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NMPEAUCIIOBHE PEAAKTOPOB
NEPEBOA

«unepuuka» — TpeTbst KHHra M. Dfirena, nepeae-
JleHHas Ha pyccku#t s3blK. B kuure «CamoopraHusamis
MaTepHH U 3BOJIOLUHS OHOJOTHYECKHX MaKpOMOJeKyJ»
(M.: Mup, 1973) Siiren sneppnle cHOPMyNUPOBAT KOH-
uenuuio 00pa30BaHHS YHOPSJOYEHHBIX MAKPOMOJEKYJ
M3 HeyHopsA0YeHHOrO BeUleCTBA HAa OCHOBE MAaTPHUHOMN
penpoiyKuHu u mochenywulero or6opa. Takum obpasom,
npuanun Jlapsuna O npuMeHeH K npobaemam Jo-
61uoNOTHYECKOH SBOMIOUMH H MPOHCXOMKJAGHHST MH3HH.
Ora KHHra BBHI3Bajia OOMbLIOA HHTepec H HeCOMHEHHO
CTHMyJAHpOBana nadbHeHiide paborel B .061actH Qusdn-
.KO-MaTeMaTHUeCKOTO MOJeNHPOBaHHS NDPOIECCOB N06HO-
JIOTHYECKOH H OHOJIOTHUECKOH sBojouni. B Hebouabiioh
KHHre «Mrpa xu3HH», HanmucaHHOH DHreHOM BMecTe C
ero corpyauuneii Pyrxunpa Buukiaep (M.: Hayka,
1979), Te Xe BOMPOCH PAacCMATPHUBAIOTCA HOMYJSPHO —
C MOMOUIBLIO OCTPOYMHBIX HI'POBHIX Mojesef.

B npeanaraeMo#i BHMMaHHIO uHTaTesnelt mOHOrpaduu
Diiren # Ulycrep BmepBHe NpHMEHHJNH annapaTr Kaue-
CTBEHHOH TeOpHH JAHHAMHYECKHX CHCTeM [/ aHajiH3a
paHee pasBHTOH KoHuenuuu. HyXHO cKa3aTtb, 4To MeTon
«(a30BbHIX - TOPTPETOB» OYEHb KpacHB, H 3TO OLLyLIaeT
KaXaH#, KTo ¢ HHM 3HakKomurtcs. YyscTByercst, 4To H
aBTOpH HeOHITaNH obasitHHe KayecTBeHHOH TEOPHH.
CnpasennuBocTH paiH CJELYeT OTMETHTB, 4TO K Npob-
JeMaM DBOJIOUHH H Jaxe K BONPOCY MPOHCXOMKICHHS
KH3HH 9TOT annapaT NpHMEHsJcAa W paHee. K coxasne-
uuo, Sfiren u llycrep He comocTraBaAlT CBOH HccJe-
#oBaHHs ¢ paboTaMH APYrHX Y4yeHHX, B pe3yabTate
KHHTA HEe MOJIHOCTBHIO OTPaXKaeT COBPEMEHHOEe COCTOSIHHe
npo6yeMl.

MaremaTtnieckas Mozenb, pa3pabOoTaHHAs 4BTOpaMH
NaHHOH MoOHOrpagHH, HMeeT TJaBHBIM 06pa3oM HIAK-
cTpaTHBHOe 3HauyeHHEe, B NeACTBHTENIBHOCTH 3THM pOJb



6 HMpeducrosue pedakropos nepesoda

MaTeMaTHUeCKOro mnojxoja K mnpofjeMe BO3HHKHOBEHHSA
JKM3HH OTHIOAb He HcuepnbiBaeTcs. KayecTBeHHas Teo-
pHMs AHHAMHYECKHX CHCTEM OTKPHIBAE€T BO3MOXHOCTH
" YeTKOH [OCTAaHOBKH HOBBIX MPHHIHMIHANBHO BaXHBIX
npobJeM H UX pelieHHS. ‘

Bo-nepBrix, ocHOBHOe MOHSTHE «OT6OpP» MPH CKPyMmy-
JIe3HOM aHa/H3e OKa3biBaeTcst HeoJHO3HAa4HBIM. O6BIUHO
5TOT TepMHH ynorpebssieTcss B cMhbicjie oT60pa HauWJayy-
ulero BapHaHTa, T. €. KaK JOCTHXeHHe abCOJIOTHOrO
ONTHMYMa, B 5TOM cjayuae pe3syabrar orfopa mnpeaonpe-
nenen 3apaHee. OfHAKO B XOLe 3BOJIIONHH H Jaxe B
caMOM Hauase ee (T. e. B mpounecce BO3HHKHOBEHHS
JKH3HH) BCTpevyaloTCHd CHTyanuH, NPH KOTOPHIX pa3BH-
THe MOXeT MOHTH MO HECKOJNbKHM pa3HYHBIM OYTSIM.
3nech crenyer roBopHTh He 06 oTbope, a 0 BHOOpe Ox-'
HOTO H3 BO3MOXHHX BAapHAHTOB, NMPH 5TOM JOCTHraercs
He abCONIOTHBIA ONTHMYM, a ORHH H3 NpHeMJieMbiX. Pe-
3yJABTAT Nponecca 3apaHee He MpeflonpejeseH, OH 3a-
BUCHT OT CJIY4afiHOrO BHGOpaA.

Merton  ¢a30BOro HpocTpaHCTBa MO3BOJseT HauGoJsee
4eTKo nocraButh Bompoc «O16op HAH BHOOpP» H Jaxe
OTBETHTb Ha Hero B paMKax TOH HJAH WHOH MOJenH.
B canyuae, ecnn uMeercs HECKOJNbKO CTailHOHAPHBIX CO-
CTOSIHHH, OTHeJeHHBIX APYr OT JIpyra cemnapaTpHCaMH,
MB HMeeM Jaeso ¢ BhOopoM. EcilH Xe COCTOsSIHHE TOJb-
KO OJHO, TO B 3TOM (H TOABKO B 3TOM) CJAy4ae MONKHO
roBopaTs 06 or6ope. Bompoc O TOM, 4TO XKe HUMeJO
MeeTO B INpoLecce MPOHCXOX/JAEHHS MXH3HH U JafbHeH-
mefi 3BOJMIOUUH — OTOOP HJH BHIOOD — SIBASIETCS] ONLHHM
u3 npHHUENHAJAbHBIX. OTBET HA HEro MOXHO MNOJNYYHThH
myTeM CTPOTOr0 MaTeMaTHUeCKOro aHaJH3a CyulecTBYio-
IIKX Mozenel, BLIBOJIOB H3 HHX H CONOCTaBJeHUs pe-
3YABTATOB C 3KCMIEPUMEHTOM.

Bo-BTOpPHX, HA OCHOBE NHHAMHYECKOH TEOPHH MOXKET
O6LITb YETKO MOCTaBJieHa H pelleHa npobjeMa BO3HHKHO-
BEHHSI GHOJIOTHYECKOH HH(DOpPMANHH, YBEJHUEHHS €e KO-
auyectsa H neHHoctH. OtMmerHM, 4To 3rta mnpoGiema
CBsi3aHa C NpefBIAyUleH, a HMEHHO: HOBast HH(pOPManHs
BO3HHK4E€T B CHCTEME, TOJNbKO €CJH NMPOHCXOLHT cAydal-
upifh BuGop (Kactnep), a He orGop Hauaydulero Ba-
pHaHT3. B mocnefHeM cAyyae MOXHO TOBOPHTH JHLIL
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0 peanansanuun HHGOpMAanHH, 3a/0MEHHOR B CHCTEMY
a priori, T. e. o BblieneHHH HMemoulelica HHGOPMaNHH
H3 myMa.

W3 ‘Bcero cka3aHHOTO cJaenyer, 4T0 (OPMYJTHPOBKA
npobJjeMbl MPOHCXOXIEHHS JXH3HH Ha OCHOBe TEOpHH
JAMHAMHUYECKHX CHCTeM OTKpbIBaeT JBepH B HOBYIO H
BechbMa HHTepecHyw o6aacTe. ABTOpH MnpejsaraeMof
KHHTH clleJlajJli B 5TOM HampaBJEeHHH MepBHe IIaTH, Kak
BCeria B TAaKOM clyuae OCOGEHHO TPYAHHIE H BaXXHBIE.

M. B. Boabvkenwurelin
A. C. Yepnascruil



NPEOHUCJIOBHE

OcHOBOH jJist 9TOH KHHTH MOCJYXHJa cepHst cTaTed,
ony6aukoBaHHbBIX B XypHate ,Die Naturwissen-
schaften“ B 1977—78 rr. Pasjenenne KHUTH Ha TpH
Y4CTH OTpaxkaeT ee JOTHUECKYIO CTPYKTYPY, KOTOPYHO
MOJXHO Pe3IOMHpPOBATh B BHIE TpeX Te3HCOB.

A. THnepuHKJI — 370 NpPHHUHN eCTeCTBEHHOH caMo-
opranusanuH, oOyC/JOBJIHBAIOUIHH HHTErpanHo H
COrIacOBAHHYIO 3BOMNIONHIO CHCTEMB  (QYHKIHO-
HaJBbHO CBSI3aHHBIX CaMOpPEMIHIHUPYIOLHXCS enH-
HHIL. .

B. THnepuHK/abl — 370 HOBBIA KJacc HeJTHHEHHHIX
ceTell peaknufi, o6manalouUX YHHKAJBHEMH CBOH-
CTBAMH H MOJJAIOUIHXCSI YHHPHIHPOBAHHOMY Ma-

" TeMaTHYECKOMY OMHCAHHIO.

B. T'unepuuKJAH MOTYT BO3HHKATb B paclpejesieHHH
MYT4aHTOB OTAEJbHOTO JapBHHOBCKOIO KBa3HBHJA
B pe3y/JbTaTe CTabmIH3anHH ero JHBePrHpPYIOUIHX
MYTAHTHHIX T€HOB. 3apOJHBIUHCH, THIEPiHK/H
3BOJIIOIHOHHPYIOT B CTOPOHY YCJNOXHEHHH [O-
CPeACTBOM Mponecca, aHaJOTHUHOTO NYMJIHKAlHH
TeHOB H cHeruaau3amnnm.

Y1061 NOSICHHTH CMBIC/] MEPBOTO YTBEPKIAEHHS, MOXK-

HO OOGpPaTHTbCK K APYroMy NPHHUHNY CaMOOPTraHH3ayHH
MaTepHH — K JapBHHOBCKOMY MPHHIHIY eCTeCTBEHHOTO
or6opa. JTOT HPUHUHN — KaK -MBl TPEACTABJsieM ero B
Hacrosiiee BpeMst — ABJASETCS eHHCTBEHHHIM MOHSATHHIM
HaM cnocob6oMm co3paHHs HHbopManuu, Gyas TO Mpo-
rpaMMa CJOXXHOTO XXHBOIO OpPraHu3Ma, KOTOpPHEH mnpen-
crapfsier co60f MNPOAYKT 3BOJIOLHH MeHee . CIOXHAEX
.[papolHTeIbCKHX (OpM, HJIH OCMHICTEHHAs NOCHeN0Ba-
TeJMbHOCTh OyKB, OTOOP KOTOPOH MOXKHO HMHTHPOBATHL B
MOJeTbHEX 3BOJIIOIHOHHBIX HLPax.

EcrectBeHHEIA OTO0p —31eCh aKNEHTHPYETCS CJIOBO
«eCTeCTBEeHHLBIA» — OCHOBAH HAa CaMOBOCHPOH3BEJECHHH.
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HHpIMB choBaMH: ec/iH JaHA cHcTeMa CaMOBOCHPOH3BO-

ASUIHXCSH eJHHHI, KOTOphIe CTPOSITCA H3 MaTepHala,

[OCTyIaloulero B OrpaHHYeHHOM KOJIHUecTBe H3 00Llero

HCTOYHHKA, TO HEH30eXHO BO3HHK4eT eCTeCTBeHHBIN

or6op. CoOTBETCTBEHHO 3BOJIIOIHOHHOE MOBEJeHHe, YI-

paBJsieMOe ecTeCTBeHHHM OTOOpPOM, OCHOBAaHO Ha CaMo-

BOCMPOH3BeeHUH ¢ «wwymoM». Hamuumst 3THX ¢u3sHye-

CKHX CBOHCTB JOCTATOYHO, YTOOBI CTA/O BO3MOXHBIM

3aKOHOMEpHOe BO3HHKHOBEHHE B BHICIIEH CTeHeHH CAOXK-

HBIX CHCTeM, T. e. TeHepupoBaHHe TakoH wuupopma-

IHH, KaK mporpamMma XXHBoro oprannama. OnHako jpap-

BHHOBCKOMY ME€XaHH3MY eCTeCTBEHHOro OT6Opa MpHCYUIH

KONHUeCTBeHHble OrpaHH4YeHHs B O0O0beMe HaKamInBae-

Mofi HHdopManuHu. 34ech-TO H BHIXOAHT Ha CueHy THOep-

nuka. [HoepuMKI —3TO TOXe MNPHHUMII caMOOpraHu3a-

MM, HO OH OCHOBAaH Ha APYTHX NPEANOCHJIKAX H MO3TO-

MY BEeleT K HHBIM IOCJHEJCTBHSM.

TeopHsi- napBHHOBCKHX CHCTeM, H3JOXeHHas B 4ac-

TH A, IPUBOIHT K JBYM OCHOBHLIM pe3yJbTaTaM.

a. CaMOBOCNIDOM3BOJASAUINECH ENHHHIH KOHKYPHPYIOT B
npounecce orbopa. Jdta KOHKypPeHuHs MOXeT ocnab-
JIgThCS. U1 HEPOJCTBEHHHIX BHJOB, YXOASILIHX B pas-
Hele HHIIH. TeM He MeHee B NpeaenaxX KaxKaoro pace
npejieJieHHsT MYTAaHTOB OHAa JOAXHA OHTbH JOCTATOYHO
3¢ HeKTHBHOH, UYTOOHI NOJIEPXHBAACE ycroﬁquaocrb
JNHKOTO THNA. Be3 Takoi KOHKYypeHTHOMR cra6mmsa-
UHH ero HHpOpManHsa paccesnach OHI.

6. ndpopManHOHHO® COJEpKaHHe YCTOHUHBOrO JIHKOTO
THIIA OrpaHH4YeHHO. JIPYrHMH c/IOBaMH, KOJHYECTBO
HHpOpMANHH He NOJIKHO NpeBHIIATh HEKOero Hopora,
BeJHUHHA KOTQPOro O6paTHO MpONOPHHOHANbHA Cpei-
HeMy TeMImy reHepapHu omu6ok (Ha cumsos). Hanee,
3TOT MNOPOTOBBIA YpPOBeHb 3aBHCHT OT JjorapHdma
[peBOCXOJACTBA JHKOTO THINA, T. €. OT CPEeJHEro ceseK-
THBHOTO MpeHMyLIeCTBA MO OTHOIIEHHI0O K MYTaHTaM
cymMmapHoro (ycroH4HBOro) pacnpeliesenus. Pacnpe-
Ie/leHHe CTAHOBHTCH HeyCToﬁqﬂBbIM BCAKHH pas, Kor-
Aa HOSBASETCS HAPYMIAKUIMA 5TO YCJIOBHE MYTaHT,
HMeoUIHi MPeHMyIllecTBO Haj PHaHee YCTOHYHBHM
JHKHM THIOOM.
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OTH CBOACTBA BHYTPEHHE MNPHCYUH JapPBHHOBCKHM
cucreMaM. OHH rapaHTHPYIOT 3BOJMIONHOHHOE MOBEJEHHE,
L1 KOTOPOTO XapaKTepHHl OTOOp H cTabuibHOe BOCHPO-
H3BelleHHe HanGoJiee alanTHPOBAHHOA CaMOBOCHPOU3BO~
Asiuledicss efHHHIB, a TaKXKe 3aMeHa- ee JMIOGKM MyTaH-
TOM, KOTOpHIfi ajanTupoBaH euie Jyuyme. C ppyro#t
CTODOHBI, SBOJIIOHS TaKOH CHCTeMBl OrpaHHYeHa Ompeje-
JeHHBIM YPOBHEM CJIOXKHOCTH — MOPOTOM MaKCHMAaJbHO-
ro HHQOPMAHOHHOTO CONEPKAHHUS.

H3-3a 3TOr0 OrpaHHuyeHHsi NepBHIMH CaMOpeMmIHIHPY-
IOUIKMHCA €eJHHHIAMH OHUJIH, BEPOSITHO, OTHOCHTEJILHO
KOPOTKHEe LeNH HYK/JIEHHOBHIX KHCJIOT. 3TO elHHCTBeH-
HBIA KJ1acC MaKpOMOJeKyJs, o0sanaloumux Croco6HOCTHIO
K caMoBocnpousBenennio. OnHako (H3HYECKHE CHJABHI,
onpellensiiollfHe TOYHOCTH CAMOpeNJIHKAanHH, HMEIT orpa-
HHYEHHYIO ClenndHYHOCTh. YBeJudyeHHe TOYHOCTH MOTJIO
MPOH3OHTH TOMLKO Ojarofapst HaJHUYHIO KaTaJH3aTopa,
MpHYeM KaTaJH3aTop — YTOOBl OH MOT MOJBEpPraThbCsi-
SBOJIIOHOHHOA ajanrtaniu — ToXe JoJxKeH OBLT BOC-
npousBoauThesi. Ha 3toM sTanme 3Bo/onuH NOSBHAACH
Heo6XOHMOCTh B TpPaHCIAnHH HHMOpPMAnHH, YHacAelo-
BaHHON BOCNPOH3BOASUIHMCS MaTepHAJIOM.

Bapnwep Obln KOJMOCCANbHOR BHICOTHI. JBoMONHS, MO-
BHIMMOMY, (AaKTHYECKH OCTaHOBHJAch. TpeGoBanach Ma-
IIHHA, HO yTOOBI CO31aTh ee, HYXHAa Owlia Bce Ta Xe
malwinHa. Jlaxe NPHMHTHBHBIA anmapar TpPaHCASIIHM
NOAXeH OB COmepKaTh, BEPOSITHO, He MeHee 4YeThlpex
ajanTopoB /st YeTHIpEX Pa3HBLIX aMHHOKHCAOT MAIOC CO-
oreercTByiollee uncito depmentoB u ux MPHK. Koan-
4ecTBO HHGOpPMaIHH, HeOOXOAHMOe AJNA TAaKOH CHCTEMH,
CP4BHHMO C KOJHUYECTBOM HHPODPMANHH B BHPYCE, cOZLep-
xaulem oaHouenouyeunyio PHK. Oznako takHe BHpYCH
MOTYT HCIONb30BaTb COBEPIUGHHHLIA aMnmapar.TpaHC/s-
IHH KJeTKH-X03siHuHa. KpoMe TOro, OHH BOCHPOH3BOAATCS
C MOMOLILI BHICOKOAJANTHPOBAHHOTO (DepMeHTATHBHOIO
annapara — KOHEYHOTO, T. €. ONTHM4JbHOTO NPOAYKTa
3BOJIIOLIHA. '

Tetom PHK-comepxaiilero ¢ara He RPEBOCXOLHT
_HECKOJbKHX THICSY HYKJIEOTHJOB, YTO KaK pa3 JOCTaTo4-
HO AAS KOJNHPOBaHHs HeGOJBUIOrO uyHCMa (HampHMep,
yernipex) MoJsekyn Oenka. Kak mnokasaHo B uactu A,
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3TOT npenen O6GYCNAOBJIEH TOYHOCTHIO KOMHPOBAaHHS, KO-

TOpast MoxeT OBITb JOCTHTHYTA C MOMOUIBIO XOPOMIO

ajanTHpoBaHHOro ¢epmeHta penyHkapud. Jlio6oe nadb-

Heflillee yBesHyeHHe HHGOPMAHOHHOTO cOJepXKaHHs Ho-

Tpe6oBajo Onl TakMX COBEPLIEHHBIX MEeXaHH3MOB, Kak

KOPPEKIHsS C y4YacTHeM SK30HYKJea3h H JIHrase, 4TO

crano jpocrynuo Jaumb JHK-nmoaumepasam Ha oOueHb

MO3JHHX Ccraiausx sBosion#H. Kak Morsia BO3HHKHYTH

IaXe NPHMHTHBHAs CHCTeMa TPAHCHASIIHH, €CJAH TOY-

HOCTb BOCHDOH3BEJE€HHSI ONpejensfach HCKAKYUTEABHO

¢H3HYeCKHMH CBOHCTBAMH HYKJEHHOBBIX KHCJOT, He

NO3BOJISIOUIAMH BOCNPOH3BOAHMO peMJHHPOBATh OT-

IeNbHBle HYKJeOTHAHBe penH JauHo#t Gosee 50—

100 uykneorunoe? KosnuectBo nHHQOpMarnuu, HEOGXOLH-

MOe /5l CHCTEMHl TpaHeJsinuH, 6e3 KOTOPOH He MOIJO0

IPOH30HTH YyBeNHYEHHS TOYHOCTH, BO MHOTO a3 MpeBhl-

maeT TO KOJHYECTBO, KOTOPOE MOXKeT colepxaThbCi B

OTJe/IbHBIX CaMOBOCIPOH3BOASILIUXCS LeNsX.

CunepuHka — 370 cpeacTBO OOBeHHEHHS CaMOBOC-

MPOH3BONSIIIHXCSA €NAHHHI OTPAaHHYEHHOH NJNHHH B HOBYIO

YCTOHYHBYIO CHCTEMY, cfOCOOHYIO K COTJIacCOBAaHHOH ®BO-

qonuu. Hukako# . apyro#t cnoco6 opraHusapuu — BO3-

HHKHOBEHHE KOMMApTMEHTOB HJH 06pa3oBaHHe HeyHKJH-

YeCKHX CeTefl — He MOXKeT rapaHTHPOBaTh OJHOBpEMEeH-

HOT'O BHIMOJIHEHHS TPeX CAeNYIOIHUX yca0BHA:

— HOJNEpKHBATh KOHKYDEHUHIO B pacnpeleseHusx IH-
KOro THNA BCeX CaMOpEeNVIHIHUPYIOLHX eJHHH, YTOGH
COXpaHHuTb UX HHpOpManHio;

~— JIONYyCKaTh COCYL1eCTBOBAHHE HECKOAbKHX (B ApYyrux
YCJIOBHSIX KOHKYDHPYIOUIHX) €RHHHI H HX MYTaHTHHIX
pacnpenesneHHRA H

— OOBeAHHSITH 3TH eNHHHIH B CHCTEMY, CIOCOGHYIO K
COrTacoOBaHHON 3BOMIONHH, T'le NMpEeHMYLIEeCTBA OXHOIO
HHIHBHAA MOTYT HCMOJb30BAaThCsi BCEMH UJeHAMH CH-
CTeMBbl, pHYEM CHcTeMa KaK nejoe MPONOMKAeT HH-
TEHCHUBHO KOHKYPHPOBaTh C J00OOH enuHHped HHOro
cocTaBa.

Hame yrBep:KjieHHe JOTHYeCKH CJjelyeT H3 pe3yJb-

TATOB YacTH A:

Ecan HckaTh (H3HYeCKHI MexaHHM3M, TapaHTHPY-

IOUUf HenpephIBHYIO 3BOJIIONHIO alnliapaTa TPaHCASIHH,
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TO HaJIHUHE THNEPHHKAHYECKOR OpraHH3anHu SBASETCS
MHHHMAaAbHEIM TpeGoBaHneM. Heo6xonumo, 4To6H BO-
BAEeUEHHLIE B THNEPUHKA HQCHTENMH UHpOpManuHh OHIH
CHOCOGHHI K CaMOpENIHKANHE — OIHAKO OJHOTO 3TOr0
HeJOCTaTOUHO. [Ipy aHanH3e ycmoBHE THNepuUMKJINYE-
CKOH OpFaHM3anHH cpa3y ke BHIAHA 3KBHBAJECHTHOCTb
3THX YCJOBHR MpPEANOCHJIKAM HapBHHOBCKOro orbopa.
[locnennnft ocHOBaH Ha CaMOBOCHPOHM3BEJCHHH, KOTOpoe
ABAAEeTCS OAHUM H3 BHJIOB JIHHEHHOro aBTOKaTaJ/H3a.
FunepuMka — 3T0 chenyoulnii, 60jee BHICOKHA ypOBeHb
B HepapXWH aBTOKATaJHTHYEeCKHX cHCTeM (KaK MOKasa-
Ho B uact® A). OH nocTpoeH u3 aBTOKAaTaJH3aTOPOB,
HJIH [HKJAOB BOCNPOH3BeleHHS, KOTOPLIE COYJIEHEHH I10-
CPelCTBOM [HKJHYECKOrO Karaju3a, T. €. NMOCPeJCTBOM
ele OJHOTO aBTOKATAJ/H34, HAJNOXEHHOTO Ha CHCTEMY.
Taxum 06pa3oM, THHEPHHKJA OCHOBAH Ha HeJHHEHHOM
aBTOKarasHze (HanpHMep, BTOPOTo HAH Gojiee BHICOKOrO
nopsifika).

[Tockoaskry runepuﬂmm BenyT cebs «peryaspHo»,
HX MOMHO HCCJEAOBATh KaK KOHKDeTHHH KJaacc cerel
peaxnuii. Tako#i o6uinii aHanu3 npoBonurcs B uyacTH b
(cM. Bropoe yrtBepxkzeHue). OHH NPOABMASIOT YHHKAJb-
Hele ¢H3HuecKkHe CBOHCTBA, KOTOPHIX JHIIEHH Jpyrue
THALI CBsi3ed, H no3TomMy TpebyeTcst YHH(DHUHPOBAHHOE
paccMOTpeHHe <«aOCTPAaKTHOTO THIEpPUHKNA». 3TOT CHO-
co6 mnpencraB/jeHHS npeaMera caM no cebe onpasnm-
BaeT yueGHYI0 (OpPMY H3NOMEHHS.

C npyrofi CTOpOHBI, THMEPIHKA HHKOHM 06pa3oM He
ABAsieTCA JUIIb aO6CTPAKTHEIM MPOLYKTOM Halllero yma.
DTOT NPHHOHN elule cOXpaHsAercs B [ HKJe Pa3MHOMXeHHS
PHK-conepxaiero ¢ara, XoTs 3J1eCb OH NpHJIaraercs
TOJMBKO K 3aMKHYTOMY MHDY KJIeTKH-X03siHHAa. Darosmuit
TeHOM MOc/e TPAHCAAIHA MPOH3BOLHT (PAaKTOP, CTAHOBS-
mufica cyGpeauHHnel B penyiIMKasHOM KOMILIeKce, ApY-
THe YacTH KOTOPOTO INOCTaBJAsSieT KJAeTKa-XO3SHH. JTOT
dakTop, KOAHPyeMH (aroM, mpupaer gepmeHty abco-
JoTHyIo Qarosyio crenuduunocts. [lockosnbky. arocne-
nHQHYHHEA pelmanKa3HHE KoMmIeke oreepraeT Bce PHK
KJeTKH-X035IHHA, ero HaJuuHe PABHOCHJBLHO HAJNOXKEHHIO
neTaH OGpaTHOH CBSI3H, ABTOKATAMHUTHYECKH YCHJHBAlO-
ine#t ¢arosnlfi reHOM.
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Hawe yrBepxneHue OTHOCHTEJNBHO HEOOXOAUMOCTH
rHNepLUHKAHYECKOH OpraHH3anHH NPHMUTHBHOTO annapa-
Ta TPAHCJAALHH UMEeT NPUPONY «EeC/JH — TO» H elle He
O03H#YaeT, YTO HCTOpHYECKH HMEHHO TaK Bce H OBlAO.
Ha camoM jgesne MOIIH NPOHCXONHTh HEOXHAAHHBIE JKC-
TpaopAHHAapHLIe COOHTHS — (PAYKTyanHH, KOTOpHe He
OTPaXK4IOT HHKAKOW pery/JsipHOCTH NMPHPOJAH, HO BJHSIOT
Ha Xof co6umruit. Eciu MH cobupaemcsi mOKa3aTh, YTO
SBOJIIOHS NPOTEeKata, MOAUUHSAACH ONpelnejeHHOMY (H-
3UYeCKOMY MpPHHIHANY, TO HAM HYXHO HCKAaTh 3TOMY HCTO-
pHuecKHe CBHJETEeNbCTBA, T. €. cjAeflbl paHHHX OpraHH3a-
[IHOHHHIX ¢OpM B COBPeMEHHBIX OpraHuaMax. 310
caenaHo B yacTH B, u Hallle TpeThe yTBepxIeHHe OTHO-
CHTCH K HeH.

Hexkoropyle undpopManHio O cBOeM MPOHCXOXKIEHHH
nalor Ham TpaHcnopriueie PHK — knioueBnle BemiectTea
tpaHcasinaH. [lo-BupuMoMy, OHM yKa3nBalT Ha ecre-
CTBEHHHH OyTh pa3pelleHHs npobJseMhl HHHUNHANHH He-
AMHeHHOH ceTH peaknuft — npobieMun HykJeapuH. Bce
YNeHbl 3TOH CeTH SIBJIAIOTCS [OTOMKAMH OJHOH H TOH
xe poaonayannsHOH KomuH, TPHK-npeamecrsennuxa.
MyTaHTH KBa3MBHIOBOTO pacmnpelleJleHHS 5TOr0 MHpej-
IIeCTBEHHHKA MOIVIM HAKONMHTbCA Mmpexie, uYeM Haual
paborarh OpraHH3anHOHHHIH NPHHUHN THOEPUHKJIA. Dy-
ayuyn OAU3KODOACTBEHHBIMH MYTAaHTaMH, BCe aJaNTOPH
u mosekyasl MPHK, a TtakXe HX npOmyKTH TpaHCASLHH
OYHKIHOHHPYIOT BecbMa CXOIHBIM o6pa3oM (Kak Mmulie-
HH B Kak Hcronuurtenu). [TosToMy OHH aBTOMaTHUYECKH
«BOBJIEKAIOTCA» B OpPraHH3anHI0 C MHOTHMH NepeKpecT-
HEIMH CBSI3fIMH, BKJ/IOYalOMYyI0 HeKu#t nuka. Kak mo-
Ka3aHO B YacTH B, 3TOT nHKJ MOXeT MOCTENeHHO CTa-
GH/IM3UPOBATLC MYTEM SBOJIIONHOHHOIO 'pPa3BUTHS Clie-
nHQHUYHOCTH CBsi3eH, nmpHYeM Bce OHH MOTYT OHITh THIA
«penJiiKa3a — ee MHIICHb» (TaKOH THN CBsi3W Bce elle
ucnonp3yerca PHK-comepxaumumu. paramu). Peasnuctu-
YecKHHi THNEPLHKJA MOXHO HCC/AeNOBAaTh 3KCHEPHMEHTab-
HO, HampHMep, MPH AeTaJbHOM H3yYeHHH COBPEeMEHHOTo
MeXaHH3Ma TPaHCJSIHH. S

Mn  Hajeemcs, 4TO 3Ta KHHra 6yner crocolcrt-
BOBAaTh MOCTAHOBKE ajJleKBATHBIX BONPOCOB, HAlpaBJeH-
HBIX Ha H3yueHHe npo6jem 3BojouuH. Teopust Aunuiena
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a6CONIIOTHOH 1EHHOCTH, €C/IH ee BhIBOJAL HeJb3s MpoBe-
pUTb 3KcnepuMeHTanbHo. C JApyrofi CTOpPOHBI, TEOPHA
JOJXKHA NaBaTh HeYTo GoJbliee, YeM NpOCTOe OGbsICHEHHE
3KCHepHMeHTaNbHHX (akToB. Kak ckasaa Ifumrefin:
«TonbKO Teopus MOXKET yKa3aTh HaM, KakKHe 3KCIepH-
MEHTH OCMBICJIEHHBI».

B 3TOM OTHOIIEHHM HaIla KHHTa HANHCAHA He TOJb-
KO IJ9 (QH3HKa, KOTOPLIH CTPEMHTCS K elHHOOOpa3HOMY
HpUMeHeHHI0O (H3HUCCKHX 3aKOHOB KO BCefi mnpHpone.
Ouna azpecoBaHa TaKXe XHMHKY, OMOXHMHKY H GHOJO-
ry, uro6nl NMOABHTHYTb HX HAa NOCTAHOBKY HOBBHIX 3KCIie-
PHMEHTOB, KOTOpHle crocobctBoBasn 6ul GoJsee ray6o-
KOMY MNOHHMAHHIO XKH3HH KaK MPOSIBJEHHS <PeryaspHo-
CTH NPHPONBI» H €e MPOHCXOXAEHHS.

Hamy pa6oTy B 3HauHTeNbHOM CTEHEHH CTHMYJHPO-
Baau Auckyccun ¢ ®psucucom Kpukom, Cranau Munne-
poM n Jlecan OprenoM; 3TH AHCKYycCHH OBLAH paBHO-
CHUMBHH I/ Hac «JaBjlleHHI0 OoTGopa», 3acTaBisBIIEMY
HCKaTh GO/MBLIYIO HENPEPHBHOCTD B MOJIEKYJISPHOH 3BO-
monuu. Oco6eHHO IOJNe3HBIMH ObIIM COBETHl H 3aMeua-
Hust Kpucroba bubpuxepa, VpBuara 3nmrefina, BepH-
na Tyrre, Aurmapa [lépmke, Kapna 3urmynna, [lona
Byan u PoGepra Boannda. Pyrxunasn Buukaep-Ocaruy
npensoXuaa GoMbUIHHCTBO HAAOCTpannfl H Gblja Beer-
Ja Teple/MHBOR H KpHTHUHOH cobecenHunet.

Cnacn6o HM BceM 34 MOMOIlb.

Terrunren, Mangped Jiizen
6 Hoadps 1978 r, Ilerep Ulycrep



YACTDb A
BO3HUKHOBEHHE THNEPLUKJA

I. Mapagurma eAMHCTBA U pasﬂooﬁpasml
B 3BOJIIOLHH

[MoueMy cyliecTBYIOT MHAJHOHH BHAOB XKHBOTHBIX H
pacTeHH#t HECMOTPS Ha TO, YTO MOJIEKYJNsApHbHIA annapar
KJETKH B CBOefi OCHOBe OJJHHAKOB: OJHH YHHBepCaJbHBIH
reHeTHYeCKHH KOA M MAKPOMOJIEKYJH onpeleneHHOR
XHpaJbHOCTH?

CoBpeMeHHbIe TeHeTHKH 6e3 KojeGaHHH HeMelJIeHHO
OTBeTSIT Ha MepBYI YacTb 3TOro Bompoca. PaszHooOpa3aue
BHIOB SIBJsEeTCS pe3y/JbTATOM TPaHAHO3HOTO BeTBslle-
rocs mpornecca 3BOJIONHK C MHpHANAMH OTAENbHHEX WIa-
roB BOcHpoH3BeneHHst M myranui. B nponecce ssosio-
IHH HPOHCXOJUT OTOOP CPelH KOHKYPeHTOB, norpebas-
Iollux_ OOUHe THUleBbleé pecypchl, XOTs JONYyCKaeTcst
TaKXe H30A5A1HA, CMEHa HHUIIH HJAH Jaxe B3aUMHAS
TOJIEPAHTHOCTE H cUMOHO3 — NPH HaMHYHH JOCTATOYHO
MATKHX CEJeKUHOHHBIX orpaHuuyeHud. JlapBHHOBCKHEH
OpHHHI ecTeCTBeHHOro or6opa MNpeacrasasier coGo#
OPHMHUHUN YHpaBJeHHs, JAaollnf AUPdepeHIHPOBAHHYIO
OLHKY TeHHOWd MONYJANHH B OTHOIUGHHH ee ONTHMAJb-
HO#t mpucnocobieHHocTH K cpepe. Crtporo roeops, OH
3¢ peKTHBEH TOJNBKO NPH HAJHYHH MOAXOASUIHX TpaHHY-
HEIX YCJOBHH, KOTOpble B NPHUpPOAe MOTYT BHINOMHSTHCS
HJIH He BHINONHAThCA. B pa6orax Pumepa, Xonnefina u
Pafita — OCHOBOHOMOXHHKOB  [JIaBHBIX  HampaBJaeHHH
NONyJsiUHOHHOH TeHeTHKH — MpPHHIHAMY eCTeCTBEHHOTO
or6opa O6nlna AaHa TouHas GOPMYJSHPOBKa, MOKA3EIBAIO-
ulas ero BO3MOXHOCTH ¥ OrpaHHYeHHs. 3TOT NpHHUHI
onupaercst Ha o6UIMe CBOHCTBA XHBHIX OpPraHW3MOB, OCO-
GeHHO Ha MEXaHH3MBI MX BOCHpou3BeneHHs. [locmenunue
3aBUCST OT psina (GaKTOPOB, onmpejefsOLINX Kak .TeHe-
THYECKYI0 OJHOPOILHOCTb, TaK H HEOJLHOPORHOCTH, KOTO-
pele OBIJIM H3BeCTHHl elle [0 YCTAaHOBJEHHS JeTalb-
HBIX MOJIEKYJSIPHBIX MEXaHH3MOB HAaCJeJCTBEHHOCTH
(raba. 1).
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Co3HaBast 3Ty TeTEPOreHHOCTb MXKHUBOTO MHpa, Jeid-
CTBHTEJNBHO TPYIAHO MOHSITh MPHUHHY €ro ORHOPOLHOCTH
Ha cyOkserounoM ypoBHe. Muorie O6HOJMOTH MPOCTO
00 beJHHSAIOT BCE JOKJETOUHHIE SBOJIONHOHHEE COOHRITHS
# coOMpaTebHO HA3LIBAIOT HX «BO3HUKHOBEHHEM IKH3-
au». KoHeuHo, ecsu Onl XKH3Hb BO3HHKJA B pe3yJbrarte
ONIHOKPATHOTO KOJIOCCAJIbHOTO aKTa TBOPEHHS H eclu 6

Tabauya 1
daxTopu ecrectBenHoro orbopa (nmo Paiiry [1])

®akTOpH reHeTHUECKOH
OHOPOHOCTH

®aKTopH reHeTHYeCKoR
HeoHOPOJIHOCTH

JynankauHa reHos

Arperaiuns resos

Mutoa

Konvioranus

CrensieHue

OrpaHndeHne pa3MepoB MOMy-
JANHK

JlaBJjieHne cpenbl

Kpocc6puanur Mexay moarpyn-
naMu

MyTaunu resos

Cayuafinoe fesieHne arperata
XpomocomHuble abeppanun
Pepyknusa (Mefios)
KpocenHnrosep
I'n6puansanus
Hnapusnpyanbnas

MOCTh

Iogpasgenenne rpynmbl
Jlokaneuas cpema momrpynn

ajantupye-

3TOT aKT — KaK YHHKaJbHOe H 3KcTpaopAMHapHOe cOOH-
THe, BHIXOAsilllee 3a MpeJeful BCEro CTAaTHCTHYECKH BO3-
MOKHOTO- ¢ TOYKH 3peHHs (DH3UKH,— B MPOLLIOM HMeJN-
MeCcTO TOJBKO OJHH pa3, To MB MOIMH OB YZOBJIETBO-
putbest nonobHHM oObsicHeHHeM. Ho sawb6as nanbued-
masi MONMHITKA MOHATb «KakKP» Obima Oul TuletHoH. Cay-
YaHHOCTH HEJb3Sl CBECTH HH K ueMy, KpoMe ciayua#:
HOCTH.

OnHako TO, 4TO HaM H3BECTHO O MOJIEKY/ISPHOH TOH-
KO CTPYKType Laxe NpPOCTeHUIHX CYLUIeCTBYIOHIHX HHIHE
KJeTOK, HHK4K He CBHAETeJLCTBYeT B MOMb3y TAaKOTO
o6bsicHeHHS:. 3aKOHOMEDPHOCTH CTPOEHHS 3TOH OueHb
CMOXHOH CTPYKTYPH He OCTaBJ/SIOT COMHEHHS B TOM,
4TO MepBasi JKHBag KJeTKa CKopee Bcero cama 6blia
HPONYKTOM [JIHTETHHOTO Mporecca 3IBOMIONHH, KOTODPLIH
JOJIXKeH GBI COCTOSTb H3 MHOTHX OTHENbHHX — HO He
06s3aTe/TbHO 3KCTPAOPAHHAPHBIX — 3TanoB. B vacTHO-
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CTH, TeHETHYECKHA KOJI MOXHO NPEACTAaBHTb KaK pe-
3yJbTAT TAKOTO MHOTOIIATOBOrO mponecca 3Bogoypun [2],
KOTOpHIfl, MO-BHAHMOMY, HauyalCsi C ORHO3HAYHOTO KOAH-
poBaHHs JIHIIb HeMHOTHX H3 Haufojee pacnpocTpaHeH-
HBIX B HepBHUHBIX YycaoBusx amuHoKHcaoT [3]. Xors
B KOJe He yJaeTcs YCMOTpDeTb COBEPUIEHHOH JOTHYeCKOR
CTPYKTYPH B OTHOUIEHHH BCEX OKOHYATeJbHHIX COOTBET-
CTBUH, OH LafleK OT CJAy4aHHOTro, H HEBOJBHO MPHXOIMT
B TOJIOBY MHIC/Ib, YTO 31echb «cpafoTaf» KakOH-TO ONTH-
MH3auMOHHHHA MprHuHN. Ero MoXHO wa3BaTh NPHHIH-
noM HaHMeHbIIero H3MeHEHHS, MOTOMY YTO CTPYKTypa
KOJa TAKOBa, YTO HA yPOBHE aMHHOKHCJIOT MOC/AeACTBHS
TOYeYHHIX MYTAlHR CBOAATCS K MHHHMAJbHBIM H3MEHe-
HusiM. M36BITOUHBIE KONOHBI, T. €. TPHMJAETH, KOAHPYIO-
IlHe ONHY H Ty K€ aMHHOKHCJOTY, PacnoJ/IOXeHH B €O-
CeNHHX MOJIOXEeHHSAX TabJunsl KOna, a KONOHH AJs aMHu-
HOKHCJIOT, CXONHHX 10 CBOHM (YH3HKO-XHMHYECKHM
cBoficTBaM, OOLIUHO Pa3NHYAOTCS TOJBKO IO OJLHOMY H3
Tpex MONOMEHHH, KaK NpaBHJIO, MEpBOMY HJIM TpeThbe-
My. Urto6bnl Takas ONTHMH3AUHuS MOIJa NPOH3OHTH B
nponecce 3BOJIONHH, Tpebyercss HCNbiTaHHEe MHOTHX
BO3MOXKHOCTEeH myreM npo6 H OmHOOK, B TOM 4YHCJIE Iie-
JIOTO psifla BHIPOXIEHHBIX BapHaHTOB KOJIHPOBaHHS.
Htak, noK/JeTouHast 3BOJIONHA XapaKTepH30BaJach, Be-
POSITHO, TAKOH XKe CTeNneHbi0 BETBJCHHH, KAKYl0 MHl Hi-
XONHM Ha YypOBHE BHJOB, €CJNH TOJIbKO OHA YNpaBJsAach
TeM e JapBHHOBCKHM MeXaHH3MOM eCTeCTBEHHOTO
oT6opa.

OnHako HaM He H3BeCTHbl HHKaKHe BapHAHTHI I'eHe-
THUECKOTO KOJA, Jaxe eclH paccMaTpHBAThb €r0 TOHKYIO
cTpykTypy. C O#HOH CTOPOHH, ObIIO OH COBEPILIEHHO
HEYJIOBNETBOPHTENbHEIM JONYLUIeHHE, YTO ONTHMAaJbHHE
KOJOBble COOTBETCTBHSI BO3HHKJM MO MNPOCTOH cayuya-
HOCTH, KOTOpas MpPOH30MIJa BCEro OJAHAXABl H- KaK pa3s
B HYXHBIi MOMEHT BpEeMEHH, He JROMyCKas HHKAKHX
aJbTepPHATHB, KOTOPHE HECOMHEHHO NpHBeH OH K Ber-
BJEHHIO KOJa Ha BapHAHTHl C Pa3JHYHOH TOHKOH CTPYK-
typo#i. C ppyrofi CTODOHH, CTORb K€ HEBePOSTHHIM
6bi0 Onl fonylleHHe, UTO HCTOPUUYECKHA NYTh JOKJeTou-
HOH 3BOJIIOLHH OBl ONHO3HAYHO 3a/aH JeTepMHHHPOBaH-
HBIMH (PH3HYECKHMH COOBITHAMH,
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PesysnbraThl  HaulMX  HCclelOBaHHH  3acTaBJSIOT
nosaraTth, 4TO AapBHHOBCKOH 3BOJIIOLHH BHJAOB Mpel-
IIeCTBOBAJ aHAJOrHYHEIE MHOrO3TamHHIA Mpolecc MoJe-
KYJSIDHON 3BOJIIOIHH, KOTOPHIH MpPHBEN K CO3RAHHIO YHH-
KaJbHOTO anmaparta KJAETKH, HCIONb3yloulell yHHBep-
Ca/MbHBIA KOA. DTOT KOX OKOHYAaTeNbHO YCTaHOBUICS He
MOTOMY, YTO OH OB eAMHCTBEHHO BO3MOXHHIM, a IO-
TOMY, uTO 3Jech paboTan cBOeOOpa3HHA MexaHH3M
or6opa «pa3 H HaBcerjas, NpHYeM STOT INpoIecc MOr
HauaTbCs C JMOOBX KOAOBBIX coorBercTBHHA. OTGo0p «pa3
H HaBcerja» siBlfeTcs CJIeACTBHeM THIEPIHKIHYECKOH
oprannsanuu [4]. Tmarenpunfi aHa/MH3 MeXaHH3MOB
BOCHPOH3BeJIleHHS MAKPOMOJIEKYJ MO3BOJISIET LyMaTb, YTO
Ha/lU4YHe KaTaJHTHYECKHX THNEPUHKJOB — 3TO MHHH-
MasnbHOe TpebGoBaHHE AN BO3HHKHOBEHHsSt MaKpoOMoJe-
KyJAsipHOH OpraHH3auHH, cnocobHOR HakKamJIHBaTh, CO-
xpaHsitb B o0pabarTbiBaTh TeHeTHUECKYIO HH(OpPMauuio.

I1. Yro Takoe runmepuuKka?

PaccMoTpuM MOCHefOBAaTeNbHOCTh peakUHH, B KO-
TOPOH Ha KaXJAOM 5Tane NPOAYKTH — C yYyacTHEM J0-
MOJTHUTENABHLIX peareHTOB HJIH 6e3 HHX — MOJABEpraioTcs
nanbHeAmuM npeBpaulenusiM. Ecau B Tako#i mocnenosa-
TeJBbHOCTH KaKOR-MHOO0 H3 NPOAYKTOB HIEHTHYEH HCXO.-
HOMY pe4reHTy KaxkO#-MHO0 mnpexllecTByIOlled CcTaauH,
TO TaKast cHcTeMa MNONOGHA pEAKYyUOHHOMY YUKAY,
a UMKJA B [eJOM — KaTtafnusatopy. B mpocrefimiem cay-
Yyae KaTaJH3aTOp — 3TO OTHeNbHAast MOJEKYyJa, HalpH-
Mep depmeHT, NpeBpamamiluii cy6eTpaT B NPOAYKT:

S 2> p,

MexaHH3M,; KOTOPBII CTOHT 3a 5TOH (hopManbHOH
cxeMoH, Tpe6yeT no MeHbUIEH Mepe TPexX4/JeHHOrO NHKJIA
(pHe. 1). Bosee cnoXHble peaKIHOHHBIE [1HKJbI, BBIIOJA-
HAOUIHe (yHIAMeHTaJlbHEle KaTaJqHTHYECKHe (yHKIHH,
nokasaHul Ha pHc. 2 u 3. IIugn Bere — Bafinsekepa
[5] (pmc. 2) BHOCHT cyuiecTBeHHHIH BKJald B MOAJAEpiKa-
HHe BLICOKOH CKODOCTH BBICBOGOXKICHHS SHEpPrHH B Mac-
CHBHHIX 3Be3llaX. OH, ec/lH MOXHO TaK CKa3aTh, 3a¢TaB-
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Asier CONMHUE CBETHTb H, CACAOBATENbHO, ABJISETCH OJ-
HOH-H3 Haubosiee BAXKHBIX BHEWHUX TPEANOCHAOK cyule-
cTBoBaHHA XH3HH Ha 3emne. He wMeHbmee 3HaueHHe,
no-sHaHMOMY, HMeeT HHKJA KpeGca, uam nHKA AHMOH-
HOR KHchoTH [6], m3o6paxewubt Ha pHC. 3, XOTS OH
KacaeTcst 8HYTpeHHezO MexaHH3Ma XHBOTO. 3TOT NHKA
peaknuit onocpenyer H perynupyer MeTabo/H3M YrJeBo-
JIOB U JKHDHBIX KHCJAOT B JKHBOH KJETKe H BHNOJHSET
TakKXe BaxKHble QYHKUHH B aHaboJHuecKHX (GHOCHHTe-

ES EP

E

Puc. 1. O6unfi Mexaumsm (epMmeHTaTHBHOro KaTaim3a mo Muxas-
Jucy — Mented. B sTOM npomecce y4acTBYIOT MO MeHblied Mepe
TPH HHTEPMeZnaTta: cBoGonHunfi pepment (E), xoMnaekc depmeHT —
cyberpar (ES) n Kommneke ¢pepment — mpoaykt (EP). Cxema mo-
Ka3blBaeT, 4TO KaTaJHTHYeCKOe AeficTBue (epMeHTa 3KBHBAJIEHTHO
IMKJHYECKOMY BOCMPOH3BEXEHHIO MHTEPMEAMATOB NpPH NpeBpallleHun
cy6erpara (S) B mpoaykt (P). Bmpouem, oHa paeT. Jumib (opMaJb-
HOe NpejcTaBjieHHe MCTHHHOrO mpouecca, KOTOPHIA MOXKeT BKJA0OYATh
B ce6f MHMOrocTymeHYaTyH axTuBaymio cy6cTpaTa M MHAYUMPOBaH-
Hble KOHpOpMaluMOHHEE H3MeHeHusA (hepMeHTa.

1 ) ‘SOV?
4 HN)&/\N

Puc. 2. VraepoaHnifi umka, npenJioxenuold bBere m ¢ou Bafimzexe-
poM, OTBETCTBEH — MO KpaiHefl Mepe 4aCTHYHO — 32 BHICBOGOXKAeE-
HHMe SHepIMM B MAaCCHBHLIX 3BesfaX. Ero koMmnonenth — !2C, 13N,
13C, N, 150 n SN — mocTOAHHO BOCHPOM3BOAATCA B XOMie peaK-
uuonHoro uwukaa. Llukamueckas cxeMa B nejioM npejcrasiser coGoit
KaTa/lu3aToOp, KOTOPHIH npempainaer uethipe atoMa 'H B ogun atom
‘He c BHCBOGOXIEHMEM 3HEPruH B BHAE Y-KBAHTOB, MO3HTPOHOB
(et) u meittpuno (v). :



20 Yacrs A. Bostukunosenue 2unepyuxaa

Pune. 3. Llukn Tpukap6oHOBHIX KHCJOT, HJM HMKJ JIMMOHHOH KHCJO-
TH, — 3T0 OO6WMA KaTaJuTHYeCKMA ammapaT GHOJIOrMYECKOTO OKHC:
JeHHS «TOMMBHHIX» MoJexkys. [losHas cxemMa mukiaa Gblia npenJo-
KeHa Kpe6com, BaXKHBIA BKJaZ B ee MOCTPOeHHe Gbljl BHECEH TaKXKe
Cent-IInépan, Mapunycom n KHomom. OcHOBHEHe KOMMOHEHTH UMK~
aar nutpat (C), yuc-akonntat (A), wzomurpart (I), a-kerorayra-
pat (K), cyknunmia-CoA (S*), cykumnar (S), dymapar (F), 1-ma-
gar (M) u oxcanoanerat (O). Aperat BCTymaer B HMKJ B aKTHBH-
posanHolt dopme B Buge auetn1-CoA (3ran 1) m pearupyer ¢ oKca-
soaueratom B HyO ¢ o6pazosanem ummrpata (C) m CoA (--H¥).
Bo Bcex npeBpauleHHAX YYACTBYIOT (epMeHTH M TaKne KODAaKTOPH,
kak CoA (srtanm 1, 5, 6), Fe?t (stanu 2, 3), NAD* (aranu 4,5,9),
TI®, nunoeBas xucjora (3tam 5) m FAD (atam 7). Ha cxeme e
noKasausl AONOJHHTeNbHHe pearedthi: HyO (stamm 1, 3, 8), Py n
GDP (stan 6) n HpoayxTH peakumfi — HyO (sram 2), H+ (ara-
nu 1, 9) 1 GTP (3tanm 6). B peayabnrare Bcex peaknmii nukaa xz:po-
HCXORHT MOJIHOE OKMCJeHHe HBYX aueTmibHEX yriaepogos 1o CO,
(n Hy0). 3a opmum obopor n#xna renepupyercs 12 maxpospruye-
ckux ochaTHHX cBA3el, NpHUEM OJHA M3 HHX 06pasyeTcf B CaMOM
nukae (GTP, stan 6), a 11 —B pesyabrate okuciennss NADH u
FADH, [tpu napnl anektponoB mepeHocarcd Kk NAD+ (atanu 4, 5,9)
u opna nmapa — K FAD (srtan 7)].

NB: Xots nuka B nejioM QYHKIHOHMPYET KaK KaTaJjM3aTop
6snarogapsi BOCHPOM3BEJEHHI0 HUTEPMEIHATOB, OH He NOXOXK Ha Ka-
TaaruTuseckull yuka, nobpaxennslit Ha puc. 4. Hecmorps Ha TO uTO
Kax Wi 3Tanm UMK/a KaTaJu3Hpyercd (epMEHTOM, HM OJAMH H3 3THX
(depMmenTOB He 06pasyerTcs B CAMOM LHKJIE.

CoA —xodepment A, NAD — HHKOTHHAMNZAAEHUHAMHYKICOTHE,
GTP — ryanosunrpudocdar, FAD — diaBrHAAEHUHAMHYKJIEOTHS,
TI1® — tuamunnupodocpar, GDP —ryanosnngndocdar, P, — doc-
tdart HeoprammdecKuf.

THUECKHX) npomeccax. B ofenx cxemax BLICOKOIHepre-
THYECKOe BElIeCTBO NpeBpalnaerTcst B NPOAYKTH, OeaHbie
3Heprueff, Npu COXpaHeHMH, T. e. [HKAHYECKOM BOCIIPO-
H3BeNleHHH CYLUIECTBEHHBIX MPOMEXYTOUHBIX HPOAYKTOB.
O6a pHkJa ObIH NMPefJOXeHBl NMPUMEePHO B ONHO H TO
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Xe Bpems (1937—1938 rr.), XOTs MexAy HHMH HeT
HHKAKOH NpUYHHHOH CBS3H. '

OnHoHanpaBAeHHOCTb LHKJHYECKOTO BOCHpPOH3BeJe-
HHS HHTepMeJHAaTOB, KOHEYHO, MNpeANo/araer, uro CHc-
TeMa HAaXOJHTCA B COCTOSIHHH, AaJIEKOM OT paBHOBECHS,
M BCerja cpsi3aHa C PacX0JOBaHHeM SHEPrHH, 4acTb KO-
TOpPO! [QUCCHIHpYeT B OKpyXawouywo cpeny. C apyro#i
CTOPOHHI, YCTAHOBJNCHHE paBHOBECHS B 3aMKHYTOR CHcre-
Me NpHBelleT K TOMY, YTO Bce CTaauH OyayT HaXOLMThCH
B COCTOSHHH JeTaJbHOro paBHOBecHs. KaTaaHTHueckoe
JeflcTBHe B TaKOH 3aMKHYTOH cHcreMe GyaeT MHKPOCKO-
nHYecKH o6paTHMO, T. €. OHO OyJeT MPOHCXOIHThb C PaB-
HOH 3¢)peKTHBHOCTBIO B 0G0HX HaNpaBJeHHSX.

Teneps, mons3ysicb npocToit HTepanuei, ‘MOCTPOHM
HepapXHH DeaKNHOHHBLIX LHKJIOB H 3afafiuM HX YacTHHE
cBofictBa. DTO O3HayaeT, YTO HA CJeNyoueM 3Tale MH
paccMaTpHBaeM peaKpHOHHBIA pHKJI, B KOTOPOM [0
MeHblIeH Mepe ONHH, HO, BO3MOXHO, H Bce HHTepMenHa-
Thl CaMH ABJAIOTCS KaranHzatopaMu. OTMETHM, YTO 3TH
HHTEpMeAHaTH, OyLyuYd Kara/au3aTopaMmH, Temnepb OCTa-
I0TCA HEeM3MeHHBIMH BO BpeMst peakuuH. Kaxpau# u3
HHX oO0pa3yercsi M3 [OTOKa BBHICOKOIHEPreTHYECKOTIo
CTPOHTENHLHOTO MaTepHada ¢ HCHOJbh30BAHHEM KaTajiHTH-
YeCKoH MOAJEPIKKH OT MpeAlIecTBYIOLLEro HHTepMeaAuaTa
(puc. 4). Ilpu GoabmoM yHCAe HHTEPMENHATOB TaKas
CHCTeMa CTAaHOBHTCH OUYEHb CJIOXHOHA MO COCTaBy H MoO-
3TOMY BPSIJL JIH MOXeT BCTpeTHTbcs B npupoje. CaMum
M3BECTHEIM NPHMEpPOM SIBJASETCS YeThipeXuJeHHBIH IHKA,
CBSI3aHHBIH ¢ MaTpPHUYHON pennukanpuefi Mosekyasl PHK
(puc. 5). Takoro pona MexanuaM ucciaenoBancs in vitro:
HCNOMBb30BATH peaKnHOHHYIO Cpelly, COAepxallylo HYK-
JeosuarpHpocdaThl HYeThHIpex THIOB B KayeCTBE BBLICOKO-
SHepreTHUeCKHX CTPOHTENbHBLIX MaTepHa/oB, a TakkKe
tdaropyio pemnHka3dy, KOTOpas Hrpajga pojb MNOCTOSHHO-
ro ¢akropa cpens [7, 8] (Gosee neranbHOe omucaHHe
nano Kroonnepcom [9]). Kaxnaa u3 neyx uenefi neficr-
ByeT KaK MAaTpula, HHCTPYKTHpyloulas CHHTe3 cBoef
KOMIJIeMeHTapHO# KOMHH,— Kak NpH dororpaduueckon
penpanyKiuy.

pocTefilIUM MPeACTABHTENIEM 3TOH KaTerOpHH peak-
ILHOHHBIX CHCTEM SIBJISIETCH OTREJNbHHIH aBTOKATa/aM3aTop
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Puc. 4. KaTaauTuueckufi uMKA npeicTaBisier coGofl Gosee BEICOKHA
YpOBeHb OpraHM3alMM B HEpAapXHH KaTajHTHyecKux cxeM. Kommo-
nenTH uukaa E, - E, caMu ABJIAIOTCA KaTaJM3aTOPaMH, KOTOPHE 06-
pa3ylOTC# M3 KaKHX-AH6O BHICOKOIHEPreTHYECKHX Cy6eTpaTon (S),
npuueM KaxAw uHTepMeanar E; sBisercd KaTaim3aToOpoM Asd 06-
pasoBauns E;.,. Karasutuuecknil nmk;i B neiom SKBHBAJEHTEH aBTO-
KaTaJu3aTopy, MHCTPYKTHPYIOLieMy cBoe COGCTBeHHOe BOCHpDOH3Be-
nedne. JIas cyuiecTBOBaHMS KaTaJMTHUECKOTO MMKAA AOCTaTOuHO,
4TOGH OfMM W3 HMHTEDPMEAHATOB .OblA KAaTAaJAM3AaTOPOM A/ OLHOM H3

focJeAyOLMX peakuni.

HAH — B CJyuyae LeJoro kjacca o6beKTOB l;, HeCymHX
HHPOPMALHIO,— CaMOBOCIPOH3BOAAmascs ennHHna. Ta-
KOft mpouecc GOpMaTbHO MOXKeT OHITb ONHCaH Caeayio-
uiEM o6pasom:
I
X—1L

B 3T10fi KHHTe 6yAyT 4acTO paccMAaTpHBAaTbCsA peaKuHd

TaKOro THMAa; Mbl 6yaeM o0603HauaTh HX cHMBOJIOM (D) .

Taro#t wucTuHHO camoBocnpousBonsuieiica ¢Gopmoi
asasierca asyxuenoyeyHast JITHK (B orauume or oxaHo-
nenouyeyHoét PHK) — o6e ee uenu omHOBpeMeHHO KOMH-
pylotcs moaumepasofi [10] (puc. 6). 3Srta xe dop-
MaJbHas cXeMa NpHMEeHHMa H B Cjy4ae NPOKapHOTHYE-
CKOM KJeTKH, Tle Bce Hac/elOBaHHe OCYlLeCTBJSEeTCH B
OCHOBHOM HE3aBHCHMO B KaXJIOH KJeTOYHOM JHHHUH.

KuHernueckHe ypaBHEHHS KaK MPOCTHIX KaTaJHTHYe-
CKHX, TaK W aBTOKATAJHTHYECKHX CHCTeM NPH MNOCTOSIH-
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HOft KOHueHTpalHH cyOCTpaTa COJepKaT wjleH MepBoro
MOpsiiKa MO KOHNEeHTpanHH Kataausatopa. Kpusbe
pocTa, ONHAKO, 4eTKO JAH(pdepeHyHpYIOT ABE 3TH CHC-
tTeMH. KosiHYeCTBO NpOAyKTa AJS NPOCTOrO KaTaJHTHue-
CKOro nponecca B yKa3aHHHX YCJOBHSIX pacTeT BO Bpe-
MEHH JHHeHHO, TOrAa Kak AJs AaBTOKaTAJHTHUECKHX
CHCTeM XapaKTepeH 9KCMOHEHIHAJbHBIA pOCT.

Crporo roBopst, aBTOKAaTaJHTHUYCCKYI0 CHCTEMY YiKe
MOXHO Ha3HBaTh THIEpIHK/IHYecKOH, HOO OHa mpejcTa-

PP

PP

O o

(I

Puc. 5. Katanutnuecknfi nuks, umeoumii GHOJOruyecKoe 3Haue-
Hue, — pemnukanus ofuonenovegHosr PHK. Hurepmeauars (matoc- u
MHHYC-1lefl1) Y4acTBYIOT B LHKJe KaK MaTpHUBl JJSl CBOEro B3auM-
HOro BOCnpou3BeneHusA. MaTpuunass yHKUMA 3KBHBajAeHTHa M36upa-
reabHoMy kaTtaamsy. Hyknaeosuarpudocdaret (NTP) mnpescrasasior
co60ofl BLICOKOIHEPreTHYECKMil CTpOWTE/bHBII MaTepuasd, a mupodoc-
tdar (PP) sBasercs OTX0fOM peakumfi uukaa. KomnaemenrapHoe
HHCTPYKTHPOBAHHE, MEXaHH3M KOTOpOro G6yHeT o6CyXAAaTbCA B CBA3M
¢ puc. 11, ABisercss CyUIeCTBEHHO aBTOKATAJMTHUCCKON (ymkuuef,
T. €. GyHKumeli caMoBOCIPON3BERCHHS.

Puc. 6. HcrmHHBIAL 1ipouecc camMoBOCHpPOM3BEREHHS (OXHOYJEHHHI
Katasutnuecknii nuka) — penamkauus JITHK. Mexanuam storo upes-
BhLIYafiHO CAOXKHOro mpoiecca (cm. puc. 12) obecneunuBaer cBSI3b
Kaxzaof nouepHel nemn (D) ¢ coorBeTcTBYIOUWIEH POAHTENBCKOH
gensio (P), )
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Puc. 7. KartanuTuyeckuii T'MOEpPUMK] COCTOMT M3 CAMOMHCTPYKTHpPY-
OWUXCA equHUY 1; C ABOMHBIMH KaTaJHTHYECKHMHM (YHKIHUAMH.
B xauectBe aBTOKaTa/m3aTopa Wam— B 60Ojiee oOweM ciayiae— B
KayecTBe KATAJAWTHYECKOI'O MMKJAa HHTepMeauat I; cmocoGem uH-
CTPYKTHPOBATb CBOE COGCTBEHHOE BOCHPOM3BEJEHHE, a KPOMe TOro,
OH OKa3hnBaeT KaTANMTHYECKOe COJEHCTBHE BOCHPOM3BELEHHIO CJe-
LYIOLIETO HHTEpMeAnaTa (€ MCHOJb3OBAHHEM BHICOKOIHEpPreTHIecKoro
cTpouTenbnoro Matepuana X). VmpouleHHas cxema (5) noxa3smiBaer
HEpPapXHIO [MKJIOB.

BAsieT co6oft IHKJ KaTaJH3aTOPOB, KOTOPble CaMH SBJIS-
I0TCS nHKJAaMH peakuufi. Mu, OfHaKo, OrpaHHYHM He-
HOJMb30BAHHE 3TOTO TEPMHHA TAaKHMH CHCTEMaMH, KOTO-
ptie SBJASIOTCS THHCPUHK/IHUECKHMH MO OTHOLIEHHIO K
xaraautudeckoli ¢yuxyuu. B AeHCTBUTENHHOCTH 3TO
THOEPLUHKAB BTOPO#A HJH Gosee BHICOKOH CTeleHH, MOTO-
MYy 4TO OHH OTHOCSITCS K PeaknHsiM Mo MeHbllef Mepe
BTOPOTO MOPSIAKA MO KOHUEHTPAauHAM KaTadH3aTOpOB.
KaTtanuTHuecKH#t THNEPUHKA — 3TO CHCTE€Ma, CBS3HI-
Baiollasi aBTOKATAaJHTHYECKHe, HJAH CaMOBOCHPOH3BOAA-
lpecss eIHHUUB APYr C APYroM MOCPeACTBOM I HKJIHYe-
ckoii cesid. Takas cuHcTema H300paxeHa Ha pHC. 7.
Unrepmennatet I 1—In Kak caMoBOcnpoH3BOAstiiHecs
eNHHHIB CaMH SBJSAIOTCS KaTa/JHTHYECKHMH I[HKJIAaMHu,
HanpuMmep KOMOHHauHsiMH mmoc- H MuHyc-neneit PHK,
KaK HoKa3aHo Ha puc. 5. Onnako mponecc pemTHKanuu
KaK TaKOBOH JOJKeH NPAMO HJH KOCBEHHO CTHMYJHPO-
BAaThCH JOMOJHHTENbHBIMH cHEnHpHYECKUMH CBA3SIMH
MEeXJy PpasJHYHBIMH pPeMHKAaTHBHEIMH  eJAHHHuaMH,
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Peantno Takue cBsi3H .MOryT obecneyuBaThCsi OeKa-
MH — NPOAYKTAMH TPAaHCASUHH MNPelIIeCTBYIOIMHX 1 HK-
jgoe BocnpousBenenus PHK (puc. 8). 3tu Genku MOryr
NeHcTBOBaTh KaK chnepH(HYecKHe penaHKashl HJAH Jepe-
npeccopnl HJAH Xe KaK crnenddHuecKHe 3aulHTHBE (ax-
TOpHI, MpenoxpaHsiomite OT gaerpazanuu. CBS3H MeXAy
CaMOBOCIPOH3BOASIIUMHUCS €NHHHIAMH NOJIKHH ofpaso-
BhHIBATh HAJIOXKEHHHHN UMK — JHIIL TOTAAa CHCTEMA
B nenoM 6yner nopobua runepuukay. Ilo cpaBueHHIO
C CHCTeMaMH, MOKa3aHHEIMH Ha pHC. 4 H 5, MHNEPUHKN
SIBJISETCST  CaMOBOCHPOH3BOASUIHMCSE B 60Jiee BRICOKOH
CTeneHH.

[IpocrefitinM npencTaBHTeNeM CHCTeM 3TOrO KJjacca
cHOBa siBasieTcss (KBa3H)OJHOLIAroBast CHCTeMa, T. e.
YCHJIEHHBIH aBTOKaTa/MH3aTOp. MH crajJKHBaeMcs ¢ Ta-
Ko#l cucremMoii B cayusae HHpeKuun kiaerkn PHK-

€

1)

Puc. 8. Peajnctuueckas MOAenAb Iunepriiksa BTOpPOR CTeleHH, rae
HocuTesin uHpopManun I; «BBHIAAIOT» MHCTPYKUMH [ABYX THIOB: BO-
fepBbiX, AJf COGCTBEHHOrO BOCHPOM3BENEHHH H, BO-BTOpHX, A4
TpamcaAuHu ¢ o6pazosaHuem mHTepmeamatoB E; BTOpOro THNa, Ko-
TOpHle 064afal0T ONTHMAJbHLIMM (YHKLHOHAJAbHLIMH CBOMCTBAMH.
Kaxauh ¢epment E; xaTaimsupyer BOCHPOH3BELEHHE CJERYIOHUIEro
Hocutenss mupopmaiuu I;. OH MOXKeT uUMeTb M LPYrHe KaTaJuTHue-
CKHe CBOiiCTBa, Heo6XOAMMble 1Jifl OCYLIECTBJEHHS MpOLEecca TPaHuc-
AsuuM, mMetabosmaMa M T. 4. B nmono6HBIX caydasix cremeHb rumep-
UMKJN4eCKOoR CBA3M GOJblle ABYX.
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comepxamuM ¢arom (puc. 9). Ecam ¢arosas PHK
(mmoc-uenb) NpPOHHKAaeT B GaKTepHAJbHYIO KJIETKY, TO
ee TeHOTHMHYecKas HHGOPMAIHS TpaHCAHPYyeTCs amma-
paToM KJeTKH-x03siuHa. OnHH U3 NPOLYKTOB TpaHCAs-
UKHH CBA3HIBAETCS C ONpeJleleHHBIMH (aKTOpaMH XO3sH-
Ha ¢ o6pa3oBaHueM AKTHBHOTO (pepMEHTHOTO KOMIJIeKC4,
KOTOPHH cHenH(HYECKH pemIHnUpyeT IUoC- H MHHYC-
nenn ¢arosoii PHK, nefictsyomne npu BocnpoH3ssene-
HHH KaK MaTtpunws gpyr mas apyra [11]. Omnako pen-

A B

Puc. 9. Pasmnoxenue PHK-comepxamero dara B Gaxrepuasinuoll
KJeTKe apeAcTapasger coboft mpocToff runepuMKJHYecKnft mpoiecc.
UnperunorHas nawoc-uenb, HCOOAb3Yys anmapart TPAHCIANHM KJeT-
KHM-XO03fHa, CHayajla HHCTPYKTHPYeT CHHTe3 6esaKoBOf cy6beRuHu bl
(E), xotopas cefi3biBaeTcs C aApyruMH OGenKaMH KJETKH-XO03fMHa C
o6pazosannem ¢arocneynduynofi PHK-penankasn. drtor pensmkas-
HBlii KOMMJEKC Y3HAeT TOJbKO OfpejefenHble (EHOTHMHYECKHe O0COo-
6eunoctu darosofi PHK, xoropbie uMeTcs Kak y mioc-, TaK U Y
MHHYC-LleflH 6/1arojaps CHMMETDHH OMpEAeJEHHHIX Y4YaCTKOB UeNH
PHK. B pe3ysabTaTe npOMCXOAMT BCObilKa cHHTe3a (arosofi PHK,
KOTOpas — M3-32 THIEPUUKAHYECKOA mnPHpoAb — HOCHT runep6osmye-
cxufi xapakrtep (cM. HacTb B, puc. 17), moka He MacCTynuMT Hachliie-
HHMe N0 OJHOMY H3 HMHTEPMELHATOB WJH [0KAa He MCTOMAaTCA 3amacHl
MeTaboAUTOB KAeTKH-x03AuHa. CXeMa 5 nokasbiBaer, YTO aBTOKATa-
JUTHYECKHMH HJE CaMOHHCTPYKTHBHBLIMH cpoiicTBaMn Moxer obJja-
naTh BCEro OJHWH W3 HHTEPMEAHATOB [MPH YCJOBHH, 4YTO JpyrHe
«mapTHepb» CBA3aHHL € HUM C [OMOIIBIO lMKJAHYecKofi o6parHom
CB#3H.
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Puc. 10. Uepapxua nuxkJAMYecKHX peaknMOHHBIX cerTefi oueBHAHA H3
COROCTaBJeHHsT 3THX cXem ( —> XHMMHYecKoe mpespamieHue, —
KaTaJNTHYeCKOe AefiCTBHE).

JHKA3HHHA KOMIJAEKC He PpPa3MHOXKAeT — B CKOJbKO-
Hubyap oumytumoit crenedn — uHdopmauuonnyww PHK
KJAeTKU-X03siuHa. B pesysabrate uHeKnHu HauHHAeTCs
eunepboiuyecKkul poctT uncaa GaroBblX 4acTHI, KOTOPHIH
B KOHIIE KOHIIOB BHIXOIMT Ha HACHIUEHHE H3-3a OrpaHH-
YEeHHOCTH pPecypcoB KJeTKH-XO3fHHA.

Hpyrofi ecrecTBeHHBIH THMEPHHKJA MOXET BO3HHK-
HyTh B MeHJeNeBCKHX MOMyJAnHAX B HauaJbHOH (hase
BHA006pa30BaHUsA — OKA YHCJICHHOCTH NOMNyASiuuii Ma-
apl,  Jns  penpoAyKuuH TeHOB HeoOXOAHMO B3aHMO-
neficteue wmexpay naBymMsa aarenrsmu (M n F), 1. e
MeXAy TOMOJIOTHUHEIMH YYaCTKaMH B MYXKCKOH H JKeH-
CKOH XpOMOCOMAaX, KOTOpble 3aTeM MNOSIBASIIOTCS B MO-
ToMcTBe B IlepectpoeHHofi komOuuauun. Tor dakr, uro
KUHETHYECKHEe YpaBHeHHf MNOMYJANHOHHOR TeHeTHKH
MeuneneeBckux nonyasinuit [12] o6eluHO He copepiKar
THOEpUHKAHYECKO! HeNHHeHHOCTH (KOTOpast BeleT K TH-
nep6OJHYECKOMY, a He K OSKCHOHEHUHANbHOMY pOCTY),
OObSICHSIETCA HACHILIEHHEM, HACTYHAIOUIHM NpPH CPaBHHU-
TEABHO MaJbIX YHCJHEHHOCTHX IOMNyJasiuuil, KOTAa CKO-
pocTb poxXaeHHH (OGBIYHO) CTAHOBHTCS NPONOPIHOHA/b-
HOH TOJILKO YHCJICHHOCTH CaMOK.

Kak BHAHO H3 CpaBHEHMs CXeM, MOKa3aHHBIX Ha
puc. 10, runepuHK/IN NPeACTABJASIOT cO00A HOBHIE ypo-
BeHb Opranu3anuu. 3ToT GakKT MNPOSIBJIAETCS B HX YHH-
KaqpHBX cBoficTBax. He cBfA3aHHble ApYyr c npyrom
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CaMOBOCHPOU3BOASININECS €NHHHUBLI TAPDAHTHPYIOT coXxpa-
HeHHe OTPAHHYEHHOTO KOJMYeCTBa HHQOPMALHH, KOTOPOE
MOXKeT MnepefaBaThbCs OT MOKOJEHHS K MOKOJIEHHIO. JTO
OKa3blBaercss OJHOfl H3 HeOGXOAHMBIX MPEeANOCHIIOK Hap-
BHHOBCKOTO MOBeJeHHud, T. e. oT6opa u ssomonun [13].
Ilono6HO HM, THOGPUHKJAL TOXE CeNeKUHOHHM, HO, Kpo-
Me TOTO, OHH HMEKT HHTErpHpyollHe CBOACTBA, KOTOPHE
JeMal0T BO3MOXHOM KOONMEpanHio MeXAy eINHHHiaMy,
KOHKYPHDYIOUIHMH B JIpyrux ycnaosusx. Bosee Toro, ru-
NepuHKJAL KOHKYPHPYIOT Raxe ellle 60Jiee OXKeCTOUEHHO,
4eM [apBHHOBCKHe BUIH, C JI060# €aMOBOCHpPOH3BOASA-
meficsl eAMHHNeH, He SIBISAIOLLCHCSH YacTblo THIEpPUHKJA.
Hanee, onn cnocoOHH yCTaHaB/AHBaTb TobafibHbE (op-
MB Opraumsapud Omaronapst cBoHCTBY OTOHMpaTh «pas3
H HaBcerjas, KOTOpOe He JONYyCKaeT COCYLIeCTBOBAHHSA
C APYTHMH THNEPUHKJIHYECKHMH CHCTEMaMH, €C/TH TOJb-
KO OHH He CcTabHIH3HMPOBaHLI CBsI3AIMH OoJee BHICOKOTO
nopsiaka.

[Ipocrefiminit THR CBSI3W BHYTPH THMEPUHKJI4 — 3TO
npaMast CTHMYJSUHSA HJIH JlepefnpeccHsi, KOTOPHM B KH-
HeTHYEeCKHX YpaBHEHHAX COOTBETCTBYIOT dJeHH BTOPOTO
nopsiika AJsi mporeccoB obpasoBanus. UseHsl Ang cBA-
3eit 6oJiee BHICOKOTO HOPSIKA MOTYT BOHTH TOXeE, B OHH,
TakuM 0o6pa3oM, ONpelesslOT cTeNeHb P THOEPUHKIH4E-
CKOH OpraHH3allHH.

OTnenbHble THHEPUHKJAHM MOTYT TaKiKe CBA3BIBATHCA
ApYyr ¢ npyrom c ofpasoBanneM Hepapxuil. DT0, ONHAKO,
TpeGyeT BBeleHHS UJIEHOB HHTePUHKJIHUECKOR CBs3H,
KOTOpBIE CYUIECTBEHHO 3aBHCST OT CTelMeHH OpraHH3a-
uuu. YTo6H YCTAaHOBHJOCH YycTOHuHMBOEe COCYllecTBOBA-
HHe, asad runepunkiaos H, u H,, uMenomux crenenn
BHYTpEeHHEH OprafH3auu# p; H Pz, HEOOXOAHMBI uJIeHH!
HHTEPUHKAHYECKOH CBS3H CTEMeHH p, -+ po.

Ilenn 310N paGoThHl COCTOHT B TOM, uTOoOHl pa3palo-
TaTb JETaNbHYIO TEOpHIO TOH KaTeropuu cereft peakmuf,
KOTOpHle MBI OKPecTHJIH eunepyuxasamu [4]; u o6CynuTh
X 3HAYHMOCTb I/ OHOJOTHYeCKOH caMOOpraHH3anHH,
0cO0eHHO B CBsSI3H C BO3HUKHOBEHHeM TPAHCIANHH —
coOniTHS,, KOTOPOE MOXHO CYHTATb pellalollHM 3TanoM
B LOKJIETOYHOH 3BOJIOUHH.
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I11. JLapBHHOBCKHE CHCTEMBI

111.1. Mpuuuun ecrecTBeHHoro or6opa

B ¢wusuke nu3BeCTHH 3aKOHBI, KOTOphie He MOTYT
OuHITh cBelleHH K 6oJiee QyHAAMEHTAJbHEIM MPHHIHIAM.
Kak akcHOMB OHH aGCTpArUPOBAHHI M3 OMbITa, MPHUYEM
JA100bie CJeACTBHS H3 HHX He MPOTHBOPEYAT 3KCIepH-
MeHTy. THNHuYHBIE HpHUMephbl — MepBhlii B BTOPOH 3aKOHHI
TepMOAHHAMHKH.

JIapBHHOBCKHH NPUHUHN ecTeCTBEHHOrO o0T6opa He
OTHOCHTCSI K KaTeropHH NepBHYHHX npHHpunor. Corgac-
HO TONYJAUHOHHOH reHerHke [14], ecrecTBeHHHIA OT-
60p — 3TO CJeACTBHe OuYEBHIHBIX (YyHAAMEHTAAbHBIX
CBOHCTB HOMNYJANHHA XKHBBIX OPraHH3MOB, NOJBepPXKeHHBIX
OnpefeJeHHEIM BHEIIHHM BC3JefCTBHAM. DTOT NPHHUHIN
MO3BOJISIET 4eTKO OfipelesIuTh CMBICA TepMHHA «HaHGO-
Jee NPHCNOCOONEHHBIA K VCTOBHAM Cpejbl», He CBOIS
ero JHUWb K MPOCTOH TAaBTOJNOTHH «BBIXXHBAHHE BBIXKHBA-
owux», B npuMeHeHHH K NPHPOINHHIM MOMYJSIIHSIM C HX
H3MEHYHBHIMH H OOBUNO HEH3BECTHHIMH TpPaHHYHBIMH
YCJIOBHAMH MPHHIHN BCe-TaKH JaeT HaM oObscHeHHe
camoro ¢akTa 3BOJTIONHH K (HIOTEHETHYECKHX B3aHMO-
OTHOUIEHUH MeXZAYy BuupaMu. B 3TOM m cocrosja OCHOB-
Has nenb Yapasa P. Jdapsuna [15] u ero coppemenuu-
Ka Anbppena P. Yonneca [1€] — pate Gonee ynosmer-
BOpHTE/NIbHOE OGOCHOBAHHE MNPUHUHIY 3BOJTIOLLHOHHOTO
IPOHCXOXKACHHUS. ey

Ha camom jene O6OJBIIMHCTBO pabOoT MO TeHETHKE
nonynauMié B HacTosilee BpeMsi CBA3aHO ¢ Oojiee npak-
THYECKHMH npobseMaMH, KOTIa pacCMaTpHBAIOT pac-
IpOCTpPaHeHHe FeHeTHYeCKOH HHOOPMauHH MO MeHJeseB-
CKHM MONYJANUHAM H OCTaBJSIOT B CTOPOHEe TaKHe aKa-
JIeMHYECKHe BOMPOCH, KakK, HalpHMep: AeHCTBHTEJLHO U
CBOHCTBO OHITb XKHBHM siBAsieTcs Heo6xo0umod npemrno-
CHIIKOH JJst CeJeKIHOHHOTO H 3BOJIOIHOHHOTO MOBeje-
uust. TOT (akT, 4r0 OueBHIHbIe aTPHOYTHl MHBHIX Opra-
HHU3MOB — MeTaf0JIH3M, CaMOBOCNPOH3BeJleHHe, KOHeY-
HOCTb MPOJOJIKHTEJNbHOCTH XH3HH M MYyTaOHIBHOCTH —
JNOCTATOYHH /s OOBSCHEHHSI CEeNeKUHOHHOTO H 3BOJIIO-
[{HOHHOTO MOBEeJeHHS [MPH HAJHYHH COOTBETCTBYIOUIHX
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orpaHu4YeHu, 3aCTaBHUA MHOTHX COBpPeMEHHBIX T'eHeTH-
KOB /JAyMaTh, YTO 3TH CBOHACTBA XapaKTepH3YIOT AUULb
deHOMEH XH3HH H He MOI'YT ObITh NPHCYIIH HEXHBHIM
cdcremam [l4]. Onutal B nmpobupkax [7], pesysabraTsl
KOTOpHIX 3aCTaBJSIOT AyMaTh, YTO 3JeChb E€CTECTBEeHHHIH
OoT60Op M 3BOJIOUHA NpoHucXojdAT in vitro, uHTepnperupo-
BaJHCh Kak HabJaiofeHHe NOCTOHOJOTHUECKHX SBJACHHH,
a He KaK JeMOHCTpapHs THIHYHOIO H crenHdHYeCKoro
noeeneHust MmatepHd. Heo6xomuMo OTMeTHTH, 4TO Jeft-
CTBHe eCTecTBeHHOro oT6opa oOHAapyXKHBaeTCa Jaxe B
MOLAaxX Ja3epHOrO H3NydyeHHs, ¥ aHaJH3 MexaHH3Ma. HX
YCHJIEHUSE TOBOPHT O TOM, UTO 3JeCh HMEeTCs He TOJBLKO
dopmanbuas auanorusi. 1 TeM we meHee HHKTO He pe-
Wwaacs OBl Ha8BaThb MOLY JIa3ePHOTO H3JNYUueHHS <KH-
BOH».

Takue npo6seMH Bpsifi JIH MPHBJIEKYT BHHMaHHE TeX,
KTO 3aHHMAeTCs H3yueHHeM CBOHCTB peasbHHIX MKHUBHX
OPraHH3MOB, OJH4KO OHH MPHOOPETAIOT MepBOCTEIeHHOe
3HAYEHHE B CBA3H ¢ NPOBJEMOH ApPOUCXONCOeHUA HCUSHU.
3nech HaM neHCTBHTENBHO HYXHO BBIABHTH Heo6xodu-
Mble TPEANOCHJIKH, 4TO6bH HAaHTH TaKHe MOJeKyJAspHHE
CHCTeMH, KOTOpHe OBlJIH 6Bl CIOCOGHH K 3BOJIIO[HOHHOH
camoopranusapui. Ta CHIOXKHOCTb, C KOTOPO# MBI cTaJf-
KHBaeMcsi Ha ypOBHe Mpouecca MaKpOMOJIEKYJSIpHOH op-
. rauusanuu, TpebyeT, 4ToOBl 3TOT Mponecc YyHnpaBas/cs
TaKHUMH e MNpHHUHNAMH OTOOpa H 3BOJIOUHM, KaKue
JNefiCTBYIOT B MHp€ XKHBOTO.

3tum npobieMam GHIH MNOCBALICHH HELABHHE HCCe-
noBauust (loc. cit.), kak Teoperuuyeckue, TakK H 3Kclie-
puMedTanbHele. [lasee MBI BKparne OCTaHOBHMCA Ha
HEeKOTODHIX paHee MOJYYeHHHIX pe3y/nbTaTaX, KacamoilHx-
Csl J1apBHHOBCKHX CHCTEM.

111.2. Heo6xonumblie npeinocblJKH BOSUMKHOBEHHSA
JLADBHHOBCKHX CHCTEM

dro cOCTABAAET MOAEKYAAPHYIO OCHOBY oTbOpa u
asoaroyuu? Ouesudno, 4TO Takoe nosedenue He ABAAET-
ca eaobarbroim arpubyrom 10604 npoussosbrol ¢op-
MbL maTepul, a 06YCA08AEHO Haiuduem 0CobbLx CBOUCTS,
Koropoie neobxo0umo onpedesurts,
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Hns roro 4ro6ul cHcreMa o6Mafana choCOGHOCTBHIO K
camoOoTO0pY, NOJIKHO BBITOJHSITBCH BAXHOE YCJIOBHE —
OHA JOJI)KHA CTAaOHJIH3HPOBATH ONpellefleHHbHe CTPYKTY-
DBl 3a cueT OCTaNbHHIX. KpuTepHH Tako# crabuaH3auuu
HMEIOT AHHAMHYECKYI0 NPUPOAY, MOTOMY UYTO pelleHHe
0 TOM, Kakofi BHA JOJXKeH OBITH oTo6paH, 3aBHCHT OT
pacnpefienieHHss KOHKYDEHTOB, HMeIOUIHXCS B KaxIblH
MoMeHT BpeMeHH. Ilpyrumu cmoBamu, mobast ONHaMXKAB
otoOpaHHAast CTPYKTypa He SIBJISeTCS CTAaTHYECKH YCTOH-
YHBOH# — OHA MOXeT CTaTbh HeYCTOAUHBOH, KaK TOJBLKO
nosipATCs ApyrHe, Gojee «OnaronpHATHHIE® CTPYKTYpH
HAY H3MEHATCSt YCJOBHS cpelnl. KpHTepHH OueHKH
NOJKHH BKJIO4YaTbh KaKOH-HAOYRb aJeMmeHT o6GpaTHo#
CBA3H, KOTOPHI nmpuBOAHJ O B COOTBETCTBHE NEHHOCTb
H JHHAMHYECKYI0 YCTOHUHMBOCTb. MYTAaHT ¢ CeIeKTHBHHIM
NpeAMylIecTBOM, OAHaXXJAbl BO3HHKUIHH BCIENCTBHE He-
KOH (ayKTyauHH, JOJKEH HMeTb CcIOoCOGHOCTb YCHJH-
BaTbCK B MNpPHCYTCTBHH OosabuIoro H3ObITKA MeHee MOPH-
croco0J/IeHHBIX KOHKypeHTOB. Takum oOpa3oM, npenmy-.
i11eCTBO AOJIKHO COMOCTABJAATHCA XOTSt OBl C HEKOTOPHIMH
H3 . TeX JAMHAMHYECKHX CBOHCTB, KOTOphle OTBETCTBEH-
HH 3a ycujeHHe. Jlnmie TakHM MyTeM cHCTeMa MoO-
JKeT CeJeKIHOHHO CaMOOPTaHH30BATbCA B OTCYTCTBHE
«BHeIUHero cejekropa». Heob6xopumoe cBoitcTBo obpar-
HOH CBSI3W — 3TO BHYTpeHHe MNpHCyllas CNOCOGHOCTb K
aBTOKAaTaJ/Hu3y, T. €. CaMOBOCIPOH3BEIeHHE.

B paGore [18], rne 6un nan o6muii aHaAH3 C npH-
MeHeHHeM HIPOBHIX MoOjejeH, MBl YKa3aJH Te CBOHCTBa
MaTepHH, KOTOpHe HeOOXONHMBI AJNS NapBHHOBCKOTO MO-
BeJicHHsE HA MOJIeKYJsapHOM ypoBHe. STIF cBOficTBa mepe-
YHCAEHB HHXKE.

1. Meraboauam. Kak obpa3osaHne, Tak H paajoxe-
HHe MOJIeKY/SIpHBIX BHJAOB MOJMKHE OHITb HE3aBHCHMBH
IpyT OT Apyra H CHOHTAHHH, T. € HX ABHXYIeH CHJIOH
JROJOKHO OBITh MOJIOXHTENBHOE CPOACTBO. JTOTO HEeAb3s
NOCTHYD HH B KaKOH paBHOBecHOH cHcTeme, rhe 00a
npouecca B3aHMOCBA3aHH MHKPOCKOMHYeCKO# o6paTH-
MOCTBIO, MpHBOASilefl K YCTOHYMBOMY pacilipejeseHHio
BCeX KOHKYPEHTOB, NPHCYTCTBYWOUIHX B cHcreMe. CJoX-
HOCTb, T. €. Ha/JHYHe TPOMAaJIHOTO YHC/IA aTbTepHATHBHKIX
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CTPYKTYp B COYeT4HHH C MPOCTPAHCTBEHHO-BPEMEHHEIMH
OTP4HHYEHHSIMH, MPOCTO He JONYCKAaeT TaKOro ypas-
HOBEUWIHBAHHS H TpebfyeT MNOCTOSIHHOTO pa3pyuleHHs
H o6pa3oBaHHst HOBHIX CTPYKTyp. Ot6op Moxer pelct-
BOBATh TOJIbKO Ha MPOMEXYTOUHBIE COCTOSIHHS, KOTOphIE
0o0pa3yloTcst M3 BBICOKOSHEPreTHUEeCKHX MpeJllecTBeHHH-
KOB U pa3pylaoTcs, MpeBpaumlasch B HH3KOIHepPreTH-
geckue oTXoAel. CHOCOGHOCTD CHCTeMBl HCHOJIL30BATh
HeoOXOAuMble AJS 3TOH 1enH CBOGOAHYIO 3HEPTHIO i Bele-
cTBa HaswiBaeTcsi MerabosnuamoM. Heo6xonumocTs NOA-
JIepIKaHUSE CHCTEMHB JOCTA4TOYHO [aJIeKO OT pPaBHOBECHS
3a cyeT MOCTOSHHOH KOMMEeHCanuH NMPOH3BOACTBA 3HTPO-
nuu BrepBhle Ona sicHo oco3Hana JpsuHoM Ulpenus-
repom [19].

2. Camosocnpoussedenue. KoHKypHpYIOLIHe MOJEKY-
JSpHHE CTPYKTYPH AOJXKHH 00/anaTth BHYTpeHHeH crio-
cOGHOCTBIO HHCTPYKTHPOBATb CBOH COGCTBEHHBIHi CHHTE3.
MOXHO TMOKa3aTh, YTO TaKasi aBTOKAaTaJHTHYECKAS
GyHKnHS SBASeTCS HeOOXOAHMOH Anst JM060ro MexaHus-
Ma or6opa, BKJouamllero AecTabuaH3anHio MONYasHH
B NPHCYTCTBHH €JMHCTBEHHO#l KOMHH BHOBb BO3HHKILIErO
6naronpuaTHOro MyraHra. Kpome rtoro, camoxonuposa-
HHe HeOOXOLHMO MJIf COXPaHEHHA HHOPMAauUUH, HAKON-
JeHHOH B cHCTeMe 3a npensiaymmuit nepuon. Ilocrosiu-
Has Jerpajlanus — HeoOXOAHMas NpeANOCHJKA IJS Ha-
AHuus CBOMCTB 1 ¥ 3 — B NMPOTHBHOM cCJydyae NpPHBeNa
65 K MOJIHOH yTpaTe HHOpManHH. .

3. Myrabuasvnocre. TouHocTh JI0O60OTO Mpopecca ca-
MOBOCHPOH3BeicHHs: MpPH KOHEYHOH TeMmepaType orpa-
HHYeHa WH3-3a TemjoBoro wmymMa. [eficTBHe Iyma oco-
6eHHO 3aMeTHO, ecJH KONHpOBaHHe HJEeT OBbICTPO —
BepHee, €C/JH >HeprHs B3aHMONEHCTBUS JJsi KaXJOro
3JIeMEHTAPHOTO [1ara KOMHPOBAHHS JIHIIb HEHaMHOTO
Boile TemnoBofi 9Heprun. CienoBaTenbHo, MyTaGH/b-
HOCTb Bcerjga (H3H4YeCKH CBS3aHA CO CHOCOGHOCTHIO K
camoBocnponasefiedno. Bonee Toro, oua (noruyecku)
Heobxo0uma Anst sBomounH. OHmHOKH KOMHPOBAHHS —
3TO OCHOBHOH HCTOYHHK HOBOH HHopmanun. Kak Mhl
YBHIUM, IJs TeMNa MYTanH# CyUIecTBYeT MHOPOrosoe
3HayeHHe, NPH KOTOPOM CKOPOCTb 3BOJIIOIHH MaKCH-
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Ma/jbHa, HO KOTOpOE He MOXeT OHTb NPeBHINEHO Ge3
norepH Bceh HHMOpMAIHH, HAKOMJIEHHOH B XOJe 3BO-
JIIOIHH.

Jlumb TakKHe MaKpPOMOJIEKYJNsSpHEIE CHCTEMH, KOTO-
pble 06/1allaloT BCEMH Tpemsi HEOOXONHMEIMH CBOHCTBA-
MH, MOTYT OLITb HOCHTeJNSMH HHQOpMAuHH B HEOTPaHH-
YEeHHOM [0 CYyUIeCTBY 3BOJIIONHOHHOM mpopecce. [lepe-
yHC/MeHHBIE CBOACTBA [JOJXHBI HAC/NeNOBATbCs BCeMH
yJeHaMH COOTBETCTBYIOLIETO MaKPOMOJIEKYJ/JISpPHOro Kiaac-
ca, T. €, BCeMH BO3MOXHBIMH aJIbTepHATHBAMH, HJH My-
TaHTAMH JaHHOH CPYKTYPH, H Jajee — OHH NOJIKHH
3@ GeKTHBHO MPOABJSNTbCA B LIHPOKOH 06JacTH KOHneH-
TpanHii — OT OfHOA KONMHH O MAKPOCKOIHYECKHX KOJH+
yectB. «[Ipennocuika peasin3yeMOCTH» HCKJIOuaeT cHCe
TEeMBl CO CJMIOXKHBIM COCTaBOM H CTPYKTypO#, B KOTOPHX
yKa3aHHble CBOHCTBa NDPOHCTeKAJH OH M3 cayyalHOro
COYCTAHUS MOJIEKYJsPHHIX B3aUMOAeHCTBHH, a He H3 00-
‘umero ¢u3nueckoro npuHpuna. Paccmorpum, HampuMep,
HYKJEeHHOBHIE KHCJOTHI B cpaBHeHHH ¢ Geakamu. OcHOB-«
HEIM, MPHCYUHM BCeM HYKJEHHOBHIM KHCJIOTaMm CBOfi-
CTBOM fIBJIsieTCA BOCHpPOH3BeJeHHe, OCHOBAHHOE HA CHJAX
¢dbu3nuecKol NPHPOAH, OT KOTOPHIX 34BHCHT YHHKAJNbHAS
KOMIUIEMEHTAPHOCTh 4YeTblpex ocHoBaHHA. DBenku xe
HMEIOT ropasno 6oJjee IHPOKHe (YHKIHOHAJbHBIE BO3-
MOXHOCTH, OHH MOTyT 06/1ajaTh, B 4ACTHOCTH, HHCTPYK-
THPYIOIHMH H PeNpOAYKTHBHHMH cBofictBaMH. OnHako
Kaxjas otjenbHast QYHKuHs ABJIsSETCA CJeINCTBHEM
cienudHYeCKON YKJaJAKH NOJNUNENTHAHOHA LenH H He Mo-
JKeT OHITb aTpubyTOM BCero Kjacca OeJKOB. I/IHorna
OHA naxe MOJHOCTBIO yTpauHBaeTcs B pe3y/bTaTe OJHOH
MyTalnHH.

Uro661 marepuaasubie cuctemvr Goiay cnocobrbl K
CeNEKYUOHHOL camoopzanudayuu, ol 00ARHbL HACAEO0-
8aty (usuueckue ceoicrea, donyckaouwue meraborusm,
T. &, npespaujeHue B8b6ICOKOIHEP2ETUHECKUX DeazZeHTO8 8
6ednble anepeueldi npodykTe, u camosocnpoussederue
(¢ «wymoms). 31U npednoceirky 6AAIOTCA HEO6XO0AU-
momu. IHpu nodxodawux Buewnux Yciosusax OHuU OKa-
3618a10TCA TaKkxe JocTarounoimu Ois CeACKYUORHO20 U
3B80AIOYLOHHO20 NOBEO EHUA.
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111.3. A unamuka or6opa

[pocrefimass cucTeMa, y/OBJETBOPAOLIAA YKa3aHHEIM HeoOXo-
JHUMHIM YCJOBHMAM, MOJXET OMHCHIBATBbCA cucTeMOil AuddepeHnHab-
HHX ypamHeHH#t clenywoouwero Bupa [4] (£ = dx/df;, ¢ — Bpems):

%, =(4Q—D)x,+ Z WX+ @y M
: K E

rae [ — MHJEKC, KOTOPHIM MOMedeHbl BCe Pas3/iMiMMble CaMOBOCHPOM3-
BOAALUNECH MOJEKYJAAPHblC eRMHHMUB M, CJeAOBATENIbHO, XapaKTe-
pH3YIOWME MX MHAMBHAYAJbHYIO (reHeTHyecKyio) uupopmanuw, Cnu-
BOJIOM X; MbI 0603HayaeM COOTBETCTBYIOLLYIO MOMYJSANHOHHYIO Mepe-
MEHHYIO (MJM KOHmeHTpaumo). Pnangeckuii CMBICA [IPYyrux napa-
METPOB CT2HET OYEBHMAHLIM M3 O6CYXKAEHHS 3TOrO ypaBHeHHA. JlaH-
Has CHCTeMa YypaBHeHMf mpeKje BCero BKJKOYaeT B ce6f Te caMo-
BOCMPON3BOAAILMNECH EXMHHUbL [, KOTOPble MPHCYTCTBYIOT B paccMma-
TPHBaeMOM CHcTeMe M KOTOpHE MOryT OHTb NMPOHYMepoBaHH oOT 1
g0 N. Ona Moxer 6biThb paclIMpeHa Tak, 4TOGbl B Hee BOULIM H
BCEBO3MOXKHHE MYTAHTH, YaCThb M3 KOTOPHIX MOfABJSETCS B XOAE
9BOJIONAH,

B 3tMX ypaBHeHM#X, OMHCHIBAIOIMX OTKPHITYIO CHCTEMY, Mera-
60M3M npefCTaBAeH CnOHTaHHbim o6pazoBaHnem (A:Qixy) m pas-
noxennem (D;x;) monexynspHoro mufa, «CHOHTAHHOCTbY O3HaYaer,
yto 06e peakUMHM HAYT C MOJOXKHTEJbHHIM CPOACTBOM M, CJEHOBa-
TeAbHO, He ABASIOTCA B3auMHO obpaTmMbiMH, Unaen A; Bcerza cogmep-
KUT KaKyI0-J160 CTeXHOMETPHIECKYI0 DyHKUMIO fl (ml, Mg, «evy m,w)

KOHLeHTpanufi BLICOKOSHEPreTHYeCKOro CTPOMTEJNBHOrO MaTepHasa
(A KJMaccoB), HeOGXOZMMOro A/ CHHTE3a MOJEKYJAAPHOro BHEA f,
ToyHad (hopMa KOTOPOHA 3aBMCHT OT KOHKPETHBIX MEXAHH3MOB peak-
uufi. TOT BLHICOKO3HEPreTHYeCKHfi CTPOMTENbHHIA MaTepHast LOAXKEH
NOCTOAHHO MOJBOXMTHCHA MPHTOKOM BEIIECTBA, a NPORYKTH peakumii
JIOJKHBI yAaNAThcA coorBeTcTByOUuM orToKoM (O;). Unen D;, onu-
CHIBAIOINNA COOHTaHHOE PassioXKeHHe, JHHEeAHO CBA3aH € ¥ Mo 0oO6bly-
HOMY 3aKOHY MepBOTro mopsifka. B 6osiee c/IOXKHBIX cHCTeMax Kak Aj,
tak U D; moryt BKaouathb B ce6 M Apyrue (QyHKNMH KOHneHTpa-
nuii, ecJH COOTBETCTBYIOLIHE pPeaKNMM KaTaJusupylotrca QepMeHTaMu
WM eCAM MEeXAY pPeaklUMAMH HMEIOTCHA JOMOJHHTENbHEe CBA3M,

Canosocnpoussederie — BTOpas MNPeLNOCHJKA — MPOABJAETCH B
TOM, YTO WJeH, omHchiBatoumii obpasoBaHue, 3aBHCHT OT X; [Ipsmasn
JHuHeHHAs 3aBUCHMOCTb ARJAeTCA JHWIb fpocTefwell dopmoli asTo-
Katannsa. [lpyrme, Gosee C/lOXHble, HO BCe elle JHHEAHble Mexa-
HH3Mbl, HAUPHMepP KOMIJIEMEHTApHOe HHCTPYKTHPOBAHHE WJH LIMKJH-
uyecKHA KaTajM3, MOXHO PacCMaTpPHBaTh, KAK 3TO0 GyAeT mMOKasamo,
aHaJornyHbIM o6pasoM. HenuHefiHBII 3Ke aBTOKAaTasM3 #ABASETCH
[J1aBHHIM OGLEKTOM PacCMOTPEHHs B 3TOH YacCTH,

Myra6ursnocrs otpaxkaercsi B (akTope KauecTBa Qi KOTOpHI
MO3KeT MPHHHMaTh Ji060e 3HayeHHe MEXAY HyJem H eguHHlell. DTOT
daxkTop 3ajfaer TY JOJIO peNpPOAyKUMA, KOTOpPas MPOHCXOZHT Ha
JapHOl wMaTpuue [ ¢ o6paszoBaHueM ee T04HOil xommn. KoHeuHo,
HMeeTCs MOMOJHATENbHHMA uJieH, OTHOCAIMACA K HETOYHOR pempo-
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nyxumu matpuus i, — A;(1 — Qxi). O oTpaxaer o6pasosaHme MuO-
KecTBa Pa3HOOGPa3HbIX «OIIMGOYHBIX KOMHA», KOTOPHe B GOJbLIHH-
CTBe CJyuaeB OYeHb MaJO OTJHM4AOTCA ot BHAAa [ OG6pa3oBanue
OLINGOUHBIX KOMHA [ OMHCHIBAETCH COOTBETCTBYIOUIMMM uJeHAMH B
KNHETHYECKHX YpaBHEHMAX JAJf ero «pOACTBEHHHKOB» kB cmow
ouepeflb, KONHA [ MOJyYaeT BKJAAAbl OT 3THX «POACTBEHHHKOB» H3-3a
OWNG60K B HX persmKaumu. OHM YUHTHIBAIOTCA CyMMOM Z WXy,
k#i
[TapameTp w;;, 3apa0WN HEANBUAYAJbHBIA TeMn Mytaumfi, O6GLIYHO
Mah O CPaBHEHMIO C MapaMeTpOM CKOpocTH penpofykumn A:;Q: —
€ro 3HayeHWe TeM MeHblUe, YeM OOJblie pasiHuHe MeXAy [ M k.
Ecnn npucyTcTBYIOT BCe BMAB M BCE MX BO3MOXHblE MyTaHTH yuH-
THIBAIOTCA HHAmeKcamH [ M k (mpoberamomummu BCe 3HadeHus ot 1
go N}, 1o ang ommn6o4HbIX Kommii GyHdeT BLINOJAHATBCH CAeAyIOLLMil
34KOH COXpaHeHWd:

DAM=Q)y =2, Y % )
i i ki

Haxoney, uren @i, 3adaowul undusudyarsHbul norok, uau
Tpaxcnopr, OMHChiBaeT Ao6GamjeHHe WJHM yhajleHHe BuAa i MOGHM
crnoco6oM, KpoMe xuMmuueckofl peakuun. OH MyXeH AJs TOro, 4TOGH
yaecth MeraGosmueckue npeBpaulenns (cm, Buiue), B Goabmmmcrse
clyuaes Ka)kabifi BHJ BHOCHT BKJajk B CyMMapHHA motoxk ®; B co-
OTBETCTRBHH CO CBOMM H306HIMeM:

X
O; = Oy —> ®

Z"k'

[}

B 3BOMONHOHHBIX 3KCMEPHMEHTaX CYMMADHHIA MOTOK MOMXHO MONO-
6paTb Tak, 9T06H O6ecneyHBaJoCh MOJNEpIKaHHE BOCHPOU3BOLMMEIX
r106aabHBIX YCAOBHH — TAaKHMX, KaK MOCTOSHCTBO CYMMapHOfi MJoT-
HOCTH TOMYJIANMH:

Z X, ==const =c¢ . 4)
k

B sroum cayzae notox (¢ HEOGXOZHMO NMOCTOSIHHO PEryJHPOBATH TaK,
4TOGH KOMIEHCHPOBATh H3GLITOUHYIO OOLIYI0 MPORYKUHIO, T.e.

