIOIUM AP Y3HOHHBIM YIEHOM.

B 3aBHCMMOCTH OT DOpeANoJaraeMoro MexaHusMma
CHHTe3a MOXKeT BO3HHKHYTb HEOGXOAHMOCTh B DPACCMOT-
peHHU He3aBHCHMBIX CafTOB CBSI3bIBAHHS [/ MaTpHIL H
1151 (pepMeHTOB. Mbl HCNOAB30BaJH 3TY MOAETb, UTOGH!
HOJIYUMTh KaKOoe-TO MpeicTaBjeHne O [OBEIEHUH runep-
uuKka0B ¢ Tpanceasuueil (cm. pasa. IX B gactu B). Uuc-
JeHHOe HHTErpUpOBaHUe AJs HECKOJbKHX HaBOpoB KuHE-
THUECKHX NapaMeTPoB MPOBOAUJOCL O MeTOAY, OHNHCAH-
Homy B Janteparype [95]. MoXHO BBIETHTH TPH
OCHOBHBIX PE3yJbTarta, ABa H3 KOTOPHIX NOJHOCTbIO aHa-
JOTHUHBl Te€M, KOTOpble MOJAYUHJHCH AJS THIEPIHK/IOB B
rOMOTEHHOM pacTBOpe.

A. Tlpu oueHb HH3KHX KOHUEHTPALHAX HOJHHYKIEO-
THAOB H NOJHIENTHAOB HJAH NPH OOJbIIHX 3HAYEHHSX
K; [cM. ypaBuerus (73), (75) u (79)] moBepXHOCTHHE
NJOTHOCTH [OJHMEPOB He [OCTHTaloT CTAlHOHADPHBIX
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3HayeHu#, a y6wBalOT JHGO MOHOTOHHO, JuGO € 3aTy-
XawIIUMH KoJebanusiMH. COOTBETCTBEHHO Yepe3 HEKOTO-
poe BpeMsl MakpOMOJeKyJsl BHIMHpaT (puc. 60).

b. Briile omnpeaeseHHOro NOpOrOBOTO 3HAYEHHS II0J-
HOH KOHUEHTpaluu B cucreMax ¢ n <4 Habaiopaercs
BHIXOJ Ha IpeAeJbHBA nuka. Takas cHTyauust aHaJo0-
IHYHa CJIyYai0 HHXKHEr0 KOHUEHTPALHOHHOIO Mpejesa B
romoreHHoM pacreope (puc. 61).

B. Ilpn noctaTodHo GOJBLUIHX KOHUEHTPAIHAX MBI,
HaKoHell, I0JlydaeM CTaLHOHADHOE COCTOSIHHE:

. 6xi o ayi
tl—lgiw =0, tl—lglo 2t =0
$>0,5:>0,i=1,2, ..., n (puc. 62),

rje x; U Y;— KOHUEHTPAIHH (epMEHTOB W uHH(OpPMAalH-
onHnix PHK cooTBeTcTBeHHO, X; W i — HX CcTaunuoHap-
Hble 3HAaUeHUus, { — BpeMms.