%=§%%—§%%E§%% (5)

Bemmamny E; = Ai— D; mbl HasbiBaeM «HM36LITOYHOR NPORZYKTHB-
HocTbio» MaTtpuubl i, OTMeTHM, uTO OWMOKH HE BJAMAIOT Ha BHLK
3TOH CyMMH BCJEACTBHE ypaBHEeHHs COXpaHeHus (2).

Ecnn, Kpome TOro, OTAejibHble MOTOKH BHCOKO3HEPIETHIECKOTO
CTPOHTEJNIHOTO MaTepHalla TakXe PEryJHpyloTcf, 3agaBas NOCTOSM-
HHe 6ydepHble YpOBHH (M4, ..., mj)) AJS KAXKAOTO M3 A KJACCOR,
TO CTexHOMeTpHuecKMe ¢yuKumMu fi(my, ..., mj,), BXOgfliMe B BH-
paXeuuss A KHHETHYECKMX MapameTpoB A; OYAYT HOCTOSAHHB, H
MO3TOMY MX fBHHA BHI MOXHO He KOHKpETH3HPOBaTh, DTO Orpammu-
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gepHe, NPU KOTOPOM KaK KOJHMYEeCTBO HEOPTaHH30BAMHOTO MaTepHala,
TaK H CyMMapHOe KO,MueCTBO OpPraHM30BAHHOTrO Marepuasa MOLLeEp-
JKHBAIOTCA Ha MOCTOSIHHOM YpPOBHE NMyTeM pEryJsAlHH MOTOKOB, MM
GyzmeM HasblBaTh OTpaHHuYeHHMeM <«HNOCTOSIHHOR OGLlell OpraHH3anum».
Ouo O6LIYHO BLIMOJNHSAETCA B SBOJIOUHOHHBIX SKCHEPHMEHTaX, HampH-
Mep B MPOTOYHOM peaxtope [9], mAM —B cpefHeM — B ONHTaxX ¢
cepufinbiu mepeHocamu [7]. Ipyroe mpocroe orpaHMueHHe — 3TO
yCJIOBHE <«MOCTOSHHLIX MOTOKOB», B 3TOM ciiyuae ypOBHM KOHUeHTpa-
nuii ABJASIOTCA OepeMeHHLIMM: OHH 3aBHCAT OT MeTafoJu3Ma mnpH
GHUKCHPOBaHHLIX MpPHTOKaxXx M orTokax. O6a orpaHMyeHus OpHBOAAT
K TOMy, YTO CHCTEMa HauMHaeT MPOSBAATb APKO BbIPa’keHHOe ce-
JeKUMOHHOe MOBefeHMe MPH MOAXOfe K CTAUHOHAPHOMY COCTOSHMIO.
KosnyecTBeHHble pe3yabTaThl AAS OGOMX OrpaHHYeHHfi MOTyT OKa-
3aThCs Pa3JMYHBLIMH, HO KaueCTBEHHOE MOBeJeHHE OKa3blBAaeTcsd OuYeHb
6ausknm [4]. TNostoMy 3aech JOCTATOMHO PacCMOTPETb TOJLKO OXMH
W3 JByX MNpeflesbHbIX CaAydaeB. B npupome xapakrep orpauuyeHuft
MOXET M3MEHATbCSI BO BpPEMEHH, M, CJIeLOBATEJbHO, OHH OGHYHO He
6yZyT COOTBETCTBOBATbH HHKAKO# M3 STHX NMPOCTHIX KpafHMX cHTya-
nMA — TaK Xe KaK B CJyyae MOTOAHbIX YCJAOBHA OGLIYHO He BHIMOJ-
HAIOTCA NPOCThble TePMOJHHAMHMUECKHe OrpaHMyeHHMs (Hampumep, mo-
CTOSIHCTBO HaBJeHHA, TemmepaTypsl u T, A.), OLHAKO cyliecTBeHHble
NpuUKYunsl eCcTeCTBEHHOTO OT60P2 MOMKHO M3yyaTh TOJbKO HPH KOH-
TPOJIHPYEMHX M BOCHDOM3BOXHMMBIX OSKCHEPHMEHTAJbHBIX YCJIOBHAX.

Jing orpammyeHHs mMOCTOAHMOR OGInefi OpraHM3alUMM KHHETHYE-
ckue ypaBHenms (]) B coueTaHHMM ¢ HOMOJHHTEJbHBIMH YCJIOBHSIMH
(2)—(5) npunnMmaloT caeRyowmil BHA:

k= (W, —E@®)x +k§i @ik (6)

rAE BEJHIHHY
Wii=AiQi—Dl D

MOXHO Ha3BaTh (BHYTpeHHeM) CENeKTHBHOM 1€HHOCTBIO, a BeJMYHHY
E(ty= Ek: Ekxk/‘k; % (8)

— cpenHefi H3GLITOYHONR MPOAYKTHBHOCTLIO, KOTOPas fABJAETc (yHK-
uueli BpeMeHH. To/bKO KOrja mOMyNALHOHHBlE mepeMeHHble X ()
CTaHOBATCA NOCTOSHHbIMH, E(f) mOcTHraer cTallHOMapHOro 3HadeHHd,
KOTOpOe fIBJSETCS MeTacTabHAbHLIM, MOTOMY 4YTO 3aBHCMT OT 3ace-
JeHHoCTel cmeKTpa MyTaHTOB. JIJIg MOCTOAHHBIX (T.€, He 3aBHCALLHY
ot BpeMeHn) 3HaueHufi Wi M wi. HeMmuefiHas cucrema auddepen-
1HaJbHHIX ypaBHenufi (6) moxer GbTh pemleHa, IIpuGnmkeHuble pe-
IIeHHUsl CeJeKUMOHHOA 3ajaum 6blim ONyGJIMKOBaHbL paHee. B no-
clefHHe TOXbl TOuHOe pemeHne 6biAo noaydeHo TommconoM nm Maxk-
Bpaiigom |[20] u uHesamucumo JIxxoucom, DuHcoM M PaHrnexapom
[21]. BuipaxeHusi, moAyueHHble M3 TOYUHBIX pelweHnf M CcoOOTBeT-
CTBYIOLIME BTOPOMY OODPAAKY TEOPMH BOSMYIeHMA, HaXOAATCH B
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corflacum ¢ paHee ONy6JMKOBaHHHMH npubmuxenmsmn [4] L. Che-
Ayoliee 06CyKAeHNe OCHOBAHO Ha TOYHHX pemeHHsax J[koHca m Ap.
[%,1], KOTOpHle JaJn 3JieraHTHOe KOJHYECTBEHHOe MpeJCTanjeHHEe
npo6ieMsl oT6opa.

111.4. KoupennHus KBasuBuaa

OrznensHBl BUJ He SIBASIETCS] HE3aBHCHMOM elMHHNEH
u3-3a Hajauuus cBsided. CoxpaHeHHe CyMMapHOH uYHC-
JIEHHOCTH MOMYJSIHH BBIHYXKJAAeT BCe BHAH KOHKYpPHPO-
BaTb JAPYr ¢ IPYyroM, B TO BpeMs KaK MYyTaGHJIbHOCTBb
JONYCKAET ellle HEKOTOPYIO KOOHIepanHio, 0COGEHHO MexX-
1y OJMH3KOPOJACTBEHHBIMH BHAAMH (T. €. BHAAMH [ U &,
AT KOTODHIX YIEeHB Wip M Wk HE PABHH HYJIO).

[losToMy peopraHusyeM Hamly CHCTEMY CJeLYOUIHM
o6pa3zom. BMmecto TOro uTroOmH MoApa3fensiTh BCIO MOMY-
aspuio Ha N BHAOB, BBeleM HOBYIO cucTeMy N KBasH-
BH/IOB, NONY/siqHOHHHE HepeMeHHHE Y; KOTOPHIX sBJs-
I0TCs JHHEHHBIMH KOMOHHANHSAMH HCXOAHHIX MOMYJsi-
[IHOHHBIX MepeMEeHHLIX X;, IPHYeM HX CyMMa, KOHEYHO,

He H3MEeHSACeTCH:

N N

Y Xe= 2, Ys (9)
Be=l] Beal

t Jlxonc m gp. [21] oT™eTmaM, 4To npeHe6peeHHe UJEHOM,
COOTBETCTBYIOLIMM OBPATHOMY [OTOKY, W, %, B paGore [4]
k#1

HE3aKOHHO NpH MOAXOJE K CTAalMOHAPHOMY COCTOSIHMIO, MOTOMY 14TO
uned Wmm — E(f) CTaHOBHTCA OUeHb MajbM. ABTOpH CCHLAAIOTCA
na ypasHeune II-49 n3 pa6orn [4], rae MyTaGHIBHOCTL HaMepeHHO
He yuuthiBaJach (T.e. Q = 1), 4TO6bH NPOXEMOHCTPHPOBATH MPHPO-
Ry pelleHnfl, THOHuHBIX ANA oT6opa. OgHaKO OHM He O6PaTHAM BHH-
MaHMSl Ha 3aMeuaHme, CAeNlaHHoe Ha crtp. 482 B [4], uro Taxoe
RONylIeHHe MOKET NPUGIHKEHHO BBHIMOJHATLCHA TOJbKO B OTHOLIEHHMH
LOMHHHPYIOLErO BHAA C YETKO BLIPAXKEHHbLIM CeJeKTHBHBIM MpenMy-
U[eCTROM, TOTAAa KaK CYIUIECTBOBaHME MYTaHTOB YUHTHIBaeTCH JIHWIb
yleHaMH @iz [Ipu6avkeHnsi, nojyuyeHHble paHee (ypasHenms I1-33a,
11-43, 11-59, 11-69, 11-72 B pa6ore [4], cM. Takxe [22]), B gmefi-
CTBHTEJBHOCTH KOJHYECTREHHO COTJIACYIOTCSI ¢ TEeMH- MPHGJIHIKeHHAMH,
KOTOpHlEe MOXKHO MMOJY4HTb M3 TOYHHIX pPellcHHfi C MOMOIUBIO TEOPHH
BoaMymennit (ypaBHeHms (21) u (22) s [21] n (13), (18) m (19)
W3 HacTosweRl paGoThl). )

C gpyroft CTOPOHH, Mbl XOTeJu 6bl MOJYEPKHYTh, YTO CUHTAEM
OueHb BajKHBIM HaJIMYHE TOYHBIX pellleHMf, moTydeHHHX ToMmconom
n Mak-Bpafigom [20] u [xoncom m gp. [21]; sTO HeoGbiyafiHO
obnersaer 3afayy CO3JaHHA CBASHON M TOCJAELOBATEALHOR K%\meﬂ-
[lHH KBa3HBHJA. =



38 Yacrs A. Bosnukunosenue zunepyuxaa

Kakum o06pa3oM BLHINOMHHTH 3TO HOBOE MOApa3spene-
HUe, TOJCKa3hBaeT CTPYKTypa AunddepeHnHaIbHBIX
ypaBHenuit (6). OHO coorBercTByeT adhdHHHOMY Npeos-
pPa30BaHHIO CHCTEMBl KOOPAHHAT, XOPOIIO H3BECTHOMY H3
TEOPHH JMHHeHAHbIX AuddepeHunanvuuix ypasHennil. as
TpaHCPOPMHDPOBAHHHIX MOMYJASUHOHHHX MepeMeHHBIX Ui
NOJy4YUM HOBYIO CHCTEMY YDaBHeHHI:

gi=WMN—E@®)y. (10)

IIpumeHenne >To# mnpouefypbl K HeJAHHEHHHM ypaBHe-
HusiM (6) Bo3MoOXHO Osaronaps TOMY, yTO uJieH, OTBET-
CTBEHHBIH 3a HeamHefiHOCTb, E (f), COrVIacHO ypaBHEHHIO
(8), ocraeTcs HHBapHAHTHHM MNpPH TpaHcHOpMAanHH H
Tenepb MOXeT OBITb BHIpaXKeH KakK CpellHee Bcex A;:

Et) = 2 heye/ T v (11

BenuuuHu A; SIBASIOTCSE COOCTBEHHBIMH 3HA4YEHHSIMH JiH-
HefHOH HOHHaMHuecKoH cHcTeMil. OHH, KaK H CcOGCTBeH-
HEle BEKTODH, KOTOpHE CBSI3HIBAIOT X; C Yi, MOTYT OHITh
HOJyYeHH H3 MAaTpPHIH, cocTosilleH H3 KO3()GHIHEHTOB
Wu H Wig.

. Gusdueckuit cmuicn pemenHit cucremnl (10) ouesn-
nen. Jlio6oi kBasusupj (xapakrepusywoulnfica coGcTBeH-
HbIM 3HA4YeHHeM A; H mnonyasiuHoHHOH nepeMeHHoOf y;),
co6cTBEHHOE 3HAUEHHE A; KOTOPOTO JIEXKHT HHKE MOpO-
ra — cpennero E(t)— Oymer BmiMupaTs. (CKopocTh Ha-
MeHeHHs ero 4YHcJeHHOCTH oTpHiateabHal) CooTser-
CTBEHHO YHCJEHHOCTh KaXJOro KBa3HBHIA C A; BHILIE
nopora Oyner pactu. [anee, mopor E(f) sBasercst
dyHKiHe# BpeMeHH H — coriacHo ypasHeHnw (11) —
OyfeT pacTH, MOCKOJAbKY CHCTeMa O6JaronpHsTCTBYerT
KBa3HBHAAM, KOTOPHIM COOTBETCTBYIOT Oojbline COG6-
CTBEHHBIE 3HAueHHf. ITO OyleT NpoOLOJKATbCK A0 TeX
nop, MOKa CHCTeMa He JNOCTHTHET CTAlMOHAPHOTO Co-
CTOSHHS:

E(t) —> Mnaxo (12)

T. €. CpelHsis MNPOAYKTHBHOCTb OyleT pacTH, HOKa He
CPaBHSIETCSI C MaKCHMaJbHBIM COOCTBEHHBIM 3HAYEHHEM.
K 3roMy MOMeHTy Bce KBa3HBHIH, KPOMe OJHOIO,
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a HMeHHO TOT0, KOTOPOMY COOTBETCTBYeT MAaKCHMAaJbHOE
co6cTBeHHOe 3HAueHHe, OKaXyTca BbhiMepumiuMu. Hx mno-
MNyMsuHOHHEE MepeMeHHble JOJXKHB OOGpaTHThCSE B
HYJTb. )

Hrak, Oapsunosckuil o160p u 380a104U8 MO2YT Xa-
pakTepu3osareca skcTpemasvroim npunyunom. Own on-
pedeasner Tun nosedexus pPenAUKATUBHbIX eOUHuY npu
3adarHblx Ozpanudenunx oréopa.

3nech MOXHO BHJETh aHAJNOTHIO, HANPHMeP, C porec-
COM OpHOMHXKEHHS K DaBHOBECHIO — (YHIAMEHTAJbHBIM
THNOM MOBeleHHst MaTepHANbHBIX CHCTEM NPH OTpaHHuHU-
BAIOHIEM YCMOBHH H3OJASIHH, KOTOpOEe XapaKTepH3yercs
O0UIUM  SKCTPEMAaJbHAEIM  MPUHUHUNOM. IKCTpeMalb-
bl npuHuHMn (12) cBA3aH C KPHTEpPHSMH YCTOHYHM-
poctH Ilpuroxuna—Inancpopda [23]. Kak onrumu-
3anHOHHBIA NPHHIHN, OH CHpaBeAJHB TaKXKe IJs ONpe-
JIEeNMeHHBIX KJACCOB HeMWHEHHBIX JHHAMHYECKHX CHCTEM
[21]. Hanee, cnpaBeRNHBOCTb pelleHHH KBa3uJIHnHeHHOH
cucremsl (10) He oOrpaHHYHBAeTCs OKPECTHOCTbIO CTa-
[IHOHAPHOTO COCTOSIHHS.

KakoB xe ¢@usnuecknit cmbic1 KBa3mBujaa? Bug B
6nosorud — 3T0 rpynna ocobell, XapaKTepH3yWOUIHXCS
onpeneneHHbBIM (eHOoTHNOM., Ha reHOTHIHYECKOM ypOBHe
0cOGH NaHHOTO BHJAA MOTYT HECKOJNBKO pasjiHuaTbesi, HO
teM He MmeHee ux Mojekynsl JIHK umernr Becbma Gans-
Kyl0 CTPYKTypy. Pasnnualorcs ke OHH MOCJIefOBaTelb-
HOCTBIO HYKJEOTHI0B. PaccMaTpHBasi Telepb TakKHe MO-
JeKyJH — pelIHKaTHBHbIE eJHHHIH,— MBI HCIOJb3yeM
HMEHHO 3TH Da3J/IHuHs B MOCJelOBATeNLHOCTH AJSI TOTO,
yToOH JAaTh onpeiaeneHue (MOJEKYASPHOro) BHAA, ITH
pas3MHyHs TPOSBISAIOTCH, KOHEYHO, H HAa ypoBHe (eHOTH-
NHuecKHX cBOHCTB — TaKHX, Kak CKOPOCTb peNHKAanHH,
BpeMs JKH3HH, TeMI MyTHPOBAHHS H T. [.

Ordeavnuoiii (moarekyasprolli) eud we seasercs, 00-
HAKO, UCTUHHbIM 0hBEeKTOM oTbopa. ¥pasnenue (10) eo-
B0pUT HAaM, 4TO 6 pe3yabTaTe OTOOpA B03HUKAET CKOpee
kBa3usuld, T. e. OP2AHU308AHHAS COBOKYNHOCTL U008 C
onpedesennoin pacnpelesenuem 8epoarnocred. Kax
TaK080i, 0K oT6Upaerca u3 scex Opyzux pacnpedenrerui.
ITod Oasaeruem 0T60pa HUCAEHHOCTU nonyasayui ecex
k6a3usudos, Kpome 00HO020, 8 OeliCTBUTEALHOCTH O0ANCHDL
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obpaujareca 8 Hyav., Keasusud Tecno c8A3aH ¢ TeM,
4TO HA3bl8aeTCA «OUKUM TUNOM> NONYAAYUL.

UacTo npenmosaraimT, YTO HAHKHH THO —3TO CTaH-
JapTHHIH TeHOTHN, KOTOPHIH B pacnpeneNeHUH MYTaHTOB
COOTBETCTBYeT ONTHMAJNBLHO afanTHpOBaHHOMY (eHO-
tany. ToT ¢akt, 4ro B ciaydae ¢aroporo reHoma ofpe-
JeJieHHe YHHKAJbHOH MOCTeNOBATEJbHOCTH OKa3blBaeTcst
BO3MOXHBIM, T'OBOPHT B MOJb3Y 5TOH TOUKH 3DEHHS O
DOMHHHDOBaHHHM cTaHAapTHo#f konmuu. OpHako GoJee
THlaTeJqbHOE H3ydeHHe pacnpefiefleHHst IHKOTO THOA
dara Qp (B nabopartopun Y. Beiicmana) [24] mokasa-
JIO, 4YTO Ha CaMOM JeJle JHIUb MaJjasi JOJS MOCTeN0Ba-
TenbHOCTe#l HJAEHTHYHA TOH, KOTOpas MPHIHCHBAETCS
ZHKOMYy THIY; OOJBUIHHCTBO K€ HX MpeJcraBiaser cobo#
pacnpejesienne KOMHH ¢ ONHOH HJIH HECKOJNbKHMH OLIHO-
KaMH, H TONBKO cpedree MO 3TOMY paclpelesleHHI0 aHa-
JOTHYHO MOCJef0BATENbHOCTH JAHKOTO THHA. Jlpyrumu
C/IOBaMH, CTaHJApTHHE KOMHH MOTYT COCTaBJSITb MeHb-
me (a HHOTJAAa H MHOTO MeHblle) HECKONBKHX MpOIeH-
ToB Beeft nonynasnyH. ONHAKO, XOTS MOAABIAIONIAS YACTD
HONYyMSANHA COCTOHT H3 HECTAHAAPTHBIX THIOB, KaMAHH
HHAHBHAYAJbHBIA MYTaHT B 5TOM paclpefefNeHHH MpH-
CYTCTBYeT B OdeHb MajoM KOJHuecTBe (MO CPaBHEHHIO
co cranpaprHofi konueit). IlonHoe pacnpenenenne xa-
pakTepH3yeTcsl YycpeoneHHOU MOCAeN0BATENbLHOCTDIO, KO-
TOopast HIEHTHYHA CTaHAAPTHOH H, CIeOBATeNbHO, ONpe-
Ieaser Auknfi THH. KBasuBHA, cTporoe ofipejeseHue
KOTOporo OBIO RaHO BHIIE, HPeACTaBAsieT co60i Takoe
OpraHH3OBaHHOe paclpejieNieHHe, XapaKTepH3youleecs
ofHO# (HaH OOJBIIHM YHCIOM) ycpedHeHHbLX TOCAENO-
BaTesbHoCcTedl. TunhyHble NpuMepH pacnpenenenus (oT-
Hocsimnecs K PHK-conepxaumemy dary Qp) npusemenn
B tabn. 2. OnHa yHHKanbHast (yCpelHeHHast) MoOCaeno-
BATE/MIBHOCTb HMEETCS TOJBKO B TOM CJy4yae, eClIH KO-
OHs, HACHTHYHAst CTaHAapTy, SBHO NOMHHHpPYeT, T. e.
€C/IH OHAa HMEeT MaKCHMAaJIbHYIO Ce/JIeKTHBHYIO IEeHHOCTh
B mpeflenax pachnpejeneHust. MyTauTH, AN KOTOPHX
Wi oueHb GIHM3KH K MAKCHMAJIbHEIM 3HAYCHHSM, B CpPel-
HeM OyayT NPHCYTCTBOBATb B COOTBETCTBEHHO OGOJBIIKX
KosuyecTBax (cM. Taba. 2). HMx Hanuune npuBefler K
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Tabauya 2

PacnpocTpaieHHocTh, MM O6WIne, CTAHZAPTHON MNOC/AELOBATEh-
HOCTH B pachpefeseHHH AMKOrO THMa ompegensercss (pakTopom Kade-
ctea Qn ¥ ee MPEBOCXOACTBOM Onm. [Ipu JaHHOM Yucse HYKJIeOTHIOB
Vm (AKTOP KayecTBa MOXKeT GbiTh BLIYMCIEH M3 CPEJHEro KagyecTsa
KOMHMPOBaHNA GYKBH g AN HYKJEOTHZOB, KOTOPOE OHpefensercs
KOHKPETHBIM (DEPMEHTATHBHBIM MEXaMM3MOM CUMTHIBAHUSA, 3HaueHHs
§m M Om ONDENENAIOT TaKKe MAaKCHMaJbHOe YHCJIO HYKJIEOTHIOB
Vmax, KOTOpPOE He JOJKHO MPEBLINIATHCA CTAHZAPTHOR MOCHAELOBA-
TENBHOCTBIO, B NPOTHRBHOM cJyuae KBa3uWBHAOBOE paclpefeseHue
craHoBUTCH HeyctofiumsniM. [IpepcTamsieHHBe HMMKe HaHHBle OTHO-
carca K nocaegonatenbHoctam PHK, cocrosmmm uz 4500 HykJeo-
tagos (dar Qg).

3HaueHus, npuBefleHHble B TEMHHEIX TPEYroAbHHUKax Tabiunn A,
YKa3HBAIOT OTHOCHTEJbHHE pPACHPOCTPAHEHHOCTH CTaHZAPTHON mo-
ClleOBATEbHOCTH B pacnpefeseHHM AHMKOTO THNAa (B OPOLEHTaxX)
cornacko ypasHeHnuam (18) u (25). OrpmuatesnbHble yHcAa O3Ha-
4aT, 4TO pacHpegesicHHe HeycToAumBo. B cBeTiiblX TpeyroJbHHKax
MpHUBefleHH NOPOTOBble 3HAUEHHA Vmax A8 3a[AHHBIX §m U Om. OTH
HaHHHE MEMOHCTPHPYIOT UYYBCTBHTENLHOCTB Vmax K HapamMerpy §m.
Jlns xopowmo afanTHPOBAHHOTO BHAa 3HadeHHe 1 — §m JOMKHO
6HITH HecKOJbKO Bbille, yeM 1/vm (Hanpumep, 1 — gp, =0,0005 gas
Vm == 4500 HyKJeoTHAOB, NpHyeM Tpe6yeTcd, YTOGH Om == 10).

N AN NN
DR N

llpesocxodemeo O

A

B rta6auue b gan Gosee peaiucTHYecKMH npmMep pacnpefelie-
Hus KBasuBuia, cocrosulero m3 1-10° umpueupor. [locnegomaresib-
HocTH 3 4500 Hykneotnios GyxyT coorsercToBath 13 500 mMyTaHTOB
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IIpodoaxcenue Taba. 2

C OAHOM OMMOKOA NpH HOMYUIEHMH, 9TO OJS KaXKAOTO NPaBHJb-
noro Hykjeotnga (A, U, G mam C) mmeoTcs TPH HempaBHJbHbIE
anbrepraTBe. Onntel ¢ PHK-pensmkasamm nokaanlgaioT, ORH2KO,
9TO 3aMel{eHHs MyPHH —- NyPHH M MHPUMHAMH — MUPHMHIHH MPOHC-
XORAT ropasno daile, 9eM Jo6He 3aMelmeHHs MePeKPECTHOTO THIMa
nypuH <~ nmupumuiud. [Tostomy — 4to6n GHTh 6JMXKe K peaJibHO-
CTH — MH fpHMeM, 4TO IJ8 KaXXIOro HyKJIEOTHAa HMEETCH TOJbKO
OfHa HemepHas ajbTepHaTHsa. COOTBETCTBEHHO KPATHOCTDb JOGOH Ko-
v

mun ¢ k ownbkamu craHoBHTCA papHOW \k). Bcs coBoxymHOCTB
4500 passA9HEIX MYTaHTOB C ORHOA OMWMGKOM Ghlia pa3bura Ha MATH
KJIACCOB B COOTBETCTBMH C HX BHPOXIEHHBIMH (CPERHHMH) CeJleK-
THBHBIMH 1eHHOCTSMH.

Ilpuusras oTHOCH-

YueneHdOCTh DOMy-

Kaacc Bupoxner-  renpuwan cenekTHB-  AAUMA OTAENbHOTO

MyTanTa ig‘;’z‘;a Hasl UEHHOCTh - MyTauTa (XBHpO-
Wkk/wmm K JEeHHOCTh)

Bes omu6ok 1 1 8,9-107 (X1)

Onna omubxa

Mi, 1 0,99 4.108 (X1)

Mp, 4 0,9 5. 108 (X4)

M, 495 0,3 6,3 - 104 ()<495)

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

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

> My 4500 2,2 10% (X1)

Muoro ommu6ox

M, ~ 107 ~0 <30 (X 107

Y M, ~ 1500 ~0 6,88 - 10% (X1)

B

B Knacce M;a MMeeTcs BCEro OQMH MYTaHT, OdYeHb GJH3KHI K
crannaptiomy tuny. Ero cenexTuBHas neHHOCTb Wip OTAMYaeTCH OT
CeJIEKTHBHOM 1EHHOCTH CTAHZaPTHOTO THHa TOMbKO Ma 1%. Knace
Mo comepXHT YeTHpe BLIPOXKIEHHHX MYTAHTa, CEJEKTHBHHE [eH-
HOCTH KOTOPHIX OTJIMYAIOTCS OT craufapteoii Ha 10%, rtora kak
aas 495 myraHToB kaacca M), 3Hauenms Wy cocrasiseor 30% ot
YW mm. Bonbluag rpynna u3 2000 MyTaHTOB MMeeT HA NMOPAAOK MeHb-
uree 3nadeHne Wir M CTOJIBKO XK€ MYTaHTOB BOOOLe HEXHM3HECHOCOo6-
HO, T. €. OHH BOCIPOM3BOZATCH CO CKOPOCTBIO, HECPABHEHHO MeHbIUeH,
geM CKOpOCTb ROCHpOM3BENEHHA cranpapra. [lajee, Bcem Komuam
¢ uucnoM OWHOOK 6ojlee JABYX OblIM  MPHAHCAHH  3HAYEHHA
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IIpodosnmenue Taba, 2

Wi € Whm, XoTs 310 LonylieHne MOMXKET ObiThb HepeasHCTHIHEIM,
OHO HMe MMEeT Cepbe3HHX MOCHAeACTBHA A/ YHCJIEHHOCTER MOmyasaumi
unlusudyasshslx NOCNERORATENIBHOCTEN, KOTOPLIe KpafiHe MaJH H3-32
60/IbLIOTO YMCJ2 Pa3HOO6pasubX OMMO04HHX Kommi. Hecmorps Ha
3TO, CyMMa BCEX KOMMA C MHOTHMH ONIMGKaMM SBJAETCA B 5TOM MpH-
Mepe HanGosbleli Tpymmof,, 3a Hell CJeLyeT CyMMa BCeX KOMHi
c onnofi omwm6kofi. C Hpyroil CTOPOHH, CTaHRAPTHHIA THO MO cBOel
pacnpoCcTPaHEHHOCTH HRaJIeKO HPEBOCXORMT BCe [PYTHE HHIHBHAH
B pacupeleseHNH KBa3MBHJA.

Bhi caenan Apyrofi BapuaHT pacueTa, I'ie OTHOCHTE/bHAS CeJleK-
THBHAf UEHHOCTb MyTaHTa la C OfHOM OWMGKOH GhlJla MOBHIIEHA
¢ 0,99 no 0,9995. ITpu sTOM OCHOBHAs YacTb pacHpeReNeHHs H3MEHH-
Jach O4YeHb MaJo, 2 YHCJEHHOCTb MOMyJsuMu MyTaHTa la mospocna
O YHCJEHHOCTH CTAHZAPTHOrO THMA (T.e. 06e OHH CTaMH paBHHIMH
8,4-107). dror npuMep MOKA3BIBAET TPAHULY [PHMEHHMOCTH anfpo-
RCHUManufi, cofepxalunxcs B ypasHennax (18) m (19), xotopue Tpe-
6YIOT BHOOJHEHHS HepaBeHCTB2 Wim € Wit — Waum. Boslee ctpormit
pacuer IaeT UMCIEeHHOCTh MOMNYJASAUMM MyTaHTa la, cocTamJsOUIyIO
npumepHo 60% ot umcieHHocTH ctaHpaptHOoro tmpma. J{axe npm Ma-
JIBIX Pa3/INYUAX CENCKTHUBHBIX LEHHOCTEM CTAaHZApT OCTAeTCsd SBHO
JLOMHHMpYIOIMM BHEOM. JIMIIb B TOM Clyuae, KOrga MYTAaHT C ORHOMN
OIIMGKOM OT/MMUaeTcs OT CTaHAAPTA TAK MaJio, YTO BLINOJHAETCH
HepaBeHCTBO Wmm — Wi < 1/Vm, OH MOXET CUHTATBCH BHIPOKAEH-
HbIM H, CJIeNOBATENbHO, HEOTJIMIUMBIM OT CTaHZAPTA.

TOMY, 4TO MOCJAENOBATENbHOCTh JHKOrO THNa G6yJeT He-
CKOJIbKO Da3MBITa B ONpejleleHHBIX nosoxenHusx. Ecan
ABa GJH3KOPOIACTBEHHHIX MYT4HTa HMelOT (MOYTH) OnH-<
HAKOBHle CeJIeKTHBHLIE LEeHHOCTH, OHH 06a MOTyT BXO-
IHTH B KBA3HBHJ ¢ (MOUTH) paBHHIMH CTATHCTHYECKHMMH
pecamn. Hackonpxo 6MU3KH JpPYr K ADYTY LOJIKHH
6uTh 3HaueHHst Wy [As 3THX [BYX MYT4HTOB, YTOORI
OHH CTA/H CeJEKIHOHHO Hepa3/NHuHMH, 3aBHCHT OT HX
«cTemeHn poacrsa». Il OTHaNeHHBIX pOJCTBEHHHKOB
COOTBETCTBHE JNOJDKHO OHTH ropasjio 6ojee TOUHHIM, YeM
st Konuil ¢ oxHOH oirnbroid. TakuMm o6pa3oM, cheimH-
a4JbHOMY KJaccy «OOpaTHMHX HeHTpasfibHHX» MYTAHTOB
MOXeT 6BITh NaHO KOJH4YecTBeHHOe onpeneneHue. Koueu-
HO, CYyluecTByeT BTOpOH, 6oJiee IIHpOKHH KJaacc HeHT-
paJbHBIX MYTAaHTOB, OTHOCSIIIHXCH K Pa3/IHUHBIM KBa3H-
BHI4M, KOTOpHE BBIPOXKJEHH MO COGCTBEHHBLIM 3Haue-
HHSIM A;. DOJIBIIHHCTBO 3THX HEATPAJBbHHIX MYTAaHTOB BHI-
MHpaeT MOCJe CBOETO MOSIBJACHHS, HO HEKOTOpPHE H3 HHX MO~
TYT PaclpOCTPaHHTbCH B MOMYJSIUH H COCYIIeCTBOBATDH
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C paHee YCTAaHOBHUBIIHUMCS KBa3HBHAOM WJIH Jaxke BHI-
TECHHTb ero. 310 AupPY3HOHHOE pacrnpocTpaHeHHe Hel-
TPaJbHBIX MYTAHTOB MOXHO aHaJMM3HPOBATb TOJNBKO B
paMKax CTOXacCTHUECKOH TEOpHH (CM. HUXKe).

I11.5. PeanucTHueckde annpoKCHMalHH

BripaxkeHne B SIBHOM BHAE AJA8 COGCTBEHHOTO BHAYEHHA OTO-
6paHHOTO KBa3WBHAA MOXeT OHITb MOJIYYEHO C [OMOIUBIO TEOPHH
BO3MYIUEHMT. Pe3ysbTaTt, COOTBETCTBYIOLUMST BTOPOMY MOPAIKY TeO-
puM BO3MYLUEeHUA, MOR06eH BHIPaXKEHMIO AN Wimax, MOJydeHHOMY
paHee B pa6ore [4] (ypasuenue 11-33a):

w
Amax =~ Wnm + Z —“ka_%' (13)
ksm

3mecb MHAEKC rm OTHOCHTCA K TOMY (MOJIEKYJNsipHOMY) BHAY, KOTO-
pblfi OTMMYaeTCs HamboMblIed CeeKTHBHOA NEHHOCTbIO. DTa amnnpo-
KCHMANMs TOAMTCHA TOJBKO B TOM CJyuae, eCu HH ORHO Apyroe Wi
He OKa3bhlBaeTCH CJHIIKOM OJNHM3KHM K 3TOMY 3HaYeHMIO H JOMMHHH-
pyoias Komus m MOMeT CYHTATbCA MNPeACTABHTENbHHUIEA IHKOTO
THna. Tabn. 2 noxasbiBaeT, HACKOJBKO 3G dEKTHBHLIM B LeACTBHTEb-
HOCTH fBJfeTC 5TO MNpHOIMXKeHHe OJA JO6OR peanbHO 3HAUMMOM
cucrembl. Uem Gosbluie HHPOpManHOHHOe COREPKAHHME, TeM MeHblle
HHAMBHAYaJbHbe 3HaueHH w@. Tem caMblM 3Ta anmpOKCHMAUHA Bhl-
SABJNAeT OUeMb BaXHWA (axT: oT6Op (MOL ZHamJeHHeM) HABIAETCH
JCKJIOYNTENbHO ECTKMM MO OTHOMIEHHIO K JaNbHUM DPOJCTBEHHHKaM
(4eM MeHbIUE 3HAUEHHH Wmp U Wim, TEM OJHKE MOTYT GbiTh Wep M
Wmm — 6e3 Kakux-m6o orpanngeHufi oTHOCHTeNbHO ). OnHAaKO OT-
60p ABNfETCH MSATKAM MO OTHOLICHHIO K OueHb GJHM3KMM POACTBEH-
HukaM. OHn 6yAyT NpHCYTCTBOBATb B pacnpefleieHAn M TOrAa, KOTAa
HX CeJeKTHBHAaf UeHHOCTh Wi, MHOrO MeHblle Wmm (MM gaxe
paBHa HyJwo). Ecam mTopeim ciaraeMsiM B ypaBHenumn (13) moxHno
fpeHe6pedb 2CM. 3yadeHnss B Ta6sa. 2), TO 3KCTpeMaJbHBIA OPHHUMM

[ypasHenue (12)] moxker 6bHITh BhpakeH B caefymoouel popume:
Wom > Ep 2o (14)
N
Q>0 (15)
rae
Bomm= Z Ekxk/ (16)
k#Em

npeAcTaBaseT co6Ofl CpefHION NPOLYKTHBHOCTb BCEX KOHKYPEHTOB
oTOGpaHHOTO QMKOTO THHA M H

Am
om=—"—=""" an
Dy +Eppm

ABJAETCA MapaMeTpoOM MPEBOCXOJACTBA JOMHHHPYIOUIETO BHJAA.
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B TOM Xe OpHOJMKEHMM MOTYT ObITh RBBLIMHCJAEHH OTHOCHTEJb-
HBle CTAUNOHAPHBIE YHCJEHHOCTH MOMYJSAUMI, MpUuUeM ANS NOMHMHH-
pylollel Komuu

N T ~1
W —E Q. —c
2"1/2 g, = —om _Ck#m _ Sm £ (18)
/k==l Em—Ek#:m -0,
a [IJif KOMMM C OJHOI Owmu6KOoM
Xyl = W kaW : (19
mm "~ " kk

3710 BHpPaXeHHe OCTAeTCH BEPHHM, MOKa Wim € Winm — Wi (oM.
Taba. 2).

[Tpu6bnnxenns Gojee BHCOKOrO MOPSAKA MOTYT ObiThb MOJYYeHH
C MCMOJNb30BAHHEM Amax HE3AaBHCHMO OT TOTO, B KaKOii (opMe BbIpa-
JKeHa 35Ta peqmumHa. YpasHenus (16)—(18) mameHsSOTCA COOTRET-
CTBYIOLUNM O6pa3oM.

Ocnosvisasce Ha 3TUX NPUGAUICEHUNX, Mbl MOKHCEM KOAUYECTBeH-
HO xapaxrepusosart OapBUHOBCKOe NOBeOeHue MAKPOMONEKYASPHOIX
cucrem. Ypasuenue (13) noxasoisaer, 8 xakoil mepe Aunamuxa
or6opa onpeleaserca urOusudyarsHolMu ceoicTeamu QOMUHUPYIO-
wezo (crandaprrozo) suda m, To2da Kax ypaswetus (18) u (19)
YKQ3bLBAIOT OTHOCUTEAbRBLE Bec cTaHAapTHO20 Buda u e20 MYTAHTOB
(ca. Takxce Taba. 2). ¥YOusureasHo, HACKOABKO MarQ HA camom Deae
doas crambaprioeo sulda 8 pacnpederenuu Juxk020 TUNG HECMOTPR
HA TO, 4TO €20 (husuyeckue napamerpsl NOYTU NOAHOCTHIO onpede-
As0T Ounamudeckoe nosedenue pacnpedesenus. I10 daer x8a3usudy
boabuyro adanTayUuORKY0 U 380MOYUOHHYIO -2U6KOCTs U no380AseT
emy 6bICTPO peazuposaTs HA U3MEHeHue cpedsl.

OTH annpoxcHMAauMH OKA3bIBAIOTCA HENMPHIOAHB TOJBKO B CJy-
Yyae HaJmyua OBYX HJH Gojlee NOMHHMpPYIOLIMX BHAOB (cM. Tabn. 2),
KOTOpHE #ABJAIOTCA (MOYTH CTPOro) HeATPaASbHBIMH MyTaHTaMU.
Onnako 3TH o6paThMble HefiTpasbHBlE MYTaHTH MOryT GHITb OG-
eIMHEHbl B CEJEKIIMOHHO HEOTJMYMMBIH MOLKNACC BHJOB, KOTOPBIH
6yZeT onpefleNsThb OUHAMHYECKOE MOBEREHHe KaK OfMH JOMHHHPYIO-
IHii BAA B COOTBETCTBHH C ypAaBHEHWSIMHM, NpUBeNeHHHIMH Bbitue. UH-
TEpPeCHO OTMETHTh, YTO BHYTPH KBa3MBHZA HeT OTOOpa MPOTHB 06pa-
THMHX HeATPaNbHBIX MYTAHTOB («OOPATHMBIMMS> SABASIOTCA TaKHe
MYTaHTHl, AJS KOTOPbIX @i M Wi JLOCTATOYHO BENMKH, YTOGH ra-
paHTHPOBATh HX BOCIMPOH3RBOANMOe MOARJeHHe). ITH 0OpaTHMble
HeATpa/NbHble MYTAHTH, COCTABJAIOLIME YacTb KBa3WBHAa, HE06XO-
IHMO OTJHMYaThb OT HEPONCTBEHHbIX HEATPaJbHBIX MyTaHTOB [Wix H_
Ws; CAHLIKOM MaJbl, 3TO6b 06ecneuuTb HX BOCHPOH3BOLHMOE MOSB-
JeHne coracHo ypasHenno (18)]. He6oJablioe XoJmuecTBO STHX
HEPOACTBEHHHX HeATPasbHBIX MYTaHTOB MOJET COCYLIEeCTBOBaThb
BCNEACTBHE cayuafiHmx ¢aykryaumii [25]. Croxactuueckas TeopHs
[I0Ka3bIBaeT, YTO KOHKYPEHIUHA MEX]Yy 5THMH HefATpanbHbIMH BHIaMH
npeacTaBiaseT co6ofi cayuaiiHbli Apeiid, KOTOpbIA BemeT K BHIMHMpA-
HHI0O H HeRETePMHHWDOBAHHOMY «BBIXKHRAHHIO RHKHBaWLEro», a
TakXe K HEeKOTOpPOMY pa3MHOMEHHI0O M pacflpoCTpaHeHHIO HOBHIX
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MyTaHTOR — AIBJIEHUIO, KOTOpOE TeHeTHKH [26] Ha3bIBAOT HeRapBH-
HOBCKHM MOBeleHHeM (T. €. BbIXKMBaHHeM 6e3 CENEeKTHBHOTO MpeuMy-
mecrBa). Crelyer mOHMMATb, YTO CTOXaCTHUIECKOE MOBELEHHE HEpPOX-
CTBEHHBIX HeATPaJIbHBIX MYTAaHTOB, XOTA OHO M He G6bLLIO MpejacKa-
3aH0 JlapBHHOM M €ro MHOC/AENOBATENAMM, HE HPOTHBOPEUYHT TEM
ceoficTBaM, KOTOpble BEAYT K NETEPMHHHCTHYECKOMY NapBHHOBCKOMY
nogefenuto. Hampotus, or6op o6paTuMblx HeATpaJbHBIX MYTauTOB
HaXORMTCA B COrJMacHM € NAPBHHOBCKHM [PHHIMIOM, eCJH €ro fo-
HAMaTb MPaBWJIbHO — KK BLIBOZMMBIA (H3MUECKHHA 32KOH, KOTOPbIX
‘3aTeM MpHMeHAeTCHA K MOHATHIO KBAa3HMBHAA.

111.6. O606menns

[Ipn Ko/JnuecTBEHHOM NpERCTaBJEHNH JAaPBHHOBCKOA CHCTEMB
ypaBHeHnssMu (2) u (6) MH cmeanm pAn crenMaJbHHX NONYILEHMI,
KacalolIMXCA CTPYKTYPHBIX NPEANOCHIJIOK M BHEUIHUX OrpaHHYeHHA.
B 31OM pasfieJle Mbl NONBITAEMCA YCTAHOBUTb, HACKOJIBKO JaJIeKO
MOXHO 0006LUMTb 5TH ROMyfieHns Ge3 MOTEPH XaPaKTepHHIX 0cobeH-
HocTelt NapBHHOBCKOrO MOBENEHMS.

1. Yaenot xuneruseckux ypastenuid. JluHefiHble UYJEHH, OMHCH-
BalOLIMe 4BTOKATAaNMTHYeCKOe O6pa30BaHMe M pPa3joXeHHE, mpoTe-
KaloLiue KaKk MpoLeccH MepBOro MOpfAAKa, MOTyT ObITh 3aMeHeHbl Go-
Jee OO6wHMMH BbIpaxkeHHsIMH. [Ag ¢(epMeHTaTHBHHX MeXaHH3MOB
camoft obliefi aBaserca dpopmyna Muxasanca — Menrten

Xi Xi
CkopocTb ~ ——~—  uJH ,
1+a,x; 1+ 3 apr,
k

KOTOpas 3aMeHAeT MPOCTYIO 3aBHCHMOCTb OT X;. Dhijio mokasano [4],
4TO AJI aBTOKATAJMMTHYECKHX MEXaHM3IMOB 3TOr0 THma OTGOp ocTa-
etcd 3p@HCeKTHBHLIM M MPH MajblX YHCJIEHHOCTHAX MOMyJaAnmid, T.€. B
06J1aCTH, KOTOpas SABJSETCA KpPUTHYeCKOR anas ot6opa. Hacwlienue
He MPefOTBPAILAET PA3MHOXKEHHS MYTAaHTOB, HMEIOUIMX MpeuMylle-
CTBO, HO MOXeT JOMyCTHTh OmnpelesleHHOE COCYIIeCTBOBaHHe, 006-
yCIOBJIEHHOE MEpPEeXOROM OT 3KCHOHEHIMAaJIbHOrO POCTa K JIMHEfAHOMY
npu MexaHuaMe 6e3 OrpaHHYeHHH.

Boo6uie rosops, ecin MOPANOK PeaKUHH ONpPEAENSETCS YJeHOM

x’f, TO AAapBHHOBCKOe nopefeHue Gymer HaGMIORATbCA MPH
0<kI.

Jdns k= 0 cocyllecTtBoBaHHe NMPHBENET K JHMHTHPOBAHHOMY pOCTY.
[lpn orpaHuYeHMH NOCTOSIHHHIX MOTOKOB TaKasli CHTYallusg MOXKET
BO3HHMKHYTb [/ CAMOBOCHPOM3BORALIMXCA BHIOB B TOM CJyuae,
€CJIM HMX CKOPOCTb O6pa3OBaHMA OrpaHMYeHa MOCTOSHHOM CKOPOCTHIO
MOCTYMJEHHA  BbICOKOSHEPreTHUeCKOro CTPOHTEJBHOTO MaTepuala,
Buabl, xoropbie HOTPeGMAIOT pa3Hble (B3aMMHO HE3aBHCHMbIE) MH-
Iesble pecypch, He 6YAyT KOHKypupomaTth apyr ¢ apyrom. Hesasu-
cuMble MMIEBBIE pecypchl GyRYT NpejCTaBAATb Pa3JjHuHble «HHILUMY,
9TO MNPHUBENET K COCYIIeCTBOBaHHIO. MEHOrounc/eHHble BapHalHH
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PasAMYHEIX BHAOB 9aCTO O6A32HH CBOMM CYLIECTBOBaHHEM MOXOGHHIM
MeXaHU3MaM, T0CeICTBHS KOTOPEIX HAXOAATCA B [OJHOM COTJIacHH
€ AapBHHOBCKOR TeopHeil.

Hna nokasateneft £ > 1 KapTuHa 60nee RETaJbHO MpPOaHaJN3U-
poBaHa B 9actn b nanHoft kHmru. B sTrom cayyae mpoucxomut xpait-
He XecTKuli 0TGOp, NpHueM HEKOTOPHIE €ro CJAEACTBHA HECOBMECTHMH
co marasfam# JapeuHa, ocobenHo B CBA3M C npoGjeMaMu HacJjeRo-
BaMu. .

2. Asrokaraaus. Kak obcyxpanocs B pasm. II, nmpamoe camo-
BOCHpPOM3BelEHHE ARBJAETCA JHUbL MPOCTEAMMM NPHMEPOM B KJacce
JHHEAHbIX ABTOKATAJMTHUeCKMX MeXaHu3MmoB. B oflueM cayiae camo-
BOCMPOH3BENEHHE MOMXET OCYLIECTBJATHCA IMMOCPEACTBOM IMKJIHUE-
CKOro Karajmutuueckoro mponecca. Hampumep, ¢arn, colepxauue
onHonenoyeynyro PHK, BocmpousBomfiTcs mnyTeM B3aHMHOTO HH-
CTPYKTHPOBAHHS C MOMOLILIO ABYX KOMAJeMeHTapHuX uenmefi. Kuue-
THYeCKHE YPAaBHEHWS IJsi TaKOro JABYXYJEHHOTO KaTaJHTHYeCKOTO
nukga [4] namoT DBa COGCTBEHHBIX 3HAYEHHA IJs ROMHHHPYIOLIETO
BUAA:

D, .4+D
b= = AAA.QQ_+ 5 (0, ~D_f (0

OTH BHIpaXeHHA OCHOBaHb Ha TaKMX e annpOKCHManHAX, K4k M
ypasHerne (13), — He YUHTHIBAIOTCH 4JEHH, COOTBETCTBYIOLIME MY-
rauuaM. OZHO M3 3THX COGCTBEHHBIX 3HAUeHHM, e€CJM OHO MOJOXKH-
tenpio (r.e. AyA-Q4+Q- > D,D_), 3amenser Wmm, OTHOCHLIEECH
K CamMOBOCHPOM3BORALIEHCH efuHMIE. 3Mech KHMHETHUECKHe MMapaMer-
pbl 06Geux- Uenefi BHOCAT paBHHI BKJajg (CpelHee reoMeTpudecKoe)
B CeJIeKTHBHYIO neHHocTb, 062 OHH JOMKHB ObITh ONTHMH3HPOBAHH,
yTOo6bl HMEJNO MEecTO ONTHMajbHoe (yHKUHOHHMpoBaHme. Be3dme, rae
BaXHb (eHoTunudeckHe cpofictea nemefi PHK, sxsuBasentHocts
Jerge BCEro NOCTHraeTcs OpPH MOMOLIM CTPYKTYPHOR CHMMETpHH
(cm. TPHK, muau-sapuant PHK Qﬁ [27]). Bropoe, Bcerma orpm-
1aTeJbHOE COGCTBEHHOE 3HadeMme OTHOCHTCA K NMpONEeccy «ypABHOBe-
MWMBAHUSA> IMOC- M MUHYC-Uenell, KOHUEHTPaUNN KOTOPHIX 3aTeM 6y-
OYT HaXOOMTbCd B (UKCHPOBaHHOM oOTHOuleHMH. Kak TossKO 9TO
yP2BHOBELIMBAHNE AOCTHTHYTO, MAKC- M MHHyC-nenn REACTBYIOT Kak
OllHa PeMJMKATHBHAA H KOHKypHpYyoLlas eduruya. )

O6uiee paccMOTpeHMe KaTaJHTHIECKHX NHKJIOB MOKa3ajno [4,
20—22], 4TO OHM CXOZHb € MPOCTHIMM CaMOMHCTPYKTHPYIOLIUMHUCS
cucreMamu. n-UneHHBIA UHKA TOXe XapaKTepH3yeTCs OXHHM TOJO-
KHUTEJbHBIM COGCTBEHHBIM 3HaYeHHEM, KOTOPOE COOTBETCTBYET CeJleK-
THBHOM NEHHOCTM OTHEJbHOR CaMOBOCIHPOM3BOAAINENCA eLHHHIIBL
B 310 co6CTBEHHOe 3HAueHHE BHOCAT BKJAN KaTaJHTHYeCKHE CBOH-
cTBa BCeX UJIEHOB, B MpOCTeHlleM cJaydae — B BHAE CPEJHETO Treo-
merpuueckoro 3Hauehmit AQ, orciona TpeGOBAHHe KOHEMHOCTH 3HA-
yenuii AQ Iond BCeX uJeHOB LWKJAa. [lajee, n-yjeHHBIA NHMKJA Xa-
pakTepHsyercd (n— 1) OTpHUATe/bHHIMH COGCTBEHHBIMM 3HaYeHHA-
MH, KOTOpElEe OTPayKalT BHYTpPEHHee YDaBHOBELIHBAHMe KOHUEHTpa-
[MOHHLIX OTHOIUEHHIT BCEX UJNIEHOB LHMKJA.

3. Myrayuu. OCHOBHOR HMCTOYHMK MyTauuf, OCOGEHHO Ha paH-
HHMX CTaIHAX 3BOMIOUHMR,—3TO HEBEPHOe KOMMPOB2HKE, T. €. BKIOUYEHHG
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HyKJIeOTHIA C HEKOMIJIEMEHTapHEIM OCHOBaHMeM B [polecce pef-
nukauud. OmbiThl ¢ Qarom g MOKa3HBAOT, 4TO BEPOATHOCTH OIM-

6OYHOM 3aMeHbl [QAHHOrO MypPHHA WJM M(HPUMHOMHA €r0 TOMOJO-
roM 3HAYMTENIbHO OTJIMYAIOTCA OT BepPOSATHOCTER OIIMGOYHOM 3a-
MEeHH OypMHa ONHHM M3 MMPHUMHAMHOB WIH vice versa [24]. [lpm
$opMaZbHOM pacCMOTPEHHMM C HCMOJb30BaHHMEM mnapaMeTpos Q M ©
OTheJbHble BHAbL MYTalUMA — TaKHMe, K4K TOUETHAS MYTanus WIH My-
TaIH CO CHABHTOM PaMKH BCNEACTBHE [eJienMM WJM BCTAaBKH, — He
passM4anTcd, XOTA 3TH pa3/NuHf, KOHEYHO, BAXKHH MpPH HCCJEROBA-
HAH (YHKNHOHAJBHLIX CBOWCTB MyTanTOB. [Ipm ¢opmajbhom pac-
CMOTpeHHH O6e3pa3/iHUHBl TaKXKe NPHYHHH MyTanuii — 6yap TO He-
BEpHOE CUMTHIBAHWE MPH penHKalUMH, XMMHYECKH HHIAynHPOBaHHbLIE
H3MeHeHHS HWJH pafualMoHHble moBpexjeHnd. Hnorma OblBaeT He-
06X0quMO HEKOTOpBle MYTALMHM CBSA3BIBATb CKOpee C JEHOM, OMHMCHI-
BAOLMA pPa3joXKeHHe (CM. HHKe), OLHAKO 3TO He BAMAeT Ha Gop-
MaJbHYIO CTPYKTYDY YypaBHeHmil. )

4. Pazaoxcenue. Myraumn, o6yclOBNeHHble BHEIIHMMH BO3Jel-
CTBHMSIMH (HampuMep, pajpnalnefl), clellyeT yYMTHIBaTb B 4JjeHe, OMU-
chiBatoLeM pa3noxeHne. Boo6iuie romops, pasnoxenne BHAa [ MO-
KEeT MPUBECTH K MOSIBAEHHIO [PYroro BHAa — £, KOTODPHIH COCTOWT
TONBKO M3 (parventoB i, Takue mpouecch TOXe He n3MeHsoT dhop-
MaJbHOM CTpYKTyphl IuddepeHUNanbHbX ypaBHEHHH, ecAu MPHHATH
BO BHHMaHHE COOTBETCTBYIOILWE YDaBHEHHS COXDAaHEHHS.

5. Buewnue ocpanuverus. SIBHHIT BUJ pellleHHAA CeJIEKIMOHHBIX
ypaBHEHHH 3aBHCHT OT HaJIOXKeHHBIX oOrpaHnyeHufi. PaHee Mbl 10-
Ipo6HO O6GCymunn cayuafi nmocTosHHOM o6lieii opramm3aumu. Cxogn-
Hble, XOTSl KOJMYECTBEHHO JApyrue, pe3ysabTaTel MOJydalTcs JIJs
OrpaHMYeHHs MOCTOAHHBIX mortokos [4, 28, 29]. Buewmnue perynu-
pyeMble mMapaMeTphl MOTYT, KOHEUHO, BKJOYaTb B ce6f BPEMeHHble
(nanpumep, JO6ble MePHOTMYECKHE) H3MEHEHHA. DTO MOXET BEeCTH
K MeXaHMCTHYECKHM MPEUMYLIECTBAM, HO He H3MEHSAET CYIUECTBEHHHIX
[pPEINOCHJIOK M HOCAENCTBHE JapBHHOBCKOro mnosefeHusa. [IpuHnun
sxcTpeMyMa (12) npunobperaer B 5TOM chaydyae clelyiouinii o6Ini
BHL:

T
lim lTSE(t) dt = do. @1)

T=» 00

Hanbuefiiee 06o6lieHHe MPHHUMOA SKCTPeMyMa YAaJOCh MOJY4HTh
Ixoncy u np. [21].

Ot6op KBa3MBMAZ NPH HaNMYUM KOHKYDEHTOB MOMET paccMa-
TPHBAThCA TakMke B pacrylueli cucteMe. DByjper mokasaHo, 4To He-
CTallHOHApHble CHCTEMBl MOXHO paccMaTpHBaTh B O6lueM BHAe mMOCTe
npocTofi mpoueaypbl HOPMUPORKH.

6. Croxacruueckan teopus. Tocnennee o6061enne uMeer 6oJee
OpHHUMMHAJBHBI ~ XapakTep. JleTepMHHHCTHYECKHe KHHETHUECKHe
ypaBHeHHsi, Boo6lie rOBOpSA, OMMCHIBAIOT CpelHee MOBeJeHHe aHCaM-
6.21eft, cocTOAIMX M3 GOMBLIOrO YHC/Aa HHIMBHIOB. DJEMEHTapHble Ke
ApOLECChl MOTYT OMNHCHLIBATBCS TOJNBKO C MOMOIUIbIO BEPOATHOCTH
peakunii. Urponnte Mmopmenn, paspaGoraHHnle BMecTe ¢ BuHKJep-
Ocsarthnu [185), 4eTKO HEMOHCTPHPYIOT TPH OCHOBHBIX THIa MOBeAe-
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HHf,, KOTOPHlE MOTYT paccMaTPUBATbCA CTOXACTHYECKON Teopmeii:
a) BHYTpEHHMHA CaMOKOHTpPOJIbL (JYKTyanmH, KaK 3TO HMEET MeCTO
B OKDECTHOCTH YCTOMYMBOrO CTAaUMOHAPHOIO COCTOSHMA M, B YaCT-
HOCTH, MpH TEPMOLMHAMHUECKOM pABHOBECHHM; 6) caMOycCHJieHue
baykTyanmii, XxapakTepHsyiollee HeyCTORYMBOCTb, M B) GeapasHane
K GAyKTyalusM, MPUBOLAILEE K CJAyuaHHOMY Apefidy.

B nepeoM caydae (JyKTyauMu BaXCHE TOJbKO OpH MajbiIX YHC-
JIEHHOCTAX fOMYJAUNH M 03HAYalOT MPOCTO HEOMpeleeHHOCTh B JIO-
60M MrHOBeHHOM MMKpococTosiHMM. JInsi MaKpoCOCTOfHHMHE, KOTOpHie
MOTYT 6WTb HCCJEIOBaHbl SKCNEPHMEHTAJbHO, OHHM NAIOT OXKHIAEMble
3HaueHWss B MpefesaX BHIUHCIHMBIX CPeIHMX OJYKTYalHOHHBIX HH-
TEpBaJIOB.

Bo BTOpOM canydae AeTepMHHHCTHYECKOe MOBEJeHHe OrpAHUYHBA-
€TCA OTBETOM Ha JNaHHyK© daykTyanmo. [pyruMu cJlOBaMm, 3TOT
LETEPMHHH3M THMA «ECJH — TO» MPEJCKa3blBAeT, YTO CJYUHTCH, €CJH
npou3dofifeT ompefesieHHas QJYKTYanHs, W TOYHOCTh MPEACKA3aHHA
pacreT € ymeJundeHmeM ¢JyKtyanud. Bo3snukHomeHme e camoit
GbaykTyanuu, OQHAKO, HENpeNCKa3yeMo, M 3Ta MHKPOCKONMMYECKas
HeonpeaeseHHOCTh OTOGpaXkaeTcs Ha MAaKpOCKOMMUECKOM YPOBHE ge-
pe3 NETEpMHHHCTHIECKHA B KOHEYHOM CYeTe Mpouecc ycuieHus. dtort
ciyyafi 0co6eHHO BaXeH AJA AAapBHHOBCKMX CHCTeM. DoJbIIMHCTBO
MyTauMi npexcTaBAfOT cO6OH (JYKTyanuum NepsOro THNA, T. €. OHM
He QAOT HHUKAKOro CEJEKTHBHOTO MNpPEHMYUIECTBA H He YrpoXKawoT
CTa6uIbHOCTH gMKoro Ttuna. [loc/le BO3HHKHOBEHHS OHH HCYE3210T
JREeTepMUEHUCTHYECKHM 06pa3oM, Kak M B cjaydae pasHosecus. OpHaxo
CYUIECTBYIOT TaKHe MYTanMH, KOTOPHe HeCyT C CO0Ofi CeJeKTHBHOE
MPENMYIIECTBO, H OHH HMMEIOT TEHJAEHNHIO YCHIMBATbCHA, T.€. HOPO-
XIAIOT HEeYyCTOHYNBOCTb. JIOCTHTHYT JM OHHM ycrleXa B 32aBOEBAHHH
JOMHMHHPYIOIIETO MOJIOXKEHHS, 3aBACHT OT BENHYMHB HX CEJIEKTHBHOTIO
npeHMyIIECTBA K OT pasmepa (uykTyaumu. OTAe/bHas KOMMSI HMeeT
NOBOJIbHO BHICOKMe IIaHCHl Ha BhIMHpaHMe, MpeXfRe 4eM OHa ycmeer
BOCIPOM3BECTACh, OCOGEHHO ecaM ee 3HadeHHe W TOJIBKO HeHaMHOro
6osbue, dyem E(f). CroxacTndeckas TEOpHA MOKa3HBaeT, 9TO mJs
Manbix npemMymecTs, T.e. Korka (Wmit— Wa) < Wnm, pasuep
GbaykTyanun LOJKeH YBEJHYHTHCA 1O ONpelesieHHOM BEJMYHHH, T. €,
IO 4yucsia Komu#, KoTopoe cootseTCTBYeET BeMHUHHE Wirn/(Wne1 — W),
MpeXxxae YeM BEPOATHOCTb POCTa GAYKTyauuu cranet GoJblue, yem
1 —e-!. Jlpyrumu cJOBaMH, TOJIBKO MYTAHTHl, XapaKTEPH3YIOLIHECH
3aMETHBIMH TpenMyluecTBaMu, GYAYT NETEPMHHHCTHYECKH BJMATL Ha
SHOJIIOILHOHHOE MOBeReHHe, Bin3KMe K HeATpalbHHIM MyTaHTH BELYT
ce6s1 CTOXACTMYECKM — MOYTH KAaK MCTHHHO HeHATpasbHHE MYTaHTH —
H, CleJOBAaTeNbHO, COOTBETCTBYIOT TpeThell KaTeropmm Hrp, KOTOpHE
NpUBOAAT K caydaiinomy ppefidy.

HefiTpanbHBle MyTaHTH, BO3HHKAIOIHe C BHICOKOH 4acTOTOH, KO-
HEYHO, ARBJAIOTCA YaCTbO NaHMHOTO KBa3MBHAAZ M KaK TAaKOBHE He-
CKOJIbKO CTAGMJIN3HPYIOTCS BCJEICTBME KOHEUHOCTH TeMfia MYTalHi.
Tem caMbIM OHHM HCHOJB3YIOT (JYKTYAUHOHHLIA OTBET, 4TO 6HLJIO Xa-
pPAKTEpHO A8 mepBof Karteropnu. [locKONBKY nOROGHas CBA3Db
LOBOJbHO cnaba, OTHOCHTeNbHble YHCJEHHOCTH HEATPafNbHBIX poJ-
CTBEHHHKOB MOTYT MCHBITHIBAaThb OdYeHb Gonbliye ¢Jaykryauun. He-
POLCTBEeHHblE (T.e. OYeHb pefKHe) HefiTpanbuble MyTaHTsl, C APyToil
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CTOpOHH, MOXKHO pacCMaTPHBATL KaK APYrofl KBa3MBHA, COGCTBEHHBIE
3HaYeHHA KOTOPOr0 HMMEIOT TY Xe BeJHYMHY, YTO W Yy IHMKOro THMA.
Béabluas gacTh 3THX HeATPaJbHHIX KBA3UBHIOB JOJKHA BHIMHPATh,
HO €CJH HM YRaJoCh Pa3MHOXHTBCH, TO OHM MOryT CTaTb YCTOHUHM-
BLIMH H [JaXe BHTECHHTb MNpeXHHA IOHKHA THN («BBI)KHBaHHE BHI-
JXHBAOINETO»). DTOT THM MOBENEHHS MOXeT GOblTh MOJY4YeH TOJbLKO
N3 CTOXaCTHYeCKOM TeOpMH. DhM CHenaHH COOTBETCTByIOLiME pac-
geThl IJS PacHpOCTPAHEHHS TeHOB B MEHIEJNEBCKAX NONyJasnHAX,
B gactHoctH Kumypoit [25] n ero mkoJofi.

Hrax, assostoyus asasercs OeTepMUHUCTUYCCKUM
npoyeccom 8 OTHOWEHUL CB0e20 NPO2PecCUBHO20 XApaK-
Tepa. Bcezda umeer mecro ycnewnas xorxypewyus Ou-
K020 TUNG C MYTAHTAMU, UMEIOWUMI MeHblile npeumy-
ujecTsa, COCYweCTB08AHUE HEUTPAAbHbLX WAL NOYTU
HeluTpanbholX 6AUBKOPOOCTBEHHOIX MYTAHTOB W pOCT
YUCACHHOCTU HOB020 KBa3usuda, umeroujezo s8Hoe npe-
umywiecrso. Odnako dsoaoyus He asanercs Oerepmu-
HUCTUHECKO 8 OTHOWeHUuW BpemeHHOl nocaedosareis-
HOCTU NOABAEHUS MYTAHTO8, Q@ TAKNE B8 OTHOUEHUL
eeHeTuueckozo Opeiiha, Bb136aHHO20 Hasuduem HepoO-
CTBEHHbIX HeldTpassHbix MYTanTo8. B Oelcrsuresvnoctu
yOaercs 3axkpenuTscs Aulb Marol 0ose 3TUX HelTpasb-
Holx KB8a3usudos. Pedxue neldrpaivrbie myrayuu mozyr,
raxum obpa3om, OviTe 0O0aee BaxCHbLMU HA NO30HUX,
HedlteAl HA DAHHUX 3Tanax 380aw0yuu, xKo020a ewje 803-
MOJNCHOL MHO2UE u3menenus, Oawouue npeumyuyecTso u
BO3HUKQIOUYUE CO CPABHUTEALHO BbICOKOL 4ACTOTOL.

111.7. MadopmanHoHHOE COiCPKAHUE KBA3IUBHAA

B Hamem HOAXORe K MOJICKYJSIpHOR SBOJIONMH MH
ellle He BCTpeyaJHCch B SIBHOM BHJE C NMOH4THeM TeHeTH-
yecKoii HHpopMauuH. Mu onpemennan (MoJekyJasp-
HBIfl) BMJ KaK pemHKATHBHYIO €JHHHIY C OIlpejeseH-
HBIM HHPOPMANHOHHEIM COZepKaHHEM, BHPaXKeHHHIM
B crenH@HUECKOM paCHOJOXKEHHH MOJMNEKY/ISPHHX CHM-
BoJsioB. OCHOBBIBAsiCE Ha CXOACTBE MeEXAY TaKMMH pas-
JHYHHMH pAcCHONOXKEHHSIMH CHMBOJIOB, Mbl MPHULIH K
noHsiTHIO KBasHBuAa. [lns BbIBOga KpuTepHeB oT6opa
H 3BOJIIOIHH OKa3aJoch JOCTAaTOYHBIM, KaK H B MOMYJsi-
[HOHHOR TeHeTHKe, OTMETHTb HHIHBHIYyaJbHHE pa3JH-
y§sl B FeHeTHUYeCKOH HH(OpMallHH H CB34Th HX € Xa-
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paKTepHBIMH JHHAMHYeCKHMH CBOHCTBaMH, BBHIpaiKeH-
HBIMH 4epe3 cesleKTHBHBle neHHocts Wi

C npyrofi CTOpOHBI, NPH TaKOM NOJAXOAE OCTAIOTCS
Ge3s oreera Bolipoch TakKoro tHma: «CKOMbKO HHpOpMa-
IMH MOXeT ObTh HAKOMIEHO B JaHHOM KBa3HBHIE?P»
mian «[ae HaxoZHTCH npeles penpoAyKIHOHHOH crocob-
HOCTH KBa3HBHJA H, CJeJOBaTeJbHO, KaKOBa ero 3BO-
JonnonHast cana?» [TosTomy Teneps Mbl chopmynupyem
6oJiee TOYHO NOHSATHe HHpOPMAL U,

B Teopun ceasm uH(OpMAnMOHHOE COmepIKaHHE COOOLIEHHSA, CO-
CTOAILLLETO M3 vV CHMBOJIOB, BbipaxaeTcsl CjaelyomuM obpazom:

I, =, 22)

rie [ — cpeaHee HHDOPMANMOHHOE COLEpPIKaHHE ONHOTO CHMBOJA.
Mo IlexHony, i MOXHO cBA3aThb C pacHpeneseHHEM BePOATHOCTEH

cumeotios [30, 31]:
‘i=—-KZp]lnpj, (23)
i

fapuyeM
0<p,<1 H ‘]L:p,=1, (24)

Koncrauty K o6biuno Gepyr pasHofi 1/In2 nas Ttoro, uto6H mnoJy-
YHTb €AHHHIY «6UT/CHMBOJI». B o6lieM cayuae ajdaBHT COCTOMT M3
HeCKOJIbKMX KJaCCOB CHMBOJIOB (Hanpumep, AJS HYKJEHHOBHIX KHC-
Jor A = 4). [IpakTH4eckoe mncnoJjb3OBaHMe YpaBHenns (23) orpa-
HUYMBAETCA TAKMMHM CHTYalUHSMH, KOTAa H3BECTHH AampuHOpHble Be-
POATHOCTH BCEX CHMBOJIOB M KOTZAa 9HCJO CHMBOJIOB B COOGLIEGHHH
NOCTaTOYHO BEJHKO, 4TO6H MOXHO GHIJIO HCMOJb30BATbh CPEAHHE 3Ha-
yenns. Uto6b ydecTb BCE KOOmepaTHBHble 3deKTHl MaM M3GHITOYHO-
CTH, BJAMSIOLIME Ha pacfipelelieHHe BEPOATHOCTEN, MOXET OKa3aThCs

HEOGXOLHMbIM 3HATh BEPOATHOCTH BCEX atbTepHATHBHHIX A’ KOMGH-
HanMi CHMBOJIOB.

B nanHoM cJiydae Hac HHTepeCyeT He CTOJNbKO CTATHCTHUECKAsl
anpuopHas BEpOATHOCTb CHMBOJIA, CKOJbKO BEpOSITHOCTb TOTO, YTO
LaHHBIA CHMBOJI MPABHJILHO BOCOPOM3BENETCH TeHETHYECKHAM Mexa-
HU3MOM, KaKOf O6bl HM 6bl1a ero CJNOXHOCTb Ha Da3HBIX YPOBHAX
OpraHm3allMy. 3Ta BEPOATHOCTb OTHOCHTCH K IMHAMHMYECKOMY IpO-
neccy mepeHoca HHMOPMAUMM M [O3TOMY JAOJMXKHA ONpeReJsaThCs
SKCHEPUMEHTAJbHO M3 KHHETHYECKHX [aHHLIX (Be3le, TIle 3TO BO3-
MOXHO; cM. HHxKe). O603HauNM BEPOSTHOCTH MPABHIBHOTO BOCIPOHM3-
BefleHHs CcHMBOJIOB Yepe3d g;. CooG6lueHne, cocrosiliee 3 v; (MOJeKky-
JIFPHBIX) CHMBOJIOB, OYReT NMpPaBHJbHO BOCHPOM3BOJMTHCA C BEpPOAT-
HOCTBIO, HJH (HaKTOPOM KauecTBa:

Vi
v
Qi=}|.—.l;qil. Elhi- ] (25)
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XoTa uMeeTcs Bcero A KNaccoB CHMBOJIOB, (akTOp KayecTsa
IOJIf KaX{poro CHMBOJA B COOOLIEHHM MOXeET 3aBHCETb OT KOHKper-
HOro OKpDYXKEHHSl CHMBOJA, TaK 4TO ONpellesieHHe CPEeLXHEr0 reOMeTpH-
YeCKOro §; MOXeT NOTpe6OBaThb PAcCMOTPEHHsI pa3jMUHBIX KOOomepa-
THBHBIX 3(eKTOB, cnelMPHYeCKH CRA3AHHBIX C COOGLIEHHEM «iy.
TeM He MeHee Aas Mo6Oro jaHHOro COOGIUEHMsSI i cpeqHee §; MONKET
6LITh OmpefeNieHO, N OKa3blBaeTcsl, YTO i NAHHOTO (epMeHTaTHB-
HOTO ammapaTa BOCHPOM3BENEHHS 3TH CPe/llHHe MOXKHO MCIOJIb30BATh
MpPaKTHYECKH BO BCeX CJAy4asX, KOrja COOOLIEHHe JOCTAaTOYHO BeJH-
ko. Bosee Toro, otmenpHble 3HadeHHUs g OGBIYHO TaK GJM3KH K €XH-
HHfle, YTO BMECTO CPEeNHEro reOMeTpHYECKOrO0 MOXKHO B3SIThb CPefHee
apupMeTHUYECKOE, T. €.

vy /v,

un
]:[q” ~ it T eemn (1-g )<l (26)
j=1 Vi

YpaBHenne (25) Torma BblpaxkaeT MHQPOPMAIMOHHO-TEOPETHUECKHI
acCrekT BOCHPOH3BEREHHA, Ile §, ORHAKO, OTHOCHTCA K RHHaMHye-
CKOM, a He K CTaTH4YeCKOM BepoATHOCTH. Ha uyncneHHble 3HaYeHHA §
MOTYT BJHMATb BCe OCOGEHHOCTH MeXaHHM3Ma BOCHPOM3BENEHHS CHM-
BOJIOB, BKJIOYas JIOGYI0 CTaTHCTHYECKYIO H3GHITOYHOCTb, KOTOpas
yMeHbIIaeT BepOATHOCTb OWMOGKM B mOpouecce KomupomaHms. [lpm-
poma u3obpena HCKYCHble KOMHPYIOL(HE YCTPOACTBAa — OT KOMImJe-
MEHTapHOrO Y3HaBaHHA OCHOBJHMA N0 M3OLIPEHHHIX (epMEHTATHBHHIX
MEXaHH3MOB KOHTPOJIS M KOppEKIHH.

IeneTHyeckoe BOCMpOH3BENEHHE — 3TO HeNpephIBHO
CaMOMOBTOPSIOUIH{CS Mpomecc, H 3THM OH OTJHuaercs
OT HIpOCTOfi nepejauH HHPOpMAnHH depe3 KaHaa C LIy-
mom. [Ipu kKaxnoit ormencHOil mepemaue TpebyeTcs He
TOJILKO TPOCTOE BOCCTAHOBJIEHHe CMHICJAA COOOLIeHHS —
IpH HaJHYHU OINpejieleHHOH H3GLITOYHOCTH HEKOTopas
JIOJIS CHMBOJIOB Bceria Morsa Obl BOCHDOH3BOAHTHCS
HetoyHo. Heo6xonuMO TakXKe NpejoOTBpPaTHTh MOCTEMeH-
HOe HAaKOIUIeHHe OWIHOOK ‘B MOCTeHOBaTeNbHHX [1HKJIAX
Bocripon3pefieHus. JpyruMH cjaoBaMH, HEKOTOpast HOJst
a0COMIIOTHO IpaBHJbHBIX KOMHA NHKOrO THMA JNOJIXKHA
HMeTb BO3MOXHOCTb YCHEUIHO KOHKYPHpPOBaTb cO Bceil
COBOKYIHOCTbIO OLIHGO4HBIX Komuil. Toabko TakuM my-
TeM JHKHA THN MOXeT YCTOHYHBO COXpaHSTbCSt B pac-
npeneseHHH, HHa4Ye MPOH30HAeT MeJJIeHHOE paccesHHe
HHpoOpMalHX (Telepb B ee CEMaHTHYECKOM CMHCITe, T. €.
noA HHdopMalnHedi MOHHMAeTCs KOMHS C ONTHMaJbHBIM
3Hauennem W), mMOKa B KOHue KOHIOB OHa He Oyjer
Hanesa0 HoTepsiHa,
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YcnoBHe, KOTOpOe rapaHTHpyeT yCTOHYHBOE cOXpaHe-
HHe HHpOpManHH,— 3TO KpHTepHH oT6opa [ypaBHeHHe
(14) unu (15)]. B obmeM BHAe 3TOT KPHUTepHH MOKHO

3anuCcaTh KakK
Q > Qmin = ’ (27)

H Telmepb OH MPHMEHHM K Jno6omy MEeXaHH3MYy BOCIIpO-
H3BeJleHHus, faXKe eclHH Oy, Heab3sl BHIpasuTh B TakoH
npoctoit dopme, Kak JJs JHHEHHOro MeXaHH3Ma [cM.
ypaBienune (17)]. Ecan o6benuHuTs KpHTepHi oT6Opa,
MONTyYeHHH A H3 JHHAMHYECKOH .TeopuH, ¢ HHPOpManH-
OHHEIM ACMEKTOM, KOTOpHI# BHIpaXaeTcs YpaBHEHHEM
(25), To MH MOMYyYHM BaXKHOE MOPOrOBOE COOTHOLIEHHE
I MaKCHMAaJbHOTO KOJIHYecTBa HHGpOpMAanHH, KOTOpoe
MOXET cOJlep:KaThcsi B KBa3HBHIe:

I Om

Vimnax =

Jucao MOAEKYAAPHLIX CUMBOAOB 8 CAMOBOCNPOU3BOOR-
wetica eOunuye ozpanudero, npudem npedeibroe 3Ha-
uenue 06pPATHO NPONOPYUORALLHO Cpednell 8epOATHOCTU
owubku Ha cumsonr: 1 — gm.

Wwmeercs u ppyrofi cnoco6 ¢opMymHpOBKH 3TOro
BaxKHOro coorHouleHHs. OxujaemMoe 3HaueHHe OLIHGKH
B MOC/TeJ0BATeNbHOCTH Vp;, CHMBOJOB &pn = Vm (1— §m)
BCErja JOJIKHO OCTaBATbCA HHXKE CTPOro Olipe/leleHHOro
nopora

e’m < o, (29)

WHaue HHOpMAnHus, HAKOMJEHHAsA B 3BOJIONHOHHOM
npoilecce, 6yner morepsiHa H3-3a KaTacTpodnl OINHGOK.

B Ta6us. 2 npHBelleHH NpHMEpH, NTOKa3HBalOUIHe 3HA-
yuMOCTh ypaBHeHHs (28).[lopor HeoueHb uyBcTBHTENEH
K BejHuuHe GYHKIHH INPEBOCXOIACTBA, HO Gm HAOJK-
Ha 6HTb Goable epuuunu (1. e. Ino, > 0), 4robul ra-
PaHTHPOBaTb KOHEYHOCTb 3HAYEHHH ST Vmax. Ha mpak-
THKe (cM. HHXe) Inoy,, OOLIYHO JIEXHT MeXIy eXHHH-
ueit # necsitblo. Popmyna (28) nossosser MONYUHTDH
KOJIMUECTBEHHYIO ONEHKY 3BOJIIOIHOHHOTO MOTeHnHaJa,
obecrieynBaeMoOro JIO6bIM KOHKPETHHIM MEXaHH3MOM
pocnpousBefennsi. OHa nNOKa3HBaeT, HampuMep, 4YTO
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BEepOSITHOCTh OWINGKH, paBHast 1% (T. e. TOYHOCTH KO-
MHPOBaHHst CHMBOJIOB paBHa 99%), nocratoyHa Jaullb
IJAs TOTO, YTOGH MpPAaBHJBHO BOCHPOH3BOAHTH KOJIHYECT-
BO HHoOpMauHH, He O6oJblllee, 4eM HECKONBbKO COTEH
CHUMBOJIOB (B 3aBHCHMOCTH OT 3HAYeHHs Inon), HAH
YTO ANA MOJAZAEpXKaHHS HHGDOPMAUHOHHOTO COAepIKaHHs
tTakoro Gospworo reHoMma, Kak y E. coli, weo6xonHMoO,
yTOOBl OWMOKH MPOUCXOAMJH He 4Yallle, YeM OJHA Ha
108—107 wHyRmeoTHHOB. DTO COOTHOIIEHHE [MOALAETCS
JKCHEepHUMeHTaJbHOH TPOBepKe, H HHXKE MH COOGHIHM
pe3y/NbTaTH COOTBETCTBYIOIMX H3MepeHHH. YpaBHeHHe
(28) naer TakKe KOJHYeCTBEHHOE BBIpaMKEHHe TOTO, YTO
B MONYJSIUOHHOR TeHeTHKe OHBIO HAa3BaHO <«TeHeTHYe-
CKHM TpPYy30M» — TOHSITHE, BaXHOCTb KOTOPOro Omwlia
OTMeyeHa OYeHb NaBHO.

PesyasvTars 31020 paszleia MOMHO pe3toMUPOBATL
caelyrougum obpason. JI1060i Mexanusm cerexyuoHHO20
HAKONACKUS UH(POPMAYUL XAPAKTEPUBYETCA BePXHUM
npelesom Oas uucaa 6Gyks, pacnoiazaemvix 8 onpele-
nennom nopadke. Ecau asror npedea npessoiiden, To
nopadox (7. e. aKBuUBAACHT uHpOpmayuu) npu nociedo-
sareavhblx 8ocnpoussedenusx 6ydeT nOCTENeHHO ucHe-
s8are. YcroduusocTe uHGOpPMayUl IKBUBAAGHTHA BHYT-
pernell ycroduusoctu xsa3usuda. OHa OCHOBLIBACTCA HO
KOHKYpeHyuw 8 TaxoL se crenenu, Kax u or6op keasu-
suda. OOnaxo Osa K8a3usula MO2YyT COCYULECTBOBATY,
10200 KaK npesviuienue nopoza npusodur K HOAHOL
notepe ezenerudecxkol urngopmayuu. Hrax, BHYTPEHHAR
ycrotiuusocte pacnpedesenus k8a3usudos AB8AseTCA
6oree xapaxTeproim aTpubyrom 0apsuHoscKozo nogele-
Hus, Hexeau ux «6opeba 3a cyujecTsosanues,

1V. IMopor omin60K ¥ 3BONIOLNUSA

1V.1. Mozmenuposanue Ha IBM karacrtpodn ommuboK

dusnueckoe cojepXaHHe HOPOrOBOTO COOTHOLIEHHS
[ypaBHenne (28)] moxer GHITH MPORJMIOCTPHPOBAHO Ha
npuMepe HeGOMbIIOA MawHHHOA Hrpul (Taba. 3). Lleas
COCTOMT B TOM, YTOGH MOCTPOHTb OCMHICJEHHOE cooblie-
HHe U3 GoJiee WJIH MEHee cayyalHOH MOCae0BATeNbHOCTH
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Tabauya 8

CaMOKOppeKnNs Npen/IoXKeHNA ABAAETCA pe3yNbTaToM
9BOJIIOMMOHHON MTPH, MpUMep KOTopoil faer 3Ta Tabamna

KOHTpOJIbHOE peaJoxKeHne:

TAKE ADVANTAGE OF MISTAKE

D10 nmpensioxeHue ObJIO BHOGPAHO MOTOMY, WTO OHO JA€T «Ce-
JIEKTHBHO BHTOLHYIO HMH(OPMAUMIO» B OTHONIEHMM MEXaHM3Ma 3BO-
gonun. Ero cmeumansHas ¢opMa pomyckaer 3aMblKaHHe B IHKJ,
€cJIH MEXIy OTHe/bHBIMH CJOBaMH BBOAATCA (YHKNHOHAJbHEE CBA3H
(xax a10 M Gyaer caenano s dactu B). Ilpn ucmosb3osannm xofna,
B KOTOpOM Kaxkias GYKBa (M MHTepBaj MeXJy CJOBaMH) NMpeACTaB-
JIAETC KBHHTETOM GHHApHBIX CHMBOJIOB, MH(ODPMALHOHHOE COfepiKa-
HHE MOCJENOBATENbHOCTH COCTaBAfET vV, = 125 6uT, momycKas mpH-
MepHO 4:-10% anbTepHaTHB. 3TO HCKMOuUAET YHCTO CNy4YaiiHOe MOSIB-
neine muadopmannn. [locrenosaTesbHOCTH OyKB, MpHBELEHHBle B
3Tof Tabamue IJA psna reHepanuil, 6HLIM BLIOPaHbl KaK THOMYHbLle
IAs Bcefl momyJANMH moc/efoBaTesbHOCTed B mamaTtn DBM.

Ucxonnas nocaenosateasHocts: BAK GEVLNT GUPIF LESTKKM
Kauectso xomuposaHusi GYKBH gm: 0,995

CenexTuBnOe MpenMylnectso Ha 6ut: 10

Tenepanusa 1 RAK GEVNNT GUPQF KESTKKM
Tenepauns 5 NAK AEZNS GEPOF MESTMKU
Tenepannsa 10 VAKF ADVINT.GE OF MISD!KE
Tenepauns 16 TAKE ADVANTAGE OF MISTAKE

(uesb mocrurHyra)

[epBblfi npuMep MOKa3bipaer, YTO SBOJIOLUMA OYeHb 3 PEKTHBHA
B6AN3H KpuTHYecKoro 3Hadedus (I —g) = 1/vm, Kortopoe mpm
Vm = 125 paer §. = 0,992. KoxTpoJbHOe mpenJioxenue OBBILHO
ynaetcs coctaBHTh 4epe3 20 (-£6) reHepaumii HayHHas co cayuafi-
HOM MoC/ief0BaTebHOCTH GYKB 1A a06oro sHavexns g mexay 0,995
n 0,990. dra BHCOKas 3(PHEKTHBHOCT BOJM3M MOPOTa CTAHOBUTCH
euwe GoJiee OYeBHAHOM, €CJIM CPaBHHTb 3BOMOUHOHHBHIA mporpecc, KO-
CTHTHYTHA K RAaHHOM reHepauuu, AJs PasHEIX 3HAYCHUA §ms
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M podorxenue Taba. 3
Ucxonnaa nociiegosatensHocts: BAK GEVLNT GUPIF LESTKKM
CenteKTHBHOE NMpeNMyInecTBO Ha 6ut: 10

Em Jlyumaa nociepoBaTenbHOCTh yepPea 11 renepauni ;I;;"&K
0,999 LAKD AEVNTAGU AF KISTQKM 9
0,995 TAKE ADVINT GE OF MISTAKE 2
0,990 TAKEBADVINTAGE OF MISXAKE 3
0,985 VATA ADBKMDI1 DHOD ?CSYBKE 18

AnanoruyHas xkapTHHa Habjwopaercs ZJs pacnaga uHpopManuu
IpH Vm > Vmax. [Ipn BeposTHOCTH OWMOKH (1 — Fm) = 1,6% cenek-
THBHOE NMPEUMYIECTBO Ha OMT, paBHOe 2,5, COOTBETCTBYET 3HAYEHMIO
Om oxkono 5. lpm Takmx ycnoBusAx uHdopManus CTAaHOBUTCH He-
ycrofiunpoil. OQHAKO HJsT MajblX CEJEKTHBHBIX NEHHOCTeR (Kak B
naHHOM mpuMepe) pacmal (MAM HaxkomJeHHe) HHGOPManuH ABAAETCH
CPaBHHUTEJBHO MEIJEHHHIM MPONECCOM.

Hcxonnoe npennoxenne: TAKE ADVANTAGE OF MISTAKE
Kauectso xonnposanust 6yKebl §m: 0,985
CeJleKTHBHOE MPEeMMyLIeCTBO Ha Gut: 2,5

Yuceano . Yucao
renepauui Jlyuuree mpepJioxeHHe OLIHGOK
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 resepanus gasa gm = 0,97
?PAMEBADTAMOACFHQEBA!STBMF 18

CpaBHeHHe ABYX MOCHERHHX CTPOYeK (OTHOCAWIHXCA K reHepanuu 71)
MOKa3bBAET, YTO NPH BEPOATHOCTH oWHOKH 3% (§m = 0,97) pacmag
HAeT HaMHOro GhicTpee.
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B npyrom npuMepe (CeJeKTHBHOE MPEHMYLIECTBO Ha GHT = 10)
npH §m = 0,985 mopor emwe He npofmeH, TaKk YTo uHpOpManus
ycrofiunea, Kak MOXHO BHAETb M3 TaGJMIH, MPHBENEHHOM HMXe, rie
fpoIecc HAYNHAETCHA C MPABMJIBHOTO MPENJIONKEHHS.

Ucxontoe npensoxenne: TAKE ADVANTAGE OF MISTAKE
Kauectso KonmpoBaHHA GYKBH m: 0,985
CeJleKTHBHOE NMpenMyllecTBO Ha Gur: 10

I podosscenue raba. 3

71 reHepanusa Yneno
BniGopKa H3 8 THIHUMBEIX OpepJioXeHHA omrH60K

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

_—— W N o N o

6ykB. Hast stoft nenmm B OBM BHayasme 3akgagn-
BaloT Habop u3 N ciayuafiHBIX mocJefoBaTeJNbHOCTEH H
CleyIOUYI0 HporpamMmy:

a) ynansaTh H3 NaMsTH JMIO6YI0 Mnocjaef0BaTebHOCTh
nocjie HCTEYCHHS ONpejeNleHHOro (CpelHero) -BpeMeHd
JKH3HH,;

6) BOCHPOH3BOAHThL JI06YI0 HOC/HEeOBaTENbHOCTb, KOTO-
pas XpaHHTCS B MAaMATH, C XapaKTepHCTHYECKOH CKO-
pOCThIO; )

B) BHOCHTh clydafiHble OLIHGKH B pelnpoRynHpyeMile KO-
NHH — OMATh e ¢ HeKoTopofi BHOpaHHOH cpeluei
CKOPOCTbIO 3aMeUIeHHST Ha CHMBOJI.

Cpennune cKOpOCTH Afst a) H 6) molo6GpaHH TaKHM
o6pa3oM, YTOGH B NaMATH MOCTOSIHHO XpaHHjJock N
npelJIOXKEHH , nprYeM KaxJoe MpelOXeHHe uUMeeT KO-
HeuHoe BpeMst xH3HH. CaelloBaTenbHo, no6ast HHopMma-
uusi, npHOGpEeTeHHAn BO BPEeMs HMphl, MOXET COXPaHHTh-
Cst JIHlIb NMOCPEACTBOM BeDHOTO BOCHpOH3BEJEHHsSI HMelo-
IHXCS MocaefioBaTeabHOCTEd. YBenHueHHe HHGOPMaIHH,
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¢ JIpyrofi CTOPOHB|, JOJIKHO OHTb pe3yJabTaTOM
(CE/ICKTHBHOH OLEHKH Pa3/JHYHBIX MYTAHTHHX MOCTel0Ba-
TEJNIbHOCTEH B COOTBETCTBHH C HX CMBICJIOM HJIH, Jyuylle,
B COOTBETCTBHH C HX OJNH30CTBIO K KAaKOMY-THGO CMBbIC-
Jy. dTa oneHKa NOJ/IKHA OCYLIECTBJATbCS MOCPEACTBOM
BHYTPEHHUX, 3aBHCALINX OT CMBICJIA CBOHCTB MOC/Jen0Ba-
TeNIbHOCTed,— CBOWCTB, KOTOpble JNOJXKHH BJHATH Ha
CKOPOCTH HX BOCHpPOH3BeJeHHSI H (MJH) yhaNeHHS, Kak
3TO OTPAXKaeTCst B CENEKTHBHON [1EHHOCTH.

Ilpu ecrecTBeHHOM OTGOpe 1ENbIO 3BOMOUHH BCeria
ABJSIETCS CO3/laHHE TeHOTHIA, COOTBETCTBYIOLIEro (eHo-
THNY C ONTHMAaJbHOH ceJeKTHBHOH neduoctsio. OrneHka,
CJIef0OBATENBHO, MNPOH3BOAHTCS uepe3d (eHOTHMHYECKHE,
T. e. ()u3HYeCcKHe H XHMHUYECKHe CBOHCTBa NAHHOTO HH-
AHBHJA, KOTOpPHE ONpefe/floT CKOpPOCTb H  KauyecTBO
BOCTPOH3BENIeHHs, a TaKxXe BpeMs XKH3HH IeHOTHNA MO
OTHOINEHHIO K CpellHeMYy BpeMeHH XH3HH ero KOHKY-
PEHTOB, MPHCYTCTBYIOIIUX B momyasiudd. [TonoGHBIM Ke
o6pa3oM H ueJoBeyeckast NaMsATb cnocobHa CBS3aTh C
Mo60i  MoCJAefOBaTeNbHOCTbIO OYKB  PelnpofYKTHBHYIO
IeHHOCTb, KOTOpast cBs3aHa c ee cmbicnoM. HMrak, B
JLaHHOH Hrpe MOXKHO GuIO OH OLEHHBATh JOGYIO Mocie-
NOBaTeJbHOCT OYKB B COOTBETCTBHH C €e CMBIC/IOM, HC-
nonbayss Halue BooOpaxenne. Koneuwno, DBM wmoxer
IeJlaTh 3TO TOJNBKO C MOMOIIBI0 KaKOH-TH60 KOHKpeTHOH
nporpaMMbl, B KOTOpO#l 3BOJIIOLHOHHPYIOLHE MpelJoxe-
HHS CPAaBHHBAWOTCH C OJHHM HJIH HECKOJbKHMH KOHT-
POJIBHHIMH TIPeJIOXKEHHAMH —<LeNIMHUY.

JonycTaM Temepb, YTO KaxKJAasl NOCAeNOBATENBHOCTb
BOCIIPOH3BOJHTCH CO CKOPOCTBIO, KOTOpas 3aBHCHT OT
YHCJAA CHMBOJIOB, COBMAJAMOUHX C CHMBOJAMH (B COOT-
BETCTBYIOIIHX TOJOXKEHHSX) OCMBICJEHHOTO I1&J1eBOT0
npennoxenus. Hcrnoabdys OHHapHoe KOAHpOBaHHe,
MOXHO MOCTYJHPOBaTb, YTO C KaXAbIM OHTOM OaHxe K
ueJH MBI YBJHUHMBAEM CKOPOCTb BOCHPOH3BeJeHHH,
yMHOXasl ee Ha OMpeJeNeHHbIH MHOMXHTeNTb, a C Kax-
anM  OHTOM Jajbllie OT Hefdd MB COOTBETCTBEHHO
yMeHbllIaeM ee.

UndopManust o BO3MOKHBIX LeJIeBHX NpeAJOXKeHHsX,
KoTopast JOJKHA BBOAHMThest B DBM ¢ camoro wHauana,
HCHOJB3YeTCsT TOJBKO IJsi Toro, 4robm 3ajzate IBM
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cxeMmy oueHKH. Ilponenypy oueHKH JerKo MOXKHO G6blro
6 cnenath 6osiee H3oUIpeHHOH, uTOOL OHA GOJblle Ha-
MOMHHA/Na HAlly MHICJSHHYIO OeHKY «CMBIC/Ta», BIJIOTh
J0 TOTO, 4TO KOHKpeTHas lefb, K KOTOPO#t B KOHIIE KOH-
110B OPHBOJHT OLEHKa, He OyleT omnpeliefieHa 3apaHee.
OxHakKoO 3TH JeTajHn MeXaHH3Ma HMHTAlHH BOBCe He
TaK YK BaXKHB JJISi HIAIOCTpalHR (U3HYECKOTO CMEIC/TA
HOpOroBOA (GOpMYJbl, MOCKOJBKY ME MOXeM JaTh Ofi-
peleseHHe BHYTpPeHHed NPOUEAYPH OUEHKH MOJEKYJasp-
HOX SBOJIOLHH — NPHMEPOM CJIYXKHT HIpOBas MOZe/b,
ZeMOHCTpHpYyOmas sBodwouunio Moaekyn TPHK [18].
Pe3yabTaThl  MAaIIHHHOTO  9KCHEpUMEHTa,  COTJIaCcHO
Taba. 3, MOXKHO pe3IOMHPOBATh CJEAYIOUIHM 06pa3oM.

Ilpn BHICOKOM KauecTBe BOCHPOH3BeJEHHS CHMBOJIOB,
HanpuMep anast npepnoxewuss H3 100 6uroB co cpes-
Hell BepOATHOCTHIO OLIHOKH HAa CHMBOJI

1— g, < 1073

CKOPOCTh 3BOJIIOIIHOHHOTO MpoOIlecca OYeHb Maja jaxe
OpH GOJNBIIHX 3HAYCHHSIX Om, T. €. MpPH OOJBUIHX Cedek-
THBHBIX MNpeHMyllecTBaX. MakcHManbHasi CKOPOCTH J0-
cTHraeTcs, ecju BHOpaTb CpellHHEe BEpOATHOCTH OMIHGOK
(1 —gm) TOro e mMOpsiiKa BeJHYHHB, 4YTO U 1/v,
(nanpumep, Mg 100 6uros § = 0,99).

[Tpr nocraTouHo GOJbIIHX 3HAYEHUAX Op (>3) ne-
JeBOoe MpelJOXeHHe TMOJydYaercs MOcjHe TAKOro uHcaa
resepainifi, KOTopoe Mo MNOPSIAKY BeJHYHHBl COOTBETCT-
BYET 3BOJIIOIHOHHOMY PAaCCTOSHHIO MeXAY lefbld H Ha-
yanbHOH (6oJee MM MeHee cJayuaHHOH) mnocsienoBa-
TeabHOCThIO (Hampumep, 100 remepauuii). Onxuako, Kak
TOJMbKO mopor aast 1 —§m = Inom/vm Gyner mnpessoil-
IeH, He MOXeT OHTb HAaKOMJIeHO HHKakofi HOBO# HHoOp-
MAanHH, KaKaM Obl 60JIbIIEM HX OBLIO BHIGpaHHOE CeJiek-
THBHOE MpeuMYUIecTBO, NPHXOAsflleecss Ha OJHH OHT.
Ecan HauyWHATh HIPY C MOYTH MPAaBHABHOTO MpejJoke-
HHUst, TO HHpOpMauHs pacnajaercd Ha CJAYYaHHYIO cMeCh
GYKB, a He 3BOJIIOIHOHHpYeT K NpaBHAbHOR KomuH. [To-
por oueHb pe3KHH, HO CKOpPOCTb pacraja BapbHpYeT
B6sau3n nopora. IloporoBoe 3HauyenHe oueHb cnabo 3a-
BHCHT OT BeJHUYHHBl Op, €CJH TOJBKO 3TOT MapaMeTp He
CTaHOBHTCH OueHb GaH3KMM K eauuuue. [Ipesocxoicrso
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Oy BHIYHC/ISIETCS H3 OTHOCHTEJbHHIX CeNeKTHBHBIX Mpe-
UMYIIECTB, H, CJACROBATENBHO, TPeOYIOTCS HEKOTOphIe
CBEJICHHA O XapakTepe paclpefeieHHs omH60K (no or-
HOLIEHHIO K COOTBETCTBYIOUIEfl ONTHMAJbHOH KOIHH).
DTo pacnpepneneHHe, KOHe4HO, 3aBHCHT OT BEJIHYHH Ce-
JEeKTHBHHX  npenMyuiecTB. Pe3yasraTil  MalIHHHOTO
9KcnepuMeHTa OueHb GIH3KM K OXKHAaeMOMY pacrpeje-
JeHHI0 OUHOGOK, KOTOpoe BOJH3H KPHTHYECKOTO 3Hauye-
HUg | —gm = 1 /v (npuuem Inom = 1) npunucniBaer
HOYTH OAHHAKOBHE Beca ONTHMAJbHOH KOMHH, BCeM KO-
UM ¢ OJHOH OIIHMGKOH (OTHOCHTENBHO ONTHMAJbLHOM)
M cyMMe Bcex KOMHA ¢ 6O6/bIIEM 4HCJAOM OLIHGOK (rne
JOMHHHDYIOT KOMHH ¢ JByMst OlIHOKaMH, a BKJaJ KOMHH
¢ GOMBLIEM YHCIOM OLIKGOK pe3KO Majaer).

Jna MeHbIIHX CeNeKTHBHBIX MpeHMyllecTB (HAIHpH-
mep, Wmm — Wer << 3) 910 pacnpellefieHHe cIBHraeTcs
B MOJb3Y OIIHGOYHBIX KOMHH H B yulep6 (OTHOCHTENBHO-
MY) ORTHMYMY, KOTOpbli aas Inom = | yXe cocraBaser
medee 10% oT o6uiero ydcia KOHHI.

1V.2. SKcHepuMeHTalbHBIE HCCAEN0BAHHMS
¢ PHK-conepxamumn dparamu

Hackonbko TpHBHANLHOH MOXKET TNOKa3aTbCs 3Ta
HTpa — nocje TOro, Kak ee pe3y/abTaThl panHOHaln3H-
pOBaHBE,— HACTOMbKO YMECTHa OHA B MpHPOJe, OHpeje-
JAsis HHPOpManHuIo, MPHOOPETEHHYIO HA Pa3/HYHBIX YPOB-
HAX AOKJETOYHOH M KJeTOYHOA caMoopraHusanun. Beiic-
MaH C COTPYJNHHKaMH MNPOBeNH IKCMEepHMeHT c darom
Qp, pe3yJabTaThl KOTOPOrO MOYTH TOYHO COOTBETCTBY-
10T HCXORY 3Toft Mrpw [32, 33].