B —

Puc. 60—62. UHTerpa/ibHble KPHUBHIE, MOJYYeHHBlE UHCJIEHHBIM HHTE-
PHPOBAHHEM CHCTEMBl AH({pepeHIUaNbHbIX YPaBHEHHH B UaCTHHIX
MNPOH3BOJHBLIX, KOTOPas COOTBETCTBYET MOJeNH, H300pakeHHOH Ha
puc. 59. B xuHermueckHe ypaBHeHHS BXOAMT (yHKUMS pocra Ay
BBeJleHHAs] B 4aCTH D, KOTOpas OTHOCHTCS K YeThIpeXu/JeHHOMY TH-
nepuuxay c¢ tpancasuuel (yacte B, pasa. 1X) u xoropas umeer
HeHyJieBble KaTaJHTHYeCKHe wieHbl TOJbLKO HA IOBEPXHOCTH pas-
nena (r = 0). Jlajee, ypaBHeHHs] YUHTHIBAIOT aAcopbuuio H Aecopb-
nuo (@, di, ONHCHIBAIOUIME MEePEeXOAbl YACTHI[ MeXAYy COCTOSHHAMH
r=0u r=1), rugpoans (mpoucxoiamui npu r = 1) u auddy-
3ui0 B 00beM pactBopa (r > 1, T.e. o6MeH C NOrpAHHYHEIM CJIOEM
r==1). Tpu xpuBble B KaxXAOH rpymnne OTHOCHTCH K TPeM NpO--
CTPAHCTBEHHBIM MOJIOXKeHUusAM: r = 0 (BepxHaa), r = | (cpeauas)
nr=2 (umxusas). Pucyrru 60—62 pasinualoTCs TOJBKO TEM, YTO
OHM COOTBETCTBYIOT DA3HBLIM 3HAUEHHSIM KOHCTAHT CTAaOHJILHOCTH Ka-
TaJHTHYECKH AKTHBHBIX KoMIiekcoB l; )X E;—;, KOTOpble HMeEIOT HaH-
Goabuiee 3uauenue (0,16) mas pue. 60, npomexyrtounoe {0,06)—
ang puc. 61 u muanmanbHoe (0,04) mns puc. 62. Bananc mexay
06pa3oBaHMEM NPOAYKTOB H HX Yy/JaJeHHeM U3 CHCTEMbl JOCTaTOUYEH
AJs1 TOTO, YTOGH MOXKHO OblIO He BBOAWTb pasbabienue. Has cu-
Tyauuy, NpeAcTaBaeHHON Ha puc. 60, rie Bce maprhepl I u E:
BLIMHPAIOT, UKW BHIGPAHHBIX HaMM 3HAYEHHAX COOTBETCTBYIOLUMX OA-
HOpPOAHLIM mNapamerpam fi k;— cormacHo uacti B, pasn IX—
ai, d; u D) aBrokaraanTHueckoe 00pa3oBaHHe HPOJYKTOB He MOXET
KOHKypHPOBAaTh C yAajJeHHeM HX IocpenctsoM Auddysud u pasio-
KeHus. B BYX OCTaJbHBIX CIydasXx Ha IpaHHIe pasjesa yCTaHaB-
JIMBaeTCHd YCTOHUMBast CHIEPHUKJIMYECKAsl OPraHH3auus, mpH KOTOPOH
yycsteHHOCTH momyasmuil JHGo Konebmorea (pue. 61), aubo ocra-
I0TCH CTalHOHapHbIMH (pHC. 62).
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B cucremax MmeHblleld pasMmepHocTH (n << 4) HabJjio-
[aJioch JAHIUb ToBefenue Tuna A u B,

DTH MOjieNbHble BBIUHCJACHUS OB JOMOJHEHBl HC-
CJAEIOBAHUAMH HECKOJIbKHX CXOAHBIX NpobjeM ¢ HCHOJb-
30BaHIieM CTOXACTHUCCKHX MeTOAO0B MAIIMHION HMHTa-
OHH. pe3yHbTaTbI CHOBA BbLISIBUJAH 60"11131()710 4aHaJOor'HIo
MeNKUY NOBeAeHIeM FIIePUHAKJIOB Ha NOBEPXHOCTSX pas-
IeJa ¥ B TOMOTEHHOM pacTtBope (kak OBLIO IOJPOGHO
onucano B yacti bB).

Yuer peaJsICTHYECKHX TPAHHUHBIX YCJIOBHE — 3TO TOT
MOMEHT, Ha KOTOpBIH Aesaercsd ocoOblii akleHT B cTaTh-
Ax Kyna [96]. Mmul He cnopum ¢ JONYyIi€HHEM <CTPYK-
TYPHPOBAHHOM CPellbl», HO MBl M HE 3HAEM TAKXKe, MOXKHO
JIH COTJIACHTBhCS € NOCTYJHPOBAHHEM CTPOrO Onpeje-
JIEHHEIX VCJOBHE cpelbl, IOKa He OYIAYT NOJyueHbl 3KCHe-
pHUMeHTa/JbHble NAHHBIE, KOTOPBIE MOKAXKYT MO MeHbiUeH
Mepe MOJME3HOCTh TaKUX MOCTYJIATOB.

Hamwu monenn HEUKOHM 06pa3oM He OFpaHHUeHBl CAY-
yaeM MOPOCTPAHCTBEHHOHW OZHOPOAHOCTH (CM. BHIYHCJ/IE-
Husl, TpUBEJEHHple BHIlIe). Jlornueckue npeANOCHIIKH,
Jexaliye B OCHOBe pPAa3JHUYHBIX Mojejell,~— a HMeHHO
CYILECTBOBaHHE KOJOCCAJbHOTO YHCJAA CTPYKTYPHHIX Ba-
pHAHTOB, TPeOYIOIIHX eCTeCTBEHHOro oTfopa, OrpaHuye-
Hue HHOOPMALHOHHOTO CONEpPIKAHHS OTAEJNbHBEIX pemJiu-
KATHBHBIX €IHHUI H3-3a OrPAHHUEHHOH TOYHOCTH HJIH
of6g3aTesbHOe  HaJH4He (YHKUHOHAJIBLHON CBSI3H AJd
obecrieuenyst COTNMACOBAHHOW 3BOJMIOLMH Bcero aucam6-
Jsi — Ha caMOM JeJie OCTAalTCs B CHJe NP JONyIIEeHHH
A1066lX  peasiucTHUECKUX ycaoBufi cpeawn. BriBoa Kyna
O TOM, YTO MPENJOXEHHHH HaMli THI OpTaHH3aLHH
«OrpaHHYHBAaETCs YaCTHBHIM CJaydaeM HPOCTPaHCTBEHHOMH
OJHODOAHOCTH», He 3aTparHBaeT cyllectBa aena. Kro
crag Onl cefivac yTBepKAaTb, UTO KH3Hb MOIVIA BO3HHK-
HyTb TOAbKO B LOPHCTOI Cpejie, HJIH Ha MOBEPXHOCTAX
pasjesa, WJIH B MYJbTHCJAOSX Ha TNOBEPXHOCTH OKeaHa,
UM B TOJIE MOPCKOH BOABI? Mojenn MOKaspBAIOT, YTO
OHa MOXeT 3apOAUThCA — ¢ BoJibliell AW MeHblIeH Be-
POSITHOCTBIO — IPH JIOOLIX MePEeYHCJIEHHBIX TI'PaHHUHBIX
VCJIOBHSIX, HO B TOM H TOJbKO TOM CJydae, eCJlH BHIIOJ-
HAIOTCA ONpefeteHHele TpeboBadusg. ITH TpeboBaHHA
OTHOCSITCH K INpoGJeMe TreHepalHH H HAKONJEHHs HH-
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(QOpMaiHd H KayeCTBEHHG He MeHSIOTCH INpH pPa3JHdHbIX
TPaHUYHBIX YCJOBUSAX.

B ocHOBHOM TO »Ke CaMOe MOXKHO CKa3aTh H B OTHO-
IIEHHH BPEMEHHOH OJHOPOJHOCTH W/ HEOHOPOAHOCTH.
B uactnt B 0B10 noxasaHo, uTO CeNEKTHBHBIE KPHTEPHH
MOTYT IPHHUMATh OCOOEHHO NPOCTYIO QOpPMY, eCJau OHH
OPDHMEHAIOTCSH I YCJI0BHH craunoHapHocTH. [lockoJb-
Ky B HHX BXOASIT OTHOCHTeJNbHble, a He abBCOJIOTHbIE
CKODOCTH peakuuil, OHH KadyeCTBeHHO OCTal0TCH OJHHa-
KOBBIMM He3aBHCUMO OT TOTo, OyJeT JH CHCTeMa pacTH,
KoJefaTbcd WM  HAXOAUTbCA B CTAaUHOHAPHOM  CO-
CTOSIHHH.

He BoisbiBaeT coMHeHHH, 4TO OTKHI SIBJASETCH MOJe3-
HOH mpoueAypoil B pellleHHH MHOrHX npobJey, CBS3aH-
HbIX ¢ pasgeneHnem ¢a3. OgHako BOIpoc O TOM, OVAYT
JU TeIJIOBble (JAyKTyalHH B PaBHOH CTENEHH IMOJe3Hbl U
1 orbopa Gojee ANHHHBIX IMOJHHYKJACOTHAOB, HOJKeH
OBITh pelleH 9KCNepUMeHTAabHO.