C noMouwbi0 HanpaBJeHHOTO cafiT-cnenH¢pHYECKOTO
MyTareHe3za Onlja moJydeHa OLINGOUHAs KOMHst ¢aroso-
ro reHoma. JDTa MNpoueAYpa 3akK/JIOYaeTcs B CHHTE3e
in vitro muuyc-nenn darosoft PHK, comepxkaumeit B no-
goxenun 39 or 5°-KoHIA MYTAHTHHI AHAJOT OCHOBAaHUSA
N4-rugpokcu-CMP Bumecto ncxopnoro UMP. Hcenoabsys
3Ty nenb B KayecTBe MAaTPHULl H MOJHMEpH3YIOUHH dep-
MeHT Qp-pemIHKasy, MOXKHO OHUIO NOJAYuHTh HHGEK-
HHOHHYIO [JIOC-IeNib, B KOTOpo#l B mnojoxeHnH 40 or
3’-koHna (OHO COOTBETCTBYeT MoJOXeHHW 39 ot §'-
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KOH{la B MHHYC-IelH H JIOKaJTH30BaHO B 3KCTPalHCTPOH-
HOH o6macTH) octaToK A 3amemen Ha G. 3areM sTO#
MYTaHTHOR MJIOC-uenbl0 OblIN HHQHUHPOBAHH cdepo-
mractel E. coli n nonyuyen ypoxka#h MyTaHTHEIX ¢aro-
BBIX YaCTHI, KOTOPHIX MOXHO OBLIO H30JHPOBATH H3
OTAGNbHHIX Ousiiiek. DKCMEepHMEHTH C CEepHIAHHIMH Mepe-
HocaMH in vivo (uHdeknus E. coli uenbiMH (aroBeIMH
yacTHnaMu) H in vitro (KHHeTHYecKHe HCCJAeJOBaHHS Ha
n3onupoannuix nensx PHK ¢ ncnonbsoBannem Qp-
penJinKa3bl) MO3BOMHJHN ONpefeJuTh [HapaMeTphl CKOpO-
CTH BOCIIpOH3BeJeHHS KakK Ajs ¢dara AMKOro THNa, Tak
H ang mMyranra-40, a TaKxKe yCTaHOBHTb pacripejeseHHst
MX caTeqMuTOB. MeTOJ «OTMeyaTKoB MafbleBy H aHaJHu3
HYKJEOTHAHHX MOCJeOBATeNBHOCTER I/ psaja mnocte-
JIOBaTeNbHLIX redepanufi moKasasH, 4YTO B MYTaHTHOH
NONyJSiHN MPOHCXOAST H3MEHeHHs!, BH3BaHHHE 06pa30-
BaHHeM peBepTaHTOB. ONBITH ¢ pa3/HYHBIMH Hayajb-
HBIMH pacnpefeneHHsiMu dara JHKOro THHa M MYTaHTa
OGHapYXHJH, YTO B Ipolecce ecTecTBeHHOro orGopa
HJIeT KOHKYPEHUHS MeXIy eIMHCTBEHHBIM JOMHHHpPYIO-
KM THOOM H MYyTaHTaMH. KoJH4YeCTBeHHHE pacuerh
YKa3HBAIOT HAa 3aBHCHMOCTb OT JAHHOTO CENeKTHBHOTO
[peHMyliecTBa H OT NapaMeTPoB pacnpejefeHHs My-
TaHTHOH nonyasuud. CeseKTHBHOe MpeHMYLIeCTBO JH-
KOTr0 THMA MO CPABHEHHIO ¢ JNAaHHHM KOHKDETHBIM My-
TaHTOM PaBHO

anmﬁ ™D me'rau'r ~ 2-+4,
B TO BpeMs Kak CKOpPOCTb 3aMEUICHHS paBHaA ﬂpHMepHO
1—g=~3-107%

D10 3HAUEHHE § OMpeleNfercs CKOPOCTbIO 06pa3oBaHHs
peBEpTAHTOB M, CNEJOBATENbHO, OTHOCHTCS K Caenylo-
uIAM (KOMMJIeMeHTapHEIM) 3aMelleHHsIM:

G—>A um C-—>U.

Cornacuo ypaBHeHnio (20), ¢dakTopsl KauecTBa IJis
MmJAI0C- H MHHYC-LleneHd BHOCHT paBHBIA BKJIaA B Tou-
HocTb BocrpousBenennsi. 3aMemenus G—A u C— U,
TakuM 06pa3oM, 3KBHBAJEHTHH. BO3MOXHO, OHH He
OYeHb CHJABLHO OTJHUAOTCH OT 3aMeuleHHA A—G H
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U—C, uto 06yc/nOBJNEHO TIMaBHEIM 06pa3oM CXOACTBOM
«Kauauuii» aas zaumoneficreuit GU u UG.

ITockonbKy penyHUHPYIOIHA (depMeHT Tpebyer pas-
BEDPTHIBAHHS MAaTPHIH, YTOOH OHa MOIJIa CBSI3aThCst C
AKTHBHHIM [EHTPOM, 3HAUEHHS §, BEPOSITHO, He 3aBUCST
OT BTOPDHUHOH HJIH TPETHYHOH CTPYKTYPH MaTpHIHL
Ounnital in vitro ¢ wuam-sapuantom PHK Qg [27]
Raor ckopoctH 3amewmenuss C—U, koropue corsacy-
IOTCSt CO 3HAUYCHHSAMH, OPHBEJEeHHBIMH BbIlIE. 3amelie-
HHSI NYPHH — NHPHUMHIMH H NUPHMUJUH — NypHH, MO-
BHIMMOMY, MPOHCXOAST TOpPa3fo pexe W IMO3TOMY He
BHOCSIT CylleCTBEHHOT'O BKJ1a/a B BeIHYHHY §.

Onpenenuts o TPyAHee, TaK KaK 3Ta BeTHUYHHA 3a-
BHCHT OT Epsm. llpexie Bcero o6paTuM BHHMaHHe Ha
TO, 4TO MOAHM(HKAUHUSA IKCTPAUHCTPOHHOR 0O6JacTH, KO-
TOpasi He BJHseT HH Ha OJHH OeJOK, KOAMpyeMH# ¢aro-
ot PHK, cylllecTBeHHO H3MeHseT CKOPOCTb permIHKa-
puu. CrnHre/Mad MepBHA MOAYEPKHYA BaXHOCTb ¢hero-
TunuYeckux CBOHCTB MoJekyasl (arosoi PHK B cBsian
C MexaHH3MOM pelJIHKauuu H OoT6opa. 3HAYeHHE Opm,
NpHBeJleHHOe BhbIlIe, OTHOCHTCS K ONpele/eHHOMY MYy-
TaHTy H ero careqadram. Jlpyrue wmyranuu Moryr
BAHATH Ha TpeTuuHylo cTpykrypy PHK Qg nubm
o6pa3oM, H, CJIeJ0BaTeNbHO, COOTBETCTBYIOUIHE MYTaHTH
MOTYT HMeTb JpYrHe CKODOCTH pemaHKanuu. DBosee
TOrO, MYT4UHWH B HHTPALLHCTPOHHBIX OGJACTAX MOTYT
6HITH JeTaJbHEIMH H [03TOMY Boofule He JaBaTh
BKJMaga B Epsm. Ecan cuHTaTh H3MepeHHOEe 3HayeHHe
XapakTepHBIM AJs GoJbllied yacTH MyTanHu#,, TO TOrna
AJsi  MAKCHMAaJbHOTO HHGOPMAIHOHHOTO cOJepKaHHs
MNOJNIYYHTCS BEJHUYHHA, JIHUWIb CJAerKa M[peBHIAOLIAS
NedCTBHTE/IbHEIR pa3Mep redoma cdara Qg, KOTOpHI co-
craBaser okono 4500 Hykneotumos. Takoe 6.1u3Koe
COOTBETCTBHE Ka¥XKeTcsi MONO3PHTENbHBIM, H MH cleaanu
onpeneneHHue OroBOpKH. OLHAaKO 3TH OrOBOPKH OTHO-
CATCS B OCHOBHOM K 3HaueHHIO O, KOTOPOE BXOAHT B
COOTBETCTBYIOLLYIO GOPMYNY TONBKO B BHAE JOrapHdma.
[Tpu 66MBUIHX Om TOXKE ObIT OH NOJNyYeH NpHEMJEMBIH
npenen IAS Vmax. YITak, NpHBelleHHOE 3HaueHHe B KO-
HEUHOM cueTe MOxeT OHITb He TaK YX Jajleko Or
JeHCTBHTEIbHOCTH,
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Hpyras cepus 5KCNepHMEHTOB, BHIMOJNHeHHBHIX Befic-
MaHOM ¢ coTpyauukamu [34], mokasbiBaet, 4TO B pac-
npefe/leHHH JAHKOTO THHA [PHCYTCTBYeT CPaBHHTENBHO
He6Oo/bIIoe KOMHYECTBO cTaHaapTHOro ¢ara. DTH NaH-
HBle 3aCTaBJAIOT AyMaTbh, yTo 0! ~ Q W uTO NeficTBH-

TeJIbHOE UHC/IO HYKJIEOTHAOB Ha caMOM Jiesie OueHb GJIH3KO
K MOPOTOBOMY 3HAUEHHIO Vmax [CM. ypaBHeHue (18)].

Mugu-BapuaHT, HCHOMB30BAHHBIHE B 3IKCHEPHMEHTax
Munnca, Cnureamana u jap. [7], cocrouT Bcero H3
218 HYKJEOTHAOB H, CJeNOBATeNbHO, He TaK XOpOulo
afanTHpOBaH K H3MeHeHHsiM cpenbl, kKak PHK Q.
OH, KOHeyHO, ONTHMAJbHO ARANTHPOBAH K CleNHaJbHOH
cpelie —— «CTaHAapTHOH peakKNHOHHOH CMecH», HCMHOJb30-
BaHHOH B sKcHepHMeHTax in vitro (B KOTOPBIX He Tpe-
6oBaJsiocs, 4To6bl Mosekynsl PHK 6binn HE(eKuHOHHBI).
OpnHaKo ero peakuHs Ha H3MEHEHHS cpelbl, HampHMep
Ha Jo6GaBjeHne HHTHOWTOpA pemIHKANHH — ITHIHYM-
6poMHIa,— OKa3ajach NOBOJBHO MenjeHHo#. MyTtaHT,
nofydeHHbI#l nocsae 20 mepeHoOCcoB, B KaXJ0OM H3 KOTOPHIX
MOTJIO TPOHCXOAHTH ycHJaenue B 10° pas, oTaHuascs or
MHJH-BapHAHTa JIHKOTO THIA BCero B Tpex MONOXKEHHSX
H B HOBBIX YCJOBHSIX Cpelbl MPOSB/SI CPaBHUTENBHO He-
6oabllloe cesleKTHBHOE MNpeumyuiecTso. [lpuunnoit men-
JeHHO! peakKnHH sBJasiercs TO, uTo 218 HyKJeoTHmam
HpH CpefHEeM KaueCTBe KOMMPOBAHHS OTHeNbHOH OYKBH
0,9995 coOTBeTCTBYIOT 3HaueHHs @, O/MH3KHE K eNHHHIE,
TaK 4TO MOCNEeJOBATETbHOCTH JHKOTO THHA peIHIH-
pYIOTCS OueHb TOYHO — ¢ OOpaszoBaHHEM JHIIb CPABHH-
TeJbHO HeGOoJbLIOro KosuuecTBa MyTaHToB (<KL10%) u3
pacnpeneneHHst OMHOOUHBIX KOMHH.

3ameuaTeNbHBHIM pe3yJbTaTOM 3THX HCCAENOBaHHE ¢
TeopeTHYecKoH TOYKH 3peHHs sIBJsSETCS BOBCE He TOT
¢$akKt, 4YTO TNOPOroBO€ COOTHOUIEHHe BHIMONHSAETCA Kak
HepaBeHcTBO. ITocKOJIBKY ero BBIBOJ OCHOBHIBAETCS Ha
oueHb OOGHIMX pacCyXIeHHSX, J060e Cepbe3HOe HecooT-
BeTcTBHe 03Hauano OB, 4YTO MBI INIOXO MOHHMAaeM, 4TO
Takoe JapBHHOBCKHe cHcTeMH. [l TakKUX HeCOOTBeT-
CTBHH HeT HHKAKHX MPHYHH, MOTOMY UTO MHI 3HaeM
JOCTATOYHO XOPOILO MOJEKYJSPHHIH MeXaHH3M pemnjiH-
KanHH B TAaKHX <«MPO3PauHBIX» CHCTeMax, Kak dar Qg.
[ToucTHHE YIHBHUTENBHBIM pe3yJabTATOM SBASETCH TO,
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4T0 B NEACTBHTENBHOCTH 3HAYEHHE v OCTaeTcsd He TOJNbKO
HHXe TMOPOra “Vmax, HO H MOYTH COBMNAjJaeT C HHM.
Yueo HYK/IGOTHIOB BIOJNHE MOIMO O JIHMHTHPOBATHCS
He KayecTBOM KOMHPOBAaHHA CHMBOJA §, a JPYrHMH
(GaKTOpaMH, 4TO NpHBeNO Obl K 3HAUYCHHSIM v, JeXalluM
HaMHOrO HH3Ke MOpora, I0MycKarolulero BOCMPOH3BOAHMOE
HakKoOM/IeHHe HHMOPMaAILHH.
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Puc. 11. Unka penankaunn, Kotopbhifi scTpeuaercs y PHK-conepxa-
mux ¢aros, Begetr K o6pasoBaHmio onHouenmoseuHblx efununy PHK
¢ BhICOKOCMennPHYHLIMM BTOPHUHOM M TPETHYHOM CTPYKTYpaMu, KO-
TopHe UrpaloT posb (eHoTunuuecKux wmuueHedi [11, 34]. O6paso-
BaHWE MOJHBIX MJM YaCTHYHBLIX AYNJEKCOB H3 MJIOC- M MHHYC-nemedl
(Tak HasbiBaemblx nap XoduwHainepa uaun DpPaHKAHHA COOTBET-
CTBEHHO) MPeNOTBPallaeTCsd HEMEAJEHHhIM 3aKpyuuBaHUeM Ha cebs
HoBocHHTe3MpoBaHHON uenn. Henmoab3ys wmunu-Bapuabtr dara Qp,
Crurenmany u ap. [35] yhanocs poxas3ath cyuiecTRORaHHe 3ddex-
TOB HHTUGHPORaAHUS, KOTOpPHE 0OYC/OBJEHH 06pa3oBaHUEM NYJiEK-
co. Pensukauus OLHOLENOYEHHbIX MOMEKYJ] OCHOBaHa Ha 3ddex-
THBHOM B3aMMOJEHCTBHH DENAHKa3bl C MJIC- M MHHYC-LENsAMH, 4TO
Tpe6yeT HaJM4yus OnpeleSeHHON CHMMETPUH TPETHHHON CTPYKTYpH
$eHOTUNHEECKH BaXKHBIX Y4acTKOB.
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Hrax, mor soinyscOenst 3axarodutrs, uro sty PHK-
codepscawyue ¢azu 8 xole csoell 3soaroyuu OelicTsu-
TEAbHO CTPEMUAUCL HAKONUTbL MAKCUMAALHO BO3MONCHOE
KOAUYECTBO UHGoOpMayUU, UCNOAL3YS NPU ITOM TaKx#e
OoabLuLe IKCTPAYUCTPOHHbLE (HO (heHoTUNnUYECKU AKTUB-
Hble) obaactu zenHoma. ITOT (PakT He uCKAOHaeT TO20,
4T0 npu Opyeux (Hanpumep, UCKYCCTBEHHbIX) YCAOBURX
copesrosanue mozau Ovt «svuizpare» mosexyist PHK
20pa3do menvueli OAuHbL— TaxKue, KaK YHnoMAHYToLl
sbiule MUOU-BAPUAHT, WAL 4To npu Opyeux npupooHbLx
YCA0BUAX CYWECTBYIOT 20pA300 MEHEe CAONCHbLE JU3He-
cnocobuole aeu. Ewe saxnee ocoswmanue 1020, 410 8
npupode He cyujectsyer ¢pazos ¢ (odnoyenouednoll)
PHK, zenom rotopeix Goia Obr Goabuie, 4em NPUMEPHO
10000 Hyxaeotudos. DTO 3acTasAfeT noAa2aTy, HTO
hepmenrarusnolli mexanuam penasuxayuuw PHK, ocoben-
HO N0 OTHOWerUw & Ouckpumunayuu ocrosanull A u
G uau U u C, docTtue csoez0 onTumyma u He MoOxCeT
6oiTo Oanree yayudwen. Huxaxas odwoyenoueunas PHK
He cnocobra noddepsicusare npasussbroe socnpoussede-
Hue urpopmayuu, npesviaroujeli T0 KOAUYECT80, KOTO-
poe no nopaoky seaudunst axsusasentro 1000—10 000
HykaeoTudos (TOYHOE 3HAYEHUe 3aBUCUT OT Gm).

KoHeuyHo, ¢ XHMHYECKOH TOYKH 3peHHs MOTYT Cy-
LIeCTBOBATh MOJieKyAbl OoJsibiiefi JJMHHB, HO OHH He
HMEIOT 3BOJIOLHOHHOA ueHHOcTH. Bosee Toro, ypasHe-
Hue (20) mpeanucwuiBaer, 4T0 TPeGOBAHHSIM CEJNEKTHBHOTO
coxpaHeHHsT HHQOPMAUUH MOJNKHBI YAOBJETBOPSITL KakK
IIIOC-, Tak H MHHYC-IeNH, XOTS TOMbKO OXHA H3 lemnefl
o6si3aHa HeCTH TreHeTHYecKYylo HHPOpManHio, TPaHC/IH-
pyeMyl0 anmaparoM Xo3siuHa. ODTH BHIBOABI OTHOCSITCS
aumb K Mojgekynam PHK, koropble BO BpeMsi cBoeit
peniHKaluHH AEHCTBYIOT KaK 00nonenodyeyHsle MaTpHiH
H AJIS KOTOPBIX GBIN NMpeasoxeH MeXaHH3M pemJIHKaiHy,
uso6paxenusrfi Ha puc. 11 [11].

1V.3, Penaukauns JHK

B cayuae pByxnenoueddnix mosekyn, ocobenro JIHK,
MHE CTa/lKWBaeMCs C COBepLIEHHO Jpyroft curyapHeit.
Takue ™moJsieKyJanl OGBIUHO pPeAyNJHNHPYIOTCS B dopMme
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ABYX1eOYEUHHX €NHHHN, T. €. OHH MOTYT CUYHTATbCH
HCTHHHO CaMOBOCIPOH3BOASIIUMH, Mo KpaHHe#l Mepe B
(deHOMEHOJIOTHYECKOM CMBIc/e (XOTst mepefavya HHOD-
ManHiH H B 9TOM C/yuyae OCHOBAaHA Ha KOMIJIEMeHTapHO-
CTH HYKJEOTHJOB).

PaccmoTpum BKpatue, uto H3BectHo [10] o Bocmpo-
U3BeJleHHH TaKux JAByxmenoueudsix Mogeryn [HK
(cMm. puc. 12).

1. Pennugauus siBIsieTCS NMOJYKOHCEPBATHBHEIM MPO-
neccom. [Byxuenoueunas JJHK komupyercs ¢ o6pa3so-
BaHHeM JBYX (COBEpIIEHHO HJAEHTHYHBIX) IYIJIEKCOB,
KaxXAbli H3 KOTOPHIX COAEpPXHT ONHY POAHTENbCKYIO
nenk.

2. Pennukauusi HauHHaeTCs B ONpeJlesIeHHOH TOuKe
pocTa H MOXeET paclpocTpaHsiThcs B OBOHX HampasJe-
HHuax. PackpyunBaHHiO ABOHHOH cIHpaJH CNOCOGCTBYIOT
TaK Ha3hBaeMule pacljerawoulne GenKH, HEKOTOpHE H3
HHX OBLIH BHIJEJEHB H HAeHTH(HUHPoBaHH. OHH yBeJH-
YHBAIOT CKOPOCTb PACKPYYHBAHHA HA TPH MOpPsinKa, B
pe3yJbTaTe pelIHKANHOHHAS BHJIKA [ABHXKETCS CPaBHH-
TeJbHO ObIcTpOo. B TO ke BpeMst HeoOXOAHMO CHHMAThb
HanpsiKeHue KpY4ueHHsi, BBI3BaHHOE pAaCKpPyUHBaHHEM
yactd Mosiekynsl. CymiecTByer NpeanoJoxKeHHe, 4To Bpa-
IeHHe Y4YacTKOB MOJIEKYJB BOKPYr ¢dochonusduproi
CBSI3H MOXeT TPOHCXOAHTH Ogaaronaps paspeiBaM #
BOCCOeIMHEHHSAM [leN¥ Noj JAcHCTBHeM >3HAOHYK/Iea3 H
JIRras.

3. Pennukanust xasxcdod w3 ABYX uemneit MpPOHCXOLHT
NyTeM TPHCOEJHHEHHS HYKJEOTHAOB B HaNpaBJeHHH
5 — 3. JHK-noaumepasun CnocoGHBI NPHCOENHHSITE MO-
HOMEpBI TOJBKO TAKHM YHHKAJbHHIM BEKTOPHHIM TNyTeM,
H 3TOT IIPOlEeCC He MOXKeT NpOTeKaTb Ha OOeHX nensx
OLHOBPEMEeHHO. DICKTPOHHAS MHKDPOCKONHSI ¢ pa3spellle-
HueM okoso 100 A BHABHJA HaANMHUHE ONHOIENOYEUHHIX
Y4aCTKOB TOJBKO Ha OAHOH CTOpPOHEe peHKauHOHHOH
BHJIKH; 5TO NO3BOJI €T AyMaTh, UTO NOCTPOEHHE BTOPO#
nelH HAYMHAeTCH JIHUIb NOCJe TOTo, KaK BO3HHKaeT 3Ha-
YHTENBHHH NPOMEKYTOK, AOCTATOYHBIA .IJs1 NPOABHIKe-
HHs B HanpaBsJeHHH 5 — 3.

4. PennuganHds oOCyulecTBasieTcss KOPOTKHMH  JH-
CKPeTHBIMH HMIYyJbcaMH. Y MPOKapHOT ¢parMeHTl,
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Puc. 12. lMoaykoHcepraTHBHasA penJukanus asyxuenoudeuHoii [JHK —
aT0 KpafiHe CJOXHBII npoluecc, COCTOAWUA M3 MHOIMX STanoB, Ha
KOTOPbIX NPOTEKAIOT Ppa3jiHyHble PeaKkUHH M OCYLIECTBASETCH KOHT-
posb. Hanbosee paxcHble U3 3THX 5TaNoOB yKasaHH Ha pucyHke [10].
O6e gouepHHe IENH NOJUMEPH3YIOTCH B HanpasjieHun 5 — 3’. Pac-
KpyYMBAHHE POJUTENLCKO ABOHHOM CNMpaJM NPOHU3BOAUTCS pacmie-
rapomuM Geakom (U). CuHTe3s HOBBIX (pparMeHTOB HHUNUHPYETCH
PHK-3atparkamu, koropeie 06pa3yioTcs C NOMOIIBIO (epMEHTATHB-
Ho¥ cuctems (I) u 3areM THAPOJH3YIOTCH, NO-BHAUMOMY, NpH
yyacTHH HyKJieasHofi akTHRHocTH mnoaumepass-I  (Pr). Cunraror,
41O pocT uenu A0 obpasoBaHus ¢parmenToB pauHoil 1000—2000 ny-
KJCOTHAOB B OCHOBHOM NDOH3BOJAMTCS KOMIJIGKCOM NOAMMepasni-II1
(Pin1). Ot HoROOOGpasoBaHHble TakK HasbipaeMmble ¢parmedtnr Oxka-
3aKM COEQMHSAIOTCS APYr C ApyroM C nomolnero Jgurassl (L). He-
NpaBUALHO CHapeHHEIe HYKJCOTHAH Ha J3'-KOHIe (parMeHToB (u
TOJBKO OHHM) BhipesawoTcs 3’ —-5/-9K30HYyK.1eas3oH, MO Bceil BeposT-
HocTH, Kowmiviekcom noaumepassi-I (Pi), akTHBHOCTH KoTOpOro B
OCHOBHOM CRsi3aHa C penapaudefi H 3anoJHeHuem npoGesoB. [{pyrue
npoleCCH — HAlpHMeD, penapauus ¢ nomousio 5 —-3’-3K30HyKJea-
3bl, KOTOpas MOXeT yAadare ueiwme ¢parmentsl JHK, —Ha sroii
cXeme He YKa3aHbl, NOTOMY 4YTO OHH, NO-BHAMMOMY, He HIpaioT
GOoABIIOH POJHM B CUHTE3¢ HOBBIX leneH.
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obpasywlouinecs 3a OAHH HMIYJbC, HMET JJIHHY OKOJO
1000—2000 uykseotnnoB. CHHTE3 HX HHHUHHPYETCS 3a-
TPAaBKOH, KOTOPOH CJy3KaT OYeHb KOPOTKHE ()parMeHTH
PHK. VYuactkn penaunuposanuo#t JIHK, pacnonararo-
mHecst BLOAb 00eHX penefl No3ajH penHKanHOHHOH BHJI-
KH, COGNHHSIIOTCA 3aTeM APYT ¢ APYyroM ¢ NOMOLIBIO JHTa3.

5. Pa3nuunble QYHKUHH, HeOOXOAHMBIE IJS pelJH-
kapuu JIHK, 6vuin uaeHTHQHUHPOBAHKI NyTeM BBIAee-
HHUST OTHENbHHIX (DEPMEHTOB H ONpele/ieHHs HX AaKTHB-
HOCTH. B uyacTHOCTH, GBIJIO OXapaKTepH30BAHO HECKOJbKO
noaumepusix kommiekcos (I, II, IIl), koTopnwie BrIMOJ-
HSIOT KaK NOJHMepH3yomue QyHKIHH, TaK H HEKOTOpHIE
¢yHKUHH perpajanuH. 3Aech OCOGEHHO HHTepecHa
3" — 57-5K30HYK/JIea3Hasi aKTHBHOCTh mosuMepasu-I. Oua
ofecneunBaer N30HpaTeNbHOE OTUIENJIEHHE HECNapeHHOTro
HyKJeoTuaa Ha 3’-KoHue pacryme#l uenu. [lockonbKy
pPOCT penu HAeT TOJNBKO B HanpaBjeHun 5 — 3/, sra
9K30HYK/Jea3Has (YHKNHSA MNO3BOJISET KOPPEKTHPOBaTh
HOBOCHHTe3HpOBaHHble ¢parMenTsl. Ee MakcuMmanbHas
AKTHBHOCTb COCTaBJIsieT OKOJO 2% nonnMepa3HoH aKTHB-
HOCTH. 3 — 5/-5K30HYK/ea3dy CJeaAyeT OTJAHYaTh OT
5" — 3’-5K30HYyK/ea3bl, KOTOpasi TAaKXe BXOAHT B COCTaB
komminekca JIHK-nonmumepaswl-l u, BeposiTHO, yuyacTByet
B penapanuH ¢ BbiulensedneM. OHa [efiCTBYeT TOJBKO
Ha 5’-KoHen u pacutenssier dochoansdupHyio CBA3b B
cnapeHHofi o6jsacTH, NO-BHANMOMY, Ha PAacCTOSIHHH [0
10 HyK/MeoTHIOB OT 5'-KOHpa. ATa 3K30HYKJea3a, C/lejo-
BaTeJIbHO, MOKET BHIENSITh OJHTOHYKJEOTHIB, TOTAa
KaK KoppeKTupywoumuii 3’ — 5-pepMeHT yHansieT TOMLKO
OTIeNbHble HecNapeHHHe HYKJEOTHAH Ha KOHIE pacTy-.
mef pemH.

Tenepr MH MOXeM NOHATb, B YeM COCTOHT CyuIecT-
BeHHOE pa3/iHuHe MexXJy nponeccaMH pennukanuun PHK
n JIHK, koTopoe BHIpaxaercs B pa3NU4YHH CPEJHHX
$hakTopoB KauyecTBa KONMHPOBAHHS CHMBOJIOB JIJSt STHX
aByx mnpoueccos. B cayuyae penmukanuu PHK tounocTs
nepefpauu uHGOpPMAUHH HOJXKHA OOecNeyHBaThC B He-
NpeprBHOM INponecce nonumepusanud. Kak 66 HH pe-
mana sty npobremy PHK-pennukasa, ona gocruraer,
NO-BHAHMOMY,  TpPENeNbHOTO  3HAYeHHS § — Mexny
0,9990 u 0,9999. [lpuMepHO Ta Ke TOYHOCTb MOrJa OHl
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JNOCTHTaThest JIIOOBIM HeNpephLIBHEIM MEXaHW3MOM IOJIH-
mepu3zanun JJHK.

UccnepoBanue in vitro myrantaax darosux [JHK-
nonuMepas, He ob6napawomux 3°— 5-5K30HyK/IeasHoH
aKTHBHOCTbIO, IOKa3aJo, 4TO 3TH (epMeHTH CpaBHH-
TeJbHO 4acTo OWHOAIOTCS — ¢ 4acTOTOA NmpuMepHO | Ha
KaxXaylo ThICAYY HYKIeoTHIOB. CXxomHHE pe3yJbTaTH
noayuensl pns ounuenHo#t JHK-nonmuMepass us supyca
nruuvezo muesobaacroda. OnHAKO €CTb JAaHHHE H O
MeHbILIHX BEPOSTHOCTSIX OWIHOOK. Hanpumep, anst HH3KO-
MoseKyasipHbIX dykKapuornueckux [HK-nomumepas, He
o6/M1afatoUuX KOPPEKTHPYIOUled 3K30HYK/JAea3HOH aKTHB-
HOCTbIO, OHIJIH NOJy4YeHH 3HAUYCHHUSI HA NOPANOK MeHb-
mKe, 4eM B CJIydasix, NpHBeJeHHBIX Bhille (ofHa omunbka
Ha Kaxaule 5— 10 Teicsiy HyKaeotunos) [36—39]. [TosaBie-
Hue ¢parmednta JHK panao#t 1000—2000 HYKJIEOTHIOB
BO BpeMsi noaumepusapun JHK (B npokapHoTHue-
CKHX KJeTKaX) MOXeT OHITb NpPSIMO CBS3aHO C OrpaHHu-
YeHHOH TOYHOCTbIO MNoJHMepa3Ho#l ¢yHkuuH. [lo-BHan-
MOMy, TOJHMepa3a HE MOXET JIerKO YIJHHATD
NPOH3BeNleHHHH €l HeNpaBHJABHO CHNapeHHBIA KOHer
([10], ctp. 88) — mpaBja, 370 HaGJIIOAANOCH B OTCYTCT-
BHe 3K30HYK/Mea3. B To ke Bpems 3’ — 5-3K30HyKJ/ea-
3a, ecJIH OHa HMeeTcsi, OyjeT ONO3HAaBAThb HECOOTBETCT-
BHe H BhHIpe3aTh HeBepHHA HYyKJeoTHA. Her HHKaKHX
OCHOBAaHHH NpeanosaraTh, YTO ONTHMAaJIbHAS pa3pellan-
mast cnoco0HOCTh HAa 3TOM 5Tale CHIABHO OTNIHYAeTCs OT
TOH, KOTOpAast XapaKTepH3yeT INpouecc NOJHMepH3anHH.
Urtak, KOppeKUHsi MOXET CHH3HTb BEPOSTHOCTb OIIHOKH
(B nyumeM cJayuae) eumle Ha TpH mopsiaka. Koppekuus
omu60K, ¢ APYyrofi CTOPOHH, He MOXeT ObITb OTJIOXKeHa
10 GoJsiee MO3AHEH CTajiuH, T. €. IO 3aBeplUIEHHS CHHTE3a
o6eux nenefi. XoTs CHCTEMBl penapanHH, HCHOb3YIOLIHE
5" — 3’-HyKJiea3Hble AKTHBHOCTH, CYLIECTBYIOT, OHH He
MOTYT YCTaHOBHTb, KOTOpas M3 ABYyX uenefl copepxHT
HelpaBUJbHEH u/leH B HeNpaBW/bHOA nape [36]. Brutu
npepjoxensl [40] u mpoBepeHH 3KCNEpHMEHTAJIbHO
[41, 42] O6osnee perTanbHbIE MEXaHU3MHl KHHETHUECKOH
KoppekuHuu (cM. 0630p [43]).

Wrak, MOXHO chenats cJjepayounit BuBon. Onru-
MaJbHOE CpefiHee KauyecTBO KONHPOBAHHS CHMBONA AJS
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Prc. 13. TenerHueckas peKoMOGHHANHS [O3BOJET OGHADYXKHBATh OWHMGKH B 3aBEPUICHHBIX [ABYXUeDOUeUHuIX JHK. 2ta ™Moaeabn mnuepBoHas
WagLrHO GhHJIA NpefJoMeHa MJs OOGBACHEHHs MeXaWHaMa KpoccHHrosepa. Ee MOXHO HCNOAB30BaTh TAKXKE IS aHajlH33a MeXaHH3IMa Koppek-

BuH omHGok. CHMBon @ 03HAYaeT CeHeTHUECKH NpPABHJBHH{ HyKleoTHm, cHmBON (O — OmHGouMnifi. COOTBETCTBEHHO CHMBOX | Beerpa 060

8HAYaeT NPaBUJbHYIO KOMIJIEMEHTAPHYK® Hapy, CHMBOJ — HENpaBHJABHYK (HEKOMIJIeMEHTapHyio) Hapy, a CHMBOJ | — KOMIIJIeMEeHTap~

Hyio, HO OwWH60UYHYi0 Hapy HYKJEOTHAOB, HE3dBHCHMO OT TOro, Xakofi H3 UuEeTHDexXx HyKJEOTHAOB, 34E6Ch 3aTPoHyrt. lIpennonoxuM, uTQ
Hajpe3aHHe IeNH HHHUMHDYeTCH HaJuYHeM HeKOMIJIeMeHTapHoH mnapsl (stam II). Torma 3/ —> 5/-3K3oHyK/easa 4cnpaBdT OWHOKY: B 50%
L

cayyaeB of6pasyercs NpPaBHAbHASA KOMIJEMEHTapHas napaé —_ | (sran IIl), B To BpeMs Kak B napyrux 50% cayuaen — HeXDAaBHJIb-

-
Hasg KOMIlJIeMeHTapHas napa —_ « HenpaBuanuasi (XxoTA H KOMIJeMeHTapHas) Dapa, OfHaKoO, HE (QHKCHpPyercs, KakKk INPH IPOCTOM

MexaHH3Me pemapainH#. PexoMbumanua ¢ npaBuibHol komuefi (stamm VI, VII) Boccranasanmsaer ucxoguyio cHTyanHio (stamm | m VIII),

NPH KOTOpOH HENPAaBHJABHHIM HYKJEOTHIOM 3aHSTO TOJLKO OJHO M3 YEeThPEX FOMOJNOI'HYHHX mnojoxeuHfl, CregoBaTenbHO, MHOrOKPaTHOE Mo~
BTOPEHHE 3TOTO IPONECCE MONXET BECTH K IOCTOAHHOMY CHHXKEHHIO JOJH OWHGOK, a He K HX 50%-Hofi ¢HKkcauuu. DTa cXxeMa HOKa3wBaeT, 4To
KOPPeKIHfl OHGOK B 3aBepIIeHHHX IENfAX CBfiaaHa C KPoccHHroBepoM. JlaHHulfi MexaHuam (na paboTu (45]) MoxeT 6blTh pealH3OBaH C Io-
MOMmBbIO H3BECTHHX ¢YHKUHE JIHK-momnMepaad, 4TO He HCK/IOYaeT CYmeCTBOBAHHA MPYTHX FHIOTETHUYECKHX H naxe eule Sojee addexTHs-
HEX MexauHaMoB. JIna mHonHOro moMHMaHHs HpoGJEeMbl TOUHOCTH, CBA3aHHON ¢ HEOGXOAHMOCThIO PACCMOTPEHHS NPOIECCOB BEreTaTHBHOIO
Pa3aMHOXEHHS, HeOGXOAHME Goslee JeTalbyHe CBElEHHS O MeXaHHaMe, KOTOPHE IOKAa OTCYTCTBYIOT.
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pennukannn JHK nocturaer 3nauenuss 0,999999 nau
HEeCKOJbKO BHIIe, 4TO MNO3BOJAET HAKan/JHBaTh HHEOP-
MauHi BIJIOTh N0 BEpXHEro fpeena, 3KBHBAJEHTHOTO
1—10 muanHoHAM HYKJIEOTHAOB (B 3aBHCHMOCTH OT Be-
BEJHYHHB Op). [IPHITHO OTMETHTBb, UTO 3Ta OlEHK4 COB-
najzaer ¢ H3BeCTHHIMH pa3MepaMH TeHOMOB NPOKapHO-
THUYECKHX KJeTok (Hampumep, E.coli — 4-10°% nap ocHo-
BaHu#). W onAts pasmep reHoMmoB Jw060ro opraHuama
BOBCe He 00513aH OBITb paBHbIM 3TOH NpejenbHOH BenH-
ypHe. [leficTBHTeNBHEIE pa3Mephl reHOMa MOTYT JHMHTH-
poBaTbcst APYTHMH (akTOpaMH, CBS3aHHBIMH, HalmpHMeD,
¢ ynakoBko# wmosekyan B ciaydae J[HK-comepxamux
¢aroB, u T. n. Takum o6pasoM, Kak H B clyudae
PHK-conepxamux (aros MOTyT peaNH30BaTbCs J0OBIE
pa3MepH reHoMa HHXKe Mopora.

Has codepicanus 2eneruyeckoil ungopmayuu 8 npo-
KapuoTU4ecKol KAeTke cywecrsyeT eepxuuil npedea.
JI1060ii 861x00 3a npedesbl UHGPOPMAYUOHHOL eMKOCTU
o0noyenoueunoll moaexyaor (10* wyxaeorudos) rpebyer
HOB020 MeXQHU3MQ penauxkayuu c ydacruem Osyxyeno-
YeuHblX MATPUY U KOppekTupyoujux ¢pepmenros. Touno
rak se Hosbil npedea (okoao 107 wykaeorudos), ycra-
rOBAEHHOLL Mexanudmom penaukayuu JHK 8 npoka-
puorudeckoll Kaerke, He Moz ObiTe npes3oililen, noka He
noABUACA HOBbLE Mexanuam 0as OaasHeliwezo Yymeuo-
wenusn owubok. Takoid mexanusm, a UMEHHO 2eHeTudye-
ckas pexkombunayusn, Oeoa  uzobperen npupodoii Ha
npoxapuoTuyeckom yposue. Odunaxo norpe6osasocs Ot
0syx 0o Tpex muaauapdos (10°) aer, npexcde uem On
docruz cosepuiencrsa, 4Tobbl B6138AT6 HOB0E YBeAUUe-
HUE KOAUYecT8a zeHeTu4eCKoll unpopmayuu orderbusix
unOusudos.

[Ipouecc reHerHyeckod peKOMOHHAIHHU, HCIOJb3ye-
MBHA BCeMH 3YKApHOTHYECKHMH KJIeTKaMH, Tpebyer,
uyro6H NBa ajjens B HX TOMOJIOTHYHBIX TOJNOXKEHHSX
O6bUTH HACHTHUYHB. [1OCKOMBKY BepOSTHOCTb OWIHOKH IJst
depmentaTuHOfl pemsuxauun JHK cocraBaser umeHee
10-5, HecKOppeKTHPOBaHHble OlIHOKH KpafiHe peakH, I
B 4eThpexX 3KBUBAJGHTHHIX cafTax ABYX aJJened He
MOXeT BCTpPeTHTbcst OoJee onauolt ownbku. Clenosa-
TEJNbHO, CYLIEeCTBYeT JaJjbHefliasi BO3MOXHOCTb OOHApy-
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JKeHHS H HCIPaBJeHHS TaKHX OUIHGOK y peKoMOHHAHTOB,
Iaxe ecJH OHH cojepxKaTcs B AYIVIeKCax, PelIHKAlHs
KOTOpbIX Onlla 3aBeplleHa paHee. OfHa H3 BO3MOXKHbIX
cxeM H3o6paxena Ha puc. 13. OpHako MeXaHH3M
peKOMOHHANHH B HaCTOsilllee BpeMst HEH3BeCTE€H J0CTa-
TOYHO mnOAPOOHO, He SICHO TaKiKe, CKOJbKO 93TamoB B
KOHEYHOM cueTe OTBETCTBEHHO 3a JaJjibHeidllee CHHKEHHE
BepOSITHOCTH OWHOKH. M3BeCcTHO JHLIb, YTO TaKOe CHH-
JKeHHe OBbLIO JIOCTHIHYTO, KakK [OKAa3hBaeT aHa/lH3 3BO-
JIOIHOHHOTO JpeBa, H UTO 5TO SIBJASeTCS BaXKHOH MNpel-
NOCHUTKOH YBeJHUeHHS TIeHeTHUeCKol HHGOPMAUHOHHOM
€MKOCTH BIUVIOTb O YPOBHS, XapaKTepHOIO A/ YeJOBeKa.

1V.4. llepBble penjuKaTHBHbBIE €AHHHIbI

Hnst obcyxknenust npobaeMpl BO3HHKHOBeHHS OGHOJO-
THYecKoH HHQPOPMAnHH MH JNOJMKHBI HA4aThb C APYroro
KOHUA 3BOJIONHOHHOH INKaJdH H NpOaHaJH3HPOBATb Te
MeXaHH3MBl, KOTOpHe IpHBETH K NepBHM BOCIPOH3BO-
JHMBIM TeHEeTHYeCKHM CTPYKTypaM. ®Pu3nueckHe CBOHCT-
Ba, BHyTpPEHHe NPHCYUIHe HYKJIEOTHAAM, NAlOT BO3MOXK-
HOCTb RHCKPHMHHHPOBATh KOMILIEMEHTapHble H HEKOMI-
JIeMEeHTapHbIEe HYKJEOTHAH c (akTopoM KauecTBa g, He
npesocxonsiiiiM 0,90—0,99. Bosnee peranbubit aHaMus,
OCHOBAHHHIA HAa KHHETHYECKHX H pPaBHOBECHBIX HCCJENO-
BAaHHAX KOOMEPATHBHBIX B3aHMOACHCTBHHA MEXKIY OJHIO-
HyKJeoTHaaMH, Obl1 ony6iaHkoBaH paHee |4, 44].
B coorBercTBHH ¢ HM3BeCTHRIMH pa3fnuugMu B cBoOOA-
HBIX SHEprusix A5 AHCKPHMHHAUHH MeXIy KOMILTeMeH-
TapHHIMH H HEKOMIUIEMEHTAPHbIMH NapaMH OCHOBaHHU
MOTJIO OKa3aThbCs NMOJIE3HHM HaJHuHe B cpelle OOJNbIIHX
KOJIHYeCTB Oe/KOB — KaTaJHTHUYeCKH AaKTHBHHIX, HO He
BLIMOJHAIOUIHX HHKAKHX APYIHX CHenHadbHHX (QYHKIHMH.
OnHako TakHe OeJKOBble NPENUIECTBEHHHKH B OAHHX
cnyvyasix OynyT 61aronpHsATCTBOBATH KOMIJIEMEHTapHBIM,
a B JpPYTrHX CJyyasix -—— HEeKOMILIEMEHTapHHM B3aHMO-
nefictBusiM. [lpenMyllecTBO OAHHX Tepes IPYrHMH
MOXKET oNpelensiTbcst TOMbKO HEePaBEHCTBOM CBOOOLHBIX
SHePruft IS pa3NHYHBIX BHJOB NAapHHX B3aHMOJLEHCT-
Buii. Jlio6oe cneundgrueckoe ycHJIeHHe KOMIJIeMeH-
TAapHBIX TNapHHX B3auMopmeficTsuit norpefosano Osl
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KOHBEPTreHTHOHR 3BOJIOUHH TeX KOHKPETHHX ()epMeHTOB,
KOTOpHe OJaronpHATCTBYIOT JAHHOMY THIY B3aHMOAef-
creuit. Jlag sroro camMH (QepMeHTH JOJMXKHB CTaTh
YACTHIO CaMOBOCHPOH3BOASIUIEHCST CHCTEMBl, YTO B CBOIO
ouepenb TpeOyeT 3BOJNIIONHOHHOTO PA3BHTHSI TPaHC/SIIHH.

[TepBBiMH CaMOBOCIPOH3BOASUIHMHCA CTPYKTYpaMH
HYKJIEHHOBHIX KHCJOT ¢ YCTOHYHBHM HH(OPMAaIHOHHBEIM
collep:KaHHeM — NpH JAaHHBIX ONTHMAJBHBIX 3HAYEHHSAX
g = 0,90—0,99 — 681 mosekyan taHna TPHK. Onnako
418 000 BOCHPOH3BOAHMOH CHCTEMBbI TPaHCASIIHH
HeobxoauMo Mo kpafHHe#l Mepe Ha MNOpPsAOK OoJbliee
nHdopmannoHHoe conepxkanne. Kak Mb 3Haem H3 aHa-
an3a pensiukanun PHK-conmepxamero d¢ara, rtakomy
TpeGOBAHHIO YAOBJETBOPAIOT TOMbKO ONTHMAJbHO ajal-
THPOBAHHbBIE peMJHKa3bl, KOTOpble He cMOrVH GOb 3BO-
JIOUHOHHO pAa3BHTbct 06e3 COBEpPUIEHHOrO MeXaHH3Ma
tpaHcasuun, CoBpeMeHHBle (ard SBJASIOTCS MO3AHHMHA
NPOAYKTaMH 3BOMNIOUHH, ube CylllecTBOBaHHe 0Og3aHO
HAJHYHIO TaKOTO MexaHH3Mma, 6e3 KOTOpPOro NpHpOJe He
ynalocb OB HaKOMHTh TaK MHOrO HHpopMannH B
OTZeNIbHON MoJIeKyJe HYKJIeHHoBOH KucaoTel. CihenoBa-
TeJBHO, JUJUIS MOJIEKYJISPHOH 3BOJIONHH HYKJIEHHOBHIX
KHCJIOT cyllecTBoBaJ Oapbep Ha ypoOBHe CTPYKTyp THNA
TPHK, nono6unii 6apbepaM, XapakTepHbIM aJsa OoJjee
NO3IHHUX 3TANOB 3BOJIOLHH — T. €. A/ YBeJHUEHHS HH-
¢hopManHOHHOH eMKOCTH HeoOXOAHMO OBIJIO BO3HHKHOBE-
HHe KaKoro-mu60 MexaHH3Ma HOBOTO THIA.

Hrax, TPHK uau ux npedwecrsennuxu, no-sudu-
Mmomy, ObLau «crapeliiiumus peniuKaATUBHOIMU eOURU-
yamu, KOTOpble HAYAAU HAKANAUBATL UHGOPMAYUIO U
OoT6UpaALCy KAK KBA3UBUOLL T. e. KAK BapUanTs. OOHOL
U TOL %e OCHOBHOLL CTPYKTYPb.

[lepBeiM TpeGoBaHHeM OBlIa YCTOHYHBOCTB K T'HAPO-
an3y. Hrpoas mognens, nono6uast onHcaHHO#l B
pasa. IV.1, nokasana, 4to usBecTHas BTOpHuHas (M Tpe-
tTHuHasg) cTpykrypa TPHK (¢m. puc. 14,4 u B) gBas-
eTcsd NPAMBIM 3BOJIIOLHOHHBIM CJEICTBHEM 3TOro Tpebo-
Banus. [lamee, CHMMETDHS 3TOH CTPYKTYPH OTpa)Kaer
ONTHMH3AlHIO ¢e PelJIHKATHBHOTO MEeXaHH3Ma, KOTOpPHit
B COOTBETCTBHH ¢ ypaBHeHHeM (20) mpeamoJaraer 5kBH-
BaJIeHTHOE TMOBeJeHHe IIC- H MHHYyC-1enefl, 4ytobn
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Puc. 14. Cummerpus ¢yHRuuoHasbubix modekyn PHK (pacemorpe-
Ha TPHKP"®) cnoco6erByer pensmkaguu OAHHOUHBIX meneff cmenu-
¢uyecKu afanTHPOBaHHBIMH  ¢epmeHTamu. [lmoc- H  MuHyc-uenu
CUMMETPHYHOH CTPYKTYPH HMEKT OJHHAKOBble (eHOTHINHYECKHE OCO-
Gennocru. XoTs B COBpeMeHHbIX opranu3max TpaucnoptHeie PHK ko-
LUPYIOTCA TeHOTHOMYECKH, UX CHMMETDHS, BO3MOXKHO, €ule OTpaKaer
NepBUYHLIA MexaHusMm penpoAykuuu oxHouenoueynnix PHK, npu ko-
TOPOM IJIIOC- H MHHYC-IeNd OJUHAKORO BaXKHLL 3Ta CHMMETPHSI Hau-
6osiee OueRMAHAZ Ha YPOBHe BTOPUUHOH CTPYKTYpb (A), XxoTs OHa
NPOABJAETCS TaKXe Ha YPORHe TpeTmuHodi CTPyKTyphl (5) (us [46]).
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Puc. 15. Mogenb «userka» AJ8 CIHTEIMAHOBCKOTO MHAH-BapHaHTa
PHK dara Qg (usoc-uens). TpeGoraHHA CHMMETDHH MEHEE BaIKHbI
B TeX c¢llyd4adx, KOrga HH¢opMalus oTobpa)kaeTcs B TeHOTHNAX,
KOTOpble ROCIPOU3BOJATCS MNOCPEACTBOM CTaHAAPTHHIX MEXaHU3MOB
nosumepusauun. Munu-papuant dara Qg OTOGDaR UCKAIOUUTENHO
no ceoefl deHoTHRHYECKOH HHGPOPMAIMH — O KPUTEPHUIO ONTHMAJb-
HOCTH CTPYKTYPH AJiA y3HaBaHUA (epMeHToM Qg-penjumkasoil. dto
CBONCTBO [MOJ/KHO HAacJeNOBaTbCA Kaxk NJKOC-, TaK M MHUHYC-UENLIO.
CumMMeTpusl CTPYKTYPHl CTAHOBHTCA nauGoliee OYEBHLHON B MOLEJM
«1IBETKa», XOTS 3Ta KOHOHUrypauus, NO-BHAUMOMY, He XapakTepHa
LSSl aKTHBHOA MOJEKY/bl B eCTeCTBCHHHIX YCJIOBHsIX. B cooTer-
CTBMH ¢ MEXaHU3MOM DPENJHKalUMH OJHOLENOYEYHBIX  MOJEKYJ
(puc. 11) npemMymecTBO J0J/KHA, NO-BHAMMOMY, HMETb MOJeJb,
npejnosaraionas HemejsieHHOe CKJaJblBaHHe nenu BO BpPeMs e>
cunTesa {27].
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HMeJO MeCTO ONTHMaldbHoe GYHKUHOHUpOBaHHe. 3Ty
CHMMETPHIO MOXHO 00uapyxuth #a ypoBie PHK-conep-
)Kamux ¢aros, oco6eHHO 1] BapHAaHTOB, KOTOpble OTO-
OpaHbl Mo CBOHCTBY MaKCHMa/lbHON 3¢()(EeKTHBHOCTH NpH
pemnukan#y in vitro B He HecyT HHKako#i JIHUIHEH
reHetHuyeckoll Hadopmauun (pHe. 15).

1V.5. Heo6x0nuMOCTh BO3SHHKHOBEHHS THISPIMKIOB

Leas sto#t pa6oTel COCTOHT B TOM, YTOGH MOKa3aTh,
BO-TEPBHIX, 4YTO CKA4YOK B MOJIEKYJSPHOH# 3BOJIONHH,
no-sHHMOMYy, OB BHI3BaH HHTerpanHel HECKOMBKHX
CaMOBOCIPOH3BOASUIHXCS eLHHHI B KOOINEPaTHBHYIO CH-
CTeMy, H, BO-BTOPHIX, YTO MEXaHH3M, CIOCOOHHEIA obecne-
YUTh TaKyl0 HHTerpanuio, MOT NPHHAaAJeXaTb TOJNBKO K
KAaccy THIepUHKNOB. K 3ToMy BHIBOLY MOXHO MNpPHATH
IyTeM CleyIOUIHX pacCyXKAeHHH.

HUndopManuoHHOe copepkaHHE TNepBHIX pPeNpoayK-
THBHBIX €JHHHN OBLJIO OrPaHHYEHO Vmax < 100 HykJeo-
THRaMH. {1 DOCTpoeHHs CHCTeMH TpaHCASUHH Tpe6o-
BaJIOCh HECKOJIbKO TAaKHX eNHHHI, HMEIOUIHX CXOLHBIEe
GYHKUHH, HO pasHble CHeUHOHYHOCTH. YKa3zaHHas CH-
cTeMa MoOrJla BO3HHKHYTh H3 OJHOTO KBa3HBHAA, HO
SKBHBAJICHTHbIE NAapTHEPHl AOJKHH OBUIH 3BOJIONHOHH-
pOBaTh OJHOBpPEMEHHO. 3TOr0 HEJMb3s GBbLIO NOCTHYL HH
NOCPEICTBOM COUJIEHEHHSI HX B OAHY CaMOBOCNPOH3BONS-
mylocs eauHuuy OoJapliero pasmepa (H3-3a mnopora
owin60K), HH MyTeM KOMNapTMeHTalHH (H3-3a CHJBHOH
KOHKYPEHIHH MeXJy 3KBHBAJCHTHbIMH CaMOBOCIPOH3BO-
DAUIAMHCS eJHHHIAMH BHYTPH koMnaptmenta). Heol-
xoguMo Outo ofpa3oBanne (QYHKNHOHAJBHEIX CBS3eH
MeXAY BCEMH CaMOBOCHpPOH3BOASUINMHCA €IHHHIAMH,
HMEOUIUMH CAelYIollHe CBOHCTBA:

1. CBs3b NOMKHA BCe-TakH NONMYCKATh KOHKYPEHIHIO
KaxJI0H# CaMOBOCHPOH3BOASUICHCH eNHHHNH C ee OLIH-
GOYHBIMH KONHSMH — HHaYe 3TH EAHHHIH He CMOTJH
68l cOXpaHsATh CBOIO HH(MOPMANHIO.

2. CBsI3b NOJKHA «BBIKJII0Y9AaThb» KOHKYPCHIHIO MEXIY
TEMH CaMOBOCTPOH3BONAUIMMHCS €NHHHNAMH, KOTOpBIe
HHTErPHPYIOTCS B HOBYKW (PYHKIHOHAJIBHYIO CHCTEMY, H
JIOTIYCKATb HX KOONEepanHio.
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3. UurerpupoBaHHast  GyHKUHOHANbHAS  CHCTeMa
AOMKHA OHITH CNOCOOHOH yCNeUIHO KOHKYpHPOBAaTh C

Tabauya 4
OcHoBHble 3TaNbl HAKOMIEHUS HHDOPMANMH
B JAPBHHOBCKHX CHCTEMax
BepositHocts  IIpeBocxon- MakcuMansHoe
omH6KH Ha  CTBO, aucio GyKs, Monerynspauf MexannaMm u
6ykey, 1-G,, O, ¥ max 6uonornyeckufi npuMep
5.10-2 2 14 Penaukauns PHK 8 oreyt-
20 60 cTBHe (epMEHTOB 1)
200 106 [MpeamecTBeHANR TPHK,
v =280
5.10— 2 1386 Pensugauus  ogHouenoged-
20 5991 vofi PHK ¢ mnomompio
200 10 597 Cleun(PULecKUX  pelliuKas
®ar Qg, v = 4500 .
1-10—¢ 2 0,7 108 Pemaukanus JHK ¢ mo-
20 3,0- 108 MOIIBIO NOJMMEPas, BKJIO-
200 5,3 - 108 4as KOPPEKUHMIO 9SK30HYK-
Jieasofi
E coli, v =4-108
1-10—° 2 0,7.10° Pennukauus # pekomGuua-
20 3,0-10° uua JJHK » syxapuorn-
200 53-10° 4eCKHUX KJeTKax
[To3BoHOUYHKIE (genoBex),
v = 3-10°

) Y6enutennHniXx pagnsix O HeKataauaupyemofi penaunkaunr PHK moka
HE TOMyYeHO, 0AHAKO HPH KAaTa/lH3e HA WOBEPXHOCTAX HJIN MPH KaTa/u3e npo-
TeHHOHaMH, KoTopule He 6niid cnenugHYeckd agantTHpoBaHu (upes (Pokca).
BEPOSITHOCTH OWHOGKH MOTYT COOTBETCTBOBATh NPHUBEAEHHWM 3UAUEHHSIM.

no6oit npyroft, MeHee 3pdekTHBHOH cHCTeMOH HIH elH-
HHnel. :

3TH TPH YCJIOBHS MOMHO BBINOJHHTH TOJMBKO NyTeM
YCTAHOBJIGHHS! NHKJIHYeCKOH CBSi3H MeEXAy C€aMOBOCHpO-
H3BOASIUIHMHCS eJHHHNAMH — JPYIHMH cJOBaMH, (yHK-
HHOHAJIbYAS CBSI3b MeXJy aBTOHOMHBIMH CaMOBOCIPOH3-
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BOASUINMHCS eNHHHIAMH caMa JOJIXKHA HMeTb CaMOYCH-
JHBAOUIYIOCS UHKJHUECKYIO NpPHPOAY — HHaye HX CyM-
MapHoe HHPOpPMANHOHHOE CONepIKaHHEe He CMOXKeT
coxpaHsTbesi. MTak, TrHIepuHKMHYecKass OpraHH3anHs,
NO-BHAKMOMY, siBJsieTCt HeOOXOLHMOR NpelNnOCHJKOM
INst HYKJIeallHH HHTerpHPOBAHHBIX CaMOBOCIPOH3BOAS-
IHXCA CHCTeM ¢ OO/MbLIHM HHPOPMAUHOHHHIM cojepiKa-
HHeM, ueM Tpe6GoBaJoCh A8 BO3HHKHOBEHHS TPaHC/IA-
uHH. 3TO yTBepXKJeHHe CJelyeT H3 TOro, 4T0 OyHeT
NOKAa3aHO B MOC/JENYIOUUX pa3fetax NpH GoJsee neTanb:
HOM aHaJlu3e CHCTEeM CO CBSI3SIMH.

Ecau nac cnpocar, 8 wem COCTOUT OCOBEHHOCTL 2u-
nepyukaos, met orserum: «OHU ARBAAIOTCH AHAAO2AMU
dapsunosckux cucrem na caedymouen, 6osee 86L.COKOM
yposue opeanuszayuuy. [apsunosckoe nosedewue — 310
ocnosa 0asn zenepuposanusn ungpopmayuu. Ezo npedno-
CHLAKOL ABAAETCA UHTEZPAYUS CAMOBOCNPOUIBO0AUUXCA
CUMB0A08 8 camosocnpousdsodsuuecs eOunuysl, cnocob-
Hole npedoxpanate cebs oT naxkonaenus owubok. To e
Tpebosanue COXPAHAECTCA OAA UHTezpayul CamoB80CHPO-
u3800AUUXCA U CEAEKTUBHO YCTOLuuBLLX e0UHUYy 8
caedyroyyro, 0Ooaee BbICOKYO opmy Opeanusdayul,
4TO6bL 8 PE3YALTATE CHOBA BO3HUKAO CEAEKTUBHO YCTOL-
yusoe nosedenue. TOAbKO YUKAUYECKAS CBA3b — IKBU-
BAAEHT QABTOKATAAUTUHECKO20 YCUACHUS HA OQHHOM
yposue (cm. pasd. ll) — cnocobua npusectu Kk 3TOL
yeau.

Pesyabrater pasp. IV cyMmupoBaHsl B Taba, 4,
HIMIOCTPHPYIOIEH OCHOBHHIE 3TaNbl HAaKONMJAeHHS HHOD-
ManHH B NAapBHHOBCKHX CHCTEMAaX, KOTOPHIM CHOCOGCTBO-
BAaJIH pa3/HuHble B OTHOLIEGHHH HAKONJEHHS MeXaHH3MBI
BOCNpOH3BelleHHA. IJTa TalblHuna OKaxercs NOJe3HOH
ISt OOCYXIeHHS MOJeJH HempepHBHOH 3BOJIIOUHH OT
OTAEABHBIX MOJEKYJ A0 HHTErpHPOBAHHBIX KJETOUHHIX
cHCTeM, KOTopas paccMaTpHBaeTcs B 4yacta B,



YACTb b
ABCTPAKTHBIM THNEPILHKJI

Jlns XapaKTepHCTHKH OIpeneJeHHOr0 KJjacca camo-
PeMJIHIHPYIOUIHXCSt  ceTefl  peaKnHH — rHNepuHuKJ/OB —
HCNOJB3YIOTCS TOMOJIOTHUECKHE MeTOAH. Pe3yabTaTH
NOKa3hBAIOT, YTO CBOHCTBA THNEPHHK/IOB JOCTATOUHH
IS cTabGHJIBHOTO VHTerpHpoBaHHst HHQOpManHH, cOxep-
JKaulefics B HECKOJIbKHX CaMOPEIVIHIHPYIOUIHXCS eNHHH-
nax. Cpenn HCCAeNOBAHHBIX KaTaJHTHUYECKHX ceTel
rHNepUHKIHUeCKass OpraHH3anHs OKashBaercst Heobxo-
JHMOH TpPeANoOCHJIKOR A/ COXpaHeHHS YCTOHYHBOCTH
nHopManuu M JJI YCKODEHHsi ee AaJibHelllefi 3BOJIO-
n#H. Merojhl, HCONB30BaHHbIE B 3TOH paboTe, NPHBHY-
HBle IS MaTeMaTHKOB, H3JIOKeHHl 31eCh JOBOJBLHO MOJA-
po6HO, ¢ TeM 4TOOBl JIOTHKA paccyXaeHHS ObJa NOHSAT-
Ha ¥ HeMaTeMaTHKaM.

V. KonkpetHblii npumep

B yactu A »>5TOo#i TPHJIOrHH O THIEPHHKIAX MH
NPHUIH K HEKOTOPHIM BaXXHBIM BBIBOAAaM 06 0coBeHHO-
CTX JAPBHHOBCKHX CHCTEM Ha MOJIEKY/NSIDHOM YpOBHe.

1. O6bekToM OTGOpa H 9BOJIONHH SIBJASETCS KBa3H-
BHJ — pacnpeneneHHe (reHOTHNHYECKH) GJH3KOPOACT-
BEHHHIX pPelVIHKaTHBHBIX eAHHHI, CrPYINHPOBAHHBIX
BOKDYT KONHH (HJIH BBIPOXKJEHHOTO MHOXECTBa KOMHH),
COOTBeTCTBYMOUIeH (GeHOTHNY ¢ MaKCHMAaJNbHOH CeleKTHB-
HOH IIEHHOCThIO.

2. MudopmannoHnoe cojpepKaHne 3TOR NOMHHHPYIO-
Ilefi KONHH — BHIpaXKeHHOe B YHCJe CHMBOJIOB W
(HYK/JIeOTHIOB) Ha OJHY PEIVIHKATHBHYIO eIHHHny —

Ino,,
OTrpaHHYeHO: vm<—qu—, rane om(>1) — npeBocxon-
m
CTBO JOMHHHDYIOUIEH#l KONHH, T. €. CPelHee CeJeKTHBHOe
NpeuMyLIecTBO HajJ BHIAMH OCTAJbHOM 4acTH pacnpeje-
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JIeHHS, §m — CPelHee Ka4eCTBO KONHPOBaHHsSI CHMBOJA.
[pesnienne 3T0ro0 nmopora HHHOPManHOHHOTO colepIKa-
HHS BHI3HBaeT KatacTtpody omHOOK, T. e. pacnaa uHdop-
ManHH H3-3a NOCTOSIHHOIO, HAKOMJIEHHST OLIHOOK.

3. 1151 NOCTHXKeHHst ycTOHYHBOTO HHQMOPMAanHOHHOTO
COJlepKaHHs TNOpPSJIKa HECKOJbKHX THCSY HYKJIEeOTHIOB
TpefyeTrca KpaliHe cJOXKHHHA annapat (epMeHTAaTHBHOH
pennukanun. Takoro Ko/JHuecTBAa HYKJEOTHAOB Kak pa3s
JLOCTATOYHO, UTOOH 3aKOJHPOBAThH HECKOJbKO OeTKOBHX
MOJIeKYJNl, Kak y HblHe cyuecTByomnx PHK-cogepxauux
daro. dusnueckHe CcBOHCTBA, BHYTPEHHE IpHCYLIHE
HYK/JMEHHOBBHIM KHCJIOTAaM, RONYCKAlOT BOCIPOH3BOLHMOE
HaKOIIeHHe HHGOpPManHH B KOJNHYECTBE, He MPeBOCXO-
Asiem 50—100 HYKJIEOTHIOB.

Tocnennee u3 3THX Tpex YTBEPXKIAEHH! He sSBJIsSeTCS
6ecCropHBIM, ec/IH yuecTb, YTO HAJH4YHE ONpele]eHHHX
$aKTOPOB cpenabl, HalpuMep KAaTaJHTHYECKHX MOBEPXHO-
crefi HJIM Jaxe O6eJKOBOMOJOOHHIX MNpeJliecTBeHHHKOB
depMenToB [47], MOXKeT 3HAUHTENBHO CMECTHTb 9TH
oueHKH. B peficTBHTEe/bHOCTH NpPHBEJEHHBIE BHIIE 3HA-
4YeHHst OHJIM NOJy4YeHH H3 pPaBHOBeCHHX JaHHHX, a
HMEHHO H3 CcBOGOAHBIX 9HeprHii g (KOOMepaTHBHHIX)
KOMIUIEMEHTapHHX B3aHMOJCHACTBHA HYKJICOTHAOB O
CPABHEHHIO ¢ HeKOMIUleMeHTapHbIMH. TeM He MeHee MBI
BCe XK€ CYHTaeM, UYTO OHH TNPEACTaBJSIOT co0OH Bepx-
HHe TNpenefbl, KOTOpHE B NPHPOJAE MOTYT NOCTHIaThCs
TOJIBKO B NPHCYTCTBHH NMOJXOASUIHX KaTa/JH3aTOPOB HJW
fiyTeM OTXHra, Jla6opaTopHHE SKCIEPHMEHTHI C MOJHMe-
pH3anHel Ha MAaTpPpUnax B OTCYTCTBHe (QepMeHTOB HaloT
3HAYHTeJbHO MeHbuine 3HaueHH. C Apyrofi CTOPOHH,
KaTa/H3aTOpHl, HMeIoUIHecss B cpelie, He MOryT obecne-
YUTh TOYHOCTb pacno3HaBaHHS CHMBOJIOB, MpeBHILA0-
LIYIO DaBHOBECHYIO, ecJIH TOJNBKO OHH CaMH He CTaHo-
BATCS YaCThIO CEMEKTHBHO ONTUMU3HDYIOLIEACS CHCTEMBI,
Jna cucremartnueckoro 671aronpHATCTBOBAHHS B3aHMO-
neficTBUaM, AalOWAM (YHKIHOHAJNbHBIC NpeHMYUIecTBa
nepen B3aHMOJEHCTBHAMH, He NAIOUIHMH TaKHX NpPEHMY-
LeCTB, HE CYIIEeCTBYET ApYyroro nyTH, KpoMe NO3TAMHOM ce-
JIeKTHBHOH onTHMH3anud. ParoBble TeHOMHEl MOTVIH 3BO-
JIOIHOHHPOBATh B (hopMe ofHolenoueyHbx Mosaekys PHK
TONBKO TOTOMY, 4TO KJ/IeTKa-XO35MH INpejocTaBisia
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COBepIIeHHH} annapaT penJauKande H TPaHCASyUH.
3TO NOCTKJIETOYHBE, a He HOKJETOYHHle NPOAYKTH 3BO-
monud. Heuto nomo6Guoe BennunHe HHGDOPMANHOHHOTO
COJEepKaHHST TeHOMa TaKHX BHPYCOB, a HMEHHO BOCIPO-
u3BOJHMas HHpopManHus AAs Habopa QepMeHTOB, U3
KOTOPHX MOr' 6Bl BO3HHKHYTb MNPHMHTHBHHIH amnmapar
TpaHC/ASAIHA,— 9TO KakK pa3 TO, 4TO, BeposiTHO, TpefoBa-
Joch B Hadale 3BoJionHR TpaHcasuuu. VTak, BaKHbIH
BHIBOJI, BHITEKAIOUIHH H3 4acTH A, COCTOHT B clelyio-
meum. [Jast 3apoxneHust TpaHCIAUHH TpebyeTcst HHTerpa-
UM HECKOJbKHX DEMIHKATHBHHIX €JHHHI B KOONepaTHB-
HYIO CHCTeMY, YTOOH O0ecneuydTh NOCTATOUHOE KOJHYECT-
BO HHOpManHH A5 NOCTPOEHHS annapaTta TpaHCASIHH
B pennukapuu. ToJNBKO Takofi o0benHHEHHHIH anmapar
cnocobeH TNPHBECTH K JaJjbHefilieMy BO3pacTaHHIO TOu-
HOCTH H, CJeJOBaTEJNbHO, K YBEJHYeHHIO HHpOpManHOH-
HOTO COJiepKaHHus.

Kak MOXeT NPOHCXOAHTb HHTErpands KOHKYPHPYIO-
HIEX MOJIeKYJ, KOTOpas He CBOJHTCH K HX OGBbeJHHEHHIO
B OAHY GOJBIIYIO PelTHKATHBHYIO eJHHHIY — Mpoleccy,
3alpeuleHHOMY HaJIHuHeM NMOPOTOBOTO COOTHOUIGHHS AJSt
Vmax? (OTMETHM, uTO HHTErpHUpyOUIHeCH eNHHHIBI
HNOJXHB OCTaBATbCS B KOHKYPEHTHBIX OTHOUIEHHSX CO
CBOHMH MYTaHTaMH, uyTOOH 3BOJIONHOHHPOBATH JaJblle
H He MOTepsTb CBOW ChHenHpHUeCKyw HHPOPMALHIO.)
PaccMOTpHM KPaTKO TPH BO3MOXHBIE aJIbTePHATHBH:

1. Cocyujecrsosanue. YcToflunBas B3aHMHast. ToJe-
PAHTHOCTb CAaMOPENIHIHPYIOMWHXCSA €NHHHI B OTCYTCTBHE
CTabHIH3HPYIOHX B3aHMONEHACTBHH BO3MOXHA TOJBKO
JJ1sT HHIUBHJOB, NPHHALJICKAIHX K OLHOMY H TOMY XKe
KBasuBuay. KBa3HBHIOBOe pacnpejefnesne MOIMIO Onl
ofecneyurs G6MaroNpUSTHHE HayadbHBIE YCJIOBHS JIJs
3BOJIIOIINH KOOMEpPaTHBHOH CHCTEMBl, OIHAKO OHO He
cnoco6CTBYeT 3BOJMIOUHH  (YHKIHOHAJMBHBIX  CBOHCTB.
CBsi3b, cTaOnMH3HpYWOUIAsi KBas3HBHA, AHKTYeTCd JHUIb
FeHOTHUNMHYECKHMH  OTHOUIEHHSIMH  POACTBA, KOTOpHie
OOBIYHO HE COBNAfAT ¢ (QYHKIHOHAJNBHEIMH NOTPe6HO-
crsiMmu. HeobGxonuM HaOG0p CeIeKTHBHO 3KBHBAJEHTHBIX
TeHOTHINOB, NOMOJHSIOMMX APYr ApPYra Ha (exoTunuye-
ckom ypoBHe. PacnpenefeHHss KBasHBHIOB He yJ0BJe-
TBOPSIIOT 3THM CEJNIEKIHOHHBIM KPHTEPHSIM.
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2. Komnaprmenrayus. 3akjaoueHHe JAPBHHOBCKOM
CHCTEMBl B KOMIIADTMEHT (OTCEK) TOXe He pelwaer 3Ty
npobaeMy. TI'/JaBHWM CJeACTBHEM KOMNAapTMEHTAUHH
AABJSIETCS YCHJCHHE KOHKYPEHUMH BCNENCTBHE OrpaHHYe-
HHSt XH3HEHHOro MNpPOCTpPaHCTBAa H TNOCTYNJEHHS MHTa-
TeabHbIx BemiectB. CJaeoBaTeqbHO, KOMIAPTMEHTANHS
OyneT ToabKO eule GoJiee cTaGHIH3APOBATh JaHHHH KBa-
3UBH], HMEIOUINH ceseKTHBHOE NpeUMyUIecTBO, a He CIo-
COOCTBOBATh  3JBOJIOIHH 5KBHBAJEHTHHX NapTHEpPOB
COTJ1acHO (YHKIHOHAJBHBIM KPHTEpHSM, 4TO Tpebyer re-
HOTHNHYECKOH AHBEpPreHIHH KOONepHUPYIOUIHXCH MapTHe-
pos. Oanako KOMNAapTMeHTAlUHs MOXeT JAaThb NpeHMY-
LeCTBO CHCTeMe, B KOTOpOH yxKe ycTaHOBHJIAch YcToM-
uHBasi KOOMepauHus uyepe3 (YHKNUOHATbHBIE CBA3U (CM,
yactb B). Dosee c/oXHBle KOMIApTMEHTH THMA COBpe-
MEHHBIX JKHBHIX KJETOK, COlepKallllX TOAbKO OAHY (HJH
HEeCKOJIbKO) KOMHH pensiHKaTHBHOHA cyObeHHHIB BMecTe
¢ anmnapaToM BOCIPOH3BeJeHHs BCero KOMNapTMeHTa,
TpeOGyIOT, KOHEUHO, 4TOGB CcpejHee KadecTBO KONMHpPOBa-
HHS CHMBOJ4 {§m COTJIACOBHIBAJOCH C CYMMapHBIM
HH(OPMAIHOHHBIM COJEpKaHHEM B COOTBETCTBHH C ¢op-
MyJOH IS Vmax. JPyruMu cjoBaMH, OHH NOJABEPKEHH
TaKHM JXe OrpaHHYeHHSAM, uTO H CHcTeMa, TIje Bce
cy6beanHHnN 06belHHEHN B OJHY AJHHHYIO LelNb.

3. Dynxyuonanrsroe cesa3u. OT60p PYHKIHOHAJIBHO
KOOTIEPHPYIOUIHXCS NMAapTHEPOB . MOXKET COBeplIaThes
yepe3 GYHKIHOHAABHBIE CBA3H, KOTOpbie JAalT nubo
B3aHMHOE KaTa/JUTHUECKOEe YCHJeHHE BOCIPOH3BEJEHHS,
An60 cTpykTypHyW crabuansaunio. boaee nompoGuoe
H3yyeHHe TakKHX CBs3efi H fIBAseTCA OCHOBHOH IeJbIO
sTo#l paGoTHI.

[Tomoxem cnoBa Haulefi HATyruuH — obCyauM apy-
rodl BapHAaHT MalUHHHOM HIpH, pacCMOTpEHHOH B
uyacTd A.

B nepBo#f yacTH urpH neab cocrosina B TOM, YTOOH!
NnoKa3aTh HeOOXOJHMOCTb COOTBETCTBHSI KauecTBa BOC-
NPOH3BEJCHHS CHMBOJOB HH(POPMALHOHHOMY COJAepKa-
HHIO, TOTO MNpPENJOXKEHHA, KOTOpOe JOJKHO BOCIPOH3BO-
zutbes. Temepb, BO BTOPON uacTH, MBI AOMYCTHM, 4TO
BeJIHYHHA cpefiHero dakTopa KauyecTBa §, HeJOCTaTOuHa
Anst CTaBGHABHOTO BOCIPOH3BEJEHHS BCETo NPejJioXeHHs
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- Tabauya 5
HMrpa, H306paxaoinas KOHKYpPeHIHIO
CEeJNIEKTHBHO 9KBHBAJIEHTHLIX PENJIHKATHBHBIX €JHHHI]

Llenpto MrpH fBJAfETCH COXDaHEHHe HMHPOPMAIHM HpEAJNOXKEHHS

Kaxpgoe cloBO cHMBOJMH3UDYET PeNJHKaTHBHYIO eiMHMUy. Bce croBa
HMEIOT PABHYIO CEJEKTHBHYIO iieHHOCTb. CeJIeKTHBHOe MpenMyIIEeCTBO
Ha 6ut paBHO 2,7. Kaxpnas GyKBa COCTOMT M3 NMATH ABOMYHLIX yudp.

BeposTHocTs -
S e wion, ST, Ctzener
-3 % ’ Q=g OUIHGKH, &
TAKE 3,156 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

[MockoNbKYy MeXAy CJOBaMM HeT CBf3HM, KaXJ1as Hrpa KOH-
yaercs oT6OpoM 00HO20 caosa. Bce cioBa ABIAIOTCA BLIPOXKIAEH-
HbIMM B OTHOWIEHMHM CBOMX CEJeKTHBHBIX [EHHOCTeH, MO3TOMY KaX-
IOoe M3 YeThipex CJIOB MMEeT paBHble [WAaHChl CTaTh «noGeIuTeneMs.
H3-3a Goabwoi cpeaneii BepostHocTH owH6KM (~2% Ha 6ur)
npefjoxenne B uegom (125 6ut) He ABJIAeTCA YCTOMYMBOH pervMKa-
THBHOH efnHMueH.

Huxke nepeuncnensl tunuyHble ucxofbl fecatn urp. Cmmson X
YKa3blBaeT, KaKoe CJOBO OTGMpaeTCs; MpH 3TOM BCe APYTHe 3JHMH-
Hupyotcs. Uncno ykasnbiBaeT reHepallmio, focjiie KOTOpoH ot6op 3a-
KaHYHBAETCS.

Hrpa TAKE ADVANTAGE OF MISTAKE Tenepauus

% 12
X 15
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Pacnpegenenne own6ok Aas oro6panHoro cnosa ADVANTAGE.
ko—e
k!
e = v(1 — 7) — oxupaemoe 3HayeHne OWHGKH B CloBe (v = 45 6uT).

(Own6kn oTHOCATCA K OXLHOM JBOMYHON umdpe. Kaxpgas He-
BepHass GyKBa OT/IMYaeTCs OT BepHOH TONBKO B OAHOM M3 CBOMX
OATH ABOMYHEIX LHDP.)

CrmJjlowHas amHuA 6au3ka X pacnpefesenuo [lyaccona » rhe

0 omu6ox 1 omu6Ka 2 omubKu 3 omu6KH
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 (opMe pensiMKaTHBHOH eNHHHIBI, HO JOCTaTOYHA IJ5I
KONHPOBAHHS MEHBUIHX eIHHHI| — TAKHX, KaK OTHe/b-
Hble ¢J0Ba. DTO COOTBETCTBYET €CTECTBEHHOH CHTYalHH
Ha paHHHX 3Talax >3BOJIIOIUH, Korja (H3HUECKHX B3aH-
MONeHCTBHH MeXAY HYKJGOTHIAaMH MOIJIO OKas3aTbCs
JNOCTAaTOYHO AAs 3BOJONHH cTabuabHeix TPHK-nono6-
HBIX MOJIEKYJ (= OTAEeJbHBIX CJIOB), HO OHH He JOMYyCKa-
JH TNOCTPOEHHS Jaxe MNpocTefiulero anmapara TpaHCAsl-
UMK (= Bcero ocMmbicaenHoro npepjoxenus). Coorser-
cTBeHHO nporpamma aas IBM cocrasasiercss Tak, 4ToOH
Kak pa3 MOIJIH BOCHPOH3BOAMTbCS OTHEJbHBIE CJIOBA;
NpH 3TOM HCIONB3YIOTCS TakHe BePOSATHOCTH OUIHGOK,
KOTOpHIE NO3BOJISIIOT H306eXaTb HAKOIJIEHHS MNOCAEeNHHX.
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TAKL KE KE TAKE
TAKL TAKE TAKE TAKE TAKE N TAXE TAKE TAKD
TAML TAKL TAKL TAKE TAKE TAKE TAKE TAKE TAKE TAKE “TAKR
TAKL TANL TAKL TAKE TAKE TAKE TAKE TAKE TAKB TAKR TAKR

AN TAME TAKL <TAML TAKE TAKE

»” TAKE TAKE TAKE

/// ; ///// ADVANTAGE
- ADVANTAGE ADVANTAGE ADVANTAGE ADVANTAGE

G1: AUVANTAGLE ADVANTAGLE ADVANTAGE ADVANTAGE ADVANTAGE ADVANTAGE
L ADVANTAGL ADVANTAGE ADVANTAGE ADVANTAGE ADVANTAGE ADVANTAGE Al
ADVANTAGL ADVANTAGL ADVANIAGE ADVANTAGE ADVANTAGE ADVANT,

<ADVANTAGE ADVANTAGE]
DVANTAGE ADVANTAGE ADVANTAGE ABVANTAI’J%
ADVANTAGE ADVANTAGE
ADVANTAGE ADVANTAGE!
- ANTAG|

“ADVANTAGE APVANTAGL ADVANTAGE ADVANTAGE ADVANTAGE ADVANTAGE ADVANTAGE
ADVANTACE ADVANTAGE WVANTAGL ADVANTAGE

e

OF
OF

OF

E
F OoF F

e

MIS MIS:
MISTAKE MISTAKE Ils{l(! MISTAKE

MISTAKE  MISTAKE  MISTAKE MISTAKE MISTAKE MISTAKE MISTAKE MISTAKE H}ST“E MISTARE  MISTAKE
MISTAKE  MISTAKE  MISTAKE MISTAKE MISTAKE  MISTAKE MISTAKE  MISTAKE MISTAXE  MISTAER  MISTAKE,

e e

Puc. 16. Kaxnoe cnoso npeanoxenuss TAKE ADVANTAGE OF
Huny. MHbopMauns npefnoxeHns crabGHIN3HPYETCH THMEPUMKJIHA-
Ha jgmarpamme cootsercrByer 10 xomHAm B mamsitu DBM. Bce
MeHH; BpeM$fl H3MeHfeTCs AUCKPETHO BJOJb FOPH3OHTAJbLHON OCH.
6anud, nOpuueM OT CJNOBa K CJOBY COXpaHfeTcss omnpeleseHHbI
pex CJIOB YCTOMYMBO M OTHOCHTCS K TaKOMY e THOY, 4TO H

B nepBom BapHaHTe HTPHl MBI NMONLITaeMCS MOJYUYHTH
NpPOCTOe COCYLIECTBOBAHHE 4YeThlpex <¢si0B. Jlas 3Toro
NPHCBOHM BCEM TNDPaBHJABHBIM C408aM B NPENJOXKEHHH
OJHY H Ty e CeJIeKTHBHYIO [E€HHOCTb, TOTAa Kak ourub-
Ka B Ji060M cJjoBe OyneT nenaTh ero CyuUlecTBOBaHHe
MeHee BBITOJHBIM, UYeM MNPaBHJALHOIO CJOBA, YTO OTpa-
3HTCS B YMHOXEHHH CeJEKTHBHOH [EHHOCTH Ha ompeje-
JeHHH# Mpoxurens (Ha 6uT). Kak m npexne, cioBa
MOTYT BOCIPOH3BOAHTLCS, NMPHUYEM HX CYMMapHOe UYHCJO
ocraercs paBHbiM N. DTOT BapHaHT, OLHAKO, OTJAHYAETCH
OT NepBOHAYaJbHOH HIPH TEM, YTO TeNepb OTJAeJbHbe
cnoBa BeayT cebsi Kak He3aBHCHMBIE pelJHKaTHBHHE
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e T

TAKE
TAKE TAKE TAKE
/- KE TAKE TAKE TAKE TAKE TAKE
JAKE TAKE TAKE TAKE TAKE TAKE TAKE TAKE TAKY TAKE TAKD
TAKE TAKE TAKE TAKE TAKE TAKE TAKE TAKE TAKE TAKE TAKR
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MISTAKE  MISTAKE MISTAKE MISTAKE  MI1STAKE ISTAKE ~ MISTAKE  MISTAKE  MISTAKE  MISTAKE  MISTAKE

~MISTAKE  MISTAKE  MISTAKE MISTAKE MISTAKE MISTARE MISTAKE MISTAKE MISTAKE MISTAKE  M1STAKE
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MISTAKE npeacrasasier co60il CaMOBOCHPOM3BOAAINYIOCH efu-
YyecKOH CRASHIO MEXAY cJoBaMH. Kaxpoe HamewaTaHHOe CJOBO
CloBa B BEPTHKAJLHOM DALY OTHOCATCA K OQHOMY MOMEHTY Bpee
Tlocne HauaJbHOrO paBHOpAcrmpelesieHHs CJOB BO3HHKAKIT KOJee
casur no case, PacnpepeneHne OWHGOK A KaXKAOTO M3 YeThi-

B TabJ. b.

MISTAKE ~ MISTAKE  MISTAKE

enuniusl. Tabja. 5 mokasbiBaeT HEKOTOPHIE THIHYHBIE
pe3yabTaThl Takofi Hrpel. HecmoTps Ha TO 4r0o BCe
¢JioBa HMEIOT OJHY H TY € CeJEKTHBHYIO LEHHOCTb M
KOHKYPEHTOCNIOCOOHBl MO OTHOWEHHIO K CBOHM OUIHGOY-
HBIM KOMNHAM, TpelJoXKeHHe B LeJOM HeYCTOHYHBO.
KoHKypeHIHI0 MOXeT BBIHIPATh TOJBKO OAHO H3 YeThl-
pex C¢JOB, HO HHKAaK HeJb3sl [pencKa3aTh, Kakoe
- UMeHHO. DTy CUTYAUHIO MOXHO XapaKTepH30BaTb TaBTO-
JIOTHEH «BBIXKHBaHHE BHIXKHBaloUlero». Tepmun «naubonee
NpHCNOCcOoOIEHHbIH» HE XapakTepH3yeT 31eCh HHYero,
KPOMe CaMOro pesyJbTaTa COPEBHOBAHHS.
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B crnepyoouleM BapHaHTe HIpBl MH BBelleM (YHKIHO-
HAJBbHYIO CBSI3b MEXJy COCeIHHMH CJOB4aMH: JaHHOE
CIOBO KaTaJH3HPYeT BOCIPOH3BeJeHHe cJenyollero
cJIOBa, eclH NPH 3TOM 06pasyercss OCMBIC/JEHHas mocJje-
JIOBATeJbHOCTD

Cuna CBfI3H NPOMOPIHOHAJbHA YHCAEHHOCTH NOMYJASHH
KaTaau3atopa (T. e. YHCJAY KONMHH NAaHHOTO CJOBa B Ma-
mare DBM). [Ipyrumu cjoBamH, BOCIpOH3BeJeHHE YyCH-
JIHBaeTcs MO CJAelyIoUleMy KHHETHUEGCKOMY 3aKOHY:

kx, mn kx,+kxx_, nana i=2, 3, 4,

rje X; HJIH X;_|— COOTBETCTBYIOUIHE YHCJACHHOCTH MNOMYy-
Agpufl, B AaHHOM CJaydae monyasuuii B mamsata IBM.
PeaynbraToM 3TOro BapHaHTa HIrPHl OOBIYHO SIBJASIETCS
(HKcauHus mnocJenHero CJoBa B TNpeNJOXeHHH, T. e.
ciaoBa «mistake», B TO BpeMsa Kak Bce JApYyrHe CJOBa
«BeIMHpaioT». TonbKO B TOM CJjydyae, KOrpa cBsidb OTHO-
cuTeNbHO caaba H oNpejneseHHoe 3HauYeHHe R; BHOpaHO
JIOCTaTOuHO OOJIBIINM, COOTBETCTBYIOUlee caoBO (i) MO-
JKeT «BBITECHHTb» BCe JpYyTHe, T. €. NPOHCXOAHT OT6OP
NPOTHB (CYLIECTBEHHO) HE3aBHCHMBIX KOHKYPeHTOB. ToT
pe3yJbTaT, YTO NOCJeJiHee CJ0BO B NOCJEN0BaTe/bHOCTH
NnoJiyuaeT BCIO BHIOAY OT CBSI3H (KOrAa 4YjeHbl CBSI3H
npeo6aanaloT), Kaxercsd YAHBHTENbHBIM. MOXHO OHLIO
OBl OXHIATh, YTO CyHlecTByeT Mo KpaHHe# Mepe Kakas-
TO 06J1aCTh YCTOHUHBOCTH AJISi BCEro Npeasoxenus. J1o
BEPHO /5l ONpellesieHHO BeJHUYHHB YHCJIEHHOCTH MOMY-
JAIHHA, eCJH 3HAYCHHS KHHETHUECKHX NMapaMeTpoB pac-
N0JIaralTCss B OMNpPENeJeHHOM TNOpPSIAKE OTHOCHTEJbHO
NOJIOXKEHHS CJI0B B MocJenoBaTenbHocTH. Onnako uccie-
JoBaHHe ocoObiX Touek, mpoBenenHoe B pasa. VII, noka-
3bIBaeT, UYTO Jaxe MNPH 3THX CHENHaJbHBIX YCJAOBHAX
YHCJIGHHOCTb JIHUIb MNOCJCJAHEro uYjeHa B [eNnH OGyjer
pacTH MPoOMNOPIHOHANBHO CYMMAapHOH YHCJAEHHOCTH TOMNY-
JISIHH, YHCACHHOCTDb K€ BCeX JPYrHX 4JIEHOB CTAHOBHTCH
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CYH1eCTBEHHO MOCTOSIHHOH HE3aBHCHMO OT pa3MepoB CyM-
MapHo#t nonyasuuH. CiaeloBaTesbHO, B pacTymieil momy-
JSLIHH OTHOCHTe/NbHOE OOHJIHE MOCJEeAHEro uJjeHa pesko
H3MeHsieTCsl, MOKa BCS CHCTeMa CHOBa HE€ JOCTHTHET
06/1aCTH, rje YCTOHUYHBOCTb COXPAHSET TOJBKO YJeH C
BBICOKHM oOunaHeM. B mnpomecce wMoJsekyasspHoft 3BO-
JIOUHH YHCJEHHOCTH HHIHBHAOB OOCBIYHO HCIHITHBAIOT
HMEHHO TaKHe pe3kHe H3MEHEeHHS — OT OJHOH MyTaHT-
HO#i KomuH [0 oOulyTHMOH BeanuuHu (Oosee ueM)
10° konuii. Mrak, peaysabrar Hauieii HrpHl OKa3bIBAETCS
XapakTepHBIM JJisl peasbHBIX NPOLECCOB, NPOTEKAIOUIHX
B NpHpOJeE.

Tor ¢dakr, yTo sNHHeHHass CBsA3b — ecJH OHa BooOUle
paboTaeT — NepefnaeT BCe NPEHMYUIECTBO NOCAENHEMY
YjeHy INOCJEeNOBATENBLHOCTH, JaeT YeTKoe YKa3aHHe Ha
BO3MOXKHOe pellleHHe Npo6JeMbl: CBA3H AOJXKHH OO6pa-
30BHIBaTh 3aMKHYTHH UK

Advantage

Torna ycuaenHe, o6ycC/JOBJeHHOe CBf3bl0, Oyner mepe-
MeuaThCsi N0 KpYry depe3 Bce CJ0Ba B IOCJeA0BAaTE/b-
Hoctu. Hame npepJoxenne nHa camom jesne OBJIO BH-
6paHo TaK, YTO OHO aBTOMAaTHYECKH obecnedyHBaeT TaKoe
UHKJHYECKOe Ha/NOoXeHHe U3-3a CJoBa  «misfake».
[TockoabKy KaXjoe CJOBO $BJAsieTCsl KaTaJHTHYECKHM
UHKJIOM (T. e. camoOpelsiHuHpYIollefics elHHHUeH), Bcs
CHCTeMa NpejcTaBJsieT cOOO0f FHNeplHK/ BTOPOH CTeleHH
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B COOTBETCTBHH C OINpeje/ieHHeM, AaHHHM B 4acTH A,
Hcxon urpsl mpexcraBjeH Ha puc. 16. Bupro, 4TO Bee
yeThHpe CJ0Ba HMEIOT YCTOHUHBHIE CTallHOHAPHBIE YHC-
JIEHHOCTH, Ha KOTOphie HAJIOXeHbl MNepHOJNHUYECKHe Ba-
pranun, CeJieKTHBHBE LEHHOCTH Pa3/JHYHBIX C10B MOTYT
He OHITh OJHHAKOBBIMH — TaKasl CHTyauus AJs JoG6o#H
peanbHOH CHCTEMB OueHb MaJjoBeposiTHa. Jlasee, kax-
Jloe CJOBO MpejcTaBJaeHo cTaOHABHEIM paclipeliesieHHeM
mMyTantoB. EciH TonbKO Kakoe-HHOYZAb CJIOBO HE CTHpa-
ercs duiykryanuonHoft kaTacTpodod (koTopast CTaHO-
BHTCSl OueHb MAaJOBepOSTHOH NpPH JOCTATOYHO OGOJBLIOM
yHcsae KOMHE), UHCAEHHOCTH NONyJASUHA DpOLOJXKAIOT
BapbupoBaTb. [IpyrHMH cjoBaMH, HHPOpManHs BCero
NpelJ0oXKEHHS YCTOHUHBA.

VI. O6mas kaaccupukauus JMHAMHU4YeCKNX
CHCTEM

VI1.1. Onpenenenns

B caenyouiHx pasfenax MH 3afimemcst 60jiee CTPOrHM
MaTeMaTHYeCKHM aHaJH30M JHHAMHYECKHX CHCTeM, OCO-
6eHHO TAKHX, KOTOPHE BAaXHH C TOUKH 3peHHS JOKJe-
TouHO# camoopranuszanud. UToOb onpenesuTh, Kakue
HMEHHO CHCTEMBI BaXXHBI, MBl JOJIKHBI 00caenoBaTh pas-
JHUHBEIE KJAACCHl CeTefl peakuufl, HEUHKJAHUYECKHX u
IHKJIHUECKHX. OBOJIOIHOHHBIE TNPOUECCH MOTYT OHITh
(eHOMEHOJIOTHUECKH OMNHCAHB ¢ NOMOUIBIO CHCTeM HH(-
(epeHnHANbHEIX ypaBHeHHH, Kak OBJIO MOKa3aHO Ha
KoHKpeTHOM npuMepe B yacT® A. Torna tepMHuH «JHHAa-
MHUecKas cHCTeMa» OyneT OTHOCHTBbCA K NOJIHOMY MHOTO-
o6pa3Hi0 BCeX HHTETpPaJbHBIX KPHUBHX (pemieHuil) naH-
HOH cHcTeMH AH(GbepeHIHANbHBIX ypaBHEHHH.

PaccmotpuM o0u1yl0 AHHAMHUYECKYHO CHCTEMY, KOTO-
past onuceiBaeTcst n 0OBIKHOBEHHBIMH aBTOHOMHBIMH JH(-
(epennHaibHEIME YPaBHEHHSIMH NEPBOrO MOPSAKA:

dx; .
E=h=A o K Ry e, ks B (30)

i=1,2,..., n
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B nanbuefinmieM MBI pacnpoCcTpaHHM Hall aHAJH3 H
HAa HEKOTOPhle HEAaBTOHOMHBIE CHCTEMBI, JJS KOTOPHX
A=A (D). _

Kak n mpexne, x;— 3To NONy/sAnHOHHBE NepeMeH-
HHlE, KOTOpble 06bIYHO 6YAYyT OTHOCHTBCS K CaMOpeIiH-
UMDYIOUIHMCS MAaKPOMOJeKyAsspHBIM aHcaM6asM. KoH-
cTauTel k; (i=1, 2, ..., m) HrpawT poJb MapaMeTpoB
B MOTyT OBITb COCTaBJIEHBI M3 KOHCTAaHT CKOpOCTel 3Jje-
MEHTApHBIX NpONECCOB, KOHCTAHT paBHOBecHsa AJa olpa-
THMEIX CTajH# ¢ OHICTPO yCTaHaBJHBAIOUIHMCA paBHOBe-
cHeM H H3 KOH{eHTpPalHH TakHX MoJeKyJ, KOoTophie
cAyXaT (BBICOKOIHEpPreTHUECKHM) CTPOHTEJNbHBIM MaTe-
pHAJOM A8 CHHTE3a MAaKpOMOJIeKYJ — IpPH JAONYUIEHHH,
YTO 5TH KOHIEHTPAUHH NOANEPKHBAIOTCH NOCTOSHHBIMH
H, CAenOoBaTeJAbHO, HX MOXHO CUHTAaTb He 3aBHCSUIHMH
or Bpemenn. O6a naGopa 3Ha4eHHH ¥ H kB MOXHO mpel-
CTaBHTb B BHJ€ BEKTOP-CTOJIOIIOB B NpPOCTPAHCTBE KOH-
NeHTPanHHd HJAH COOTBETCTBEHHO B NPOCTPAHCTBE Mapa-
MeTpPOB:

Xy [ )
X9 ko
X=1{" i k="
\ Xn km

BykBo#i B Mp o6o03nauaeM HauyaJbHBlE YCJAOBHA JAJAS
JnaHHOro Habopa HHTETPa/bHBIX KPHBBIX; B HaUleM CJay-
yae 3TH HauyaJbHBIE YCJOBHS SIBJASIOTCH HA60pOM HaYaNb-
HBIX KOHIIEHTpauHH Xo.

CornacHo mnpolenype, HCNOJb30BAHHOR B yacTH A,
MB DOoApasjenseM (YHKUHH A; HA TPH COCTaBJISIOUIHX:

A1=A1—Ai'—¢i. (31)

Besnuvab A; COCTOST H3 BCeX MOJOXHTENbHBIX BKJAANOB
B CKOPOCTH XHMHUYECKHX pPeaKUHH H NpeAcTaBJAMIOT coboi
«ycHJeHHEe» TEepPEeMEHHBIX X; B TO BpeMsl Kak A; BKJIO-
YalOT BCe OTpHIATENbHBE KHHETHUECKHE YJieHBl, 3KBHBA-
JIEHTHHE «Pa3JIOKEHHIO» MaKpOoMoJeKyaspHoro Buaa. Ha-
KOHel, $; — 3T0 MOTOK, KOTOPH MOXKeT 60 pa3baBaaTh
KOMIIOHEHT I, JH6O TMOAJEPKHBATh €ro KOHUEHTPAUHI)
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Ha [OCTOSHHOM YPOBHe B 3aBHCHMOCTH OT BHelI-
HHX OrpaHHYeHHHl, HaJOXeHHHIX Ha cHcTeMmy. Pas-
HOCTh A; — A; MOXeT OHTb Ha3BaHa ()YHKIHEH YHCTOTO
pocra I';, Jlas napBHHOBCKOH cHCTeMH (cM. yacth A)

I'; onpeneasercs kak W x; + > W;pXp H TPH CYMMH-
EEi

pOBaHHH NO BceM BHAaM k2 or | 10 n moayuaercs
BHIDaXKeHHe, NOA00HOe (YHKUHH H3OGHITOYHOTO poOCTA

n
E= Z Ekxk.
k=1

V1.2. HeorpanunueHHbli pocT

CHfITHe CeNeKIHOHHBIX OrpaHHYeHHH TNPHBOAHT K
HOBOH cHcTreMme AH(depeHUHANBHBIX YpaBHeHHH

xizri (X, k> B)> (32)
ONHCHIBAIOUIEfl CHTYalHIO, KOTOpasl BIpeab OyAeT Ha3H-
BATHCH «HEOTPAHHYEHHHIM DPOCTOM». DTa TEPMHHOJIOTHS
XapakTepH3yeT CHCTEMY B [1€J]I0M; HHJHBHJYAJbHbBIE YJe-
HBl MOTYT INIPH 3TOM pacnajaThcss HJAH HAXOAHTHCH B
CTAanHOHAPHOM COCTOSIHHH. ,

HonycTuM, 4TO MBI MOXeM npeiacraButb I'; B BHIe
MOJIHHOMA, MNepeMeHHble KOTOPOTO CYTh KOHIEHTpapHH
x; (TMOAMHOMOM MOXHO aNNpPOKCHMHPOBAThH TaKXe Hppa-
IHOHAJbHBIE BhIpAXKEHHs HJH OTHOLIEHHS MOJHHOMOB).
Torpa B I'; OGBIYHO MOXHO BHIAENHTh BeAyUIHE YjeHH,
KOTOpHle OynyT AOMHHHPOBAThb B OMNpejeseHHOH o6JacTH
konnenrpanuii. Kak npaBmio, 3TH BeiyllHe Y/J€HHl SB-
J4I0TC  TPOCTO OJHOYIEHAMH JaHHOH CTeleHH X,
OHH-TO H ONpelefslOT JHHAMHYECKOe MNOBEJEHHe CH-
CTEMHI.

Puc. 17! uanocTpHpyeT NpOCTOH caydait x = kxP.
CranpapTHHe pelieHHss OHIJIH HOPMHPOBAHH TaK, YTOOGH
x(0)=1n £(0)= 1. Kak yka3aHo B NIOANHCH K PHCYHKY,
BCe ceMeHCTBO HHTerpajbHEIX KPHBHIX MOXKHO pasje-

{ B moiAmncu X puc. 17 cofepXurcs omin6ka, 3aMeyeHHAs aBTO-
pamn panHo#t kumrm (Eigen M., Schuster P. 1979. Naturwissen-
schaften, 66, 512): na camom nene xpusas 4, aaa kKortopo#t I'(x)=
= e!~* He pasgenser o6nactm A m B. Oamako BHIBOAH aBTOpOR,
Kacamuuecs LOCTAaTOYHO GOJNbIIMX 3HaudeHHWH f, U BCe BHIBOAH, Clle-
NauHHE B TEKCTe, ocralTes B cuie. — ITpum. nepes.
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x(t)

t=t,

Puc. 17. PasinyHble THOBH pPOCTZ2 MOXHO OMHCAThL € MOMOLIBIO OMHO-<
uneHHHX (yHKumit pocra I'(x) = dx/df (nopmmpoBanumx k I =1
ux=1 npu £t =0). B obaactu A Her OyHKuMii pocra, KOTOpHE
MOryT OHITh NpeiCTaBJeHH MPOCTHM OAHOWIeHom [ = x°. B aroit
obnacTu BCe YHCJeHHOCTH monmyasumil x(f) ocTaloTCs KOHEUHbIMH NPH
t > co. [lorpannunas xpuas Mexny o6GnactamMm A m B sanaertcs
odynkume#t pocra I'(x) = et'=® (xpuBas 4). Obaacrs B upencrap-
JNeHa BCeMHM OpnHouwleHamu [ (x)= xP, roe —oo<<p << l. Kpu-
pas | — npumep noctosHHOH ckopoctn pocta (p = 0). Dkcnonen-
uManpbHoMy pocty (p = 1) coorTBercTByeT HOrpaHMuHas Kpusasi 2
Mexay o6aactsivu B u C. B T0 BpeMs kak B oGaactu B umcien-
HOCTH momyJasiuufi HOCTHraloT GeCKOHEYHOCTH TOMBLKO dYepe3 6ecKo-
HeyHOe Bpemsi, B 06Jactu C OHHM MMEIOT CHHTYJISPHOCTH B KOHeuHble
moMeHTH Bpemenn. Kpmpas 3, Hanpumep, cootBercTByer rHmep6o-
nuyeckomy pocty (p = 2, cuHryaspHocts npu =t = l).
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JHTb Ha TPH KJacca, paclosararmouuxcs B pa3HBIX 06-
JacTX JHarpaMMbl KOHIeHTpalus — Bpemsi. Paccmor-
PHM TpH THNHYHBIX CJAyuasl, KOTOPble NpPeACTaBJASIOT AJs
Hac oco6ulfl uHTepec (cM. Taba. 6).

1. KpuBast 1 xapakTepuayeT CHCTEMY C NOCTOSHHOH
(monoxurenbnoit) ckopoctbio pocra. [lonynsunonnas ne-
pemennas x () pacrer juHefiHO Bo BpeMeHH. DTa KpH-
Basi sBASETCA TakXe NPHMEpPOM ceMeHCTBAa KPHBBIX H3
obmactu B, kotoprie pactyT no GeckoHeyHOCTH 3a Oecko-
neynoe BpeMsi. OGHYHBIM NPHMEpPOM TaKOro PoAa MOXeT
CNAYXHTb peaknusi HeoOpaTHMoro o0pa3oBaHHsS Bewie-
CTBa NpH NOCTOSHHBIX KOHUEHTpAanHsAiX pearenta. Ecan
NOMNYJASIHHE CaMOBOCIPOH3BOASUINXCS BHIOB B 9KOJOTHYE-
CKHX HHUIIAX, MAOOHIBallHe NHUlYy H3 HE3aBHCHMBIX
HCTOYHHKOB, PAacTYT CO CKOPOCTBIO, COOTBETCTBYIOLLEH
NOCTOSIHHOMY TNPHTOKY NHTATEJbHBIX BEIIECTB HJH MOCTO-
SIHHOH CKOPOCTH HX 06pa30BaHHS, TO OHH TOXe SBJSIOT-
csl TIpHMepaMH CHCTeM, CKOPOCTb POCTA KOTOPHIX He 3a-
BHCHT OT Pa3MepoB MONYJSAIHH.

2. KpuBas 2 cooTBeTCTBYeT cJydasM, KOTJa CKOPOCTH
pocTa JHHeHHO 3aBHCAT OT MOMYJSUHOHHOH NepeMeHHOH,
H COOTBETCTBYET SKCIHOHEHIHAJbHOMY POCTY X B 3aBHCH-
MOCTH OT {, THIHYHOMY JJi JapBHHOBCKOT'O HOBeJEHHs
(sacts A). Kpome Toro, kxpuBasi 2 pasrpannuuBaer obJa-
ctt B u C, T. e. QyHKUHH, KOTOpHIE JOCTHMAIOT Gecko-
HEYHOCTH 3a OecKOHEUHOe H 33 KOHEYHOe BpeMsl COOT-
BETCTBEHHO.