UTto0bl yCTAHOBHTH, MOTYT JH TeMmepaTypHble (DIYK-
TyaluHuu CoocoO0CcTBOBATh OTOOpPY leleldl ¢ MOBBILIEHHBIM
HH(OPMALMOHHBIM COLEDIKAHUEM, CJeAyeT TILATeJbHO
npoaHa/H3kpoBaTh OTHOCHTE/JbHBEIE TeMIepaTypHEe KO-
3t $unMeHTs BCeX COOTBETCTBYIOILUX NpoueccoB. Temime-
paTtypHblii  KO3(Q(pHUOHEHT TUADPOJH3a, I[I0-BHAMMOMY,
MakCHMaJeH. HHCTpyKkTuposarnas pelnxKanus, Kak
IPaBHJIO, BOBCe He YCKODAGTCS HPH BBLICOKHX TeMmIepa-
rypax. Jleso B TOM, YTO BKJ/IOYAIOMIHICT HYKIEOTHI A0J-
HeH KOONEepaTHBHO CBSI3aThCsi CO CBOMM KOMILJIEMEHTap-
HBIM OCHOBAHHEM B MaTpule, OJHOBDEMEHHO HCIIO/Ib3ys
CTOKHHT-B3aHMOJEHCTBHE C MPEABIYIIUM OCHOBAaHHEM
pacTylieff LeNd, a BHIIe TOYKH MJIABJEHHS MaTPHILL
TaKoe B3aHMOJeHCTBHE CTaHOBUTCS HEBO3MOXKHBIM. Bce
3TH €c000paxKeHusl OCTAIOTCA B CHJae AJs Jl00oro Buja
OKpyxamwliel cpenbl, 6yAb TO BoaHas (asa, IMOBEPXHOCT-
HBH cjofi MM KOMIADPTMEHT B KPYHHO3EDHHCTOM HJHU
NOPHUCTOM MaTepHaJe.

BaxusiM (HakTopoM IMOBBIIeHHS HHPOPMalHOHHOIO
COAEpKaHNs sBJISETCAd TO, YTO KOMILJIEMEHTapHble B3aH-
MOJIEACTBHS CHJbHEe HEKOMIIeMeHTapHHIX. B oblueM
caydae MUCKDIMHHALHS HAET Jyuille NIPH HU3KUX TeMIle-
patypax, 4eM npH BBICOKHX. Muuaep u Opren [63,
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c. 126] nesawT caeAyIOIIUH BBIBOA H3 CBOHX 3KCIEpH-
MeHTaJIbHEIX [1aHHHIX: «MBl He 3HaeM, KakoBa Obl1a TeM-
nepaTypa NEepPBHUHOTO OKeaHa, HO MBI MOMKeM CKa3aTb,
YTO HECTaOUJIBLHOCTb PA3JMHUYHBIX OPraHMYECKHX COeAHHe-
HUH W TOJHMepOB sBJAsieTCA YOEAMTEJNbHEIM JOBOAOM B
MOJb3y TOLO, UYTO 2KHU3HB He MOTJa Obl BO3HHKHYTh
B OKeaHe, ecau Obl €ro TtemmnepaTypa He Oblla HHXe
25°C. Temmeparypa 0°C BecbMa crocobcTBoBasia OBl
TOMY npolleccy, a temneparypa —21 °C Gsiia On gaxe
ellle Jgy4ile. [Ipu Takux HH3KHUX TeMmIepaTypax GoJbluas
yacTb BOAK Ha NPUMHUTHUBHOH 3eMJe Haxoausaach OH B
BHAE JibJa, a XKHAKAs MODCKas BoJa HMesaach Obl TOJBKO
B SKBATOPHANbHBIX 06/1aCTAX OKeaHa.

Ects u mpyroe ocHoBaHHe cudTaTh, YTO KH3Hb BO3-
HHKJIa [pH HH3KHX TeMIlepaTypax — B OKeaHaX HJAH B
osepax. Bce peakuun, HampaBaseMble MaTPHLAMH, KOTO-
pBl€, TIO-BHAHMOMY, IIPHBEJNH K BO3HHKHOBEHHIO OHOJOTH-
4eCKON OpraHus3aliH, HAYT TOJbKO HHIXKE TeMIepaTyphl
IJ1aBJAEHUS COOTBETCTBYIOIEH OpTraHH30BAaHHON IOJHHY-
KJIEOTHIHOH CTPYKTYph. B cayuae NONMHYK/IEOTHIHO-
MOHOHYKJIEOTHAHBIX CcOHupajell —3TO TeMmepatyDHl OT
0°C (uan ewe uuxe) A0 npumepHo 35°.

Cpeny, B KOTOPOH BO3HHKJA XH3Hb, 4aCTO Ha: BIBAIOT
‘TeTlJIBIM pa30aBJjeHHLIM OVJbOHOM ODPraHHYECKHX COEMH-
HeHHH. MBI JlyMaeM, YTO XOJIOJHBIH KOHIIEHTPHPOBAHHBIH
OyJipbOH ABJAANCA Obl JAy4llled cpefol AJAa BO3HUKHOBEHHS
JKH3HU>,

XVIII. HenpepnIBHOCTb 3BOIOUMH

B stofi mocnenHell 4acTH TPHJIOTHH MBI MOMBLITAMHCh
NOKa3aTb, YTO TUMEPUHKABI AEHCTBHTENBHO MOLYT OIH-
CHIBATh peasjbHLIE MaTepUaJbHBie CHCTEMB, a He SBJA-
I0TCS JIMIIb YMO3PUTEJbHBIMH CTPYKTYpPaMH.

DBOJIIOLHA KOHCepBATHBHA M MO3TOMY, HE CuuTasd
CayuafiHBIX PE3KHX H3MEHEHHH, SIBJSETCS, HO-BUAHMOMY,
HouTH HenpepelBHBIM IpolieccoM. Ot6op darTHuecKH
OCHOBAH Ha HEYCTOHUYMBOCTSIX, BBI3BAHHBIX MOSIBJEHHEM
OMaroNpUATHEIX MYTAHTOB, KOTOpbIe NPHUBOJAAT K DAa3Ba-
Jy paHee yCcTOAUHBBIX pacnpefenenuit. OQHaKO MOTOM-
KM OOBUHO Tak OJH3KH K CBOHM HeNOCpeACTBEHHHM
npejiKaM, YTO H3MEHEHHsS BLIABJAIOTCA OYEHb [MOCTENeH-
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Ho. [lpenGuosiorHueckas 3BOJIOLHS HE COCTABJAET HCK-
JIOYEHUsl H3 3TOrO NpaBuJa.

Temepp KpaTKO pe3lOMHPyeM, KAKOBH, [0 HalleMy
MHEHNIO, CYIIEeCTBEHHblE CTaJHH NPH Nepexole OT HeXHu-
BOTO K XKHUBOMY (cM. pHc. 63).

I. [Topsanok TNOSABIEHUA TEPBLIX MAKPOMOJEKYJN AHK-
TYeTCS HMX CTPYKTYPHO! CTaGHJIBHOCTBIO M paclpocTpa-
HEHHOCTBIO COCTaBJISIIOIIMX XHMHUYECKHX KOMIIOHEHTOB.
Ha pasHe#l cTaaun, BepOSATHO, KMeENHCh GOJbLIHE KOJMH-
yeCTBa HEKHX OeJKOBONOAOOHLIX BEILLECTB H HaMHOTO
Menblue koJguuecrBa PHK-nopo6ubix noammepor. Ogp-
nako PHK-nono6uble moaumepst B CHIY CBOHX ¢usnye-
CKHX CBOICTB HACJeLYIOT CIIOCOOHOCTh K CaMOBOCIIPOHU3-
BEJEHHIO, a 3T0 sBJseTcd HeoOXOAMMOH NPeANOCHIIKON
JJIs1 CHCTeMaTH4eCKOH 5BOAIOLHY.

2. CocraB mepBHIX MOJNHHYKJIEOTHAOB TOXKe IHKTYeT-
Csl pacnpOCTPAaHEHHOCTbIO COOTBETCTBYIOIHMX XMMHUECKHX
KOMIIOHEHTOB. PaHHHe HYK/JE€HHOBbIE KHC/JIOTHI-'BOBCE HE
OBl OJZHOPOJHBIM  KJIAaCCOM  MaKPOMOJEKYJ -— CIojla
pxoauan L- u D-coeauHeHust ¥ HCNOJNB30BAMNCh PasJiuy-
Hble THIOB 3UPHBIX CBA3ell — NpeHMylIecTBeHHO 2/—
5/, HO, xpome Toro, u 3'—5’. BocnpousBOAUMOCTb MoO-
CJ1e[I0BATENbHOCTEH 3aBUCHT OT TOYHOCTH KONUPOBAHUS.
Haubonee ANHHHBIMH BOCIPOH3BOAHMBIMH TOCJAEHOBA-
TeapHoCcTsiMu  MoryT  ObiTh  GC-foraTele  MOJUMEpHL.
C apyrofi~ cTopoHbl, HeoOXOoAMMB M 3aMemenus AU-
tuna. OHH NO3BOJSIIOT [OJYYHTb OIPEeNeJeHHYIO CTPYK-
TYpHYIO TUOKOCTb, KoTOpass OJaronpusitcTByer OBICTpO-
My BOCIDOH3BeAeHHIO. BocCnpousBoiuMble [OCEN0Ba-
TeJILHOCTH 06pasyloT KBa3HBHAOBOE paclpeieseHHe, KO-
TOpoe XapaKTepu3yercs JAapBUHOBCKHM IOBCAEHHEM.