3. Hakonen, kpuBast 3 npeicrasaser cob6oit mpumep
GYHKUHH ¢ CHHTYJSPHOCTBIO TIPH KOHEUHOM 3HAaYeHHH
sBpeMenH [fc = (kxo)~'].B sTOoM uyacTHOM cayuae npen-
NoJaraercsi, 4YTO CKOpPOCTb poOCTa [pPONOPUHOHANBbHA
KBaApaTy HOMYJSHOHHOH MepEeMEHHOH.

Bcio o6aacts C MOXHO 0XapaKTepH30BaTb KakK 006-
aacth «rHnepOosanieckoro pocras. KoweyHo, B nwo6om
peasbHOM H KOHEYHOM MHpe MOMYNSUHA He MOXKET pacTH
10 O6GeCKOHEYHOCTH — 3T0 O0OyCJ0BJEHO KOHEUHOCTBIO
umeromuxcess pecypcoB. OnHako cBOfCTBA, OT KOTOPHIX
3aBHCHUT CYLIECTBOBAHHE HIIOTETHYECKOH CHHIYJSPHOCTH,
6yAyT BCe-TaKH NPHBOAUTb K TMOBEJEHUI0, COBEPUIEHHO
He IHOXOXKEeMY Ha TO, ¢ 4eM Mbl CTaJKHBaeMcsl B NapBH-
HOBCKHX CHCTeMax,
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3necs MB MoxeM pxaTthb Oosiee ofuiee ompejeJseHHe
«cTeneHH» p QyHKuUHE pocTa, KOTOPOE OKaXKeTcs MoJes-
HBIM AJs knaccHpukauun. Kak u mpexpe, p; — cTenens
BeAyulero unenHa ¢yuknuu pocra I';. Torna n-mepnyio
NHHAMHYECKYI0 CHCTEMY MOXHO XapakTepH30BaTb MHO-

JXecTBoM 3HaueHHH p; (P, P2, ..., Pn). B TOM cayuae,
KOTJ1a CTeNeHH pP; ONHHAKOBHI:
Pr=pr= ... =Pa=Pp, (33)

MBI GyjeM Ha3blBaThb CHCTEMY «4HCTOH». B mnpoTHBHOM
cayyae MB HMeeM JeJio CO «CMelUIaHHBIMH» CHCTEMaMH,
KOTOphle MOXKHO KJNacCH(QHIHPOBATb B COOTBETCTBHH C
pacnpejeneHHsaMH Hx 3naueHn#l p; . O4eBHAHO, UTO «uH-
CTHIE€» CHCTEMBl HCCJeNOBAThb 3HAYHTENBHO JI€Tue, yeM
«CMeEIIaHHEBIEY.

VL.3. Orpanuuennstéi poct # 0T60p

B 1eACTBHTE/IBHOCTH MBI BCETJa HMEeM JgJO0 C CHCTe-
MaMH, POCT KOTOPHIX N0 TOH HJIH HHOH NPHYHHE OTPaHH-
ueH. [IpH 5KclepHMEHTANBHBIX HCCACAOBAHHSIX MBI JOJXK-
Hbl o6ecleyHTb BOCNPOH3BOAHMOCTL ycaoBHH. TlosTomy
HeoOxolHMO (OpPMAJN30BaTh 5TH YCJAOBHS H BKJIOUYHTD
HX B TeOPeTHUeCKOe pacCMOTpeHue.

B repMmoanHamuke He06PAaTHMBIX POLLECCOB MBI Mpe-
nouynx Obl BHOpaTh TakHe CeJeKIHOHHBIE OTpaHHYEHHS,
KOTopble oOnerdaroT TepMOJHHAMHYECKOE ONHCAHHE,
HanpHMep MOCTOsTHHBIE 06OOIICHHBIE CHABl HJIH MOCTOSH-
Hble OO6oOumeHHMe NOTOKY. MBI JO/KHB COrJacoBaTh
HX C YCJOBHSIMH oTOOpa H 3BOJIOIHH, KOTOpbie MOTYT
peanu3oBaTbess B npupofe. OrpanHuyeHHst ¢, HCNOJB3O-
BaHHHE B ypaBHeHHH (31), HMelOT ciaHMIKOM oOmHHA BHI
H NMO3TOMY HENpPHroAHM AJs mpsMoro anaJjnsza. BooOuie
roBOPS, MOXHO BBIIEJNUTb CNelnHOHYECKHE H HecnenHdH-
yeCcKHe CeJIeKIHOHHBE orpaHHueHHs. B mepBoM cayuae
OTpaHHYEHHS NEHCTBYIOT cNeUH(HYECKH Ha KakoH-nu60
OJIHH BHJ MJH HAa HECKOJbKO BHJOB, TOT'Jla KakK BTOpOH
caydalt OTHOCHTCS K peryJsuuun obulero noroka ¢. Torna
H3MeHEeHHS BCeX MNONYJSNHOHHBIX MEPEMEHHHX OyAyT
NPONOPUHOHANBHH HX TEKYHIHM 3HAYCHHAM X;:

=L (34)
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Ha npakTHke HecmenuguueckHe CesIeKIHOHHBEIE OTpaHu-
YEHHSI MOXHO HaJOXHTh HAa JAHHAMHUYECKYIO CHCTEMY,
BBEIS HeNpephiBHHHA noToK pa3basienus. Tem caMHM
MOXHO KOHTPOJHPOBATb CYMMAapHYI0 KOHIEHTPALHIO
¢ = Y.x;. CootBercTByIOIIEe AHPPEpEHIHANBHOE YPaB-
HeHHe AJf ¢

c=j;1 x,=]_§:1 Ty(x) —¢ (35)

YIOBJETBOPSieT YCJOBHIO CTallHoHapHoOCTH ¢ =0, xorma
NOTOK peryJHpyercds TaK, 4YTOOH KOMIEHCHPOBATh pe-
3YJBTHPYIOLLYIO H3GBITOUHYIO NPOAYKILHIO:

p=to= 2 I (). (36)

3To ceneklIHOHHOe OrpaHHueHHe, HAa3bIBaeMoe OTPaHH-
YeHHeM <«IOCTOSIHHOH OpraHH3anHHs, Obl0 BBEJEHO paHee
H HCIOJb30BaJoch TakXe B uacth A. Ycaosue (36)
OyJer yacTo NPHMeHSATHCS B NMOCJACAYIOHIHX pasjenax Jjs
obJieryenuss obulero aHaju3a CeJIeKIHOHHBIX IIPOIECCOB.
Heenenosanuch Takxke apyrue THne orpanundennsi [53].
Kak Oyjaer BHAHO H3 cJeiyoulero pasjesna, BaXXHBIe
0COGEHHOCTH CeJIeKIIHOHHBIX H 3BOJIOIHOHHHIX NpoIec-
COB JIOBOJIBHO MaJi0 YYBCTBHTE/NbHEI K THIY HaJ0XEHHBIX
orpannuenufi. (XoTs OHH, KOHEUHO, BCErza OTpaXaloTCs
Ha KOJHYECTBEHHBIX pe3yJbTaTax.)

YenoBHe NMOCTOSTHHOH OpTaHH3aIHH BeJeT K CJejyio-
mHM AHddepeHIHANbHEIM YPABHEHHSAM [/ JHHAMHUe-
CKOfl CHCTeMHI:

n
E=T0 =YX, i=1,2 ..., 1. ()
j=1

31eck Co — CTalHOHApHOE 3HAUEHHE CYMMAapHOH KOH-
IEeHTPalHH, KOTOPOE MOXKHO COXDPaHSTh NOCTOSIHHBIM,
NOJJEepPXUBAsl OTOK HA YPOBHE .

CeseknHOHHOE NOBeJeHHE Tpex MNpPOCTHIX (YHKIHH
pocta (p=0, 1 u 2; cM. ob6CcyXneHHe B MNOANHCH K
puc. 17) orpaxeno B Taba. 6.

1. [TocTosinHAA CKOPOCTb POCTAa — UYTO COOTBETCTBYET
JIHHEHOMY pOCTYy NONYJSNHH BO BpeMeHW — IpH Orpa-
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Tabauya 6

CKOPOCTH POCTa M CENEKUHOHHOE MOBELeHHe

IHHAMHYECKOR CHCTeMB X = [~ ¢ npH CEJeKHHOHHOM
OrpaHHuYeHHH NOCTOAHHON obuiell opranH3auHn

AcHMITOTHYECKOE HoBejelHe
P HeorpanHuenunit poct APHY OrpaHHYEHHH NOCTOSHHOR
oprady3anHu
CKO-
pPOCTH HHTEerpanbHas THIT — THIT CEJIeKI[HOH=
poera KpHBas pocta |X Horo
T(x noBexeHUs
10k (x=xy+£& JIn- ) ke, Cocyuectso-
Heii- |%; = Zk BaHME BHIOB
HBIH 1 6e3 ot6opa
2 1 kx|x==xyexp (k) |Bre- |%,=FCp %, =0 KoHkypen-
nouen- |k, — &k, >0, i~k |uus, Beny-
LM aJb- ’ wasg K orbo-
HbIA py raob6ans-
HO Haubonee
npucnoco6-
JIEHHOIO BH-
na
Tunep. | % =¢p %, =0
kx2 = 1 g =t . :
32 x=xo(1=kxol) | 0 . —1,2,...,n; ik | KoHKypeH-
1 YyeCKuii | - uud, CTpeMH‘
uiasgcs X Jo-
KaJbHOH oOf-
THMH3a NN,
pellleHHe «pas
H HaBcergas

HHYEHHH TIOCTOSIHHOH OpraHH3anHH Jaer YCTOHUHBOe
COCYUleCTBOBAHHE BCeX MapTHEPOB, NPUCYTCTBYIOUIHX B
cucreme. PoCcT YHCIEHHOCTH MYTaHTOB, MMEIOLIHX NpeH-
MYLleCTBO, CJBHMaeT CTAlUOHADHHIE OTHOLIEHHS, HO
CHCTEMA B LIeJIOM OCTaeTcst YcTofuuBOH.

2. Jlunefinas CKOpPOCTb pOCTA, COOTBETCTBYIOMAs
SKCNOHEHIHAJBHOMY DOCTY TONYJASIUHH, INPHBOAHT K
KOHKYpeHuUUH H O0T6opy «naubosee MHpHcnocobienHo-
ros. MyTanThl, mMelollue NpenMynlecTBO, NOcJe€ CBOEro



98 ~ Yacre B. Abcrpaxrreid zunepyuxa

nosBaAeHHS NeCTAGHAH3HPYIOT H 3aMellaloT YCTAHOBHB-
LIyIOCs NONYJAAHIO. ’

3. Hennnefinaga ckopocrs pocra (p>1), xapakrepuas
s THIepOONHYECKOTrO pOCTa, TaKXKe Beaer K oTOOpYy,
6oJiee XeCTKOMY, 4YeM B JapBHHOBCKOH cHCTeMe, O KO-
Topofi mJa peub B m. 2. OaHAKO MYTaHTH ¢ KHHETHYe-
CKHMH NapaMeTpaMH, NaOUIHMH NPEHMYLIeCTBO, B obliem
He CNOCOOHH pacTH H AecTaGHJIH3HPOBATH YCTAHOBHB-
myimocs MNONyJsigHIo, NMOTOMY YTO CeJeKTHBHAS 1EHHOCTh
ABAseTC (YHKyHeH UHCJIEHHOCTH MONMYyJasiuHH (HANmpH«
Mmep, nasi p =2 W ~ x). OTcioa npeaMymecTso Ji0G60H
YCTAHOBHBIIEHACS MOMYJSUHH ¢ KOHEYHBIM 3HAuGHHEM X
HACTO/MBbKO BEJIHKO, YTO OHO €/1Ba JIH MOXET ObITh yMeHb+
IeHO OJMHOYHOH MYTaHTHOH KOMHe#l, KaKO# ObH OHA HH
6u1a. Torna oT60p ABASETCA penleHHEM, MPHHITHIM «pa3
M HaBcernas. 31ech JJd COCYIeCTBOBAHHS HECKOJbKHX
BHJIOB ~TpebyeTcA KOOMepaTHBHAS CBA3b OYeHb CIenH-
aJbHOTO BHJA.

IIpuBenenntie NpHEMEpH BeCbMa THNHYHBL. MHB MOXeM
KJAaCCHGMHIUPOBATE CHCTEMH B COOTBETCTBHH C HX CeJiek-
[IHOHHBIM NOBeneHHeM JHOO KaK JONyCKalouine cocylie-
CTBOBaHHe, JHOO KaK KOHKypeHTHHeE. B nanno#t cucreme
Mbl MOXeM BCTpeTHTb 6oJiee ueM OJHH THN NMOBeAEHHS.

V1.4. BuyTpenHee ypaBHOBeWIHBaHHE
B pacTyllHX CHCTeMax

XoTs yc/oBHE MOCTOSIHHON OpPraHH3alHH 3HAYUTEJIbHO
ynpoulaeT HccJeoBaHHe JHHAMHYECKOH CHCTEMBl, IpH
9TOM MBI OrpaHHUHBaeMCs CHCTEMAMH C HYJeBHIM UYH-
CTHIM pocToM. B nannom pa3gzene MB NONBITaeMcCst
pPaCWIMPHTbL KPYr paccMaTpuBaeMblX cHcTeM. OcHoBuas
npo6aemMa COCTOHT B TOM, 4YTOGBI HaHTH, KakKHM 06pa3oM
H NpH KakHX YCJOBHSX MOXHO JelaTh IpeJCKa3aHus o
NoBeJleHHH pPacTyUIHX CHCTeM, OCHOBBHIBAsICb Ha pe3yJib-
TaTax, MOJYYEHHHIX M3 aHAJH3a COOTBETCTBYIOUIHX CTa-
uHoHapHBIX cocrosuufl. Jlas aToff nenm M BBegeM
HecHelHpHUECKHe CeJeKIHOHHbIE OrpaHHueHHs [ypaB-
Henue (34)], saBHCsilllHe OT BPEMEeHH:

=Ty %) =55 $ 0. (38)
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Dynknus ¢(f) au6o ¢yHkuHs ¢(f) MoxKer OHTL BH-
6paHa npousBoabHO. OnHAKO HOCJAE 3TOr0 BTOpast ()yHK-
[HS ONpenensieTcss CJAEAYIOUIHM nHQdepeHHaAbHEIM
HJH COOTBETCTBEHHO HHTETPAJIbHEIM YpaBHEHHEM:

t)—ZI‘ -2 (39)

i=1

c(t)=co+S{ZF, x) — (r)}dr. (40)

i=1
Tenepb caelyeT BBeCTH HOPMHPOBAHHBIE NONYJASHOHHLIE
3 1
nepeMeHHbIe §=?x. Torna auddepenymanbunie ypas-
HEHHSI MOXKHO IPHBECTH K CjeayoueMy BHAY:

& =55 (000 —8 21y (0} (41)

Herpynno y6enutbesi, 4T0 §; B fIBHOM BHJE He 3aBHCHT-
OT cesekpHoHOTo orpanndenusi ¢(f). CyuecrByer, onua-
KO, HesiBHAsi daBHCcHMOCTb uepe3 c¢(f). Ilostomy cmenaem
B HamleM o6umieM HcCAeAOBAHHH elle OAHH UIAT, paccMoT-
DEeB HECKOJBbKO NpPOCTHIX INpuMepos. JlonyctHMm, uTo
dyukuun uucroro pocra I'i(X) HMEOT OAHY H Ty XKe
cTenenb A Mo x. XoTs 3TO YCJAOBHE KaXeTcs OYeHb XKecT-
KHM, MB YBHAHMM, YTO TNOUTH BCe HAMIH OCHOBHBIE MO-
JieJIbHBEe CHCTEMBl C HHM COrJIacyIoTcsd, no KpaHHeH mepe
NpH ompele/ieHHHIX TpaHHUHBIX ycaosasaXx. Opanopon-
HOCTb 1O X BeJIeT K TOMY XKe YCJOBHIO, UTO H TpeboBanue
onpenenennofi crenenn p (A =p) B cHCTeMe C HeOrpaHH-
yenHsiM poctom (cM. pasn. 1.5). Teneps mpeoGpasosa-
HHe NepeMeHHBIX CTAHOBHTCS TPHBHAJbHBIM:

Iy (x)="T;(c8) =c*; (), (42)
¥ MH ToJyyaeMm cJeiylolHe KHHETHYECKHE ypaBHEHHS:
.gt=c}‘_1{Fl(g)_gijgr/(g)}' (43)

Bun aTux ypaBHeHnuit cpasdy XKe NO03BOJsSeT clenarb ABa
BaXHHIX BbiBoja. [Ipn A ="p =1, T.e. 1ng napBUHOBCKQH
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CHCTEeMBl, pACCMOTPEHHOH B 4YacTH A, 3aBHCHMOCTb
OT ¢ HCYe3aeT, H eCJH HCNOJb30BaTh OTHOCHTEJbHHE NO-
Ny HOHHEIE TNepeMeHHble E;, TO He TOJBKO NOBEleHHe
pacTyllHX H CTauHOHAPHBIX CHCTEM NPH f—> 00, HO H HH-
TerpaJibHble KpHBHE GYAYT HIAEHTHUYHHI.

Ecnn A= p =%~ 1, To nosenenne & npu f{— oo 6yner
TAKHAM e, KaK B 15 CTallHOHapHOH CHCTEMHI IPH NOCTO-
SIHHOH OprauH3alHH, ecaH Toabko c(f) ne obpalllaeTcs
HH B Hyab, HH B OeckoneuHoctb. Mrtax, njs Bcex peaun-
CTHYECKHX CHCTEM C OJHOPOAHBIMH (PYHKIHSMH YHCTOTO
pocta I'; pe3yJbTaTHl HCC/IAENOBAHHA OCOOHIX TOUEK B
E-npocTpaHCTBe, KOTOpble MBI NOJYYHM B CjelylouleM
pasnene, 6yayT BepHB H JJs Cjayudasi pacTyUIHX MNOMYy-
AsiuHi. '

[Tocnenuuit pesynbTaT MOXHO pacHpPOCTPaHHTb H Ha
Apyrue xjaccel GyHKuHH pocTa, kak OyneT NOKa3aHO B
pasnene, MNOCBAIIEHHOM HCCJAENOBAHHIO OCOGHIX TOUEK.
BHyTpeHHee ypaBHOBeIIHBaHHe 4Ype3BhHIYAHHO YIpOUlaeT
aHa/JHu3 CJOXHBIX JHHAMHYECKHX cHcTeM. Bo MHOrux
cnyd4asX pe3yJbTaThH  CTAHOBATCS  HACHTHYHH  HJIH
Nnofo6HH TeM, KOTOpble NOJYYeHH JJs CTalHOHAPHBIX
yeaosufi. Ecnn nac HHTepecyeT ceseKypHOHHOE TNOBeje-
HHe CHCTeMBbl, TO 3TO HMEHHO Te yCJOBHS, KOTODble HMe-
eT CMBICJ paccMaTpHBaTh. B cienyoolleM pasjieie MBI
npoananusupyem G6oJiee NOAPOGHO pa3yiHYHBIE JHHAMH-
yecKHe CHCTeMH, HaxojsllHecs NOpPH 3THX YCJOBHSAX.

VIiI. UccaenoBaHue 0COOBIX TOYEK
CaMOOpTaHU3YIOLUXCA ceTel peakuuM

VIL1. AnexkBaTHHH MeTox HcCaAefOBaAHHS

[Ipn ananu3e’ pasnaH4YHBIX MOJICKYJASPHBIX NPOLECCOB
CcaMOOpraHH3alHH HAac, €CTeCTBEHHO, OoJibllie HHTepecy-
eT KOHe4YHH pe3ysabraT orbopa, YeM aeTajbHOE ONHCa-
HHE BCero 3Toro AHHaMHuyeckoro Mnpouecca. CooTser-
CTBEHHO B 3TOM pasjesje Ham He morpebyercs BCSL HH-
dopManusa, KOTOpast CONEPKHTCS B MOJHOH CHCTeMe
pellennil, ynoBJieTBOPSIOMWHX cHcTeMe RHbdeperuHnab-
HBLIX ypaBHeHufi. B KauecTBe MeToja aHaJH3a MBI BBHIOH-
paem HccaelOBaHHE QCOOHIX TOYEK, HOTOMY 4YTO 3TOT
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MeToJ HaHJAYYLIHM 0Opa30M COOTBETCTBYET HEsisiM CpaB-
HHTeJLHOTO aHAJH3a CeNeKNHOHHOTO MoBejeHHs. JIHuIb
B HEKOTOPHIX cJydasx Mbl 6GyneM HCHONB30BATh TaKXKe
6osiee TOHKHE METOJH, HANIPHMED HCCJe[OBaHHE MOJHBIX
BEKTOPHBIX noJef.

B Hacrosillee BpeMsi HccaefoBaHHe OcOOBIX TOUeK
SBJSETCH OOHUHBHIM METOJOM AaHaJH3a aCHMITOTHYECKO-
ro MOBeleHHST JHHAMHYeCKHX cHcTeM. Ero Hanoxenne
MOXHO HAaHTH B COOTBETCTBYIOLIHX ydyeOHHKax (cM., Ha-
npumep, [48]). Hccnenosanne ocoGBIX TOYEK MPHMEHS-
Joch TakxKe JJsi pelleHHs 3ajay SKOHOMHKH, NpH aHa-
JHu3e 3KOJOTHUECKHX MOJesefl, a TaKKe XHMHYECKHX
peaxkuHit Brajn ot paBHoBecHs [49]. IlpencraBnenne o
COBPEMEHHOM COCTOSIHHH 5TOH 06JaCTH MOXKHO MOJIYYHTb,
IPOYHTAB HedaBHO omyOsankoBaHHBIR o630p [50].

VI11.2. TononorHueckne cBoHcTBa

[lyets MBI HMeem xapry ropuoéf crpansl (puc. 18)
H XOTHM COCTaBHTb NpPHOJH3HTENbHOE IpelCcTaBleHHe
06 3TOM TpexMepHOM JgaHamadTe; Takoe NpPeJCTaBJCHHE
. J4I0T HaM JIHHHH YpDOBHS HA JByMepHO# kapTe. 3TO
HMEHHO TOT THII 3a/la4, ¢ KOTOPhLIMH HMeEeT JeJio Hccle-
JoBaHHe OcOoOmIX ToueK. JlanamadT coOOTBETCTBYeT IIO-
TeHHAAbHOA MOBEPXHOCTH, MO KOTOPOH ABHXXeTCS NHHA-
MHYeckas cHcTeMa. B OOJbUIHHCTBE CJy4aeB MOJHOTO
3HaHHus 3TOf MOTeHuHaJbHOH MOBEPXHOCTH He Tpebyercs,
M MO3TOMY «Kapra OCOOBIX TOYeK» OKa3blBAaeTCSl HAMHO-
ro mpolle Tonorpad)HueckOl KapThl, HCMOb3YeMOH HaMH
IAA OpHeHTAauHH B He3HakoMOH MectHoctH. «Kapra oco-
O6HIX Toyek» YKa3blBaeT MOJOXeHHs JHIIb JOKaJbHO
caMbIX BBICOKHX H CaMBEIX HH3KHX TOYekK — TakHX, KakK
ropHbie BEpIIHHH, MepeBajbl H BHaAHHBL, KOTOPhiE 3[€Ch
HA3HBAIOTCS HCTOUHHKAMH, CeAJaMH H CTOKaMH. 3To
ocobble TOUKH MOTEHNHAJbHOTO Hojss. YacTo Ha KapTy
GbiBaeT HeOoOXONHMO HAaHECTH H TIpeOHH — JHHHH, OTHE-
JSOLHe JOJHHBI APYr oT apyra (puc. 18) n Ha3biBae-
MHle MO3TOMY «cemaparpucaMuys. Kapra 0ocoOHIX TOUYEK,
BKJIIOYAIOLLasd ceMapaTpHCH], NO3BOAsIeT MpelcKkas3aTh, Ky-
lla MpHBENeT TPAeKTOpHs, KOTOpasi HaUHHAETCSA B NaHHOH
TOYKe Ha xapre. TpaekTOpHH — 3TO JHHHH HaHOo/ee
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5

Puc. 18. A. Tonorpagmueckas Kapra gaer aGCTpaKTHOe MpPeLCTaB-
JieHHe O MeCTHOCTH. JIMHMM (rOpM3OHTa/M) COeJMHSIOT TOYKH paB-
Hoit Bblcothi. [loka3zan paioH BocrouHmix Anbn (mepemedaTtaHo u3
«Kaptal Actpums, macmrta6 1:50000, ancr 177 (1962), ¢ mobes-
Horo paspewtedns Bundesamt fiir Eich und Vermessungswesen
Abt. Landesaufnahme). 5. Kapta oco6bix TOuer, fBIAKmMAsCT
RanbHeitwred aGcrpakumel Tomorpagmueckoit kapthl A. O — meTou-
unky, wam Bepumusl; P — cefnoBble TOURW, @ — CTOKM; CHJOIL-
HBIMH JIHHHAMM 06Q3HaYeHbl cemapaTpuchl.
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KPYTOro CHyCKa, MO KOTOPDBIM HAa MeCTHOCTH Oyner
cirefoBaTh TeKywast poga. OfHAKO rpaBHTalHOHHOE HO-
TeHnHaMbHOE MOJIe y MOBEPXHOCTH 3eMJIH npolle, yeM Te
MoJIst, ¢ KOTOPHIMH MBI CTAaJKHBaeMCst B CaMOOPTaHH3YI0-
IHXCS NHHAMHYECKHX cHCTeMax. B To Bpems Kak Boja,
TeKyllas MO 3eMJe, BCerja NOCTHraeT CTOKa — HanpuMep,
03epa — CaMOOpraHu3ylollnecss AHHAMHYECKHE CHCTeMBl
MOTYT MPOSIBASATL GoJiee CJIOXHOe noBenedHe. Hanpumep,
CyLULeCTBYeT CHTyalHs — MpelejbHble [HKJIB,— KOTJa
(Ha s3bIKe HamICH MJIIOCTpAanHH) BOJA He OCTaHABJHBA-
eTcs B onpeflesieHHOH TOUKe, a GECKOHEYHO LHPKYJIHpYeT
BIOJNb 3aMKHYTOH KpHBOH, KoTOpasa omnpenensercs ¢op-
MOl HOTEHNHANHHOrO HOJs. DBhiin onmucaHbl Jaxe erne
foJsee CTpaHHbIe CHTYaIlHH, KOTOpHle MaTeMaTHKH nei-
CTBHTE/bHO HA3HIBAIOT «CTPAHHBIMH AaTTPAKTOpaMH»,—
OHH MPeJCTaBJSIOT cO60H HEUTO BpOJe HemepHOAHUECKHX
op6ur. ATTpakTop — Goslee oOlee MOHSTHE, HeXeNaH
CTOK. B 3Ty KaTeropuio BKJ/IIOUAIOTCH HE TOJBKO CTOKH,
HO H YCTOHUYHBBIE 3aMKHYThIe OpOHTH H HelNepHOJAHYeCKHe
OpOHTHL

Ha &kapre oco6bIX TOYeK BCSl paccMarpHBaeMas
NOBEPXHOCTh MoOXeT OblTh pasjesneHa Ha psA obgacref,
OGLIYHO Ha3hBaeMbIX GaccefiHaMH, KOTOpHIE CBSI3aHH C
OTHeMbHEIMH aTTpakTOpamu. [paHuunl 3THX 0O0aacTed
ABAAI0TCA cenapaTpHcamu. Mrak, u3 Bcex Todek Gac-
cefida BOJNa TeueT K OJHOMY H TOMY Xe aTTPakTopy, KO-
TOpHIl, KOHEYHO, JO/MIKEH HaXONUThCH BHYTPH 3TOH 00-
JIaCTH.

Tenepnr mu mepefinem Ha 6osee TOYHBIA MaTeMaTHye-
CKHH 93HIK M OXapaKTepH3yeM Te BEJHUYHHH H BhIpaxe-
HHSI, KOTOphle HaM OyILyT HeOOXOAMMBI /sl NajibHeHile-
ro oGeyxnenust. Ocofule, HIH CTayHOHApHbIE, TOYKH JIH-
HaMHYECKOfl CHCTEMRBl ONpeNeNslOTCH KaK TaKHe TOYKH,
B KOTODHIX BCE KOHIEHTPAIHH HJH MONY/SUHOHHHEE Me-
peMeHHHe X; NOCTOSHHH BO BpemeHH. CienoBaTesbHO,
nepsble MPOH3BOJHHIE IO BpeMeHH 00pallaioTest B HyJb:

£ =0, i=1,2, ..., (44)
TeM CaMbIM OIpeleJsIoTCA IMOJNOXKEeHHHA BcexXx 0coOBIX

TOuekK, MpHHAJJMeXaUluX AaHHOA NHHAMHYeCKOH cHcTeMme.
Korza Bce cayua#inble ¢IyKTyauuH MONYJAAIKOHHBIX
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Rnace Wy Wy
1 ® <0 <0 Yarogsie
1 + <0 <0 w=w, Poxanusie Cmonw
1 k_’" ~a+ib -a-ib a,5>0 Crupamsiee
2 ® >0 <0 Cednosass mouxe
3 o >0 >0 Hemoyrur
4 (0] >0 =0
4 S] =0 <a
4 © +i6 -ib Lenmp

Puc. 19. CuMBoJh, ucmosb3ywouuecs ajs KJiaccHpUKanum pasnmd-
HHIX O0co6blx ToueK. Kaace 1— ycroifiumBble oco6ble TOUKHM, HJAH
crokn. Knace 2 — censioBble Toukn. Kaace 3 — ucrounuku, Kaace 4 —
HeycTofynBble OCOGHE TOYUKH, B TOM YHCJE TOUKH, COGCTBEHHHIE 3Ha-
* 4EHHS KOTOPHIX MMEIOT HyJieBHEe AefCTBHTENbHBIE HaCTH. DTH OpH-
Mepsl OTHOCATCH K JIBYMEPHOH JMHAMMUECKOM CHCTEME.

NepeMeHHBIX MOJHOCTBIO MOXAaBJNeHb, HHTerpHpOBaHHe
ypaBHeHHH AMHAMHYECKOH CHCTEMB, «CTapTyiolleds H3
0co60ft TOYKH, JaeT He3aBHCHMEIE OT BpeMeHH MOCTOSH-
Hble nonyasiuuH. Peaknus cucremMbl Ha MaJble H3MeHe-
HHY KOHNEHTpanHH# B OKPECTHOCTH NaHHOH 0cOGOH TOUKH
SBJSETCS BEeJHKOMENHON OCHOBOH A/t KJaacCH(HKauHH
3THX TOYeK. JTa peaKnHsi CHCTeMB MOXeT OHTh OMHCa-
Ha MNpH MOMOLIH MHOXECTBa HOPMAaJbHBIX MOJ, Xapak-
TepH3yOLIHXCA  OOpPaTHHIMH TMOCTOSHHBIMH BpeMeHH
©r— COOCTBEHHBLIMH 3HAUYEHHSIMH CHCTEMH JIHHEHHBIX
nuddeperHnHaabHBIX ypaBHEHHH, KOTOpast SIBJIsieTCS HaH-
ayyuied annpokKcHManHed  HeJHHEHHOH  CHCTeMBl B
OKPECTHOCTH paccMmaTpuBaemoH ToukH (pasn. VIL4).
COOTBETCTBEHHO MOXHO BBIAEJNUTb YeTbIpe OCHOBHBIX
K/nacca ocoOBbIX TOYeK:

1. ¥Ycrodiyuseie ocobebie TOUKU, uAU CTOKU, T. €. JIO-
KaJbHO HaunboJsiee HH3KHe TOYKH. Bce co6GcTBeHHBIE 3HA-
YeHHS ©p HMEIOT OTpHuATEe/NbHble NeHCTBHUTEbHEIE YACTH,
H, CJIeJJIOBaTeTbHO, (JAyKTyanuH MO BCeM BO3MOKHBIM
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HAMIPABJEHHSIM B MPOCTPAHCTBE KOHUEHTpANHH KOMIEH-
CHDYIOTCSt BHYTpeHHeH mpoTHBOZedcTBYyIOWed cumaof.
B XHMHH CTOKH COOTBETCTBYIOT XHMHYECKHM paBHOBECH-
fIM B 3aMKHYTHIX CHCTeMax H YCTOHYHBHM CTanHOHAp-
HBIM COCTOSIHHSM B OTKDBITHIX TepMOJHHAMHYECKHX CH-
cTeMax. '

2. Cedaosvle TOYKM, 1N KOTOPHIX XOTSI OBl OJRHO
HalpaB/ieHHe SIBISeTCA HEYCTORUYHBHIM. 3/ech no Kpai-
Hefl Mepe ONHO 3HAUEHHE ®r [OJIKHO HMETh MOJOXKH-
TEJbHYI0 JeHcTBHTeNBbHYH 4acTh. CiefoBaTesnbHO, He-'
6osblioe BO3MYIIeHHe HIH GJIYKTyanus B 5TOM Hanpae-
JIEHHU TIPHBOJASIT K BO3HHKHOBEHHIO CHJIBI, CTpeMsiliefics
yBeJIHYHTL (JIYKTyanHio. B pesysnbrare aHHaMHYecKas
cucreMa GyjeT ynafsiThCs OT CEAJNOBOH TOUKH.

3. Hcrounux — nokanbiHo uHauGoJiee BLHICOKAs TOYKA.
OH oTaHYaeTCs OT cellia TONBKO TeM, YTO HeyCcTOHYHB MO
8cem HampapJeHHAM. Bce 3HaueHHS ®r HMEIOT NMOJOXH-
TeJIbHbEle NefCTBUTE/bHEE YaCTH.

4. Ewe 0dun kaacc ocoboix TO4EK, KOTOphle He MOA-
JaloTcst MOMHOMY HCCJEOBAHHIO B paMKaXx JIMHEHAHOH Teo-
puu. HekoTopble 4acTOTH ®r HMEIOT HYJeBble AeHCTBH-
TeJibHBIE YaCTH, H HX NMPHPOJA MOXeET MEHSThCS B 3aBH-
CHMOCTH OT BKJajda HeJHHeHHHIX uJeHoB. [Ipumepom
TAKOTO POZAA CJAYXAaT NEHTPH, KOTOpble XapaKTepH3YIT-
CSl YHCTO MHHMHIMH COOCTBEHHBIMH 3HaueHHsIMH. Tpaek-
TOPHH B OKPECTHOCTH [EeHTpPa MpeACTaBAsiOT cob6of
MHOroo6pa3ne KOHuEHTpHYecKHX opOur. C TakuMH CH-
TyalussMH Mbl BCTpETHMCSI B JaHHOH paboTe.

[To wucredeHHW <«TOCTATOYHO OGOJMBUIOrO» BpEMeHH
(1. e. Bpemend, MHOro OoJbllero, 4eM MaKCHMaJbHAK
MNOCTOSIHHAST BpeMeHH JAHHAMHUECKOH cHCTeMbl) KaXaas
peanHcTHYeCKas JHHaAMHYecKas cHcTeMma (T. €. CHCTeMa
6e3 BHeulHero moJAaBMeHHs (AYKTYauuf) HOCTHrHeT
arrpakropa. CienoBaTenbHO, pesyibrar OT60pa Oyler
BCerfia COBHAJaTb C aTTPAKTOpOM B HPOCTPaHCTBE KOH-
[eHTp Al ui. ' ’

Oxonuareabnoild pesyavrar npoyecca 0160pa COOT-
8eTcT8yer Aubo YCTOUUUBOMY CTAYUOHAPHOMY COCTOR-
HUuto, AU6GO HenpepolerHo U nepuoduyecki U3MEHAIOWEeMY-
ca cemelcrey cocTonanul. B HexkoTOpbix ocobewnno ped-
KUX CUTYAyuUAX MO2YT NpOUCXOOUTb, KpOMe To2o,
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HenepuoOuueckue usmenenus 8 npedesax onpedesennozo
MHOocecT8a cOcTOARUl. [Ian xapakTepucTuku 8cex 3Tux
YCTOLUUBbIX WAU KBA3UYCTOUUUBLIX KOHEUHbIX CUTYaAyull
8 Ouggpeperyuarvroll TONOAOZUU UCNOAL3YIOT 06U4uL
TEePMUK — KATTPAKTOP> OuHamu4eckol cucremsl, Kyoa
BKAIOUAIOTCA YCTOUUUBbIE TOYUKU, 3AMKHYTbLe OpOUTLL U
anepuoduueckue kpuseie. Buyrpu Odanno2o 6accelina
peayivTarom npoyecca 0T6Opa asanercs OOCTUIHeHuUe
00H020 U TO20 Je ATTPAKTOPA, He3ABUCUMO OT KOHKDET-
HbLX HQYAAbHOIX YCA0BUILL.

VI1.3. AnekBarHoe NPOCTPAHCTBO:
CHMIIJIeKC KOHIIEHTPaIHH

KOHeHTpan HOHHbIE TepeMeHHble, HJH YHCJACHHOCTH
nonyasuuii, 06pasylOT n-MepHOe OTKPHTOE MNPOCTPaH-
ctBo R™ {xy, %9, ..., X5y —o00 < x; < 00,i=1,2, ..., n},
JIHUIb YaCTh KOTOPOTO HMeeT QPH3HYECKHEH CMBICJ:

- n n .

X " <R* X {x, X9, ooy X3 %, =0,i=1,2, ...,n}.
(45)

Bce KOHueHTPanHOHHbBIE NepeMeHHbBIe MOXHO MPOCyMMH-

poBaTh; CyMMa NpeAcTaBJsieT cO00# HEOTPHIATEJBHYIO H
KOHEUYHYy OOLLyI0 KOHIEHTPAHIO C:

n
= 2 Xy 0 <C < oo,

i=1
KOTOpast HCNIONb3YETCst AJist HOpMHPOBKH.

n
X
E=-L 0<E<L Y &=L (46)
i=1
Baarofapsa cBoficTBaM CBOHX MepeMeHHBIX K " MOXHO
H3oMoppHO O0TOOpa3uTh HA eNHHHYHBIH CcHMMOJEKC S,
IUISE KaXJOro JAaHHOro 3HaueHHs ¢ = Co. COOTBETCTBYIO-
lee HpocTpancTBo GyneT o6o3HayaThes O™

C=CO: Xnésn: {gh §21 LR ] En} (47)

Enuuuyaslll cuMmiaekc S, — 3TO NpPaBHAbHBIA MHOro-
TPaHHHK C N BepUIHHAMH B COOTBeTcTByiOmeM (17— 1):
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(Co,0,0)2 (1,0,0)

N &) ) N Q
N QA QO N3
(0,.6,,02(01,0) Z3 == (006,)£(007)

Zg

5=(00,6,)2(00,1)

23(01 0010)2(0; I;0>
>z,

1=(6;,40)2(1,00)

Z;

Pune. 20. Jlnarpamma A naobpaxkaer cummuiexc S a prarpamma b
MOKA&SHIBAET, KAK STOT CHMIJEKC BMHUCHIBAETCA B MPOCTPAHCTBO KOH-
HeHTpaunil, HUMeUMX (uangecKui cmblca J[M HEKOTOpHX TOYEK

YKa3aHhu! COOTBETCTBYIOLIME CYMMapHble KOHNENTpaUHNHu CO = xi
i
HJH KOODAMHATH X|, X3, X3 M &1, £y &3 (B CKOGKax).

MePHOM NOANPOCTPAHCTBE, ONpENENeHHOM YCJOBHEM

n
Zlgim 1. Pe6pa cuMnjekca HMeIOT eJHHHUYHYIO JJIHHY
i=1

H NpeicTaBJAalOT co00fi KOOpPAHHATHHE OCH IJs Mepe-
meHHbix E; B KauecTBe uumocTpauue Ha puc. 20



108 Yacre B. Abcrpaxtuviil sunepyuka

3

A 5

Prc. 21. Touku, NOJOKEHNS! KOTOPHIX YAOBJETBOPAIOT XapaKTepHHIM
SaBHCHMOCTAM OT CYMMAapHOH KOHHEHTpaunu ¢y B OPOCTPaHCTBE
KoHuentpaun®t X s(A) n na cumnaexce S; (B). A = (co/3, €o/3,
c/3), B=(0, 0, c), C= (1, cc—1,0) 0 D= (co— 1, co— 1,
2 —cy). Crpeskn Ha A 00Ka3bIBAOT, KYyAa ABHXKYTCA TOUKH MApH
yBeJHUEHHH CYyMMapHO! -KOHNEHTpanHMu (3aMeTuM, 9TO BCEe MHOXKe-
CTBO TOYEK, Yy KOTOPHIX BCE KOOpAMHATH MPOMOPHHOHAJNBHBI (o, —
Hanpumep, A u B — oro6paxanTcs B OLHY H Ty e TOUKY Ha Ss).

nokasad caMmmiekc Ss. JlnarpaMMul Ha S3 3HAKOMBl XH-
MHKaM 00 u306paxeHusM TpoHHBIX cHcTeM. Beaen-
cTBHe ypaBHeHua (46) nAuHaMudecKas cHcTeMa Ha elu-
HHYHOM CHMIJIEKCe [0Tepsiia OAHY cTeleHb CBOGOAH!

n
N0 CpaBHEHHIO C X" Hpyrumu caoBamu, mnepe-

MeHHBle §; H3-32 HODMHDOBKH BCETlla OTHOCATCA K ¢duxcn-

DOBAaHHOMY 3HAUGHHIO ¢ = Co, H TeM CaMhIM BBOJHTCH

OJHA JHHEHHast 3aBHCHMOCTb MEXJy MepeMeHHbIMHU.
Haxgonen, Mbl XOTeJH Obl MOAYEPKHYTH pasjHuHe

MeXJy KapTaMH Ha X" n 8", KoTOpoe CTaHOBHTCSH
OueBHAHBIM MPH CPaBHEHHH pe3yJbTATOB, MOJY4YeHHBIX
LJIsT Pa3uuHbIX 3HaueHH# Co. Pa3Mepl cCHMIJIEKCa Sn
(HKCHPOBAHH BC/JeJCTBHE HOPMHDOBKH, TOTla KakK pas-
MepH 06nacTs KoHueHTpanu#t X °, uMeiouredi ¢uanue-
CKHil CMBICJ, BapbHPYIOT C Co. [loJioXeHHst H HOPMaJb-
HBle MOJAB 0cOOHIX ToueK B oflieM caydae Takxe GynyT
3aBHCETb OT Co¢. JI/I9 MNOJHOTO OMNHCAHHSE ACHMIITOTHYe-
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CKOFO TMOBeJleHHS JHHaAMHUYECKOH CHCTEeMBl HeoOXOAHMO
MOCTPOUTL KaPTy OCOOHIX TOYEK, KOTOpble caMH SIBJSIOT-
csl «pyHKUHSMH» CyMMapHOH KOHueHTpauuu co. [losoxe-
HHST MHOTHX OCOOBIX TOYEK, KaK MBI yBHAHM JAajblie, 3a-
BHCAT OT KOHIEHTpanuHd oueHb MPOCTO: HX KOOPAHHATH
IPOTIOPIHOHANBHEL Co. [IpH H3MeHeHHH cyMMapHOH KOH-
IEeHTPAalHN Co 3TH TOUKH ABHXYTCS BAOJb MPSMBIX, NpoO-

XOLSLIAX 4epe3 Hauano KoopAHHAT B X " (cM. puc. 21),
H, C/leJOBaTeJbHO, HX oOpasaMu SBJSIOTCS OTHAeJbHBIE
TOukH B 3,. COOTBETCTBEHHO KapTa OCOGBIX TOuYEK B
LeJoM CTAHOBHTCS HaMHOro mnpoms, 3Ta dopMaabHa
3aBUCHMOCTb KapThl OCOOHIX TOUEK OT 3HAYEHHS cyMMap-
HOH KOHUEHTPAuHH Co OyneT HMeTb 0cof0e 3HAYEHHE MpH
aHajH3e pacTyUIHX CHCTeM.

Boicokocummerpuunas wacrs onpedesennol (n—1)-
MEPHOL, 2unepniocKkocTu, Hno2pyxdcennold 6 n-smeproe
RPOCTPAHCTBO KOHYEHTpayul, Ha3616aeTcs eOURUYHbIM
gumnaexcom. Hpumep cumnaexca 8 Tpexmepnom npocr-
parncree Oan na puc. 20. EQunuuneud cumnaexc skaio-
yaer 8 ceba 8C10 064aCTb6 KOHYyeHTpayud, uUMmerouy:o
Pusuueckul cmoica, u bosee scezo npuzoden daa epagu-
4eck020 npedcTasienus npoyeccos orbopa.

VI11.4. HccaenoBaHHe HOPMaabHBIX MOJ

Haunnass uccnenosanue oOlled CHCTEMB JHHEHHHX
nHGdepeHIHANBHEIX YpaBHEHUH, MBI CHa4afa IOJXKHBI
onpenenuTb ocoOble TOYKH H3 ycjaoBHs X =0. [as
NpSIMOTO HCCIENOBAHHS NHHAMHYECKOH CHCTEMBI BaXHO
3HaTb 8ce ocobhle TOUKH B Hccaenyemof obmactu. Onna-
KO B oflleM ciaydae 3TOH HHPOPMAIHH HELOCTATOYHO.
Tpaekropun n-mMepHOH JMHAMHYECKOH CHCTEMBI YacTO
3aKaHuHBaIOTCH B CTOKax. ONHAaKO MOTYT CYIIECTBOBaTh
ycTofiuMBble 3aMKHYThie OpOMTHI MJH CTPaHHBIE ATTPaK-
TOPH, O CYLIeCTBOBAHHH KOTOPHIX MOXHO CYAHTb Ha
OCHOBaHHH TIIATeJbHOIO0 HCCAeJOBaHHS NpHpPoAn obna-
CTeH, OKPYXKaWOIIHX 0coOble TOYKH, H HCCHeJOBAaHHS BEK-
TOpHBEIX Nojefi. Hanpuwmep, ycrofiunBHe npeje/bHbE
UHKJAE B JBYX H3MepeHHNX ylaeTcs HACHTH(QHIHPOBaTb
¢ nomompio KapTt Ilyankape. MHdopmannio o mpupose
OCOGHBIX TOYEK MOXHO NOJYYHTb B De3yjabTaTe Hccjefo-
BaHHA HOPMAJbHBIX MOJ.
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Ilna sTof nesnm OMHAMMYECKYIO CHCTEMY JHHEAaDH3YIOT B OKpeCT-
HOCTH JaHHOR 0COGOM TOUYKHM X:

2, =4 (5‘-)+12=:14i,2,+0(1 z[?). (48)

Hoshe nepeMeHHHE 2; ONpefensiOTCA CJAefylOUIMM 06pasoM:
z,=x,—% HIE z=X-XxX (49)

Kosdpdunuentss Aj; sBagioTcH. sneMeHtamu MaTtpundl SIko6m (A),
onpenesieHHON B oco6ofi Touke X:

dA,
Aﬁ(’a‘ﬁ) - (%0)
X

=X
IMockoanky A;(x)= 0 no ompegeneHuio oco60H TOYKH, JAHHEApPH3O-
BanHas cucTeMma JAuppepeHnnasbHEX ypaBHeHUA RaeTcs CAeLYIOLUHM
BHIpaJKeHHeM:

z=A-z (51)

O6paTHble NOCTOSHHBIE BPEMEHH, COOTBETCTBYIOIIHE HOPMAJBHHM
MOJaM, MOJyal0TCA TeMeph Kak COGCTBEHHble 3Hadenns MaTpHnnl M.
Co6cTBeHHble BEKTOPH Gy OnpenensioTcss B BHAE COOTBETCTBYIOUIMX
JHUHEHHbBIX KOMOGHHAUMA KOHIEHTPauNOHHbIX MepeMeHHBIX;

A-L,=0, L, (52)

B o6mem caydae ©; ABAAIOTCA KOMIJIEKCHbIMM BeJHYHHAMM H ompe-
AeasorT ™MO ocoGofl TOYKM; HamGoNee BaxkKHble THAH GbliM yXKe mpH-
BejeHbl Ha puc. 19,

Ecan matpuua A He fABASIETCA CHHIYJAspHOM, ycrofiunBas ocobas
TOYKa JiMHEapH30BaHHOM cucteMBl (51) mOYTH BO BCEX CJy4asx co-
OTBETCTByeT yCTOHuYMBON 0COGOA TOuKe HeAuMHEMHON cuctemul [51].
CyluecTBYIOT, OZHAKO, HEKOTOPHle Ba)KHele HCKmodenns (Re o, =
= (): neHTp AAs JNHefHOM CHCTEMEI B HEJMHCAHOM CJydae MOXKeT
CTaTh CMNHpainbHBIM CTOKOM m Vice versa. [IpuMepoM noBepenus ra-
KOro THOA CJAYXHT 3HameHutasd MOZenbHasa cucrema Jlotkum — Boab-
teppa [52]. B pasg. VIIL. 1 Mbl BCTpeTHMcs elie ¢ OLMHM OpHMe-
POM — THMEPUHUKIOM Pa3MepHOCTH N = 4.

Ecan gns paHHOM AKHAMMYeCKOf CHCTEMBl MOJYYaeTcsl MeCKOJb-
KO YCTOMYMBEIX OCOOHIX TOYEK, MPENEJbHHX WMKAOB MHJH JRPYrHX
aTTPaKTOPOB, TO JKEJATENbHO TaKXe ONpeNeJHTh GaccefHH, AJs KO-
TOPHIX AaTTPAKTOPH fABJAIOTCA MNpefeiaMu TPaeKTOPHA mpu f—» oo,
HnguBunyaspHble GaccefiHbl OTAEASIIOTCS APYr OT Apyra CemapaTpH-
caMH, KOTOpble B MPYHUMIE MOXKHO ONpele/MTh HHTerpHpOBaHHEM
B oOpaTHOM HanpasJeHuM (f— —f), HauumHas ¢ CEAJIOBHX TOYEK H
Cneays. JMHUAM KpyTOro caoycka. Ecam aas RaHHOR [IMHA&MHYECKOR
CHCTEMbl M3BECTHBl BCe YCTOHUMBHE OCOGbie TOYKM M JPyrHe aTTpax-
TOPH, @ Tak¥Xe HMX GaccefiHH, TO MBI MOXeM MpPeACKasaTh peayabTar
npouecca otrbopa, HaumHamomerocs ¢ JAo60f TOYKH B OLAHHOM MpO-
CTPaHCTBe KOHUEHTPAMMM.
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B HEeKOTOPHIX caydYasx MH moXem moayuuts Re ; = 0. Torga
JNMeapH3aUua B OKPeCTHOCTH oco6ofl TOYKM He RACT JOCTATOUHOM
MHGOPMALMH, H OJA MOJHOHA XapaKTEPHCTHKH HEOGXOLMMO BEpHYTHCH
K HesmHefiHOM nuHammdeckoft cmereme. YacTo npamoe MccsaenoBaHme
BEKTOPHOrO MOJis B OKPECTHOCTH 0CO6OM TOUKM OKa3blBaeTcs He
OUeHb TPYAHbIM M JaeT HYXKHHe Pe3yAbTaTH.

Onpedeascrue HOpMarbHOLX MO0 A8ASETCA CYU{ECTBEH-
Hold uactoto uccaedosanus ocobeix Towex. Ono nped-
crasaner coboii uccaedosarnue Tpaexropuil Ounamude-
CKOL cucrembl 8 MaAOU OKpPecTHOCTU 0cob0l TOYKU,
B 6oavwuncree caywaes 0oCTATOYHO 0XAPAKTEPU30BATH
ycrotiuusocts ocoboll Touku. OOnako ucnoasvayemas npu
3TOM AunelHas annpokcumayus unoz0a moxcer He Oa-
8arb AocTarounoli uH(oOpmayuu, U 8 TaKOM caydae Tpe-
b6yroTca boaee TOHKUe MeTodbl anaausa.

VIL.5. Pactymme cucreMes

U3 ¢opmyan (37) nerko BhiBeCcTH AudepeHiHalb-
Hble ypaBHeHHsA JJf CyMMapHOH KOHUEHTPanuH C:

é=il‘,(x)(1 -——:0-) (53)

=1

rie Co— CTallHOHApHOe 3HauYeHHe CyMMapHOH KOHUEHT-
panHH, KOTOpast peryjaupyercs HecregH(UYecKHM MOTO-
KOM @o.

OueBHIHO, 4TO 3T0 ypaBHEHHe HMeeT OCOOYI0 TOUKY
npu ¢ == cg. Co6CcTBeHHOE 3HAuUEHHE HOPMAJbHOH MOJBI

o, —CLO(ZI‘,(X)) _ (54)

f=1 C=Cy

6yaeT oTpuMmarteJbHBIM, nmoka cyMMa Bcex [I'; ocraercs
nojoxHureapHoit. Mrak, B TOYKe cC==C; MB uMeeM
ycTOH4YMBOE CTAa[HOHAPHOE COCTOSIHHE.

B HekoTOpHIX cHCTeMaX KapTa OCOOHIX TOYEK, OTpa-
Jawllas BHYTPEHHIOIO OPraHH3alHI0 3THX CHCTEM, 3aBH-
CHT TaKxe OT CYMMAapHOR KOHIEHTPAauUHH Cp. Tenepb
MBI MOXeM NpHAAaTh HEKOTOPHH (hH3HuecKHH CMBICT Ha-
uieMy PacCMOTPEHHIO, paHee OCTaBaBlUeMyCsi YHCTO Ma-
TemMaTHyecKuM. Jsig 3TOro JOmMycTHM, uTO HMEETcH
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HecTanHOHApHAasd NHHAMHYECKAd CHCTEMA, KOTOpAas HAuH-
HaeT 3BOJIIOIHOHUPOBATh NPH f == f¢ C COOTBETCTBYIOLIHM
Haya/JbHHIM 3HAYCHHEM CyMMAapHO#R KOHIIEHTPanHH € L) =
= Co. Ce.ﬂeKuPIOHHbIe OrpaHHYeHUsA nouénparorc;( TAaKHUM
o6pa3oMm, 4TOGH CyMMapHas KOHUEHTpauus c(f) MeHs-
JaCb MEIJIEHHO MO CpaBHEHHIO C BHYTPEHHHMH popec-
CaMH B JHHAaMHYeCKO#i CHcTeme, T €. Bce H3MeEHEHHH,
OﬁyCJIOBJIEHHHe BHEWHUMH OponeccaMH, MPOHCXOAAT
HaMHOToO MelJIeHHee, uYeM H3MEHeHHS, oéycaoa.neﬁnue
BHYTPEHHell opranHsanuesi cucreMsl. B Kaxanifi MOMeHT
BpeMeHn cHcteMa OyneT HaXOAHUTbCs BOJH3H YCTOHUHBO-
ro pewenust (T. e. BOGJH3H CTOKA, YCTOHYHBOH 3aMKHY-
To#l OPpOHTH HJIH aTTpakTopa Apyroro suaa). Korna npu-
BeJICHHBIE€ BbILIE YCJAOBHS BHIMOJHEHBI, CHCTeMa MMOAXO-
AHT AOCTAaTOYHO 6JIM3KO K ACHUMIITOTHUYECKOMY DeEUIeHHIO,
H opounecc, 3aBUCHLIHHA OT BpeMeEeHH, MOXXeT 6HITH ONHCAH
KakK [OCJeA0BATEJNBbHOCTh CTAllHOHAPHBIX pemem{ﬁ Cc
HelpephIBHO H3MEHSIOUIeHACs CYMMapHOH KOHNeHTpauHeH.
[Tonb3ysick OoJsee (QH3NUECKHM SI3BIKOM, MBI MOXEM
CKa3aThb, 4YTO JHHaMHYeCKast CHCTeMa pa3BHBACTCHA MNDH
yCcTaHOBHBIIEMCS BHyTpeHHeM paBHOBecHH. Kak u cie-
J0BAaJO OXHWJaTb, aHA/NNU3 CHCTEMbI HeOOBIKHOBEHHO yn-
powaercst, €CJMH BBIMTOJHEHO YCJOBHE BHYTPEHHEro
ypaBHOBeLIHBAHHS.

BHyTpeHHee ypaBHOBEIUMBAHHE B NHHAMHYECKHX CHCTEMax C
00HopoOHbimu DyHKUMAMH pocTa ['; JETKO HCC/IeOBATh, MOTOMY 4TO
B 2TOM CJyiae Kapra ocoOblx ToyeK S, He 34BHCHT OT CyMMapHOH
KOHIEHTPAlMA Co. [IpH BO3PAcTaHHH Cop CEJEKUMOHHOE MOBEJCHHE He
n3Mmensiercs. BoJiee TOro, B pacTyllell OLHOPOAHON CHCTeMe aCHMITO-
THYECKOE MOBEAEHHE He 3aBHCHT OT CTENEHH BHYTPEHHErO ypaBHOBe-
mmpanus. Mrak, B cucTeMax 3TOro THMAa OKOHYATENbHBI pesyabTar
CeJIleKIIMOHHOrO fpollecca 6yJeT ONHAM M TeM JKe He3aBHCHMO OT
TOr0, YCTaHOBHJHMChL JM BO BpeMs pOCTa BHYTPeHHHE paBHOBeCHS.
CyinecTByioT, OJHAKO, CHTYyallMW, KOTAa KOHUCMUMA BHYTPEHHETO
yPaBHOBCIUMBAHHS He MOJXET HCHOJB30BAThCA 6€3 TIIATEJBHOro HC-
cnepopanus. [Ipu omnpefeneHHOA KpPUTHYECKONR CYMMAapHO!N KOHMeH-
TPAUMH € == Cxkp B KapTe OCOOLIX TOYECK MOTYT MPOM3OHTH Pe3KHe M3-
MEHEHM#, HampHMep CTOKH MOTYT CTaTh HEyCTONUYUBHIMH, YCTOH4HM-
Bble MpPeflesibMble HMKJB MOTYT MCYe3HYTh M T. A. XOPOLIO H3BECT-
Has HecTaGHIBHOCTh TAaKOro Tna — 3to «6udyprauns Xonda» [58].
BHyTpeHHE ypaBHOBElIEHHAs IMHAMMYECKAas CHCTeMa, KOTOpas MpH-
6/MXKaeTcs K TAKOR TOYKE C° OAHOM CTOpPOHHI, — HampHMep, pacry-
as CcucTeMa, NOAXOAAINAA K KPHTHUECKOH KOHUEHTPapguum CO CTO-
POHBI MEHBIIMX 3HAYEHHH KOHUEHTDALMil, — CTAHOBMTCS CyHIECTBEHHO
HepaBHOBECHON mocsie TOrp, Kak OHa MPOHAET KPHTHYECKY TOUKY.
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Hns aHain3a QUHAMHMYECKMX CHCTEM B OKPECTHOCTH MOAOGHHIX TOYEK
TpeGyeTcs cnennasbHbl MOAXOA. MeI BCTpETHMCHA C TAKMMH npHMe-
pamu B pa3f. VI1I. Becpma ofbuee ucciefoBaHHe MOLOGHHX CHTya-
unfi 6uino nposefeno Tomom [59]— mMmeercs B BHAY ero TeOpHA
KaractTpod.

Koneuno, ¢ 6no¢m3ﬂqecxon TOYKH 3pPEHHMSA TaKHe CJOXHHE IH-
HaMHYeCKHe CHCTeMH Gosiee MHTepecHH. Befr B camom nesne, 4as
NOSIBJEHUS OPraHM30BAHHBIX CTPYKTYP TPeGYIOTCA pe3KHe H3MeHe-
Hus, MONOGHBIE YHNOMSHYTHIM BBHIIE Pa3PHIBHOCTAM B KapTe OCOGLIX
TOYeK. JIMHaMHuecKHe CHCTEMH, ONMHCHIBAIOIUME MEPEXOAbl MEXAY
Pa3s/MYHLIMM  YPOBHSIMM OpPTraHM3anHM, C HEH36EXHOCTHIO HOJIKHbI
MPOXOANTL Yepe3d ompefesieHHHE KPHUTHYECKHe CTAfHM, MM MEpPHOAbI.
Jins KOHKpeTHOCTM Mbl PAacCMOTPHM OAMH BajKHbIA mpuMep n3 06-
JIaCTH CaMOOpPraHM3annu OHOJIOrMYeCKMX MAaKPOMOJEKYJ: MEPEXOX OT
MHOJXECTBA HE3aBHCHMbIX KOHKYPEHTOB K (YHKUHOHAJbHOA eJHHHLE,
cocrosulell N3 KOHKYPHPYIOIHX MOJHHYKJAeOTHAOB M GeskoB. B coor-
BETCTBHH C OMpefesieHHeM, AAaNHBM B pasf. 1.4, B KOHKYpEHTHOH CH-
creMe OTGMpaeTcs TOJNBKO ONMH BHJ, H, CJAENOBATEJSbHO, BHYTPH Sa
HeT ycrodumBoro arrpakropa. C apyroft cTopoHbl, Jo6as Koomepa-
THBHas ¢ucremMa JOJKHA MMETh TAKOH aTTpakToOp, MHade MO KpaliHeil
Mepe OJMH M3 KOHKYPHPYIOIUMX BHAOB MAKPOMOJIEKYJ BHIMpPET 4epe3
nocratoyHo Gombiuoe Bpems. CrenoBaTeNbHO, AMHAMHMYECKAsA CHCTe-
Ma, KOTOpas B NPuHNMOe cnocobHa MMHTHPOBATH MHTEPECYIOliee Hac
pa3BuTHe OT OoJiee XaOTHYeCKOro K G6ojiee OPraHM3OBaHHOMY CO-
CTOSIHMIO, [OJDKHA COLEPKATHL KPHUTHUECKYI0 HEYCTOMYHBOCTL MpH
onpefle/ieHHBIX 3HAYEHHAX CBOMX MapaMeTpOB.

VI1.6. AHasin3 KOHKPETHBIX CHCTEM

a. Hesasucumbie KkoOHKYpeHTbl

[lpounniocTtpupyeM Ha KOHKPETHOM MNpHMepe, Kak
MPOBOAMTCS HCCMeOBaHHe OCOOHIX TOueK. Bo3bMmem 3a-
nauy o6 orbope KBa3HBHAA, O KOTODOH y¥Xe IlJa peub
B uyacTH A. Pe3yspTaThl cOOTBETCTBYIOLIEr0 MaTeMaTH-
4yecKoro HccJenoBaHus npuseneHsl B tabn. 7. Koopauna-
THl MPOCTPAHCTBA KOHIEHTpauH# RAIOTCS HOPMAJbHEIMH
1epeMeHHBIMH Yr; COOCTBeHHHIe 3HaYeHHS Ap SBISIIOTCS
napamelpaMu pocta GyHkpu#l [r. AHanH3 OTHOCHTCSH K
NaHHOMY pachpejeneHHI0 MyTaHToB. [losiBjieHHe HOBBIX
MYTaHTOB, AAIOUIHX BKJaj B OTOOpaHHH# KBa3uBHA, Oy-
IeT H3MEeHSATb CMBICH KOHIEHTPAIHOHHBIX KOOPAHHAT
Yr, T. €. HX CBS3H C HCTHHHBIMH KOHUEHTPAalHOHHLIMH
nepeMeHHbBIMH X JlaHHble Tabsa. 7 He HYXAalTcs B
nosicHenuax. B panpuefiuieM Mbl 6ydeM HCHOJb30BATh
HX OPH CPaBHEHHH Tpex (VHKuHHA pocTa i = kix}, ¢u-
rypHpyIOLIHX B Ta6JL. 6, T. e.:
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Tabauya 7

HecnenoBanne oco6hix Touex Aas oT6opa KBa3HBHAA
(cM. "acTh A)

NmeeM cnenyiouiee KHHeTHIEEKOe YPaBHeHHe)
y n
4, =My, —721231 Myp =12 ... n

AcuMnTOTHUECKOe TIOBeAeHHe Onpefetsercss fn ocOGHMH TOYKAMH,
PAcHoOKeHHHMH B BeDIIHHAX CHMIIekca Sh.

o 0) 0
0 co 0

yi= : y Ye=1] * |y ceey Yn= : .
\0 0 Cy

Ananus HOpMaZBUBIX MOA A5 KaXAO# 0COGOM TOYKH Yx HaeT
criektp n 3Havemnit o

of =i~k o= —A of =1y — 4,
=23, seo,n—1,n j=1,3, ...,n~Ln|...|j=1,2, ...,,n—2, n—1
oflm—ty o=t o) =1,

Yro KacaeTcss CTeflenell cBOGORH CHMMJAexCa S, TO KaXAas oco-
6as TOYKa yr MMeeT 1 — | HOpMaJbHHX MOA € OGPATHHIMH OCTOSIH-
HEIMH BPEMEHH @}, KOTOpGle OMMCHBAIOT BHYTPEHHIOW OPraHH3auuio

pacnpeleficnns, OGYC/IOBJEHHYIO KOHKYpeHuuell MeXAy pa3fBuHBIMH
KpazuBuiaMmu. llasee, cuMmiekc S, HMeeT OIHY HOpMaJbHYI0 MOLY

(o(ck’( KOTOpasi COOTBETCTBYET  M3MEHEHHIO CyMMapHON KOHNEHTPANHH C.

Bce BHYyTpeHHHe MOIH coy” paBHbl Pa3sHOCTAM COGCTBEHHHX 8Ha-

gennit A. CreloBaTeNnHO, HMeeTCs TOJBKO OOMAa YCTOMYMBAsT OCO-
6asi TOUKA s HambOJbIIEro COGCTBEHHOrO 3HAUEHHS Apm > Ay, [ =

=12, ...,n j% m Dro y3/0BOA CTOK, T.€. BCe 3HAYeHHA co;m)

pa3smuHbl H OTPHUATE]bHH. COOTBETCTBEHHO KBa3HBHL C HaHMEHb-
IIPM COOGCTBEHHHIM 3HAUEHHEM OMHCHIBAETCS HMCTOUMMKOM — BCJef-
CTBHE [0JOXHTENLHOCTH 3HaYeHMi ;. OcraBumecs n-—2 ocobHe
TOYKH fBJAIOTCA CENJAMH, MOTOMY 4TO HM COOTBETCTBYIOT Kaxk HOjO-

KHTENLHBE, TAK B OTPHIATENLHHE m}k’
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1) mocrosHHasi cKopocTs pocra: p=0;
2) nuHefiHas CKOPOCTb.pocra: p=1;
3) KBajpaTHuHAast CKOPOCTb pocra: p=2.

1. Meppuit caysalt naer OgHy ycrofumBylo ocolyw© TOYKY —
(GOKaLHBI CTOK BHYTPH €JHHHYHOTO cuMmiekca Sn:

&
ko
=== : (55)
k .
;z=:1 TN,

«Buy1pu» eXmHUHYHOrO CHMMJiEKCAa O3HAYAeT, U4TO AAS BCEX KOOPAH-

Hat x: 0 < x; < ¢o. (OTpHnatesbHoe) coGCcTBeHHO® SHadeHHe MarT-
puns SIKO6H N-KPaTHO BEIPOXKIEHO:

n
-4

Co

0= (56)

To e caMoe chlpaBef/iHMBO M [/ ®; KOTOPOEe OTHOCHTCH K H3Me-
HEHHIO CYMMapHOH KOHLEHTPALHH C.

Pe3yinTaTOM fIBASETCA YCTOHYMBOE COCYIUECTBOBaHHEe  BCEX
BHJOB.

2. Bropoft cayuait paccMortpen B Taba. 7. HamomHuM, dto uMe-
ercs TOMBKO OAHAa ycToMymBast ocob6as Touka. Tor ¢akT, 4TO OHA
pacrosioxeHa B BeplIHHEe CHMNJEKCa, yKa3hiBaeT Ha KOHKYPEHTHOE
ntosenenne. TonbKO OJHA M3 KOHIEHTPANMOHHLIX KOODPAMHAT Y3JO-
BOro CTOKa MOJOXUTENnHa (=cCo), BCe JApYrHe paBHH Hymo. Kak
H B NIePBOM CJyyae, KapTa He 3aBHCHT OT CyMMapHOfi KOHHeHTpa-
UMH Co, 8 KOHEYHHIi Pe3y/bTaT He 3aBHCHT OT HauaJbHHIX YOJIOBHA.

3. Hakouen, tpetuf ciyyalt pgaer Bcero 2" — 1 ocolHX TOgeK,
KOTOphle MOXHO CrpyfimupoBaTh B TPH KJjacca.

IMepshit kaace BKAOYaeT n (OKAJLHEIX CTOKOB, MO OJHOMY B
kaxaof seplunne Sp.

co‘,k)-:—kkco, J=12,...,n—1

, npuuyeMm
p o hs (87)
c 1)

»®]
|
LR
Coan
ll
o

Jpyriix ycrofiumBHXx ocobuix TOdek Her. PacnmosioXende Touex B
BePUINHAX €IMHHYHOTrO CHMILIEKCAa CHOBA YKA3HIBaeT HA KQHKYPEHTHOE .
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fIOBEJlEHHE, [M03BOJIAIONIEE BHIXKHTL JIHIIL ONHOMY KOHKYPEHTY,
T. €. JaHHas§ CHTyanHs COOTBETCTBYeT THCTOMY coctosiHmo., OmHako
B 3TOM cJyyae HeJMHeHBIX CKOpDOCTell pOCTa Pe3yAbTaT KOHKYpeH-
IIMM 3aBUCHT OT HaYaJbHLHIX YCJOBHMA, MOTOMY YTO HMEETCH 7 yCTOH-
YMBHIX TOYEK (B NPOTHBOMOJOMKHOCThL JMHEIHOMY aBTOKaTa/jHM3aTopy,
Korga ocofasi TOUKa TOJBKO OLHAa). DTO O3Hayaer, YTO KaXAblA H3
N KOHKYDEHTOB MOXET PElIHTh CHOP B CBOK MO0Jb3y — B 3aBHCHMO-
CTH OT HauaJbHHX 4HCJAeHHocTell momnysasumu. Kak ToabKo noGenu-
TeJb YTBEpAMJCS, A060fi H3 KOHKYDEHTOB YXKe HEe MOMET Jerko
BHITeCHUTH ero. [103TOMy Mbl Ha3biBaeM STy CHTYauHIO <«OTGOPOM
pas u HaBcerga». Kax u B AByX MpeAbAyWMX CAydasx, KapTa oco-
6biX TOYEK He 3aBHCHT OT CYMMapHOH KOHUEHTPAUMH Co.

HBa apyrux xJaacca OCO6HX TOYEK BKJKOYAIOT B ce6s OZMH HC-
TOYHHK BHYTPH ENUHHYHOrO CHMMJeKca (BCe KOOPAMHATH €ro Ko-
HeuHbl) M (2" — n—2) ceAsOBHX TOYEK —MO OAHOM Ha KaxKAOM
pe6pe M no OAHOM Ha KaxXAOf rpaHm (BKJIOYass BCe BO3MOXXHEIE
raneprpann) S, O6a Kaacca O0COGHIX TOYEK COOTBETCTRYIOT He-
ycToiynBocTAM. Mbl He MpMBORMM MX KOOPAMHAT M HOPMaJbHBIX
MOJ — OHH MOTry1l G6bIThH MOAYYeHH NPOCTHIMHM BHIYMCAEHHSMH. BMecTo
3TOT0 Mbl MAJIOCTPHPYEM THMINYHOE CEJEKLMOHHOE NOBEJCHHe pacTy-
IHX CHCTEM Ha HECKOJbKHX MpHMepax eAMHHYHbIX CHMIJIEKCOB pas-
MepHocTH 3 (cM. puc. 22).

Mbl BbIGpasnH 3TH TPH CPaBHHTENBHO IIPOCTHIX MO-
ACJbHBIX CcJayyad, 4TOG6H NpOHJJIIOCTPHPOBATH METON
HCCJIeNOBaHHusA 0COOBIX TOUEK H MNOAYEPKHYTb Te& €ero
CBOHICTBA, Ha KOTOpHle cjeayeT oOpaTHTb BHHMaHHe.
[lpupona ocoGo#t TOUKH, B UaCTHOCTH TO, KaKoe pelle-
HHE OHa naer—ycroﬁqusoe HJTH Heycroﬁqﬂaoe,— HMeeT
nepBOCTENeHHOe 3HaueHHe AJsA npobieM oT6opa B 3BO-
mopud. He MeHee BaxHa JOKa/H3anHst OCOOBIX TOUeK
B efHHHYHOM cHMmekce. KoomepaTusHHH 0T60pP MHO-
XecTBa peJIHKaTHBHHIX eJHHHI Tpebyer, uTo6bl Ocobast
TOYKA JieXa/la BHYTPH eAHHHUYHOTO CHMMJIeKca Sk, OTHO-

CsIIEerocs K NOANPOCTpPAHCTBY X * 06pa30BaHHOMY KOH-
LEHTPAaHOHHBIMH KOOPAHHATAMH R KOONEPUPYIOIIHXCS
enuann. C JApyrofi CTOpOHBI, JIOKaJH3anHs CTOKA Ha
onHOH H3 BeplIHH S XapaKTepH3yeT KOHKYypEHIHIO,
BelyILYI0 K OT6OpPY TOJNBKO OAHOTO H3 KOMIIOHEHTOB, B
TO BpeMsi KaK JOKalu3ajnWH Ha pebpax, rpaHsx HIH
THIEPrpaHaX YKa3biBAIOT HA YAaCTHYHYIO KOHKYDPEHIHIO
H ot60p.

[locTpoenne annmapata TpaHCASUHH, Hampumep, Tpe-
6yeT OlHOBpeMeHHOro OT60pa HECKOJbKHX penJHKaTHB-
HBIX €JHHHI — MpeAlleCTBeHHHKOB - Pa3/JIHYHBIX TeHOB.
Hu oaHa H3 Tpex cucCreM, paccCMOTPEHHHIX BhIlIE, HE
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E B 5 @ @ @ '

(100) (1,0,0)

//é\\
A

0,0 ooz a7, 00 070 0,01
(0,40) p (401):(81,0) 5 (481 (31,0) _ (t

Puc. 22. TpexmepHble KapTh OCOGHIX TOYEK ML/l Pa3JHYHLIX THIOB
He3aBHCHMBIX KOHKYDEHTOB MPH OrpaHHYeHWH [MOCTOSIHHOM OpraHm-
3annu. (CumBoas E, @ H @ 6blin Bregensl Ha puc. 10.)

A. Tlocrosnnas ckopocTs pocra (p = 0):

3
. *
xi = ki —_ _E: Z kl’
i=1
ki=1; ky=2; k;=3.
Ha xapre umeercss (oOKyc BHYTpH ENUHMYHOTO CHMmJjekca S,
4YTO O3HauaeT ycTofiumBOE COCYIIECTROBAHME BCEX TPEX BHAOB. Jlerko
H306pasuTh BCe MHOroo6pasue TpaeKTOpHH—ﬂpﬂMblx JMHuf, Opo-

XOAAMMHX uepe3 KaXAYIO TOYKY S, M BEAYIMX B YCTOHUMBHIA (oKyC.
B. JIunefinas cxkopocrts pocta (p=1):
3

*i D p =1 T
=k =R Y kxp k=1 k=2 k=3,

ENMHCTBEHHOE YCTOMMMBOE ACHMMNTOTHHECKOC peIUeHHe CHCTEMbl —
5TO YMCTOE COCTOSHHE, KOTOpOe RKJIOyaeT R Ce6f TOMLKO BHX 3.
3a uckawueHueM ABYX pebep, 12 m 23, BCce TPaeKTOPHM HAYMHAKOTCH
B TOuKe | M KOH4YalOTCA B TOUKE 3

B. KBagpatuiHas cKopocTth pocta (p = 2):

X,
o 2_ 2. —1- — 9. —
fy=kyx}— - Zk,xj, By=1; ky=2; ky=3.

i=
Cnmnaexc S; paaGnBaeTcst Ha TpH obsacTH, Kax/Jasd M3 KOTOphIX
ABasercs 6accefiHOM yCTORYMBO/ OCOGOR TOUKH. Pasmepbl Gacceit-

. HOB 3aBHCAT OT 3HAUYCHHHA COOTBETCTBYIOIMX KOHCTAHT CKOPOCTEH.
[Tockonpky Hambosbuiell M3 HUX SIRJAETCA K3, MaKCHMaJbHble pa3s-

MepH 6accefiHa mMeeT 0co6afi TOUKA Xg.
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ynoBJeTBOpsieT TpeOOBAHHAM TAKOrO OJHOBPEMEHHOTO
or6opa. IlepBast cucrema, mO-BHAHMOMY, AOMYCKaeT coO-
CyLIeCTBOBAHHE, HO OHA HE CeJEKIHOHHA H MO3TOMY He
MOXeT 3BOJIIOIHOHHPOBATb K ONTHMaJbHOMY (YHKIHO-
HUPOBaHHIO. BTopasi cHcTeMa JOMyCKaeT COCYLIECTBOBa-
HHe JIHIIb B Y3KHX Npelesax pacrnpelieleHHst KBA3UBH/A:
OHa He TOJEpaHTHA K JHBEepPreHyHH TreHOTHIOB, 4TO
TpeGyerca nns oOJerueHdst (GeHOTHMHUECKOH NHBEpCH-
¢uganun. M HakoHen, TpeTbs CHCTeMa B BHICIIEH CTe-
NMeHH aHTHKOOMmepaTHBHA — HACTOJBKO, 4YTO OJHAXIHl
yCTAaHOBHBUIHACA BHJ NojaBJseT B mpomecce orbopa
J1060ro MyTaHTa He3aBHCHMO OT Toro, obmajaer Jiu OH
CeIeKTHBHEIM MPEHMYLIECTBOM.

Caepnyst ykasaHHSIM, BHITEKAIOUIAM H3 CpaBHHTEJbHO-
ro o63opa B pa3n. 'V, Mbl NpOaHaJH3UpYyeM Tenepb
6onee nonpo6HO aHcamban ¢ GYHKUHOHAJIBHBIMH CBS3S-
MH. DTH aHcamb6au 6YnyT COAepXKaTb pemIHKATHBHLIE
eAMHHUB B pefsix COXpaHeHHs reHeTHuecKoil HHdopMa-
IHH H B TO Xe BpeMs OHH OyayT KoomepaTHBHO cTabu-
JIH3HPOBATHCS CBSI3SIMH, KOTOphHIe JenaloT (yHKUHIO pO-
CTa cyulecTBeHHO HesnuHefiHo#. [losTomy oxXHInaeMne
CBOHCTBA CHCTEeMBI CO CBS39MH OYyLyT B KaKO#-TO Mepe
CXOIHBl CO CBOHCTBAMH, XapaKTepHHIMH JJs TpeTbero
HpUMepa He3aBHCHMBIX KOHKYDEHTOB.

6. Karaauruueckue yenu

Cambifi npsiMofi crmocol yCTAaHOBJICHHS CBS3H MeXny
BCeMH uJieHaMH aHcaMGJsi — 3TO NOCTPOEHHE nemH Mo-
CPeACTBOM CBSA3YIOLNX peaKuH#, aHaJOTHYHO TOMY Kak
MBI CBSI3BIBA€M CJIOBA B MpefsoXeHHs (pHc. 23).

UneHbl KHHETHYECKHX YpaBHEHHM, COOTBETCTBYIOUIME 3THM CBS-

35M, NPUBOLAT K HEOZHOPOLHOCTH (YHKuHfA umcroro pocra Iy pas
BCEX UJIEHOB, KpOMe MepBOro:

n
X1 ’
1=ty — 4 [klxl + ) (kg + k,x,x,_l)],

=2

n
’ X,
T [klx] + Z(k]x, + k;x,x,_l)] (58)
j=2
igi=23,...,n
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831546
(601)

Puc. 23. Kapthl 0COGHX TOYeK KATaJMTHYECKON MMM CaMOpemnJins
UHPYIOWNXCA eMHUIL @ fpH OrpaHHYEHHWH MOCTOSIHHOH OpraHu-

8anun:
Py=Fkx;

Py=rFx,; +k;xixi_1 (nas {=2, 3);

ky=23; ky=2 ky=1; ky=2 ky=1.

IMpn Manblx KoHueHtpauusx (A) ycroilumBoe pellleHHe COOTBET-
creyeT or6opy Bmuaa 1. OnHakKo ecim ABa JPYrHX BHAA elle HE BHl-
MEpJH K TOMY MOMEHTY, KOrja cCyMMapHasl KOHUEHTPamnus ROCTHraeT
KPHTHYECKOTO 3HAYeHMs, TO BO3HHKAeT HOBOE CTAllMOHAPHOE COCTO-
fiHMe, B KOTOPOM BCe TpH BHAa CTaHoBATca ycrofumBuiMu (B).
ManbHelee yBeJnueHMe CyMMapHol Kounedtpanuu (B) 6aaro:
MpUATCTBYET TOJBKO BHAY 3, TaK YTO0 KOHeuHas cutyanms (I) orse-
gyaer or6opy sroro Buaa. OJHAaKO MexaHu3M NaHHOTO ot6opa OT-
JMYAETC OT -MexaHM3Ma O0T6opa B CiyJae HE3aBUCHMLIX KOHKY:
peutos.



Tabruya 8

AnadH3 ocobbiX TOYEK RS KATAJHTHYECKHMX UEREH pa3MepPHOCTH TpH

Ha xapre oco6bix TOYeK MMeeTCA LIECTL 0COOHX TOUEK C KOODOMHATAMM M HOPMAaJbHHMH MOJAMH, MPHBe-
JEHHLIMH HMXKe:

_ Co _ 0 _ 0
X = 0 X9 = Co 3 = 0
0 0. co
o) =k, —& o =k — &, o =k — by
o) = koo, — k) + &, off) = kg, — ky + &y o =k, — by
{ kr — g, ) 0 ] Ry — ke
7 l ks — & £
ky LA 2
-— —_— k —_ —
Xs= [ kyco—k; + &, Xs=| , 3 Xs il . s
P | %soo — ko + kg ky
2 k, 13
0 [ I 3
4 %4 4 4
ol (k30— by + ko) (kg — &) o) = b — by o a0 — Ry (br—ky) — B (k1 — &g)
7 - "
kot kgky

(5) (k;co —ky+ ka) (kg — &) mss) H co(26) — COGCTBeHHHE  SHAYEHHS
= k;co Matpunb SIko6u A (x =)_('6)

1 rr
o) = — {kakseo —
k2

— kgky — ko) — kg (k) — kg)}

Tpu ocoGHe TOUKM — X1, Xz B X3 — JeXar B BeplIMHAX ¢AHHAYHOTO cuMmaekca Ss (cM. puc. 23), u, caer
HOBAaTeNILHO, HMMEET MeCTO KOHKYpEHIHS HE3aBHCHMO OT NPHPOAH OCOGHIX To4eK. [Ton0XKeHHs TpeX Apyrux

0cOGLIX TOYEK 3aBHCAT (/MMEAHO) OT CYMMapHOR KOHUEHTpauuu Co. JiBe 0coGHe TOYKH — X4 M X5 ~~ [BHIKYTCHA

Baoab peGep 12 n 23 cuMmneKkca, 9TO yKa3HBaeT Ha 4YacTHUHYIO KOHKypeHumwo. JIHWb ocofas TouKa Xxg MOXKeT
nepeMeuiaThcsl BHYTpH Sg, UTO O3HauYaeT KOOMEPAaTHBHLI OTGOP BCEX WIGHOB UeENH.
Ilpn HH3KOM CyMMapHOM KOHUEHTDanun

co<(kr=ho)ka. (kg=tg)fky mam (% ~kg)[kg

0oco6ble TOYKH X4, Xs MJAH COOTBETCTBEHHO Xg HAaXOAATCA BHe CHMILIeKca Sy, T. €. '‘BHe TOH ofJjacTti npocrpaH-
CTBa KOHIEHTpanmil, KOTopasd MMeeT ¢u3HueCKHA cMblca (M0 KpafiHeli Mepe OLHa KOHLEHTPAUHOHHAS KOOpAH-
HaTa oTpunaresbHa). [Ipu ¢ >0 KOOpAMHATH 5THX OCOOLIX TOUEK MAaxe crpeMArtcd K GeckoHeuHocTH. Juda-
MHYecKas CHCTeMa aCHMMTOTHYECKH CTAHOBHTCH MIEHTHYHON CHCTeMe SKCMOHeHNHaJhHO pactyuwHnx (HecBa3aH -

HHX) KOHKYpPEHTOB, KOTODafd XapaKTEpH3yeTcd OCOGLIMH TOUKAMH Xi. X2 H Xg.
Ecan ki > &y, ks ¥m ¢y JeXKHT BHIIE [OPOroBOro 3HAaYeHHH, KOTOpOe MAaeTcd CyMMOR [(kl—kz)/k2]+

; -
+ [(kl-ka)/k3]. TO 0co6as TOUKa Kg OKa3HBAETCA BHYTPH €XHHHYHOrO CHMIIIEKCa, 94TO yKa3hBaer Ha KOOfe-

patuBHoe noBefenne. ONHAKO OHa He CTpPeMHTCY HH K Kakofi TOuke BHyTpH S, a HepeMemiaetcs K Bep-
muHe 3.
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V3-3a orcyTcTBUS OZHOPOLHOCTH KapTHl OCOGHIX TOYEK OYAYT HMETb
6osiee CJOXKHUHNA BHI, 4eM B PAcCMOTpeHHBHIX 1O CHX MOp CJydasx.

Yro6H 3Ta nponeAypa 6blia NOHATHOM, HAUYHEM C TPEXMepHOH
CHCTEMH, 4 8aTEM pacHpOCTPAHHM aHAJM3 HAa MHOTOMEPHHIA cJydai.
B Ta6sn. 8 mpuefieHa cBOAKA HEOGXOLMMHBIX COOTHOIIEHMfi 1A Tpex-
MEepHOro cjiyuas, a Takxe KDaTKO OXapakTEPH3OBAHH KapTH 0CO-
6HIX TOYEK. B COOTBETCTBUM C STHM aHaiu3oM Tpu daeHa (I —Is)
AUHENHOH nemu caMOBOCMPOM3BOLALIMXCH EIHHHI MOryt OHTh OTO:
6paHbl OHOBPEMEHHO JHIIb [PH OYEHb CHENHAJLHLIX YCJOBMAX, 2
HMEHHO!

k1 > ko, ks (59)

ki —ky | Ry —ky

Co >
T

(60)

Kaxkercss odenb Masno BEPOATHHM, YTOOH MapTHEpHl, KOTOpHE OKa3a-
JHCh YIAOBJeTBODAOWIMME ycaoBuio (59), npolosKaiam yoOBJETBO-
PATH €My Ha OPOTHAXKEHHH [JHTENbHBIX MepHOAOB 3BOMOHMH [3TO
o3Hauaso 6B, UTO MyTanuM, MU3MeHAOWHe cooTHoulenne (59), Hu-
KOorga He mpomcxonaT]. Ecam 6H oHm OHAM CHOCOGHH K 3TOMY,
CHCTeMa pasBHMBajiach 6H Kpafime aCMMMETPHYHBIM 06pasoMm: ¢ po-
CTOM Co YBeJMYMBAaJach GH TOJNLKO YHCJEHHOCTb HOMYJSIUMHM MOCHAEN-
Hero 4JjeHa Iefin — Mo KpafHell Mepe NPH CENEKUHOHHHIX OrpaHHge-
HuAX. [TockoAbKY fACHO, 9TO 5TO CKOPO NMPHBENO GH K PACXOXKIEHHIO
9HC/IEHHOCTeA MONy/AnHEA Ha IeJble MOPAAKH BEJMYHHH, MOXHO Cle-
JaTh BHIBOZA, 9TO TaKa#d CHCTeMa He cmocoGHa cTaGHJIH3HPOBaTh
COBMeCTHOe (YHKIMOHHPOBAHHE, MOCKOJbKY OHAa He MOXET KOHTPO-
JIMPOBAaTh OTHOCHTEJbHBIE THCJAEHHOCTH mMomyJAnuil B GOJbLIOM HH-
TepBaJie CYMMapHBIX KOHMEHTpaUuil.

OTo nomefenne HAMOCTpHpYeT puc 23, HA KOTOPOM mNpeAcTaB-
JIEHO KaK OBl HECKOAbKO MOMEHTAJbHEIX CHHMKOB HENpePHIBHOrO
nponecca B CHCTeMe, pacTyilell B COCTOAHHMH, GJM3KOM K BHYTpEH-
HeMy paBHopecmio. [l KoHmeHTpanmii ¢, MmMXe KPHTHYECKOrO

ypOBHs,, 3afaHHOro ypasHeHHeM (60), Tpm ocolble TOYKM — Xi, Xs,
Xs — PACTOJOXKEHH BHe eIMHHUHOro cummierca (puc. 23, A). Ecanm ¢y

pPaBHO KDHTHYIeCKOMY SHAUEHHMIO, TO 0cO6asi TOYKA Xg LOCTHTAeT rpas
HunH cuMnaekca (puc. 23, 5) u ¢ poctom ¢y ABHMKETCS BHYTDH €ro.
[pn >TOM OHa W3MeHseT CBOIO MPHPOLY -~ TENEPb 3TO YCTOMUMBAS
ocobas rouxka (puc. 23, B), xoropas B JaHHOM KOHKPETHOM clyuae
ABJSETCA cnupaibHHM crokoM. (Bosee Herasbnoe wuccaefoBaHue
oco6blX TOYEK B CJydae HEOZHOPOAHHIX (yHKIHMA pocta GyleT mpo-
sefeHo B pabore [63].) Puc. 23,] nam0CTpHPyeT OKOHYATEABHYIO
cyab6y 3Tofl ycroRMuYnBoH ocoGofi TOYKH, a MMEHHO MHIPaUHIO B Bep-
umny 3. TeM caMbM ChCTeMa MPHXOZMT K UHCTOMY COCTORHHIO
X3 == Co.

OCHOBHHE pe3yJbTATH, NOJYYeHHHle N/ TPeXMEPHOro cJjydas,
Jerko o6o6uiarores aas n-Mepnofi cucreMel. Posb Buga 3 Hrpaer
BN N, BMeCTO IIECTH HMeeTcss 2n oco6bix Touek. Camas mHTepecHas
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ocofasi TOYKa — 3TO Xz2.. Ee [10/I0XKEHHe JeTKO ONMpPepeMThb;
ki — ko

Xon = : . (61)

1=2 j

Ocofas ToukKa Xzn JEXKHT BHYTPK CHUMILJIEKCA Sr B TOM H TOJBKO
B TOM cJay4ae, eC/AH KOHCTAHTHl CKOPOCTH yAOBJETBOPAIOT COOTHOLIE-

nusaM ky >k, j=2, 3, ..., n, H cyMMapHas KOHWNEHTpauus mpe-
BOCXOAUT KPHTHUECKOE 3HAYECHHE
= by —
cKp == Z —7—, (62)
]=2 1

Torga Xz, COOTBETCTBYET YCTOHYHBOMY CTanMOHAPHOMY COCTOSIHHMIO.

B 3TOM COCTOSHHM BCe KOHIEHTpanuM, KPOMe X, MOCTOSHHH, H
no3TOMy NPH GOMBUIMX CyMMapHHEIX KOHUEHTPAuMAX cucreMa mpu6H-

KaeTca K YUCTOMY COCTOAHUIO X, =— Cop.

PesloMupyeM noBelleHHe KaTaJHTHUECKHX nemnefl.

1. YcrofiuuBrle CTauHOHApHEIE COCTOSIHHSA  Cylle-
CTBYIOT TOJIBKO B TOM CJiy4yae, ec/H KOHCTAHTH CKOPOCTH
H CcyMMapHasi KOHUEHTpauHs YJAOBJETBOPSIOT oONpele-
JIeHHBIM COOTHOLICHHSIM:

k—k
hi>kpi=2,3,..., m 00>Z —.
1=2 b

Yro6ul MNPOHCXOAHN OTOOD, 3JHMHHHPYWOUIHH HApyrue
HeYHKIHOHANBHBIE eNMHHIE, Ha CHCTeMY CJelyeT Ha-
JOXKHTb CeNIeKIHOHHBIE OTpaHHueHHsi, H oTbop 6maro-
MPHUSATHBIX MYTAHTOB He JOJIKeH H3MeHSAThb TpebyeMnixX
HepaBeHCTB, KOTODHIM AQJIXKHBEI YAOBJIETBOPSATH KOHCTAH-
Tl CKODOCTH.

2. Ecnn ycnoBust n. 1 BHNOJHEHB, TO KOHNEHTPanHuu
HHIMBHIyaNbHBIX BHJIOB OYAYT CpaBHHMH [0 BejH-
UgHEe TOJABKO B JOBQJABLHO Y3KOH OO6GJACTH CyMMapHBIX
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KoHueHTpanui. C poctoM ¢, mocaeAuuf used pend [, B
(KBa3u)CTAUHOHAPHEIX YCJIOBHAX pacTeT H, HaKOHeI,
CTAHOBHTCH AOMHHHPYIOUIHM.

CaenoBaTe/IbHO, KaTaJHTHUECKAs IeNb BpSA JH MO-
KeT CNYXHTb CHCTeMOH, HHTerpupymoues HHoOpMauumo.

8. Passersaennsle cucrembr

ITpu spomounu cHcTeM CO CBA3AMHM HeudGeXHO GYLeT OpOMCXO-
IuTb pa3seTBJieHue cmsizedl (puc. 24). HccnegoBanme oco6hix Touex
TaKHX DPa3BETBJEHHBIX CHCTeM He OGHAPYXUBAET Kakux-aubo He-
OXHLAHHBIX HOBBIX OcoGenHocTed. IIpu OdeHb MalbIX CyMMapHbIX
KOHHEHTPALHAX TPH BUAA BEAYT ce6s KaK He3aBUCHMble KOHKYDEHTHI.
Tenepb uMeercs ABa KPUTHYECKHX 3HAYEHHUS Co, NMPH KOTOPHIX JHGO
Iy u I, 6o Iy u Is cocymectBylor. Kakas umeHHO u3 STHX ABYX
CHTyanui peajgusyercs, 2aBUCHT OT TOro, Komy O6ojbiie 6rarompH-
srcrByer It — I uam Is. Opna m3 aByX oco6bX TOUEK OKa3biBaeTcst
yCTOMYMBLIM Y3JIOM, Apyras — cefnosoit Toykoid. [lpu Gonee BhICO-
KO CyMMapHO#l KOHUEHTpauHM YcroHuuBas oco6asg TOUKa CHOBA
MUTDHPYeT MO HANPaBNEHHIO K OJHOH W3 RepHH — 2 WAM COOTBET-
crBenHo 3. Takoe noBeneHne HAMOCTPUPYET pHC. 24.

(1,0,0)

OROWA

Q [)]
2 3
(6,1,0) (0,0,1)

Puc. 24, Kapra oco6blx TOYeK JHHAMUYECKON CHCTeMbl, MPefcTaB-
Jsollleii co60#i MecTO Pa3ReTRNEHHS B KaTaJMTHYECKOR CHCTeMe ca-

MopenuuupyIuxcs enuHny  {4) 0PH OTpaHMYEHMH MOCTOAHHOM
OpraHu3aluHm.
4 .
Fy=kyx; Tj=kx;+kixx, (ana i=2,3),

k=3 k,=hy=0; ky=1; ky=2 cq=235,
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HccnenoBanuyio 3fech TPEXMEPHYIO CHCTEMY MOXHO O0606IIHTH
AByMs crocobaMu:

1. U3 naHHOM 'TOYKM MOXKeT HAYMHATHCA GOJee ABYX BeTsef.

2. OrpenbHble BETBH MOrYT COCTOSTh M3 HECKOJbKHX YJIEHOB.

HcenenoBanne oco6biXx TOUEK THX MHOTOMEpHHIX CH-
CTeM INPUBOAMT B CYIIHOCTH K TaKHM e pe3y/bTaTam,
KaK H B clydae Tpex H3MepeHHH. MX MOXHO pe3loMHpoO-
BaTh cJeayiouiEM o6pa3oM. Pa3BeTB/eHHHE CHCTEMH
CaMOpeJIRIHDPYIOIHXCS eAHHHI| He SIBASIOTCH YCTOHYH-
BHIMH Ha MNPOTAXKEHHH OOJBbIIHX HHTEPBAJOB BPEMEHH.
Bersb, poct KoTOpO#l HaunGoJsee sddhekTuBeH, Oyner Bce
6osbllle TOMHHMPOBATb, B TO BpeMsl KakK JApYrde BeTBH
6yayr wHcue3aTb. B KOHpe KOHNOB OCTAaHETCSI TOJBKO
Hanbonee >pderTHBHAS JMHEHHAs Lenb, H TeM CaMAHM
Bcs npobseMa cBeleTcs K NHHAMHYECKOH cHCTeMe THNA
(58), KoTOpas yxe paccmMaTpHBalack B NpeabAyLIEM
pasnene.

VIL.7. UccnepnoBanne oco6biX TOUEK THNEpPHKIOB

a. Kaaccugpurayusn

Kak Mbl BHAeMH B uacTH A, 3aMblkaHHe [HKJIa
B JHHAMHYECKHX CHCTeMaX MPHUBONHT K MOSIBJIEHHIO
y CHCTEMHl B 11€JIOM COBEpIIeHHO HOBHIX cBOHCTB. Muo-
JKECTBO MOJIEKYJ, KOTOphie OGpasyloTcsi B 3aMKHYTOM
[HKJE XHMHYECKHX peaKluHH, SKBHBAJIEHTHO KaTaJH3a-
topy. LIMKI KaTanH3aTOPOB B CBOIO Ouepenb HMeeT
aBTOKaTaJIHTHUeCKHe cBoficTBa (pHC. 4), MU er0 MOXXHO
CUHTATH CaMOpelTHIHpYyloUIeHcss cucreMo. Mu ycraHo-
BHJIM, YTO JHHeHHBIe WM DPa3BETBJCHHBIC CBSI3H MeXIy
CaAMOPENJIHIHPYIOUMMHCS eJHHHIAMH -He TNPHBOAAT K
ot6opy oO6benMHeHHOH cHCTeMbl € (YHKIHOHAJbHBIMH
CBA3AMH;, Telepb MOXHO 3aJaTh BOMNPOC, HE COHpPOBO-
JKpaeTcs JIH 3aMbIKaHHe [UKJa B IeNH CBsizel H3MeHe-
HUeM XapaKTepa CeJIeKIlHOHHOTO TNOBeJEeHHst BCEro ad-
caM6ast? EcTb OCHOBaHHSt OTBETHTB Ha 3TOT BOMNpOC
yTBEPAHTEJNbHO, NMOCKOJIbKY MBI 3HaeM, YTO B OTKPBIThIX
Hensax peuHnHeHTOM BceX NpeHMyLIeCTB CBsi3eH Bcerna
OLLT MOC/eNHUH UJeH,



(gq)9=u=¢d
HHOIALY ¥ (F) 9= ‘g=d nnoua1d () 9=12 ‘g=4d uHoWOLd MrimndoUmI SWMTORMIHNBLR) °'Gg "OHd
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. O6mas KnacCHpHKauUs THNEPHHUKJIOB NaHA B YacCTH
A. Tlpocrefimiie mnpejcraBHTeId 3TOrO0 Kjaacca cereit
MOJy4aloTCst B pedyabTaTe BBEJEHHs MPOCTOH GYHKuHO-
HAJLHOM CBSI3H MEXAY CaMOpPENJHUHPYIOUIHMHCS eaHHH-
nAaMH, KaK IOKa3aHo Ha pHc. 25.

Jlauuuid pasjes, NOCBSUIEHHBIH THNEPHHKIaM, MOXK-
HO NoApa3fenHTh Ha TPH udacTH. CHauyajla MH BBeleM
HEKOTOphle ONpejeJeHHst H KPUTepHH, NOJe3HHe L5
KnaccHGHKAnU® 3STOTO HOBOTO THNA KAaTaJMHTHYECKHX
cucreM. [lanee onuiieM pe3yJabTaThl HCCAENOBAHHA 0CO-
6HIX TOuYEK AJisi HauboJsiee BaXKHBIX YHCTHIX» THNOB TH-
nepnuk/ao8. VY HaxkOHen, pacCMOTPHM OAHH NpHMep
caMoopraHuayolllefics CHCTeMBbl, KOTOpas MpeACTaBjsgeT
co6oli pealHCTHUGCKHA KATAJTHTHYECKHH THIEPLUKII.

Tpexzne BCero, rMNEPUHMKIE OTIHIAOTCH OT OGHYHHX KATAMR-
THUECKMX UMKJOB HaJMudMeM HEJNUHERAHHIX WIEHOB B BHPAaXKeHHsAX
48 cKopocTtelt pocta. B mpocthix caydasx dyHkoue I asasioTcs
pou3BeJeHHAMH KOHUEHTPanuii:

n
r,==¢, I[l M, (63)

[Moxasatenn p,, COriacHo (63), MOMXHO CYUHTATL 3JEMEHTAMH MaT-

puusl P. MugekcH A u [ yKasblBalOT, KaKkas (OMyJANUOHHAA Uepe-
meHHas x, B yHkuun Iy RoMKHA BO3BORUTHCA B CTefeHb p,,. Cie-

LOBAaTeNbHO, NHHAMHUECKAas CHCTEMA MOJHOCTBIO ONpeResseTcs Mat-
putlefi mokasartenet P, BekTOpoM koHcTaHT cKopocrelt k = (ki ...
..., k) ¥ MHOXeCTBOM HadaJbublx ycaoBuil. CHadasla MH paccMo-
TPUM TOJIBKO «YHUCTHe» CJAY9aH, KOTOPHE XapaKTEPH3YIOTCA TeM, 4TO
Iy ssaswotes opHopoaHbiMu (yHKnusMu. TpeGoBaHue ORHOPOAHOCTH
MPUBOAUT K (€PBOMY OrpPaHHYEHHIO, HaJaraeMOMy Ha 3JEMEeHTH
martpunu P:

n
Z PM =P, i= 1, 2, seey n. (64)
A=l

CymMa p Temepb OcTaeTcss OLHOH W TOH Xe AJA Bcex n Auddepen-
n¥aJbHHX ypaBHeHUH H npelAcTaBisfer co6oil cremeHb (YHKUMA po-
cTa, BBeleHHYIO B pash. V. Kpome ycnoBusi ogHOPOAHOCTH, MKl MO-
Tpe6yeM, 4TOGH OTHeJdbHHE KOHIEHTPauuum BXOZMJIM B Iy TOJLKO B
nepsoit cremeHH. HexkoTophle BaxkHble cilygam 3aBHCHMOCTeR Gojee
BHICOKOTO mopsifka GyAyT paccMorpeHnl HHxe. COOTBETCTBEHHO MO-
KaszaTeJH p,; HUMEIOT TONbKO ABa BO3MOXHHX 3HAUCHUT: p,, =

= {0, 1}).
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HakoHen, BBeseM UMKJIAUECKYI0 CHMMeTDHIO B (YHKUHIO TH-
CTOTO POCTa:

r —kixixl pXp ove Xp
j=i=14+n(d,) l=z‘—3+n(6“—|—6i2+6i3); (65)

p—=1
k=1—24n(, +8,) r=i—p+nz;qw
=

OcHoBHHe OCOGEHHOCTH peakuuil He 3aBHCAT OT NPERNOJOXKEHHA
0 UMKJHYecKOH cuMmeTpuH. Bumecte ¢ TeM 3TO npeanosoxeHHe AB-
NfeTC pa3yMHBIM, €CJM HEeT AOMOJHHUTENbHOH HHPOPMALUMH O CTPYK-
TYDPHHIX Pa3/IHYHAX MeXAY KHHeTHUIECKHMH ypaBHEHUSMH AJIS OTAelb-
HHX 4JIEHQB NUKJIHgecKoW cuctembl, Temeps matpuna P umeer 06-
wyw© dopmy npoctoro Buaa. Huke npuBeneH KOHKPETHHIH MNpH-
mep —Martpuua P, rpen =6 u p=3:

100011
110001
111000
011100
001110
000111)

P(n=6, p=3)=

Hrag, riomepumkabl ¢ UMKJAUYECKOH CHMMeTpHel ¥ OLHOPOXHBIMU
OyHKuHAMH pocta Iy NOJHOCTBIO OMPEfEeNAOTCH 3HAYEHHAMH n H P
H BekTopom k

Ha puc. 25 nokasaHn cxeMaTHyeckKHe JHATPAMMBI
JIJIst Tpex THNepuuKJAOB ¢ n=6 u p=2, 3 u 6. Cayuan
¢ p=1 cnenyer HUCKMIOYHTHL H3 OOlIEro Kjacca KaraJu-
THYECKHX CHCTeM, Ha3BIBaeMHIX THNeEpIHKJaMH, TaK Kak
OHH OTHOCSTCS K KaTeropH# CHCTEM C JHHEHHHIMH CKO-
poctsiMu pocta [

6. Obwuii anaaus

CBOJKa pe3yJbTaTOB HCCJAEJOBAHHA OCOOHIX TOUeK
THIEPUHKMIHYCCKHX CHCTeM AaHa B TabJa. 9.