3. Ilatrepupt Ge3 3ansiThIX B paclpelefeHHH MOTrYT
urpath poJap uHpopMmauuHouHelx PHK, B To Bpemsa kak
el C OTKPBITHIMH KOMIIEMEHTAapDHBIMH [aTTepHaMU
(Boamoxkno, wmuuyc-ien MPHK) — posin  aganTopos.
[TepBble aMHHOKHCJOTBH COMNOCTABASAINCL AfanTopaM B
nopsake cBoef pacnpocTpaHeHHoCTH. [IpoaykTh Tpamc-
JAUHA OBIIM OJHOPOAHBI, NMOTOMY UYTO OHH COCTOSIH B
OCHOBHOM M3 IJIHLUMHA H ajaHuHa. To ke caMoe AOJXKHO
6biTh CHpaBeiuBO s OOJIbLIMHCTBA HEHHCTPYKTHDO-
BAHHBLIX 0eNKOB.
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Puc. 63. Tunoternyeckast cxema 95BOJIOLHH OT OTAEAbHbIX MAKPOMOs
ACKYd A0 HHTErPHPOBAHHbLIX KJAETOYHLIX CTPYKTYP.
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4. Ecin kako#-uubyab H3 HPOAYKTOB TPaHCASLHUH
OKashiBaeT KAaTaJHTHUECKOe COAeHCTBHE pemHKalUH
ceoefi co6erBennol MPHK, to umenso sta MmPHK wo-
*KeT cTaTb AOMHHHPYIOUleH B pacrnpeiefieHHW H BMeECTe
CO CBOHMH OJH3KOPOJCTBEHHBLIMH MYyTaHTaMu Gyler
NPUCYTCTBOBATL B OOJbUIMX KOJAHYECTBAX. ITOT Opolece
MOXKeT OBbITb HHHLHMHDPOBEH KAKUM-JAHG0 HeuHCTPYKTUpPO-
8aHHbiM GENKOM Ccpejllbl, COCTAaB KOTOPOrO OTpaKaeT OTHO-
cuTe/bHble PACHPOCTPAHEHHOCTH AMHHOKHCJOT, H, CJe-
JOBaTeJbHO, 3TOT Oe/OK MOXKeT KOINHDPOBATh CBOWCTBA
NEePBUYHBIX UHCTPYKTUPOBAHHBLX GEJIKOB.