Mnl obcyaum fABa cnyvasi, KOTOphHle SIBJASIIOTCH IJIst
Hac HanboJiee BaXKHBIMH

1. TTpocreiimnil runepuuka ¢ p=2.

2. I'unepuuk/, HCNOMB3YIOWIHHA KaTaJHTHYECKHE CBS-
30 MeXJIy BCeMH uYJeHaMH, T. e pa =1 A (=
=1,.,.,., n 8 A=l,.,., n, 1, clefoBaTeJNbHO, p=M.
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Ta6auya 9
KapTta 0co6uix TOYeK rHmepmHkia

Hanaras na pyHamHueckyio cucremy (65) orpaHudeHHe MOCTOSIH-
HOH OpPreaHu3alHH, MoJydaem

n
. X,
x‘—:k‘x;x]... X _Cg-z errxs e xt,

r=1
p-1
jei—1+4nd,, ..., l=i—p+1+n Zlom;
M:-

p—1
smr—14ndp, cons t=r—p+1+n) 8 p=n (Tl
u=1
Hecnegopanne 0co6blXx TOYEK MOMHO MPOBECTH QHAAUTUYECKY DAS
Jo60ro n, ecliM Bce KOHCTAHTH CKOPOCTeH ORHHAKOBHL:

by==bky== ... =kp,=k. (T.9.2)

(Bausnne Bapuanuii OTAEJbHBIX KOHCTAHT CKOPOCTEH HAa DELEHHS
6yner paccMoTpeno B pasa. VIIIL)

Pesyavraro:.

1. Onna ocobas TO4Ka, KOTOPYIO MH 0603HAuaeM Xo, BCETAa pacs
nosiaraetcs B HEHTPE KOHLEHTPAUHOHHOTO CHMIUIEKCA.

2. n ocobhix TOYEK, Xi, Xz, ..., X., DACMOJATAIOTCA B BEPMHHAX
cummaexca Sn. ' :

3. Bo MHOrHX cilydasx CyWECTBYIOT OfHO-, ABYX- HJIH TpexMep-
Hble MHOTOO6pa3us OCOGLIX TOYEK MMM faxe MHOroo6pasusi 6oJbluei
pa3MepHOCTH, HanpUMep COCTOSIIHE U3 OCOGHIX TOUEK peGpa, Tpeyrob-
HHKH, TETPasAPH UMM CUMIJEKCH 6OJee BHICOKHX pasMepHocTedl [54].
OTn wmuOroo6pasHs BCerja pacmofaraloTcs Ha rpaHunax COOTBET-
cTBylomuX cuMnnexcoB S, Hanpumep, pe6pa, oGpasoBaHHble 0CO-
6BIMM TOUKaMH, HaXOAATCA Ha rpaHunax S, n > 4, TPEYroJbHUKH —
Ha rpanuuax S, n == 6, Terpasapel — Ha Sp, n = 8.

Ananuz HopMalbHLIX MOA B OKPECTHOCTH UEHTPanbHOH ocoGof
TOYKH Xp, KOTOpas OTBETCTBEHHAa 3a KOONMEPaTHRHHIN oT6Op, naer

1

1

- — y—{p=1) -1
— A (0)__17—(& = a
X0= A R R 1—v n) ki
1
2ni,
j=12 ..., n=1 y=e® ;

-1
V=00 = — (‘f{’-)p k. (T.9.3)
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IIpodosxenue Taba. 9

Jns p =2 umeercs n HIM n— 1 pa3HblX COGCTBEHHHIX 3HaueHHH,
TOTAa KaK AJfA p = f BCeé COOCTBEHHHIE 3HAYEHUS PaBHBI m‘co). O6biu-

HO BCTPeyaercs mepBulfl caydail. [lna p = 2 u 4eTHHIX n moJydanTcs
n—1 OnHOKDPATHO BHIPOKAEHHHIX M ONHO JABaXKAH BHPOXAEHHOE

- cO6CTBEHHOE 3HaUYeHHE m(£0)=m(10)= ,,/2=—k(co/n)”—l, TOr4a Kax
IJ HedeTHHIX 7 BCe COGCTREHHble 3HaueHus pasHble. OTpHnaTeNbHOE
m‘g’) CHOBA 03HAYAET, YTO AUHAMHYECKAasd CHCTEMa Ha cHMmiIerce Sp

ycTofiunBa MO OTHOWEHHIO K (JYKTyauuAM CyMMapDHON KOHNEHTpa-
nuy ¢,

[lepByro cucremy MBI HAa30BeM NPOCTO <«3JaeMeHTap-
HBIM THIEPUHKJIOM», BTOPYIO — «KOMINAYHJ-THIEepIHK-
JIOM» B COOTBeTCTBHH ¢ ero HauboJiee 4acTo BcTpeuaio-
medcss QH3HYECKON peasH3anHedl B BHAE KOMILIEKca
C KOOTepaTHBHLIM NOBEJIeHHEM.

8. AeMEHTAPHOIL 2unepylKi

C H3MeHeHHeM Pa3MEpPHOCTH AHHAMHYECKOH CHCTEMB
HaOMIOal0TCsE HHTEpEeCHble H3MeHeHHs HpHUpOABl ocoboi
TOUKH B I[EHTpPe cHMIJekca. IlpoaHamusupyem OGonee
TIIATENbHO MHOXECTBa COGCTBEHHBIX 3HAUEHHH AJst pas-
JIHYHBIX 1, KOTOpHe yAOOHO NpeACTaBASTb B BHAE BeK-
TopoB w=Reéwe,+ilmwe,; B KOMIIEKcHON TrayccoBoi
miaockoctH (puc. 26). Ocobasi TouKa B LIEHTpe NpH A==
=2 sBasercst GoKycoM, NpH #=3 — CNHPAJbHBIM CTO-
KoM, npu # =4 —neatpoM. Jlng n =5 mb NOJy4HUM
ceANoBHle TOYKH CO CNHpPANbHBIMH KOMIOHEHTaMH B He-
KOTOPHIX IJIOCKOCTSIX. JTH XapaKTepHble H3MEHeHHS
npupoAsl 0coGOH TOUKH HamOMHHAOT OHypKanuw Xom-
¢da, HeCMOTpPS Ha TO YTO MApPaMeTPOM B HallleM cJyuae
ABJAgerTcAd MAHCKPETHO H3MeHsIollasicss BeJHYHHA —pa3-
MEpHOCTb 7 JHHAMHYecKOH cucTeMbl. Kak Oyner moka-
3aHO B Xxofe Gosmee obuiero auanusa (pasn. VIII),-en-
TpaabHast ocobasi TOYKa HBJSETCH ACHMITOTHUECKH
ycrofiunBoll aast n=2, 3 n 4. B cnyuae GoJiee BBICOKOIl
pa3MepHOCTH (n>=5) MH HMeeM O0oJjiee CJIOXHBIA art-
TPAKTOp, 4 HMEHHO YCTOHUHBYIO 3aMKHYTyIO OpGHTY,
HJH NpefeNbHBIA IHKJ, KOTOPHI Bceria OCTaeTcs BHYT-
DH CHMIJIeKca, HHKOTAA He JOCTHras ero rpadun. Jus
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Puc. 26. Hopmanbuble MOAB ® 412 UEHTPaJbHOH 0cO6OM TOYKH Xo
B runepuMknax Tuma (65) ¢ p=2 wu pa3mepHOCTBIO n. Re® wu
Im ©@ — cooTBeTCTBEHHO J[EHCTBHTENbHAA W MHHMasd YacTH 4YacTo-
TH .

nocne,uﬂero caydyas cpeliHHe BO BpeMeHH KOHNCHTpauHH
Xi, paBHble

=2 {x@dr, X =limxw, 67
f-» oo

Cters

OLICTPO MpPUBAHKAWTCH K Co/n (DS OOHHX H Tex xKe
ki), T. e. TOYUHO K TOMY e 3HAYeHHIO, YTO H B cJayyae
YCTORUHBHX OCOOBIX TOYEK.

Jasa oco6bix Touyek, pacnoOJIOXKEHHBIX B KaMJIOH H3
BEpIUHH R(Xr == Cop) CHMIJIeKkca S,, Mbl HMeeM OJIHO IO-
JOXHTeIbHOE H n— 1  HyJeBbX 3HaueHuli @f.

B pasza. VIII ™Mb npoaHanu3upyeM HenHHefiHbIe BKJaflbi
H HAeHTHQHuHPYyeM 35TH ocoOble TOYKH KaK CeJJIOBhIE.
CJleioBaTeIbHO, COOTBETCTBYIOLUIHE aCHMITOTHUYECKHE pe-
‘weHHs #e GyAyT AaBaTb BK/Majla B CEJCKIHOHHOE NOBe-
HeHHe,

KoukperHniii npumep — KapTa o0cOOHX TOYEK IJf
THNEpUHKAA ¢ p=2 B n==3 — NpHBeleH Ha pHC. 27.

B o6em caygae QyHKUHH YHCTOTO poCTa AJIf OTHAEJbUBIX CaMo-
PenMUMPYIOIINXCH  eAHHHL, KOTOPHEe 06pasylwT [HHAMHYECKYIQ
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CHCTEMY IHOEPnHKJIA, COAEPKAT He TOJNLKO KaTaJUTHUYECKHEe YJICHBI, HO
H 4JieHbl pOCTa MepBOro nopsaKa:

['i=kixi -I-k:xixl. (68)

Haxnannisas OorpaHuueHHe MOCTOAHHOH OpraHM3amuuM Ha HHHAMUUe-
CKYIO CHCTEMY C 9THMH (YHKIUSMH POCTA, MOJNYIHM

X ’
i, =k;x; +k.xx—-—i§ Xy + Brxpx;),
i o k( k kYR ) (69)

j=i—-1+n6“, l=k—=1+nd,, i=12..,n

C MaTeMaTHYeCKOH TOYKH 3PeHHs KaTaJHTHHECKAas [EMb
(puc. 23) orauyaeTcs OT rUMEPUUKJA TOMbKO OLHOH KOHCTAHTOM
CKOPOCTH H fOJy43aeTCs M3 MOCJEJHEro, eclAH MOJOXKUTh ki=0.
CrepoBaTeNbHO, MOXKHO OXHAaTh, YTO 3TH ABA THUMA AUHAMHYIECKHX
cucteM G6yAyT B ueM-TO CXOAHH MexAy co6oil. B cooTsercTsHU
C HEOQHOPOAHOCTHIO (YHKUMA POCTA KAPTH OCOGHIX TOYEK 3aBHCAT
OT CyMMapHOW KOHueHTpauuu. IIpu Manblx KoMueHTpauusx obe cu-
CTeMHl CTAaHOBATCH HAEHTHYHB CHCTEMe SKCHOHEHUMAJbHO PACTYIIHX
He3aBHCHMHIX KOHKypeHToB (puc. 22). [Ipm BBHICOKMX Xe KOHUEH-
TpanusX CHCTeMH pPa3nmuaiTcsi. J{uHamugeckas cucrema (69) acum-
NTOTHYECKH CTAHOBUTCA MOLOGHON COOTBETCTBYIOLIEMY 3JeMEHTapHO-
MYy THOepuukay (p = 2).

B KayecTBe KOHKDETHOrO MpHUMEPa CHOBAa DACCMOTPHM CHCTEMY
pasmepHoctH n = 3. MiMeeTcss ceMb OCOGHIX TOYEK: TPHU M3 HHUX COB-

( I! 0/ 0)
1

vy

% - O

2 3
(41,0) (60,1)

Puc. 27. KapTa oco6hix TO4eK puHamudeckofi cucremu (65), cocros-

Wwefl W3 caMOpenMUMPYOLUXCA eAWHHL T} , KOTopHe o6pasywT

TANePLUHKT npu orpaHuyeHHH HOCTOHHHOH opraﬂuaanvm T = kxp,
f=i—14nb;n=38p=2k=(]1
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Puc. 28. Kapra ocofbiX TOueK AuHamuyecKofi cucrembl (69), co-
cTofilel U3 caMOPemJIMUHUPYIOIUXCA eNUHHUL, KOTOpble 06pa3yioT Ka-
TaJUTHYECKHH THIEPUHKI.

Py=tx,+Epxx, [=0—1+nbd;
n=3 p=2 k=(1,2 31,2 3).
A. ¢g=05. B. cy=25. B. lim ¢y-> oo
le=x;, 2=3Xs, 3=3Xs, 4=x%X15, b=2Xps, 6=x31, 7=Xp

majgaloT ¢ BeplIMHAaMu cuMmekca Ss, TPH APYrHe JeXAaT Ha pebpax,
cexbMasl HaxofuTcs BHYTpH Ss.

Jlns onpepeneHHoro Ha6opa mapameTpoB Kk GHIIM MONMyYeHB! YHC-
JIeHHble Pe3yJIbTaThl, NpefcTarjeHHble Ha puc, 28. Kak u ana xarta-
JUTHYECKOR UenoyKm puc. 23, ™Mbl JaeM KapThl OCOGHIX TOYEK MAf
TPEX pa3HBLIX 3HaueHUA CYMMapHOH KOHUEHTPALHUH Co: AN HUIKHEro
M BEPXHEro KOHUEHTPaUMOHHHX mpefenoB (A u B) u gns xputHue-
cxkoit Ttouku (B5).

Co=—Cup=rg (ks + ks~ ") — Kyl — ko,
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PaccMoTpeHue pa3BHTHS AHHAMHUecKHX cHcTeM (58)
u (69), 6AH3KHX K BHYTPEHHEMY paBHOBECHIO, BHIABJSIET
OYeHb CYLIECTBEHHOe pa3fiHiHe MeXAY UHKJIHYECKOH H
HeIHK/JIHYeCKOH CHCTeMaMH: [HK/IHYecKasi cucreMa MpH-
BOJHT K ACHMNTOTHYECKOMY BepXHEMY KOHIEHTpAanHOH-
HOMY Hpefeny, KOTODHH XapakTepH3yeTcst NOCTOSTHHBIMH
OTHOCHTE/NbHBIMH KOHIIEHTPAaNHAMH OTIeNbHHX BHJOB,
a OTKpbiTas lienb MPH BHICOKOH cyMMapHO!M KOHueHTpa-
NHH MPHOMHXKAeTcst K UHCTOMY COCTOSIHHIO (X,==Co).

Pesiomupyst Bce pa3BHTHE CHCTEMH OT HHXXHEro 10
BEPXHEro KOHUEHTPAIHOHHOTO Mpejesa, MH BHIHM, 4TO
THOEPIHKJ, KOTODHI ONHCHIBaeTcst NHHAMHYECKOH CHc-
tTemolt (69), mpeAcTaBAseT XOpOUIHH MpHMEp CaMOOpra-
Hu3apuu. HavnHas ¢ KOHKYPeHIHH MeXJy OTAeNbHHIMH
BHJIAMH pacTyllast CHCTeMa OPHOMHKAETCSt K KOHEYHOMY
COCTOSIHHIO ¢ JAHHaMHuecKOH peryasuHefi uHcTOR mpo-
JNYKIHH BCeX YJIEHOB. JTOT BHYTPEeHHHH KOHTPOJb BejeT
K YCTOHUMBOMY CTapHOHADHOMY COCTOSHHIO HJIH K CO-
CTOSIHHIO C PEryJNspHHIMH KOJeOaHHAMH MNOMYJSHHOHHBIX
HepeMeHHBIX BOJH3H 0COO0H TOUKH.

2. Komnayno-eunepyura

Hccaenosanue ciayuas p=rn paetr npocToH o6uui
pe3ysabTaT: Kak H BhHIe, BHYTPH CHMIIJIEKCA HMeeTcs
onHa ocofasi Touka. Best rpaHHpa cHMIJIEKca, OJHAaKo,
COCTOHT H3 HEYCTOHYHBHX OcOOHX TOYeK, pebep H3
0cOOHIX TOUYEK, IJIOCKOCTeH H3 OCOOHIX TOYeK H T. L.
ITockonbKy HHBapHaHTHAast TOYKa BHYTPH CHMILIEKca
(xo) aBasgercs (OKycoM mnpH JMOGBIX 3HAYEHHAX 1, Bee
TP4€KTOPHH, HAaYHHAIOUIHeCS BHYTPH CHMILIeKca, KOTO-
puil mpexacrapaseT cofofi o6sacTb, HMewUlylo (H3HYe-
CKHH CMBICJ, uepe3 AOCTaTO4YHO Ooabuioe BpeMsi cofinyr-
cq K 3708 TOouKe. Bece coOGCTBeHHBIE 3HAYEHHS (0‘,0), cBS-
3aHHBIE C Xo, OAHHAKOBBI JJst AaHHBIX B, ¢p # n. Mx
MOXHO Hafitn u3 dopmynun (3) B Taba. 9, ecam noso-
KuTh p=n. Kapra oco6uIXx TOYeK A8 KOMNayHI-THIEp-
nHKAa ¢ n=3 mnokasaHa Ha pHuc. 29. DTH KOMIUIEKCHI,
TakuM 06pa3oM, M[PEACTaBJASIOT NpeKpacHble NPHMEpH
peryisiiHi OTHOCHTEJbHBIX KOHNEHTpAaUHH CBOHX KOM-
OHEHTOB,
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z 3
(0,1,0) (00,1)

Puc. 29. Kapra ocobHX TOYeK AuHamuueckoli cHctemul (65), co-
CTOAIEN U3 CcaMOpemHIHPYIONIHXCA egHHHu@ , KoTopeie o0O0pa.

8YIOT KOMNAYHJ-THMEPNHKJ] NPH OrpaHMYEHUH MOCTOAHHOM OpraHu3a-
man. Iy =kxyxe ... x;;n =3, p=3, k=(l, 1, 1).

0. Cpagnenue pa3audnoLx eunepyuKA08

XapakTepHHM CBOHCTBOM THNEPHHK/IOB ABJIAETCA HX
Cnoco6HOCTL HHTErpupoBaTh uHbopManuo. JledcTBH-
TeJbHO, NPOCTeHllIHe YJEHH 3TOr0 KJjacca SBJSIIOTCS
HaHMeHee CJOXHBIMH JHHAMHUECKHMH CTPYKTYpaMH,
CnoCOOHHIMH TNPEJOTBpallaTh NOTEpPId HHbOPMAuHH H3
aHcaMOna (GYHKUHOHANBHO CBSI3aHHBIX CaMOpPEJIH[H*
pyIOLHXCH eJHHHL H3-32 3JHMHHAUHH HEKOTOPHIX ero
YJTeHOB B pe3yabTaTeé CeJeKNHOHHOH KOHKypeHpHH.
C nuHaMH4eCKOH TOYKH 3peHHS BCe BUAH THMNEPIHKJIOB
9KBHBAJIEHTHH 10 OTHOLIEHHIO K 3TOMYy cBoieTBy. C apy-
rofi CTOPOHBI, MeHee CJOMHBIE CHCTeMH THNA MPOCTHIX
K4TAJHTHUYECKHX LHKJIOB (pHC. 4) He MOTYT HHTErpupo-
BaTh HHGOpPMANHIO, TAK KaK OHH He 00/1ajaloT 8xYyTpew-
nefl crHOCOGHOCTBIO K caMmoBOCnpoH3BeldeHHIO (cM. [4],
c. 501 u nanee).

JanpHelinlee mnoApa3jiefieHHe B HEPapxXHH Tumep-
IHKJOB MoXeT ObITh CHAETAHO B COOTBETCTBHH C HX pea-
JH3yeMOCTbIO B, MPHpPOAE, 4YTO Oyner pacCMOTPEHO B
yacru B. 3jech ans npumepa MH CPaBHHM 3JeMeHTaps



138 Yaere B. AGerpaxTHoid sunepuyuns

Bt (p=2) ¥ KoMmayuj-(p==n) CHNEPUHKIH C TOYKH
8peHHA uX (H3HYECKOTO BOMJOWIEHHS. JeMeHTapHHE
THOEPIHK/JAB B COOTBETCTBHH CO CBOHM 3aKOHOM pOCT&
Tpe6yioT OHMOJEKY/APHBIX CTOJKHOBEHHH MakpoMmoJe-
Kyn. K takuM GHMOJIeKYNSpHBIM MpouneccaMm Jerko MpH
BOAAT PasiHYHLI®E MEXAHH3MBl, OHH CJIEAYIOT TaKXKe H3
peasIMCTHYECKHX JONYUleHHH O MeXaHH3Me pemJMHKAauUH
HYK/MeMHOBHIX KHCJOT HJIH O CHHTe3e 6ejika, HHCTPYKTH-
pyemom MPHK (cm. Takxe pa3a. IX u uyacts B). Kom-
MayHA-THOepnHKI TpelfyeT, 4TOGB KaXAH# NapTHEp
BHOCHJI BKJAJ B CKOpPOCTb 00pa3oBaHHA KaXJOro KOM-
noHeHTa. [lng peanu3anuH TAaKOro KOMIMAYHJ-THIEpHK-
na HeoOxoauMo JMIHOO MYJIBTHMOJEKYJSIPHOE CTOJNKHOBE-
HHe, 4YTO KpafiHe MaJo BeposiTHO, JHOO o6pasoBaHue
IPOMEXYTOUHOTO KOMILIEKCAa H3 71 Pa3/jHuHHX cyObenH-
HHI, YTO OYEHb HEBHITOAHO NpPH HHU3KHX KOH[EHTPalHsX.
Jlo6nonoruyeckne yc/JAOBHS MeXJy TeM XapaKTepH3YHOT-
cs HMEHHO KpafiHe HH3KHMH KOHIEHTpAauHsIMH uUnOuBu-
Oyasbuoix Makpomosiekya. st sddeKTHBHOro Hauana
SBOJIIOIHH Yepe3 KOMNAYHZA-THIePUHUKJIH NOTpe6OoBasoch
66l NpHHSATH KpalHe BHICOKHE KOHCTAHTHI aCCOrHAIHH,
3HAYHTENbHO TNpEBHIUIAOIINE BeJHYHHB, MOJY4YeHHHIE
SKCMEepHMEHTAJNbHO, a TaKXe BBECTH BHYTPEHHIOIO CBS3b
MeXJy 3THMH KOHCTAHTaMH H QYHKIHOHAJbHYH sbdex-
THBHOCTb OTHEABHREIX KOMMOHeHTOB. TakuM o0pasom,
KOMOayHA-THOEPIHKI, BEPOSITHO, HMEeT MeHblle HIAHCOB
CJAYXHTb NPEANOCHUIKOR AJsST CO3NAHHSI CHCTEMHBl TpaHC-
JMAHH, HeXenn JNI060H THOepuHKA C MeHblUeHd CTeneHbIo
p. Onnako Ha Oosee NO3AHHX 3TanaX JOKJAETOYHOH
3BOJIIOUHA BEPOSATHOCTH BO3HHKHOBEHHS KOMMAYHJ-TH-
NeppHKAa Morya OHl cTATh BHIIIE.

Pasauunsie cuctemsl, cocrosujue U3 KaTaAuTudecKu
AKTUBHBIX Ccamosocnpousdsolawuxca edunuy, Goliu usy-
yenbl merodom anaiusa ocobvlx TOouex. Pesyasrare:
ACHO YKA3bl8AIOT HA HEO6XO0UMOCTb 2UNEPYUKAUYECKOL
cea3u. Toavko KararuTuyeckue zunepyuxiol mozytr yodo-
BABTBOPATL KPUTEPUAM UHTezpayuu UHpopmayul, KoTo-
pole Gviau nepeyucaenst 8 paso. IV. 5:

1. CeaexTusnasn ycToduusoCTs Kan0020 KOMNOHEHTA
U3-3a YCnewnot KOHKYPEHYUU € OWUOOYHbIMI KORUAMU.
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2. Kooneparusnoe nosederue xomnounentros, 06sedu-
HEHHbLX 8 HOBYIO (PYHKYUOHAAbRYIO eOUnRLYY.

3. Ycnewnans Kowkypewyus 39T0L (PYHKYUOHAALHOL
@Ounuybl ¢ Opyeumu, menee IPHeKTUBHbIMU CUCTEMAML,

VIII. luHamMuKa 8JieMEeHTapHOT o
runepumKIa

TlockoMbKY THINEPUHKAB SBJSIOTCS AaJeKBATHHIMH
CHCTEMAMH npeA6GHONOTHYECKON CaMOOpraHHu3aLuH,
HMeeT CMHICI npoBecTH Oojee noxpoOHBIE aHAMH3 HX
JHHaMHYecKOTo noBefeHns. st Kmacca sfeMeHTapHBIX
THIEPUHKIOB (p==2) Moxer OBITb ZAaHO MNOJIHOE Kaue-
CTBEeHHOe OMHCaHHe BILIOTh O pasMepHocTH n=4. [lns
66abmIHX pa3aMepHOCTeH, a TakKXe .I/si THNepUHKJIOB
¢ 6oJsiee CNOXKHOH CTPYKTYpOH TOMOJIOTHUGCKHH. aHAMH3
MOXHO 00Jier4urThb, ‘MPHMEHSIt YHCJIEHHOe HHTErpHpOBa-
HHe. MBI NPOMJJIIOCTPHPYeM 5TH MeTOAb Ha MpHMepe
3JIeMeHTAapHHEX THMIEPIHKJIOB, KOTOPLIE MPeACTaBJISIOT
BCE OCHOBHBIe CBOHCTBa THIIEPIHKJIHYECKOH CaMOOpPTaHH-
3anuu L.

Vi1, 1KasdecTBeHHbIfi aHAMH3

ITockosbKy MH uMeeM [eslo C JHHAMHYECKHMH CHCTEMaMH KO-
OflEPHPYIOUINXCA KOMIOHEHTOB, HAUGOJBIUMA HHTEPEC MPELCTABIAIOT
yCTORYHBEE AaTTPAKTOPbl BHYTPH OGJACTH KOHUeWUTpanui, umemomel
¢usnyeckuii cMbica. Bojee KOHKPETHO, MbI JOJ/IKHBl HCCAELOBATH
yCTOHIMBOCTb TAKHX OCOGHIX TOYeK, AAA KOTOPHIX OTHEJbUHE Co6-
CTBEeHHble 3HAYeHHs MaTpuubl $SIKoOM uMelOT HyseBble HeACTBUTENb-
Hhe wactH. B pasg. VII (tabn. 9) MH BcTpeuainch B OCHOBHOM
C IByMA CJIy9asiMH:

1. Hynesne co6cTBeHHble 3HAYeHHs (m‘,‘)=0, i =23 ...,n
Hi=1 2 ..., n) A19 oco6HX TOYeK X; B BEPLINHAX CHMILIeK-
coB Sn.

2. Uucto MHHMHE COGCTBEHHble 3HAYEHHH (mg)4=d:£) ang

NEHTPaJbHOA OCO60A TOYKH UYeThipeXUJEeHHOro rumepnukia -Ha S,2

t JIns 9acTHOro cjydasl THMEepPHHKJa, Y KOTOPOTO 4JIEeH BTOPOro
MOPSAAKA XpX(k—q) QYHKUHH POCTa 3aMEHEH YJeHOM X Im Xp_j;, MOXK-
HO NOJNY9UTh AHANHTHYECKOe Dellenue [21].

2 Ypcro MHuMble cOGCTBEHHHE 3HAaUeHHA OYAYT TaKXe y 3Je-
MEHTAPHLIX THMEPUHKJIOB Pa3MepHOCTH 4k, rae k& — uenoeducio =2.
B 9TuX MHOrOMepHbHIX NMPUMepax, OXHAKO, LEHTPalbHas 0cobas TOU-
Ka sSBJSIETCHA CEAJIOM HE3aBHCHMO OT NPUPOAbl BKAaA0B 6oJlee BHICO-
KOro fopsfika B YHCTO MHUMBble COGCTBEHHHE 3HAYECHUS.
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Puc. 30. IuHamuyecKHe CHCTeMbl, COOTBETCTBYIOUIME 3JIEMEHTaPHLIM
ruflepuukaaM pasmepHocta n = 2, 3 u 4. OTAenbHble CHCTEMBI OTO"
6paxkaloTc Ha CHMmJeKcHl S, ¥ MOTYT 6HITh Pa3NoXeHbl Ha TIJo-
6abHO MHBapUaHTHble JUHamuuecKue mofAcuHcTembl (Taba. 10). «[loa-
Hble» popcHcTEMBl 2, 3 M 4 XapakTepHU3YyIOTCH HeHyJeRbIMH 3Haue-
HHSIMM BCEX MONYJSNUOHHBIX MEPEMEHHBIX M MMOSTOMY OMUCHIBAIOT
paspuTHe, MPOUCXOAAmEE BHYTPH cHMONEKCOB Sn(/S.: 0 > x; > co,
i=1, 2,..., n). Ha rpanuuax cumniekcom S,(BS,;) omna uam
60nbllee HHCMO MONYJASNMOHHEIX MepeMeHHBIX 06palllaloTcs B HYJb
H [OJy4aloTCs AUHAMHYECKHE MOJCHCTEMH MeHbllle#l pa3MepHOCTH —
Takue, KaK <«Tekyuiee pe6po» 2A, «pebpo ocobhiXx Touex» 2B m
TPeyronbHUK THHa 3A (OTMETHM, 4TO AMHaMuueckas cucrema 2A
Joxkasnuayercs Ha rpaHuuax 3, 3A u 4, cucrema 2B —Ha rpanunax
3A u 4, a cucrema 3A — Ha rpanunax 4).

[Mepex Tem Kak NPOBOAMTH OOIlee HOKa3aTeJbCTBO YCTORYHBO-
CTH NeHTPaJbHOM 0cOGOA TOYKM B THMMEPHHKJIAX MaJOA pPa3MepHOCTH
n << 4, Hcenefyem GoJlee JeTanbHO TOMOJOTHIO STHX CHCTEM.

JuHaMuyecKue CHCTEMbl, COOTBETCTBYIOUIME 3NeMEHTApHHIM TH-
mepuuKAaM, MOryt OblTb OpPEACTaBAEHH B BHJAE COBOKYMHOCTH He-
CKOJbKAX MOACHCTeM, KaXXAas M3 KOTOPHX OmpefesseTcs Ha IJjo-
6aMbHO UHBAPHAaHTHOM moAmpocTpaHcTBe. MHOXeCTBO TOYEX HJH
MOAMPOCTPAHCTBO GyHeT Ha3bBaThCA <I06aNbHO HMHBAPHAHTHHIMY
0 OTHOWIEHHIO K JaHAOA JUHAMUYECKOW CHCTEMe B TOM U TOJbKO
B TOM CJydae, €CJH TPaeKTODHA, KOTOPasg MNPOXOAUT 4YepPe3 Mpou3-
BOJIbHYIO TOYKY MOAMPOCTPAHCTBA, HUKOrJa He MOKHIAET 3TOrO MOK-
MPOCTPAHCTBA. _

B gacTHOCTH, AMHAMHYeCKHEe CHCTeMBl Ha cHMOJeKcax S, MOXHO
noxpazfie/MTh Ha JABAa KJacca: cHcTeMbl Ha rpanuue (BS.) u cu-
creMbl BHYTpH cHMmJekca (IS,). BuyTpennsis uwacth cuMmiexca
(ompegenenne ee 6bIO KaHO BhIlE) — 3TO 06JacTb, Iie HH OfHA
fnonyJAn¥oHHAsA NepeMeHHass He o6pamaerca B Hyab: 0 <& << 1,
i=1,2, ..., n ScHo, yto RuHaMULeCKHe cucTeMbl Ha IS, HauboJaee
HHTEPECHbl MOTOMY, YTO OHM OMHCHIBAIOT Pa3BUTHE HHTAKTHHX TIH-
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nepumkaoB. B panbHeRlleM Mu OGymem 0603HayaTh HX HOMepPaMH
, 3,4, ...,

Ha rpauune ogxa, ABe MM GoJblllee 9HCJIO MOMYJANHOHHHEIX fe-
peMeHHHIX o6pamaioTcs B HyJab, CJlenoBaTeNbHO, KUHAMHYECKHe CH-
creMbl Ha BS, MoxxHO MOAPa3feNUTb HA JUHAMUYECKHE CHCTEMH Ha
CHMIJIEKCAX MeHbIe DPasMePHOCTH — Ha pe6paX, I'paHsX W THmep-
rpansx. Uto6bl OTJIMYHUTb STH CHCTEMBl OT NOJHBIX TMMEPUUKIIOB, MHI
6yXeM MCro/L30BaTh COKpalleHHBIe 0603Hauenus 2A, 2B, 3A u T. I
Bce muHamuueckue CHCTEMbl, COOTBETCTBYIOIIME 3JEeMEHTAaPHHIM TIH-
NepuHKIaM PasMePHOCTH 7 << 4, MOKa3aHH cxemaTuyeckn Ha puc, 30,
B KauecTBe KOHKpPETHOTO mpuMepa B Taba. 10 npencrasieHo. pa3Jo-
JeHHe deTHipexmepHOft chcTeMH Ha 11 mopcucreM.

Bce punaMpgecKHe CHCTEMH BIUIOTH OO pa3MepHOCTH n = 4
MOXHO ananusupopath Merogom Jlamymoma (ta6a. 11). Hdas tpex
cucteM — 2, 3 u 4 — nocTpoenH ¢yHknuu Jlamywoma, H, ciegoBa-
TeNbHO, NEHTpajbHas 0cob6as TOUKa MpepcTaBiser coGofl ycrToiuu-
BHH aTTpakTop. DoJee TOro, Gaccefin 9TOH 0co60# TOUKH pacmpo-
CTpaHseTcsl ua BCIO BHYTPEHHIOO 4acTb CHMIJIEKCA, 4TO O3HAYAET
He3aBUCUMO OT HawalJbHOro pacrmpefesieHUs MNONyJANHOHHHIX IMepe«
MEHHHIX MBl OPHXOZHM K OJHOMYy M TOMy Xe ycroiuusomy HaGopy

1,000
(za) (egr,o)

{ 1,6;0,0) 2

2
{3100)

Puc. 31. Jlunamuuecxas TONOJOTHA 3JEMEHTAaPHOTO TMOEPHHKAA Pa3s
MepHocTH n = 4. JlMHaMHUueCcKas CHCTEMa HA CHMIUIEKCE COCTOHT
H3 cucTemMbl 4 Ha BHyTDeHHelt dactn IS, H yeThIpeX SKBHBaJIGHTHHIX
cuerem Tuma 3A Ha DaBHOCTODOHHHX TpeyrosbHHKax (Ss), KaXmhit
H3 KOTODBHIX OrpaHHueH ILBAyMﬂ TeKywHMH pe6pamu 2A u ogHuM pe6-
pom ocobuix Touek 2B. A. Cucremy Ha BHyTpenHed dacTH yZoGHO
ONMCHBAThL NepeMeHHHIMH X, y u 2 (cm. Tabn. 11). B naockoctn
(%, y) (3amTpuxosanHa® 06JaCTh Ha DPHCYHKE) JeXHT MHOroo6pa-
3Me 3aMKHYTHIX KOHUEHTDHYECKHX TPaeKTODHi, mpHuafnexKamux
UeHTPY JMHeapu3oBaHHON cucTembl. 5. JlumamHuecKast cucTeMa 3A.
Kaxpgas Tpaextopus HAYHHAeTCH M3 KaKo#-mm60 TOUKH Ha pe6pe
ocobbix TOuek 13 u KoHuaercs g BeptumHe 3. IlItpuxoBas JuHHA
COeMHSIET BCe TOUKH, B KOTOPHIX TPAaeKTODHH mapaJielbHbl pebpy

ocobbix Toyek 13-
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Tabauya 10

Tno6anpio HHBADHAHTHHE AHHAMHYECKHE HONCHCTEMbI
9JIeMEHTAPHOTO THOEpHUKJIA Pa3MEPHOCTH n = 4

CumBon  Yenosus JINHAMHYECKAS CKeTeMa

4 .gl, giv B, E4>0 gg gig] gi¢ i=l, 21 s» 4,

j=i—1+nd, u
—§|§2+§zas+§s§4+§4h‘

fi=—19,

gg gggj_§i¢ i=29, 8,

j=i—1mu

o=§1Es -+ Eals

£3=0, E;—0 uan £, =0 AHanoruumo

2A Es=2E4=0 Bi=—09 ¢=His
Ba=CE18s — &9
Ee=E3 =0 —E,=0 Anasoruuno
HIH g4=g1=0
2B Ea=Es=0, .
B=E=0 £,=0, i=1,284

8A g4=0

Tabauya 11

dyukuHl JianyHora [57] BJs OCHOBHBLIX THIEPLHKJIOBR
pasmepHocTH 2 =2, 3 H 4

Urto6H [0Ka3aThb YCTOMYHBOCTb OmpefefieHHOH oco60of TOYKu X
L]

IMHAMUYeCKOR CHCTeMbl X = A(X), MH QOMXKHH HaflTH NPOH3BOJb-
Hylo ¢yukumio V(x), xoTopas yROBJIETBOPAET CHEAYIOLIEM KBYM
KpPUTEPUAM:

) V®=0 u Vx>0, xeU, (T.1L.1)

T. e. PyHKuus obpalnaeTcs B HyJb B 0co6Of TOYKE U MOJOXKUTENbHA
B ee okpectHoctd U. Takum o6pasom, V(X) mocTuraer JoKaJbHOrO
MHHUMYMa B 0cO60# TOUKe.

d
@) V(x)= Z(ax,) x,<0 xelU, (T1L9)
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IIpodoaxcenue raba. 11

T.e. npoHssonHas V(X) no BpemeHu OTpHUATENbHAZ B OKPECTHOCTH
oco6ofi Touru. [lo TpusmaibHbIM npuyunaM V ofpamaercs 8 Hylb

B Touke X: V(Xx)= 0. Ecau aa1s nanmoit oco60M TOYKM AHHAMUYe-
cKoif cucTeMbl Takywo QyHRumio V(X) ynaercd HafTW, TO OHa Ha3ul-

Baercs (ctporo#) ¢yHknuedi JIsnyHoBa, a TOUKa X fApJfercs (acum-
NTOTHYECKH) YCTOHUHBOM: TPaeKTOPH#, MPOXOAALLAs 4Yepes J6yio

TOYKY B OKPECTHOCTH X, 83aKaHYHBaeTCHd B oco6ofi TOuKe X.

®yurnuo JIanyHoBa MOXHO onpeneanTb TaKXe Npu 60nee cna-
6oM orpaHHYeHHH:

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

Jlro6asa Tpaexropus, BXoAAmas B okpectHocTh U Toukm X, ocraHercs
B 210l OKkpectHocTH. IlpuBeseM KOHKpeTHHH .pUMEp: CTOKH acHM-
MTOTHYECKH ycTONHuHBH 1o JIAnyHOBY B CcTPOTOM CMBbIC/le, TOTAA Kak
NEHTPH YCTOHUYMBH TOJNbKO B cMbicae caaboro kpurepus (T.11.3).

Jns yno6erBa munl Gynem uCHOsb30BaTh HOPMHPOBAaHHBlE mepe-
MeHHBE §;; JOMYCTHM TAKIKe, YTO KOHCTaHTH CKODOCTEM DaBHB efu-

uune (By = ks =.., =k, =1). Tenepp npumenum wmeros Jlsmy-
HOBAa K OCHOBHHIM THIEPHUKJIAM.
Dyuknus
1 \»
V=(T) — Bt ... tn (T.114)
1
uMeeT MHHHMYM M o6pamaercs B Hyab B 0cOGO# TOuKe gi=_n_;

HTaK, shnoansercs ycaosue (T.11.1). IMpoussognas V no spemetn
MOKeT GhlTb MOJyYeHa NPOCTHM RHOEPeHUHPOBAHUEM:

V=—8k... En (1 —nr);
r=3Y &, I=k—1+nd,. (T.11.5)
k=1

Tenepp M pomxkHb nposeputb kputepuit (T.11.2) ans cmetem c
PasMYHAIMH 3HaueHMAMH n. BHyTpu cHmmiekca S, yciaosHe V << 0
CTAHOBHUTCS SKBUBAJEHTHHIM HEPaBEHCTRBY

rE) <. (T.116)

- 1 o =
Ha#inem r(§0)=—n—, KOTOpOe ynosieTsopsier ypasHenuio V (Ey) =
=0 (Eo — 3TO UeHTpastbHag 0cobas TOUKA MMOEPHUKJNIA).

JIlna nsymepHoli cuctembl (n = 2) smmontenue ycitosus (T.11.6)
JIeTKO NMPOBEPHTD:

Bi=f E=1—f>r=2¢(1 —§)<-21—. (T.11.7)
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I podosncenue raba. 11

DyHkuHA r aeasercs napaboJoli ¢ MakcumyMmom npu § = !/, Urak,
HepaBeHcTBO r(E) << !/» BHnoJMseTCs BCIOAY, KpOMe OCOGOM TOUKH
E="', rne r="% B stom cayuvae V —>aTo crporas yHKuusA
Jlanynosa u §, acumuroTHdecku ycroitqusa,

Jas n =3 cHryauus aHanorHuna. Hepasenctso (T.11.6),
r<<lfs, Bunomusiercs B xaxdod TOYKe BHYTpH cHMMNexca Sa,
kpome ocoGoii Touku §o, rae r = '/s. V cuoBa sBAmeTcA cTporoii
¢pysknuell JlanyHosa, u neHTpasbHas 0co6as TOUKA §o aCHUMOTOTHUE:
CKHM yCTOWYHBA.

Jlns uernipexmepHoro ciywas mnpoGaeMa CTaHOBHTcA Gosee
cnoxHo, Ycaosue (T.11.3) BHOoJHAeTCcs NOYTH BCIOAY Ha CHM-
miaekce Sg:

r=E +&)E+E)=s(1—s), 0=s=1 (T.1L.8)

Buyrtpu cumnnexca mMu umeem 0 <<r << Yy, npudem r = !, Torama
H TOJMbKO TOraa, Korga s = /. Ypasnenue s = !/, onpenensier mio-
ckocrb E) 4 Ex =1 (cm. puc 31,4 u 34,5). OuesugHo, uto V
ABAAETCA JULIb HecTporod ¢yHKuued JianmyHosa. dtoT pesyabrar
MO3BOJAET. MPEANONONKHUTh, YTO UEHTPAJbHAA TOYKA HBJSIETCH MO
meHbllled Mepe ycroiuuBoi. JIng ROKa3aTesbCTB2 aCHMOTOTUYECKOR
yCTOHYUBOCTH BBELEM HOBHlE MepeMEHHBlE X, Y, 2:
=—2@+&+1, i=—(1+2)(y—=x2),

y=2( +8&) —1, g=(1—2)(x —y2),

z=2( + &) — 1, =2 —z+x— 4
KOTOpble CABHTaOT HAyajJo KOOPAMHAT B HEHTP CuMmJeKca S;, mpH-
YeM OCH KOODAHMHAT HMPOXOAAT Temepb yepe3 cepeluHnl pebep 23, 34
u 13 coorsercteeHHo (cm. puc. 31, A). Uersepras mepemeHHas,
Ei= | —E; — E2— Es, uckmouaerca. Mrak, ochb 2 HampamneHa mep-
NEHAMKYJIADHO KpuTudecKod maockocta Ei -+ Es = Y2, uepes Koro-
pYIO NPOXOASAT OCH ¥ U ¥. B 3T0fi mJOCKOCTH AMHAMHYECKAs CUCTeMa
yapouaercs A0 CAeAyIOWlero BUla: ¥ = —y, =X, 2= x?—y%

[poussognast 2 Mo BpeMeHH o6pamaercd B HYJb TOJBKO BROJb
NBYX OpaMbix, ¥ = =y, um B = & u Ei4 = E3 cooTBETCTBEHHO.
ClepoBarebHO, B 3TOM KPHTHHECKOH MJIOCKOCTH HeT TPaekTOpHE —
32 MCKJIOuEHHeM 0COGOM TouKH o — M CHCTeMa MpPOXOAHMT depe3 mee
3a 6eCKOHewHO MaJjoe BpemsA, Yciaosue V(E(f)) <0 BHmoansercs
BJIOJb JIOGOM MAHHOH TPAEKTOPHHM MOYTH B KAXKALIA MOMEHT Bpeme-
HY — HCKJIIOYEHUAMH ABJIAIOTCA JUIIb TE€ MOMEHTH, KOT4a CHCTeMa
MPOXOMUT KPUTHUECKYIO Ma0oCKocTb E1 -+ E3 = 'fo. Baoabs Beex Tpaek-
topuii V(E(#)) moHOTOHHO yGmBaer c¢ pocroM f. V_samniserca ctpo-
roii ¢yHxuueii JlsnyHoma, Tak d4to oco6as TOUKa &o ACHMMTOTHYE-
CKH YyCTOHYHBA.

[Ipu GoJsee BbICOKMX paamepHocTax, n = 5, V(E) He samasercs
dyHruuedl JianyHoBa, cllefOBATENbHO, STOT METOJ He AdeT BO3IMOXK-
HOCTH CjeJaTh Kakue-Ju60 MNpeAcKasaHusa 06 yCTOAYHBOCTH 1ieH-
TPanbHOR OCOGOM TOYKH.
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CTaNMOHAPHBLIX KOHHeHTpanu#. J[NA NAHHBIX AHHAMHYECKHX CHCTEM
NefiCTBUTENbHO XapakTepHO KOOMEPATHBHOE MOBENEHHEe KOM{IOHEHTOB.
DTOT pe3yJbTaT OCOGEHHO BaXEH AJA YeTbiPEeXMePHOH CHCTEMbl, TAe
JuHefiHas anmnpoOKCHManus, UCHOJb3OBAHHAA NMPH HCCNELOBAHHU OCO+
6LIX TOuEK, MOKAa3aJa HajHyHe HeHTPa, OKPYXKEHHOro MHOroo6pasneM
KOHIEHTPHYECKHX 3aMKHYTHIX oOp6HT B mIOCKOCTH (X, y) (cM.
puc. 31, A), 4TO He NO3BOJAET CAENAaTb ONpPeAeNeHHbIX BHBOLOE 06
yCTORYHBOCTH.

JluHaMuyecKne CHCTeMbl Ha rpaHHnax cumnaekcos (BS.) ompe-
LeJAI0T NOBELEHHe HEMOJHBIX THMEPUMKNOB, T.€. KaTaJuTHUYECKHX
THOEPUMKJIOB, y KOTODBIX OTCYTCTBYeT MO KpaiiHeA MepPe OAMH u3
9JeHOB. B AeACTBUTENHHOCTH 3TH CHCTEMbl ONHCHIBAIOT KHHETHKY
«BBIMHPAHHA» runmepuukAa. OHH MMEIOT TaKXKe HEKOTOpOe 3HayeHHe
Ha oOmpejesieHHbHIX 3ramax ob6pasoBaHus rumepuukaa. Ha rpanmuax
MOJNHBIX QHHAMUYECKHX CHCTEM BIJIOTh JO Pa3MepHOCTH 4 Mbl HMeem
ABa Buaa peGep —2A-H 2B, a Takxe rpaub 3A (puc. 30). Bce Tpu
JHHAMHYECKHe CHCTEMbBl MOXKHO HCCJeLOBATh MPSMbIM CHOCOGOM.

Pe6po 2A coenunsieT ABa MOCTEL0BATEbHEX YHCTHIX COCTOSIHHA,
UM [Be BEPLIMHB,, KOTOPble Mbl 0O6O3HayaeMm 4Yepes { U j (j =
=i+ 1—nbi,). Kak nokazano Ha puc. 32, Bponb pe6pa neft-
CTBYeT ABHXYyUIas Cuna B HampasJenun [—j. Urax, enuncteeHnas
TP2EKTOPHA 3TO CHCTeMbl  BeleT OT BEPIUMHBI [ K BeplUuHE |
CooTBeTCTBEHHO MH GyRem HassBaTth cucreMy 2A «Texymmum pe6-
pom». [lo Mepe mpubmikeHHA K BepliMHe | ABHKymas cujaa yGbl-
BaeT no mnapaGosimdeckomy 3akoHy (puc. 32). CrepomatensHo, JH-
nefinbli 9aeH B pAne Telnopa obpamaercs B HyAb B ocoGol Tou-
Ke X;, ¥ HCCJeLOBAHHe OCOGBIX TOYEK He MOXKET LaTh HYKHBIX CRE-
LeHMHA O mpupoie 3TOR OCO6OH TOYKH.

B snemeHTapHHX THNePNUKJIaX BEPLIMHB CHMILIEKCOB SABJIATCH
CeLJIOBLIMH TOYKaMH: BepIUHHA i ycTOHYMBA MO OTHOIIEHHIO K (ayK-
TyauusaM, HanpaBJeHHbIM Bnoab pe6pa hi(6xn >0, h=i— 14
+ ndu), HO HeycrOMuupa BROAL pe6pa ij (j = i+ | — ndi,). Urak,
Ha rpaHuue JMOGOH MONHOH JUHAMHUYECKON CHCTEMbl Mbl HMeeM 3aMK-
HyTyio mermo — 12, 23, 34, ..., nl, Bponb KOTOpOR cHCTEMa Bpa-
maeTcs B ONPefeNeHHOM HampasleHHH. DTOT LHUKJA He #ABJAAeTCH
enuHcTBeHHOM Tpaektopued. Urto6m cucreMa Morna mepefith B cie-
Lyloliee YUCTOE COCTOSIHHE, B KaKAOH BepluinHe ROJIKHB [POMCXO-
AuTh GJAYKTyanHu onpeneseHHoro pupa. CyllleCTBOBaHHE 3TOH mMeTJIN
OTPaXaeT NHKJIMIECKYI0 CHMMETPHIO BCEH CHCTEMBI, a aCHMMETPHs
B KaXnol OTAeNbHOM BepIIMHE — NPUHATYIO B Halllel MoZeaH He-
o6paTHMOCTb CHHTe3a M AerpagaluH GHOMOJHMEPOB.

B aunamuzeckoin cucteMe 3A 06saCThb 3HAUEHWH MNePEMEHHBIX,
uMeomas (usnyeckuA CMBICH, OTPaHHUYMBAETCS [BYMA MOC/]ELOBA-
TENAbHHIMH TeKymmuMu De6pamn ij u jk (j=i4+1—nbn u k=
= j+4+1—nbix) u oxuum pe6pom ocobhix ToueK ik (k= i— 1+
+ ndin). Tpaextopun 3TOR CHCTEMH foKa3aHw Ha puc. 31, 5. Onu
HAYMHAIOTCA M3 KaKOM-JM60 TOukM Ha pe6pe OcoObIX TOYeK M 3a-
KAHYUBAIOTCA B BepIUIMHE k£, KoTOpas, Takum o6pa3oM, sBasercs
e/IHHCTBEHHHM yCTOHYMBBLIM ATTPAKTOpOM CHCTeMbl. Bup /:, ciepoma-
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Puc. 82. «Texkymee pe6po» 2A. KacatenbHbl seKTOp Ea=E, (1 — )2

moJioxkuTeneH BHYTpH Bced o6jactm 3Hadenm#, mmeowmx ¢uanye-
ckuli cmbica (0 < &, << 1), m obpamaercs B HyJb Ha OGOMX KOH-

12X, KOTOpHle ABAAIOTCA ABYMA OCOGLIMH TOUKAMH CHCTEMB: §; =
= (1, 0) u &= (0, 1). Hepasencrso &, > 0 osnauaer, uyro E; BO3-

pactaer B TedeHHe CJEAYIOLIETO GECKOHCYHO MaJIOrO MHTEPBaNa Bpe-
menn. CnegoBaTenbHo, Ha 2A mumeeTcs TOJBKO OAHA TPaeKTOpHS,

Beaylias M3 £ x Eg, T. e. u3 epumnn 1 (§; = 0) K Bsepwmne 2
(8, = 1). InnammuyecKasl CHCTEMA «TeueT» RJIOJb 3Toro pebpa. Ot-

metum, uto dE,/dE, obpamaercs B myab B 0co6oil Touke Ey (£ = 1),

BCJIEACTBHE 4ero COGCTBEHHOE 3HAauyeHHE JIMHeApU3OBAHHOM CHCTEMBbl
® = 0. CjenopatenbHo, HCCHEAOBAHME OCOGLIX TOYEK He MO3BOASET
YCTAHOBUTH XapaKTep YCTOHYHBOCTH 3TOH TOYKH.

TeJIbHO, BBIKHBAET M SRJAETCA OCTATKOM 3TOro (parMeHra rumep-
UMK A,

Hccnenosarne rpaHMil OCHOBHBLIX T'MIEPHUMKJIOB MOXHO 0606-
IUTh Ha cayuaft cuctem C GoJsblieli pa3mepHocTbio. [losydyeHHbIe
pe3ysbTaThl AT BO3MOMHOCTb MPEACKA3aTb XapaKTep aCHMITOTH-
JeCKOro pasBHTHS HENMOJHHIX rHaepuukaoB. [Tocse Toro xax omuH u3
BHIOB THIEPHHKNA DJIHMHHHPYETCH KAKHM-JHG0 BHEIUHHM COOHITHEM,
OCTaBIIAfACSH NMHAMHYECKAsA CHCTEMa CTAHOBMTCA HeycTORUMBOH H
Yepes AOCTATOYHO Gosblioe BpeMs NMPHXOAMT B YHCTOE COCTOSIHHE.
Bo Bcex caywasx orGupaetcs TOT BHJ, KOTOPHI B THNEPUHKJE JIQ-
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KaJu30BaH KakK pas ‘mepel pa3pbieoM. Jpyrumu ciosamu, ecam
npemecTByer J (j=1i+4+1—06w), To BURL I; coxpaHutca KaK
nocneaHUA KOMOOHEHT THMAEpUHKJA, PaspylIeHHOTO BHMHpPaHHEM
KoMMAoHeHTa ;. DTO momefeHMe BHITEKaeT M3 CBOHCTE KaTajHTHIe-
CKHX Hemen.

VII1.2. YncneHHoe HHTErpHpOBaHHe

Cucrembl  auddepeHunaJbHbIX  YpaBHeHHA 1Js  9JleMeHTap-
HbiX THIEPUMKJOB C pa3MepHOCTAMH 10 n < 12 mHTerpmpoBajmch
€ MOMOLIBIO CTAHAAPTHBIX 4HCJeHHBX MeTo4oB. COOTBETCTBYIO-
IqMe WATErpaJjbHEle KpHBble X (f) paccMaTpHBajuCb B MpelBIAy-
wef pa6ore [4], M MX MOXKHO He MPHBOLHTb CHOBA, TaK KakK 3/eChb
Hac MHTepecyeT Apyrol acmekt mnpo6iembl. Temepp Hama yenb —
MOMCK YCTOAYMBBIX ATTPAKTOPOB BHYTPH CHMMJNEKCOB Sp, KOTOpbLlE
rapaHTHPYIOT KooNepaTHRHoe noBefeHHe KoummoHenToB. CooTBeT-
CTBYIOIEE MCC/ef0BaHHE MHOroo6pasHsl TPAaeKTOPHA [0OCTAaTOYHO
npocTo.

JnddepeHunanbibie  ypapHeHHs AN TpaeKTopui  mosyua-
10TCA  HCRJAKYeHHEeM SBHO{T BpeMeHHOM 3aBHCHMOCTH M3 HCXOAHOM

L7
]_

451

T r—t 2}
0 0S5 1

Puc. 33. Tpaekrtopns auHaMudeckoft cuctembl 3 AJ8 3JEMEHTapHOTO
THMepUMKJA Pa3MEPHOCTH n = 3 MOKa3aHa B BHAe MPOEKIMH Ha
mIoCKoCTh  (¥y, %3). HauassHble ycnomma: x;(0)= 0,98, x3(0)=.
== x3(0) = 0,01.
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Puc. 34. Tpaextopnu AuHamuueckux cucrem 4, 5 m 12 pna sne-
cteeHHO. (1) n =4: HasaapHBe ycnoBusa — % (0) =0,97, x2(0) =
uMA TPaeKTOPMM Ha MJOCKOCTh (X), X2). TpaekTopus Bejer Mo
Ho 3atyxawoT. b. [Ipoexuus TpaeKTOpHH Ha NJOCKOCTb (X, X3).
puc. 31} nepecekaer MJIOCKOCTb (¥;, X3) MO mpAMOR X -+x3 =5,
pusl MepeceKaeT MJOCKOCTh (X, §) TOMBKO B OTAEJbHBIX TOYKAX
(rabn. 11). (2) n = 5: npoexuwn Ha NJOCKOCTb (X, Xp). B. Ha-
= x5 (0)=0,0001. I Hauanbhsle ycnoeus: x;(0)= 0,2004,
yeckas cHCTeMa NPHOJHXKAETCH K OLHOMY M TOMY e mpenesb-
(3) n=12: mpoekumn Ha mJOCKOCTb (X), X2). M. Hauanbuble
yaabHble  yeaomusi:  xy(0) = 0,0848, x,(0)= ... = x3(0)=
odeHb 6JM3KO K KoHTYypy 1—2, 2—3, ..., 11—12, 12—1.
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MEHTAPHLIX TMOEePHUUKJIOB pa3MepHocTH n =4, 5 u 12 coorper-
= x3(0) = %,(0) = 0,01; noxa3annl pse mpoexknuu. A. Ipoek-
CHHPAJH B NeHTPaJbHYI0 0COGYIO TOUKY, MPHUEM KOJEGAHUA CHJb-
[lnockocTh 1EMTPaNbHOTO MHOroo6pasms [mnockocts (x,.y) Ha
[MepnenauKyAApHO el mpoXOAMT ochb 2. OTMETHM, 4TO TPaeKTo-
H HMe OCTaercs B Hell Ha O6ojiee MOpPOLOMKHUTENLHOE BpeMs
sajpHee  yonoBHA: Xy (0) = 0,9996, x3(0) = x3(0) = x,(0) =
%2(0) = x3(0) = x4(0) = x5(0) =0,1999. Ortmernm, yrto AuHaMu-

HOMY NMKJy He3aBHCHMO OT HadYajbHbiX ycosufi (B wm TI).

yeaosus: x;(0) = 0,9989, x5(0)= ... = x2(0) = 0,0001. E. Ha-
= 0,0832. CHoBa 062 npejmesibHbIX LUHKIZ MAEHTHYHB U OPOXOJAT
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AMHAMHIeCKOR CHCTeMH?

dts A,

-E:—=le‘=fz(xb X2, «eey Xp),

dx A

d_x::=T?=f8 (xlp X2y ..y xn)» (70)
dxu An

dxl =_A—l= n(xl. X2y c0ny xn)-

Hurterpuposanne stofi HOBOH (n— l)-mMepnoll puHaMHdeckoft cucte-
MHl AaeT TPaeKTOPHH (MHTerpajbHHe KpPHBHE):

Xy =g2 (xl) X2y o0sy xn)»
Xg =g (%1, X3, 00, Xn)y

Xn=8n (X1, X2, ..., %n). (71

Hrak, tpaexTopusa — 5TO KPHBAas B n-MepPHOM HPOCTPAHCTBE KOHMEH-
Tpauu#i, 1as rpadmyeckoro mpeicTanJeHHs mbi GyAeM HCIOJbL30BATh
MpOeKUMH 3THX KPHUBHIX Ha MNJOCKOCTH (Xz, x1). Tpaekropnum ans
CHOEPHYKJIOB MaJof pasMepHocTH (n =2, 3 u 4) oTpaxalT yXe
H3BECTHbIE CBOACTBA 3THX AMHaMH4ecKmx cucreM., Chayualt n =2
JIOBOJILHO TPHBHAJEH: HMMEIOTCA TOJbKO ABe OpPOHTHI, KOTOpbie CXO-
BATCS K [eHTpaJbHOMY yctoianpomy Qoxycy (prc, 30). Tpaexktopuu
TPeXMEPHOrO THMmepuuKaa (n = 3) SABASIOTCH CHHPaNsMH, KOTOpPhIE
6LICTPO CXORATCA K UeHTpasibHOM ocoboff rtouke (puc, 33). dror
BHJ, TpPAaeKTOPHH COOTBETCTBYEeT CHIBLHO 3aTyXalolHM KoJeGaHusM
MHTErpajbHbIX KPMBHIX X(f). UeThpexuseHHbA THOmepUUKA ClepyeT
paccMoTpetb noapoGHee. TpaekTopuu CHOBa HAYT 1O COMpadM B
neHTp cummiaskca (puc. 34, A,B5). B oramyme ot TpexmepHoro cay-
qasg, HanpaBJeHHas K (EHTPy CHaa HaMHOro cnaGee BPaIaTesbHOTO
koMnoHedTa. COOTBETCTBEHHO CXOAMMOCTb K I[EHTPaJbHOM OcOo6O0f
Touke KpalHe cnabas. TTpoekumss 3TOM TPaeKTOPMH Ha MJIOCKOCTh
(%1, X3) TpeKpacHO HJJIIOCTPHPYET MOJyUeHHBI Paﬂee pe3yJbTaT:
OTCYTCTBHE TPAEGKTOPHA B MJOCKOCTH X1+ X3 = lfy, x3 4 x4 = Vs,
JelicTeuTenbHO, KaK MOMHO BHIeTb Ha puc. 34,5, Tpaekropuu mpo-
XOIAT BOJM3M CeAJNIOBHAHOH H3OTHYTOH MOBEPXHOCTH.

Jlng OCHOBHHIX THMHEPUHMKJOB pa3MepHOCTH 7 => 5 neHrpanbuas
ocobas TOuKAa mpeicTamaseT cobod Heycroiumsoe ceano. Ha rpa-
HHOE MET CTOKa, M, CJ1eJOBaTeJbHO, HY:KHO OXKHAATh Hajuyus ycTOf-
unpol 3aMKHyTOH TpaekTOpuH. OJHAKO COOTBETCTBYIOLIME METOJBI
HCCeqOBAHNA TOKAa He pa3paboTaHbl ‘B JOCTATOYHOM CTEmeHM M He
NO3BOJIAIOT J0Ka3aTh CYLECTBOBAaHHe NMOJAOGHOrO aTTPaKTOpPa BHYTPH
cuMmniekca. [lostoMy Mbl QOJKHBL moJlarathCs Ha 4YHC/IEHHBIe pe-
3yJbTATHI.
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Puc. 35. MHrerpaibHble KpuBHeE LHHAMMYECKOH CHCTeMbl, COOTBET-
CTRYIOIleHl 3JeMEHTAPHOMY THOEPUMKJY pPa3MepHOCTH n =4 C He-
paBHpIME KOHCTaHTamm ckopocrelt [By = 0,25, &, = 1,75, kg = 1,25,
k, = 0,75; HauzanbHble ycnaoBuf: x7(0)== 0,9997, x.(0)= x3(0) =
= x4(0) = 0,0001; nmonHas KoHnNeHTpPanuoOHHaf mKana = | elHHHNE
KOHNEHTpauuu, mOJHAafA BpeMeHHas mmKayna = 1000 epuHuMy Bpeme-
HH]. OTMeTHM, YTO KOHieHTpanud I; (KOMMOHEeHT, mpefuIecTBYIOLMH
camofi ObicTpofi cTajMM) OKa3biBAETCH HaMMeHbUIeH, a KOHNEHTpa«
uHa I, (KoMmoHeHT, mpeamecTRBYIOIHA camOl MenJeHHOH CTalMH)—
HaunboJbures.

Uuc/ieHHOe HHTETpHPOBaHHe NEACTBHTENbHO YGEAHTENBHO YKA3HI-
BaeT Ha CyLIeCTBOBAHHE MpERENbHOTO IHKJIA, MM 3aMKHYTOH Tpaex-
ropun, HaunHag [BMXKeHHe M3 pAa3NMYHBIX TO4YEK, O4eHb GJIM3KHX K
UeHTpY, rpaHm, pe6py WJM BeplliMHe CHMMJEKCa, Mbl BCEraa uepes
LOCTATOYHO GOJblIoe BPeMs MPHUXOAMM K OZHOMY M TOMY Xe mpe-
AeqbHomy nukay. Ha puc. 34, B— E nokasaHbl JBe THOHYHLIE Tpa-
€KTOPHM JJI BJEMEHTapHLIX THIEPUHKJOB pPa3MEpPHOCTH n =25 u
n = 12. Kak MoxHO y6eInTbCA M3 CPRBHEHMS 3THX LBYX PHCYHKOB,
OpH YBEJMYEHHHM 7 DeAebHBIH UHKA BCe CMMKE MOAXOAMT K KOH-
Typy 12, 23, ..., nl, o KOTOpOM TOBOPHJIOCH B MpeablAylleM pa3-
aene. CneposaresbHo, KoneGaHHA OTZHeNIBHHIX KOHUEHTpauuifi craHo-
BATCH Bee GoJiee u 6oJliee MOXOMKH Ha MPAMOYrOJIbHbiE HMIyJIBCHL.

Vcnonb3oBaHue 4YHCJIEHHHIX MCTOLOB [1O3BOJIIET TAaKKe CHATb
orpaHuyeHne &y ==k = ... = k.. DBblin mnposeneHb BHYHCJIEHHA
AN QMHAMHYECKHX CHCTeM C pa3MepHocTamMH n =4 u n=05 u ¢
OpOM3BOJLHEIMA 3HadeHmsivu k. OKasajoch, 4To OOGWMA XapakTep
MHTErpajbHblX KPHBHIX He H3MeHHiAcH. THMHUHBle nNpUMepH NpHBe-
HeHul Ha puc, 35 n 36, B ofenx cucreMax OTAesbHble KOHHEHTpayny
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Puc. 36. Hurerpajbibie KpHBHE AQMMAMHYECKOH CHCTEMEl, COOTBET-
CTBYIOLIEH 3/leMEHTAPHOMY THHOEPUMKJIY pa3MepHocTH n =25 ¢ He-
PaBHHIMH KOHCTaHTamm cKopocredl [B) = 25/13, &y =.1/13, &y =
= 19/13, ky =1, k; = 7/13; HauanbHble ychomusa: x,(0) = 0,9996,
%2(0) = %3(0) = x4(0) = x5(0) = 0,0001; nonHas KOHUEHTPANHOHHAS
mwKajna = | eiHHHIe KOHUEHTpanuu, NOJHAaA BpeMeHHAad IUKajla =
1000 epmunn spemenu], OTMernM, 4to KomueHTpaumsi Iy (KoMmoHeHT,
npepluecTBYOLMA caMoff GHICTPOR CTaAMH) OKa3HBAaeTCHd HaMMeHb-
wef, a KoHuenrpauns I, (KOMIOHEHT, MpeRIUECTRYIOINA camoil Mex-
JleHHOM CcTagumn) — HamGoJburei.

Kone6motcsn. Jas £ = 4 KOHUEHTPAaNMOHHHE BOJHH 3ATYyXalOT H
JMHaMMUyecKas cucTeMa mpubymXKaetca K IeHTPaJbHOK ocoboit TOYKe.
Ee KoopauHaThl omnpenessioTcs CJAelyOLINMH YpaBHEHUAMH:

.
=—Cy j=i+1—nd,;, (72)

b

i=1
[MaTuuNeHHBle THOEPUMKJH € HepapHHIMH KOHCTaHTaMM CKopocrel
LAIOT TaKHe e He3aTyXaloliHe KOHNEHTPAnHMOHHHEe HMMYJbCH, K4k
B B cJlyude CHCTEM C paBHHIMH 3HaudeHuamH k. OnHako BenHunHa
HMIYJbCOB Temepb He OLMHAKOBA A/ BceX KoMmoHenToB. Cpennme
Mo BpeMeHM KOHUEHTpaumu [onmpenenennuie no copmyae (67)] ygo-
BJIeTROPAIT ypasHeHmo (72), KOTOpoe ompejessieT MOJOXKEHHe (He-
ycroiuneof) meHTpasbHOM 0co60f ToukH., COOTBETCTBEHHO AJst Tex

BHJOB, KOTOpble NPEeANIeCTRYIOT CTaqHH C OTHOCHUTEJNbBHO MaJjoii KOH-
CTAaHTOMN CKOpOCTH, HUMMYJIbCHl OKa3HBAaMOTCA NIHMPOKHMH, a JAJA BH-
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JOB, MpellUeCTBYIOIIHX OTHOCHTEJHHO OHICTPOH peakUMOHHOH cTa-
* MK, — MaJbIMH 1O IUHpHHe m BhicoTe. Mrak, chcreMa peryampyer
KOHNEHTPANMH CBOMX KOMIOHEHTOB TaKHM O6pa3zoM, YTOOH ONTHMH-
3UPOBaTb CyMMAapHYyIO CKOPOCTb MPOAYKIHH.

Cunepuukanl GoJsblieln pa3mepHOocTH (n =>5) e ocraloTtcs B
JCTOHYMBHIX COCTOAHMAX C MOCTOAHHBIMH CTalHOHapHHIMH KOHUeEH-
TpanuaMHu, a o6HapyKHBAIOT BOJHOOOpa3Hble KoJebaHus BOKPYT He-
ycToliuuBof oco6oii TOYKH B UeHTpe. TeM He MeHee MOBEJEHHE KOM-
NMOHEHTOB SABJIAETCH KOOMEPaTHBHBIM, MOCKOJILKY HMX KOHUEHTpPaunum
peryJupyoTcs AMHAMHKOH BCell CHCTEMHB, M WH OJHA MOMyJSILHOH-
HasA nepeMeHHas He o6palnaeTcs B HYJb.

Hunamuueckue cucremst, cOOTBETCTSYOULE dAeMeH-
TAPHOIM  2UNePYUKAAM, UMeOT OO0uH U TOAbKO OOJuH
aTTpaKTop BHYTPU CcuMnaexca, bGacceldn KOTOpo20 pac-
RPOCTPAHACTCA Ha BCIO 004ACTb NOAOXHUTEAbHbLX (He-
HYyaesvlx) KoOHyenTpayul scex komnonentos. Ipu ma-
a0l pasmeproctu (n<<4) arrpaxTop A[6AsETCA acumn-
TOTUYECKU YCTOLuUB0l 0c060d TOUKOL, a UMeHHO (QOKY-
com a8 n=2 u cnuparbHoim cToxom 0as n=38 u n=
= 4. B cucremax ¢ 6oavweid paszmeprocTeio (n=5)
YUCABHHOE UHTezpuposanue ybeduTesbHO YKa3bl8AET HA
cyujecTsosanue ycroduusozo npedeavtozo yukxaa. Hrax,
8ce 3/NeMEHTapHbLE 2UNEpYUKAbL XapAKTepusyroTcs Ko-
onepaTusrbim nosedexuem KOMNOHEHTOS.

Baaeodapsa ceoum Ounamuueckum ocobeHHOCTAM 2u-
nepyuKAbl 37020 TUNA TAAT 8 cebe MHOINCECTBO euje He
uccae00BaHHbBIX BOBMONMHOCTEY Oaf CaMOOp2aHu3ayuu
(nanpumep, Ouccunarusuole cTpyxTypsl, ecau 006asute
co0a asaeHus neperoca). OHu mo2yT Taxxme uzpars
BAJHYIO POAL 8 CAMOOP2AHUBAYUL HEPBHbLX ceTel.

X. TunepuMKJibl C TpaHCASIHEH

1X.1. UgeabHble TPaHAYHbIE YCAOBHS
H obuine ynpoueHns

loaxonsimiu# HaGop TpaHHYHEIX YCJHOBHH MOXHO
peanu30BaTh B MPOTOYHOM peakTope [4, 9, 55, 56u]. Kou-
LEeHTpauHH BceX HH3KOMOJEKYJ/SPHHX COCJHHEHHH B HeM
(mi, i=1, 2, ..., A) NOANEPXKHBAIOTCA MOCTOSIHHBIMH C
HOMOL1BI0 YETPOUCTBA, KOHTPOJHPYIOILEr0 TNOTOKH H
B TO Xe BpeMsi CHalxatomero cHcTeMy >Heprdeit. Kon-
IleHTPANHOHHEIE TNepeMeHHble OTHOCATCA K Makpomoe-
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KyJAApHBIM BHIAM, CHHTe3UpPyeMBIM B peakTope, TOTIa
KaK COOTBETCTBYIOIIHe MNapaMeTPnl .IJst BCeX JApYTHX
KOMIIOHEHTOB «CTaHJAPTHOH peaKIHOHHOH CMeCH» He
BXOJSIT B SIBHOM BHJe B nH(depeHynHaNbHBE YpaBHEHHS,
HO HesBHO BXOASIT B 3((deKTHBHHE KOHCTAHTH CKOpO-
creit ypasHenus (30).

H3-3a TexHHYeCKHX TPYIAHOCTEH, a TaKxKe MO 3BpPHU-
CTHYECKHM NPHYHHAM HEBO3MOXHO B SIBHOM BHJE YYecTh
BCe 3JIeMeHTapHHeE CTAaJMH pPEeaKIHOHHOTO MeXaHH3Ma.
BMecTo 3TOro Ham NPHXOJHTCS HCIONb30OBATh YIPOLIeH-
Hhle CXeMH peaKuHH, KOTOphle BeAYT K NpHeMJeMOil
«CyMMapHOfi> KHHeTHKe. Takas crpaTerust oOblyHa AJs
XUMHYeCKOR KHHeTHKH. Hanpumep, KHCJIOTHO-OCHOBHBIE
peakuHHn B BONHBIX pPacTBOpax OOBIYHO ONHCHLIBAIOTCS
¢ eHOMEHONOTHYeCKHMH ypaBHEHHSMH, KOTOpble He Y4H-
THIBAIOT OTJAEJbHBIX aKTOB NepeHoca NPOTOHOB, a OTpa-
JKalOT TOJNbKO M3MEHeHHSt B COCTOSIHHH IPOTOHHPOBAaHHS
paccMaTpHBaeMBIX MOJIEKYJI.

_Kuueruueckne ypapHeHHS, ONHCHIBAIOUIHe NpPOIECCH
IOJUMepH3anHH Ha MaTpHue H TPaHC/ASIHH, BKJIOYAIOT
‘FOJIBKO YHCJAEHHOCTH MOMyJsiuHA MaKpPOMOJIEKYJ, CHHTe3
KOTOpPHX 3aBeplueH. TakuMm ofpa3oM, HHHIHAUHS. LENH
H 3Tanbl €e pocTa B SIBHOM BHJe He paccMaTpHBAIOTCS.
O npaBOMOYHOCTH 3THX aNNPOKCHMANHA MOXKHO CYLHTh,
CPaBHHBAs pe3y/JbTaTH C JKCNEPHMEHTAJbHBIMH JaHHH-
MH. B neficTBHTE/IBHOCTH TOT THI «CyMMAapHOH» KHHe-
THKH, KOTOPHI# MBI 3leChb HCNOJb3YeM, LOCTAaTOYHO XO-
poulo u3BecTeH (CM. 4acTh B).

1X.2. KnnernuyeckHe ypaBHEHHst

KaTtanuTHuecKu#l THIEPyHKJ, CXEMATHYECKH Tpef-
CTaBJIeHHBIE Ha pHc. 37, COCTOHT H3 JBYX HabopoB Ma-
KPOMOJIEKYJI: H3 7 NOJHHYKJIECOTHAOB H 1 MOJIHNENTHAO0B.
Pennukauus mnoaunygsaeotunos (I;) Karamusmpyercs
nonunentuaamu (E;), KoTopnie B cBOIO ouepenb ABJS-
I0TCA NPOAYKTaMH TpaHCHSUHH MNOJHHYKJIEOTHHOB. [u-
NepuHK/AHYecKas CBs3b YCTAHABAHBAETCH C [OMOILBIO
IHHAMHYECKHX CBS3eH ABYX THIOB: )

1. Kaxam#t nonunykaeorus I; cnenuduueckn tpauc-
aupyetcs B nosunentua E;. OueBnnuo, ans tpancnsuun
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Puc. 37. CxemaTtHuecKoe H306pakeHHe THIEPUHKAa C TpaHcAAnuei.
Paaveprocts 2X 1, T. €. 1 NMOJHHYKNEOTHAOB M 1 MOJMMENTHAOB.

TpebyeTcst HaJHuHe COOTBETCTBYWOUlEro amnapara, KoTo-
pHIl BKJIO4aeT B cefsg Mo MeHblled Mepe HEKOTOpble H3
npoAyKToB TpaHcasuuu E; u Hcrmosb3yeT onpeneneHHblit
reHeTHYeCKHHA KOJ.

2. [ToMuHYKIEOTHAH ¥ MOJNHNENTHAH 00pa3sywoT che-
nddHYecKHe KOMIJIEKCH, -KOTOpble TaKXe IPOosBALIOT
KaTaJHTHYECKYI0 aKTHBHOCTb NpPH CHHTe3e NOJHHYK/IEO-
TUAHBIX Konu#. IlonmmenTHan Moryr OHTh chenHduye-
CKHMH pemJHKa3aMH HJAH crnenH@HYeCKHMH KodaKropa-
Mu OesfKa Cc NOJHMepa3HOd. akTHBHOCThbIO. Bce BMmecre
‘9TH NepBHYHHE Oenkn obecnedyHBalOT HaNHuHE IO MeHb-
urefi Mepe nByx (yHKnH#A: cnenudHuecKof penyHKanuu
u TpaHcasiuuH, B gyactu B nokaszaHo, Kak MOXKHO Npea-
CTaBUTb cefe TaKYIO CHCTeMY.

Cesian mexay I; u E; n0oMXubl GHITb TAKHMH, 4TOOBI
MOIVIO TpOH30HTH 3aMBIKaHHe uen# oOpaTHOR CBsA3H
(puc. 37). MarteMaTHyYeCKH UHKJIHUeCKas CHMMeTpHS
BBOJHTCH TeM, UYTo Hpelnojaraerci oOpa3oBaHHe
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ciegHbHIECKOTO KOMIIeKeca MexAay gepMerntom E; u mo-
nenykaeoruaoM I;, npuuem j=i+4 1 —nbin
KuHeTHKa CHHTe32 MOJHHYKJIEOTHLOB OMNMCHIRAaeTCH ypamHeHHeM

Muxasanca — Meurten, X0t Mbl He BBOAMM MPEANOJIOXeHHS O TOM,
9TO KOHNEHTPAINH KOMIJIEKCOR MpeHe6peskHMO MaJihi:

K; ’ ;
I,+E = 1LE; LE + Y viMl—1,+LE. (73)

Yerbipe HyxkJeosuaTpudochaTa M HX CTEXHOMETPHUECKHE KOdhdu-
[IHeHTH 0603HaYaloOTC COOTBETCTBEHHO Yeped MK u v{, A=1, 2,
3, 4. Beeaem o6o3HaueHMs 2; AN KOHUeHTpanum KoMmiexca L;E;,
X;, §;— ANA NOJHOA KOHNEHTPANMH NONHMAENTHAOB (E;) u mosm-

nykareotupor (l;), x;, yi— ANA KOHHEHTpaumfi 3TUX NOJHMEpPOB B
ceo6onHoM cocTossHMH. COrJIacHO 3aKOHY COXpaHeuus Mace

x?=x! +z, YP=y,+z. (74)

I'Ipn 6LICTPOM YCTAHOBJNEHHH PaBHOBECHOH KOHMEHTPanMH KOMMJIEK-
Ca KOHNEeHTpanus 2; CBA3aHA C MOJHLHIMH KOHMeHTpanuaMHu x! " yg

clepyoumm o6pazoM:

¥+ +K; . 4y2%)
g=—t—L il Af1— =L ) (75
2 (v + 2] + K;)

Mpeanonaraercs, 4910 CHHTE3 NOJHAENTHAOR ABJAAETCA Hecmennpua-
HbIM, T.€. TPAHCJAAUMA MOJMHYKJeOTHAA I; ocyilectmiasercs ¢ mno-
MOLIbI0 O6LIEro «anmapaTay:

k N
I+ ; vEME L 1, + E,. (76)

CumBoaaMu M% n v% 0603HaYeHbl AKTHBUPOBAHHHE AMHHOKHCJIOTH

W MX CTeXMOMeTpHUYecKHe KO3((dHnueHTH cooTsercreeHHo. Ceseknu-
OHHble OTpaHMYEeHHMs MOXKHO BEECTH MOCPELCTBOM He3AaBHCHMOH pery-
JIANHE NOJIHHIX KOHneHTpanui o6oux tunop GuomosuMepor (I m E).
Ilo awanormm c orpaHudeHMeM [OCTOSIHMOH OpraHuzauum 6ygem
floffiepXKHNBaTh 06e CyMMbl KOHUEHTpannil MOCTOSHHRIMM:

S=di Y= an
k k

flpH Bcex 3THX yCJORMAX HAINa AMHAMHMYeCKas CHCTeMa, COCTOALIAS
us 2n ces3aHHHX aubdepeHnuaMbHHIX ypasueHull, npHOGperaér cle-
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AyOInA BUA:
9 <
-0 i
yi=iizz_—oz fr2p
I =1
1 (78)
0o n
0 *q .
*t=k5yi——o—z kuy,, (=12 ..., n
°E k=i

Hawm nocraTouHo ofcyauTh nBa npeaenbHHX Caydas:
1. TIpa nocTaTOYHO HH3KHX KOHIEHTPAIHAX KOHIEHT-
pauusa 2o, koMnjekca I;E; cranoBuTcs npoOmopuHoHafb-
HOH TNPOH3BEACHHIO KOHNEHTPAlHH MNOJHHYKJICOTHAA H
NOJIHNeNnTHAA:
¥ <K 2 ~-,—% y?x?; z, Ly K. (79
Ecau- panee mnpeanosoXHTh, 4TO mnponecc TPAaHCISIHH,
peakpus NepBOTo NOPsAKa, siBJAgercs ObICTPHIM IO Cpas-
HEHHIO C pemaHKanuef,, peakuHeii Broporo nopsaka (sro
IonyuleHHe BNOMHe o0ocHOBaHO, Mo KpafiHeR Mepe I/
HU3KHX KOHIGHTpauH# NOJHHYKJIEOTHAOB), TO KOHUEHT-
panHs TOJHNENTHAOB NpHMeT cTanHOHapHOe 3HaueHHe,
KOTOpOe MOXHO BKJIOYHTh B NapaMeTPHl CKOPOCTH.
Torpa ofpasoBaHne NOAHHYKJ/JIeOTHNOB OyneT OMNHCHI-
BaTbcs cHcTeMoft AHQdepeHnHaNbHHX ypaBHEHHH, TH-
NHYHOH AJ9 3JIeMeHTApHOTO THNEepIHKJAa Pa3MEPHOCTH .
2. Tlpn BHICOKHX KOHIEHTPAlHSIX 2; CTAHOBHTCS pAaB-
HOH MeHbLIeH H3 JBYX NepeMeHHHIX !:

z,=1inf (4}, x)). : - (80)

CoOTBeTCTBEHHO Mbl MoJiydaeM JiIBe BO3MOXHBIe Mpe-
JleJIbHBIE CHTYaALHH: :

K<)z, ~y, (81)

Ki<<x§’<<y3:zi~x§’. (82)

B mepBoM H3 3THX ABYX ciAy4YaeB NOJNHHYK/JICOTHAH Be-

RyT ce6s KAK HE3aBHCHMBle KOHKYPEHTH, TOTAa Kak
MOJHNMEeNTHAN — H3-3a TOr0 4ro Y, =Y5—2; ~0—

!t inf = infimum — matemaTnyecknit  TepmmH, 0C603HAYAIOUIK
MHMHHUMAJLHEIA 4JleH JaHHOTO MHOXKECTBA.



166 HYacre B. AbcrpaxTusildl 2unepyuxa

OCTAlOTCH B CTAapHOHAapHBIX KOHIeHTpanHsx. B ecre-
CTBEHHBIX YCJIOBHSIX, KOTJa TakKHe OrpaHHuYeHHs, KakK
«TIOCTOSIHHBIE TOJMHBIE KOHIEHTPAnHH», OOLIYHO He BHI-
NOJIHAIOTCT — [0 KpaHHefi Mepe, AJIg INpeanosaraeMbix
MaJiblX 3HaueHHH y,— POCT KOHIEHTpPauHH NOJHHYKJeo-
THI0B B pe3yJbraTe npuBesa Obl K OOpalleHHIO KOHIeH-
TPAUHOHHBIX OTHOLIGHHH y:X H, CNEJOBAaTeNbHO, K BbI-
NoJHeHHIO ycaoBHs (82). BesmenacrsHe 3T1Oro HayHHAIOT
BBINOMHSATbCS ANNPOKCHMANHH

zZ,=Xx), Y, =Y, - (83)

4TO0 NPHBOAHT K 2n-YJeHHOMY KaTaJHTHYECKOMY [HKJY,
HO He K rumepuuk/ay. Hrak, B ycnoBusix HachllleHud,
T. €. NIIPH BHICOKHX KOHIEHTPAIHSIX KOMNOHEHTOB, THIep-
LUK nepecTaeT BecTH cels kak cHCTeMa C HeJHHeHHOH
ckopocThio pocta. Kak oObennHeHHast cHCTeMa, OH HMH-
THPYeT CBOfCTBA NPOCTOr0 KaTajJHTHYECKOrO [HKJA,
KOTOPBIH 95KBHBAJNeHTEH aBTOKAaTa/lH3aTopy HJH CaMoO-
BOCI‘IpOHSBOImmeHCﬂ elHHHUILE.

1X.3. Uucaernuple peileHHust

OuddepednnansHule ypaBHeHHS [/ KaTaJHTHYe-
CKHX THIEPIHKJOB C Y4eTOM B SBHOM BHJE Hponecca
o6pa3oBaHHS KOMIJIEKCA MeX]Jy NOJHHYKJEeOTHIAMH H
TIOJIUNEeNTHAaMH TPYJHO HCCJAeJ0BaTh aHAJHTHYECKHMH
MeTOJAMH H3-3a HPPAIHOHAJIbHOCTH COOTBETCTBYIOILHX
BhipaxeHH#i. B 3THX ciayuasXx yHC/NeHHOe HHTerpHpoBa-
HHe conpsiXeHo ¢ OoJIbUIHMH 3aTpaTaMH BPeMeHH, HO
TeM He MeHee OHO SIBJIsieTCs eJHHCTBEHHBIM HCTOYHHKOM
HHdopManHn o cBOHCTBaX 3THX AHHAMHUECKHX CHCTEM.
Oast HAMOCTpanHE AHHAMHKH [OJHHYKJIEOTHAHO-IOJIH-
NeNTHAHBIX THNEPIHKJIOB MBI NpHBeAeM TrpadHKH pellle-
HHH, ToJydyeHHBIX ¢ momollbio DBM, a Takxke da3oBbe
tTpaekTopun. [lo cpaBHeHHIO ¢ 3JeMEHTAPHBIMH THIeEp-
UHKJAMH ~ TOJHHYKJCOTHAHO-NOJNHNENTHAHEE CHCTEMH
Co/lepKaT HOBHIA KJacc NapaMeTpoB, a HMEHHO KOH-
CTaHTH accouHanuu KomniaexkcoB K; Kax u caenosafo
OXHJAATh H3 pa3jHunfi B KHHETHYECKOM NOBEJCHHH NPH
'HH)KHEM U BepXHeM KOHLEHTPAIIHOHHBIX Npenesax, KOH-
CTAaHTBbl PABHOBECHS OKa3blBAIOT pellaiollee BJAHSHHe HA
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LHHaMHYecKHe CBOHCTBa cHcTeMBl. C ne/fbl0 CHCTeMaTH-
YeCKOTr0 HCCJeJOBAHHS MBl YMEHBLIHM YHCJAO HE3aBHCH-
MBIX MapameTpoB. Jlonymenus 3fech GYyAYT B OCHOBHOM
Te JKe, 4YTO H JJIS 3JMEeMeHTAapHHIX THNEPUHKJOB: BCe
KOHCTaHTH CKOpOCTeH I/ peNHKau#H NOJHHYKIEOTH-

A8 —fi=fy=...=fn=f, AN HX TpaHCIAUHH B
MOJHNENTHA b —kl—k2— ... = k,=Fk, a Takxe Bce
KOHCTaHTH accounanud —K =Ky,=..=K,=K npen-

nonaraloTcsl paBHBIMH. 3aTeM MBI HCCJeAyeM BJHsAHHE
K Ha cBoificTBa AHHAMHYeCKO# CHCTEMHl NpPH (HKCHPO-
BAHHBIX 3HauYeHHsiX [ H R [/ TOCTOSTHHOrO MHOXeECTBa
Haya/JbHBIX KOHyeHTpanui. [lis rumepuHk/aoB pa3mep-
HOCTH n<<4 HWHTerpanbHHEe KpHBHE uepes  10CTaTOYHO
GomblIoe B BpeMsi NpHOGIHXKAIOTCA K YCTOAYHBOMY CTAlHO-
HapHoMy cocTrosiHuio. OTnefbHBlE KOH[EHTPAlUHH MOTYT
HCIBITEIBATE 3aTyxaloulHe KosneGaHus. [[HHAMHKa 3THX
CHCTeM B CYUHOCTH TaKas e, Kak H [/ THNEPUHKJIO0B
¢ O60JbUIHMH 3HAYEHHSIMH N H MaJBIMH KOHCTAHTaMH
paBHOBeCHS.

JAunaMuka runepnuk/aoB  Oosbliei pa3MepHOCTH
cnoxHee. ACHMITOTHYECKOE MOBeJeHHe CHCTEeMh H3Me-
HSIeTCH C YBeJHueHHeM KOHCTaHTH paBHosecust K. Huxe
OlIpe/leIeHHOr0 KPHTHYecKoro 3HaueHus Kip cHCcTeMa
CXOAUTCH K YCTOHYHBBIM CTAalHOHAPHBIM COCTOSHHSM,
Toraa Kak npu 66abuiux 3nagyeHusx K(K > Kip) Habm0-
JaoTcs npejenbHele HHKAB. [lo BHAY HHTerpalbHBIX
KPHBHIX H TpPAaeKTOPDHH MBI pa3jiHyaeM yeTHIpe cay4as.
PaccmoTpum HX B HOpSiAKE YBENHYEHHSt KOHCTAHTHI paB-
Hoeechst K.

1. Tlpn manux 3naudeHHsx K AHHaMHYecKoe MoBeje-
HHe KayecTBEHHO TaKOe e, KaK H /5 THNepuHKJ/IOB
MeHblledd pa3mepuocTH. HHTerpasbible KpHBHe oGHApY-
XKHBAIOT CHJIBHO 3aTyxawllHe KojebGauus (puc. 38),
a TpaeKTOpPHH OBICTPO CXOASTCH NO COHpAJIH B [EHTP —
yCTOHYHBOE CTajHOHapHOe cocTosiHHe (pHC. 39).

2. O6wHuil THN NHHAMHYECKOTO MOBEJAEHHs] B NPHHIH-
ne tako#l xe, Kak M B caydae 1. Ognako kosebGaHHS 3a-
TYXaloT Tteneps cinabo u nNpubiuxeHwe K CcTaygHoHap-
HOMY COCTOSSHHIO CTAHOBHTCH  KpaliHe MeJIJIeHHBIM
(puc. 40,A, B). 3rta cuTyauus COBEpLIEHHO He NOX0Xa
Ha chay4daid 1, noromy 4To uieHH, = OIHCHIBalollHe
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Puc. 38. MurterpanbHble KpHBble AMHAMHYECKON CHCTEMbI, COOTBET-
creyomeli runepnukay ¢ rtpaucasuue. Pasmepnocts 2X 6, K =
= 0,25; HavanbHee ycnosua: y;(0) = 5,0, y2(0) = ... = ys(0) =
=05 x1(0)= ... = x3(0) = 1,0; nonHasg KOHHEHTPAIHOHHAS IIKA-
Ja =5 enMHMNAM KOHUEHTPAlUMM, MONHAs BpeMeHHas IIKajJa =
= 1000 enuHMU BpeMeHH. 3HaueHHe KOHCTaHTH paBHoBecus K Ha-
XOAMTCA HHXKe KPUTHYECKOro YpoBHA ans Gudypxauum Xonda; che-
IOBaTebHO, HAGMIOAAOTCA 3aTyXalollie KonebaHus.

'3aTyxaHHe, He MOSBJSIOTCS PH HCCJAELOBAHHH HOpMasb-
HHX MOJ, a TpeOYIOT yueTa HeJHHEHHBIX BKJAajnoB. PeHo-
MEHOJIOTHYeCKH 3TOT (aKT NposB/IsieTcss B TOM, yTO CHa-
yana aMIVIMTYAB KoseGaHWA (MoyTH) MmOCTOSIHHBL Ta-
Kasi CHTyauHsi BO3HHKAaeT, KOrla KOHCTAaHTa pPaBHOBeCHS
K HeMHOro MeHbllle KPHTHYECKOro 3HaueHHs Kyp, T .e.
K == pr —_— GK

3. Ilpn 3Hauenusax K, HEMHOro NpeBHILIAIONIHX KpPH-
THYECKYI0 KOHCTaHTy paBHoBecHs (K = Kyp+ 8K), Ha-
Gnionaercst HHTepecHoe siBleHue. [loBeneHne nuHaMuue-
CKOH CHCTeMBI CHauajia BO MHOTOM NOXOXe Ha ciayuah 2.
OTpenbHble KOHIEHTPAIHH KOJeGJIOTCH C OTHOCHTEJBHO
MajbiMH aMIJIHTYJaMH, HO B [POTHBOMOJNOXHOCTb CJYy-
yal 2 aMIVIETYAB BHauaJe HeMHoOro pactyT. OnHako
BC/Iel 3a 3TOH ()a3ofi CHHYCOHJAJNbHHIX KoJeGaHHH BOJ-
Hbl KOHUIEHTPanHH pe3KO MEeHSIOT cBOIO ¢OpMy H 4acTo-
Ty (puc. 40, B, I'), a 3aTeM CTaHOBSITCS OYCHb MOXOXH-
MH Ha [OpSIMOYTrOJIbHblE HMIYJABbCH, C KOTOPHIMH MBH
BCTPeuaNHch NPH PaCCMOTPEHHH OCHOBHHX THIEPLHKJIOB
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Puc. 39. TpaeKTOpHA AuHAMUYECKOH CHCTeMBI, COOTBETCTBYIOIMEH I'Hs
nmepuMkay ¢ TtpaHcasuuel. PasMepHocts 2 X 5, K = 1,0; Hauasbube
yenosust: yy(0) = 5,0; y2(0) = y3(0) = y4(0) = y5(0) = 0,5; x,(0) =
= %3(0) = x3(0) = x,(0) = x5(0) = 1,0. A. TIlpoexums TpaexkTOpHH
Ha MJIOCKOCTb (Y, Y2) — Ha IVIOCKOCTh KOHIUEHTpauuii MoJMHYKIEOTH:
Jos I u I,. B. TIpoexnusa na NI0CKOCTb (¥, X;) — HAa NJIOCKOCTb KOH<
meHTpauMil MOJIMHYKJNEeOTHAA I; M ero mpoaykTa TpaHCAsAnHH — dep-
Menta E,. OtMeTtnM, 4To KoHnleHTpaius E, npumepHo mponopnuoHals-
Ha KOHNeHTpanMu Ij, T. e. yc/ioBME ynpolieHHMs THOEpLUHK]A C TpaHC-
aAuuefi BHoOJIHAeTCA C xopouleR TouHocThio. B. IMpoeknus Ha mio-
CKOCTb (¥;, Y3) — Ha MJOCKOCTb KOHUeHTpaum# nosumentuia E, H
nonmHykaeotaa s, o6pasoBaHMe KOTOpPOro Karanmsmpyercs E,.
I'. TlpoeKuns Ha MJIOCKOCTb (X1, X3)— Ha MJOCKOCTb KOHUEHTpanmi
nonunentuaos E; m E, OtMetnM, yto K CcHOBa MeHble KpHTHYE-
CKOTO 3HayeHHA AJs Gudpypkaumm Xonda, M TPAaeKTOPHUS CTPEMHUTCH
K LeHTpaJbHOM 0CO60# TOuKe.
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BHICOKOH pa3aMepHocTH. HakoHen, nHHamHyeckass CcHCTe-
Ma NpHOMHKAeTCs K NpeleSbHOMY [HKJY.

4. Ilpn Gosnbuinx 3HaueHHax K oTAeNbHBE KOHIEH-
TpalHH KoJeOJIoTcd ¢ Bo3pacramouleft ammiutyno#, H
JHHaMH4yeCKass CHCTEMA HEYK/JOHHO npnénmxaercs K
npenensHomy nukay (puc. 40, [, E). Tako#i Tan H3me-
HeHHs JHHaMH4yeCKOro NOeBEJEHHA NpPH HeNpepbiBHOM MH3-
MEHeHHH NapaMeTpa H3BeCTeH H3 JHTepaTyphl Kak OH-
odyprauus Xonga [58]. XapakrepHoe 3amejyeHHEe ¢XO-
AUMOCTH K aCHMNTOTHYECKOMY peUIeHHIO, 00HapyKeHHOe
B caydasix 2 H 3, OBIIO ONHCAHO TaKXKe H JJIA APYTHX LH-
HAMHYECKHX CHCTeM; ero oOHYHO Ha3hBalOT <«KPHTH-
YeCKHM 3aMenJseHnemy» npr 6udypkannu Xondga. B cay-
yae THNOEPHHKJIOB «3aMepJieHHe» BOJIH3H KpUTHYECKOrro
3HaueHnss K craHosuTcsi Gosee BBIpaXKeHHBIM C YBeJsH-
YeHHeM 7. B naTtHuseHHoM nHkAe (n=>5) sBJaeHHd,
COOTBETCTBYOUIHe cayyaw 3, eaBa 3aMmerHsl. C apyrofi
CTOPOHBI, KAaTaJHTHUeCKH# nHkJA npu n==10 umeer ro-
pa3no Gosee AaVTeNbHBbIt HauaAbHBIA mepHox (0 KOTO-
poM TOBOpHJOCH B M. 3), 4YeM lIeCTHUJGHHAs CHCTeMa
(puc. 41). HavanbHas ¢asa cHHYyCOHJANbHBIX Kojeba-
Huil momo6Ha MeTacTabunbHOMY KoJjefaTeJbHOMY CO-
crosuno. llepexon k KoHeYHOMY INpeAeJbHOMY UHKJIY
<~
Puc. 40. TpaekTopHuM RMHAMMYeCKHX CHCTeM, COOTBETCTRYIOLIMX TI'H-
flepuvknam ¢ TpaHcasumeii. A u 5. Pasmeprocts 2X 5, K= ,1;
Hauaaeabie yeaoBns: %;(0) = 5,0; y2(0) = ya(0) = ys(0) = y5(0) =
= 05; %,(0) = x9(0) = x3(0) = x,(0) = x5 = 1,0; npoexumn Ha
miaockoet (ly, I2) m (I, E|) cooTBeTcTBEeHHO; 3HAa4eHHE KOHCTAHTLI
pasHosecust K Hemuoro Hmxe yposHsi 6upypxauun Xonda, Tak 4To
pabniofaeTcs oueHs MejJieHHas CXOAMMOCTb K YCTOHYHBON LEHTpaJh~
Ho#i ocoboit Touke. B um I. Pasmeprocts 2 X 6, K = 0,2784; na-
ganeuble yoloBus: ¥ (0)=>5,0,42(0) = ... =ys(0) =05, % (0)= ...
...=%(0) = 1,0; npoeknHM Ha mJOCKOCTH KoHuentpaumii (I,
I,) u (I, E,) cooTBeTCTBeHHo, 3HaueHHe KOHCTAHTHl paBHoBecHs K
HeMHOTO BHIE yporHs Oubypxaumm Xomda, tak 9To Habmonaercs
MeTacTabMALHBIA mpejefpHBE [MKJ, a 3aTem CHCTeMa CXOAMTCI K
ycToltinBoMy npenetbHoMy unkny. J u E. Pasmeprocts 2 X 5, K =
=1,2; nauanensle ycnosmst: y1(0)= 50, y2(0)= y3(0) = y1(0) =
= y5(0) = 0,5; x,(0) = %2(0) = x3(0) = x:(0) = %5(0) = 1,0; mpo-
eknun Ha maockoctd (I, Ip) m (I, Ei) cooTmercTBeHHO; 3HayeHue
KOHCTaHTH paBHoBecus K pbmue ypoBHs GudypKaunn Xonda, cm-
cTema HempepbiBHO CTPEMHTCS K YCTOMUMBOMY NpPEAENbHOMV LHKIY.
OTMmeTuM, 9TO MPONOPUMOHANBHOCTH meXAy E; m Iy Bo Beex Tpex
cnyqasix (5, I', E) sblnosHsAeTcsA A0CTATOYHO XOpollo.

6 3ak. 1273
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Pue. 41, HHrerpanmHble KpHBHIE JHHaMH4YeCKOH CHCTeMbl, COOTEET-
cTByomel rumepuukay c TpaHcasuHedr. PasmepHocts 2X 10, K =
= (,026; HauajnHHe ycnaoBus: y;(0) = 5,0; y,(0)= ... =y,(0)=
= 0,5; %;(0) = ... = x;3(0) = 1,0, noJiHast KOHUCHTpALMOHHAS (K2~
na = 10 epuHunam KoOHLEHTPAuHMH, MOJHAsh BpeMeHHasl IUKa/ja =
= 1000 eamaun BpemenH. Brif6paHHoe 3HaueHHMe KOHCTAHTH paBHO-
BECHsl HeMHOTO BHIDE KPHTHYeCcKoro ypomHs Oudypkaummn Xonda.
Ha6mopaercss metactabuinHoe KoaebaTesbHoe COCTOSHHE, KOTOpoe
pesko MepPeXoANT B KOHeYHBIA OpefesbHEI ILHKN C ero Xapaxrep-
HBIMH KOHICHTPANHOHHBIMH BOJIHAMH.

¢ pocToM # cTaHOBHTCS 6oJiee Pe3KHM H ueTko BHPA-
JKeH AJs AecSTHUJeHHOrO THIEeprHKIA,

Bce u3yueHHble MNOJNHHYKJICOTHIHO-NMOJHNENTHAHbIE
FHIIEPUHKIB HMET ATTPAKTOp BHYTPH o6JacTH 3Haue-
HHA KOHIeHTpanHufi, HMemollell Quanuyecknit cMplca. Onu
XapakTepH3YIOTCS KOOMEPaTHBHBIM MOBeJEHHEM CBOHX
KOMIOHEHTOB. B 3aBHCHMOCTH 0T 3HauyeHHs1 NpOH3Bejle-

o N
HAS MOMHBIX KoHueHTpanufi (c) u c§) Ha KOHCTAaHTH

accopnanun (K), a TakXe oT pa3Mepa THNEpIHK/IA Ha-
6aronal0Tcd ycTofyHBEle 0COOble TOUKH HJH MpEAeSabHBE
uukasl. [1pn 3ToM manbie 3HaveHHss K «koMIuiemeHTap-
HBI» BHICOKHM KOHIEHTpauusm u vice versa. ACHMNTOTH-
yeckoe MoBeJeHHe NpH HHMXHEM H BepXHeM KOHIeHTpa-
[HOHHBIX Npejenax, NOJy4YeHHOe YHCJACHHBIM HHTErpupo-
BaHHeM, IOJIHOCTBIO CoOIJIacyercss ¢ TNpeJcKasaHHAMH,
OCHOBAHHEHIMH Ha aHaJ/H3e, NPOBEAEHHOM B INOC/TeLHEM
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pasgesie. OnHO H3 OCHOBHHIX YNpOUleHHH, Kacamlleecs
KBa3HCTA[HOHADHOCTH MOJIHNENTHIHOrO CHHTE3a, MOMKeT
6niTh MPOBEPEHO HemoCpejCTBeHHO H3yueHHeM HpoeKuHH
TpaekTopuii Ha naockoets (E,, 1;). B npubnuxenun
CTAllHOHAPHOCTH JOJKHH = MOJYYHThC npsaMue. Kak
MOXHO BHIeTh u3 puc. 39,5 u 40, 5, I, E, nponopuso-
HaJbHOCTh ABYX KOHNEHTpaunH# npuMepHO cobJiofaercs,
TaKk 4YTO YNOpOLIEHHOE pAaCCMOTpeHHe, MNOo-BHAHMOMY,
BNONHE oNpaBlaHO. Ilenbio 4HCAEHHOrO aHAJ/H3a 3TOTO
CJIOKHOIO peaKIHOHHOTO MexaHH3Ma (akTHYecKH Oblia
npoBepka 5KBHBAJEHTHOCTH CJOXHOIO H 3JeMEHTapHOro
THNEPUYKJIOB B OTHOUIEHHH HX cMOcOGHOCTH K CaMoopra-
uusanMd. TakuM o6pa3oM, BHIBOJABI, NOJydYeHHBIE Ha
sJeMeHTApHHX CHCTeMaX, CIpaBelIHBH TaKXe A9 BCeX
THNOB peaNHCTHYECKAX THOEPUHHKJIOB ¢ Gojee CJI0XKHOH
CTPYKTypo#i (cM. YacTs B).

X. CeTH rUnepUUKIIOB

X.1. BHyTpeHHee ypaBHOBelIHBaHHe H KOHKypeHHs
MeXy THIepruKAaMH

KoHuennust BHyTpeHHero ypaBHOBeUIHNBaHHS, BBeJeH-
Has B pa3a. VI, kaxeTcss oueHb Nosie3Hofl AJiss MPSAMOTo
ayalH3a 6GoJsee CJIOXHBIX ceTef, IOTOMY 4TO OHa MO3BO-
JIsleT YMEHBIIHTH YHCJIO HE3aBHCHMBIX NepeMeHHHIX.

CHayasa MHB HCC/IeyeM Ipoliece ypaBHOBeLIHBaHUS
B 3/ME€MeHTapHHIX THmepuHkaax. s 5TOro BBIUHCIHM
BpeMEHHEle CpeJlHHE OTAeNbHBIX KoHueHTpanuit X;(f)
[cM. ypaBHenHe (67)] u cpaBHHM HX C COOTBETCTBYIO-
IHAMH HHTerpaJbHBIMH KpHBHIMH X;(f) (pHuc. 42). Kakum
6yneT KOHe4YHOe COCTOSHHE — CTallHOHAPHO HHEPTHHIM
uau  KoneGaTeNbHBIM, — He HrpaeT poOJIH: BpeMeHHEIe
cpexnne X;(f) cTaHOBATCA NPaKTHYECKH MNOCTOSHHEIMH
mocne HecKOJBKHX UHKJ0B. [losTomy pmonyimenwe o6
yCTaHOBHBLIEMCS BHYTPEHHEM pAaBHOBECHH IJi CHumep-
[IHKTOB KaXeTCs BNOJIHE ONpasJaHHHMM NpHOJHXKeHHEM.
Tem He MeHee B HECKOJBbKHX CJAYydasix MBI IPOBEPHM ero
cnpaBelJIHBOCTh.

Hcnonb3ys KOHUENIHIO BHYTPEHHero ypaBHOBEUIMBA-
HUsi, MOJXHO BBIBECTH ypaBHEHHE I UHCTOH CKODPOCTH

6.
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Puc. 42. UHrerpajbHbie KpUBHE AHHAMHYCCKHX CHCTCM, COOTBETe
CTBYIOL(HX 3JICMCHTAPHBIM THIEPUHKNAM PASMEDHOCTH M =4 n =15
¢ paBHBIMH KOHCTAHTAMH CKOPOCTeH M YyCPenHeHHHIMH 0O BpeMeHH
KoHnentpauusiMu X({); A—n =4, B—n = 5. Ot™eTum, uTo X(¢)
nocturaeT X uepe3 HECKOJNLKO MEpHONO03, T. €. B 0OOMX mpuMepax
BHYTpeHICce PaBHOBECHE yCTAMABANBACTCS OTHOCHTEIbHO GLICTPO.
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PoOCTa rHnepiHK/a Kak 1eJsoro:

C-———-Z).Ci:Zr; (X)=Zk1x1x1—
i=1 i=1 i=]
=1 2=Fe=r(), (84)
2 ki _
i=1
j-—_—-i + 1 -—nﬁm.

VTak, runepuukab XapakTepH3YIOTCSt KBaJApaTHYHBIMH
CKOPOCTSIMH DOCTa H CJeAYIOT TunepOoJHYecKOMY 3aKo-
Hy pocTa. OHH NpeACTaBJSIOT XOpPOlIHe NpPHMEPH TOrO
THNA HeJapBHHOBCKOTO OTGOpa «pa3 M HaBcerja», KOTo-
puiit o6cyxaancs B pasza. VI u VIL

U3 Bruipaxenust pias k [ypaBHeHHe (84)] caenyer,
UTO KOHCTaHTa CKOPOCTH AJIsi THNEpUHKJIA B nesnom Oy-
JleT HMeTb TOT K€ MOPAJOK BeJHYHHH, YTO M KOHCTaHTa
CKOPOCTH ero’ caMoro MejJIeHHOTrO 3Tamna.

[Tpu runoretnyeckoM pocTe 6e3 OorpaHHYEHHH THIep-
IHKJ pacTeT 10 GECKOHEUHOCTH 3a ONpejesieHHOe KpH-
THyecKoe BpeMst (fx). B MOJHOCTbIO ypaBHOBELIEHHBIX
CHCTeMax 3Ta HeYCTOH4YHBOCTb HabJ0AaeTcs NpH

8 =[kc(t=0)"". (85)

Pesynbrathl pacuera AJsf YpaBHOBELIEHHHIX THOEPIHK-
JIOB C HcnoJb3oBaHHeM ypaBHeHHst (85) MoxHO cpas-
HHUTb CO 3HaueHHsMH H3 Tabu. 12, koTopnle OblIH mOJy-
uyeHbl YHCJCHHBIM HHTETPHPOBAHHEM CHCTEM, JaJeKHX OT
BHYTPEHHErO paBHOBECHS (t';). B nosxocThIO ypaBHO-
BELIEHHBIX CHCTeMaX HeYCTOUYHBOCTb BCerJa BO3HHKAeT
HEMHOrO paHbuie: [& <ftwm. B LENOM 3TH YHC/IEHHBE
pa3jiHuHs HMEIOT JHWb BTOPOCTENEHHOE 3HaueHHe: 006-
llee MoBejJeHHe JHHAMHUYECKHX CHCTeM H OTHOCHTEJbHHE
3HauyeHHsl f. NpeAcKasbBaloTCA MNpasBHiabHO. MrTak, 10
NyuleHHe O BHYTPEHHEeM YpaBHOBEUIHBAHHU KaXKeTCst XO-
pounM npuOaMKeHUeM AJs. GOJbIUIHHCTBA HEypaBHOBe:
UIeHHBIX CHCTEM.

Ot60p cpenH TUNepUHKJIOB, KOTOpble paccMaTpHBa:
I0TCA KaK [eJOCTHBIE eJHHHIBI, KaK TMPaBHIO, MOMH(
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Tabruya 12

HeycrofiunBocTH B AHHAMUYECKHX CHCTeMax AJs THNepUHKJIOB
npy HeorpaHHUYEHHOM pocTe

TpauHYHBe K Havalbuble YCHAOBHs Kpumqe:g:;er}x&cmsmnue
sgg:’ep- HavajbHOE B paBHO- BAagd OT
n KOHCTaHTa HavajbHas pacnpenee- Be‘ém paBgoBe-

CKOPOCTH  KOHUGHTPAUHSA ye b e cus,
k c( x (0) oo i
2 A 0,55 (0,5; 0,05) 3,64 5,0
3 s 0,60 (0,5; 0,05; 5,00 6,8
0,05)
4 1 0,65 (0,5; 0,05; 6,15 7,3
0,05; 0,05)

! [IpHBefeHH pacHpefesieHHs HaYaJbHLIX KOHUEHTPaUHll, HCHOAb30OBaAHHHC
IPH YHCIeHHOM HHTEr DHPOBAHHH HEPABHOBECHOM CHCTEMH X (0)=(x; (0), X¥2(0) ...).

H3yyaTh OPH JAOMNyUIeHHH BHYTpeHHero paBHoBecus. Co-
OTBETCTBYIOUlHe JHHAMHYECKHE CHCTeMBI 6YIAyT, KOHEUHO,
HAEHTHYHH CHCTeMaM, KOTOpble ONHCHIBAIOT HE3aBHCH-
MBIX KOHKYPEHTOB, XapaKTepH3YIOUHXCH KBaJpaTHUYHBI-
MH CKOpOCTSIMH pocTa. KOHKypeHIHIO MeXay HeypaBHO-
BElUICHHBIMH THIEPIHK/JIAMH HCCIEN0BaTh TpYAHee, MO-
CKOJIBKY BO3MOXHO JIHIIb YHC/JIEHHOE HHTErpHpOBaHHe
cHcTeMbl JaHb@epeHuHaNbHBIX ypaBHeHHA. B pabote
[53] 6&l1 pasobpan mpuMep, MOKa3HBAWUIHNA, 4To A0My-
LleHHe BHYTPEHHEro YpaBHOBELIHBAHHS SBJSIETCH OYeHb
LleHHOH annpoKcuManues.

B xauecTBe MpHMepa KOHKYPHPYIOUIHX CHCTEM pAacCMOTPHM [IBA
runepnukida Ha u Hp ¢ na ¥ np 9leHaMu IpH orpaHuYeHHH DOCTOSH-
HOMl OpraHH3allHH.

B yc/OBHAX BHYTpEHHEero ypaBHOBELIMBAHHS CHCTEMa -CBOAMTCH
K ILBYyM KOHKYpeHTaM ¢ KBalDAaTHYHHIMH CKOpOCTAMH pocTa. Ha-
OMHHM, 4TO MO Pe3yJbTaTaM aHalH3a OCOGHIX TOYEK THmepuuka Ha
6ynet OT6MpaThCH, KOTAa €r0 OTHOCHTENLHAas HayasbHas KOHUEHTpa-
nHs c4(0) MpeBHICHT npefepHOe KPHTHUECKOE 3HAYeHHe:

tlim cp(ty=cq ecan ¢, (0) > o (86)
-» 00

_ "B ¢
kp + kg

B npoTHBHOM ciysac COPeBHOBAHUE BHIMIpPHIBAeT rumepuuka Ha.
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[MoyunTennHO paccmMoTpeTh elie OJAMH 4YacTHHA ciaywai. Jlomy-
CTHM, 9TO B [4HHOM THMepNUKJe OTAe/bHble KOHCTAHTH CKOpOcTeH
OYeHb G6JM3KH APYr K Ipyry, T.e. Ry~ ks ~ ...~ k,=Fks
koiy ~ Buyp ~ ... ~ kntm = ks. Torga KOHCTAHTH cKopoCTed nJis
NeJHX THOEPIUHKJOB MONYYalOTCA, ClefylomumM 06pasom:

1 -
kA=n—kA u kg=—kp ~ (87)
A
Kak Mbl BHIHM, 5TH KOHCTaHTH OOPaTHO NPOMOPLHOHAJNBHE THCAY
YNeHOB THMEPUHKJIA, H, CHefOBaTe]bHO, MeHbIIME [HKJB, MO-BHIH-
mMomy, 6YAyT HMeTb ompeleieHHOe CeJleKTHBHOe mpeumyigectBo. On-
HaKO eClMH MH JOMyCTHM, YTO KOHIEHTpPAUHMH BCEX MAKPOMOJIEKYJ
fpUMEpPHO OJMHAKOBbH (H paBHBI ¥), TO HEBHTIOAHOCTL GoJbIIero
IUKJIa TOYHO KOMIeHCHpyeTcs GOMBLIIMM 3HaYeHHeM MOJMHOM KOHIeH-
TpanMy C:

cp(0)=np % c¢g(0)=ng-%x H co={(np+np)%

Jim ey (ty=cy, ecan ky > kp. (88)
->co

Takum o6pasom, IuaHchl Ha BbIXKHBaHHe AJ8 THOCPHHKJIOB PAa3HLIX
pa3MepoB HJIM Pa3MePHOCTH 7 OPHMEPHO ONHMHAKOBL MPH YCJIOBHH
PaBHBIX HAYaJbHBIX KOHUEHTPAnHA OTAE/bHBIX KOMIIOHEHTOR M paB-
HBIX KOHCTaHT CKOPOCTH AJf 2TANOB peNJIHKaIHuH.

PesyasTaTH, moayueHHble AJf ABYX THOEPHHKJIOB, Jerko 0606-
IATh Ha caydafi N He3aBHCHMbBIX KOHKyDeHTOR.

X.2. Mapa3snTHas CBA3b H KATAJHTHUECKHE CETH

IlukaHuyecKH 3aMKHyTas KaTaJHTHUYeCKAast CBS3b,
COoelHHSIIONAst BCe AaKTHBHblE uJjeHH Ij... I, runepuxkna,
MOXeT BKJII0YaThb TOYKH Pa3BeTBJIEHHs, UTO NPHUBOJHT K
NOSIBJICHHIO BHEWHHX BHIOB I, , ~ KoTOphle He sBJH-
IOTCH COCTAaBHOH 4aCTbl0 KOONEPAaTHBHOH eAHMHHUK. MBI
6yleM Ha3hHBATh TH BHEUIHHe YjleHH Mapa3uTaMu. UTo-
651 HCCJeOBaHHe MOXHO OHJIO NMPOBOJAUTb B AaHAJHTH-
yecKo#l dopMme, NONYCTHM, UTO B LHKJ/E CYIIECTBYeT BHY-
TpeHHee paBHoBecHe (Ta6a. 13). DBuso mnposezmeHo
nccaenOBaHHe 0cOGHIX TOYEK MMt JNBYX JAHHAMHUYECKHX
CHCTeM, OMNHCHIBAIOLIHX THNEPUHKJA C ONHOYIEHHHIM MNa-
pasuToOM. ‘

[lepBeifi mpuMep — 3TO KaTaJHTHYECKHH THNEPUHKJ
W [apasnr, He CHOCOOHBIE K  CcaMOpemJIMKauHH
(puc. 43, A). Baile onpenesieHHOr0 NMOPOTOBOTO YPOBHS
nonuo# KoHpeHTpaukH (kaco > k), Kak BHAHO H3
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Tabauya 13

Hccneposaune oco6HIX TOYCK I'HAEPUHUKIOB
¢ MapasHTHHIMH CBA3AMH

I'mnepuvka ¢ npucoenuHeHHOH mapa3uTHoOM epuHuued Iy
(puc. 43) onucwisaeres n -+ 1 AuddepeHnUANLHHIME ypaBHEHUAMH,
M3 KOTOPBIX 7 HMAEHTHYHb YpaBHEHHSAM A/ H30JMPOBaHHOTO rumep-
nukna. Oas (n+ 1)-ro ﬂHd)q.)epeHuHaJIbHOFO ypaBHeHHA, Koropoe
onpen[e.naer KOHneHTpaumo napasuTHOR eamuunsl, moayunm: [Iy] =
=X, vl — x\h

P= bty ——6 (T13.1)
Co
JUIS CHCTeMHI, u306pakeHHOl Ha puc. 43, A, u -
£=hytyx — —f—cp (T.13.2)
0

AAs CHCTeMBbl, H306paKeHHO! Ha puc. 43, b.

Ecau BHYTpPHM rHOeplUHKNa yCTAaHOBHJIOCH paBHOBecHe, To 7+ 1
MuddepeHnuaipHbIX ypaBHeHHA CBOAATCA K ABYM. 3[ech OKasbl-
BaeTcsd yaOGHBIM BBECTH HOBble KOHCTAHTH CKOPOCTH

—p v = ‘
L Y%, (T.13.3)
i=

u ka, onpelleNeHHYIO ypaBHeHueM (84),
(1) Hapasurnas edunuya He AB4AETCA CAMOBOCNPOU3BOAAUEliCH
(cm. puc. 43, A).

‘A
by =ty — -c—o-(kch-\ +kep); cop=cp +x, (T.134)

i=key — —2‘0— (kach + kcy).

dra guHaMHdecKas CHCTeMa WMeeT JiBe oCo6ble TOUKHI

- kACO —k _ k
Xy CA:T' x=—a, (T.13.5)
pre (kaco— k)
kp '
Xpt By =0, EI=¢c; o?=0. (T.13.6)

Touka Xi ycTOfiuMBa NpH YCIOBHH, 4TO MOJHAA KOHHCHTpauHﬂ He
paBHa KPUTHYECKOH Co = kfka. .
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M podoswenue Taba. I3

AHajMu3 yCTOMYHBOCTH Xz TPe6yeT [eTaJbHOrO UCCJCAOBAHHSA
qleHOB GoJjiee BHICOKOrO MOpAAKa. JInA TOUKH X ==Co~— 8X HaXomHM

("”? (k' — kpcy =+ by 02). (T.13.7)

Orciofa cielyet, 4To
>0 mupu ¢, < klky,

£<0 mpu  cy> kfk,,

Htak, oco6as TOUKa X yCTOMUYMBA [pPH KOHIEHTPANHAX, MEHb~
IUHX KPHTHYCCKOTrO 3Ha4yeHHsd, M HeyCTOMYHBa npH GOMBIIMX KOHIEH-
Tpanuax. [lpw HH3KHX KOHNCHTPAUMAX TOYKA X¢ HAXONHMICH BHe
o6JlacTH 3HayeHWA KOHUCHTPAUHH, HMCIOMHX (H3UICCKUA CMbICT,
TOYKa X == (o fABJACTCHA CAHHCTBCHHbLIM YCTOMYMBbIM CTAIlHOHAPHBIM
COCTOSIHMEM, M THHEPHMKJ] paspyliaercs mapasurom. [Ipu 6GoMbimmx

KOHIEHTPAUHAX ycTORUMBAass Oco6as TOUKA Xy JIEKHT Ha CHMIJEKCE
S2. 310 03HAYaeT, YTO THOEPUUKJ M MAPa3UT COCYLIECTBYIOT.

(2) Hapasutnan eOunuya nBaseTca camosocnpousgodsuyelics
(puc. 43, B).

B
. 2 A 2 '
Ca=katy— o (kAcA +hepx), =cptx,

. _x 2
i=hopr — < (2ach + kepx). (T.13.8)
CucreMa uMeeT ABe ocoGble TOYKH B BepLIHHAX S
X Ey=¢p =0, o)=(k—Fky)c, (T.13.9)
Xy Ea==0, E=¢, o2=0, (T.13.10)

[lepsas ocobas ToYKa ycTOWYMBA, ecAu kx >> k, JIn9 BTOpOR OCO-
60l TOYKH OffAITH HYXHO HCCNefOBaTh 4JleHbl 6oJiee BLICOKOTO fO-
paaka, Ilpu x = co— Ox umeem

,_ k- kA
X = —— (8x)2 (¢o — 8x). (T.13.11)

Tenepy orciofa caepyert, 4To
H
2<0 mpr k<k,.

Vtag, X2 ycTof4HMBa, eci¥ BHIIOJHSIeTCA HepaBeHcTBO k >> k4. Ca-
tTeMa KOHKYPEeHTHAa — 3TO 03HA4YaeT, YTO THNEPUHKA M M[apasuTHas
elMHHULlAa He MOTYT COCYILEeCTBOBATh, 338 HCKJIOueHHeM 0co6of cHTya-
LMY, KOT[la KOHCTAHTHI CKOpocTeldl pamubl (kB = ka).
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A F

Puc, 43. CxemaTHyeckoe H306pa’keHHE T'MACPUHKNOB € M3 PAa3UTHHMH
equnmnamu, A, IlapasurHas efnHHna He SBJSIETC CaMOBOCHPOHM3BO-
aaweincs., B, [lapa3utHas eAuHuUpa SBJSeTCS CaMOBOCIPOHU3BOASA-
medics, [Ipeamonaraercs, 4yTo pa3BeTBJeHHe MPOHCXOAHT Ha YpOBHe

KOMMOHeHTa, {1y

ta6a. 13, rumepuuka H mapasut GyNyT HAXOLHTbCS B
CTaHOHAPHOM COCTOSIHHH B HEHYJeBOH KOHIEHTpalHH.
KoHcTaHTa paBHOBecHsi THIEpUHKJAa YBeJHUYHBAEeTCAd C
DOCTOM (o, TOTIa KaK KOHIEHTpayHs nmapas3uTa OCTaeT-
cst nocrosiuHoft. CiienoBaTeNbHO, NMPH AOCTATOUYHO O0Jb-
UI0ff KOHUEHTPAIHH MNapa3nT MOJHOCTBIO TepsieT CBOe
3HaueHHe M JHHAMHKH UHKIa. [Ipu Majoft mosHo#
KoHUeHTpauuu (kacop << k) cucTeMa CTaHOBHTCS HeycTOH-
uHBOH. B paMKax mpeAnoJsioXeHHs O BHYTPEHHEM paBHO-
BECHH NAapa3uT paspyllaeT THNEpPHHKJ H B KOH[E KOH-
[IOB CTAHOBHTCS €JHHCTBEHHBHIM OCTABLIHMCS KOMIIOHEH-
TOM JHHAMHYECKOH CHCTEeMH.

Bropo#i cinyualt onuchiBaer pa3BHTHE THIEPUHK/IA C
camopenauuupylouaMca napasuroMm (puc. 43, 5). dra
JHHAMHUYeCKas CHCTeMa XapaKTepH3yeTCst XEeCTKHM OT-
60poM, 3aBHCSIUIHM OT OTHOLICHHSI KOHCTAaHT CKOpOCTel
k u ka Ilpu B > ks napasut paspyiuiaer rHNepuHK.I, Tor-
Ja KaK HepaBeHCTBO R <C k, BJleueT 3a co60o# BHMHpaHHe
napasnta. Bo3MOXHO, NpelcTaBjaseT HEKOTOPHIA HHTe-
pec paccMOTpeHHe 3TOH JHHAMHYECKOH CHCTeMHB B SB-
HOM BHIe Ha YPOBHEe OTIENbHBIX MNOJHHYKJAEOTHIOB.
W3 taba. 13 npr ycJaoBHEH yCTaHOBHBLIErOCS BHYTpeHHe-
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Iro paBHOBECHS clejyer
£ o
k= k,c—” =k, (89)

Yo
i

Hcnonbays paHee NoJyyeHHOE BHIpaXKeHHe

ka=(2 k,“)",
b

1 1
. < —_
kv-H Z ki_l Zt ky l
2

Hrak, pesysnbrar orbopa NOJHOCTbIO ONpesensiercs
OTHOLIEHHEM JBYX KOHCTAaHT CKOPOCTeH AJSi peaKIHOH-
HBIX 3TaloB, HaXOASUINXCS HA CXeMe THNEepUHKJa cpasy
e 3a TOUKOH pa3BETBJEHHS, HE3aBHCHMO OT TOTO, Ka-
KOBHl 3HAueHHs JPYrHX KOHCTAHT CKOpOCTe#l B TrHmep-
nHKJE.

Uro6H H3ydHTh BJHSIHHE OTKJOHEHHI OT PaBHOBECHOro pacmpe-
HlesleHusi, GBLIO NMPOBELEHO YHCAeHHOe MHTErpHPOBaHMe AJIA AHHAMH-
qeCKHX CHCTEM THMa MOKasaHHBIX Ha pHc. 43. dakTHYecKH BCce mouay-
YeHHpIE 37eCh BHIBOJABI OCTAIOTCA B CHJle M IJs CHCTEM, AaJeKuxX OT
paBHOBECHS.

JlaHHbie 0As ONHOYJICHHHX MapPa3HTOB MOXKHO pacmpoCTPaHHThb
Ha MpOHM3BOJIbHblE (eMH, HCHOMAL3ys pedyapTaTH pas3f. VIL. 6. B o6-
meM ciaysae Cyab6a mapasuTa TeCHO CBf3aHa C Pa3BHUTHeM BHIA,
MpUKpEmIeHHOr0 K LHKJY: MapasuT BCerfja BbIMHpaeT, KOrja KOH-
LeHTPANHUA BHAA, PACIOJOKEHHOTO 32 TOYKOM pasBeTBJEHHS, MpUOH-
KaeTca KX Hysawo. VMeercs OAMH MHTEpeCHBIA YAaCTHBRIA CJayuaii:
by = kyy;. dudpdepenuuanbible ypasHenus Ans [y ¥ [y Hlen-
THYHH, H, CJACLOBATEALHO, COOTHOIICHHe MEXIYy ABYMS BHIAaMH Bce-
ra OCTaeTCSl MOCTOSHHbIM M paBHbLIM CBOEGMY HayajbHOMY 3HAYEHHIO.
UypcnenHoe MHTErpHpOBaHHe IJisi HECKOJBKHX AMHAMHYCCKHX CHCTEM
3TOr0 THMA [OKa3ajo, 410 B J[JaUHOM KOHKpPeTHOM cJayuae
(kx = ky+1) BCe uNeHB mapasuTa, KpoMe BHAA [y, GYAYT BHIMHPATD.

[MapasuTel, HMeOlMe BHA UEMOYKH, MOTYT [MPHCOEAMHHTHCA K
runeplUEKNy B IBYX MeCTaX, YTO MpPHBEJET K O6pa30BaHMIO KaTaJH-
THYCCKOM CeTH € TOYKOM pasmeTBJieHHst M TOukoh causus. C mo-
MOILBIO YHCJEHHOTO HHTErpHPOBaHHS Mbl MOKa3ajH, YTO CHCTEMbI
TaKOro THNA HEYCTOMUHBH: MeHee 3d(eKTHBHAA BETBb, T.€. BETBb C
MCHBIIMMH 3HAYEGHHSMH KOHCTAaHT CKODOCTeR k, BBLIMHPAET, M OCTa-
eTcd TOJILKO OJHH fPOCTOH T'HflepUHKJL

llonycxaﬂ NPOH3BOJIbHOE pacnoJ/ioOXXeHHe KaTaJHTH-

uecKux cBsidefi B cHcTeMe CaMOBOCIPOH3BOASIUIHXCS
MaKpOMOJIEKYJ, MB ropasao yaule OyaeM BCTPe4aThCst C

A.

HaxXoaum
k< kA —

-k, <k, (90)
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CHJIBHO PA3BeTBJICHHHIMH CHCTEMAaMH HJIH CJAOXHHEMH ce-
TAMH, 4eM C peryJsdpHEIMH rHnepuHkaamu. I[lostomy,
4TOOH OlIEHHTb BEPOSITHOCTL O00pa30BaHHS THIEPHKIA,
O4YeHb BAXXHO 3HAaTb JaJjibHefilliee pa3BHTHe TaKHX CH-
creM. Jlis TaKOro THNA CHCTeM AHAJHTHUECKHE MeTOJH
OOGBIYHO HENpPHIrOAHB, M MBI JAOJKHH, CJeIOBaTENIbHO,
noJlaraThCs Ha pe3yJbT4Thl YHCIEHHBIX METOJOB.

W3 nabopa uHTerpafbHHX KPHBBIX, NOJYYEHHBIX
YHCJICHHHIM HHTErpHpoBaHHeM An(depeHNHANbHBIX YpaB-
HeHHH 1/ pasjHYHBIX KaTaJHTHUYECKHX ceTefl, yaaJoch
clenaTh HeKOTOphle ofumHe BBIBOABL. Kak MOXKHO 6HIO
OXHJAATb, YUYHTHIBAS INPHBEJCHHHIE BbllHe NpPHMEpH, Ta-
KHe CHCTeMH HeYCTOHUHBHEI H pacnajawoTcs Ha dparmed-
Tl MeHBUIMX pa3MepoB. 3a HCKJIOUEHHEM CJHOXHEX JH-
HAMHYECKHX CTPYKTYp, OOsi3aHHBIX CBOHM CYHIECTBOBA-
HHeM CJay4YaHHbIM COBNaJleHHAM YHCJAEHHBIX 3HaueHHH
pa3/JHYHBIX KOHCTAHT CKOpPOCTeH, BO3MOXHBle OCTaTKH
KaTaJHTHYECKHX CeTefl caMOpeIIHIHUDPYIOHINXCH eJH-
HH[ — 3TO TOJbKO HE3aBHCHMO pacTyUlHe BHIH, KaTa-
JIHTHYECKHE [eNMH HJIH KaTaJHTHYeCKHe THIEPUHKJHL
Urak, mo0b6ast KaranuTHUYecKas CeTh, cOCTOSIIAST H3
CaMOpeNJHHPYIOUHXCS elHHHI C OAHOPOJHBIMH uJeHa-
MH cBsI3H, Oyler pacmaaatecs c¢ oOpasoBaHuem JuOO
THNEpHHKJA, KOTOpPHIA 3aTeM JOMHHHPYeT Haj ApYTHMH
dparmMenTaMu, JHO0 KOHKYDHPYIOUIHX JHHAMHYECKHX
cHCTeM, KOTOpHE He MOTYT KOONEpaTHBHO 3BOJIIONHOHH-
pOBATh.

X.3. Uepapxus cBsi3ell MeXay rUneppAKIaMH

B npHHpHne TrHNepuHKJIH MOXHO CBS3aTbhb ApYr C
IipyroM Tak, uTo oOpasyercss OoJjee BBICOKOOPTaHH3O-
BaHHas CHCTeMa, eCJIH B KHHETHYCCKHE YpaBHEHHs
BBECTH COOTBETCTBYIOIlHE KaTaJHTHYECKHe ujeHHl. Pac-
CMOTPHM JBa OCHOBHHX rHnepudkaaz Ha u Hs n no-
nycTuM, 4ro rHnepuukn H, npoussoaur Kartanutude-
ckuft dakrop pocra ang Hp n vice versa. Tako#t gakrop
pocTa MOXeT OHITb KOMIIOHEHTOM THIEpUHKIAa HJIH ero
npoaykroM. Haur oneIT nmoackasmiBaer, 4To, INO-BHAHMO-
My, B3aHMHas KaTaJ/JHTH4YEeCKast CTEMyasuusa Oyner mpH-
BOJIHTH K KOONEPaTHBHOMY MOBEJIEHHIO.
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Jas ynpoueHust NpsiMOro aHaju3a JONYCTHM, 4TO B
060HX THNEPUHKJIAX YCTAHOBHJOCH BHYTPeHHee paBHO-
BecHe, KaranuTtuueckHe 4jeHbl HMEIOT TPETHH NOPAAOK
MO0 KOHUEHTPauHaM MoJeKya (kycicy B kgC,ch coorBers
CTBeHHO;, cM. Takxe TabJ. 14). CiaenoBartenbHo, NpH JO-
CTAaTO4YHO OOJIbLUINX KOHIEHTPAIHSAX MOXHO NpeHebpeub
GyHKNHAME pocTa BTOPOTO MNOpSAKA AJAs HeKaTaJH-
3upyemoft cucteMHl. VccnenoBaHHS OcOOHIX TOUEK HEMO0-
CTATOYHO IJIsT H3y4yeHHS TOJYYEHHOH AHHAMHUECKOH CH-
CTeMBl, TNOTOMY YTO OHO JiaeT HyJeBHe cOOCTBeHHbIE
3HAYeHHs AJs1 Bcex HOpMaJbHBIX MoA. OnHaKo BeKTOp-
HOoe MoJie JIerKo NMOJAAAeTcst HCCelOBaHHIO, TaK KaK cu-
cTeMa HMeeT TOJBKO OJHY cTeneHb cBoGoAB. Kak BuJHO
H3 puc. 44, ABa THOEpUHK/IA BCe eule KOHKYPHPYIOT, He-
CMOTpPS Ha HaJHuHe KaTaJuHTudeckux dakropos. Hrak,
BBEJIEHHBI! H4aMM THI KaTaJHTHYeCKOH CBSI3H He sIBJISA-
eTcst JOCTATOYHHM JJISi KOONEpPaTHBHOTO MNOBEJeHHS.

Ecnn noBhICHT, Ha eJHHHNY NOpSAOK KaTajHTHYe-
CKHX WIEHOB, TO B JHHAaMHUECKYIO CHCTeMYy BOHAYyT 4ie-
HBl POCTa 4deTBepToro mopsinka (k,cich, kpCich). Aua-
JIU3HPYsi BEKTOpHOe TNoJe TaKHM Xe o6pa3oM, Kak i
paubuie (puc. 44), mel oOHapyXHBaeM yCTOHUHBYIO OCO-
6yI0 TOUKY TPH KOHEYHBIX KOHIEHTPauHsx o6omx rumep-
uukgaoB (cM. takxke Taba. 14). Hrak, KBaspaTtnunas
CBSI3b JOCTAaTOYHA M/ TOSBJCHHA KOONEPAaTHBHHIX -OT-
HOILIEHHA MeX/y KAaTaJHTHYeCKHMH THNEepHKIaMH,

[TpencraBuTh (HH3HYCCKYIO peaJH3anHIO KaTaJHTH-
4eCKOM CBsSI3H 9TOro THNA Ha YyPOBHe OHOJIOTHYECKHX
MaKpPOMOJIEKYJl JOBOJLHO TPYJIHO: HallH4He TAKOTO dYJje-
Ha, Kak R,c3ch uam kgcich, B CyMMapHHX KHHeETHue-
CKHX YypaBHEHHAX TpebyeT JHOO CJIOXKHOTO MHOTOCTa-
IUAHOrO MexaHH3ama, Jaubo CTOJKHOBeHHst OoJsiee uem
IByX MaKpoOMOJeKyJ; ofe 35TH BO3MOXHOCTH Majo-
BepoaTHH !. [To3ToMy MBI CK/JOHHB CYHTAaTb, Y4TO Aa/b-
Helillee pa3BHTHe Mo NyTH obpasoBanus Oosee cj0XK-
HBIX CTPYKTYP, COCTOSIIHX H3 HEPapXHUECKU CBSI3aHHBIX

! DTux TpyAHOCTeA MOXKeT He OBITh B Cilyide HCKYCCTBEHHDBIX
LHHAMHYECKUX CMCTeM, TAe [OAS BBeleHHs KaTalHTHYeCKOH CBS3H
HCIIONB3YIOTCSt TeXHHdeCKHE YCTPOHCTBA — HANMpuMep, 3JCKTPHUECKHE
CeTH.



174 Yacre B. Abcrpaxtueud 2unepyuxa

Tabauya 14

Hceneposanne ocofbIX ToYeK KATaJHTHYECKH
cBsi3aHHbiX runepnukios H, u Hp

(1) Yaenor cessu Tperbezo nopsoka.

4
: 2 A .
Cp= kAcACB __CT -4 ¢—(kACA+ kBCB) CACB,

¢g = kpCaCh — —c% # Cy=rcp +Cp (T.14.1)
HccnenoBanue oco6nix TOUEK NHHAMHUECKOR CHCTEMBl HAET

}l: ta=¢, tg=0 =0 (T.14.2)

Xy 6y =0, fg=cy =0 (T.14.3)

Cucrema KoHkypeHTHa. HccniefoBaHne ulleHOB 6Ojiee BEICOKOro mMo-
psiaka (puc. 44) moxasniBaeT, YTO Xy YCTOMYMBA MPH A > ks,

C npyroit cTOpoHH, ycioBHe Za << kg BEAET K YCTOMYHBOCTH Xa.
(2) Yanenol c8a3u 4eTsepToco NnOpadKa.

c
; 2 2 A . 2 92,
Cp= kACACB_TO'¢y ¢=(kA+kB)cACB'
c
c'B=chicg—--£)—¢; to= ¢ + Cp. (T.14.4)

Dra guHaMmYecKas CHCTeMa XapaKTepPH3yeTcst TPpemst OcOGbiMH TOY-
KaMH:

X =0, fg=0 o=0 (T.14.5)
;2: tpa=0, tg=cy; 0=0 (T.14.6)
;' Ca = __kA— Cn® Cn = __.k_B_— Cad
3 "A kA + kB 0 B kA + kB 0
k2 k2
® AB .3 (T.14.7)

= ——(kA + kB)a Co.

Hrax, X3 sBasercs ycrofiuuBofi ocoGofi TOYKOH, 4TO yKasblBaer Ha
KOOfepaTHBHOe MOBefleHHe ABYX CBsI3aHHBIX rumepuuknoB Ha u Ha
fpH MOGHIX BO3MOJKHEIX YCNOBHSIX. BeKTopHOe noJje, H306pakeHHOe

Ha pHC. 44, moxka3biBaeT, YTO [ABe [pyrHe Oco6ble TOYUKH, X4 H Xz,
SIBJISTIOTCSL MCTOYHHKaMH,
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Gs
Cr 05
1
0
0 t oo 08
‘ 05 o
A B
Puc. 44. Ces3p Mexay rupmepuugnamu., A. Une#bl KaTaJHTHUecKOR
CBA3ZH —kAcch H kpCacp. KacartenbHblli BeKTOp MONOMKHTENEH

BHYTpPH O06J2CTH KOHLEHTPanuf, uUMEOWUX (U3HIECKAR CMbICA
(0 < ¢ << 1), 3a HCKMIOYeHHeM [ABYX OCOGLIX TOYEK; mnpeamoJara-
ercs, 4T0 ks > ka, M, clefoBaTeNbHO, OTOGHPAETCH THHEPUHKA Cp.
CucTema KOHKYpeHTHa, HeCMOTPA Ha CBfI3b, b. UneHbl KaTanuTuue-

o 2 2
CKOM CBAI3H — RpCACH M chQAcB. CucTeMa CONEPIKHT LBE HEYCTOMH-
yppele Ocofble TOYKH B BEPIIMHAX U YCTOMHHBYIO OCOOYI0 TOUKY
B UEHTPe (ca = Zp'= 0,5, TaK KaK k) = kg). Cucrema XoonmepaTusHa,

CaMOPpEIJIHNHDPYIOUHXCH eJHHHI, BPSiA JH MOMXET Mpo-
HCXOJHTh TNOCPeJCTBOM BBeleHHS KaTaJHTHUECKHX uJe-
HOB BBICOKOTO TNOPSiAKA B CHCTEMY, PACTYILYIO B TOMO-
TeHHOM pacCTBOpe,~— OHO HJET MO NYTH HHAHBHJYyaJH3a-
IHH yXe CYDIeCTBYIOIHX (YHKIHOHAJIbHBIX elUHHN. DTO
MOKeT OHBTb AOCTHTHYTO, HampHMep, NPOCTPaHCTBEHHOH
n3ogsinHel Bcex uwIEHOB THMeplnHK/Ja B KOMIApTMEHTE.
O6pa3oBaHHe OPOTOTHIOB COBPEMEHHHIX KJETOK MOMeT
CNyXHTb OJHHM H3 BO3MOMXHHIX MEXaHH3MOB, BEIYLIHX
K HHIHBHAyaJH3alHH THNepnHkaoB. [locie Ttoro xak
H30JSIUS 3aBepllH/Iach, MHIAHBHAYAJH30BAHHHIH THIep-
[HKJ MOXeT BeCTH cefst KakK INpOCTasi penyIHKaTHBHAst
enununa. ChaepopaTtesnbHo, Oojiee BepOSITHO, YTO THIEp-
[HKJIBl SIBJASIOTCS NPOMEXYTOUHHIM 3BEHOM B CaMooOpra-
HH3alHH, a He ee KOHEYHOH 11eJiblo.

BriBoanl

Taasnoii 2a0aveld wacru B asaserca abcTpaxkTHoe
CPABHUTEAbHOE U3YYEHUE PDA3AUUHOLY QYHKYUOHAAbHbLL
ceazell 8 camopeniuyupyrowuxcs cucremax. Hcnoasso-
sanntle 30ece merodel 0boiunbt 048 OupPeperyuarvHo
Tonoaozuu. Iloansle  anaauTuueckue — peuienus, 3a
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UCKAIOYCHUEM CHEYUAAbHBIX CAY4aes, 00bI4HO NOAYHUTD
HEBO3MONCHO, TAK KaK CO0TB8eTcTayowue Oupgepenyu-
arbHble YPABHEHUS CYWECTBEHHO Heaunelinol, Camosoc-
npoussedernue scez0a 8e0eT K 3aBUCUMOCTU CKOPOCTU
npoOyKyuu OT HUCAEHHOCTU NONYAAYUU COOTBETCT8Y-
towezo suda. Koonepayus meixcdy paziudnsimu sudamu
yepes 3akoOuposauHbie (YHKYUOHAAbHbIE €8A3U OoOas-
ASET HOBBIE KOHYUEHTPAYUOHHbLIE 4AeHbl, KOTOpule OaroT
b6osee suicokull NopAadoK 3as8uUCUMOCTU CKOpocTel OT Ho-
" NYAAYUOHHBLY NEPeMeHHbLX.

CpasruTesbHbLE QHAAU3 CEAEKYUOHHO20 U 3IBOAIO-
yuoHHo2o nosedenus He TpebyeT 3HAHUA NOAHBLX UH-
Tezpasbiblx Kpusolx. O6blino 00CTATOUHO HAUTU UX KO-
HeuHble TOYKU, OAfL TO20 4TOObL PEuiuTs, BO3MOIMCHO AU
ycroduusoe cocyujecT8oB8anue BCeX NAPTHEPO8 8 (QYHK-
YUOHAABHOM KOONepaTusHom ancambare. dtoll yeau cay-
aur uccaedosanue 0cobulx TOYEK 8 COHETAHUL C METO-
dom Janywosa u— 8 HEKOTOPuIX cayvasx — ¢ Goaee
OeTaNbHOIM UBYHEeHUEM NOAHO20 BEKTOPHO20 noas. Pe-
3YAbTATbL - TAKO20 KOMOUHUDPOBAHHO20 QHAAU3A MONCHO
pes3romuposars ciedyrouum o6 pasom.

dynkyuonassnas untTezpayus ancambaf, cOCTOAue-
20 U3 HECKOAbKUX CAMOPENnAUYUpYOwuxcs eOuruy, Tpe-
6yer 88efenus KaraiuTudeckux casseil mexdy scemu
napriepamu, ITu CBA3U, HAAOMCEHHblE HA OTOEAbHbLLE
yukast penauxayuu cybsedunuy, Ooaxnsl 006pasosars
3aMKHYyToll YuKA, 4TOObL CTAOUANU3UPOBATL QHCAMOBAL
nyrem B83QUMHOL pezyiiyul 8Cex NONYASUUOHHLLX Nnepe-
mennvlx. Hesasucumeie KoHKYypenTsl, KOTOpule npu
onpedeneHHbLX NPOCTPAHCTBEHHOLX YCAOBUAX U HA O2pa-
HUYECHHBLY UHTEPBAAAX BPEMEHU MO2YT COCYU,ecTBOBATY
8 CHUWIAX>, @ TaKXHe KATAAUTUYEeCKUe yenu wal passer-
BAGHHBIE CeTU AUUIEHbl CNOCOGHOCTU K camoopzanusa-
yuu, TUNUYROl 048 2unepyuKi0s.

O0no20 auwe cocyuyecT8o8anun He0OCTaAToUHO Oaf
C02AQCOBAHHOZ0 POCTA U IBOAIOYUL BCEX NAPTHEPOB AH-
camban. Tunepyuxa oraudaerca caelyrouuny Cco-
creamu:

1. On obecnewusaer ycroduusoe u peayaupyemoe
cocyujectsosanue 8cex 8u0o8, 00BeOUHCHHBLY yYUKAUYe-
cKol ¢c8a3b10,
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2. On Oonyckaer cO2AGCOBAHHOIL POCT B8CeX CBOUX
YACHOB.

3. Tunepyuxa Konkypupyer ¢ aw060d o0TdesvHOl
penauxarugrnoil eOunuyed, He npunadiexcaujeld YUKy,
HEe3aBUCUMO OT TO020, ABASETCA AU OHA He3asucumow,
npedcrasaser au co6ol 4acto 0pyz020 2UNEPUUKLA UAU
Oaxce npucoedunena K OAHHOMY YUKAY NAPASUTHOL
€843010.

4. Tunepyuxa MOXMCET YBEAUUUBATL UAL YMEHbULATE
c80u pasmepel, ecau takas molupuxayus Oaer Kakxoe-
2ub0 ceaeKTUBHOE NpeumMyuyecTso.

5. Tunepyukaot ¢ TpYyoOM COUAEHANTCA C oépaaoea-
Huem ceTeld 6oaee BbICOKO20 NOpAOKA. s 83auMHOL
crabususzayuu 08Yx 2unepyuKsos CTenexu p Heobxodu-
MbL YAeHbL CBA3U CTenenu 2p.

6. BryTtpennue 883U u KoOnepaTusnole CBOLCT8A
2unepyuKia MO2YT IB0AIOYUORUPOBATL NO NYTU K ONTU-
MaAAbHOMY QYHKYUOHUPOBanU. «PenoTunuueckues npe-
umyuiecrsa, T. e. Takue sapuayuu, Koropele 0an0T my-
TAHTY NPAMYI0 B61200Y, HEMEOAEHHO 3aKPEnALIOTCA.
«lenoTunuueckues e npeumyuectsa, Koropsie 6.iazo-
RPUATCTBYIOT —nocaedyioujemy nPoOYKTy w NOITOMY
AUWbL KOCBEHHO — penauxarTusHoti edunuye, 8 KoTopol
npousouira myrayus, ¢ 0pyeol cTropowst, TpebyroT npo-
CTPAHCTBEHHOU U30AAYUL OAi KOHKYPEHTHOLU (urcayuu,

7. Ot6op eunepyuxia — 370 peuleHue <«pas u Ha-
gcez0as. B awboli 06btunoli apsunosckold cucteme my-
TAHTBL, Oarouue CeseKTUBHOE NPeumyuiecTso, Aee2Ko Mo-
2YyT pABMHOMUTLCA U 3aKpenuTsca. Hx cnocobrocTe K
pocTy He 3asucur ot pasdmepa nonyaayuu. Has zunep-
YUKAOB CeAeKTUBHbLE Nnpeumyujecrsa scezda ABAAIOTCA
PYHKYUAML YUCACHHOCTU NONYAAYUL U3-3Q CYULeCTBEH-
HO Heaunelinolx ceolicte zunepyuxaos. Taxum obpasom,
00HaObL 3aKPEnUBUILIICA 2UNEPYUKA He MOXMCeT OblTb
N€2KO 3AMEHEH HUKAKUM <HOBUHYKOMD, NOCKOAbKY HOBbLU
8Ud 8cez0a NOABAAETCA CHAYAAQ B8 KOAUHECTBe OOHOL
(uau HeckoabrUuXx) KONUL.

Bce aru ceolictea OeaaroT 2unepyurs eOUHCTBEHHbLM
8 csoem polde KAACCOM CAMOOP2AHUSYIOWUXCA XUuMUUe-
cxux cetel. 310 camo no cebe onpasdoisaer HGoree pop-
MAABHOE USYdeHue ux c8olicTs, 4T0 U 66140 yenroro dannoi
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yactu. Kax 6ovta0 nokasano 8 wactu A, npocteie
npedcTasuTesl 3T020 KAQCCA BCTPE4AlOTCA 8 npupode.
Boamosicro, 3T0T TUn  (DYHKYUOHAALHOE OpzaHusayuu
WUPOKO pacnpocTpanes W uzpaer Kaxkyio-To0 poAb 8
HepBHbLX ceTax uau 8 coyuarvuolx cucremax. C dpyeod
CTOPOHDL, MbL He CHUTAeM, 4TO0 2ZuNepyukibl — 370 Ka-
Kod-to (eTuwi. Hx pors 8 MOAEKYAAPHOLU camoopzaru-
3ayuu ozpanuuena. OHU NO3BOAAIOT UHTE2PUPOBATL UH-
gopmayuro, 4T0 66140 HEOOXO0UMO OAS BO3HUKHOBEHUS
TPAHCAAY UL,

OOdnako zunepyuxa moe uUCHe3HYTb, KAK TOALKO NO-
ABUACA (DepMeHTATUBHOUL annapar ¢ B86lLCOKOLU TOUHO-
CT610 penpoOyKyuu, nO3B0AAIOULUL UHTE2PUPOBAHHOL
cucteme UHOUBUOYAAU30BATHCA B8 (POopme JHUBOL KAaeT-
Ku. HnOusudyaiusosanuble penAuUKATUBHbLE CUCTEMbl
UMEIOT HAMHO20 Ooabuiull noTenyuas 0as OarvHeliuled
Ousepcuurayuu u ouppepenyuayuu.

Cyuiecteyer mHO20 (opm eunepyurkiuveckoti opza-
Hu3ayuw — OoT npocTol ¢8a3u 8TOPO20 nopadxa 00 Kom-
nayno-zunepyukia n-20 nopaoxka, 8 KOTOPOM OAf Kadxc-
dozo peaxyuonnozo arana TpebyeTcs KOONEPATUBHOE
OedicTsue s8cex 4aenos. X0TA MblL He 3Haem (PopmelL opea-
nuszayuu 6osee npocTod, uem 2unepyuxa BTOPO20 NO-
padka, xotopas mozia Obl UHUYUUPOBATL GNNAPAT
TPAHCAAYUL, MbL XOPOWIO CO3HAeM CAONHOCTL Oadxce
aroii «npocteliuell 803moxncnols cucremet. Iloatomy Ha-
wer 3adavei 8 vactu B 6yder obocHoBauue 1020, 4TO
peaasucTudeckue zunepyuxisl 0elicT8UTEAbHO MO2YT B03-
HuxKate u3 6oaee npocTolx npeduileCTBEHHUKO8, KOTOpbLe
umeaucs 8 OOCTATOUHBLX KOAUHECTBAX B NepBuUtHbLY
YCA0BUAX.



YACTbH B :
PEAJTUCTUYECKHW THNEPLUHKJI

[NpennaraemMasi Mopmenb «peajHCTHUECKOrO THIeEp-
[HKJa» TEeCHO CBS3aHa ¢ MOJIEKYJNSIpHOH Opranmusapuef
NPUMHTHBHONO amnmaparta pemHKalnHH H TPaHC/ISLHH.
FunepunknnuecKass OpraHusands OOYCJOBJNHBAaeT ce-
JEKTHBHYIO CTaOHJIH3alHI0 H 3BOJIONHOHHYIO ajanTa-
IHIO BCeX I'eHO- W ()EHOTHMHYECKHX KOMMOHEHTOB (yHK-
[IHOHANbHO cBsi3aHHOTo aHcaMOas. OHa 3apoXpaercst B
dbopMe MOJNEKYJNSIPHOTO KBAa3WBHIAA H YCHOXKHSETCS B
XOlle 3BOJIIONHH NyTeM MYTauH#i W AyIIHKANHA TeHOB.
Ee nepBowauasbHast CTPYKTypa, HO-BHAHMOMY, OTpa-
J)aeTcst B YCTAHOBJIEHHH COOTBETCTBHS MeEXIY KOJOHa-
MH H aMHHOKHCJOTAMH, B TOMOJIOTHH [OCJEN0BaTeNb-
Hoctefi TPHK, B nBOHHBIX (epMeHTATHBHHIX (GYHKIHSIX
pemJINKanuu H TPaHCASUHH H B CTPYKTYPHOH H (YyHK-
NHOHANbHOH OpraHW3anHH TreHOMa MPOKAPHOTHYECKOH
KJIeTKH.

XI1. Kak morJsa 3apoauthcsa TpaHCaAnus?

«O6u1en3BeCTHO, UTO BO3HHKHOBEeHHe GeJKOBOro CHH-
Te3a mnpeiacTaBjsiio cobofi OueHb TPYAHYIO Npobjemy.
Mbl uMeem B BHAy He 0Opa3oBaHHe KOMMOHEHTOB CO
clyyadHOR MOCJEeNOBATEJIbHOCTBIO, a CHHTe3 MOJHIIeN-
THIOB, HanpaBJasieMulfi XoTst Obl B OGIHX 4YepTax MaTpH-
neft — MOJIeKyJIOft HYKJEHHOBOH KHCJOTH, H HMEKOUIHH
TaKyio npupony, Omaromaps KOTOpPOH NOCTeNeHHO, miar
3a 11arom, B XOAe 3BOJNIOLHH CHOPMHPOBAJICS COBpEMEH-
HHIf TeHeTHYeCKHH KOJ, BBbIpaXKeHHe KOTOpOro cefiuac
TpefyeT Ha/JH4HS CJOXHOTO aNnnapaTa aKTHBHPYIOUIHX
depmentoB, TpaHcnopTHrix PHK, puGocom, pa3nnunbix
$aKTOPOB H T. A.».

[Tpeamer wamero o6cyxaeHus przmo oXapakrepH-
30BaTh GoJjiee 4eTKO, yeM STHMH BBOJAHLIMH CJIOBAaMH H3
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HenaBHe#t cratbu Kpuka, Bpenuepa, Kayra u [leue-
Huka [3].

HonycruM Ha BpeMs, 4YTO NPHMHTHBHLIH anmapar
penyHKanue ¥ TpaHCASUHY, QYHKIHOHHpYIOWHHA Cc HAan-
Jexaule# TOUHOCTbIO W allalTHPOBAHHBIR K JOCTATOUHO
6oratoMy anhaBHTy MOJIEKYJSIpHEIX CHMBOJIOB, BO3HHK
B pe3yJbTaTe KaKOTo-To NpoLecca, KOTOpHIL Jajee He
KOHKDETH3HpYyeTCsl, HallpHMep B pe3yjbTaTe CaMooOpra-
HH3a[HN HJIH HEKOero akra TBOPEHHS, B NMpHpPOJAe HJH B
Jabopatopuu. [lomycTHM, pajsee, 4To HMeeTcsi cpela,
KoTopasi MOCTaBjsieT Bce aKTHBHPOBAHHBIE BBICOKOSHEP-
reTHuecKHe BelllecTBa, HEOOXONHMBIE AJ1S CHHTe3a TaKHX
MaKpOMOJIEKY/, KaK HYK/JCHHOBBIE KHCJOTH H OeJKH,
IJs TOra 4TOOH pemIHKAanHs H TPaHCASUHS MOTJH OBITh
CMNOHTAHHBIMH MpOLecCaMH, T. €. MOJAepKHUBAJHCh Ol
MOJIOXHTENbHEM CcpoAcTBoM. Mor nu Tako#i aHcamO6.b,
KaguM Obl MyTeM OH HH BO3HHK, NPOJOJIKAThb 3BOJIOIHO-
HHPOBaTh KaK JapBHHOBCKas cuHcTeMa? [lpyrumu cjaoBa-
MH, MOIJa JIH TaKas CHCTeMa HeOMNpeieNeHHO JOJIo COo-
XpaHsTh 3aJI0KeHHYI0 B Hee mepBOHAauasibHO HHpOpMa-
[IHI0O H COBEpIIEHCTROBATH ee JaJbliie, MOKa He Gblaa Ob
JOCTHTHYTa MaKCHMasbHas QYHKHOHAaJbHAs 3ddek-
THBHOCTb?

Uro6sl KOHKPETH3HPOBaTh CHTYalMIO, DPacCMOTPHM
Mozenb, u3o6paxeHuywo Ha puc. 45. [lmoc-uenn nauHo-
ro mHoxectea MmoJekyal PHK uecyr mudopmanuio s
CHHTE3a COOTBETCTBYIOUIErO 4HCJIA MOJEKYJa O6e/KOB.
ITpoayKTBsl TPaHCAAUHH MOTYT BBIMOJHSATb {10 MeEHblIel
Mepe caenyioune ¢dyaknuu: 1) Opun Oenok Hrpaer
pors PHK-nonumepasn, nono6HoH TeM cHEnHPHUHBIM
pemInKasaM, KOTOpHe cBsidaHol ¢ pasinunbiMa PHK-
conepxamumu daramu. Ee cafiT y3naBaHug ajgantupo-
BaH K crnenH@HuecKo# MOCAENOBAaTRJIBHOCTH HJH CTPYK-
Type, uMelouefics y Bcex miioc- H muHyc-neneit PHK;
ADYTHMH CJOBaMH, oOHa 3G@EKTHBHO BOCIPOH3BOJHT
aumb Te Mosekynnt PHK, koropble maeHTHOHUHPYIOTCS
Kak ujeHH onpejaeneHHoro aHcam6uast. 2) lpyrae mpo-
AYKTHl TpaHCASUUE QYHKIHOHHPYIOT KaK aKTHBHPYIOUIHe
dbepMeHTH — OHHM  crenHbHYeCKH Y3HAIOT pasJHuHble
AMHHOKHCJIOTH H  MPHCOSAMHSIOT HX K COOTBeT-
crByiouiuM apantopuniM PHK, Kaxnas H3 KOTOpHIX He-
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Puc. 45, Tlpoctefiias monesb NMPUMHTHBHOM TpaHCHSUHH BKJIIOY2ET
unndopmanuonnyro PHK Io, xoTopas Koxmpyer pennurasy Ey, anan-
THPOBAHHYI0O K creuHQHIeCKOMY Y3HABAaHHUIO MOCJHENOBaTeJNbHOCTEMH
Io— I, Tlmoc-nenmm I; — I, xoxmpyror ueThlpe cHHTeTasn E; — E,,
a MuHyc-nenu MOryT 6HTh amantopamMH (TPHK) nns ueTsipex amu-
HOKHCNIOT. TaKasi chcTeMa, XOTf OHa H BKJaouaeT B cebs Bce (QyHK-
1MH, Heo6XOAUMElEe 1JS TPAHCASNHH H CAaMOBOCHpPOHM3BElEHHS, SBJAS-
eTC HeyCTOMYMBOf H3-32 BHyTpeHHed KOHKypeHumH. Ecam Io— I,
He CTaGHIM3MPYIOTCH THOEPUHKJIHUECKON CBfA3bIO, TO COI/acOBaHHAs
3BOJIIONHUS HEBO3MOIKHA.

ceT omnpejeseHHHH AaHTHKONOH. UHC/IO pasHEIX aMHHO-
KHCJOT H, CJeNOBaTeJbHO, aJanTopoB BHIOpaHO Tak,
4TOGH OHO PpAaBHAJIOCH YHCJAY PAa3JHYHBIX KOJOHOB,
BCTPEUAIOMHXCSE B HHPOPMANHOHHBIX M[OCAEN0BATENb-
HoCTAX, T. e. B mmoc-uenax PHK, c¢ teM, uro6m B pe-
3y/JbTaTe MOJY4YHJIACh <«3aMKHYTast» CHCTeMa TpaHCMs-
uun c omnpeneleHHslM KomoM. Ouna He o6si3aTenbHO
JNOJKHA BKJIIOYATh MOJHHEE TeHeTHuecKHf KOA B ero
COBpEeMEHHOM BHJE, a MOXeT OrpaHHYHBAaTbCH MeHb-
nIEM, HO GYHKIHOHAJbHO NOCTATOUHBIM YHCJIOM aMHHO-
KHCJOT (HampHMep, 4YeTbipbMsi), HCHOJb3ys ONpeJeseH-
Hble OrpaHHYeHHs, HaJOXEHHble Ha CTPYKTYPY KOIOHOB,
yTOGBl TapaHTHPOBATb OJHO3HAYHOE CUHTbIBaHHE. B Ka-
yecTBe AaJalTOPOB MOXHO HCMO/Nb30BaTh MHHYC-LENH
monekyn PHK, wuaum— ecau 3TO YCJIOBHE OKaXeTcs
CAHIIKOM JXECTKHM — aJalTopbl MOXKHO BBECTH BMECTe
C IOpYrHMH KOMIOHeHTaMH (HampHmep, ¢ pHGocoMammu)
KaK MOCTOSIHHBlE (DaKTOpBl cpelnbl, NonoGHble TeM Oak-
TepHaJbHHM (aKTopaM, KOTOpbie 00ecCneuHBalT peru-
KanHuio gara H TpaHCAAUHIO B KJETKE-XO35HHe.
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Puc. 46. MuTerpanbibie KpuBble IJs CHCTeMB Ru(epeHnuaibHbIX
ypaBHeHWA, HMHTHPYIOUINX MOJelb, H306paKeHHYI0 Ha pHC.

B srom uacTHOM cjyuae mpeimosaraeTcs, YTO HadasbHBle KOHIEH-
TpanMM M aBTOKAaTaNHTHYECKHE KOHCTAHTH CKOPOCTH BOCIHpOH3BELE-
Hus JuHEMHO pacTyT mpu mepexofe oT Ip K Iy TOrAa KaK 3HaueHHS

k

. i
JPYTHX MapaMeTPOB — KOHCTAHT CKOPOCTeH TPaHCASUHH (I¢ —> Ez),
napaMeTpoB, OMpejeNsioMX Bh6op aMuHOKHCAOT (BKAagn E;, E,,
E;, Es B Fu), crabunbHocTell ¢epMeHT-Cy6CTPaTHBIX KOMIMJIEKCOB

I; +Eo <= L;Eos/) ® T 14 — onuHaKoBH paAsi BCeX MapTHepOB
peakuufi. KnHeTHuecKue KpHBble LS OTHOCHTEJbHBIX YHCJEHHOCTER

nonyasuui (y?/c?v) OTpa’KalT KOWKYpeHTHOCTb noBefeHus. Hau-
6onee adexTUBHO BOCMPoM3BOAAwasAcs maTtpHna (Is) B Kouue KOH-
LIOB CTaHOBHUTCS LOMHMHHpYyOLIEH (yg/c?\,—» I). OpnHako u3-3a TOrO,

yro penamkanusi (mpexctasiaenHas Eo) u TpaHcasnus (Bkaagn Ej,
E, u E; B Ftr) nmpekpamalorcs, I, ToxKe BbiMHpaeT, Bes nomyasuus
o6peyena Ha rubesb (c‘,{,»o .

C mepBOro B3risifja MoXeT NOKa3aThCs, YTO CHCTeMa,
usobpaxKeHHast Ha pHC. 45, B NOCTaTOYHOH CTeneHHd Ha-
chilleHa (YHKIMOHANbHBIMH [epEeKPeCTHBIMH CBSI3AMH:
Bce l; KaraJHTHYeCKH NOAJNEPXKHBAIOTCH peIIHKa-
soit Eo; 9ra pemnukaza B CcBOWO ouepelb o06s3aHa
CBOMM CYLIECTBOBAHHEM COBMECTHOMY jeficTBHIO d¢ep-
MmeHTOB TpaHcasiuun E; —E,, 6e3 Kortopeix oOHa He
cvorga Onl TpaHcaupoBaThest ¢ Ip. ®epments E; —E,
IJs CBOEro BOCNMpPOH3BEJCHHS HCHOJB3YIOT, KOHEUHO, 3TY
®e (QYHKIHIO TPAHCHSAUHH, HO MOCKOJbKY OHH SIBJIAIOT-
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Puc. 47. B aTOfl anbTepHATUBLON MOJEAHM MPUMHTHBHON penNMKauHR
H TpaHCASUHU fpelnofaraercs, 410 ¢depmedTH E; — E; BHOOMHSOY
LBOMHYIO (YHKNUIO, T. € YTO OHH HIpalT poJb CheludHYHBIX pe~
naHKa3 AJas csoux coGerBeHHbx MPHK u cuHTeTas mpm BHGOpe
YeTHpeX aMHHOKHCAOT. CyZb6a cHCTeMbl Takas Xe, 4TO H Ha pHC, 45,
nockonbky uHpopmanuonnse PHK cuibHO KOHKYpHpYIOT Apyr ¢
Ipyrom.

ca npoaykramm TtpaHcasuud I1— I, To B KoHeuHOMNp
cueTe 3aBHCAT Takxe oT Ey mam coorBercTBeHHO OT I,

JeTanbHbIA aHaJ M3 MOKA3hBaeT, OJAHAKO, UYTO HMe.
IOIIHXCSE CBsi3efl HeAOCTAaTOYHO, uTOGH TapaHTHPOBATYL
B3aHMHYIO CTAaGH/IH3ANHIO PAa3JHUYHBIX TeHOTHMHYECKHY
koMnoHeHTOBR I;. OOwme#t pennukasuoit dbynkuun Ep y
obuleft TpaHCAsUHOHHOA GyHKuUMKH Fir Bo Bcex nudde.
pPeHIHANbHHIX ypaBHEHHSIX COOTBETCTBYeT ONHH H TOT
XKe uneH. [To3TOMY 3TH ypaBHeHHst CBOASATCA K YpaBHe-
HHSIM JJIsi HeCBSI3aHHHIX KOHKYDPEHTOB, YMHOMXEHHBIM Hg
ofmyw ¢yHkumio BpemeHn f(f). V3-3a BHyTpeHHej
KOHKYpPEHIIHH CHCTeMa, KOTOpas cHauana QyHKIHOHL-
pyer O4eHb Xopomlo, ofpeueHa Ha pacnapg. THOHRYHBLY
Ha6op HHTErpaNbHLIX KPHBBIX, MOJYUYCHHBIX HHCICHHBIM
HHTErpHpPOBaHHEM KHHETHUECKHX YpaBHeHHH, MpPHBeley
Ha pHc. 46.

Jpyroi npuMep TakKoro xe pojxa NpeicTaBJeH Ka
puc. 47. 3necs Bce MPHK nponssoasit ceou cnennduve.
ckHe pemiukass E; — E,, KoTopbhie BHIMOJHAIOT TaKike
cuHTeTasHne Qynkuun (Fi). W cuoBa 3Toft cBAzy
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Yyepe3 COOTBETCTBYIOILYIO TPaHCAANHOHHYIO (YHKIHIO
OKa3hIBaeTCSt HEJAOCTATOUHO I/t crabunu3anuu aHcamO-
ag. Ha Ham BoOnpoc — siBisileTCS JW HAJHYHE CHCTEMB
nudopmannonnsix PHK ans pennnkasuo#i u tpancas-
[HOHHOM (YHKUHA K TPOAYKTOB TPAHCASIMH JOCTATOY-
HBIM JJ51 HX CYUIeCTBOBAaHHS H 9BOJIIONHH — OTBETHTb
CJellyeT TaK: eCJH He BBe/leHa CBS3b ONpeJeeHHOro
THNA MeXJAy pa3iH4YHbIMKH pelJIHKATHBHLIMH KOMIOHEH-
TaMH I;, TO TakHe cucreMnl OyleT. HEyCTOHUHBH, He-
CMOTPS Ha TO yTO OHM 00/1aJalOT BCeMH CBOHCTBaMH,
HeOOXONMMEIMH JIJIsi pelJHKauuu H TtpaHcasuun. [laxe
ec/ii Oul Bce MapTHepH OBUIH CEeNEKIHOHHO 3KBHBAJIEHT-
Hbl (WJIH MOUYTH SKBHBAJIGHTHHI) H, CJIeJOBATENbHO, MOT-
an GBl COCyHUIeCTBOBaTh HEKOTOpoe BpeMs (B 3aBHCH-
MOCTH OT pa3MepoB HX MONyJAsiuHi), OHH He CMOTJIH OBl
5BOJIIONHOHHPOBATh B3aUMHO KOHTPOJHpYeMbIM 06pa3oM
H, CJEJOBATEJbHO, HHKOrga He OBIIH OBl crnocoGHH Of-
THMH3HPOBATh cBOe (YHKIHOHAJbHOEe B3aHMOJEHCTBHE.
B KoHIe KOHUOB OHH 00s3aTeJbHO pacnafanuch O, o-
TOMY YTO cJayuyafiHas CeJeKIHOHHAs SKBHBAJEHTHOCTDb
He MOKeT COIVIaCOBAHHO MOJAEpXKHBATbCA Ha MpPOTsKe-
HHH JJIHTENbHHIX TEPHOAOB »3BOJIONHH, eClH OHa He
noJKpemnyeHa ONpele/eHHBMH CBI3IMH.

DTOT OTBeT He BBI3OBET YJAHBJEHHS, eCJH YuyecTb pe-
ayJabratel yactH B. BoJsee rmaTenbHHE aHaJH3 cBsidefl,
06ycnoBNeHHbBIX (GYHKIHOHHpDOBaHHEM (epMeHTOB pe-
NJHKAUHH M TPaHCAANHH, He OOHapyXHBaeT HHKaKOH
rufepudKanyecKoil cTpyKTypH. [losToMy 3TH cBsian He
MOTYT OGEeCHeYdTb B3aUMHYIO PEryJasudio BeJHUYHH [O-
NyJASUHOHHEIX MEpPeMeHHEIX, KOTopas HeoOXOAHMa AJjg
COTMTaCOBAHHOH 3BOJIIOUHH YJIEHOB OpraHn30BaHHOHR CH-
creMul. CBA3H, HMCIOMIHECS B 3THX ABYX H3YYEHHHX CH-
cTeMaXx, MOXHO CBeCTH K JByM oOuiuM GYHKUHSIM, KO-
Tophle, nofo6HO (aKTopaM cpend, NeACTBYIOT Ha Bcex
NapTHEPOB COBEPUIEHHO ONHHAKOBHM 00pasoM H, clefo-
BaTeJbHO, He MPeAOCTaBJSIOT HHKAKOH BO3MOMHOCTH
JJ1t B3aHMHOT'O KOHTPOJIS.

PaccMoTpeHHBe BHINE MPHMEPH HJJIIOCTPHPYIOT Te
NONOXKEHHS, KOTOpPHle MBI XOTeNH MOAYEPKHYTb B AaH-
HOM pasfiene:
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1. Ha panHHHX sTanax 5BOJIIOIHH, MOKA TOYHOCTH pe-
MIHK4UHA H TPaHCASUMH Obla HH3KA K KOHIIEHTpalHH
3¢p¢peKTHBHO pPeMIHUUPYIOUWIHXCS eNHHHI MaJbl, THIep-
LHKJHYeCKast OpraHu3anHsi JaBaja 00JbilIOe OTHOCH-
TelbHOE TNPEeHMyUlecTBO HaJ JM06GoH Jpyroid Qopmoit
(cTpykTypHO#) opranH3auuu (pasn. XV).

2. JleficTBuTenbHO, ydaercs MOCTPOUTh TaKHe THHEP-
IHKJIH4YeCKHe MOJeNH, KOTOphHle MOXHO CUYHTATb peaJH-
- CTHYeCKHMH MNpeJllleCTBEHHHKAMH{ anmapaTta BOCHPOH3-
BeleHHS H TpPaHCASUHH COBPEMEHHHIX MPOKapHOTHYe-
CKHX KJeToK (pa3a. XVI), ' )

Kak npencTaBHTh BO3HHKHOBEHHE TPAHC/ANHH, €CTH
JNOMYyCTHTh CYU1eCTBOBaHHE BOCMPOH3BOAMMHIX MoOJe-
kya PHK, umeomux pasmepsr TPHK, u Hannuue npen-
MOCHIIOK JJist CHHTe3a OeNKOB B NPUMHTHBHOH dopwme,
€ HCHONB3OBAaHHEM OTPAaHHYEHHOTO 4YHCJMA (JOCTATOYHO
pacrnpocTpaHeHHBX) aMHUHOKHCJIOT?

XII. Jloruka nepsH4YHOro KOAZHPOBAHHUS

XIiL1. Kox RRY

Han6oJsiee npuBiekaTenbHasi CHEKyJSITHBHAsA MOZLeNb
BO3HHKHOBEHHS MAaTPHYHOTO CHHTe3a Oe/KOB, mNpenJo-
JKedHast coBceM HefaBHo [3], ocHOBaHa Ha uesaoM psifie
coobpaxkeHHH, OTHOCSUIUXCSE K NpobieMe CBSI3HOTO CUH-
TeiBaHHA Ge3 3amaTwaiX. [lepBHUHBIA KOX NO/MKEH HMeTh
onpeje/eHHYIO CTPYKTYpPYy pPaMoOK, HHade HH(opMaius
He CMOJXKeT CUHTHIBATBCS corjiacoBaHHHIM o6pasom. Cay-
yafiHble cMemeHus ¢asbpl OYAYT OPHBOAHTH K CHBHTY
PAMKH TPaHCJASIHH Ha KakHX-TO YydacTKax HHdopma-
uuonHoit PHK u k mckaxkenuio cmbicia. [Tostomy asTo-
pHl [pefNaraloT OMpele/leHHYI0 MOC/Aef0BaTENbHOCTh
OCHOBaHHRH, KOTOPO# JOJIKHBLI IPUJEpPKUBATbCS BCe KOO~
wel. Wou, npyrumu ciaoBamH, QYHKUHOHHPOBaTh B Ka-
yectBe MPHK Moryr anwms Te nocrenoBaTelbHOCTH HYK-
JIEOTHJA0B, KOTOPHle HECYT OlpejejeHHBll NaTTepH
(«o6pa3»). Ennnoo6pa3me maTTepHa MOXeT BO3HHK-
HyTh 6marojgapsi HHCTPYKIHH, KOTOPYIO COLEPIKHT BHICTY-
naroulast anHTakonoHoBas netrast TPHK, a takxke 6iaarona-
pA BHyTpeHHeMy camokonuposaHHo. Cpein naTTepHOB,
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KOTOphle TapaHTHPYIOT HelepeKphlBalouleecst CUHTHIBA-
HHE, aBTOPH BHOpaJM IHOCAEAOBATeNbHOCTh OCHOBAHHH
NypHH — MNYPHH — NHPUMHAHH (HJAH, B OOGBIYHHIX 060-
3Havenusix, RRY) kak ofulyio n/1st Bcex KonoHos, o6pa-
ayloniax coobuleHHe. 3ToT BHOOpP OBl HPONUKTOBAH pe-
TyJASIPHOCTBIO MOCJIEeOBATeNbHOCTH, KOTOpast OHlIa 06-
HapyXeHa B aHTHKOJOHOBOH nerie coBpemenHnlx TPHK.
YnomsinyTas nocienoBartensuocts TakoBa: 3’NRafyUY,
rige afy — aHTHKOROH, N — J1060#t M3 uyeThIpex HYKJieo-
taa0B, a R 0 Y — nypuH ¥ NUPHUMHAHH COOTBETCTBEHHO.
Jpyrofi mpeamnocCHIKOR BO3HHKHOBEHHA TpaHCAAUHH Ge3
pubocoM sBJASeTcs CTaOHJABHOCTH KOMIeKca, o6paso-
BanHoro MPHK # pacrymieil nonunentaaHolt uemnsio.
[MTentupuna-tPHK He goaskua oTaensitbest A0 TOrO, Kak
OcyLlecTBHTCS MepeHoc ciepyomeid amuuoanuia-tPHK,
T. e. MOKa He 3aKOHuMTcs rtpaHcasnus Bceit MPHK, B
NPOTUBHOM CJYyYae CHHTE3HpPOBAJUCH OH TOMBKO (PYHK-
NHOHANBHO HesPdeKTuBHEHE OenKoBole ¢parmenTn. Ha
OCHOBAaHHH H3BeCTHBIX NAHHHX O CTaOHIBHOCTH map oc-
HOBaHHH OYEBHJHO, UTO MNpPOCTOe B3aHMOJLEHCTBHE
KOJIOH — aHTHKOJOH He TapaHTHpPyeT HeOOXOAHMOH cTa-
6unpuocty Kommaekca MPHK — tPHK. Tlostomy mas
0GOCHOBAHHS MOJEJH CYUIECTBEHHH TPH BCHOMOTATeNb-
HBIX NOHYyUleHHS:

1. CTpykTypa aHTHKOROHOBOH meTiu  ajlantopa
(npenmectBenunka TPHK) TakoBa, 4ToO ecim KOHKpeTH-
3upoBaH o6uwinfi maTrrepH KodoHa, To PHK wmoxer Bcer-
na ofbpasosats nsaTh nap ocHoBaHH# ¢ MPHK. Takum
o6pa3oM, aHTHKONOHOBO#A merse nepBuuHbix TPHK upn-
HHCHBaeTcs ciaefymomas obmniasg 1noc/ael0BaTe/bHOCTD:

b 4

I NAAAAU-G U-U~AAAASS

rae YYR — aHTHKOIOH.

2. AMTHKONOHOBast MeTJs Kaxjo# nepBuuyHolt TPHK
MOXeT MPHHHMAThb NBe pa3Hble KOHdOpMauuH, u3obpa-
XeHHBle Ha pHc. 48. OOe oHH ObuH omucaHwl B Gosee
paHHelt cratbe Bése [60], KoTopmii o603Haunn mux FH
u hf. (O6osnauenne FH o6paszoBano u3 nepBHX 6yKp
damunnii dynnepa u Xoxxkcoua [61] — ydeHHIX, KOTO-
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phle HpelMNOJOXH/HN, 4YTO H3 CeMH HeCHapeHHbIX OCHOBa-
HUi B AHTHKOJAOHOBOH IieTsie CTONKYy 06pasylwT MOATh
ocHoBaHufl, pacnosoxenusix ¢ 3’-konpna; hf, no Bése,
0603HaYaeT [ONONHHTENBHYI0 KOH(HIypaunHioo, B KOTO-
poii cronky o6pasyloT HSTh ‘OCHOBAHHE Ha 5'-KOHIE HeT-
au.) Bése npennosoxmuna, 4TO mnepexoj MeXAy STHMH
KOHQHIYypauHSAMH WTpaeT BaXKHYIO poJb B cHHTe3e Gei-
Ka Ha pu6ocoMax, HO yKa3a/J TaKXe W Ha ero BO3MOX-
HOe 3HauYeHHe I/ MpeXHHX, 60/ee NPUMHTHBHHIX Mexa-
HH3MOB.

3. Kakast u3 3THX JIByX KOHdHUrypauui neficTBHTENb-
HO peaJiu3yeTcs, 3aBHCHT OT TOro, ¢ ueMm CBf3aHa
TPHK — ¢ aMHHOKHCJIOTOH HJIH ¢ MOeNTHAHOH Uensio.
[Ipr nepenoce aMHHOKHCJIOTH Ha MeNTHRHYIO Uelb
TPHK ckaukoobpasuo mnepexomur u3 hi- B FH-roudu-
rypanHio (cM. puc. 49). ‘

JonosHuTenbHBIA, YeTBepTHHE MoCcTynaaT, He abco-
JIOTHO HEOOXOAHMBIH AJst OGOCHOBAHHS MOJEJNH, BBOJHT
B3aumojeiictBne Mexay naByMmst cocenHumu TPHK Ha
MPHK, xoropoe nemaeTr 3HepreTHYecKH BHIFOJHOH HEOO-
XQIHMYI0 KOHQHTrypaumuio H BHOCHT (nasbHeRmui)
BKJaj B CraOHJAH3anui0 KOMIIEKCAa MOJIHOENTH] —
mMPHK.

Puc. 49 nokasbiBaeT 0oJsiee JeTajibHO, KaK MOXKer
o6sieruathCst CHHTE3 MOJHUMENTHAOB, €C/IH YueCTh HpHBe-
neHHble coofpaxkeHust. Pacrymas nonunenTHiHas penb
nepememaercs Broab MPHK, ucnmons3ys B KauecTse
«TOTIHBa» CBOGOJHYIO SHEPTHIO peaknHuu nepedoca. 3rta
peakuHss MOXeT YCKOPSATbCS OOIHM HecmenudHuecKuM
KaTaJH3aTopoM, HO Takofi MeXxaHH3M He TpelyeT

b Wy B U-U~AAAA§!
G-UANANAAANG!

S AAAA-U-GIYIYH]  FH
5 NAANANU-

Puc. 48. JlBe B03MOXHble KOHGMrypaumn aHTHKOJOHOBOR HETJH

TPHK (xougurypauus FH —no ®yanepy u Xoamxcony [61], hf —

no Bése [60]). AnTnromoHHBIf (QaTTepH (B paMKax) — Mo MOJesin

Kpuka n ap. [3].
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Puc, 49. TIpuMHMTHBHBI MexXaHM3M TPaHCJASALMHM TPeOYeT «JIHNKOro»
KOTOPOr0 pacTylias MNOJMMENTHAHAS LUENb OCTAETCH CBS3aHHOM C
TPAHCHOPT OCYIIECTRJASETCS CKauyKaMH, OpPH KOTOPHIX M3MEHseTcs
uenb Bcerga cBs3ana ¢ MPHK ¢ momomplo maTth nmap ocHoBsaHmii,
coceauan amunoanuA-TPHK., UYactuuHoe nepexpbiBaHHE NpM CHapH-
JMPOBAHHOTO TPHMJETAMH OCHOBaHHH.

HHKAKOTO CJIOXHOrO afliapaTa THNMa COBPEMEHHHIX pHEO-
coM. XOTs B3aHMOJeHCTBHE MEXJY KOJOHOM H aHTHKOMO-
HOM cTaGHJH3HPYeTCsH MSITbIO MapaMH OCHOBaHHH, cylie-
CTBEHHO, YTO KOJ B JCHCTBHTENBHOCTH HCHONb3YeT TPH-
mieTsl ocHoBaHHE. Panee yXe HojdyepkuBanocs [62],
YTO MEepPBHYHBIA KOJ, HCHOJb3YIOUIHA HE TPHIIETH OCHO-
BaHHH, He MOXeT OOBSCHHTb BO3HHKHOBEHHE COBpEMEH-
HOTO KOJa.
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B3aumopehcraus mexzy MPHK u nentugua-rPHK, B pesyabrate
MPHK, noka He 3axonumtcs TtpaHcasnus. [To Kpuky wm ap. [3],
kondopmauus TPHK (FH = hf). HoBoo6pazopanHas nentuaHas
IpuYeM HEKOTOPYIO AOMOJHUTEABHYIO CcTabuiusaudioo obecnevuBaer
BaHMM OCHORAHMA TAPAHTHPYET CBA3HOE UTEHHe COOOINEHMs, 3aKO-

Srta Molenb Xopolio OODBACHSIET, KaK B OTCYTCTBHE
CJOXHOrO amnnapaTa TPaHCASUHH MOXeT NPOHCXOAHTH
— CNOHTaHHoOe,
— mocJefoBaTeNabHOe,
— TNOJIHOE, T. €. He MO 4acCTaM, H
— BOCIPOH3BOJHMOE, T. €. NIPH CTPOrOM COXPaHEHHH
3aJaHHON PAMKH KONOHOB,
cunthiBanue MPHK.
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Takoli KOJ HepaspHBHO CBS3aH C ONpele/eHHHMH
CTPYKTYPHBIMH OCOGEHHOCTSMH aHTHKOJOHOBOH NeT/H
coBpeMeHusix TPHK, m 3To mosBojsiteT AOMycTHTh, YTO
yKa3aHHBlE MOJIEKYJbl SBJSIOTCS MNOTOMKAMH MepBHX
(OYHKUHOHANBHO  OpraHH30BaHHBIX  eJHHHL. YeTwlpe
AMHHOKHCJOTH, KOLHpyeMble MO 3TOH MOJENH, TaKOBHI:

U U U U
GG GAc AGe AAc
raunuH _ acmaparusosas cepun acmaparuu
KHCAOTA

ConepxXaHHe HeKOTODHX H3 HHX B NEpPBHYHOM O6yJbOHE
6BIJIO OUeHb BHICOKHM [63].

C npyro#i CTOPOHBI, MOJeNb CTAJKHBAeTCs H C HEKO-
TOPBIMH TpydHOcTAMH. B  mocnepoBatensiocts RRY
uMeercst 60JbIIOH H3GHITOK NYPHHOB H NO3TOMY OHA He
CMOXeT JerKo CKJagbBaTtbcs Ha cebst ¢ o0pasoBaHHEM
CTaOHJIBHOR CTPYKTYPHI.

BesencrBHae 3TOro TakHe NOCAeNOBATEIbHOCTH

.— OYeHb JIETKO THIAPOJNH3VIOTCH (eC/MH OHH HAXOAST-
cst B BHJe OJLHHOUYHBIX lienef),

— HMEIOT MNOBBIEHHYIO TEHAEHIHI0 K 06pa3oBaHHIO
AynjekcoB (KOTOpHe He MOT'YT JIErKO pemHIHpO-
BATbCS C TNOMOLIBIO NPHMHTHBHEIX MEXaHH3MOB),

— He HMEIOT BHYTPeHHefl CHMMeTpHH H

— TNPOH3BOAST MHHYC-NENH C APYTrHM OOLHM KONO-
BbIM maTtTepHoM (T. e. 5’RYY).

Xil.2. Kog RNY

ITpexne uem nepefitn Kk Oosee neranbHOMY OGCYX-
JIEHHIO BONPOCOB, MNEPeUYHCJCHHBIX BBHIllE, PaCCMOTPHM
aqbTepHATHBHYIO MOJENb, KOTOpas JIHLIEHAa 3THX KOH-
KpeTHhIX HenocTtaTKoB. IIpennoxenne ncnosb3oBath 06-
muii koaosulf marrepH RNY, rae N — mgi060f H3 ueTs-
.pex unykaeornnoB A, U, G, C, Toxe npunucwBaercs
Kpuky u ap. [3]. OnHako aBTOph «pasqoOH/IH» CBOKO
MOzeJNb H3-3a OAHOTO ee HejocraTKa: ecan N sBJseTcs
NHPHMHJKHOM, TO aHTHKONOHOBAs MeTist ¢ obuiedt nocsne-

nosatenbroctsio 3’ (W) GYNRU (V) B HEKOTOPHIX CaAYYasx
MOXET HCMOJNb30BATb JHWb CBOM MSNTh UEHTPATbHBIX
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HYKJICOTHAOB st 00pa3oBaHus cTaOGHJbHBIX Nap OCHO-
Banut ¢ MPHK. 310 BO3paxXeuune, onHako, CHHMaeTcs
Ha OCHOBaHHH TOro dakra, uto Kox RNY moxer merep-
MHHHDOBATb BOCEMb aMHHOKHCJIOT, BCAEJCTBHE Yero He-
KoTophle KoOMOHHauHH, He YyIOBJeTBOpsIOuiHe TpeboBa-
HusIM crabmuiabHOoCTH Kommiekca MPHK — nentupun-
TPHK (cM. HEXe), MOXKHO HCKJIOUHTS.

KakoBnl npeumyniectBa o6L1ero KOJOBOIO NATTepHA
RNY? Ilpexne scero, koa RNY, kak u ero anamor RRY,
sABasieTcds Kojaom O6e3 3ansiThiX. DoJjiee TOro, OH CHM-
MEeTPHUEH 1O OTHOIIEHHIO K NJIOC- H MHHyC-IeNAM.
B wHanpasnennn 5’3’ ofuwlas CTPyKTypa pamKH Kak
LJS IJIOC-, TaK M AJIsi MHHYC-uenHn Gyner RN Y, rie N
n N’ KOMIJIeMeHTapHH H pacloJOXeHH B [ensX 3ep-
KaJbHO-CHMMeTpHYHEIM OOpa3oM. Takas e CHMMeTpHS
MOXeT BO3HHKHYTh B Npelefax ONHOM pjenH; TeM CaMbiM
nonyckaercs o0pa3oBaHHE CHMMETPHUHBIX NeTeNb BTO-
puuHoR cTpyKTypHl. CoBpeMmenusie TPHK —3to THOHUY-
HH npuMep MOJIEKYJ C (NMOYTH) CHMMETPHUHLIMH DeT-
assMu. OnHouenoueyHsle (paroBble TeHOMEl H HX TpOH3-
BoAHBe (HampuMmep, wMmuan-BapuaHt PHK Qpg) TOXKe
OT/IHYAIOTCS] TAKUMH 3JIeMEHTAMH CHMMETPHH. 3Jech ce-
JEKTHBHOE [PEHMYUIeCTBO CHMMETPHUYHOR CTPYKTYPHI
oueBHaHO. Ecam MosekyJn BOCOpoH3BOASTCS C MO~
MOLbIO TNOJIHMepassl, KOTOpas CHelnH(HYECKH Y3HaeT
KaKylo-TO CTPYKTYPHYIO OCOGeHHOCTb, TO JIHIIb NpH
YCJIOBHH CHMMETPHYHOR CTPYKTYpH IUIIOC- H MHHYC-
pénu Moryr ObiTh paBHO 3G (MEeKTHBHHIMH MaTpHIAMH.
Takoe paBercTBo sdderTuBHocTefi HeOOXOAHMO LN OT-
6opa. Hrak, cummerpus TPHK, Bo3MoxHO, siBasieTcs
pPeJHKTOM TOH 3MOXH, KOTHAA 3TH MOJIEKYJbl ellle JO0JMXK-
HBl GBIJIH BOCIPOH3BOAHTLCA ABTOHOMHO.

OO6pa3oBaHHe NeTeNb YBeJHUHBaeT TaKxe YyCTOHYH-
BOCTb MOJIEKYJIBI K THAPOJNH3Y H CO3/aeT NpPeANOCHIIKH
AJs TPAaBHJIbLHOTO CUHTHIBAHHSA. B OTKpPBITOH CTpPYKTYpe,
rae 60JblLIOe YHCAO HYKJEOTHIOB OCTAaeTCsi HecnapeH-
HHMH (HanpuMep, B mociaenoBaTtenbHocTsx THna RRY),
peNJIHKAIHS H TPaHCASUHS MOTYT HAauHHAThCS B JHOOOM
OJIHOIENOYeYHOM  YYacCTKe IOCJeNOBATEeNbHOCTH, UTG
INpUBONUT. K 00pa30BaHHI0 ()parMeHTapHEIX TNPOAYKTOB.
B nNOMHOCTBIO ABYXuENO4YeYHOH CTPYKTYpe HadaNbHHIMH
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Puc. 50. [das cumMerpuyHocTH BTOpHyHOM crpyktypnl PHK Heo6-
XOfMMa COOTBETCTBYIOLas BHYTPEHHAS KOMIJIEMEHTapHOCTh (CM.
puc. 14 B yactm A) — TONBKO TOrAA IIIOC- M MHHYC-Llemu GYAYT
CKJIafblBaThesi OAHHaKOBO. Takue CTPYKTYpPH MOryt o6pa3oBaTh KO-
npounsle matrepusl Tuna RNY. [Ipmaymana urpa, npasusna KoTopoit
YUUTHIRAIOT (U3NUECKHe B3aUMOAEHCTBUSA, XapakTepHble AJi OJUIO-
uykneorunos u TPHK [17, 18]. Dta wurpa mnokasniBaer, Kakue
CTPYKTYpH o6pasylorcs ¢ HauGoabluielt BeposiTHocTbio. [{s o6pa-
30BaHMA IUNHJbKM He06XOAUMO, YTOOGH 06 MOJOBHHKH MOJEKYJbl
6bllH  KOMIJIEMEHTAapHH (Hampumep, mnocaefoBartesJbHocTh 5-RRY
MOXET COEJMHHUTbCA CO CBOEM MHHYC-UENblO, HECymeRd NaTTepH
5-RYY).

TOYKAMH DENJIHKANHH H TPAaHCAANHH SBJSIOTCA TOJBKO
OTKpBITHIe JHIDKHe KOHUB. TakuM cnmoco6oM MOXKeT
6uTh mpourena Bes MPHK, npu stom Tpebyercs sumrs
BpeMeHHOe YaCTHUHOE pa3BepThIBaHHE MaTpHiH, KOTO-
poe MoMKeT CTHMYJ/HPOBaTbCS B3aHMOJNEHCTBHSIMH C pa-
crymeft nenbio. CHMMeTpHs JaBaja Obl H B 5TOM cCJy-
yae NpPeHMYIIECTBO, XOTd ee HajJHuHe He 006s83aTeSbHO
(cM. puc. 50).

Yncro aorunveckn Koa RNY kaxercs Gosee mpusie-
KaTenbHBIM, YeM Ko RRY, no tpem npuunuam:

1. CenektuBHoe ycmaeHue wmojgekyn PHK poaxuo
6b1Tb 3hPeKTHBHHIM KaK AJAS IJIOC-, TAK H AN MHHYyC-
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uenefi. Cummerpuunble narrepust RNY B Gosbuies cre-
HeHH YAOBJETBOPSIIOT 3TOMy TpeGOBaHHIO, ueM MOC/Ien0-
BaTenbHOCTH RRY, KOTOpble OTJAHYAIOTCS OT CBOHX MH-
nyc-uene#t (RYY) wu, crnenoBaTtessHo, He MOryT c Toft
Xe 3¢ PeKkTHBHOCTbIO y3HABaThbCs (hepMEHTAMH.

2. U3-3a BHICOKOH CJIOXHOCTH NOCJdefnoBatefbHocTel
BEPOSITHOCTb OTHICKATb UMEHHO Te HeMHOTHe H3 HHX, KO-
TOpHle 06JafaloT CBOHCTBAMH, MOJNE3HBIMH HJsi peIliH-
KapuH H TpaHCASUHH, oYeHb Maja. Ecam 3TH nocseno-
BATeNbHOCTH, OynyuH CHMMETDHUHBIMH CTPYKTYpaMH,
YIOBJIETBOPAIOT TpeGoBaHusIM N. 1, TO KaK MJIOC-, TaK H
MHHYC-IIeNIH MOTYT ObITh KaHIMJATaMH Ha poOJb MoJje-
KYyJl — HOCHTeJIell Takux YHKpuH.

3. DBosmounsA annaparta TPaHCASANHH C €ro pasfiny-
HeiMH TPHK u MPHK rtpe6yer B3auMHuo#l cra6unnsauun
BCeX peNHKAaTHBHHIX MoJeKysn. Kak 6yner nokasaHo
HHXKe, THIEepPUHKI MOXeT Jerue o0pa3oBaThcs H3 KBa-
3HBHJA, €CJAH ITOT KBA3HBHJ BCJEACTBHE CBOEH CHMMeET-
pun o6ecnednBaer HaJHYHe J[BYX KOMILIEMEHTApHBIX
dbyuKuni.

Cucrema Mmoxcer nHakKanaAusaro UHGOpMayurw u 8 KO-
HeuHOM cueTe 3B80AIOUUOHUPOBATL K boavtield ca0c-
HOCTU TOAbKO 8 TOM CAydae, ecau oxa npuemier «Oap-
" BUHOBCKYIO AO2UKY» CEAEKTUBHOL CAMOOP2AHU3AYUL.

Odnaxo ara aozuxa Ooaxna naiiTu cgoe 060cHoBaHuEe U
cB0e sblpaXceHue 8 marepuanvrolx csolcreax. Bce, uto
MO2YyTr Y3HaBaTb KOMHOHEHTbL 8 CAMOM Hauare,— 3T0
ecTecTsennas PAacnpocTPAHEeHHOCTy U cuaa 83aumoderi-
creus. A10 re csoilcTBa, ¢ KOTODbIMI Mbl OONJHCHOL UMETL
deao, uTobbl NOHATL, KAK B03HUKAQ TPAHCAAYUSA.

XI1I1. dusuka nepBHYHOTO KOAUPOBAHNS

XI111.1. YcaoBng HA crapre

CaMoopraHu3alusi KaK MYJBTHMOJeEKYsipHBIH mpo-
necc TpebyeT, YTOOH KOHIIEHTP Al Hst COOTBETCTBYIOLIHX MO-
HOMepOB H TMOJHMEpPOB 6HIJIa TOCTATOYHO BHICOKA. TaKHM
o6pa3oM, ee Haualdy AOJMKeH GbIJI NpeflIeCTBOBATH AJIH-
TeJMbHBIH 3Tan NpefOHOMOrHYeCKOro CHHTe3a, BO BpeMs
KOTOpPOTo HAKAIUIHBaJlHCh Bce BeulecTBa, HeoOxoaumble

7 3ax. 1273
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AAsT CO3JaHHSI <«OYeHb OOOrameHHoro 6yJaboHa». Mul
He HaMepeHbl 3allepXHBAThCH Ha 3STHX Mpoleccax
npeaOHONOTHUCCKOR XHMHH; He cobHpaemcs MB TaKxe
CHOPHTb H O HeTaNsiX HCTOPHUYECKHX TPaHHYHHIX YCJIO-
Bufl. Takue BONpOCH, KaK, HanpHMep, o6GpasoBaJjca JH
«6yNbOH» B OKeaHax, B BOLOEMAaX HJIH Xe B MaJleHbKHX
JyXax RJIH Kakyw pOJNb Hrpajdu 31eCh NOBEpPXHOCTH
pa3pesa, KPYNHO3EPHHCTbIE HJIH NOPHCTHIE NMOBEPXHOCTH,
MOryT OBITH BaXXHHl TOJBKO B TOM cClydae, eCin HeoG-
XOJAHMO [1aTh OLEHKY a6COMIOTHBIM CKOPOCTSM WUCTOpU-
4ecKux TNpOreccoB.

30ecoe Mol npocto npednoaoxcum, 4To Kozla Haua-
AaQCo camoopeanusdayus, BbLCOKOIHep2eTUdeCKUe Beuje-
créa 8cex 8u008 UMEAUCH 8 W306UAUL, 8 TOM HUCAe

— GMUHOKUCAOTbL, PA3AUHAIOUHECS NO CTeNEeHU c80el

pacnpocTparerrocTu,

— nyxaeoruds, A, U, G, C,

— noaumepsbl. 060UX YNOMAHYTOLX KAQCCOB, T. €. nNpPo-

Teunoudsl u TPHK-nodobueie seujecraa, umeroujue

«  Boree uau menee caydatineie nocaedosaTesbHOCTU.

«MeHee ciayuyaliHtie» B JaHHOM KOHTEKCTE O3HauyaeT
Hasnune B3aHMONEHCTBHE MeXnay OauXafuiuMH cocensi-
MH H Oojiee CJHOXHBIX B3aHMOJCHCTBHH mNpH YKJIalKe
MOJIEKYJIBI, KOTOpble BeAyT K NpeoGnaJaHHIO ONpefe-
JIeHHBIX CTPYKTYp, B TO BpeMsi KaK «bojee ciaydafiHbes
OTHOCHTCST K TOMY, YTO HCXOIHO 3TH NOCJef0BaTelb-
HOCTH He TpeJHAa3HAYaJHCh [Jsf BHIIOJHEHHS KAaKOf-
Au60 (YHKIHH: eClH TaKas CIOCOOHOCTL H CYLIeCcTBO-
Baja C CaMoOro HayaJjsa, TO OHa MOIJa MNOSBHTHLCS TOJb-
KO CJy4alHO. :

C npyrofi CTOpPOHH, MH He HpelnoJaraeM HaMHUHA
Kakux 6bl T0 HH OBUIO afalNTHPOBAHHHIX GeJKOBBHIX al-
NapaToB — TaKHX, KakK

— cneyuguueckue noaumepassl,

— adanTuposanmsie CUHTETa3sl UAL Kakue-iAubo pu-

60comHbLe CTPYKTYPOL.

AT0 He 03HayaeT, UTO HEHHCTPYKTHPOBAHHBIE, NJOXO
ananTHpoBaHHbie OeNKOBbie KAaTalH3aTOPH He MONIH
coneHCTBOBATh 3apOXACHHIO peNHKAanuHH H TpaHCadg-
nuu. OpHaKo 5TH GeNKH, HecnocOOHBIe BOCIPOH3BOAHTh-
Cs M COBEpLIEHCTBOBAThCSH NOCPeACTBOM oTbopa, ROJXK-
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Hbl GBITh BKJIOUEHBl BMECTe C APYTHMH KaTaJHTHYECKH-
MH TOBEpXHOCTMH B KATETOPHIO <«NOCTOSIHHBIX (HaKTo-
POB CpenbI».

Xi11.2. PacnpocTpaHeHHOCTb HYKJEOTHIOB

[TockonbKy K  CaMOBOCIPOH3BENEHHIO  CIHOCOGHDI
JHIIb CTPYKTYPH, NOROGHBIE HYK/JTEHHOBBIM KHCJIOTaM,
BaXHo 0oJiee HeTaNbHO NPOAHAJH3HPOBATh, BO-NEPBHIX,
HX paclpoCTPAaHEHHOCTH H, BO-BTOPBIX, HX B3amMojefi-
CTBHS APYT C APYTOM. '

Hykneorunnl, a eme 6ojiee HX BHICOKOIHEPTeTHYECKHE
onurodochartHsie Gopmn obpasywTcsi ¢ OOJBIIHM TPy-
oM (ecqH HCMOJAb30BATH BO3MOXKHBIE Npen6HOJOTrHYE-
CKHe MeXaHH3MBl), ueM aMHHOKHCJOTHL. [loaTomy go.am-
yecTBeHHble JaHHble 00 HX OTHOCHTENBHOH pacmpocTpa-
HEHHOCTH BecbMa CKyAHb.. Muagep u Opren [63, c. 104]
NONUEePKHBAIOT IEHTPAJbHYIO POJb aJeHHHOBBIX HYyKJe-
OTHAOB KaK B TeHETHUYECKHX Npoleccax, TaK H Npu Mepe-
HOCe JHEpPrHH H CBSI3BIBAIOT 3TO C OTHOCHTE/NbHOH JIerKo-
cTbi0 HX oOpasoBauns. Opo ¢ coTpynunkamu [64] o6ua-
PYXHJH, 4TO B KOHIEHTPHPOBAHHBIX BOJHBIX PacTBOpax
LHAHHA aMMOHHSI afleHHH MOXeT OLITb MOJy4YeH C BHIXO-
aom 0,5%, a Muranep u Opren [63, c. 105] nokasans,
4TO JaXXe YHCTBhIA IHAHHCTHIA BOJODPOJ B XOJe peakllHuH,
KaTaJH3HupyeMOfl CONHEUHBIM CBETOM, JaeT BaXKHOe INpo-
MeXYTOYHOE COeNHHEHHE:

. N=C N
4HCN —> Terpamep =5 I}-—»Aueﬂm{.
HNT “\H

3TOT HHTepMeLHAT MOXET pearHpoBaTh TaKXe ¢ UHaHa-
TOM, MOYEBHHOH HJIH C HAHOM c o6pa3oBaHHEM TyaHH-
Ha. MeHee H3BeCTHBHI MeXaHH3MHB CHHTe3a NMHPHMHJIHHOB.
Ynanoch ycTaHOBHTb NMYThb CHHTE3a [HTO3HHA, HCMOJAB3YS
coueTaHHe [HAHATA C UHaHOAUETHJEHOM,— NOC/IeHHIH
ob6pasyercss NpH 3JeKTPHUECKOM pa3psiie H3 CMecH Me-
TaHa C a30TOM. YpauHus sBisieTcs, NMO-BHAHMOMY, MHpoO-
INYKTOM THADPOJIH3a IIHTO3HHA, H BO3MOXHO, 4TO €ro cylle-
CTBOBAaHHE B NEPBHYHBIX YCJAOBHSIX OblIO 0043aHO HMEH-
HO 3TOMY HCTOYHHKY.

7*
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O pacnpoCTpaHeHHOCTH NYPHHOB H MHPHMHIHHOB B
NepBHYHBIX YCJIOBHSX MOMXHO CKa3aTb OueHb Maso. CKo-
pPOCTb MATpHUHOH TNOJHMEpPH3aUHH NPONOPLHOHAAbHA
KOHIEHTpalHH BKJHOYaeMoro MmoHomepa. [ast kommie-
MEHTApHOTO HHCTPYKTHPOBAHHsS TpelyOTCS MO MeHblueH
Mepe 1Ba THINA HYKJEOTHIOB, H HX COIepXKaHHe B HHOP-
Mar HOHHBEIX MOCJeJOBATEeNbHOCTSX HOJIKHO OBITH OnHHA-
KoBbIM. [T03TOMY BKJIIOUeHHe MeHee PaclpOCTPAHEHHOTrO
HYKJMeoTHIa Bceria OynerT JHMHTHPYIOUIHM 3Tanowm, MO
KpafiHefi Mepe ans sjorapun nenH. CieoBaTesbHO,
6osbuiofl u36eITOK A Hang U B mepBHYHOM pacmpenele-
HHH MOHOMEpOB, KOTOPHIi MOT HMETb MeECTO, JIHIIb OueHb
Majo 6saronpHSTCTBOBaJ OBl CHHTE3y CONOJHMEPOB
AU-tuna no cpaBHenuio c¢ comonumepamu GC-tuna, 3a
HCKJIOUeHHeM TeX cJly4yaeB, KOTJa JHMHTHDPYIOUIHM 3Ta-
noM siBASieTCst HyKJeanust oJauro-A-zatpaBok. Cnoco6-
HOCTb K PENJINKaTHBHOMY pPOCTY JHMHTHPOBaHA MaTpHY-
HOH (yHKuHeH MeHee OOHJbHOIO 4JeHa KOMILJIEMeHTap-
HOH napel HyK/JeOTHNOB. Eciu B NepBHUHBIX YCIOBHSIX
pacnpocrpanerHocTs G u C Obl1a NPOMEXYTOUHOH MeX-
ny pacnpoctpaneHHoctamMu A u U, to comonumepsi, 6o-
ratele GC n Goratele AU, BnoJsHe Morjan 6bl 06pa30BhH-
BaTbCA CO CPaBHHMBIMH CKOPOCTSIMH.

Iostomy mb. nHe moxem Oasee npudepirusarovcs
Npexnez0 CNeKysaTUBHO20 MHEHUS, 4TO nepsvie KOOOHbL
BbIOUPAAUCH UCKAIOYUTEAbHO U3 OUHApHO20 aidasuta u
cocroasu autus us conoarumepos AU.

XI11.3. CTa6unbHOCTh KOMIJIEMEHTAPHBIX CTPYKTYD

BoJsee peHHble YKa3aHHs, CBsi3aHHBE ¢ mnpobiemof
nepBbIX KOJOHOB, MOTYT ObITh MOJYYeHBl H3 NAHHHIX O
CTaGHJBHOCTH Nap OCHOBaHHH. Pe3dyibraTH HcciaeloBa-
Hust CTaGHJIBHOCTH H CKOPOCTH CINlapHBaHHS OCHOBaHHE
C HCNOJNB30BAaHHEM pa3JIHUHBIX KOMOHHAUHH HYKJIEOTH-
IOB NOApOo6HO O6cyxpmanuch B o63opax [4, 44]. Oum
060CHOBBIBAIOT KOJHUECTBEHHO TO OOLIENpHHATOE MHe-
uue, uyto GC-napH 3HAYHTEJbHO CHJIbHee CTaGH/IH3H-
PYIOT KOOTIEpATHBHYIO CTONKY OCHOBaHuH, yem AU-maphl.