5. Ecan myrantol aomunupyomeii MPHK paror po-
IOJIHUTeNbRbBE NPEHMYLIecTBa, TO OHH, COIJIACHO KpHTe-
pHSIM THNEDUHKJINYECKOH 3BOJIIOLHH, MOT'YT BKJIOUHTHCSH
4 LUK BocmpousBedeHHs. Takum obpasom MOXeT BO3-
JUKHYTb THOEpLUKJIHYEeCKas OPraHU3alys ¢ HeCKOJbKH-
mH RodoHaMH. Takas runepuHKJHYecKas OPTaHH3alHA
IBJISIETCS] NPEANOCHIIKOH [J/151 COIVIACOBAHHOTO 3BOJIIOLH-
OHHOIO pa3BuUTHsl aNmapaTa TpaHCAAUHH. BrJaiouaercs
Bce Goabllee U GoJbliee YHCHO MYTAHTOB, H NOCTOSIHHO
pacTyllasi TOYHOCTb BOCNPOU3BENEHHs OOYCJOB/HBAET
yaJauHeHue nocnefoBartenbHocTell. OObenrHeHHble mpel-
WIeCTBEHHUKN [OCPEACTBOM AYMJIHKALHH TFEeHOB MOTYT
faTb Hayajo pas3/HYHBIM (epMEeHTATHBHBIM AKTHBHO-
craM (pemaukasaM, CHHTeTa3aM, PHOOCOMHBLIM (aKTO-
paM), KOTOpbIe 3aTeM AKBEepPTHPYIOT.
© 6. CnoxHas TUIEPUHRANYECKAsl OPraHH3alUs MOXKeT
3BOJIOLMOHHPOBATL JaJjblle TOJLKO B TOM CJaydae, eCaH
oHa 3pdderTuBHO HCnOAb3yeT OnaronpustHbe (EHOTH-
nuueckue wusMeHeHus. na cesmekTuBHOro O6/1aronpHsiT-
CTBOBAHHS COOTBETCTBYIOIHM TeHOTHIAM HeOOXOAHMO
npocTpaHCTBeHHOe pasjetende (nytem o0pasopaHus
KOMNAPTMEHTOB HJIH KOMIIEKCOB), MpPY HAJHYHH KOTO-
pOro MOXKET NMPOHCXOAHTb OTOOP CPeAH Pa3JHUHBIX KOM-
GhHalill MyTaHToB. PHOOCOMBL MOXHO paccMaTpHBATb
KaK PeJHMKTbl TAKOTO KOMILIEeKCOoOpa3oBauHsi.

Ml He 3HaeM, Ha Kakoli CTafiHu Takas cUCTeMa MpH-
o6pesa CHOCOGHOCTb MOJHOCTBIO HHTErpHPOBATh CBOE
HHMOPMALHOHHOE COJEP¥XKaHWe B BUJE OAHOTO THIAHT-
ckoro reroma. Jlas »TOro O6bla HeOOXOIMM BBICOKO CO-
peplIeHHbIAl (epMEHTHBI ammapar, W POJb XPaHHTEs
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uHpopmauuud moctenesHo nepeuia Kk JHK (310 Morao
IIPOU30HTH yXKe Ha OYeHb PaHHHX 3TaANax).

ITHX KPAaTKHX 3KCKYpCOB B HCTOPHYECKHH mpoiecc
JIOKJeTOYHOH 3BOJIOLUMH, NO-BHAUMOMY, HOCTATOUHO,
yToOBl N0KA3aTh, B KAKOM HANPaBJECHHH MOXKeT MOHATH
pasBHTHE, HHULHHMPOBAHHOEe THIEPUHK/IHYECKOH HHTerpa-
nyefl CaMOPENNHIUPYIOWUXCA MOJIEKYJSAPHbIX edHHULL,
H KaK pa3sBUBAIOUIASCSA CHCTEMA MOXKET B KOHIE KOHIOB
KOHBeprupoBaTh ¢ 06pa3oBaHHEM TaKOH CJIOXKHOH opra-
HH3alUH, Kak NpOKapHOTHYecKas KJaeTKa. Mbl x0THM
NoAYepKHYTb CHEKYJATHBHHIE xapakrep yactu B. Pan-
HSAsi (asa caMOOpPraHH3alW¥ OCTaBWJA JHIIb HEKHe
cJIe/lbl, HO He CBHJETE/IbCTBA, TAaK YTO MHOTHE BaXXHBIE
ee 3Tallbl BCe elle OCTAITCS HESCHBIMH.

B Hamn HamepeHHs Jaxe He BXOAMJO pacKphITHE
HcropHuyeckoi mpasabl. Hss mpouecca, Tak CHJAbHO 3a-
BHCSIIET0 OT CJydass — IAe HeleTepMHHUPOBAHHBIE MHK-
pOCKOIHYeCKHe cOOLITHSA, TakKHe, KaK MyTallHH, YCHJH-
BAIOTCS H B KOHEUHOM cueTe ONDENeJAIOT XOJ MaKpPOCKO-
MHYECKOrO pAa3BHTHA,— INOJIHAA PEKOHCTPYKUHSA HCTOPHH
Boobile HeBo3MoOxKHa. «Humera HcTopuuuaMas ! cyurecr-
Byer Aaxe B Guonoruu. C Apyrofl CTOPOHB!, NPUHIMIH,
yIpaB/siolllie HCTOPUYECKHM MPOLECCOM 3BOJIOLHH —
Jaxe B CBOHX TOHKHUX JHeTa/s1X,— MOTYT OBbIThb BIOJHE
JIOCTYIHBl HalleMy TNoOHHMMaHHIO. Tex ciaeloB, KoTophie
OCTaBUJa HCTODUST B COBPEMEHHBIX CHCTEMAaX, MOKET
0Ka3aTbCs AOCTATOYHO, 4TOOH KOTrAa-HUOYAb MBI CMOT-
JU COCTaBUTb 3TH <« YpaBHEHHH C A HEU3BECTHLIMH>,