Koucranra cTaGHIBHOCTH HENpPepLIBHOH H ONHOPOX-
HO#l OJTMrOMepHOH MOC/NefOBaTeIbHOCTH H3 1 HYKJEOTHI-



XIII. Pusuka nepauuno20 K03uposanus 197

HbIX Nap paercs caenywoued Gopmynoh:
n

Kn=[_))s y (gl)
KOTOpasi OTHOCHTCS K JHHeHAHo# Monmenu M3uHra. p — 3T0
dakTop KOOMepaTHBHOCTH, KOTOphIA Kak ang AU-, tak u
ans GC-nap no nopsiaky BeauuyHHe paBedH 10-31), a
§ — KOHCTaHTa CTaGHJIBHOCTH OT/eNbHOH Maphl B Koome-
paTtuBHO! cronke. [last romononuMepa AU sToT mapaMerp
NpHMEpHO Ha NMOpPSJOK MeHbUle, ueM AJsi FOMONOJHMepa
GC, unn npu rpy6oit KOMHYECTBEHHOH OlEHKE:

S,y = 10, Torna Kak sg. = 100.

Hnast cnysas, Korpa OofHAa H3 KOMIJIEMEHTAapHBIX uenei
MOXeT NPUHHMATb TY KOHKPETHYIO KOHQHUIypallHio CTOIN-
KH, KOTOpasi peasu3yeTcs B aHTHKOJOHOBOH meTse
TPHK, nonyuenn O6Osbiine 3HaueHHst aGCoMOTHOHR cTa-
OGHJIBHOCTH, ueM paccuHTaHHble no ¢opmyne (91). Bepo-
ATHO, (AKTOD KOONEPATHBHOCTH 3 B 3TOM cjydae HHOH.
Onuako Yaeun6ek, Batrep u Hotu [65, 66] ycranoBuJH,
YTO TPH- H TeTPAHYKJEOTHAB, KOMIJEeMeHTapHhe aHTH-
KonouoBo#t o6snacty TPHK u pasnuuamouinecst onHo#t na-
po#i AU, pasmuyaloTcs N0 CBOHM KOHCTAaHTaM CTaOHJb-
HOCTH HAa OJNHH NOPSAOK — B NOJHOM COTJIACHH C NpHBe-
neHHoft Brime oneHkofi. C 3THM TaKxe corjacyercs To,
4TO HailleHHble MAaKCHMAaJbHble a0COJIOTHbIE 3HAYEHHS
KOHCTAHT CTa0HJBHOCTH OTHOCATCS K B3aHMOJeHCTBHIO
asyx TPHK, uMelomHX KOMIJIeMEHTapHble AHTHKOLOHBI
[67]. ‘

Jaudpie, noJydeHHble AJSt ONpeleNeHHBX KOPOTKHX
Nnoc/Je0BaTeNbHOCTeH, MOTYT OBITh HCHOJb30BAaHBI IO
KpafiHelt Mepe IS CPaBHEHHs Da3JIHYHBIX MOJeJeil pen-
JHKAIHH H TPAHCASINHH H AJSt CYXKACHHS 00 HX OTHOCH-
TeabHOH 3HaunMmocTH. OueBHAHO, 4YTO H30JHPOBAHHBIE
AU- anu GC-napnl HecTaOu/JIbHB NpPH JIOOBIX peasibHRIX
KoHpeutpauusx. Jag Hauama pensHKauuun HeoOXOmHM
HeKHH BcmoMorarejabHbii 3Tan — o6pa3oBaHHe 3aTpaB-
KH, H HMEHHO 3TOT 3Talml B NepBYIO ouepeab Tpebyer

t Takoe COOTHOWIEHHe (DOPMAJbHO BEpHO KaK AJIsi CIapUBaHHs
OCHOBaHWA B Npelenax NaHHOA MOCAELOBATEJLHOCTH, Tak M AJs
accoOUHanMM ABYX KOMIJIEMEHTapHHIX MOCJ]eNOBaTe/ibHOCTER, Koraa P
HMeer pasmepHOCTb M—1.
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yuactusi depmenroB. CospemeHnnsie ¢aroenie PHK-pen-
JMKa3bl TaKxe clenH@HUeCKH ajanTHPOBAHBI K MaTTep-
Hy IOC/IeI0BaTe/IbHOCTH HYKJEOTHAOB (aroBoro reHoma.
DfnoHranus uen# NPOHCXOAHT NyTeM KOONMepaTHBHOTO
CBSI3BIBAHHS OYepe/lHOTO HYK/IEOTH/[a Ha BEepIIHHE CTONMKH
nap oOcHoBaHHH pacTymefl uend. MMewouinecss AaHHble
yKaabiBawT, uto GC-napa npuMepHO B JlecsiTb pa3 GoJee
crabunbia, yeM AU; 5To NPHBOAHT K OTHOCHTENBHO
6ombuieft Tounoctd Konuposauust G u C, uem A u U. Ec-
JH CKOPOCTb pelJIHKANHH JHMHTHpyeTcs oOpasoBaHHEM
KOBAJIEHTHOH CBSI3H B  MNOJHHYKJEOTHIHOM  OCTOBe
(a He cnapHBaHHeM OCHOBAaHHH), TO TOUHOCTb MOXET 3a-
BHCETb OT KOHIEHTpauHH# MOHOMEPOB MR H My H OT
Koucrant crabunbHoctd nap Krvy, Krr u Kyy. Torza
TOYHOCTb BOCNIPOH3BELEHHS AJs JMIOOOr0 NAHHOTO HYyKJe-
OTHIAa MOXeT OBTb NOJyuYeHa H3 cpelHero reoMerpHdye-
CKOro TO4HOCTeHl I8 OGOHX KOMIJIEMEHTApHBIX MPOnec-
coB R—Y, Y—/™R:

myKgy mpKyr

= U =——, 92
T % myKrn v % myKyn (%2)

rie Kry =~ Kyr H cyMMHpOBaHHe HAeT No BceM N =
=A U, G, C. Ing A uUuau nna G u C 910 3Ha-
YeHHS § paBHH, MOTOMY 4TO oliHGKa MOMXeT NMPOH3OHTH
KaK B NJOC-, TAK H B MHHYyc-uenH. Ec/au KoHueHTpaunuu
MOHOMEpOB OJHHAKOBH, TO KOHCTAHTH CTAaOHJBHOCTH On-
pelensioT NOCTHXXHMYIO TOuHOCTb. M3 »3Toro crienyer,
uro G u C BoCIpOH3BOANTCA 3HAUYHUTENBHO 60jiee TOY-
Ho, yeM A B U. OnHako OTHOIIeHHe TeMNOB OUIHOOK MpH
Bocnpouspenenun GC n AU B cMemaHHBIX cHCTeMax He
coBceM coBnajgaer ¢ (06paTHBIM) OTHOLIEHHEM COOTBET-
CTBYIOUIHX KOHCTAHT CTaOHJBHOCTH, TJIaBHHIM 06pasom
H3-3a Ha/JH4yHsg <«Kayawuiuxcs» (wobble) Bsaumopeifict-
BHA Mexay G u U, KoTopble SBASIOTCS OCHOBHBIM HCTOY-
HHKOM OIIHOOK BOCIPOH3BENEHHS — JlaKe NMpH penJyHKa-
uun copeMeHHbix PHK-conpepxxamux daros [34].

MH oueHmaH 3HAaYEHHE ¢ HA OCHOBAHHH Pa3JHYHBIX
JaHHBIX 1O B3aHMOZEHCTBHAM MEXAY HYKJCOTHAAMH B
oTcyTcTBHE (hepMEeHTOB. ITH OUEHKH TPEeACTaBJEHB B
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taba. 15. [leprle TpH CTPOKH B 3TOH TabJHne OTHOCST«
cs K CJy4aio paBHBIX KOHueHTpayu#i Monomepos A, U,
G, C. 3to nonyumenue Moxer OnITh BecbMa AajeKHM OT
peasnbHOCTH, H NO3TOMY B TPeX CJelYIOUIHX MNpHMEpax

Tabauya 15

OUEHKH TOUHOCTE H BEPOATHOCTEN OIIHGOK
a2 socnpoussepenus G u C no cpasHenuro ¢ A u U

TounocTs g BeposiTHOCTB
OMHGKH 1—¢q

Kounentpayuyu . Koncrautst cTabulnHO-
MOHOMEpOB CTH Map OCHOBAHHH

GC AU GC AU
my=mg=mo=my Kpp=Ky,=1 0,03 0,59 0,07 0,41

Kye=1 Kgy=10
Kapy=10; Kge=100

my=mg=mg=my Kpp= Ky, <1 0,95 0,67 0,05 0,33
ac="5 i Kgy=10
KAU=10, KGC=100
my=mg=m =my, Kpp==Ky, <1 0,97 0,78 0,03 0,22

Kye=1 KGU=5
K =10' KGC=100

m, = 10m, KRRNKYY<1 0,93 0,81 0,07 0,19
mg=me Kae=1 Kgy=38

mg = 10m,, Kap= 10 K ge =100

m,=10m, Kpp=Kyy <1 0,95 0,69 0,05 0,31
mg=me Kpe=1 Kgy=5

mc=10mu KAU=10; KGC=100

mA=10mG KRR=[$YY=1 0,86 0,25 0,14 0,78
mg=mg Kpc=2 Koy, =10

mc=10mu KAU=10; KGC=100

OHO CHATO. MOXHO NMOCTaBHTb NOJ COMHEHHE NPaBOMOY«
HOCTb HCNOJb30OBAHHST AAHHBIX MO CTaGHJIBHOCTH, KOTO-
pble GHUTH MOJNYYeHH H3 ONBITOB C OJHTOHYKJNEOTHAAMH.
Onuako BKJIOYEHHE OJHOrO HYKJEOTHHA B Mpouecce pe-
N/IHKAlHH CONMPOBOXJAeTCs KOONMePaTHBHBIMH B3aHMO-
JefACTBHAMH MeXAY napaMu OCHOBAaHHH, H, CI€A0BATEALHO,
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OTHOCHTE/NbHBlEe TMOPSAKH BeNHYHH, TOJyYEHHBIe [AJs
OJTUTOHYKJ/IEOTHIIOB, MOTYT OBITb BEpHBI H JAJIsi 3TOTO CIy-
yast. J11a BbIuHCJAeHHSt § TpeOYIOTCS JMHIIb OTHOCUTEAb-
Hble, a He abCOAOTHbIC 3HAYEHHST CTaGHIbHOCTH.

W3 pa3suuHBIX OLEHOK, MpeNcTaBJeHHBX B Tabu. 15,
crenyer takoll BuiBog: G m C BocmpouasopsiTcs co 3Ha-
yHTEeNbHO OoJablielt ToudocThio, yeM A um U. B 3asucH-
MOCTH OT INpPeBOCXOACTBAa OTOOpaHHBIX MNOC/JAENOBATENb-
nocrelt [0; cM. ypaBHenne (28), wacts A] BocnmpousBo-
numoe HHbopManHoHHOe coiepxaHue GC-6oraTeix mno-
CefoBaTeNbHOCTE!l B PaHHHX pelJIHKATHBHBIX Ipoliec-
cax orpanuuyuBaercs npumepHo 20—100 HyK/JeoTHIaMH,
T. e. TPHK-nogo6HEIMH MoOJIeKyJaMH, TOTAa Kak AaJs
AU-GoraTeix noc/en0oBaTeNbHOCTEH OHO BPSL JIH MOXET
npeBocxonuTh 10—20 HYKJeOTHAHHIX OCTATKOB Ha pen-
JIHKATHBHYIO elHHHNY. 3]1€eCh CJAeAyeT NOAUEPKHYTb, 4TO,
BooOule ToBOps, MOIJIH CyIIeCTBOBaThH §oJiee IJHHHBIE
nocJjenoBaTeabHOCTH 4106020 cocTaBa. OJHAKO OHH He
Obial BOCIIPOH3BONMMBIMH H MO3TOMY He MOTJIH 3BOJIIO-
[IHOHHPOBATb B COOTBETCTBHH C KakKHM-1HO0 (yHKIHO-
HaJMbHBIM TpeboBaHHEM.

M3 aHann3a 5KCNEPHMEHTAJBHBIX JaHHBIX O pelHKa-
UHH ¢ara B 4yaCcTH A MBI 3akJIOUHJIH, YTO AaXe XOPOIIO
apantupoBanusie PHK-pennukassl He no3soisioT mo-
CTPOHTb 8OCnpOou3sodumyto uens aauuoil Gosee 1000—
10 000 HykJeoTHIOB. DTa OuUEHKA COOTBETCTBYET peHcT-
BuTenbHOMYy uHcay reHoB y PHK-comepxKamux daros.

Mbl MOXeM Telepb CAeJaTb OKOHYATeJbHBIE BHIBOAH
OTHOCHTEJLHO NepBHYHBIX MEXaHH3MOB pellIMKApHH: NMpH
YCOBHH 80CnpOu3BoOuMOCTY TakOR pasMmep, KakK Becs
TPHK, Moran umerb TosbKO GC-6orathle HOMHHYK/EO-
tuanl. TakuMm obpasom, GC-60zatsie nocaedosaressHo-
CTU mo2au 8blCTYNaTy 8 poau nepsuuneix TPHK (adan-
TOpO8) U B0CNPOU3BOOUMbLX UHGOpmayuorHolx PHK —
TI0 KpafiHe#l Mepe IO Tex MOp, MOKa peNNHKanHsA He CTa-
Jla KAaTaJu3HpPOBATHCS YMEPEHHO aNanTHPOBAHHBLIMH
dbepmenramu.

Takoe e 3aK/NIO4YEeHHEe MOXHO ClleJlaTh OTHOCHTE/IbHO
Hauana rpauncaayuu. Kak nopuepkuBanmun Kpuk u np.
[3], crabuabrocTs Kommimekca nentuaua-rPHK—uPHK
oyeHb BaxHa s J0O60# MOJLENH NPHMHTHBHOH TpaHc-
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naunn. Hcxoist U3 NpHBENEHHBIX BHIlIE DAHHBLIX KOHC-
raira CcTaGHJIBHOCTH KOMIJIEKCA, COCTOSILLEro H3 NSATH
GC-nap, paBHa
7 a1
Ksoec ~ 100 M7,

B To BpeMst kak anst naru AU-nap owa Ha nsiTh mopsia-
KOB MeHblIe:
2 ax—1
Ksay = 10° M7,

DTH 3HaueHHsS] ONSTh HEeOOXOINHMO pacCMaTpHBAThb Kak
OTHOCHTeNbHBIe: B [JeHCTBHTENILHOCTH OHH MOTYT OHITh
HEeCKOJIbKO BHIIe, €CJH J[ONYCTHTh HaJHuyHe CTIKHHTA
HJIR NIPEeNNOJOXHTD, uTo ME HMeeM pesto ¢ TPHK cospe-
MEHHOTO THNA; 3TO, ONHAKO, He NefMaeT HeBepHBHIMH pac-
CYXJIEHHS, OCHOBAHHBIE Ha OTHOCHTENbHbIX BeJHUHHAX.

OueHKH MOXHO CAeNaTh TakK¥XKe, HCHOJb3Ys AaHHbIE
no epemeHaM XH3HH. HalineHo, 4To H3MepeHHBIE KOH-
CTAHTH CKOPOCTH pEeKOMGHHAIHH KOMIJIeMEHTAPHBIX
OJIHTOHYK/MEOTHAOB BCETAa HMEIOT TMOPSIIOK BEJHYHHB

k=~ 105 M.l

Ecnu BOCIONB30BATBCS NPHBELEHHHIMH BHIIle KOHCTAaH-
TaMH CTaGHJIBHOCTH, BPeMeHa XH3HH COOTBETCTBYIOUIHX
KOMIJIEKCOB OyayT paBHBI
Tse =10 1 15,y = 107 c.

3TH ONEHKH CHOBA MOTYT CTaTh HECKOJNbKO GOJBIIHMH MO
BEJIHYHHE, €CJMH CTAaOHJIBHOCTH OKAaXyTCs BHILIE H eCAH
nee cocennue TPHK, cBs#3anubie ¢ HHOOPMAUHOHHOM
PHK, craGunusupyoT apyr Apyra. Torpa BpemeHa XH3-
HH OKa3HBAIOTCS KAK pa3 JOCTATOYHBIMH I/ TOTO, 4TO-
6n1 GC-6orarbie MOC/AeROBATeNbHOCTH MOINIH NOPOAHTH
NPUMHTHBHYIO TPaHCAANHIO. DTH BpeMeHa JXH3HH ONpe-
JeJIeHHO CJIHIIKOM MaJbl, eclH npeo6ianaiot AU-naps
Tenepb MBI BHAHM, YTO HEKOTOpble HENOCTATKH, CBOM-
crBedHbie Kkony RNY no cpasHenuio ¢ kozom RRY, o6y-
CJIOBJIEHHBIE COOTHOIIEHHEM CcTabHuabHOCTeH, MOryT OBHITh
CKOMIIEHCHPOBAHE  HCNOJb30BaHHEM  [pPeHMYLIeCTBeH-
o G u C, no Kpaiinefi Mmepe B uacTu noJoxenu# R n Y.
Yernipexunennass GC-cTpykTypa KOHeuHo Gosee cra-
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6unbHa, ueM J06as NATHYIEHHAst CTPYKTypa, BKJIO-
yamomas Gonee uem ase napul AU.

BriBoa caepyrouui:

BO3HUKHOBEHUIO TPAHCAAYUU CUABHO 6AQ20NPUATCT-
ayor GC-60zatvie CTpYKTYpoL — Kax 8 cayuae npeduie-
creennuxos TPHK, tax u 0as ungpopmayuonnoix PHK.

X1V. Koz ¢ GC-pamkoii

XIV.1. Mepebie ABa KOAOHA

Ecau BHIBOAB H3 AAHHBIX IO cTaOHJABHOCTH oObenH-
HHTb C paccyxpaeHHsmn KpHka H Jp., TO MBI MOXeM
npeacKa3aTh, KaKHe KOJNOHH OBUIH CKOpee BCEro CaMl-
MH NepBHIMH.

ExuncTBendsie HOCTATOYHO NJHHHBIE NOCIENOBATE/]b-
HOCTH, KOTOphle MOTJIE TOUHO BOCIPOH3BOJHTbCH,— 3TO,
I0-BHAHMOMY, Te, Y KOTOPHIX mnpeo6Gaagann ocratku G
u C. Torpa nmepBHIMH KOJOHAMH OBIIH TOJBKO KOMOHHA-
HHH 3THX ABYX OCTaTKOB. TpeGoBaHHe cuHTHBaHHS Ge3
3ansTHIX  HCKJIOYaeT CHMMETPHYHBe  KOMOGHHAIHH
GGG/CCC u GCG/CGC. B stoM serko ybenuthbcsi, 3a-
MHCAB TaKHe NOC/NelOBaTENbHOCTH. ALANTOPH C NpaBHJb-
HBIMH KOMOGHHAUHSIMH B AHTUKOJOHE MOTYT CBSI3bIBATHCS
B pa3/HUYHBIX NEePEKpHIBAIOUIUXCS MoJoxeHnsix. Ecmau
fajee BBeCTH KOJOHHHE KOMOGHHANHH, NOJYYEeHHBle H3
CHMMETPHYHKX IpellIeCTBEHHHKOB, TO 3TO MPHBENET K
eme OoJjee paspyulHTeJbHBIM MNochaefcTeuaM. Torma y
HAC .OCTaHyTcs JHWb JBe KOMIJIEeMeHTapHble mapbl KOM-
6unanuit, a umendno GGC/GCC u CCG/CGG (Bce kom-
fuHANHH UHTAWOTCS B HampaBJeHHH 5—3°). C ToukH
apeHHss CHMMETPHH OHH KaXXyTcsl COBEpUIEHHO 3KBHBA-
geHTHHIMH. MMeercs, onHako, HeGoJbUlas aCHMMETpHS,
CBsI3aHHAsl ¢ «KauaHHeM» OCHOBAHHS B TPETbeM IOJIOXKe-
Huu. CpaBHHM nocienoBaTenbHocTH MPHK, cocrostuine
HCKJIOUHTeNbHO Ju60 n3 KogowoB CNG, aubo us GNC.
B nepeoM cuayuae «Kauamouieecs» ocHopaHne G Bcerpa
HaXOJHTCA B TPeTbeM MOJOXEHHH KONOHA, BO BTOPOM Ke
caydyae — B NEpPBOM TOJIOXKEHHH, KaK B IJIOC-, TaK H B
MHHYC-I[eNsX (eCNH CUMTHIBAHHE Bceria HJAeT B HaNpas-
jeHun 5—>3’). Ilas pennHKauMH pasiHYHBIE KOJOHHBIE
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nosoxenust Hepazauuyumul. CrenoBaTeqbHO, KaXbH
pa3, Korja BCTpeuaeTcsi «Kauawolleecsi» OCHOBaHHe, B
KOMILIEMeHTapHYI0 1elb MOXeT ObIThb BHECeHa Heompe-
LeNIeHHOCTb, KOTOpasi NPH TPAHC/ISAIHA B NepBOM Chiyyae
3aTparuBaeT NepBoe, a BO BTOPOM cJy4yae — TpeThe IO-
JIOXKEHHE KOJIOHA:

5 — — — — CNG CNG CNG — — — — 3’

B — — — — GN'GEN'GEN'G — — — — 3
H

B — — — — GNC GNC GNC — — — — 3’

5 — — — — GNSGNGGN§ — — — — &

BocnpousseneHHble NOCAENOBATENBHOCTH TPAHCAHPYIOT-
cA NpaBHIBHO TOJIBKO BO BTOpPOM CJydae, T. €. KOrja Ka-
YaHHd NpH B3aHMOJEHCTBHH C aJalTOPOM HMEIOT MECTO
NpEeRMYUIECTBEHHO B TpPeTheM, a He B NEepBOM MOJOXKe-
HHH KOJIOHA.

JpyruMuH  cjloBaMH, amanTop C  aHTHKOJLOHOM
3’CNG cnocoGen y3HaBaTh Kak 5GN’C, Tak w
5’GN’U, a apantop ¢ autakomoHom 3’GNC — tonbKo
5’CN’G, Ho ue 5’UN’G. 3ra apryMeHTanHst MOXeT OKa-
3aThCA HECOCTOSATENBHOH, eC/H IJIsi CBS3bLIBAHHSI ajamnTo-
pa ¢ MPHK tpe6yercst nsiTb nap ocHoBaHHH, NOTOMY 4TO
TOrJa «KayaloulHecs» MOJNOXEHHS MOTYT BHISIBASTHCH He
TaK 4eTKO. TeM He MeHee 3Ta aCHMMETPHS B OTHOIIEHHH
NepBOTr0 H TPeThbero MoNOXeHHH KONOHAa B COBPEMEHHOM
reHeTHUECKOM KOJe CYLlecTBYeT H SBISeTCS TBepaO yCTa-
HoBJeHHOR !. -OTHOCHTENBHO  MaJHX  CeJNeKIHOHHBIX
npeumyumecrs oOBIUHO JTOCTATOYHO, 4TOOH MOBJHSTL Ha
xon sBofouHH. OueBnpHo, KpHK ¥ Ap. mpeamous#n Mo-
nens RRY (mnm RNY) Toxe Ha ocHOBaHHH TakoH apry-
MEeHTallHH.

Teneps MBI MOXEM CcHeNaTb ONHO3HAYHBIA BHIGOp mep-
BBIX JIBYX KOJOHOB, 2 HMEHHO:

5GGC u 5'GCC,

1 Hama aprymeHTrauus nojkpensercd TeM (pakToM, 4To B cra-
nuonapHoMm pacnpenenenun G Gosee ycroiunpo, yem C.
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KOTOpHe 6yayT KOMIJIEMEHTADHEIMH, €CJiH HX pacHoJjo-
JKHTb aHTHNApaJJelbHO. 3TOT BHIGOp AHKTYETCS YeThIPb-
Msi TpeGOBaHHSIMH:

— CTabuAbHOCTHIO B3aHMOIEHCTBHS MEXAY ajanto-
pom u MPHK;

— TO4HOCTb!0 pennukauun (o6a TpeGoBaHHS TNOA-
CKa3bBalOT HauyHHaTb ¢ koMOuuanum GC);

— cuHnTbIBaHHeM 6e3 3anATelx TPH TPAHCAALHH, NS
yero HyxeH HecuMMeTpHunbii GC-naTtepH;

— (024QCO0BAHHOCT6I0 TPAHCASALHH, YMeHbIIawOUeH
HEOJHO3HAUHOCTb, KOTopass OOYycJaOBJeHa <«Ka4a-
HUSMU» B TpeTbeM IMOJNOMEHHH KOJOHA.

Mu xorenun 6B NOAUEPKHYTb, YTO 3TH apryMEHTH OC-
HOBAHH HCKJ/IOYHTEJBHO Ha CBOHCTBAX HYKJEHHOBBIX
kucaor. [IpusitHo oTMeruTs, uyTO ABa KomoHa, GGC u
GCC, B cOBpeMeHHOM TeHETHUECKOM KOJAE COOTBETCTBY-
0T JABYM TNpOCTEANUIHM AMHHOKHCJIOTAM — [VIHIHHY H
ajlaHHHY, KOTOpPble B 3KCIEepHMeHTaX, MOJAEJHPYIOIIHX
NepBHYHBIE YCJIOBHSA, NEHCTBHTEbHO OOpa3ylOTCs B KO-
JHYeCTBaX, NaJeKo NPEeBOCXOASUIHX BCe APYrHe aMHHO-
KHCJIOTHL

MoXHO BO3pa3HuTh, YTO NPOAYKTH TPAHCAALHH, CO-
CTOSIIINE TOJNBKO H3 3THX [BYX OCTATKOB, BPSJA JIH MOTYT
GBITH XOTb CKOMBbKO-HHOYNb 3(peKTHBHBIMH KaTasH3aTo-
pamu. K stoMy Bompocy Mul BepHeMcst B pasa. XVI
Cefiuac A0CTaTOYHO OTMETHTb, UYTO TPAHCJAAIHS HA 5TOH
CcTanHH ellle He Opljia CBOHCTBOM, HeOOXOAHMHBIM IJS CO-
xpadenns coorsercrByiomux MPHK. Ilepeoie GC-6ora-
THE I0CJeJOBATEJNbHOCTH OTOHPANHCh HCKJIIOUHTENBHO
6naronaps cBoeH CTPYKTYypHOH CTAOHJIBHOCTH H COCO6-
HOCTH NpPaBHJIBHO BOCIPOH3BOAHTBCH. ITHM TpebOBaHH-
aM OJHMHAKOBO XOPOUIO MOTJIO YAOBJETBOPHTb MHOTO
pasanunbix GC-6oraThix NOCAENOBATeNIbLHOCTEH, H BCe
OHH MOIJIH OKa3aTbCs OTOOPAHHBIMY KaK napTHephl (6o-
Jee MJH MeHee BBHIPOXIEHHBIE) ONHOTO KBa3HBHAA.
Han6onbulee mpeanoyTeHue OTAABANOCh 31eChb CHMMET-
DHYHBIM CTPYKTypaM, NMOTOMY 4YTO OHH YIOBJETBODSIIH
KpHTepHSIM CTaOHNbHOCTH OJHOBPEMEHHO IS INJIIOC- H
IJIsS MHHYyC-11ened.

CpeaH cTaGH/IBHBIX CTPYKTYP, BO3HHKUIHX, BEePOSITHO,
6Jarogaps MaTpPHYHOH (YHKIHH aHTHKOJOHOBHIX NeTeNb
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H IHOC/MelyIOWIHM AyNJHKAnHAM NaTTepHa, MOTJH OKa-
3aThCst KOAHPYIOUIHE TOCHE0BATeNbHOCTH (e3 3ansiTHX;
TOrAa-To0 H 3apoiunach TpaHcasuus. Ecau nmponaykTsl
TPAaHCASUHE JAlOT XOTb Kakoe-HHOyIb NpeHMYLIecTBO B
OTHOUIEHHH CTaOHJIBHOCTH HJIH CKOPOCTH BOCIPOH3BeJe-
Hus cBouHx HHdopmaunoHHex PHK, To ouu 6ynyT sBO-
JIOILHOHHPOBATb MO JapBHHOBCKOMY MeXaHH3My H TeM
CaMHIM HeNpepblBHO H3MeHSTb KBAa3HBHJOBOE pacmpepe-
Jerne. [Ipexne uem BepHYTbCS K PacCMOTPeHHIO TaKOH
CTa0HJIH3alHK TNPOAYKTAMH TPAHCASUHH, 3afepXHMCH
elle HeMHOro Ha mnpo6jeMe COOTHOIIEHHSI CTaGHIbHOCTH
CTPYKTYpH H 3(GeKTHBHOCTH peIVIHKAUHH, MOCKOJIBKY
cO3[1aeTCs BIEYaT/JeHHe, YTO 3TH HeoOXOLHMBIE CBOACTBA
OCHOBAHBl Ha MPOTHBOpPEYAUIHX APYr APYry NpeiNochLI-
Kax.

XIV.2. «Anepuognueckas nuneiinas GC-peineTkas

Mounekyny, nopo6uyio TPHK, ¢ ee nernsmu, craGn-
JHU3NPYEMBIMH BOJOPOAHBIMH CBSI3SIMH, MOXHO paccMmar-
pHBaTb KaK MHKDOKpPHCTa/a. Ec/H OHa COREpPXKHT NJMHH-
Hele GC-yyacTKH, TO ee BHYTpEHHS CTpYKTypa Mo-
XKeT OBITh COBeplUIeHHO HHepPTHOH. V13 KPHBHIX MuaBjeHHs
neteab TPHK nau cooTBeTCTBYIOUIHX OJHIOHYKJIEOTHJOB
MBI 3HAaeM, YTO HeNpephHBHAas MOCJAef0BATENbHOCTb, CO-
crosillag ToAbKO H3 uderelpex GC-map, yXe saBasfercs

oyenp crabumbHoH. Kayrc [68] HccnemoBan osHroHYK-

JIEOTHJ, COOTBETCTBYIOUHA N06aBOYHOH meTJe TPHK};

H3 IpoXKeft, conepxawmni yersipe GC-naps (3TOT 0JH-
TOHyKJeoTHJ Obl1 moJyuyeH B pe3y/abTaTe 4Y4CTHUHOTO
pacmengenns monekyast TPHK). Temneparypa nanasie-
HHs ero cocraBasga (84 = 1)°C, a AH=44=%
4 gKaJ-MoJb~!. DTO COOTBETCTBYyeT KOHCTaHTe CTabH/b-
HocTH OKoJIo 2-10% npu 25°, uTo HaxoqHTcs B Xopollem
COTJIacHH ¢ NpPHBEJEHHBIMH BbIllle 3HaueHHsIMH. [ng or-
6opa KBa3HBHJA CYLIECTBEHHA He CTOJBKO CTPYKTYpHas
¢Ta6GHJABHOCTD lienel, CKOMbKO OJaronpHsiTHOe COYeTa-
HHE CTPYKTypHOH cTabHIBHOCTH ¢ 5((HEKTHBHOCTHIO BOC-
npoussenenusi. dPpdexktupHast MaTpHuHAS QYHKUHSA Tpe-
6yer GHCTPOrO JIOKAJBHOrO pacl/eTaHus NeTJH, a 3TOMy
upenstereyoT canmikoM anauiHbe GC-yuwacrkn. OpHako
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npUpooHsle NOCcAE008ATEALHOCTU COBCEM HE SABAAIOTCA
COBePUEHHBLMU.

[Ipn BBICOKOH OTHOCHT@JNBHOH KOHIEHTpPAHH MOHO-
MepoB A B OrpaHHYEHHON TOUHOCTH CNapHBAaHHS OCHOBA-
Hufi GC-MHKpOKpHCTAJJIH Bcergpa OynyT cHJABHO «3a-
Tpsi3HEHBl» OCTaTKaMH A, HIpaloLHMH pOJb Ne(eKTOB B
aurefiHoli GC-pemerge. A priori nocsenoBaTeNbHOCTDb
MOXeT OBITb JIO60A — ¢ HH3KHM HJIH C BBHICOKHM COMep-
Kanuem A, U, G unu C. Ot6upathbcst, a 3aTeM BOCIPOH3-
BojHMO pa3MmHoOxatbcst Oyner GC-6oratas, HO HecoBep-
HIeHHAs NOCAef0BaTeAbHOCTb, EC/MH, HanpHMep, KaXaoe
NsiToe MOJNIOXKEHHE B TaKOR MOC/JAeR0BATENbHOCTH 3aMmelle-
HO octaTkaMH A man U, T0 cnapeHHble y4acTKH B 3aBH-
CHMOCTH OT BHYTDeHHefl KOMIJeMEeHTapHOCTH OyAyT co-
CTOATh B cpenHeM He Gojiee yeM H3 uernipex nap GC
(cp. ¢ coBpemennniMu TPHK). Takne CTpyKTypH Jerko
MOTYT JIOKaJbHO TJIaBHTbCS, OCOOEHHO €CJNH mpomeccy
pennHKanun cnocobeTByer 6eslOK, KOTOPBIH B TaKOM CJIy-
yae npeactasjisier co6ofi HanbGosee NpHMHTHBHYWO ¢op-
MY pelIHKa3bl.

Utak, ormerum: AU-Oegexrot 8 anepuoduueckoll
GC-pewerxe 0aroT ceaeKTUBHOE NPEUMYULECTBO.

Kak ckazan Tomac ManH: «)Kusubp Hzberaer abco-
JIIOTHOTO COBepIIeHcTBa» 1,

XIV.3. Or GNC k RNY

Ecaun B GC-GoraThix nensx oTo6paHHOrO KBa3HBHAA
uUMeeTCs ONpejieJleHHAss KOHUEHTpauus jedekro A
(u xomnemeHTapHEX aedekroB U), 10 ceqyomui stan
B 3BOJIIOIHH KOoja, NO-BHAMMOMY, MOXHO CYHTATh Hpe-
jponpeneneHHbIM. MyTanun MOTYT BO3HHKHYTh B JIOOOM
H3 TpeX MOJIOXKEeHH! KOJOHa, HO HX NOCJenCTBHS OYyAYT
COBEpUIEHHO Ppa3JIHYHBL. 3aMeUleHHe CpejHero OCHOBa-
HHSE B KOJOHe BBI30BET KOMIJIEMEHTApHOE 3aMellleHue
CpefHero OCHOBAHHS B COOTBETCTBYIOUIEM AHTHKOJOHE
MHHYC-eNH, H, CJ1elOBaTeJbHO, HEMENJEeHHO BO3HHKHYT
nBa HoBhx KogoHa — GAC u GUC. Usmeneunst B nep-
BOM HJIH TpeThbeM HOJOXKEHHH, ¢ ApPYrofi ctopousl, 6yayT

i Th. Mann, Der Zauberberg (T. Many, Bonme6uas ropa).
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JOMOJIHEHH COOTBETCTBYIOIIHMH H3MeHEHHSIMH B TpeTbeM
(riH COOTBETCTBEHHO B NMEPBOM) MOJNOXKEHHH MHHYC-1€-
nH H H3-32 5(QdeKTa «KauaHHI» NPHBENYT B KOHIE KOH-
OB K MOSIBJIEHHIO TOJbKO eule oAHOTo KojoHa. Kpowme
toro, 6yner HapymeHa GC-paMKa JJis CUHThIBaHHS Ge3
3ansTHX.

TpeGopaung cTaOHABHOCTH CHAayasla He AONYCKAOT
noACTaHOBKH GoJsee ueM onHo#t AU-napnl B yyacToK, €O+
CTOSIIHA H3 NSITH nap ocHoBaHHH, Kommmekca MPHK—
TPHK. CnepoBatensHo, HanGojee BepOSATHO, UYTO cJe-
AyloumuME BO3HHKHYT KomoHH 5'GAC m 5'GUC. Ilo-
CKOJIBKY OHH sBJsiioTca MyTautamu naps 5°GGC/5'GCC,
OHH MOTYT NPHCYTCTBOBATb B JOCTATOUHHIX KOJNHUECTBAX,
Bxoass B cocras orobpanHoro GC-6oratoro KBa3HBHJA.

OpnHaKo, eC/TH HAa 3TH MYTAHTH BO3Jaraercs Kakas-
Au60 (GYHKUHS TOpH TPAHCASIHH, OHH JOJ/XKHH CT4Th
TIOJIHOCTHIO 9KBHBAJIEHTHBIMH JOMUHHPYIOUIEMY BHIY
5'GGC/5'GCC. HmenHo Ha 3TOH CTagHH THNEPIHKIH-
yecKast CTaOHMH3auHs YeThIpeX KONOHHBIX AaJallTOPOB
(n nadopmannonasix PHK, Konupyiomux ¢gpakropsl cBs-
3H) CTAHOBHTCH aGCOJIOTHO HeOOXONHMHIM TpeGOBaHH-
eM. DBe3 TakKoro couJieHeHHsi Pa3jHYHBIE KOMIOHEHTH
NnepBHYHOHR CHCTeMBI TPAaHCASIHH XOTS H MOTYT cOcCyIle-
CTBOBaTb HEKOTOpOe BpeMsi, HO HHKorma He OyayT co-
r1acoOBaHHO 9BOMIONHOHHPOBATH HJIH ONTHMH3HPOBAaTh
CBOK0 KOOHEpaIHIo.

YeThipe KOnoHa cNOCOGHH KOAHPOBATH YeTHpe pas-
Hble aMHHOKHCJ/OTBI, KOTOpPHE CO37aI0T OCHOBY AJst 6oO-
raTofi nanuTpel PyHKuHH, Tak uro obpa3oBaBUIHecH B
peay/abTaTe GeJKH MOTYT cTaThb 3(Q(heKTHBHHIMH (HaKToO-
pamu cBs3n. Muadopmannounsie PHK u TPHK kak ure-
HBE OHOTO KBA3HBHJA MOT/H BO3HHKHYTb H3 KOMILJIEMeEH-
TapHHX ueneii ogHoro u toro xe Buna PHK, srimonusis,
TakuM o6pa3oM, o6e PYHKIHH.

C npyrofi CTOPOHH, 3TO MOIJIO CyUleCTBEHHO OTpaHH-
4yHTh HX JafbHefimyw ssosoonxow. CiaenoBaTenbHO, MHI
JOJMXHE JOMYCTHTh, 4TO OHH BO3HHKJIH H3 ofulero mpep-
LIeCTBEHHHKA, HO J[HBEPTrHPOBaJH B pa3jHYHBE @OCHE«
JIOBATEMBHOCTH H3-3a CBOHX COBEPIICHHO DAa3HHX CTPYK-
TYpHHIX H (PYHKIHOHAJIbHEIX TpeGOBaHUH,
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Cornacuo TabnHue COBPEMEHHOr0 TeHETHYECKOrO KO-
na, GAC u GUC xoaupyloT acnaparsHOBYIO KHCJOTY H
BanuH. [lpexne uem o6CyXnaTh aMHHOKHCJOTHBIH ac-
nekT Oosee neTaNbHO, PAacCMOTPHM BKpaTIe HeCKOJIBKO
JanbHEeHIIHX 3TAaNoOB B 3BOJIONHH Ha NyTH K Gosee 006-
meMy Kony.

Tpe6oBaHHe BHICOKOA CTaGHILHOCTH B3aHMOaeHCTBHS
KOJOH — aHTHKOJOH CTAHOBHTCS MeHee JKEeCcTKHM IO
Mepe TMOBBIIIEHHS aJaNTanHH TPOAYKTOB TPAaHC/SIHH.
Hakouen, nonyckarmoTcst B3aHMOJEHCTBUS € «KauyaHHS-
mu», 1 Koa ¢ GC-paMKOH MOXeT 3BOJIONHOHHPOBATH K
6osee obmeMy Kopy ¢ RY-pamkoii. Bece 310 BMecTe BBO-
IHT B JeficTBHe elile YeThipe aMHHOKHCIOTH. [lepmoe 3a-
MeUleHHe NPOHCXOJHT eule Torjaa, Korja OCTaeTcs B CHJe
rpeGoBanue CTaGHJIBHOCTH, KOTOpPOE yMEHBbHIaeT 0 MH-
HumyMa cojepxaune AU-nap. TeM camMbiM BBoOAsiTCH
nBa KojpoHa: 5’AGC (= cepun) u 5°ACC (= TpeoHuH).
B KOMI/eMeHTapHBIX HM INOC/JAefOBATEJBHOCTSX H3Me-
HSIETCSI TpPeTbe MOJNOMEHHe KOJOHa, B pe3yJbTaTe uero
nosipasiiorest 5'GCU u 5°GGU — BTOopble KOOHH A
anauuda (GCC) u raununa (GGC). Buipoxaeuue, cas-
3aHHOE ¢ HajJHYHeM B3aHMOJEACTBHA C «KauaHHAMH»
NpH BOCMPOM3BENEHHH 3THX MOCAENHHX KOIOHOB, MOIJIO
OBITh OCHOBHOH NPHYHHOH mosiBAeHHst KogoHoB AGC u
ACC u JeTepMHHHPOBAHHSI COOTBETCTBYIOUIHX aMHHO-
KHCJIOT.

[Tostenenne B o6macTH KoAOHA HpPH 3BOJIOUHH ¢ep-
MeHTaTHBHOTO amnapaTta GoJee oxHo# napbi AU npuse-

M0 K KOAHPOBAHHIO eule IBYX aMHHOKHCIOT: AAS

(acmaparuua) u AUZ (u3onefiuuna). ITO HCUepmaao Bce
BO3MOXHOCTH KoaHpoBaHug aast koga RNY. Uto6nl 3Bo-
JIOIHST TeHEeTHUeCKOTO KOJa MOTJa NpPOROJIKATbCS, He-
o6x0ogHMO GBIIO OTKa3aTbCst OT OTPAaHHUCHHS Hemepe-
KpHIBalOIHXCst paMoK. Teneps crana HeoOOXOAHMOH ajam-
Tanug puOOCOMHBIX NpealIeCTBEHHHKOB.

X1v.4. Mepenunblifi andaBUT aMHHOKHCIOT

Ilepsuunsie pacnpoCTPAHEHHOCTU Pa3NHUYHBIX aMHHO-
KHCJOT MOTYT GBITh OlEHEHBl O4eHb HanexHo. OCHOBHbIe
yKa3aHHsl, HeOOXOHMBIE Ul OLEHKH BePOSITHOCTeH CHH-
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Te3a STHX COeAHHeHHA B INepPBHYHBIX YCJNOBHSIX, AAIOT
y¥Xe HX CTPyKTypa H coctaB. Ha puc. 51 npuBenena
«pOJOC/NIOBHAst» MepBHX 12 HenoaspHHX anHdaTHye-
CKHX AMHHOKHCJOT, a TaKXe HeCKOJbKO BeTBeH, NoKa-
3BIBAIOUIHX DOJACTBEHHBIE OTHOUIGHHS JIJS TNpOCTeAlIHX
noJsipHeIX 60KoBBIX nemefl. [lpum paccmorpeHHH 3TOH
CXeMBl BO3HHKAaIOT HHTepecHble BOMPOCH, KacaloulHecs
Ber6opa [lpupono#t G6enkosoro andasura.

JlBe npocTeiimne aMHHOKHC/JAOTH — IVIHIHH H aja-
HHH — SIBJITIOTCSt «NPHPOAHBIMH». BupnMo, TpeboBaHHS
runpodo6HOr0 B3aHMOJEHCTBHA Jierye OLIIO BBINOJHHTS,
no6aBHB HEKOTOpBIe BHICIIHE TOMOJIOTH — TaKHe, Kak
BaJIHH, JeHUHH H H3oJelpuH. Bo3amoxuo, 3TOT BHIGOD
Oblsl cyyafiHbIM, a MoXeT ObITh, HA Hero INOBJHSAAH
IHCKDHMHHHUPYIOHIHe B3aUMOJeHCTBHS ¢ HMEOUIHMHCS
anantropamu. Cpenn NONSIpHBIX COeHHEHHA MBI OOHapy-
JKHBaeM HeKOTOphle ajudaTH4YecKHe KapOOHOBHE KHCJO-
TH (acnaparHHOBast H TMIYTAMHHOBAs KHCJIOTAa), a TaKxe
COHPTH (CepHH H TPEOHHH), HO HEe COOTBETCTBYIOLIHE
aMHHH (o, B-AHaMHHONPONHOHOBAA KHCJIOTA H o, y-AHA-
MHHOMAC/sIHas Kucaora). M3 pBajuati <«InpHPOIHBIX»
AMHHOKHCJIOT TNOABJSETCH TOJNBKO BTOpOH ciepyloumni
romoJor (JNH3HH), B TO BpeMsi KakK HHTepMeaHaT (op-
HHTHH) MpejACTaBJeH JHUb B CJAeJOBHIX KOJHUYECTBaX.
310 MOXeT OOBSICHATHCS TEM, UTO NOC/]Ae AKTHBAIHH BTO-
polt aMHHOIPYNNB NPOHCXOAHT 0oOpa3oBaHHe JiaKraMa
HIH JMHMHHANHS, KOTOpas oOphiBaeT NOJHMEpPH3aNHIO.
Bosee Toro, Hajqu4yHe BTOPO#i aMHHOTPYNNB MOXET NpH-
BECTH K Pa3BETBJEHHIO MOJHNENTHRHOH nenH (XOT# Ta-
KOfi JXe apryMeHT MOXHO NMPHBECTH H B OTHOIUIEHHH Kap-
60oKcHABHBIX rpynm). Jast nepBeiXx (YHKIHOHAJIbHHX
KOMIIOHEHTOB HAJIHYHe MOJIOMHTENbHO 3apsiKeHHBIX 60-
KOBHIX Jlenell BNOJHE MOINIO ObiTh HeoOs3arebHbIM. Jla-
Xe B BOJEe COBpeMeHHbIX Mopell KoHueHTpauus Mg?t
IOCTaTouHo BHICOKa (~ 50 MM), uToGHl BBI3BAThH 3aMeT-
HOe KOMILIeKcooOpa3oBaHHe ¢ KapGOKCHJABHBIMH Tpym-
namn. [Ipn BOCCTAHOBHTENBHBIX YCJMOBHAX B OKeaHax
Mmorsio OBITh pacTBOpPeHO emle OoJblue ABYXBaJEHTHBIX
noHoB (Hanpumep, Fe?t), Takne HOHH METaJIOB, CBsi-
3aHHBe ¢ KapOOKCHJABHBIME rpynnaM# H BCe-TakH coxpa-
HHBIIHE CBOGONHEIE KOOPAHHHpYyIOUIHE CAHTHI, 0COGEHHO
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Puc. 51. T'eneasorns nepRblX ajupaTHueCKHX AMHMOKHCJOT M He-
Yucna B JIeBOM BEpXHEM YUY KaxIOro NPAMOYroJbHHKA — 3TO
BHYHBIX YCJOBMAX no Muanepy [63] (T. e. MOASpHBI BHIXOH
aMHHOKHCJIOT, NEPEuHC/ICHHHX B Ta6n. 7—2, c. 87 ynomsuyTrof
HOKHCJIOTaM, BblAEJIEHH.
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KOTOpble BETBH JJIf NDPOCTEHIIMX NONAPHHIX GOKOBHIX meneil.
OTHOCHTENbHble BbIXOAB COOTBETCTBYIOLIHX COeRMHEHHMA B Iep-
LAHHON aMMHOKMCJOTH, JeJeHHH Ha CyMMy BBIXOJOB BCEX
pa6othl). IIpSAMOYrOJNILHMKH, COOTBETCTRYIOLME NDHPOAHBIM AaMH-
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BaXKHHB /st obOJerueHnss B3aHMOAEHCTBHHA MeXnay pad-
HHMH GegkaMH H (OTPHUATENbHO 3apsiKeHHBIMH) TNOJH-
uykJeoragama. C 9TOR TOYKH 3peHHst OOKOBHIe IEllH,
cojepXapiHe OTPHUATENBHO 3apsiKeHHble JHTaHAB, Ka-
XKyTcs Gosmee HeOGXORHUMBIMH, dyeM OOKOBBIE LENH ¢ NO-
JOXHTENbHHMH 3apsifaMH.

«[IpuponHrie» aMHHOKHCJOTH, He TNpeACcTaBJeHHbBIe
Ha puc. 51, uMeloT 3HauHTebHO OOJee. CIOXKHBIE GOKO-
Bble penH, H NO3TOMY HX KOHUEHTPAlHH B NEPBHYHOM
OynboHe OBLTH CPABHHTENBHO HU3KH.

[Ipennosnioxenust, OCHOBAHHBIE HAa JAHHBIX O CTPYK-
Type H COCTaBe aMHHOKHCJOT, BEJHKOJIENHO COIJacywoT-
€l € pe3yJbTaTaMH 3KCNEPHMEHTOB, HMHTHDYIOUIHX
npenOHOMOTHYECKHH CHHTE3 YKa3aHHBIX COeJHHeHu#
(Munaep u np.; cm. o63op B [63]). Brixoasl, mosyueH-
Hble g/ TPHPOJAHBIX AaMHHOKHCJOT (KaK BIpoueM H
st NPYTHX BeTBe#l reHeasIorHYecKOro JApeBa), NpHMep-
HO COOTBETCTBYIOT BEJHYHHAM, OXHIAeMbIM M3 YHCTO
XHMHUECKHX JAaHHHX (CM. 4YHC/JEHHble 3HAUYEHHS Ha
puc. 51); B xole 3THX 3KCHEPHMEHTOB OBLIO BHISBJIEHO
TaKXe MHOTO JPYTHX HHTepecHBIX AeTaneit. Bojee Toro,
5TH Pe3yJbTaThl HAXOISITCA B XOpOIIEM COTJIACHH C AaH-
HBIMH, NOJIYUeHHBIMH H3 aHa/nu3a MeTeopuToB [69, 70],
KOTOPHE OTpaXKalT BCTPEYaEMOCTb AMHHOKHC/JOT B
MexX3Be3fHOM npocTtpaHcTBe. Taba. 16 copepxHuT cBon-
Ky NaHHHX (B3STeiXx u3 paboTe [63]), HMeWUIHX OTHO-
IIeHHe K NpeAMeTy Hallel JHCKYCCHH,

[TepBuunbtit O6y1b0H Ge3 cOMHeHHs OB OYeHb Gorar
FAHNHHOM H anaHHHOM. B oneltax Mmuisepa 3TH amudo-
KHCJAOTH 06pa3yioTcst NIPpUMEPHO B ABAaAUATHKPATHOM H3-
OBITKe MO CpaBHEHHIO ¢ M000# npyroit NpupoOAHOR aMHHO-
Kucaoroil. CrenyouiHe Ba MecTa Ha LIKaje pacmpoct-
paHeHHOCTel TNPHPOAHBIX aMHMHOKHCJIOT 3aHHMAIOT acna-
paruHoBast KHCJIOTAa H BaJIMH, NpHYEM MeXAY HHMH H
JefinHHOM, TJYTAaMHHOBOH KHCJIOTOH, CEPHHOM, H30JeH-
HHOM, TPEOHHHOM H TNPOJHHOM HMeeTcst 60JbLIOA pas-
DHIB.

EcTh Bce OCHOBAHHSI NpeamoJaratb, 4TO COOTBETCT-
BHS MeXJy KOJAOHAMH H aMHHOKHCJOTaMH B JAeHCTBH-
TeJbHOCTH BO3HHKAJH B NOPSAJKe yMEHbLIEHHS pacnpo-
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cTPaHeHHOCTeH mnoclefHHX. Ecau IHUHMH B allaHHH IO
CBOUM PAachnpOCTPAHEHHOCTAM JaJeKo MPEeBOCXONAT Bce
IpyrHe aMHHOKHCJAOTBI, TO OHH BIOJIHE MOLJH ObiTh 3a-

Tabruya 16

Brixoa npupOmHbBIX aMHHOKHCJOT NPHM HMHTanuu npepbuonoru-
4YeCKOTO CHHTe3a M COAepXaHMe MX B MeTeopure Mepuncod. B mep-
BOM crojifne NepedyncleHH aMHHOKHCJIOTH COfepxaimMecss B Genkax,
Bo BropoM cronfne NpHBeReHH THIMYHBle Pe3yJbTAThl SKCIEPHMEH-
ToB Munnepa (us o63opa [63]). DTu naHHHe OBIIM TOJMydeHH,
Korpa d4epe3 MeraH (336 MM) B npHCYTCTBHM a30Ta M BOAL NIPO-
IIyCKasn HCKpoBoit paspsn. CyMMapHHA BHIXOZ aMHHOKHCJOT (BKIIO-
q9as Te, KOTOpHe He colepxatcsd B Genkax) no yriaepoiy O6ula pa-
BeH 1,99%, cOOTBeTCTBYIOME BHIXOAB TJHIMHA M anaHuHa — 0,26 u
0,71%. Ananorndnnie pe3yabTaThl GbITH NOAYYEHH M B APYTHX yCJIO-
BHSIX, NPUYeM B ManBGOJbILEM KOJHUECTBE H3 NPHPOXHBLIX aMHHOKHC-
nor npucyrctsosann obuidHo Gly, Ala, Asp n Val. JanHrle no co-
NepKanNI0 aMUHOKHMCIOT B MeTeopute noaydedsi Opo m ap. [70]
1 Keensongenom u ap. [69]. Bo Bcex cayyasx D-nsomeps cocTas-
JISUIEI r]mqm toyso 50%. [Ipyrue ccblikm MOXHO Haiitw B paGo-
Te [63].

Coenunenne Butxon, MKM ﬁ‘é?egﬁnlnf
Canoun 440 6
Ananun 790 3
AcnaparnHoBasi KHCJIOTa 34 2
Bamun 19,5 2
Jleiuun 11,3
CnyramunoBasi KHCJIOTE 7,7 3
Cepun 5,0

Hzonefiuun 4.8

TpeoHnH ! 1,6

Tponun 1,5 1

t Bgaouaa aJJoTPEOHHH.

KONHPOBaHH paHblle BceX, cpady Ke moc/e TOro, Kak
cOpMHPOBANHCh XHMHYECKHE MeXaHH3Mbl aKTHBALHH.

B TakoM ciydae mepBBIMH Npenb6HONOTMYECKHMHE [O-
JHOEeNnTHAAMH — KaK HHCTPYKTHPOBaHHbIMH, TaK H He-
HHCTPYKTHPOBAHHBIMH — OBIJIH, BEpOSITHO, B OCHOBHOM.
cononumepsl Gly—Ala co cayuyailHHIMH 3aMellEHHAMH
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JPYTHMH aMHHOKHC/JIOTAMH, CPeH KOTOpPbIX, MO-BHIAHMO-
MY, BCTPEUYAJIHCh H TAKHE, KOTOPhle B KOHEUHOM cueTe TaK
1 He cTa/ll KOJHPOBATbCA.

CooTBeTCTBHE MEXJAY PpaclpoCTpaHEeHHOCTSAMH MpH-
DONHBIX AMHHOKHCJIOT H OYEPENHOCTbIO HX COMOCTaBJe-
HHS MepBHIM 4YeThIpeM KOJOHaM mopasurennHo. ChaenyeT
MOAYEPKHYTh, UTO Hall BHIOODP KONOHOB OCHOBAH HCKJIO-
YHTENBHO Ha AapryMeHTax, OTHOCSIIMXCS K CTPYKType
HYKJEHHOBBIX KHCJOT. He TOJMBKO mepBBle 4eThipe KOJAO0-
Ha ¢ GC-paMKO# TOYHO OTBEYAIOT PACHPOCTPAHEHHOCTAM
COOTBETCTBYIOUHX AMHHOKHCIOT, HO H YeTHpe clenyio-
mux RNY-kopoHA cOMOCTABASIOTCS MMEHHO C TeMH aMH-
HOKHCJIOTAMH, KOTOpBle —3a HCK/IOYEHHEM acriapar-
Ha — npeacrasjeHsl B Tabmuue Mumnepa co 3aHauyHTe/b-
HbIMH BbixogamH. OfHaKo BO3HHKaeT BONpPOC — SBJASIET-
cs qu cooTBeTcTere AAS acnaparuHy NEpBHYHBIM HJH
e (Kak MOJACKa3blBaeT OJIH3KOE CXOACTBO ¢ KOLOHOM JH-
3UHA) 3TOT KOJOH CHayaJa OTBeYas OZHOH H3 HH3LIHX
TOMOJIOTHYHKEIX IHAMHHOKHCJIOT, KOTOpPHEe B TabJHle
Munnepa wumeroT o6palleHHBH MOPSIAOK BHIXOJAOB MO
CPaBHEHHIO C acrnaparuHoBofl KHCJIOTOH (o, y-IHAMHHO-
MaciAsHas  KHCIOTa) H  TJIYyTAMHHOBOR — KHCJIOTOH
(o, P-nmamuHomponHoHoBast KHcaora). Cuenyer mpH-
3HaTb, YTO B OTCYTCTBHE [OMOJHHTEJBHHIX JaHHBIX Bce
npefnoJOXeHHsT MO 3TOMY MOBOAY MOTYT HOCHTb TOJBKO
CHeKYJIATHBHBIA XapaKTep,

B 5TOfi cB93HM BaXXHBl TaKXe HEKOTOPHIE HOBLIE pe-
3yJAbTaThH, MOJy4YeHHble H3 aHAMH3a AMHHOKHCJIOTHHIX
noc/ae0BaTeIbHOCTeH  HYKJIEOTHA-CBSI3BIBAIOWIHX  dep-
MEeHTOB, KOTOPHE, MO-BHAHMOMY, CyllecTBOBaaH euie 60-
aee 3-10° jer uaszajy B JOKJETOUHHX ycdoBusx [71,
72]. OTH paHHBle MNO3BOJSIOT MNMPEAMONOXKHTL HaJHuHe
[OC/e0BaTe/bHOCTH-IPe[UIECTBEHHHKA  HYKJEOTH-CBS-
3bIBalOllefl MOBEPXHOCTH, KOTOpast BKJAIOYaja aMHHOKHC-
JIOTH BaJIHH, aclapariHoBYIO (M IJIYyTaAMHHOBYIO) KHCJIO-
TH, aJaHHH H TJUIHH, a2 KpOMe TOro, H30JeHIHH, JH3HH
H TPEONHH (XOTSt 3TH JaHHble B [eHCTBHTENBHOCTH OTHO-
cartca K Gosee Mo3nHeH CTaJHH JAOKJETO4YHOH 3BO-
JIOLHH, HeXeJad Ta, KoTopast oOcyxkZaeTcs B 3TOH pa-
6ore).
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XV. IN'mnepuukianyeckass opraHu3auus
paHHero annapara TpaHCJaSLUUH

Jlio6as Monens 3BOJNIONHH paHHEro KOja H ammapara
TPaHCISINUHE AOJKHA YIOBJETBOPSITH YCMOBHSIM, B KOTO-
poix TPHK-nono6GHble ajanTopH H MmpejlliecTBEHHHKH
redoB (u1u wmHbopmanuoHHmx PHK) aast pasauunnx
(dhepMeHTaTHBHBIX (AaKTOPOB MOIJIH OBl He TOJBKO COCY-
IlecTBOBATb, HO H COTJIAaCOBAHHO PAa3BHBATbCs H 3BOJIO-
IHOHHPOBaTH K ONTHMANbHOMY (YHKIHOHHPOBAHHIO.
B gactax A u B 6H0 nokaszawo, uTO Takast caMoopra-
HH3anHa TpebyeT HAJNHUHSA [HKIHYeCKH 3aMKHYTBIX pe-
AKIHOHHHIX CBsi3el MeXny BCeMH NapTHepaMH, eclH
TOJBKO OHH HE MOTYT CTPYKTYPHO HHTETpHPOBATbCS B
OJIHy penJIMKaTHBHYIO enHHHny. B sTom paszene MH Mo-
IEITaeMcs MOKas3aTh, KaK peaNHCTHUECKHe MOJeNH Koaa
CBS3aHB ¢ THMNEPIHKIHYECKOR OpraHH3apHed H Kak Ta-
KHE CHCTEMBI MOTYT 3BOJIONHOHHpoBaTh. OueBHAHAS
npo6sieMa, cBA3aHHas ¢ THIEPIHKJIOM,— 3TO MpobieMa
ero BO3HHKHOBeHHsS. [IpeamochKOH rHEeprHKAHUECKOH
OpraHH3apHH sBASeTCsi, MO-BHAHMOMY, HajlH4YHe B JO-
CTATOYHOM KOJHYECTBE BCEX KOMIMOHEHTOB THIIEPIIHKJA.
Foeops Oosiee HayYHHIM $3BIKOM, AJS BO3HHKHOBEHHS
FHNEpPIHKIA — CeTH peaklufi BHICOKOr0 MNOpSiAKa — Tpe-
Gyercst ero «HyKJaeapHsi» M0 KaKOMY-HHOYaAb MeXaHH3MY
BHICOKOTO MOpsiAKA.

PaccMOTPHM /1 cpaBHEHHS TNPOCTYIO pPemTHKATHB-
HYI0 eIHHHNY, YHCJIEHHOCTb KOTOPOH pacTeT MO aBTOKa-
TaJHTHYECKOMY 3aKOHy IepBoro nopsaka. B pacrsope,
copepxauleM BBICOKOJHEPreTHYeCKHH CTPOHTEJNbHBIA Ma-
TepHas B ONpeJie/IeHHOR KOHLUEHTPAuHH, AJ4 Hauyaja
nponecca pa3MHOMKEHHSI HyXHa JHLIb OfHa Komus. Ta-
KHe SKCIepHMEHTH Nposoauauch ¢.darosot PHK uau c
ee HeHH(pEKHOHHHIMH BapHaHTamu [7, 8, 32, 34, 73].
OnHoft MaTpHUHOH 1enHd NOCTAaTOYHO, YTOOH B TeYeHHE
HeCKOJbKHX MHHYT TpoH3BecTH OOJbUIYI0 MOMYJSIHIO
HIEHTHUHBIX KOMHA (CM. yacTb A).

Cunepumka HHKOrna He MOr OB 3apOAHTbeS TaKHM
cnocobom. OTaenbHast MaTpHUHAst KOMHS HE CTaHeT paas-
MHOX4Tbcs, NMOKa B HaNHYHR He OyneT JOCTAaTOYHQ
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Oosbiioro uHcnaa ee chenddUUECKHX KaATaJHTHYECKHX
naptHepos. [Toc/efHne B cBOIO O4epelb KOAHPYIOTCS MaT-
pHIaMH, KOTOpHe camMu no cefe He MoOraIu GH pa3MHO-
JKaTbcst 0e3 MOMOLIH CBOHX MPONYKTOB TPaHC/ASIIHH.
Pa3MHOXeHHe BceX MaTpHi B CHCTeMe 3aBHCHT OT KaTa-
JIUTHYECKOH MONNepPXKH, HO UHCJIO KaTaJu3aTOpOB He
CMOXeT pacTH, ec/lH He pa3MHOXKawTcs marpuus. Ha-
CKOJIBKO BeJIHKa BEPOSITHOCTb TOrO, YTO HyKJeaunHs mpo-
H30HJeT MOCPeACTBOM KaKOH-HHOyab caydadHo# ¢ayk-
tyanuu? Jlonycrum, uro HMeercst npobupka ¢ 1 ma pac-
tTBOpa. KOHCTaHTa CKOPOCTH peakUHH MeXJAy MaKpOMO-
JeKyJaMHi, JHMHTHpyeMad aud@ysHelt, uHMeeT NOPSAOK
108M-1.¢71. CnenoBaTenbHO, B PacTBOpe [OJIKHO CO-
AepxaTbcsd no MeHbllefl Mepe 10°® HAEHTHUHBIX KONHIl
napTHepa naHHOH KaTaAHUTHYECKOH peakuHH, yToObl Ha-
4angoch pasMHOMEHWe MaTpHubl ¢ Ty, PAaBHHIM MpH-
mepHo | cyT. OueHb MaJOBepOSTHO, YTOOBl COrJIACOBaH-
HOe (YHKUHOHHDOBAHHE HECKOJbKHX MapTHEPOB MOIJIO
ObITb pe3ysNbTaTOM CJAy4yadHOrO COBHAJCHHS TaKHX TH-
rautckux ¢Gaykryanuii. KoHeyHO, He HCKJIIOUEHO, 4YTO
npounecchl Pa3MHOXEHHS pAa3NHYHBIX MaTpPUu HMEIOT
CMeIUaHHBIA MOPSIAOK, T. €. aBTOKATAJHTHUCCKHE UY/eHH
nepBoro nopsinka (B OTCYTCTBHE ()epMEHTOB — 3TO pas-
MHOXeHHe MaTpHubl Ge3 KaTaJHTHYECKOTO CcOMeHCTBHS
APYTHX KOMIOHEHT) HAKMaAbIBAIOTCH HA YJEHH KaTaJju-
3HpyeMoOfi pemJHKAlHH BTOpOro mopsinka. Torpa rumep-
[HKJIHYeCcKas CBsi3b cTaHeT 3(@deKTHBHOH JHIIb mOcHe
TOT0, KaK KOHIEHTPAIHH BHIPACTYT AO AOCTATOYHO BHICO-
Koro ypoBHs. OfHaKO CHCTeMa He MOXeT 3HaTh 3apaHee,
KOTOpble H3 MHOTHX aJbTEPHATHBHBIX MOC/JEN0OBATE/]b-
HOCTefl, pa3MHOXAIOUHUXCS MO 3aKOHY aB. 'KaTaau3a
nepsoro nopsaka, OyayT AaBaTb MOJIe3HYW HHPOpMa-
IHIO [/ KaTaJH3aTopoB, HEOGXOAMMHX Ha GoJee mo3f-
HUX 3Tanax OpraHH3arHH.

CyulecTByeT TONBKO OJHH MYTh pelIeHHs 3TO# npo-
6/eMH:

Tunepyuxay Oossxxrna npeduiecTsosars  cucrema,
uMerouan BbLlCOKYI0 NPUPOOHYIO PACHPOCTPAHEHHOCTS,
u3 KOTOpol OH BQ3HUKAET NOCTENECHKO, NYTem MYyTayus
u orbopaq.
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Takum nOpesnlliecTBEHHHKOM MOXeT OHTb KBa3HBHU],
npencraBieHHbt pacnpeneneHneMm GC-6oraTeix mocue-
npoBatesbHOCTefl. HC/MIEHHOCTh BCeX 4JMEHOB YCTOHUHBO-
ro xkBa3uBHja OyjeT pacTH, MOKa HX KOHIEHTpANHH He
CTaHYT JOCTAaTOYHO BeJqHKH. Kak OBLIO MOKa3aHo B pa3i.
X1V, nekoropele GC-GoraTble NOCNEAOBAaTEIbHOCTH MO-
TyT NaThb HA4ya/JoO TPAHCASUHMH [IyTeM YCTAHOBJEHHS CO-
OTBETCTBHSL MEXJY aMHHOKHCIOTAMH H ONpelne/NeHHBIMH
aHTHKoZOoHaMH. Ha sToM sTame NpORYKTH TpaHCASuHH
Ha caMoM JeJsie ellle He SIBJAIOTCS HEOOXOLHMHIMH S
COXPaHEHHSI CHCTEMBI, TAK YTO TPAHC/ISIHIO MOKa MOXHO
cuuTath urpofi npo6 u omu6ok. Ecnu, ogHako, ofHH H3
IPONYKTOB TPAHC/ISIHH CO3NacT MPEUMYIEecTBO AJsS Boc-
npousBegenus cBoeit cobersentoir MPHK, to sTa MPHK
MOJeT CTaTh NOMHHHpyIOUle# B KBa3HBHAOBOM pachpe-
JeNeHny.

Orpenvunii Bug PHK Mmoxer co3mats andaBuHT B
JyqiieM cjaydyae H3 JABYX dMHHOKHCJIOT, eC/IH KaK MJAKC-,
TaK M MHHYC-leliH JeHCTBYIOT KaK ajfanToOpH AJs ABYX
KOMMJIeMeHTapHBX KojoHoB (uampumep, GGC u GCC).
Ecnu  ajanTtopHEEe [OC/AENOBAaTENbHOCTH  JOCTATOUHO
OOMIBHBL, TO ¢ HEKOHl KOHEUHOH BepOSTHOCTBIO cocylie-
CTBYIOUIHEe MYTAaHTH OyayT CONOCTaBJASTb aMHHOKHCJOTHI
JBYM HJH fna)e uersipeM KouoHam (Bkjaiouass GAC u
GUC pna acnaparuHoBof KHCJIOTH H BaJjiHHa), MpHYEM,
NO-BHAHMOMY, CHOBa HCMOJB3YIOTCS Kak IIIOC-, TaK H
MHHyc-nend. Bce 3T0 MOXeT HpOH30HTH eule Ha CTaJHH
KBA3UBHpA.

Takas cucrema, OZHaKO, MOXET 3BOJIOIHOHHPOBATH
TOJNBKO B TOM cJjayudae, ecnu pasnuunsle BHasl PHK 6y-
IyT CTaGHIH3NPOBATHL APYr J[pyra ¢ MHOMOUIbIO CBOHX
npoAyKTOB TpaHcasunn. OO6cyxpueHHe neranedt KOAHPO-
BaHHS, HAMpHMep BOMpOCAa O TOM, MOTYT JH MIIOC- H
Mmuuyc-nenn ganuoro suga PHK sBomouuonnposars on-
HOBpDEMEHHO H TeM CaMBIM CTAaHOBHTbCS ABYMS ajnanTo-
paMH p[JI9 KOMIJIEMEHTapHHIX KONOHOB HJIH Xe IUTIC-
nens B Kayecrse MPHK konMpyer ¢dakrop cBfA3H, B TO
BpeMsl KaK B KayecTBe ajanTtopa JAeHCTBYeT TOJILKO MH-
Hyc-ueflb, Mbl OTJIOXHM 10 pa3n. XVI. 3nech xe mal uc-
chellyeM TaKylo mnpoGJemy: KaK H3 KBa3HBHJIOBOTO
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E

5
el

Ep
Puc. 52. JIma MmyrantHnix rema I; m I, Kommpyoumx csom co6-
cTBeHHBle pemnnkassl E; m Es, Moryr co3paBaTh DaBHONEHHBIE CBSi-
3u, NpUBOAsAUIKe K camoycuneHno [11, 22] m B3auMHOMY YCHJIEHHIO
[21, 12], 6naromaps cBOeMy 6iM3KOMY POACTBY. AHaNOrHuHOe NOs

BeleHHe MOXeT GHITh CBOMCTBEHHO penJmkaszam coBpemeHHblx PHK-
cozepx)aumx ¢aros.

pacrpefeneHuss MOXeT NocTeneHHO cHopMHpPOBATbCS TH-
MNepUUKIRYecKas OpraHUd3amnus.

Puc. 52 HAMIOCTPHPYET BO3MOXHHEA NYTh pelleHHs
sToff mpo6nemul. JdomycTHM, 4TO HMeEIOTCS NBAa MYTaHTa
KBa3uBHJa, MPUCYTCTBYIOWIHX B JOCTATOYHO BHICOKOH
KOHIIEHTpPAIHH, MII0C- H MHHYC-eliH KOTOPBIX CHOCOGHHI
nefcTBOBATb KaK afanTopsl Ans (MakcHMyM) ABYX map
aMHHOKHcnOT (uampumep, Gly/Ala u Asp/Val) u ko-
TOpPBIE B TO e BpPeMs MOTYT TpPaHC/JAHPOBaThbes B OeJiOK,
COCTOSIUIHA K3 (MaKCHMYM) YeTHIpeX BHIOB aMHHOKHC-
noT. Ecnn nponyKrel TpaHcasinud o6manaioT Kako#-nu6o
KaTaJHTHUeCKOH (yHKuHeft, OmaronpusitcTByioulefi Boc-
npoussesenuio csonx MPHK, To MBI, BeposiTHO, NoJgy4yum
ONHYy H3 CHTyalHH, npeicTaBJCHHBIX Ha puc. 52 miam 53.

O6e undopmannonnne PHK, 6ynyum 6musroposct-
BEHHBIMH MYTaHTaMH, KOAHPYIOT ABa GeNKa ¢ OMH3KUMH
dyukunsamu. Ecan oxuu M3 HHX — cmenHduveckas pen-
JMHKa3a, TO Jpyrofi Oyjer Toxe pemINKa30d, NpHUYeM
Ka)Jas H3 aKTHBHOCTeH OyleT yCcHIHBAaTh KakK caMy ce-
6st, TAK H BTOPYIO AaKTHBHOCTh. ONHAKO MOXET HMeThb
MecTO M chenH@UUHOCTD, NOTOMY uTO 06a Genka He 06s-
3aTeJbHO JOJKHB Y3HaBaThb ofe QOCAeNOBaTeNBHOCTH
‘OAMHAKOBO XOpPOIIO, HEPOACTBEHHBIE Xe noc/enoBaTeNb-
HOCTH OHH BooGuie He 6yayT y3HaBaTth. JIBe «cBoH» no-
CJe0BaTeNbHOCTH HMEIOT clientdHuecKut cafiT cBA3LIBAA
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HHA JJ9 HHHOHHPOBAHHS pelHKandd. Paanuuus B
CHJIe CBS3HIBAHHSA IJI8 UYETHIPEX BO3MOMKHBIX B3auMonef-
creuft E; u E; ¢ I} u I, Moryr 6biTh HeGoabmumu. On-
HAaKO 3TH pasjinunsg (OTMeueHHBle HAa PHCYHKax pa3Hoft
TOJUIHHOH JHHKE), KaKUMH Obl MaJILIMH OHH HH OBLIH,
6yAyT HMeTb pajHKaJbHHE MOCJEJNCTBHSA, KAK BHIHO H3
PacCMOTPEHHSI COOTBETCTBYIOUIHX AHarpaMM OCOGHX TO-
yek (tabn. 17). MB MoXeM BHIJIEJIHTb UYETHpe cJaydas:

1. E, 6osee GanaronpusirctByer I;, uem Iy a E, Go-
nee GaaronpusitcTeyer I, uem I; (puc. 53,A4). Caedcr-
sue: u 1y, u I, runepunKINYCCKH YCHIHBAIOTCS COOTBETCT-
BYIOUIEMH ¢epMeHTaMH, YTO BelleT K CHJIBbHOH KOHKypeH-
nHH. BBIKHTB MOXeT TOJNBKO OAHH U3 KOHKYDEHTOB, Aa-
Xe ecsin OHH OYAYT ceJeKIHOHHO 3KBUBAJECHTHHL,

2. Kak E,, tak u E, Gosmee GmarompusitctByior I,
yem Io (puc. 53, B).

Caedcrsue: 1} BHxoaHT nobenuteseM, a ly BHMHpa-
er. ‘

3. Kak E,, Tak u E; 6osee OmaronpusitcTByioT o,
yem I; (puc. 53, B).

Caelcrsue: Tenmepb noGeautenem siBasetes l,, a |
BBIMHpAaerT.

4. E; Gosee GaaronpusirctByer lp, uem I;, E, Gosee
6aaronpHarcreyer I, uem I (puc. 53, ).

NG

A B B r

Puc. 53. DBOMIOUMOHHLIA NPHHUMD LIS TMNEPLUMKJIOB HJIIOCTPHPY-
eTCsl YeTHIDEMSI BO3MOXKHBIMH CHTYallHSMH, KOTODHe BO3HHKaioT 6aa-
ropaps CBA3AM MeXAy ABYMS MYTaHTaMH, NpelCTaBJEHHbIMH Ha
puc. 52. ToncTele JMHUM YKa3BIBAIOT, KaKHe CBAI3H SABJAIOTCS Npel-
NOYTHTENbHEIMH (KakKMM OBl Majgmm HH GHIIO 3TO NPEANO4YTeHHe).
JIlns ycTolMuMBOCTH ABYUJNeHHoro rumepuukiaa Tpefyercs, 4ro6bl mpe:
06nagano B3aumuoe ycuienue (I).
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Tabauya 17

HccrnepoBanue 0co6biXx 104YeK ABYYJNEHHOro TrHIEpUHKJA, Dpel-
CTaBJEHHOTO Ha PHC. 52, NPOBOAMJOCh € HCIOJH30BAHMEM YIPOLIEH-
HbIX KHHETHYECKHX yDaBHEHMHA:

X
P = Y
5= Z k¥, — = Z Z k¥ 1% my

k=1,2 1=1,2 m=1,2
l=1,2; x1+x2=0.

DT ypaBHeHHS NAIOT TPH OCOOBIE TOYKM CO CJIEAYIOLMMH COGCTBEH-
HHIMH 3HaYeHHSAMH:

xi={(c, 0); &V = (kg — k)0
X2=(0, ¢); @2 = (1, — k) e,

c
— ko + kar— kg’

Xo = (kay — 1z, b1y — kay) "

0®— (R11 — ko) (Ray — Ri3) c
by — Ry + koo — Ry

MoXHO BBLAEJTHTL YETHIpE Caydas:
a) kyy > ko3 kg > kyg — KOMKypeHuust Mexkay Iy u Iy
6) kyy > ka; koa < kip — or6op Ij;
B) ki1 < ko1 kg > ki3 — ot6op Iy,
r) Ry < ka; kg < kig — runepuukimyeckas crabmimsauus I
H Iz’

JlnarpaMMbl OCOOHIX TOUeK AJI 3THX YeTHIpeX cAydaes (CM. TakXKe
gacts B):

1 3 2
o———0—>—@
(A0 (o,
1 2 _g
O— e O -
(€,0) (0,C)
3 1
B @ - 4
(c,0) 0,0)
{ 3 2

O—>—@—=O
(©0) (o)
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M podonrscenue taba. 17

\ -
Ennnoe npeacrasienne MOXHO NOJNYYHTh, €CTH BBECTH KOOPVIM-
HaTH
=kipt by — ki —kn u B=kig—ky+kn—ka

Ecap B KMHeTHYECKHe yDaBHeHHSI KpOMe WIeHa BTOPOro NOpSLKa
BBECTH JHMeliHBIH aBTOKAaTaJHTHYeCKHH dJeH (nNpH 3ToM (YHKUHSA
pocta npumnMaer crenyiowmit sun: I, =k x, + Z k”xix]), 0

j=T, 2
0671aCTb YCTORYMBOrO IMNEPUHKINYIECKOIO COCYIUECTBOBAHHS ABYX BH-
nos Iy u I, 6yrer npeacraBnfTb coGOR NOJYNPOCTPAHCTBO Haj cO-
FHYTHIM JUCTOM, KOOPAHHATHl KOTOPOrO B TPeXMePHOM NPOCTPAHCTBE
napaMerpos 6yAyT CleAyoliHe:
a=Fkyy -+ ky — k1 — ko, '\?=1(k|—k2)
B=rFi— kar + kn — ko, c

[« 4
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Caedcrsue: uMeeT MeCTO B3aHMHasi THIEPUHKJIHYECKAN
crabunuzanus [ u o

BaxHo OTMETHTb, 4TO A TAaKOTO MOBeJeHHs NOCTa-
TOYHO MAaJBIX Pa3JHYyHH B cHJe cBsiabiBaHH4. [losTomy
HHTEPECHO 3HAThb, YTO OyZeT B TOM ciayyae, koraa E; u
E; BenyT ce6st coBeplUIeHHO OJHHAKOBO B OTHOUleHHH [
u I, 3mecy MBI HMeeMm mosMHYIl GeCHPHCTPACTHOCTb, He-
3aBHCHMO OT TOTO, HACKOJBKO pa3/jH4YaloTCs UYHCJICHHO-
CTH mnonyasuu#t x; manm y;. I man I, moryr BmiMepeTb
BCTeACTBHE (UIYKTYallHOHHOR KaTacTpodbl, MOCKOJBKY
Tenepb HET B3aHMHOH cTaOHJH3anHH, KaK 3T0 OBJIO B
cnydae 4. C npyroft cTopoHBl, GJIYKTyanHn He YCHJIHBA-
I0TCA, H €CJAH YHCJIGHHOCTH NONYJSHA NOCTATOUHO Be-
JHKH, T0 QuaykTyanHoHHas KaracTpoda TNpakKTHUECKH
HHKOTRa He npousofiner. CoBceM ApYrHM B 3TOM OTHO-
lleHHH OKasbiBaeTcst cayda#i |. 3xech cucrema Oynmer
HAXOAHTbCA B JHHAMHuecKH cOajaHCHPOBAHHOM COCTOSI-
HHH TOJIBKO NMPH YCJNOBHH CTPOr0 OAHHAKOBHIX HHCIEHHO-
creit nonynsannit I;, I,, E;, Es. HeGoabimaa ¢aykrya-
nHs MOXeT HAapYUWHTb paBHOBeCHe H 3aTeM H3-3a CaMmo-
ycH/IeHHst HeH30€XHO NpHBeJeT K 0T6OPY OAHOrO H3 IBYX
BH1OB. To e camoe cnpaBeiJuBO MJIst Jwboro ancamo-
asg, B Kotopom Kaxjaass MPHK GmaronpusitcTByer Tosb-
KO cBoefi cobcTBenHOH pensukasze (cM. puc. 47). UtobH
HaB#3aTh COCYUleCTBOBAHHE, HEJOCTATOYHO CBS3H, NpO-
Hexoasiuesi or obmelt QyHKiHH TpaHCASIHH,— BCe pen-
JIHKa3b MOTYT (PYHKIHOHHPOBATb OJHOBPEMEHHO B Ka-
yeCTBE AaKTHBHPYIOUHX (epMeHTOB (HCNIOAB3YS CBOH
cafite yanaBanus PHK). Kak u B cucreme, nokasauxo#t
Ha pHC. 45, 3pechk OylleT TONBKO OJHH BBIKHBUIRH, nocae
yero TPaHCJAAIHOHHBIN annapaTt pa3pyuruTCs.

Tounbsie yc/oBHst o0pa3oBaHHSI THNEPIHK/JA BhiBele-
HBl B Taba. 17. PHCYHKH HalOT sicHoe NpeicTasfernHe o6
06/1aCTH YCTOHYHBOCTH B NpOCTpPaHCTBe 0600UIEHHBIX KO-
OpPIHHAT, 3aBHCSUIHX OT KHHETHUECKHX MNapaMeTpOB.

Hrak, MBI NOJY4YHNH 3BOMIOUHOHHBIH NPHHUHN IS
THIEpPUHKIOB. 3TOT BHJ OPraHH3alHH MOMXET BO3HHK-
HYTb H3 OTAEJNBHOTO KBA3HBHJOBOrO paclpefiefieHus, Kak
TOJMBKO PAa30BBIOTCH CPEeACTBA peaKIHOHHOH CBS3H.
[Ipennoch/KH  COCYUIECTBOBAHHSI  NpeALIECTBEHHHKOB
MOTYT BBINOJIHATHCHA, KAaK MPaBUIO, TOJIBKO AJs GJ/IH3KQ-
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POACTBEHHHIX MyTaHTOB. Takum 00pa3oM, BO3HHKHOBe-
HHe THNePuHKM0B TpebyeT mpeicyulecTBOBaHHS MOJEKY-
JSIPHOH NapBHHOBCKOHA CHCTEMH, HO BeleT K COBepILEeH-
HO HOBHIM HOCJHeNCTBUSM. 3TOT 3BOJIONHOHHBIA NPHHIHI
pafoTaer jaKe NpH OYeHb MAJBIX Da3HYHSX B KHHe-
THYECKHX  NapaMeTpax, H MO3TOMYy XapaKTepH3yeTcs
YYBCTBHTE/JBHOCTBIO K MaJbiM H3MEHEHHSM, BBI3BAHHBIM
myrauusaMi. Ecin HMeeTcsi KBa3HBHIOBOe pacHpejese-
HHE € 95BOJIIOIHOHHPYIOUIHMH B3aHMONEHCTBHAMH MeXLy
KOMIIOHEHTAMH, TO HE3aBHCHMO OT TOTO, HACKOJbKO
cnabu 3TH  B3aMMOJAeHCTBHS,  THNepuHKIHYecKas

£

(22)

Puc. 54. O6o061ieHue 3BOJIONHOHHOrO NPHHOMNA AJS THIEPIHKJIOB.
CBfi3u JOMKHH YIOBJETBODPATL KPUTEPHSAM, HONyueHHbM B Tabm 17
u 18, T. e. R3aUMHOe YCHJEHHE [OJXKMHO NPeBATUPOBATh HAX CaMo-

yeunennem (cwm. tolcthe guHuu). A. [losasercs Iy — wmyraur ls
B. Myrant (teneps l3) BRAmOuaeTcs B TUNEPUHKIL
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Tabaruya 18

O6o6uienne 5BOJIOLHOHHOrO MPHHIUMNA ANS THHOEPIHKNOB 06bAcC-
HAeTCA Ha mpuMepe mepeXxofa OT ABYYJEHHOHM CHCTEMbl K TpeXuJeH-
Hoil (puc. 54).

O6wue KHHEeTHYECKHe ypaBHEHHS] HMMEIOT TOT e BHA, 4YTO H
ypaBHeHHus, npuBefeHHble B Taba. 17. BBegenue Tpetbero wiaeHa Is
(nanpumep, MyTaHta l;) B [AByY/JeHMHBIi THAOCGPUHMKN, KOTOPHHA OHLI
CHayaJa yCTOWYMB, YacTO BedeT K TOMY, 4TO paHee YCTORYHBaf
oco6as TOYKa mpeBpalllaeTcs B CELNOBYIO. DTO MpPOABJIAETCA fACHEe
BCEro, eciM MONYCTHTh Hajuyue nUKJIH4ecKofi cumMerpuu, [Ipu sTom
0603HauYeHUA YNPOLIAIOTCS

kyy=thoy=tyg=1lp; kig=thy=lkp="F; Rp=rly=1F; =k,

¥ mofydaercsl Chelyollas MaTpHUA KHHETHYECKHX KO3((HIUMEHTOB:

ky k- E,
K|k, kp &_
ko ki kp

OcoGbie TOYKH M COOGCTBEHHble 3HAYEHHS TAKOBHI:
Bepuunor:

X =000; of'=(_—kp)c, of=(k, —kpy)c

X2, X3 — aHaNOTHYHO,

Pebpa:
% b — & £ -
K= (Ol — ke p = k)
2
mm_k_(kD—k_)+k+(kD—k+)+k+k_—kD .
= 2k — b, —k '
D + -
ol — (kD_k+)(kD_k—) o
2 2kp —k, —k_

X5, X5 — aHalNOTHYHO.

Bryrpennas ocobas Touxa:
T — ( £ c ¢
7= 3 "3_’ 'g') [}

-y (4
ofly={2kp —ky —k_£iV3 (k —k_)} g
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[1podoarxerue Tabar 18
CHoBa 0cO6HII HHTEpeC MPEACTABJAIOT YeThipe Chyyas:
a) kp >k, k_,
6) R, >k >k,
B) k_ >k, > kp,
r) kb, =k_ >k,

KOTOPbIM COOTBETCTBYIOT CJACAYIOHIMe AHarpaMbi 0COGBIX TOYEK:

A ‘ : B
! 1
6
5
7
3
°© 5
2 3

r

DBonbliag BenMYMHa [HMAaroHajbHBIX uideHOs (Rp > k4, £_) pe-
AeT K KOHKypeHnwd — guarpamma A. B nportusHom cayzae, T.e. ans
GOJbIINX HeAHArOHANBHEIX 3NEeMEHTOB MaTpuubl K, naHHHe TPH BHAA
fposABNAIOT KoOMepaTHBHOe noBenehme. HanparneHHe spallieHus Bo-
Kpyr COMPalbHOTO CTOKa B HEHTpe CHMMNEKCa onpenenstercs 6oJb-
ekt m3 AByX KOHcTaHT ki u k. Korga ky = k_, spamarenpHas
KOMMOHEHTa OTCYTCTBYET, M UEHTpajJbHas 0co6asf ToUYKa SABJIAETCH
doxycom. :

[MpuMep, paccMOTpeHHBIt B 3Tofi Tabuuile, ABNAeTCA XOpoed
HILTIOCTpanuell YCNOXKHEHHSl THNEPLUHKJOB B XoAe 3Boiouuu. B or-
CYTCTBHe VUPOIAIOIMX MPEANONOXeHHA OTHOCHTEJbHO KOHCTAaHT
cKopocTeli aHanu3 CTaHOBHTCA KpafiHe cnoxubiM, Bosee Letanbhoe
paccMoTpenHe MOXHO HafiTh B pabore [98], rae paHo o6oGuwenue
Ha chyyall MPOU3BONBHON Pa3MEepHOCTH.

8 3ak. 1273
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Puc. 55. «Peanuctnueckufl» HeTblpeXdJeHHbIA rHoepuuka, Yernipe
uudopmanuonisie PHK I1 — I, (myrantet onnoro ofmwero npenute-
CTBEHHHMKa) CJAYXaT ANA KOAUPOBaHUS yeThipeX pemyukaz E,— E,,
KOTOPble BLIIOJHAIOT OAWHAKOBYIO (YHKUHIO, HO HEMHOrQ pasiuua-
IoTcs N0 cnenmguyHocTH. Munyc-nemu |; — I, moryr onnospemenHO
CNYXUTbh B KauecTBe a4anTOPOB aMHHOKHCIOT.

OpraHn3anHs HeH36exHo BO3HHKAeT, a3 yX TaKHe B3uH-
MOJIeACTBHS NMOSIBHJHCH.

CunepuHka Takxe OyaeT Hen30eXXHO pPa3BHBAThCH B
CTOPOHY YCJNOXKHEeHHs H3-3a MyTanui#t (pmc. 54, 55).
JBOJIONHOHHBH TPHHIHN MOXeT OHTb 0606UleH NO HH-
LYKUHH TakKHM o0pa3oM, uTo6n OH OBIT NPHMEHHM K
Jo6oMy n-uneHHOMY Tumepuukay. Torma myrtadt I’ mo-
ket Jan60 3aMeHuTs I, M1HOO BBIMEpeTh, JHOO YBEJHYHTDH
runepuHka a0 (n + 1)-unennoro pasmepa (cm. XVI. 10).
MoxHO nony4HTh H Gojee obulHe IBOJIOIHOHHBIE KpH-
. TepHH, KaK yKa3aHo B Taba. 18.

XVI. Jdecsarb BoNpocoB, KacalMXcs HaMUX
CaMbiX PAHHHUX MOJEKYJSPHBIX IPEAKOB
H TeX CJIeJl0B, KOTOPbie OHH OCTABHJIM
B OMOCHHTETHYECKOM anmnapare
COBPEMEHHBIX KJETOK

XVi.1. Oarn PHK-npenumecTsenHUK?

3T10T BONMpPOC KacaeTcsi CJAOXKHOCTH Tex MOJEKYJ, Ko-
TOphbie HepBbIMH HadyaaH BOCI‘IpOHSBOlIHMO (t)yHKuHOHPlpO-
BaTb. [lomunykneorun u3 100 ocTaTKOB COOTBeT{TByeT
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coXKHOCTH oOKOMo 10%° asJbTepHAaTHBHHIX TNOCJE0Ba-
TenbHOCTeHl. Ecnu mo coofpaxeHHusiM cTaGHABHOCTH MBI
OrpaHHUYHMCH TOJNBKO comodumepamu GC-tHna (¢ BKJIO-
yennsime AU), To y Hac ocTanercs eule 103° Bo3MOXHBIX
BapHaHToB. Heob6xoaumMofi mpennocuiikofi otlopa onHOH
HJIH HECKOJBKHX OMNpejile/leHHBIX MOC/Aef0BaTeNbHOCTeH
ABJSIETCH TOUYHOEe camoBocnponsBenene. OHO Heunabex-
HO OyZeT BeCTH K JAPBHHOBCKOMY NMOBEJNEHHIO ¢ 0TGOpOM
opnoro ksasmsupa: OT60p TNPOAYKTOB oOmNpenefsieTcs
NPOCTO HX ONTHMAJbHOH CeJEeKTHBHOH 3 (deKTHBHOCTHIO,
HO CTPYKTypa NPOAYKTOB 3aBHCHT OT HCTOPHUECKOTO
NYTH pa3BHTHs, KOTOPHH BO MHOTOM ONpejensercs ca-
MOKONHPOBaHHeM OJHTOHYKJCOTHIHBIX NATTEPHOB MeEHb-
IIHX Pa3MepoB. ‘

XVIL.2. Y10 03HAuaeT CeeKTHBHOE NMPEeHMyIIECTBO
DAt MOJIEKYAbI?

CeneKTHBHAas 1€HHOCTb ONpejeNsieTcsi Kak ONTHMalNb-
Hast KoMOHHauHst CTPYKTypHOH cTabuabHOCTH H 3¢ddek-
THBHOCTH TOouHOH penyukanHH. OHa MOXeT OLITH BHIpa-
HeHa KOJIHYeCTBeHHO uepe3 (H3uuyecKHe cBoficTBa MoOJe-
KyJas B naHHOR cpefe. Heo6XxonHMBIM ycJlOBHEM CTPYK-
TypHO# C€TaOHJIBHOCTH, YCTOHYHBOCTH K THAPOJH3Y H
Pa3BHTHS KOONEpPaTHBHBIX CBOHCTB OBIMO yBeNHYeHHE
ILJIHHE MoJieKyns. He6osbiine OJHTOHYK/ICOTHAB HE MO-
TyT yKJAaawBaTbest ¢ o6pa3oBaHHeM CTAOHJIBHBIX CTPYK-
TYp H NO3TOMYy Jerko ruaponuayiorca. Ianee, onu He
.06/1a1a10T B JOCTATOYHOH CTeNMeHH CNOCOOHOCTBIO K KOM-
nieKcoo6pa3oBaHuilo, YToOH ofecneuuTs NpaBHJAbHOE KO-
nupopaHue HJH TpaHcasuuw. Janxa, ¢ Apyroft cTOpoHH,
JHMHTHPYETCS CKOPOCTbIO peNIHKauHd H TOYHOCTBIO KO-
nuposanusi. Belo nmokasano, uto csoficrBa GC-6orarThix
nocaefoBaTebHOCTEH OMAaronpHSITHE s 06pa3oBaHHs
cTabuJIbHBIX KOMHA NOBOJMBHO 60sblIofl AsuHB. CpaBHH-
MBI JIH 3TH JJIHHBI C pa3MepaMH COBPEMEHHBIX MOJIEKYJ
TPHK, ocraercs HescubiM. B mosiekynax TPHK Onia 06-
HapyXeHa TOMOJIOTHSI NOC/AeJOBaTebHOCTEH [74], koTo-
past yKa3biBaeT Ha ONpeHe/IeHHYI0 CTeNeHb CaMOKONHpO-
BaHH BHYTPeHHHX oO0Jjacrtefi. IT0 CaMOKONHPOBaHHE
BIOJIHE MOIJIO MPOH30HTH eule 10 TOrO, KaK MOSBHIOCH

8*
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KopupoBanune. [/ BO3HHKHOBEeHHs~ TpaHCAsUHH Tpely-
I0TCS CHJIBHBIE B3aHMOJCHCTBHS Mexay afanTopaMH H
uudopmaunonusiMd  PHK, a >t B3anMopmefcTBHA
HEe MOTyT oOGecneyHBaThbCd MOJIEKyJdaMH He6OJbLIOH
JUTHHBL. '

Kak TOnNbKO B pe3ysnbTaTe HOsABNEHHS TpaHCAANHH
cHCTeMa Ha4YHHaeT BOCIPOHM3BOJHMO (PYHKIHOHUPOBATH,
CeMIeKTHBHAsI [IEHHOCTh JIOCTHIAaeT HOBOTO YpOBHsS. TeM.
He MeHee aiast Kaxpo# naHumo#t MPHK ona nosXna BH-
pPaxaTbCst yepe3 CTPYKTYPHYIO CTaOHJABHOCTL H 3ddekK-
THBHOCTb  NPaBHJIBHOTO  BocOpoH3BenenHs. OpnHako
Teneph 3TH CBOMCTBA 3aBHCAT TaKXe OT KayecTBa (H KOH-
neHTpanHH) NpoayKTOB TpaHcasurH, [Toatomy cneundga-
yecKkas CBf3b, HeoOXOonHMAs A5 THIEPUHKIHYECKOH op-
raHu3anHH, HeoOXxofHMa TakXKe AMg MOGOH CHCTeMBI, B
KOTOpPO# MNpPOAYKTH TPAHCASIHH JOJIKHB ONEHHBATHCH
npu orbope H MNOCPEACTBOM 5TOT0 3BOJIONHOHHPOBATH.
Tagas cBsi3b HMeeT KAaTaJHTHUYECKYI0 HJH 3allHTHVIO

npHpony.

XV1.3. Mouemy HyXHA THOEePUHKAAYECKAS
OPraHU3anHust OTAENbHBIX MYTAHTHBIX T'€HOB,
a He OJIMH MOCTOSIHHO PACTYLHA FeHOM?

OTser Ha 3TOT BONPOC B OCHOBHOM OB yxke naH B
yactd A. JIn8 oueHb NMPHMHTHBHOTO ammapaTra TPaHC/Is-
[HH HeoOXOLHMO TaKOe KOJHYECTBO HH(OPMAIHH, KaKoe
COOTBETCTBYeT reHOMYy coBpeMeHHHIX PHK-comepxauiux
daroB (unu paxe npeBocxonHT ero). MHdopmanus da-
FOBOTO TEHOMAa MOXET COXPAHATHCS JHUBL ¢ MOMOULBIO
darocnenudHyecKoro ¢epMeHTaTHBHOTO KOMIJIEKCd, a
H3BJeueHHe 3TOH HHpOpManHH OCHOBaHO HA dPdeKTHB-
HOCTH TOJIHOTO ammaparta TPaHCAsIHH, NPeJoCTaBIseMO«
ro KJAeTKoH-x03siHHOM. Ec/aH corsacuThest ¢ OTBeTaMH,
DAHHBIMH Ha MNepBBIA H BTOPOH Bompoce, TO HH@OpMa-
uus, Heobxonumasg AJs 3apPOXKACHHS TPAHCASANHHE, JOMKHA
€03/1aBaThCs HAa OCHOBE KOONEPAaUHH MEXAY HECKOJb-
KHMH MYTaHTaMH — 4JleHaMH KBa3HBHIOBOTO pacnpeie-
JIeHHS, 4 He MPOCTO B pe3y/nbTaTe YAJHHSHHS ONHOH MO«
c/leloBaTebHOCTH, A/ KOTOPOH CHauana He CYLIeCTBQ-
BaJio 6b HHKAKOTo JaBJMeHHsA O0T6opa.
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[unepunkanueckag craGHIH3anHst HECKOJBKHX COCY-
LIeCTBYIOUINX MYTAaHTOB 3KBHBAJIEHTHA 3BOJIONHH Yepe3
IYNIHKauH reHoB. [lepBoHa4YaJbHO MYTAHTH BO3HHKA-
JH Kak OTHeNbHHIE IeNH, a He KaK KOBaJeHTHO CBSI3aH-
Hble aymiekchl. OrpaHHueHHS TOYHOCTH He JAOMYCTHIH
OBl TagOro yBeJqHUeHHa AJNHHBL. DoJsee TOro, BepOSTHOCTH
NoJNyyHTh HeoOX0AHMYI0 KOMOHHANUHIO MYTaHTOB B O1-
HOH 1enH oyeHb Maja. [TocsenoBaTeIbHOCTH, COCTOSALIEH
u3 100 ocratkoB G u C, cooTBeTCTBYET

100 MyTanToB ¢ ofiHOH OLIHGKO,
4950 MyTaHTOB ¢ ABYMS OUIHOKAMH,
161 700 myTanToB ¢ Tpems ourHOKaMH H T. ., T. €.

100 :
Nk=( p ) MYTaHTOB C k ournbxamu.

Yucno nenefl, conepalulux #n MYTaHTHBIX TeHOB, OT-
JIHYAIOUIHXCSH APYr OT JApyra B R oNpeleNeHHBIX NOJOXKe-
HHAX (3TO pasjHuHe MoxeT ObITh HeoO6xoaHMOH npej-
nochIKof QYHKIHOHHPOBAHHS), PABHO

Ny+n—1 Ny
( * n )w—mi (nms n < Ny),
yTo B cnydae n =4, n k=3 naer 3-10'° ampTepHaTHB-
HBIX nocjenoBatenbHocTeft, [IpH HamuuHH paxe Takux
MaJblX OTKJOHEHH# B pelJIHIHPOBABLIHXCS TeHax Bepo-
STHOCTb HafiTH KOMHIO ¢ GaronpHATHOR KOMOHHanHeH B
ONHOH THraHTCKOH lenH OyleT NMOYTH HyJeBoH AJIs JIO-
6ofi momy.asiuuH pasyMHBIX pa3mepoB. OZHAKO KaXXIbIH
H3 UZOAUPOBAHHGIX MYTAHTHBIX T'eHOB, COREPIKAUIHX TPH
3aMelueHus, Oyner npencrabieH B JI060H MaKPOCKONH-
4ecKOH MONyJSIHH B AOCTATOYHO OOJBLIOM KOJHYECTBE,

Hakonern, He MeHee BaxHO, 4YTO TpaHCNOPTHbIE
PHK — apantopsl TpaHC/AsinHH — BO BCSIKOM  cJyYae
JOJIXKHB OBIJIH CyUIEeCTBOBATb B BHJIE OTAEMbHHX nened.
3sononust o6belHHEHHOTO reHoMma mnorpeboBana Obl ¢
caMOro HauaNa CJOXHOH peryasuHH Ha ypPOBHE TpaHC-
KPHIIHH,

EcTecTBeHHBIH  HCTOYHHK  HM30JHPOBAHHBIX _ Lened
PHK — 310 kBa3uBun0Boe pacnpenenenue. Bee nocieno-
BaTeNbHOCTH OBIIH CXONHBI JPYr ¢ ApYyroM, H TaKHM 3Ke
CXOACTBOM, JAOJXKHO OBITh, o6nanajH TMPOAYKTH HX
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TpaHcasuuu. Kak TonbKo ONHH NPOAYKT TpaHC/ASIIHH NPH-
BOJAHJ K BO3HHKHOBEHHIO ()aKTOpa CBsI3H, 3Ta (YHKIHS
nosiBAsIach H y BcexX JPYTHX NPOAYKTOB. B peayabrarte
MOTJIa BO3HHKHYTb H LHKJHYECKas CBg3b, HE0OXO0AHMAas
IJIs THNEPIHKJAHUYECKOH opraHu3anuu. MoXHO naxe CKa-
3aTh, YTO THNEPIHKJHYECKAss OPraHH3alHg CaMbIM ecTe-
CTBEHHBIM 00pa3oM BHITeKaeT H3 JI0OOH peasHCTHYECKOH
MoJeqH NPHMHTHBHOH TPaHCASIIHH,

Jlaet nn coBpemMeHHas OpraHH3alHs TeHOMa KJETOK
NPOKAPHOT KakHe-AH00 YKa3aHHA Ha CBOI0 MNEepBOHA-
HaNbHYI0 CTPYKTYpy? CoBpeMeHHbie TeHBbl, KOHEYHOo, TO-
paszo O6oJsblie NPHMHTHBHBIX HH@popmannoHHex PHK.
YAAHHEHHEe TEeHOB, TaK Xe KakK H JAYIJIHKalHs, AaBajio
NpeuMyHIeCTBO BCSKHA pa3, KOMAA NMOCTOSHHO pacTyuias
TOYHOCTb ()epMeHTAaTHBHOIO amnmnapara JAONycCKasta 3To.
[TpoaAyKTH TPaHCASIIHH CTAHOBWIHCH OoJiee CJOXKHBIMH,
co3naBasi NPEeANOCHUIKH IJIS 3BOJIONHH 1O NYTH CO371a-
Hus Gojlee TOHKHX NOJMH(PEPMEHTHBIX MeXaHH3MOB, HC-
nosb3ywouix AnddepeHnupoBantbie ¢epMeHThl, KOTOPbIE
NpoH3QUITH OT obulero mpeAllecTBeHHHKa. B  npu-
MHTHBHBIX CHCTeMax OTCYTCTBOBAJH MeXaHH3MBI PEKOM-
6uHanHH, HCMOJb3yeMble KJIETKAMH B HAcTosfllee BPEMS.
[TosToMy coBpeMeHHast CTPYKTypa HpPOKapHOTHUECKOTO
reuoMa Morna chopMHPOBATBCA B pe3y/abTaTe ViJAHE-
HHA H30JHPOBAHHBIX TEHOB, HX AYNJHKANHH H TPHIIH-
KanuH ¢ o6pa3oBaHHEM OIEPOHOB H HX MNOCJAEAYIOUlEro
orobpaxenuss Ha [HK, koropas moxeTr Hchosab30BaTh
6oJiee coBepllleHHbIe CPeACTBA BOCNPOH3BEJEHHS, MPHBO-
dauie K o6pasoBaHHIO o0benuHegHoro regoma. Pasme-
PBl COBpPEMEHHBIX OMNEPOHOB XOPOLIO COOTBETCTBYIOT TeM
pasMepaM, ¢ KOTODHIMH MOXeT paboTaTh coBeplieHHas
PHK-pennukasa (1000—10 000 aykaeoTnnos).