B aoro#i wacTH MBI XOTeaH IOKa3aTb JHIUL TO, YTO
0COOBIH KJacc peaKUHOHHBIX ceTell, KOTOpHle MBI Ha3Ba-
J{ TFHOepUHKJaMH, AEHCTBHTEIbHO SBJSETCS HIPOCTeH-
nrefi peaJHCTHUYECKOH MOJEKYJsIpHOH opraHusamueit,
obecneunBatollefl  coCylleCTBOBaHHE  (PYHKLHOHAJBLHO
CBA3AHHBIX CaMOpeNIHUHpPYIomuXca efunun. CaMopenan-
Kauus HeoBxoauma AJst coxpaHeHust uudopmauun. Cie-
JIOBATE/NbHO, THIEPUHKJ sIBASeTCS npocrefiirell cucre-
Mol, KoTOpasi cnocofHa ofecneyuTb 3BOJIOUHIO BOCHPO-
U3BOAHUMEIX (YHKIHOHAJbHBIX cBsizefi. OH MoXeT BO3-

1y Cm. uspecrhyro xuury Kapaa ITonnepa «Hnutera ueropunusma»
(Popper K., The poverty of historicism. London, 1957). — ITpun.
nepes,
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Puc. 64. Tenernueckufl KO — 3TO YHHBepca/bHBI KJIOU AJs Mepe-

BOJA TeHeTHUYeCKOH HHGOPMallHH ¢ 3aKOHOAATEJBLHOrO $3bIKA HY-

1Kk GeakoB. Ha pucynke

¥ KOODAHHATBHI FeOMEeTDHYECKOro NpoCTPaHCTBA CONOCTABJAIOTCA C

TO3HUHSAMY

KJEHHOBbLIX KHCJOT HA HCIOJHUTEJIbHBIH fA3b

TP

Uetsipe 6yKBhi aJipaBurta

HYKJIEMHOBBIX KHCJOT DPACHOJOXKEHbl TaKHM 06pa30M, 4yT06Bl KOAOHBI

6ykB B TPUIJIETHBIX KOJOHAX.
ZJI1 C&MBIX PACNPOCTPAHCHHBLIX AMHHOKHCJOT MONAJH B CAMYK BepX-

HIOX0 YacTb Kyfa.



260 Hacre B. Pearucruuecxuti zunepyuxa

HHKHYTh U3 OJHON caMopenyuunpywouiefica eIHHHIbL U ee
MYTaHTOB, T. €. H3 OAHOTO (MOJIEKYJASIPHOrO) KBa3HBUAA.
lunepunka Hens0exHO NOSIBASICT BCAKUH pa3, KOUAa
3TO paspelialy YCJaOBHs, NPOAHKTOBaHHble [IpHposoil.
N eme: «Ecau KTo-HHOYAR MOXKeT HalBaTh OoJjee mpek-
pacHHl TPEYroJbHUK, JeXalllil B ocHOBe Belleli, MBI
fyjJeM NpHBETCTBOBATH €ro He Kak CONEpHHKA, HO Kak
Ipyra npasBabi»!.

(TTnarou, «Tumeii») [97]

t Bor ato mecto B neperoge C. C. Apepunuesa: «Urto X, ecin
KTO-HHGYb BbIGEPET U HA30BET HEUTO elle (oJiee MPEKPACHOE; TPes-
Ha3HaYeHHOE [Jf TOTO, YTOOH CO3AaBaTh 3TH (YeThlpe Tesa), MEL
MOJAUHHEMCH €My He Kak HelpHATeNo, 10 Kak apyry..». ([liartow,
Counrennuss B Tpex Tomax, T. 3, uwacte I, c. 496.—M.: Meuicap,
1971). — Hpun. nepes.
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