XVI1.4. Heo6xoaumsl au npu crapre TP HK?

3T1oT BONmpoc MOXHO CHOPMYJNHUPOBATH MNO-APYTOMY:
«A mouyemy Obl amantopaM He OHITBH MaNBIMH OJHTOHY-
KJEOTHAAMH?P»

Anantopnt 6e3 mupopmanHoHusix PHK Gecemuicsen-
npl. KoOpoTkHe HYKJEOTHAHBIE NOC/JeA0BATENLHOCTH He
MOTYT (YHKUHOHHPOBATb B KauecTBe HH(OPMAIHOHHHIX
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PHK. [lekanenTuasl 5KBHBAJIEHTHH y3Ke MOYTH NONOBHHE
mosmekynsl TPHK. [Ilamee, kopoTKHe OJHTOHYKJEOTH-
Bl MOTYT OBITh HeCTaOHJBHLL, TaAK KaK OHH JHLIEHH Tpe-
THYHOH CTPYKTypHl. [IpocTefilags cuMmerpHuHas CTpyK-
Typa, T. €. OTHeNbHAs -NeTasA, crabHAH3HpoBaHHAS 4Ye-
THIpbMSI HJIH NSATbIO MapaMH OCHOBaHHH, TpeOyeT nesbix
NSITHaANATH HYKJ1eoTHnoB. DBecdepmentHoe cnennduue-
CKo€. pacro3HaBaHHE aMHHOKHCJOT, B KOTOPOM Y4acTBY-
10T OJIHOBPEMEHHO AaHTHKOJOHOBas MeT/is H 3’-KOHel
ananropa, BO3MOXHO TOJbKO NMpH Hanuuuu Gojee mpo-
TAXKEHHBIX CTPYKTyp. TO Xe camoe BepHO IJst B3aHMO-
INeficTBHE MeXJy NBYMS COCeJHHMH ajanTopaMH, KOTO-
pole  HeoOXomuMBI st cTaOH/IH3alHH  KOMIJeKca
MPHK — nentapna-tPHK uan ans xkondopmaunornuoro
nsmenenns (uanpumep, HF—fh), kotopoe moxker o06-
JerYynTh NepeMellleHHe pacTyuledl MelTHAHOR uenH BAOJB
nadopmanunonnoft PHK. Maac u np. [99] HemasHO co-
o6UIHAH O TAaKOM KOHGOPMAlHOHHOM H3MEHEHHH B aH-
THKOJ0HOBOoH mersie TPHK, KoTtopoe onH 3aperucrpHpo-
BaJH, Habnojas H3MeHeHHe (JyopeCneHuHH OCHOBaHHSA
Y. st ¢pparMenTa aHTHKOAOHOBOf mersiu (T. e. Aas Je-
KaHYKJIeOTHJd C TOCJeJ0BAaTeMbHOCTbIO AHTHKOJAOHOBO#H
nerin) sToT 3hdexT, HO-BHAHMOMY, OTCYTCTByeT. Bce -
3TO NO3BOJSET AyMaTb, YTO HEJAOCTATOYHO AJHHHBHIE MO-
caeposatenpHocts PHK we moryr ¢yHKuHOHHpPOBAaTH B
KayecTBe allalTOPOB.

Torna MoxHO 3amaTh Bompoc: «UTo oT/iHuaer ajpan-
Top ot HHbopmanuoHHod# PHK?» Mx wmunumanbpHas
ILMHHA JoaXHa OnTH NpHMepHO oauHakoBoh. O6e oHH
IOJIKHBl HMETH clenH(HYECKYIO CKAal4yaTyio CTPYKTYpY,
KOTOpasi Co3JlaeT NpPeANOCHIIKH BOCIPOH3BOJAHMOIO y3Ha-
BaHHsA HX (AaKTOpaMH CBSI3H.

[Tockonbky kaxpaas TPHK u kaxpas uPHK nyxna-
10oTcst B pakTope cBs3M (HampuMep, B pensinkase), G.a-
FOTMpHSTCTBYIONIeM HX CeJIeKIHOHHOH cTaOH/IH3auUHH, TO
nsofinnie ¢ynknun PHK-nocnenosatenbHocTelt  cosep-
uleHHO Heo6xoauMbl. MTak, maioc- H MHHyC-LIeNH AaHHOH
PHK-noc/nenoBaTeIbHOCTH MOTYT HCIOJb30BATbCH COB-
MectHo Kak HuHpopmanmonnas PHK u kak aznan-
TOP.
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XVL5. dawoT an coBpemenante TPHK
KaKue-JM00 yKa3aHHsi Ha CBOE NPOHCXOKJEHHE

CTpyKTypHOE CXOACTBO MOXeT OHITh JHGO CaeACTBH-
eM ajanTapHH AJs JOCTHXKeHHs obumiefi nenad, anbo yka-
3BIBATh HAa NPOHCXOXJeHHe OT obuero npeanka. Cospe-
MeHable TPHK uMewT MHOro CTPYKTYpPHBIX COOTBETCT-
Bu#t [75]. [T03BONSIOT /M 3TH aHAJIOTHH C/EATh BBIBOJ O
toM, 4yTo Bce TPHK mnpousoumn or obulero mpenka?
B coorsercrBuu ¢ ananusom JIxkykca [76], ma 3TOT BO-
MpOC MOXKHO OTBETHTb OCTOPOXKHBIM «jAa». [Touemy cie-
AyeT NpOSIBAATH OCTOPOXHOCTb, MOXHO MOKa3aTb Ha
npumepe. OnHa o0co06eHHOCTb, XapakTepHast AJs Bcex
H3YYeHHBIX 10 CHX NMOp NPOKAPHOTHYECKHX H 3YKapHOTH-
yeckux TPHK,—3To Hajanume nocsienoBaTenbHOCTH
TyCG B rTak HaswBaemofi T-mersne—obueM caiite ya-
HaBaHHst NpH pubocoMHOM KoHTpose. Henasmme Hecie-
noBaHHS MeraHoOpasyoumux OaKrepuil [77] nokasanw,
YTO Y 3THX MHKPOOPTaHH3MOB, CUHTAIOLIHXCS «HaHGOJee
JIpEeBHHMH BeTBSIMH H3 BCeX, KOTOPble BCTPETHJHCh [0
CHX TOp B reHeasiornn OakTepuii», yKa3aHHasi mocjaeno-
BATEeJbHOCTb OTCYTCTBYET, a BMECTO Hee Y OAHOH Fpynmbi
umeercst nocsienopatenvHocts YYCG, a y apyroit —
UyCG. XoTst 3TH AaHHble HE CTAaBSsIT NOJ COMHeHHe, a
Hao60pOT, NMOJAYEPKHBAIOT TECHbIE 3BOJIONHOHHBIE CBSI3H
NaHHOTO KJacca MHKPOOPraHH3MOB C JPYFHMH NpOKa-
pHOTAMH, OHH ONpeJe/]eHHO IMOKAa3HBAIOT, uTo OO6LIHe
CBOHCTBA MOTYT COTJIACOBAHHO TNPHOOPETAThes [esbIMH
KJaccamMi. 3To 0co6eHHO XapaKTepHO A/ TexX MOJEeKY.TI,
KOTOpBIe NpOH3BOAATCS OOUIAM annapaToM, HanpuMep pH-
6ocoMoli — MecTOM CHHTe3a BCeX OeJKOBBIX MOJEKyJl.

Puc. 56 nokas3sBaer COOTBETCTBHE MOC/ENOBATENbHO-
creit anst uernipex TPHK u3 E. coli, KoTophle, kak Mmmu
CYMTaeM, SIBASIIOTCS COBPEMEHHBIMH TMpeACTaBHTENSIMH
NepBHYHBIX KOJOHOBBIX ajantopoB. K coxasnennio, B Ha-
uleM pacnopsiKeHHH He OBLTO MOC/AEe0BAaTeNbHOCTH ana-
Hut-cnennduunoit TPHK nnst xopona GCC. Ecnu cpas-
uuth 5ToT BHA TPHK, nMerome#i antukomon S54UGC,
¢ coorsercrayioulefi TPHK ans BanuHa ¢ aHTHKOmOHOM
S4UAC, To Mbl oOHapyXuM OoJbliee CXOACTBO ¢ mo-
cnenteit TPHK, uem To#t, KoTopasi usobpaxena na pu-
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) 5 10 15 20 25 30 35
GCGGGAAUAGCUCAGDDGGD AGAGCAC GACCUUGC CAAGE%O
GGGGGCAUAGCUCAGCDGGG - -AGAGCG CCUGCUUYUGCACEC
GGAGCGGSAGUUCAGDCGG DD AGAAUACCUGCCUGU CACGC
GCGUCCGSAGCUCAGDDGGDDAGAGCACCACCUUBGACAUGG

’ éG 50 ss 0 65 70 15

UCGGGEUCGCGAGTQCGAGU CUCGUUUGCCGCUCCA
AGGAG’@UCUGCGGTQCGAUC CCGCGCGCUCCCACCA
AGGGBBUCGCGEGETQRCGAGU CCC G QCCGUUCCGCCA
UGGGEE UCGGUGGTQCGAGUCCACUCGGACGCACCA

Puc. 56. CpaBrenue nocnegosatenasnocredi TPHK nns Gly, Ala, Asp
u Val. K coxanennwo, nocnenoBateabrocts TPHKA!2, cooTret-
creyomas Komony GCC, moka HeusBecTHa. BO3MOXHO, CXOACTBO
mexay TPHK ans Gly u Ala 6uino 6w emwe Gonblle B clyuae npa-
BHJbHOA MOCNENORATENBHOCTH, KOTOPAs# COOTBETCTRYET AHTHKOJOHY
GCC (o ToM, 4TO 3TO TaK, MOXHO CYAMTb Ha OCHORAHHWH CXOJCTBa
MEX1y LBYMs HochenoBaTelbHocTAME anf Ala m Val, Kotophie oT-
Hocarca K antukogoHaM *UGC m *UAC cooTBercTReHHO). DTH mHO-
CNe/IOBATENLHOCTH [IOKA3BIBAIOT, 4TO CHApeHHble O6JMACTH COCTOAT
B ocHoBHoM u3 GC-nmap u uTO 6JM3KOE CXOACTBO TOROPUT O POI-
crpe Mexay Gly/Ala u Asp/Val (cm. S B monoxkenuu 8 ansi Asp
u Val smecto U zans Gly u Ala unau BcraBky D mexpay moloxe-
auamn 20 u 21 gas Asp um Val). A — agneHosmn, *A = 2MA —
N (2)-metunagenosnt, C— uutupud, D — 5,6-gurugpoypussd, G —
ryanosut, - *G = 7MG — N(7)-merunryanosu, Q = ¥ — nceBno-
ypuiuH, S — tuoypuaus, T — pu6osuntumus, U — ypuaun, *U =
= 5AU — 5-0KcHaneTuNypuLHH.

cynke (coBmapaioT 57, a He 54 nosoxenus). CmeioBa-
TenbHo, NpasmapHasi TPHKA? ¢ aptukomonom GGC
MOXeT HMeTb He 44, a O6oJbliee 4YHCJAO COBNAfeHHA C
npuBegennoft Ha pHcyHke ranunHoBoft TPHK. Ecau ne
NpHHHMATb BO BHHMAHHE 3TOT «(H3HYECCRHE HejpocTa-
TOK», TO MOXKHO CleJaTbh BHBOJ, 4To 1) BCce mpusexen-
Hble - IOCJe0BATEAbHOCTH COBNAfaloT B OoJjee ueM B
noJioBuHe moJoxeHHH (33 coBNMajeHHsl, ecJH BKJIOYHTDH
«HenpaBuabHBIA» Ala, uaum 41 cosnagenne ans Gly,
Asp u Val); 2) noarpynna Gly/Ala oTnnuaercst He-
CKOJMBKHMH 0COGEHHOCTAMH OT noxarpynnsl Asp/Val (THo-
ypunun «S» pmecro U B nonoxennn 8, Bcraska 5,6-nu-
ruapo-U Mexnay mosnoxenusmu 20 u 21; 3) Bce mpuBe-
JIeHHbIe TOocJe/0BaTebHOCTH HMEIT sBHBIfI H36bTOK G
#u C no cpaBHeHHIO ¢ A 1 U (wau HX Npou3BOJHBIMH),
0co6eHHO B JABYXLUENOUYEYHBIX y4acTKaX.
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[anee, cpaBHEeHHe C NOCJAENOBATEJNbHOCTSMH APYTHX
TPHK nokasniBaer, 4To 3TH 0COGEHHOCTH — XOTSt OHH
onmpejnelieHHO He penkH # Adst OOJBbLUIHHCTBA JPYTHX
TPHK — oco6eHHo cubHO BHIpaXKeHH AJst AaHHOH rpyn-
nol. CXOACTBO TaK e BEJNHKO, KaK H AJs pa3HHX anan-
TOpPOB OJHOH H TOfi K€ aMHHOKHCJIOTHI B ONHOM H TOM
Xe opraHusMe.

Onun ¢akr ocobenno kpacHopeuus. Ecan cpaBHHTB
Noc/Ie0BaTeNbHOCTH JABYX ajanTOpoOB, HMEIOUIHX KOMIM-
JieMeHTapHble aHTHKO#OHH (Hanmpumep, mig Asp u Val),
TO coBHajeHHe Mexay obeumH mawc-pensMd TPHK 6y-
ner ropa3no Gosee HOJHBIM, YeM MeXJy OAHOH mJawoC-
uenbio (€caH 4YHTATh OT.3° K 5°) H IpYro# MHHYC-IENbIO
(ecan unutath OT 5 Kk 3’). JleficTBHTENBHO, eC/AH CpaB-
HHTb TakKHM 00pa3oM IUIIOC- H MHHYC- NeNH OAHOH H TOH
e TPHK, TO cOOTBeTCTBHE OKaxKeTcs JAYYlIHM. 3TH CO-
OTBETCTBHSL - SIBJSIIOTCS  BBIpDAXKEHHeM 3aMeuaTesbHOH
BHyTpeHHeit cummerpud TPHK, npu koTopo#t aHTHKOAOH
pacroJsiaraeTcsi MOYTH TOYHO B CepejHHe MoC/eloBaTeNb-
HOCTH H TeM CcaMbIM Oo0pa3yercs CHMMeTpHYHAs AByMep-
Hast CTPyKTypa. MBI MOXeM CYHTAThb 3TO CBOHACTBO yKa-
3anneM Ha 1O, uro TPHK Bo3HHKNIa oOueHb paHO KakK
He3aBHCHMAas peNJIHKaTHBHAsf enuHHuna. TpeGoBaHHe To-
ro, 4To6bl IJIIOC- H MHHYC-NENH HMEJNH CXOLHYIO CTPYK-
TYpy, BaXXHO, JHIIb €CJAH OHH NpelcTaBagi0T coboH He-
3aBHCHMBIE pelJIHKATHBHBIE eJHHHIB], 4 HE HHTErpHpPO-
BaHBl CTPYKTYPHO ¢ 0Opa3oBaHHeM AJHHHOH TeHOMHOH
NocJel0BaTeNbHOCTH, KAK 5TO HMEET MecTo Temepb. Ta-
Kas ¥e CHTyauHs XapaktepHa H anas ¢aroBux PHK uan
HX BapHAHTOB, KOTOphle Da3MHOXKAIOTCH B BHIAE OTHAENb-
HHIX PEMNIHKATHBHBIX efHHHy [78].

C npyro#t cropoud, apantanuss TPHK k o6memy an-
TnapaTy BBI3BaJa, BEpPOSTHO, oOUlHE OTKJIOHEHHS OT He-
0o6xoaHMO#H BHauaje cHMMETPHH. ToT (akKrT, 4To 3epKajib-
Hble KONHH IJIIOC- H MHHYC-nenedi OoAHOH H TOH Ke
TPHK o6HapyxuBalor 0oJblle CHMMETPHUHOTO CXOJCT-
Ba, YeM 3epKa/JbHHE KOMHH IUTIOC- H MHHYC-neneft
TPHK ¢ KomNaemMenTapHBIMH AHTHKOLOHAMH, MO3BOJSET
ayMaTh, ytro o6e TPHK 3BOMIONHOHHO pa3BHIHCH Kak
MYT4HTH OJHOH M TOH e LEeNH, a He MABYX KOMIIe-
MeHTapHbIX neme#i. Torma MOXHO cjefnaTh BBIBOJ, 4TO
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coBpeMeHHHe anantopsl aas  KoponoB GGC(Gly),
GCC(Ala), GAC(Asp) u GUC(Val) BO3HHKAH H3 OfHOTO
KBa3UBHJA KaK MYTAHTH ¢ OJHOH OLIHOKOH, MpOHCXOAS-
uige ‘oT obumero npeaka. OJHAaKO HCXOAHOH CHMMETpPHH
6b110 HemocTaTOUHO (a MOYeMY ee JOJMKHO GBITh AOCTA-
TOYHO?) AJs TOrO, 4TOOH afanTOpPHBIE (YHKIHH MOIJIH
BO3HHKHYTb y IUIIOC- 4 MHHyc-nene#t nannoii PHK.

XVL6. Kak B nudopmanuonsois PHK moraum Bo3HHKHYTb
KOJIOHHBbIe NATTEPHLl (6e3 3anAThIX?

IlepBue MPHK 6buH, BepofiTHO, HAEHTHUHE TEpPBhHIM
ananropaM (HAH HX KOMIIEMeHTAapHBIM nensiM). Jlefi-
CTBHTENbHO, PyHKuuu agantopa ¥ MPHK npeanonara-
IOT CTPYKTypHOe cooTBeTcTBHEe. KaKum O HH OB KO-
.IOHHH# naTTepH B nmocnenoBarteiabHoctd MPHK, on noa-
XKeH HMeTb CBOIO KOMILJIEMEHTAPHYIO peasiH3anHIo B
apanrope. [l DpPHMHTHBHBIX CHCTEM TaKoe TpefoBaHHe
Jierye BCero BBHIHOJIHHTb, HCNOJb3Ys -OGHIAHA CTPYKTYPHHIH
NaTTepH JJs OGOHX THNOB MOJEKYyJa: 4TOOB MNepsHle
anantopul ObiR MHHyc-uensiME mepehix MPHK (ecan
CUHTATh, UTO IUTIOC-IENBIO N0 ONpeaeeHHI0 BCerfa sAB/s-
ercst MPHK) u uto6H onpeneneHHast cHMMeTPHSI CTPYK-
TypH NO3BOJAMA M INIIOC- H MHHYC-neNsiM Yy3HaBaTbCH
OJIHOH U TOf Ke penHKasoh.

ITepebie paunnble mosekyas PHK 6biin oBoraluensr
G u C, uro sBAsercs cjeicTBHeM 0T6Opa, OCHOBAHHOTO
Ha KpHTEepHAX CTPYKTYPHOH CTaGHJIBHOCTH H TOYHOCTH
KonHpoBaHust. Mosekyan ¢ oOuIHM KONOHHBIM IaTTep-
HoM — TakuM, KaK GGC/GCC — Tpe6yIOT HHCTPYKUHR B
BHE 3aTPaBKH (HAampHMep, MOTYT HCIOJMb30BaTbCst KaTa-
JH3aTOpPH HJAH HMewouHecs oTKpuiThle neran PHK) ¢
nocjenyioune#t BHyTpeHHeH AyNHKanHedl. ITo Hensbex-
HO TIpHBejeT K o0pa30BaHHIO CTPYKTYD, COJAepXKallHX Mo
MeHbIIefi Mepe JBa KOJOHHBIX NaTTepHa ¢ BHYTpeHHeH
KoMmnieMenTapHocThio, Hanpumep 5'GGC3 m 3'CCG5H'.

CyuecrByer Xxopomunii npuMep, NMOKasblBAOWHA 3¢-
(GEeKTHBHOCTb AyNJHKAlHH BHYTPEHHEro naTTepHa NpH
cHHTe3e de novo u ycuienHe nocaenoBatensnocredt PHK
darosnMu pensnkasamu. Ecau Qp-penyiukasy JHIIHTDL
BCAKHX MATPHI, TO OHAa HAYHHAET «CBA3BIBATL® JPYT ¢
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10 .20 20 40 )
ppp GGGGAC CCCCCGGAAGGGGGGACCAGGUGCGGGCACCUCGUACG
pppGGGGCCCCCCCCGAAGGGGGGGCGAAGGGGGGGCCCUUCBUUCG

50 80 10 80
GGAGUUCGACCGUGACGAGUCACGGGCUAGCGCUUUCGCBECUCU
GGGGUUCGCCCGGGGCGAACCCCGGGCGAA CCCCUUCGCGAACC

80 100 110 120 130
CCAGGUGACGCCUCGUGA AGAGGCGCGACCUUC GUGCGUUUCGE
CCGGGOGGGGCUUCGCGAA GGGG CCCCCCCUUCGUU CGUUUCGE

140 150 160 17
CGACGCACGAGAACCGCCACG CUGCUUCGCAGCGUGGCOCCUUCG
CGAAGUUCGCGAACCCCUUCG CCCCUUCGCCCCEGGGCCCUUCE

180 180 ° 200
CGCAGCCCGCUGCGCGAGGUGACCCC CGAAGGG’Z(?GGUU ccce
CGAACCCCCCUUCGCGAAGGGGCCCC CBAAGGGGGEGGCCCC

* Puc. 57. ConocTasiieHue MOCHAELOBATENBHOCTH MHAH-BapUaHTa QB

(mo CnurenamaHy u Ip.) ¢ HCKYyCCTBEHHOR moc/iea0BaTeNbHOCTHIO,
cocrosmet u3 6nrokor CCC(C) u UUCG u u3 KoMmjeMeHTapHHX
6aoko8 GGG(G) u CGAA. Cosnagehne B 169 nosoxeHusix wu3
218 nosBoJfieT NPEANMOJOXHTb, YTO MHAU-BapHaHT — 3TO MPOAYKT,
ob6pasopanublii de novo ¢epmentoM Qp-peniuKasofi, koTopas

umeer cafitel ysnasanusa gias CCC(C) u UUCG (EF Tu). Kunernxka
cuHTe3a de novo mokasnbiBaeT, YTO B (ePMEHTATHBHBLIX cafiTaX y3Ha-
BaHUSL o6pa3yeTcss TeTpaMep, MOcJAe Yero MPOUCXOOHUT KaKoe-TO
BHYTPEHHEE CAMOKOMHPOBaHHE CO CAyualHBIMHM 3aMelleHHAMH. DTOT
KOHKDETHBIi MHUAM-BADHAHT OGBLIMHO BLIUTPHBAET KOHKYPEHUHIO CO
BCEMH HMEIOIGHMHCS MOC]EOBATEJbHOCTAMH U _f03TOMY SIBJAETCH,
BepOsITHO, Haubonee addextusHoll Mmatpuuell. JlaHHHI{I npuMep mo-
Ka3blBAaET, K&K B MpOlleccaX MPUMUTHBHOTO KOMMPOBAHHUS MOIYT BO3-
HHKATh OJXHOPOJHbIE MATTEPHBI

ApyromM cBoH coOCTBeHHBHIe 3aTpaBKH, KOTOpble OHa 3a-
TeM AYNAUNHPYeT H H3OHpATE/NbHO YCHJIHBaeT, IOKa Ha-
KoHen, He ofpasyeTcs ONHOpPOAHAS MaKpPOCKOMHUecKast
nonynsiuus mnochenosatesbhocteit PHK ¢ pamnolt He-
CKOJNIBKO COTEH HYK/MEOTHIO0B. B 1pyrux yc/oBHSIX cpenbl
NoJy4aloTcst Apyrie (HO TOXe ONHOPOJHBIE) MONMYMASHH
nocnenoBareabHoctelt [8]. Cnureaman, Muaas u ux co-
TPYAHHKH ONpEJeNTHIH NOCAel0BaTENbHOCTH HEeCKONBKHX
TaKHX «MHJH-BapHAaHTOB», KOTOpbIE BCerja cojep:Kar cine-
uuduyeckuii caiitT ysHaBaHust Ans Qp-pensukasw [78].
[Mocaenymwlne 5KCNEPHMEHTH TpPOJHJIH CBET Ha Mexa-
HH3M 3Toro cuureza de novo, NokKasas, 4TO HeGoJblIHe
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¢parMenTs!, COOTBETCTBYIOUIHE MOCJAeN0BATENBHOCTAM,
KOTOpHIe y3HAIOTCS (PEepMEHTOM, CHHTe3HpYIOTCSt Kak 3a-
TPaBKH, a 3aTeM BHYTPeHHe AYIUTHUHPYIOTCS H H36Hpa-
TeNlbHO yCHAMBAWOTca. Bonee panHue uccienoBaunust [22]
NOKa3aJ/iH, 4TO (epMeHT MOMXKeT Yy3HaBaTbh, B 4aCTHOCTH,
nocaenoBatensHocts CCC(C) n UUCG. UUCG cooTtser-
CTByeT mnocnepoBateasnoctTd T$CG, obuwed aast Beex
TPHK n cnenududyeckn BsaumoneficTsyomes, KaK H3-
BECTHO, ¢ pH6ocoMHBIM akTopoM sJjonranu# EF Tu, Ko-
TODBIH siBJAsieTcs cyObe/duHuIell KoMmIIeKca Qp-pemsu-
ka3bl. ConocTaB/ieHHe MHAH-BAapHAHTa ¢ NOCAEA0BATENb:
HOCTBIO, COCTOSILICH HCKJIOUHTENBHO H3 JBYX YIOMSHYTHX
OJIUTOHYKJNEOTHAOB H KoMmnuaeMmeHTapHbix uM GGG(G) u
CGAA, BnisiBigeT coBnagenHHe B Gosee uem 75% modo-
JKeHHH, 4To roBopHT 00 3 deKTHBHOCTH BHYTPEHHET0 KO-
NHPOBaHHS mocJefoBaTeNbHOCTe-3aTpaBok  (puc. 57).

AHasnornunbsle coo6paxKeHHsT MOMXKHO BHICKa3aTb H O
NepBHUHBIX MeXxaHH3MaX o6pasoBaHHd OJHOPOJHBIX NMaT-
TepHoB. Ecau cpeiH MHOTHX [AaTTepHOB MNOSBHICH
S'EGC/S’GCC H, BO3MOXHo, Takxe 5'GAC/5'GUC, Tto
5TH natrepunl B HHbopManuonuoit PHK wmoram nopo-
IHTb BOCNPOH3BOJHMYIO TPAHCASUHIO NO MeXaHU3My
Kpuka u ap. [3] u npuoGpecTH cnocOOGHOCTb CEJEKTHB-
HO YCHJHBATbCS € IOMOUIBIO CBOHMX BOCIDPOH3BOAHMBIX
NPOJAYKTOB TPaHCJSIHH.

XVL7. Kaknmu 6bl1H nepsuie QYHKIMOHAABHO
aKTHBHble GeJKH?

[Mpocreiimuit Genok Mor OHTb TOMOIOJHIENTHAOM,
HanpHMep MNOJHMIHUHHOM. KiMen JnH oH Kakyw-HUOynb
KaTaJHTHUECKYI0 aKTHBHOcTb? Ha 3T0oT Bompoc MoryT u
JNOJIKHBl J1aTh OTBET SKCIepHMeHTH. [ereporennsie Mo-
CIefloBATEJNBHOCTH ¢ JAOCTATOUYHO OOJNBIIHNM YUCJAOM OC-
TaTKOB — ckaxeM, 15—30 — cnocobun K o6pasoBaHHIO
B-csiost, HMeIero akKTHBHBIA UEHTP, B KOTOPOM KOHIe-
Bas KapOOKcHJbHAS rpynna (PHKCHPOBAHA B ompejeseH-
HOM TOJIOXKeHHH BOJH3H  KOHIEBOH aMUHOIPYMIH
(puc. 58). PaccrosiHme Mexay HHMH BapbupyeT ¢
ILJIHHOM nenu, Tak Kak B B-cjoe aHTHNApaJJieNbHble LenH
sakpyuennl [79]. Kounesas amunorpynna umeeT pK
oxono 8, cJaenoBaTeNbHo, KaTaJHTHYECKHH  LEHTp
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Puc. 58. [lpocrofi npenmecTBeHHUK (epMeHTa Hu306pa’keH B BHIE
B-cTtpykTypH, coctosiimeli w3 15—25 amuHOKMcaOT (AAf oGpa3oBa-
Hust KoTopod Heo6xomuma MPHK pauno#t 45—75 HyxkaeoTnioB).
B akTHRHBIH UEHTP BXOIMT KOHIUEBaf aMUHOTDYMMa, KOTOpas sB-
asietcst oueHb 3¢@PexTHBHBIM JOHOpoM mnporoHor (pK ~ 8), koHue-
Basi KapOOKCHJbHASI TPYMMad, KOTOpas CJAYXHUT AKUENTOPOM MPOTOHOB,
M KaTaJMTHYeCKH aKkTHBHas GOKOBasd uemb (Hampumen, Asp MM
Ser). MoXHO NOCTPOMTL MHOrO aJbTePHATHBHBIX CTPYKTYp, HO
ML B HEKOTOPHIX H3 HHX UenH OYAyT 3aKpydeHbl B COHPatb HMeH-
HO ¢ TeM [MaroM, KOTOpHH Heo6Xxomum Ans 06pa3oBaHus sPdek-
THBHOTO aKTHBHOTO LEHTpa.

COJCPXKHT NO MeHbleHd Mepe 5P(EKTHBHYIO NPOTOHHYIO
LOHOPHO-2KIeNnTopHylo cHcTeMy. O6pa3oBaHHIO B-CTPYK-
Typ GmaronpraTcTBYeT yepenoBanue ocTaTkoB Gly—Ala.
OnHaKO MOJUNENTHAB, COCTOSIIIHE HCKJIIOUHTEJIBHO H3
ocratkoB Gly u Ala, n10Xo pacTBOPHMH, NMO3TOMY OHH
MOTyT TPHCYTCTBOBATb B  OUIYTHMBIX  KOJIHYECTBaX
- JIHUIb Ha TIOBEPXHOCTHAX pasjesa. o

Crpoenne B-cioeB usyuanu Yoy n $acman [80], Ko-
TOphle TNPOAHANH3UPOBANH PEHTTeHOCTPYKTYPHBIE - JaH-
Hple 1ng 29 GenKoB U BbIsiBHAH 459 B-u3runbos. B unciae
TpeX OCTAaTKOB, Yallle BCero BcTpeuyaroumlHxcd B obgacTH
B-n3ru6a Bo Bcex €ro uYETHIpEX NOJOXKEHHSAX, HAXOAATCS -
Gly u Asp, Toria Kak B y4yacTKaX, PacloIOXeHHHX 34
B-n3ruboM, npeobsanamwT ruapodobHbIE OCTATKH.

Barknoi#i npeanoch Ko KaTaJHUTHYeCKO! aKTHBHOCTH
ABNSIETCS ONpeJie/IeHHOe MPOCTPAHCTBEHHOE pacnoJoxe-
Hue KouueBbXx Tpyml. Jast cra6uaH3auu# BOCIPOH3BO-
OHMOro CcKJaJBIBaHHS MOMET 0Ka3aTbes HEOOXOAHMBIM
HCNOJb30BaHHe [ABYX HJAH Oojee BHIOB aMHHOKHCJOT,
Hasuo uaBectHo, 4TO B-CJOH SIBASHOTCS BaXXHBIMH 3Jle-
MenTamMu Gengosoil CTPYKTypH. CornacHo JleBHTTy
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[81], cyutecTByer BecbMa OOGIIHE NpHHNHN cTaGH/IH3a-
OHH ¢ HX T[OMOHIbIO AKTHBHOH KOH(opMmauun GeJKOB.

-BoJsbilas pacnpocTpaHeHHOCTb MIHUHHA M aJlaHHHA
MOTJIa B OCHOBHOM ONpeNeNHTb XapaKrep mepBHIXx Ges-
KOB, HO /g ofecneyeHust pacTBOPHMOCTH 6oJ/ee MJIHHHBIX
noclefoBare/lbHOCTe# OBIJIH HEOOXOLHMBIMH TNOJSIPHBIE
6okoBhle nend. Fanuune 4YeTHpex BHIOB aMHHOKHC-
JIOT mpHBeno Obl, KOHEYHO, K ropaspo Oosbilell cTpPyK-
TypHOit THOKOCTH. Ec/H caenylomiuMH ABYyMS KaHAHAA-
TaMH OBIIH acaparHHOBasi KHCJAOTAa H BaJiHH, TO MOIJIH
o6pa3oBaTbcs T00ynsipHble CTPYKTYDH, cTabHIH3HpYe-
Mble THAPOGOOHBIMH B3aHMONEHCTBHSIMH GOKOBHIX Ilenefi
BaJIHHA H aJlaHHHA K CcOJMIOOHJIH3HpYyeMble KapOOKCHJIb-
HhIMH GOKOBHIMH IIeNiMH acnaparHHOBOH KHCJIOTH. JTOT
OCTATOK €O3JaeT YCJOBHSL st oOpa3oBaHusi cnenHdpHue-
CKHX KATaJHTHUYECKHX IEHTPOB ¢ YYacCTHEM JBYXBAJEHT-
HBIX HOHOB METaJJIOB.

Hamemy BooOpaXeHHIO CJIHUIIKOM TPYLHO OXBATHTb
KoJoccasibHOe MHOrooGpasne BceX BOSMOXKHOCTeH. B Ha-
crosizlee BpeMs NPOBOASITCH 3KCIEPHMEHTH, ledb KOTO-
PHIX COCTOMT B HCCJAENOBAHHH PAa3JHUHBIX CTPYKTYp B
OTHOIIEHHH HX 3P HEKTHBHOCTH B IHCKPHMHHALUHU Pa3/Hy-
Heix nocaenoBarenbHocteft PHK n BX cTpyKTYypHBIX 0CO:
6ennocrefi. PeayabTatel, noay4yeHHble ¢ pHOOHYyKJea3a-
MH [82], CTHMYJHDYIOT MOHCKH «MHHHMAJBHOH CTPYKTY-
phi», cnoco6HOH cHenudHUYecKH y3HaBaTb ONpejeseHHHE
nocnenorarensiocts PHK.

XV1.8. Heo6xonuMEl JIH NIPA CTaPTE CHHTETA3LI?

B tpexmepHo#i cTpykType coBpeMenHnix TPHK (cu.
gacts A, puc. 14) anTHKoJOHOBast netis GHKcHpoBaHa
HA 3HAYHTEJbHOM DAaCCTOSIHHH OT aMHHOA[HJIBHOTO cafiTa.
Takas CTPYKTypa ajanTHPOBaHA K (YHKIHOHANBHBIM
norpeGHocTsIM coBpeMeHHBIX MoJeKya TPHK, kotopne
onpenensorcd pubocoMaMH H CTPYKTYpO#l cHHTeTas.
C npyro# cropoHbl, H3BecTHO, yT0 TPHK Moxer coBep-
mwarth KOHGQOPMAalUHOHHBIE MNepexoinl, KOTOpble CyLIecT-
BEHHO H3MeHSIOT ee dopMy u pasmeps. Pursep H np.
[83] dayopecueHTHHIMH MeTOAaMH HCCJAENOBaNH BpeMme-
Ha JKH3HH KOHQODMANHOHHBIX COCTOSIHHE, .3 TaKXe
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BpeMeHa BpalHaTeNbHOH peNaKkCauHH H CAeNajH BHBOA O
CyUleCTBOBAaHHH MO MeHbule#l Mepe Tpex KOH(OpMalHOH-
HBIX COCTOSIHHH, OBICTPO MNepexoAsduIHX ApPYr B Apyra.
Ananornunsle pedysnbraThl noayuenni OJcoHoM U 1p.
[84], KoTOpble HCNIONB30OBAJH METOABI, OCHOBAHHbHIE Ha
paccestHHH J1a3€pHOTO H3JNy4YeHHS. 3aCeNeHHOCTh pa3Jjuy-
HBIX KOH(OPMAIHOHHBIX COCTOSIHHH CHJBHO 3aBHCHT OT
KOHIIEHTPAHH HOHOB MarHusi. BaXXHO OTMeTHTH, 4TO B
YC/IOBHSIX, KOTOpHIE COOTBETCTBYIOT MOPCKOH Boje
(~50 MM Mg?t), npucyrcTByer KOHpOpMep, OTJMHYA-
ouiuficst ot L-dhopMbl, o6HapyxeHHOR pH KpPHCTAJLIO-
rpaguyecKHX HCC/ENOBaHHSAX, — 0 CBOeH opme OH To-
pa3no OJHXKe K [HJIHHIAPY.

Bce cKa3aHHOe caMbIM MpPSIMBIM 06pasoM CBS3aHO ¢
NOCTaBJEHHBIM BOMpocoM. [lepBHuHBle QepMeHTH ¢€O- |
CTOSI/IM H3 BecbMa OrPAaHHYEHHOrO YHCIA AMHHOKHCIOT-
HBIX OCTATKOB H MO3TOMY He MOTJNH OBIThH. oueHb 60Jb-
IWHMH TJOOYJASIPHBIMH CTPYKTypaMmu. Jlas Toro 4robn
rapaHTHPOBAaTb OJHO3HAYHOE COOTBETCTBHE aMHHOKHCJIO-
TBl AHTHKOJOHY, JIHO0 MOMXKHH OBLIH cyulecTBoBaThb Ta-
KHe coBepileHHBle ¢)epMEHTHl, KaK COBpeMeHHHE aMHHO-
apuacunTerassl, 1u6o TPHK nonxkna Obina HMeTs Takyio
CTPYKTYpPY, 4YTOOBI OCYILECTBAsJCS ropasno 6osee Tec-
HBIL KOHTAKT MeXJAy aMHHOAUHJIBHBIM H aHHKOJOHOBHIM
calitaMu, yeM B ciayuae L-dbopMBl, ¢ TeM 4TOGB MOXKHO
6BLI0 OJHOBDEMEHHO KOHTPOJNHpOBaTh 06a cafita. B mpo-
THBHOM cJiy4ae BHICOKHH TeMn MyTanHi Ha paHHHX 3Ta-
nax 5BOJIIONHH OYeHb cKOpo Hapymwua 6nl Jio6oe ojaHO-
3HauyHOE cJAydaHHOe COOTBETCTBHE MeXAY ABYMSI STHMH
cafiramu. C ppyrofi cTOpoHH, KOH(QOpPMANHOHHBIA mepe-
XOJ Bce-TaKH HeoOXOnHM, NOTOMY uTO Mexauusm obpa-
30BaHHA TeNnTHAHOR ¢BA3M (cM. puc. 48) Tpebyer no-
CTaTOYHOTO NpocTpaHCTBeHHOTro pa3gpenenus MPHK n
pacTyulefi mentuiHofl uend. JlaHnble, 0 KOTOPBIX wLIJIa
peub, BBHI3BIBAIOT XKeJaHHE MOPAa3MBICAHTb O TaKHX BO3-
MoxHocTsax. C Apyrofi cTOPOHBI, MPH HAJHYHH CTPYKTYp
THNa H3obpaxkeHnHoft Ha puc. 49, B KonupoBanHe NepBhHIX
AMHHOKHCJOT MOTJIO OBl OCYyLLecTBASATbcd Aaxe Oe3 mo-
momnu ¢epmentoB. Crpykrypa camofi, TPHK 3aBemomo
JNOCTATOYHO CJOXKHA, YTOOBl CTaJ0 BO3MOXHBIM CHENH-
¢uueckoe y3naBauue. Buto ormeyeno [85], uto ueTBep-
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TOoe OcHoBaHHe OT 3'-KoHpa (T. e. OCHOBAaHHE, cleayio-
mee 32 3’ACC) uMeer KaKoe-TO OTHOLIEHHE K aHTHKO-
nowny. [lepBoHauyasbHble npeanosoXeHus 06 OJHO3HAYHOH
Koppenasunn pas Bcex TPHK B KOHeuHoMm cuere He on-
paBaanuce. ONHAaKO TaKas KOppenasuHss MOIJIa HTpaTh
KJII04EBYI0O pOJib B NEepBHUHBIX MexaHH3Max cnemudHue-
CKOTO pAacno3HaBaHHA aMHHOKHCJAOT TPaHCIOPTHBIMH
PHK. Ilo umetromumes nanawmiMm aas E. coli u dara T4,
B MON0XeHHH, KOTopoe chienyer 3a 3’ACC, naxoxmsites
rakue Hykmeotuasl: U nns Gly, A ansx Ala, G aas
Asp 1 A aast Val. a5 nepBHYHHX aaanTopoB OHLIO,
HeCOMHEHHO, BaXXHHIM ofeclleueHHe OJHO3HAYHOrO COOT-
BEeTCTBHS ¢ INOMOUIbIO JAHCKPHMHHHPYIOUIHX cafiTOB —
CBOHCTBO, KOTOpPOe MOrJI0 OHITb YacTHYHO YTepSHO B
XOJle 3BOJIIOUHH. JTO, KOHEYHO, YHCTO CHEKyJSTHBHBIE
paccyXneHHs, KOTopnie TpeOylOT 3KCnepHMeHTaJNbHOI
NpOBEpPKH.

Botgod. Bo3MOXHO, CHHTETa3nl He GBIJIH HeO6XOAHMB
Ha caMHIX paHHHX 3Tamax, a Tpancnoptuble PHK B ko-
HEYHOM cueTe OKa3aJHCh HeyJauHo#H nonuTkO# [Ipupo-
In cO31aThb (pepMEeHTH H3 HYKJIEHHOBBIX KHCJAOT. Bosee
s(peKTHBHOE pacnO3HaBaHHe MOIJIO 3BOJIOIHOHHO pa3s-
BHTbCA H3 ()aKTOPOB CBsi3H, KOTOpble ObUIHM NpelHa3Ha-
yeHH a5 cnenHduueckoro yanaBanus TPHK-momo6HbIx

CTPYKTYP.

XVL.9. Kakumy Obiad nepBbie drepmeHTHI?

Ecau cuaTeTassl B JeHCTBHTENBHOCTH He SIBJASIOTCS
HeoOXONHMBIMH 1 3apoxcdenus TpaHcasuun (a 3TO
6osbiioe «ecnu»!), TO B KayecTBe EIHHCTBEHHOTO
a6COMOTHOTO NEepBHYHOTO YCA0BHS COrIacoBaHHO 9BOJIIO-
UHH TPAHCJASIIIHH Y HAC OCTAIOTCH TOJbKO (PAKTOPH! CBS-
34 — BeposATHO, pensHKa3n. C NOMOUIBIO TakKo#t (YHK-
IIHH CceJeKTHBHOE NpeHMyLIecTBO, 3aKJAOYeHHOe B Ipo-
LyKTe TPAHCASIHH, MOXeT OnTbh Haunbonee 3h@eKTHBHO
ucnoas3oBano s obpatHoit cesdu ¢ MPHK. Crnenosa-
TenbHo, chnenndHUecKHe pemyHKasn (KOTOphle Bce IpH-
HafJieXaT K OJHOMY KJ/IAaccy CXOJAHBIX OeNKOBBIX MoJe-
KyJ) He TOJBKO CO3Jal0T NPeANOoCHIKY NJs BO3HHKHO-
BeHHS THIEPUHKIHYECKOH ¢BSI3H, HO H OKa3bIBAIOTCSH

9 3axk. 1273
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KpafiHe BaxKHBIMH I JanbHeflleldl 3BONIOUHH GeNKOB,
TaK KakK TOJIbKO OHH MOTYT cOOOUIHTHL HHbOpPMAalHOHHOH
PHK, uTo uMeHHO siBasieTcsi eHOTHNHYECKH BHIMOJHBIM,
H OCYUIeCTBHTb OTOOP HA TeHOTHIIHYECKOM YpOBHE, T. €.
NOCPeACTBOM  HHTEHCHBHOTO CHHTe3a  onpefejeHHOH
uMPHK. Kak MH yBuauM B ciaefyioumeMm pasjiene, Takas
CeJIeKTHBHASt CBSI3b MeXJ1y TeHOTHNHYECKHM u (eHoTH-
NHYECKHM YPOBHSIMH Jyulle Bcero paboraer B cOYeTaHHH
¢ TPOCTPAHCTBEHHBIM pa3jejieHHeM, HJAH KOMNapTMeH-
Tanuei.

Janee cienyer oXupaTh NMOSIBAEHHST KaTaJHTHUECKOH
NOANEPXKKH AJst pa3fuuyHbix QyHKuu# tpancasuuu. Ecau
penJinkassl YCTaHOBHJIH omnpejnesnenHyio cBsisb ¢ TPHK-
nopo6uniMH HHPopManuonusiMa PHK (Brawouas ciona
H IJIOC-, H MHHYC-IENIH), TO HX cNocOGHOCTH K paclo3Ha-
BaHHIO BIOMHE MOT'YT HCNOJMb30BAThCS U1 OCYILEeCTBIEHH S
CHHTEeTa3HOH H «TpaHcaaTa3Ho#t» (T. e. mpepHGOCOMHOM)
dyuknuil, [IpyruMH ClOBaMH, TeHHBI AYMJIHKAT peNJu-
Ka3bl BIOJIHE MOXeT OBIThb mnpeaurecTBeHHHkoM MPHK
IJst CHHTeTa3H, a Takxe s Takoro ¢aktopa TpaHCIs-
unn, kKak EF Tu, Tem Gosee uTo XHMHUECKHE MeXaHH3MH
GYHKUHOHHDOBAHHST peNJHKasH H (akropa mNepeHoca
OUYeHb CXOAHH H B COBPEMEHHBIX CHCTEMax, MO-BHIHMOMY,
OCYUIECTBJASIIOTCS ONHHMH H TeMH JXe OCTaTKaMH.

[TocTenenno auBeprupymomue nABoHHBIE (YHKIHH,
BepOSITHO, NpeAcTaBaAsNu co00H OueHb paHHIOD OcOoGeH-
HOCTb MEXaHH3MOB pelJIHKalHH H TPaHCASUHH, TOYHO
TaK e KakK AYIJHKaluus reHoB Oblja OfHOH H3 ABHXKY-
IIUX CHJ 5BOJIIONHH HAa ee OoJiee MO3AHHX 3Tanax. TakHe
INBOHHBle (PYHKIHH OCTAaBHJH CBOH C/lell B COBPEMEHHHX
KJETOUYHBIX OpraHesstax; BHPYCHl TaKXe HCNOJb30BaJH
HX OpH cBoe#l mOCTOHOJIOTHYECKOR SBOJIIOUHH B KJETKe-
xo3sinne. I'enom dara Qg koaHpyeT TONBKO OAHY CYyOb-
e[HHHULY CBOEH pemHKa3bl, OJHAKO HCHOJb3YeT ellle TpH
dbakTopa H3 KJIETKH-X035HHA, KOTOpHE OLIIH HAEHTHDH-
LUHPOBaHbl KaK pHOOCOMHBIH 6elok S; u (haKTOpH 3JIOH-
raunn EF Tu u EF Ts [87, 88].

Bubpuxep [89] wuccmenoBan cBoficTBa 3THX (aKTo-
POB H YCTAHOBHJ, YTO OHH BHINOJHSIOT OJHOBPEMEHHO
HeCKOJbKO (YHKUHH 0pH pPHOOCOMHOM KOHTpOJE, He-
NnoJb3yss ¢BOWO NPHOGPETeHHYIO CNOCOGHOCTh Y3HABATh
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Moaekyast TPHK. Oum yTBepxkpaer, uYTto B KJeTke
E. coli wumeercst npeillecTBeHHHK (arocnenHdHIHOro
B-baxTopa Qp-pensinkassl, H 5To, Mo-BHAHMOMY, HeficT-
BHTENBHO TakK. lIcmosnb3ys HMMyHOJOTHYECKHE METOMH,
Bubpuxep cmor naeHTHQHUHPOBATH GeNOK, coAepKauluil
EF Tu u EF Ts, koTopH# BeleT cefst kak npeaecT-
BeHHHK (Qp-pen/iukasn B He3apaKeHHOH kaeTke E. coli
U  KOTOPHH, NO-BHAHMOMY, YuacTByeT (HEH3BECTHHIM
noka o6pasom) B cuntese PHK E. coli [87]. He uckJio-
4€HO, 4To MNOJO0OHBE COOTBETCTBHS OyayT oOHapYyXeHB
H B clydae cuHTeTas. Co3jfaeTcs BIedyaTJEHHE, 4TO KakK
TOJABKO BO3HHKa/Na Hekast (QYHKUHS — HANpHMep, CIO-
co6HOCTb y3HaBaTb onpegesennsle THne PHK, —-
[lpupona ucnonb3oBana 3Ty GYHKHHIO BCIOAY, TAE TOJb-
KO B Hell nogBasnach Heo6XoaHMOCTb (HampuMmep, NpH
cnelHGHYECKOR penmJinKauuu, OpH TpaHcnopre pHGocoM
H KOHTpOJie Hajl HX (YHKIHOHHpOBaHHEM, NPH aKTHBa‘
I aMHHOKHCJIOT).

B uekoropnix ormoutenusix o6pasoBanne PHK-comep-
XKamux ¢Garop MONMIO HMHTHPOBAThH 3BOJIONHIO TEPBHU-
Heix MPHK. ®arum uncnons3yloT MakKCHMaabHO BO3MOXK-
HOe 4HCAO Py IKHHH KJIeTKH-XO35IHHA, 3a HCKJIOYEHHEeM
oniHOH — chenudHYeCKOro Yy3HaBaHUsS cBoero cobcTBeH-
HOro resoma (T. €. CBSI3b MOCPeACTBOM chnenHbHYecKOH
pennukanuu). Pasnnunnlie ¢arn (uanpumep, Qp, MS?2,
R 17) HacnenyioT pasnununble ¢dakTopsl y3HaBauus [9],
XOTS BCe OHHM NPOHCXOASIT OT ofUlero mpejaka B KJeTKe-
xo3siuHe. B uacTa A 6bIO TaKKe NOKa3aHo, YTo NepBas
da3a uHgna pasmuoxenus PHK-conepxamero ¢ara
SKBHBAJIEHTHA MNPOCTOMY THIEPHHKJIHYECKOMY MNpPOLEcCy
yCHJIEHHS.

XVL.10. Mouemy Xe B KOHEYHOM cyeTe — KJIETKH
¢ 06beIHHEeHHBIMH TeHOMaMH?

Tunepuukian €noco6CTBYIOT YBeNHUEHHIO HHPOpMA-
[IHOHHOTO cOJlepXKaHus 6naronaps QYHKIHOHAJbHOR HH-
terpauvn ciacremsl MPHK, B koTopoii n/aHHA OTAEJIbHOH
PENJIHKATHBHOR €JHMHUIH OrPaHHYEHa H3-3a KOHEUHOH
TOYHOCTH KONHPOBaHHs. YBeJanueHHe HHPOPMALHOHHOTO

9*
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cojilepXKaHHs NO3BOJSAET NOCTPOHTb BOCNPOU3IBOAHMEBIH am-
NapaT pemJINKAallHH H TPaHCASLHH, IPH HAJHYHH KOTOPO-
ro MPOAYKTH TPAHCASLHH MOTYT 3BOJIONHMOHHPOBATH K
6oabiiell s pekTHBHOCTH. 3TO NAeT BO3MOXHOCTH NOBHI-
CHTh TOYHOCTB, YTO B CBOIO ouYepenb NMPHBOAHT K yBeJNHue-
HHIO MHOOPMANHOHHOTO COAEPXKAHHS KaXAOH OTIeJbHOH
PDEeNJIHKATHBHOA eNHHHUB H TeM caMbIM CHOBa YyJayu-
maer KauyecTBo ¢depmeHToB. OnHOBpPEMEHHO, KaK MNOKa-
3aHo B pa3n. XV, THIEPUHKA caM 3BOJIIOIHOHHPYET K
6oablieff CAOXKHOCTH, HHTErpupys Bce Ooubiue aHbde-
PEHUHPOBAHHBIX MYTAHTHHIX T'€HOB.

YBenuuedne HHPOPMANHOHHOTO  COJAEPKAHHA  He
TOMBKO HAaeT (epMeHTH Jyyllero KayecTBa — OHO MO-
KeT MO3BOJIHTh KaXXJoH pelIHKAaTHBHOH eAHHHIE HacJ/e-
noBath uudopmanHio Oosee deM st ORHOTO depMeHTa.
TeMm caMbIiM aBoftHBIE QYHKIHH MOTYT OBITH BHIUEPKHYTHI
H3 CNHCKA NPEeINOCHJIOK SBOJIONHH HA €e paHHHX 3Ta-
nax, 1. e. gynauuupoandisie MPHK moryr passuBaTthest
He3aBHCHMO, B COOTBETCTBHH C KOHKPETHRIMH (YHKI[HO-
HaJbHBIMH HYXJAAMH CBOHX NPOJAYKTOB TpPaHCASAUHH. 3TO
MOTIJVIO MOC/Y:KHTb HA4a/JOM Da3BHTHS ONEPOHHBIX CTPYK-
TYp ¢ MeXaHH3MOM KOHTPOJS Haj OJZHOBPEMeHHOfl pen-
JHKAaNnHeH HeCKOJbKHX CTPYKTYDHBIX reHOB. Takum o6pa-
30M, H3 penJHKa3 MOIMH 3BOJIIOIHOHHO Pa3BHTbCS
OoO6bIuHBIe MOJHMepasnl, CBI3aHHBIE €O CHelNHGHYECCKHMH
KOHTPOJNBHBIMH (akTopamMu UHAYKUHH HJAH penpec-
CHH.

Teneps, korjda MBI OcO3HaJMH MNpenMmyuiectBa (YHK-
{HOHAMLHOH CBSI3H, KOTOpas, BEpOSITHO, gBJseTcs ab-
COJIIOTHO HeOOXORHMOH §/s 3apOXAeHHs TPaHCASALHH,
YMECTHO CIPOCHTb: NodyeMy Xe (PYHKUHOHAJNbHAS CBS3b
B KOHEYHOM cueTe Obllia 3aMeHeHa MONHOH CTPYKTYpHOMU
HHTerpanueli Bcex TeHOB — Belb TEeHOMH JAaXKe CaMbIX
NPHMHTHBHBIX KJETOK CTPYKTYpHO eqHHBl. KakoBbl orpa-
HHYCHHS THIEPIHKIHYCCKOH OpraHH3anHH H KaKHe YCOo-
BepllIeHCTBOBAaHHS B HEE MOXKHO BHECTH?

B cucreme, peryaHpyeMo#i (yHKUHOHAJBHBHIMH CBS-
3fMH, MOXHO BBIJEJHTb ABA KJnacca MyTrauuf. Myrauun
MepBOro KJacca H3MEHSOT Npex/]e Bcero (eHOTHNHue-
cKHe cBoficTBa camoit HuHpopMmaunoHHo#t PHK u rteMm
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caMbiM MOJAH(QHIHUDYIOT ee TAapretHylo GyHKuHow'! no
OTHOUIEHHIO K CIenH(PHYECKOH pemIHKase HIH (AKTOPy
KOHTPOJIS. OTH MyTalHH OCOGEHHO BAaXHH Ha PaHHHX
sTamax »>BOJIIONHH — POJb (EHOTHNHYECKHX CBOHCTB
PHK-cTpykTyp oueHb Benuka. Takue TapreTHsle myTa-
IHH HEMEIJIGHHO CTAHOBSTCS CEJEKTHBHO 3PP eKTHBHBIMH:
6maronpHsiTHble MyTanuu O6ynyT ¢HKCHpoBaThes, HebJa-
FOTNpHSITHBIE — 3JUMHHHPOBATHCS.

Bropoi#t knacc MyTanuii, KOTOpble MOTYT GBITh HJH HE
ObTb HEHTPANbHBIMH MO OTHOIIEHHIO K TAPreTHOR (YHK-
IIHH, OTHOCHTCS K ()EHOTHNHYECKHM H3MEHEeHHSM B IpO-
nykrax TpaHcasuuH. UeMm Gosee cnenuanH3upoOBaHBI HH-
dopmanuonnsle PHK, Tem cnenumpuunee Mytauus Mo-
eT H3MEeHHTb XapaKTep (GYHKIHOHHPOBAHHA NPOAYKTA
TPaHC/SIHH.

Byner nu or6op cneunduueckn 6aaronpusiTCTBOBATDH
MYTaHTy 3aBHCHT TOJIbKO OT TapreTHo#t (YHKuHH; NpPH
3TOM HeBaXHO, B KaKyl0 CTOPOHY H3MEHHTCS NpPOAYKT
TPaHCASUHA — B O/1arONPHSiTHYI0, B He6JaronpHsTHYIO
UJIH XKe ero u3MeHenne Oyner uefirpanbHuM. Iast GoJee
NO3JHHX CTajuil NOKJETOYHOH 3BOJIOUHH CaMbIM OOBIU-
HbIM CJIeCTBHeM MyTauud 6yleT ¢eHOTHIHUYECKOe H3Me-
HeHHe NpPOAYKTA TPAHCASINHH B COUYETAHHH C HEH3MEHHOH
tTapretHoft dyHKumell. 3areMm MyTaHT Oymer pas3MHO-
KaTbhCs, HO NpH 3TOM He Oyner HabawlaTbest or6opa
HY B NOJb3y MyTaHTa, HH B NMOJb3y AHKOTO THmMa (B cay-
yae, KOTZa NPOAYKT TPAHCASIHN MyTaHTa OKaXKercs AJst
nocjefnero He6GnaronpHsTHBIM). EXHHCTBeHHOe, YTO pe-
aJbHO NOCTHTHYTO,— 3TO Ol€HKA CHCTEMB! B LEJOM. 3TO
MOXeT OCyUIeCTBJISATbCS NMyTeM MNPOCTPAHCTBEHHOTO pas-
nenenus cucrem MPHK: ¢ noMombio wHm nam naxe
eme Gomee 3pdeKTHBHO — NOCPEACTBOM KOMNapTMeHTa-
uun. Undopmannonnas PHK B nauHoM koMmapTMenre
MOXeT oforamarth OKPYXamUlylo cpely CBOMMH IPOAYK-
TaMH TpaHCASNMH H KOHKypupoBaTb ¢ PHK nmpyrax
KOMIIapTMEHTOB, HCHOJb3ysl CBOIO 3((EKTHBHOCTD NPOJIH-
depauun. YacTHYHO 3TOTO MOXKHO IOCTHYb ¥ MPOCTO

t Taprernas ¢yukuus (target function)— aTo ceoiicTBO Hyk-
JIeMHOBOM KHCJNOTHI OhlTh Muwenblo (target) npm cmenudpudeckom
B3auMOJIeHCTBHN C JaHHOH MaKpOMOJNEKyJNOH, T.e. ee CMOCOGHOCTh
ObITb NpaBHIbHO Y3HAHHOH. — [Tpum. nepes.
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NyTeM HPOCTPAHCTBEHHOTO pa3jesenns. OgHako KOMIapT-
MeHT 0e3 THNEpPUHKJHYECKOH opranmsanun Booblue He
6ymer paboTaTb. YcHIeHHast KOHKYpPEHIHS MeX1y Bce-
mMu uHHpopmanunoHHemMu PHK B orpanunueHHoM KH3HEH-
HOM [IPOCTPAHCTBe KOMNApTMeHTa pa3pymur Jioboe
coryiacoBaHHoe (YHKIHOHHPOBaHHe.

KoMnapTmeHT MmoxeT mnponudepupoBats Gojee 3¢-
(EKTHBHO, COTJIacysi CBOe BOCIPOH3BEJeHHE C pelyIIH-
Kanueil Bcero cBoero Ha6opa reHoB. J[lyist 3TOro, KoHeuy-
HO, HEOGXOJHM JOCTATOYHO CNOMHBIA MeXaHH3M KOHTPO-
ast, paGoTy KOTOPOrO MOXHO OO6JeryuTb HHTerpanuei
BCEX TeHOB B OJHY THTAHTCKYIO PENIHKATHBHYIO eNHHH-
ny. Takag HHAMBHAyaNH3anHs BCero KOMIApTMeHTa
TpeGyeT BHICOKOH TOYHOCTH anmapata pelJHKaIHuH.
B wacte A ™Mbl cpaBHHIN HHDOPMAIHOHHOE COLepKaHHe
Ha pa3NHYHBIX OHOJIOTHUECKHX YPOBHSIX C COOTBETCT-
pylomuMu (1 HaGMIOLAaeMbIMH) TOYHOCTSIMH pelJIHKAlHH
(cM. Taba. 4). ,

WupuBupyanusanust KoMnapTMeHTa, BepOsATHO, CBs-
3ana c¢ mnepexogoMm ot PHK-rewoB uam onepoHos
kK JIHK-reHomaM, Tak Kak AOCTaTOYHO BBICOKYIO TOY-
HOCTb MOXeT rapaHTHPOBAaTb JHIIb MeXaHH3M pelHKa-
uua  JJHK. HoBas wuuauBHAya/JH3OBaHHas €JIHHHNA
IpencTaBasjia Cco60# HHTETPHPOBAHHYIO INPOTOKJIETKY.
INpenbinyme#t ¢GyHKUHOHANBHOH OpraHu3anHH TEeHOB H
HX HPOAYKTOB INpHILIA Ha cMeHy OoJjee coBeplLIeHHast
CTPYKTYpHO-QYHKIHOHAMbHASL OpraHu3anus. Bojee noa-
po6HOe H3yueHHe KOJbIEBHX FeHETHYCCKHX KapT MOXeT
elle OOHAPYXHTb KakHe-TO TNpH3HAKH (a3n Hauaja
CTPYKTYpHOH OpraHH3anun, x0T peKOMOHHAHOHHBIE
snureHeTnuyeckue S¢deKTE MOIH CTepeTb MHOTHe
clefibl.

BenencTBue yHHGHKAUHH K HHAHBHAYa/JH3alHH YHC-
THI# POCT NpH OecnojoM pa3MHOXEHHH KJIETOK NOIYH-
HSIeTCSt aBTOKATaJHTHYECKOMY 3aKOHY MepBOro MopsijKa
(B orcyrcTBHe HHTHOHpOBaHHsi). [lapBHHOBCKHe CBOH-
CTBa TaKHX CHCTEM JOMYCKAIOT CEJIEKTHBHYIO 3BOJIIOIHIO
H CcoCyuecTBOBaHHe OOJBIIOTO YHC/Ia Pa3HOOGPAa3HBIX
BunoB. OKa3blBaeTCd, UTO HHTErpasibHOE eJHHCTBO KJeET-
KH HMeeT NPEBOCXOACTBO Haj Oosee KOHCePBAaTHBHOMH
¢opMoil rumepyHK/IHYCCKOR OpraHn3amuH.



XVII. Peasucrudeckue zpanuynsie ycaosus 247

C #pyroit CTOpPOHBI, MOCHENYIOIMAas 3BOJIOLHA MHOIO-
KJaeTouHbix [90] opranuH3MOB CHOBa MOTJIA HCIOJNb30BATH
AHAJOTHUHBIE HJAH JpYyrHe ¢GHOPMB THIEPHHKIHIECKOH
opraHu3anuu (HeJHHeHHHlEe CeTH), T'le HOBBIMH cyObe-
DHHANAMU OBUTH KJETKH, H TeM CaMbiM B HEKOTOPBIX
OTHOIUEHHSIX OHA MOLJIa OKa3aThcs CXOJHOH ¢ mponec-
COM MOJIEKY/SIpHOfi caMOOpraHH3alHH.

XVII. Peaaucruyeckue rpaHuYHbIE YCAOBUS

OGcyx/aeHHe «peaHCTHYECKOTO THNEpPrHKAa» OhLIO
Obl HenmoJIHbIM 6e3 paccMOTPeHHS peaJHCTHYECKHX TpaHHY-
HBIX YCMOBHH. MBl OCTaHOBHMCS Ha 3TOM BONpOCe JHIIb
BKpaTue He NMOTOMY, YTO He NpH3HaeM BaXHOCTH rpa-
HHYHBIX YCJIOBHH JIJ19 HCTOPHYECKOro INporecca 3BOJIO-
MM — BO3HHKHOBEHHE XH3HH Ha Hallefi mJaHeTe B KOH-
1e KOHLOB eCTb HCTOpHUYeCKOe COOBITHE,— a HOTOMY, YTO
NOHHMAaeM, KaK MaJo B JeHCTBHTEBHOCTH MBI MOXeM
cKa3aTb. B To BpeMms kaK pannue craduu xu3nu H3-3a
3BOJIIOIMOHHOR COTIACOBAHHOCTH OCTABHJH XOTb Kakof-
TO CJ1el B COBPeMEHHbIX OpPraHH3MaX, COOTBETCTBYIOLIHE
CBHJETENbCTBA PAHHUX YCA08UL Cpedsot OTCYTCTBYIOT.
Jo cux mop B HameM OOCYyXJAeHHH MH OBLIH, HaBepHOe,
B KAaKOH-TO Mepe HECNpaBeJJIUBH MO OTHOIIEHHIO K
3KCIlepHMEHTaM, HMHTHPYIOUIHM NepBHUHHIH Ge3MaTpuu-
HBIAL ‘CHHTe3 6esnka, KoTopble OblIM NpoBeneHb POKCOM
[91] u mpyrumn uccmenosBateasiMu (cM. o63op [ose u
Payxdycca [92]). Hawa uenas cocrossa B TOM, YTOGHI
NOHSITh NPHHUHNB PaHHHX (QopM OpraxusanHH, KOTOphe
clenay BO3MOXHBIMH CaMOBOCIPOH3BeJeHHe, OTOOp H
3BOJIIONHOHHYIO ajanTalHilo GHOCHHTETHYECKHX MeXaHH3-
MOB — KaKHe CBOHCTBEHHB COBPEMEHHBIM XHBBIM KJIET-
KaM. Be/JKH He HacJAeIyIOT OCHOBHBIX (PH3HYECKHX INpen-
NOCHIJIOK AJsT TaKoH ajanTanHOHHOH CaMOOpraHH3a-
UHH — 0 KpaiiHell Mepe He B TaKo# OoueBHAHOH (opme,
KaK 5TO CBOHCTBEHHO HYKJEHHOBHIM Kucioram. C apy-
rofi CTOPOHH, GeJKH HACAeAYyIT KOJOCCAaNbHYIO (YHK-
[IMOHAJNbHYI0 eMKOCTb, B UeM OHH [aJIleKO NPeBOCXOAAT
HYKJEHHOBble KHCJAOTH. [10CKOABKY O€JKH B NMEepBHYHHIX
YCJAOBHSAX MOTYT 00pa3oBaTbcsi rOpasfo Jeruye, HaslHuHe
GoJbIIMX  KOJNHYECTB  pasHOOOpasHBIX  MAaTepHaJoB,
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obaajalouHX KaTaJHTHYECKHMH CBoHcTBaMH, OBLITO, Ha-
BepHoe, CyUlecTBeHHBIM cBoficTBoM cpeanl. lccrenosa-
HHST B 3TOH 06/acTH $ICHO NMOKAa3aJjH, 4TO B NePBHYHBIX
YCJOBHSIX MOT CYILeCTBOBATh BNoJiHe 3¢ ¢eKTHBHBIA Oes-
KOBBIH KaTaJsus.

B stom oTHoweHnH 0cO60Or0 BHHMAHHS 3aCHYXHBAOT
noBepxHoCTH. [1OKpHITEHeE KaTaJHTHYECKH AaKTHBHBIM Ma-
TEpHAJOM, OHH MOINIH [peiACTaBJATb cobolt Haubojee
6aronpusiTHble MecTa ISt IPpOTeKaHHS TMEPBHYHHIX [1PO-
neccoB cuure3a. OrpaHuuyeHue MOJICKYJ/ISIDHOTO JBHKe-
HHA B npejfiefax IUIOCKOCTH OuYeHb CHJbHO YBEeNHUHBAeT
3@ eKTHBHOCTb CTOJIKHOBEHHH, OCO6EHHO €CJIH MBI HMe-
eM [eN0 ¢ [0CNelloBATeNbHOCTSIMH peaknuil BBICOKOTO
nopsiiKa.

JI. Ousarep [93] nomuepkHBaj, 4TO B MEPBHYHBIX
yCJIOBHSX OKeaHbl, BePOSITHO, MOYTH CIJIOMb OBbIIM [O-
KPBITH CJNOSIMH OTJOXKHBIIEXCS THAPOGOGHBIX H TrHIpO-
bunbHEX BeurecTB (cM. Takxe [94]). BosMoxHo, B 3THX
MYJAbTHCJIOSIX CyLIecTBOBAJIH - OJIaTONPHSITHBIE  YCJAOBHS
LIS TPOTeKaHHs npesOHOJOrMUECKHX XHMHUYECKHX peak-
nufi. BBupy oOueBHAHBIX NpeHMyl1ecTB, KOTOpPble NAIOT
NOBEPXHOCTH, MBI HCCIENOBaJH CBOHCTBA THOEPIHK-
JIOB NPH COOTBETCTBYIOUIHX TpPaHHYHBIX  YCJIOBHSX
cpensl.

B KkauecTBe NpOCTOH MOAENH pPACCMOTPHM CHCTEMY,
nofo6HYI0 TOH, KOTOpas CXeMaTHUeCKH H300pa)XeHa Ha
puc. 59. CHHTe3 NOJHMEPOB NMPOTEKAeT TOJABKO B MOBEpPX-
HOCTHOM cJjioe (r=0), KOTOpHH HMEeT KOHEUHYID eM-
KOCTb IJIsl CBA3BIBAHHSt MaTpHI H ¢depMeHToB. KunHeTnuye-
CKHe ypaBHeHHs OyAyT HMeTb TOT e BHA, 4TO W IJ
FrOMOr'eHHOrO pacrBopa, TOJNbKO Temepb Mbl AOJKHE B
SBHOM BHAe yuecTb Audpdy3nwo. Mpl BBOAHM QVHKIHIO
pocTa, KOTOpasi 3aBHCHT OT MOBEPXHOCTHOH KOHuneHTpa-
UHH penAHKAaTHBHBIX MoJeKyn n depmenron. [Ipenro-
naraercsd, uto AHQQysus BHYTPH NOBEPXHOCTHOTO CJIOS
uner ObICTPO M He JUMHTHPYeT CKOpPOCTH peakunil. An-
copbuusi u gecopbuust MaKPOMOJIEKYJ pacCMaTpHBAaeTCs
KaK peakuus o6MeHa MeXJy [OBEpXHOCTHBIM CJIOeM
(r==0) u cnoem pacrBOpa, PHJIEralOLIUM K TOBEPXHOCTH
(0 << r < 1). PasnoxeHne MOXeT MPOHCXOAHTb Ha [I0-
BePXHOCTH pasiesa u/uan (TONbKO) B o6beMe PacTBopa,
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Cunmes
Abeopd
Lechpdigics

ﬁ upgysus

e2padayu
Dy, by
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r=0 r=1 Pacemosanue (r)

Puc. 59. Cxemartnueckoe mnpejicTarlieHHe MOJEJIH TreTePOrenHON pe.
aKlUMM C y4acTHeM THMePHUKINYecKOH CBA3M, BuigeneHH Tpu npo-
CTpaHCTBeHHble O6nacTH: 7 = 0 — noBepxHOCTb pasfiena, r == 1—
fnorpamMyHuifi cjofi y noeepxMocTH pasjena, r > 1 —o6beM pac-
tBopa, Ha xmmmueckme peakimm, mporekamolume 1[0 CXeMe THmep-
uMKJIa, HakMaAbBaercs Au(dy3us K MOBEPXHOCTH pasjena u 06-
paTHo.

HakoHen, TPaHCHOPT BeUleCTB K MOBEPXHOCTH H OT Hee
OMHCBIBAETCSt COOTBETCTBYIOWHM NHPPY3HOHHBIM YJEHOM.

B 3aBHCHMOCTH OT MNpeAnoJaraeMoro MexaHHaMma
CHHTe3a MOXeT BO3HHKHYTb HeoOXOJHMOCThL B PaccMOT-
PEeHHH He3aBHCHMBIX CaHTOB CBSI3BIBAHHSt NJs1 MATpHi H
IJsi GepMeHTOB. Mbl HCHOMB30BaJMH 3Ty MOAENb, YTOGHI
MONYyYHTh KaKoe-TO MPEeACTABJIEHHE O MOBEAEHHH THIep-
nHKI0B ¢ TpaHcasinnedt (e, pasn. IX B yactu B). Yuc-
JIeHHOE MHTErPHpPOBAaHHE N/ HEeCKOJbKHX Ha60poB KHHe-
THYECKHX MapaMeTPOB MPOBOJRNIOCH MO METONY, OMHCaH-
Homy B JaHTepaType [95]. MoXHo BHAeAHTh TpH
OCHOBHBIX Pe3y/nbTaTa, NBa H3 KOTOPHIX MOJHOCTBIO aHa-
JIOTHYHBl TeM, KOTOPhle MOJYUYHJHCh IJIs THMEPIHKAOB B
rOMOTEHHOM DacTBOpe,

A. Tlpu oueHb HH3KHX KOHIEHTPAUHSIX MOJHHYKJEO-
THAOB H MOJHNENTHAOB HJH npH OOJAbIIHX 3HaYeHUAX
K: [cMm. ypaBuennst (73), (75) m (79)] moBepPXHOCTHHIe
IJIOTHOCTH [OJHMEPOB He [OCTHTalT CTAanHOHAPHHIX
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3HaueHH#, a yOBIBaloT JNHO60 MOHOTOHHO, JH6O ¢ 3aTy-
xaloWuMy Kojie6anusimu, COOTBETCTBEHHO uYepe3 HEKOTO-
poe Bpems MaKpoMmoJeKyJ/bl BhIMHpaioT (puc. 60).

B. Brhinre onpeneaeHHOT0 MOPOTOBOTO 3HAYEHHS MOJ-
HOM KOHLEHTpalHH B cucTeMax ¢ n << 4 Habmwopaercs
BBIXOJ Ha MNpeleNbHBI# HHKJA. Takas cUTyalus aHaJo-
THYHA CJAYYal0 HUXKHEro KOHIEHTPalHOHHOTO MNpejesna B
roMOreHHoM pacTtBope (puc. 61).

B. llpu pocraTouHo GOJNBUINX KOHIEHTPAUMAX MBI,
HaKOHell, NoJiyyaeM CTaiHOHAPHOE COCTOSTHUE:

. 0x; . 0Oy,
tl-lﬂ-]o—gt‘_ =0, tl-;r?o a5 =0
X%>0,5.>0,i=1,2, ..., n (puc.62),

rie x; ¥ y; — KOHUEHTpauuu ¢epMeHTOB H HHPOpMAIH-
oudbix PHK cooTBeTcTBeHHO, X; M j; — HX CTalHOHap-
Hble 3HA4YeHUs, [ — BpeMs.

—“—

Puc., 60—62. HMnterpasnbHbie KpHBLe, MOJyyYyeHHble YHCJIEHHHIM HHTE-
rpupoBaHHeM CHCTeMH aunddepeHnuaibHuX ypaBHEHH#l B YaCTHBIX
(POM3BOJHHX, KOTODAsg COOTBETCTBYET MOJeJH, H306paKeHHo#H Ha
puc. 59. B kmHeTHueckue YpaBHeHHs BXOJIMT (yHKumMA pocta Aj
BBeJeHHAas B 4acTH D, XOTOpPas OTHOCHTCH K 4eThipexyJeHHOMY rIH-
mepuukJy ¢ TpaHcasumeit (dacte B, pasp. IX) m Kotopas mmeer
HeHyJeBble KaTajJMTHYeCKHe UJieHH TOJbKO Ha MOBEPXHOCTH pas-
ngena (r = 0). Ilanee, ypaBHeHHsl Y4MTHIBAalOT ajcopbumio m mecopo-
uMio (a5, d;, onHchiBalOINHe NepeXOAH YacTHIl MEXAY COCTOSHHAMH
r=0 u r==1), rugponus (mpoucxoifAwnii npu r = 1) un auddy-
30 B o6bem pacTBopa (r > 1, T.e. O6MeH C MOrPpaHUYHBIM CJoeM
r=1). Tpun xpuBHe B KaxJOH rpyfme OTHOCATCA K TPeM MPO-
CTPaHCTBeHHHM mnoJoxewnam: r = 0 (BepxHas), r = 1 (cpennss)
u r =2 (anxuas). Pucynkn 60—62 pasimyaioTcs TOJBKO TEM, 4YTO
OHH COOTBETCTBYIOT PA3HEIM 3HAUEHHAM KOHCTAHT CTAaGMJIBLHOCTH Ka-
TaJHTHYECKH aKTHBHBIX KommiexkcoB Ii X Ei—i, KOTOpHe MMeEOT Ha-
Gonbuiee 3mauenme (0,16) nas puc. 60, mpomexytounoe (0,06)—
Anga pue, 61 n mummmaapwoe (0,04) ans pwuc. 62, BanaHc Mexay
06pa3oBaHHEM MPOLYKTOB M MX YHaNeHHeM H3 CHCTEMB JOCTATOuEH
1As TOro, 4TOGH MOXKHO ObIIO He BBOLHTb pa3GamJieHHe. HOnas cu-
Tyaumu, fnpejcTaBieHHofi Ha puc, 60, rie Bce mapTHEpH I+ n E;
BHIMHPAIOT, MPH BHIOPAHHBIX HamMM 3HAUEHHAX COOTBETCTBYIOIIHX OJ-
HOPOJHHM mapaMerpam fi, ki — COrJacHO YacTH B, pasn IX—
a;, d; m D) apToxkaTanuTHueckoe o6pa3oBaHHe MPONYKTOB HE MOXeET
KOHKypHPOBaTb C yjAajieHHeM HX TOCPeACTBOM Anp¢py3uH H pasJjo-
KeHns. B ABYX OCTajbHBIX CNy4afix Ha rpaHuue pasjena ycTaHaB-
NNBaeTCd YCTONYMBAA THNEpUMKANYECKAS OpraHu3auud, NpH KOTOpO#
QHC/AGHHOCTH monyasmifi am6o xomebmores (puc. 61), nnbo ocra.
J0TCA CTaiuoHapHHMM (pHC. 62).
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B cucremax MeHbule#l pasmepHOCTH (n << 4) Ha6A0-
JaJioch JUIIb MoBeneHue Tuna A u B,

OTH Moje bHble BbIYHC/AEHHS OBLIH JOMOJHEHB HC-
c/IefIOBAHHSIMH HECKOJNBKHX CXOILHBIX Mpo6jeM ¢ HCHOJMb-
30BAHHEM CTOXACTHUECKHX MeTOJOB MalHHHOH HMHTa-
nuy. PesyabTaThl CHOBAa BBISBHJIM GJIH3KYIO aHAJOTHIO
MeXJly MOBEJECHHEM THMEpPIHKJOB Ha MOBEPXHOCTAX pas-
JgeNa H B TOMOTeHHOM pacrBope (Kak OBUIO MOAPOGHO
ONHCaHO B yacTH B).

Yuer peasHCTHUECKHX TDaHHYHBIX YCJHOBHH — 3TO TOT
MOMEHT, Ha KOTOpBIH JenaeTcst ocOOHIN aKueHT B CTaThb-
six Kyna [96]. Mbl He crmopuM ¢ ponyuieHHeM <«CTPYK-
TYPHPOBAHHOH Cpefbl», HO MBl H He 3HaeM TakKKe, MOXHO
JH COINMACHTBhCS C TMOCTYJHPOBaHHEM CTPOTO ompene-
JIEHHBIX YCJIOBHH cpelbl, MOKa He OYAYT MOJY4YeHH IKCMne-
pHMeHTaJIbHble JaHHBle, KOTOPble MOKAaXyT MO MeHblied
Mepe MOJIe3HOCTh TAKHX MOCTYJIATOB.

Hamu monenu HukouM o6pa3oM He OrpaHHUEHHI CJIy-
yaeM MNPOCTPAHCTBEHHON OJHOPOAHOCTH (CM. BBIYHC/E-
HHsl, OpHBeleHHble BhIlle), JIOrHUYeCKHe NPEANOCHIIKH,
JexaulHe B OCHOBe pPa3jIHYHBIX Mojejell,— a HMEHHO
CYIIeCTBOBAHHE KOJOCCAJIBHOTO YHCAA CTPYKTYPHBIX Ba-
pHaHTOB, TPeOYIOUIHX eCTeCTBEHHOro OoT6opa, orpaHnye-
Hue HHGOOPMAUHOHHOrO CONEpXKaHHS OTAEJbHBIX perii-
KATHBHBIX €JHHHIl H3-3a OrPpaHH4YeHHOH TOUHOCTH HJIH
o6g3aTenbHOe HaJuuHe GYHKUHOHAJNBHOH CBSI3U A
obecrieyeHHust COTJIACOBAHHOH 9BOJIIOIHH BCEro aHcamo6-
Jg — Ha CaMOM [eJie OCTAaloTCs B CHJIE IPH AOMyUIeHHH
At00bLx peaNHCTHUECKHX ycaoBuii cpennl. BuiBox Kyna
O TOM, 4YTO MpeAJNOXeHHHH HaMu THI OpraHH3aHH
«OTPaHHUHBAETCst YACTHBIM CJy4aeM MNPOCTPAHCTBEHHON
OJHOPOAHOCTH®, He 3aTparHBaeT cyulecTBa Jeja. Kro
cTan OBl ceftuac yTBepXKJAaTb, UTO XH3Hb MOIJIA BO3HHK-
HYTb TOAbKO B TOPHCTOH cpele, HJIH- Ha MOBEPXHOCTSX
pa3nena, HWJAH B MYJbTHC/JIOSX Ha MOBEPXHOCTH OKeaHa,
HJIM B TOJLIEe MOPCKOH BOAH? Mopjenu MokasblBaloOT, 4TO
OHa MOXKET 3apoJuThcs — ¢ Oojbliell HJAH MeHblIef Be-
POSTHOCTBIO — NPH JIIOOBIX MEPEYHCACHHBIX T'PAaHHUYHBIX
YCJIOBHSIX, HO B TOM H TOJBKO TOM CJyyae, eCjiH BHINOJ-
HA0TCH ofnpeneneHusie TpeboBaHust. ITH TpeGoBaHHS
oTHOCATCS K mMpobGieme TeHepanHH W HAKOMJEHHS HH-
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topmMauu H KauyeCTBeHHO He MEHSIOTCS MPH Pa3NHUYHBIX
TPaHHYHBIX YCJIOBUSIX.

B oCHOBHOM TO Xe caMoe MOXHO CKa3aTb U B OTHO-
IIEHHH BPEMEHHOHR ONHOPOJHOCTH HJIH HEOXHOPOIHOCTH.
B uvacta B Onlmo nokasaHo, 4TO CeNEKTHBHBIE KPHTEpPHH
MOTYT NPHHUMATb 0COBeHHO npocTyio GopMmy, ecaH OHH
MpUMEHSIOTCS AJg YCIOBHA CranHOHapHOCTH. [locKOJb-
Ky B HUX BXOJST OTHOCHTEJbHBIE, a He a6COMIOTHBIE
CKOpPOCTH peakuufl, oHH KAa4YeCTBEHHO OCTAKTCs OfHHA-
KOBBIMH HE3aBHCHMO OT TOro, 6yJAeT JIH CHCTeMa pacTH,
Koe6aTbCst HJH HAaXOOHTbCH B  CTAUHOHAPHOM CO-
CTOSIHHH,

He BhI3mIBaeT COMHEHHI, YTO OTKHT SIBJASETCH MOJe3-
HOH# npouenypo#i B pellleHHH MHOTHX mnpobJjeM, CBsS3aH-
HBIX ¢ paspeneHHeMm ¢da3. OnHAKoO BOmpoc O ToM, GyAyT
JIH TemynoBble (JIYKTyallld B PaBHOH CTeMeHH MOJIe3HBl H
aast or6opa 0oJjiee NJHHHBIX MOJHHYKJIEOTHAOB, LOJKEH
OBITb peleH 5KCnepHMeHTaabHO.

Uro6sl yCTAHOBHTb, MOTYT JIH TeMIepaTypHBE (PJayK-
tTyauuu cnocofcrBoBaTh 0TOOPY nemnefi ¢ NOBHIIEHHHIM
HHGOPMAIHOHHEIM COJEPXKaHHEeM, CJelyeT TUlaTedbHO
NpOaHaNH3HPOBATh OTHOCHTGNbHBIE TeMIepaTypHble KO-
3¢ QHIHEHTH BCeX COOTBETCTBYIOUIHX MpolleccoB. TeMre-
paTypHBI  KOS(QGHUHEHT THAPOJH33, MO-BHAHMOMY,
MakcuManteH. HuHcTpyxTuposannas = pemnuKanusg, Kak
NpaBHJO, BOBCE He YCKOpseTcst NpH BHICOKHX Temmepa-
Typax. Jego B ToM, uTO BKJIOYAIOUAACH HYKJEOTHA NOJ-
JKEeH KOONEepaTHBHO CBSI3aTbCSl CO CBOMM KOMIJIEMEHTap-
HBIM OCHOBAHHEM B MaTpulle, OJHOBPEMEHHO HCHOJb3Ys
CTHKHHI-B3aHMOJEHCTBHE C TNpeAbAYIIMM OCHOBaHUEM
pactyuiefi nernH, a Bbillle TOYKH MJIaBJEeHHS MAaTpPHIBI
TaKoe B3auMOJIeHCTBHE CTAaHOBUTCS HeBO3MOXHBEIM. Bcee
3TH CcOOOpaXKeHHsT OCTAlOTCs B CHJIe AJst J060ro BHAA
OKpyXamwulell cpeanl, 6yap T0 BoaHas ¢a3a, MOBEepXHOCT-
HBIi cJOf WJH KOMNApTMEHT B prnnosepﬂﬂcmM HJTH
MOpPHCTOM MaTepHale.

Baxybnv (akTopoM MoBHILIEHHS uH(popmauHOHHOFO
CONlepKaHUg sBASETCS TO, YTO KOMMJeMeHTapHble B3aH-
MOZeACTBHST CHJAbHEE HEKOMMJeMeHTapHhX. B obmeM
cjydyae AMCKPHMHHALHS HJET Jydllle NpH HH3KHX TeMIlie-
paTypax, ueM npH BHcokHX. Mummep #H Opren [63,
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c. 126] penamotr cienywouiuii BHIBOJ M3 CBOHX 3KCHepH-
MeHTaJNbHBIX NAaHHBIX: «Mbl He 3HaeM, KaKoBa Oblla TeM-
MepaTypa MEPBHYHOTO OKeaHa, HO MBI MOXeM CKa3aTb,
YTO HECTAOH/IBHOCTb PA3JHYHBIX OpPraHHYECKHX COeJHHe-
HH# M moJuMepoB sBasercs yOeaHTeJAbHBIM NOBOAOM B
HOMb3y TOTO, 4TO KH3Hb He Morjga Ob BO3HHKHYTb
B OKeaHe, ecqn Obl ero Ttemmeparypa He Obla HHXKe
25°C. Temneparypa 0°C BecbMa crnocoGcTBoBana Gbl
3TOMy Mnpoueccy, a Temnepatypa —21°C 6bi1a 6Bl paxe
eme ayume, [Ipn Takux HH3KHX Temnepatypax OoJjbluast
yacTb BOAB Ha NMPHMHTHBHOH 3eMJse Haxojammach Obl B
BHJe JbJa, a MHAKAsK MOPCKasg Boxa mMenach OBl TONBKO
B 9KBaTOPHAJBHBIX 00/aCTSX OKeaHa.

EcTh W Ipyroe OCHOBAaHHE CUHTATb, YTO KH3Hb BO3-
HHKJA NPH HH3KHX TeMNepaTypax —B OKeaHax HJH B
o3epax. Bce peakuun, HanpasmsieMble MaTpHUAMH, KOTO-
pHle, MO-BHAHMOMY, NPHBENH K BO3HHKHOBEHHIO OHOJIOTH-
4ecKOH OpraHu3aunHH, HAYT TOJNBKO HHIXKe TeMIepaTypH
NaBJEHHS COOTBETCTBYIOUIe#i OPraHH30BAHHOH MOJHHY-
KJICOTHAHOH CTPYKTYyphl. B cayuae NONHHYKJICOTHRHO-
MOHOHYKJIEOTHAHBIX CHHpajseft —3TO TeMmnepaTydH OT
0°C (mau eule HHKe) no npuMepHo 35°,

-Cpeny, B KOTOpPOH BO3HHK/a }H3Hb, 4aCTO Ha: bIBAIOT
TeMNHM pa3faBieHHBIM OYJbOHOM OpPraHHYCCKHX COejH-
HeHufl. Mbl gyMaeMm, 4TO XOJOILHBI KOHIEHTPHPOBAHHBIH
6ynboH sBAsAACS OB Jyulilell cpenofl NS BO3HHKHOBEHHS
KH3HHY.

XVIII. HenpepbiBHOCTDH 3BOJIOLUNH

B srtofi mocnenHefi 4yacTH TPHJAOTHH MBI MONBITANHCH
N0Ka3aTh, YTO THNOEPIHUKJIB JeHCTBHTENBHO MOTYT OIH-
CBIBaTb pea/jibHble MaTepHaJIbHble CHCTEMBI, a He SBJS-
I0TCS JIHIIb YMO3PHTEAbHBIMH CTPYKTYpaMH,

DBosIONHST KOHCepBATHBHA H MNOSTOMY, He CuHTag
CNy4adHBIX pe3KHX H3MEHEHHH, gBJseTCH, NOo-BHAUMOMY,
MOYTH HempepbiBHbIM mnpoueccoM. OrT6op daKTHUECKH
OCHOBAH Ha HeyCTOHYHBOCTAX, BBI3BAHHBIX MOSIBJCHHEM
6maronpusAITHEIX MYTAHTOB, KOTOPble MPHBOASAT K pa3Ba-
Jy paHee ycTOH4YMBHX pacnpelesnenufi. OQHaKO NOTOM-
KM OOBYHO Tak OJNH3KH K CBOHM HENOCPECTBEHHBIM
MpefKaM, YTO H3MEHEHHS BBIABJASIOTCS OYEHb MOCTENeH-
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HO. [IpenGuosornueckast BOJIIOIHS HE COCTaBJIsieT HCK-
JIIOUEeHHUsI H3 3TOTO MpaBHJIa.

Tenepr KpaTko pestoMHpYyeM, KaKOBB, MO Hauiemy
MHEHHIO, CyuleCTBeHHble CTafAMH NPH Mepexoje OT HeXH-
BOTO K XHBOMY (CM. pHc. 63).

1. Tlopstnok nosiBNeHHS MEPBHIX MAKPOMOJIEKYJ JHK-
TYeTCS HX CTPYKTYPHOH CTaGHJBHOCTBIO H pacCHpoOCTpa-
HEHHOCTBIO COCTABJSIOMHX XHMHUYECKHX KOMIMOHEHTOB.
Ha paHHeii cranuu, BepOSTHO, HMEJNHCH GOJbLIHE KOJH-
yeCTBa HeKHX O0eJKOBOMOJOOHBIX BelecTs H HaMHOTO
meHbllge KosnudyecTBa PHK-mono6ubix nonmmepos. On-
Hako PHK-nono6uble noaumepsl B CHJAY CBOHX (hH3HUe-
CKHX CBOHCTB Hac/JeayIOT cnocoOHOCTh K CaMOBOCIPOH3-
BEJICHHIO, a 3TO sABJASeTcS HeoOXONHMOH npennoChIIKOH
IJ1si CHCTeMAaTHYeCKOH JBOJIIOUHH.

2. CocraB mepBBIX MOMHHYKJICOTHAOB TOXe JHKTYeT-
CA pacnpoCTPpaHEHHOCTbIO COOTBETCTBYIOUIHX XHMHUECKHX
KOMMNOHEHTOB., PaHHHE HYKJEHHOBHIE KHCJIOTH BOBCE He
OB/ OAHOPORHBIM  KJACCOM MaKpOMOJeKya — Clofa
BXofuJIH L- u D-coennuedHust 0 HCHOMb30BANHCh Pa3iny-
Hble THNH 3(QHPHBIX CBA3eH — MPeHMYHIIeCTBEHHO 2/—
5/, Ho, Kpome Toro, u 3'—5’. BocmpoH3BoAHMOCTb MO-
C/Ie0BATeIbHOCTEl 3aBHCHT OT TOUHOCTH KOMHPOBAHHA.
Haunbosee pJHHHBIMH BOCHPOH3BOAHMBIMH MOC/AeIOBa-
TenpHOCTSAIMH MoryT Obite GC-GoraTele NONHMEpHI.
C npyro#t cropoubl, HeoOxoaumnl H 3aMewenust AU-
tuna. OHH NO03BOJISIIOT MOJMYUYHTH ONpEAeseHHYIO CTPYyK-
TYPHYI0 THOKOCTb, KOTOpas O/JaronpusrcTByeT OBICTPO-
My BOCHIpoH3BeneHuio. BocnpoussonHMble nocjaenoOBa-
TeNBLHOCTH 06pasyioT KBa3HBHAOBOe paclipeieleHHe, KO-
TOpoe XapakTepH3yeTcsi JapBHHOBCKHM MOBeJeHHeM.

3. [NaTTepunl Ges 3amfATHIX B PACHPEACJICHHH MOTYT
urpath poJap uHdpopMaunnowubix PHK, B To Bpems kak
pend ¢ OTKPHITBIMH KOMIJIEMEHTapHbBIMH MNaTTepHaMH
(o3amoxHno, wmunyc-uenu MPHK) — poss apanropos.
[lepBble aMHHOKHCJOTHI COHOCTABMASIACH ajnanTopaM B
nopsiiKe cBoell pacnpocTpaHeHHOCTH. [IpOAYKTHI TpaHc-
JASOHU OBUIH OJHOPOAHB, MOTOMY YTO OHH COCTOSJIH B
OCHOBHOM H3 TJIHIIHHA H ajaHHHA. To Xe caMoe JOJKHO
O6LITh CHpaBelJIHBO 1/ OGOJBIIHHCTBA HEHHCTPYKTHPO-
BaHHBIX OengoB.
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llepssie
nonuyseomuds:

Suposncierne woduposerud,

TIpOGyRITISI MPARCRARRL, °E
oozamsre Gly u Ala

Tunepgunmaiecias guroeyus

ROOR ¢ GC-pamRoi,

roduposarue Gly, Ala, Asp ‘@
uVal, npumunmiensie (3]
penmurassl

Feomonus 2RnepyERIeCHoL
opearuzsaguy, ko0 RNY,
DETUTURR3], CURMEMIR3Y),
TIPECALECTIBEHAURTE PUDOCOM
IBOMIYUA KOO,
TIP0CTPaNCITIEeHR AR
KOMnapmmenmay s

TIoTHOCITIEN USRTUPOBRIHEIP
UTEDRILITTS), QORIITIPOSKHAE
PEDMERITI] PENTTRRARULL

u mpaKCnARR, SEAMORUS
LYENURE METRORTRIME

X HOHITIDOJTS, ONIEPORKAR
cmpywimype, PHi
COOMBEMCINGYem 10 ONRNE
eeripmy cospemerHaIx PHIC-
codeparnauiux 8Upycoe

Tipormonnemsa,
urmeEpUApoGANHSIL 2erom-LAK,
CTOHCHAIE QUEUMEHITISI,
METAHUIME! HORITIPOJIS
CYIITSIBAHILS, ORTBHER RIAR
JapaunoseRAA I8RINOURA
ToiyeRaem UEEDCRPERALUO

Puc. 63. T'umoTeTHyeckasi CXeMa 3BOJIOLMH OT OT/JEJbHHIX MaKPOMO
JIEKYJl 1O MHTETPHPOBAHHBIX KJCTOYHHX CTPYKTYP.
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4. Ectu  Kako#-Hu6ynp H3 MNPOAYKTOB TpaHCIAnHH
OKa3blBaeT KaTaJUTHYecKOe CONeHCTBHE penaHKayHy
cBoeit coberBennost MPHK, To umenno sta mPHK wmo-
XeT cTaTh JOMHHHDYWOUlEH B pacnpejeneHHH H BMecTe
€O CBOHMH GJIH3KOPOACTBEHHBIMH ~MyTaHTaMH OyneT
MPHCYTCTBOBATh B OOJbIUMX KOJNHYECTBaX. DTOT Mpouece
MOXeT ObITb HHHUHMHPOBAH KaKHM-THGO HEUHCTPYKTUpo-
8anHbim OEJKOM CPelbl, COCTaB KOTOPOro OTpakaeT OTHO-
CHTEJNbHbIE pacCnpOCTPAHEHHOCTH aMHHOKHCJOT, H, CJe-
AOBATEJNbHO, 3TOT BeNMOK MOMKET KOMHpOBATh cBOHCTBA
NEPBHYHBIX UHCTPYKTUPOBAHHLLY GENKOB.

5. Eciu myTante pomunupyiomeir MPHK npawor no-
HOMHHTENbHBIE MPEHMYIECTBAa, TO OHH, COTJAACHO KpHUTe-
PHAM THOEPUHKJIHUYCCKOH 3BOMNIONHH, MOTYT BKJIOUHTHCA
8 [HKJA BOcnpou3BeneHusi. Takum o6pa3oM MOXeT BO3-
#“HKHYTb THNEPIHKJHYECKas OpraHdu3anust ¢ HEeCKOAbKH-
WMH KoJnoHaMu. TaKas Tunepuuk/inuyecKkas OpraHHsanHs
ABJIIETCS MPEANOCHIIKO# AJST COrJIacOBAaHHOTO 3BOJIIOLH-
OHHOTO pa3BMTHS aNmnaparta TpaHcASAnUH. BrJ/IOYaercs
Bce Oonbillee H Oosibllee YHCJAO MYTAHTOB, H NOCTOAHHO
pacTymasi TOHHOCTb BOCHDOW3BEICHHS OOYyCJAOBJHBaeT
yIoJaHHeHHe nocaenoBartesbHOcTell. OGbennHeHHBE Mpel-
nlecTBeHHHKH TNOCPEACTBOM JYMJIHKALKKW TEHOB MOTYT
LaThb Hayajo pa3NH4YHbIM (ePMEeHTATHBHBIM aKTHBHO-
cTaM (pensHKa3aM, CHHTeTa3aM, DHOOCOMHBIM (akKTo-
paMm), KOTOphe 3aTeM AHBEpTHDYIOT.

6. CnoxHasi runepuHk/In4YecKasi OpraHu3anis MOXKer
9BOJIIOIIHOHHPOBATh [afblile TOJMbKO B TOM c/ydae, ec/H
oHa 3¢ppGdeKTHBHO HCMONb3yeT OsaronpHsTHHE (eHOTH-
nuuecKkne uameHenusi. [as cesekTHBHOro G6Jsaronpusr-
CTBOBAHHS COOTBETCTBYIOUIAM TEHOTHNAM HeOo6XOAUMO
NpOCTPaHCTBEHHOe pa3jenedue (nyreM o6pa3oBaHus
KOMMAapTMEHTOB HJIH KOMILIEKCOB), MPH HANHYHKH KOTO-
pPOro MOXeT MPOHCXOAHTbL OTOOP cpelH Pa3JHYHAIX KOM-
6urapnit myTaHToB. PufocoMni MOXKHO paccMaTpHBaTh
KaK PeJUKTHI TAKOro0 KOMMJIeKcooGpa3oBaHHs.

Mkul He 3HaeM, Ha KakKo# cTajHH TaKas CHCTeMa NpH-
ofpena cHOcOGHOCTb MOJIHOCTbIO HHTErpHpPOBaTh CBOE
HHPOPMANHOHHOE COREpXKAHMe B BHAE ONHOTO THTraHT-
ckoro reHoma. Jlng sroro OBIT HeOOXOAHM BHICOKO cO-
BepLIeHHBIH ¢epMeHTHBIH anmapaT, H POJb XpaHHTess
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HHpopManun nocreneddo nepemaa K JJHK (sto mormo
MPOM3OHTH yXXe Ha O4YeHb PaHHHX ITamax).

drTux KpaTKHX 3KCKYpCOB B HCTODHYECKHH Mponecce
IOKJEeTOUHOH SBOJIONHH, TO-BHAHUMOMY, #OCTATOYHO,
4yro6H MOKa3aTh, B KAaKOM HaNpaBJeHHH MOMXeT MOHTH
pa3sBHTHE, HHHIHRPOBAHHOE THNEPUHKJHUECKON HHTerpa-
- [Hefl CcaMOpPemJIHUHUDPYIOMHXCS MOJIEKYJASIPHBIX eJHHHI,
M KaK pa3BHBAIOLLAACH CHCTeMa MOXKET B KOHUe KOHIOB
KOHBEPTrupoBaThb ¢ 00pa3OBaHHEM TaKOH cJIOXHOH opra-
HH3aUHH, KAaK MPOKApHOTHYECKaas KJaeTKa. MH  XOTHM
NOJYEPKHYTb CHEKYMATHBHBIA xapakKTep udactu B. Pas-
HAs ¢dasza caMOOpraHH3anHuH OCTaBH/AA JIHIIb HEKHe
¢cJellbl, HO He CBHJETeNbCTBA, TaK UTO MHOTHE BaXKHble
€e STanbl BCe elle OCTAKTCS HESICHBIMH.

B Hamu HaMepeHHs Jaxe He BXOIHJO PacKpHTHe
uHcTopudyecko#f nmpasabl. lns nponecca, Tak CHABHO 3a-
BHCAUIETr0 OT ¢Jyvasti — rie HeleTepMHHHPOBAHHbBIE MHK-
pOCKoNHYeCKHe COOBITHSA, TaKHe, KaK MYTalHH, YCHJH-
BAlOTCA H B KOHEYHOM cueTe ONpPeNeNdioT X0 MaKpOCKO-
MHYECKOTO Pa3BUTHH,— MOJHAA PEKOHCTPYKuHS HCTOpHH
BoOGuIe HeBO3MOXHA. «Humera ucropuuuamas ! cymiect-
Byer naxe B Ouosorun. C JApyrofi cTOPOHEI, NPHHIHMIHI,
ynpasJsiiolilHe HCTOPHYECKHM MPOUECCOM 3BOJIOUUH —
Ja¥Xe B CBOHX TOHKHX JeTaNsix,— MOTYT OBITb BMOJIHE
JOCTYNHB HameMy MoHHMaHHIO. Tex cienoB, Kotophle
OCTaBHJIa HCTOPHST B COBDEMEHHHIX CHCTEMax, MOXeT
OKa3aThCs JOCTATOUHO, 4TOOH KOrAa-HHGYAbL MBI CMOT-
JH COCTABHTb 3TH «A YPaBHEHHH C 7 HEH3BECTHBHIMHY.

B 3TOH wacTH MBI XOTeNMH MOKa3aTh JMHMIL TO, 4TO
0coBBIft KJacc peaKnHOHHBIX ceTeH, KOTOpHe MH Ha3Ba-
JH THOEpUHKNAaMH, JAeHCTBHTEJIbHO SABJseTcs npocTeli-
meH peaNHCTHUECKOH MOJEKYJNSIpHOH OpraHu3anuef,
ofecneynBaioulefi  cocyulecTBOBaHHe  QYHKIIHOHAJBHO
CBSI3AHHBIX caMopemannupyroumuxcst eiunun. Camopenau-
Kauus weobxonuMa Aas coxpaHenuss mudopmannn. Cie-
LOBaTeJbHO, THMEPUHKA SBJASeTCS OpoCTefilieli cHcTe-
MOH, KOoTopasi crnoco6Ha 06ecneyHTb 3BOJIONHI0 BOCHPO-
H3BOAHMBIX (YHKUHOHAJIBHHIX cBsg3eh. OH MoXer BO3-

1) Cwm. nssectnyo kHury Kapaa [Tonnepa «Huwera ncropuunamas
(Popper K., The poverty of historicism, London, 1957).— Mpux,
nepee. ’
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Puc. 64, Tenetuueckuit

BOJla TE€HETHYECKOH H

HQ)OpMa[lHH C 3aKOHOJATeJbHOTO HA3BIKA HY-

KJEMHOBBIX KHCJAOT Ha MCHOJHHUTENbHH A3nK OeaxoB. Ha puCyske
TPH KOOPAHMHATH reOMeTPHYECKOro fIPOCTPAHCTBA COMOCTABJAAKOTCH C

VKB B TPHOJETHHX KOJOHaX. Yerhlpe 6YKBH anadabBuTa

HYKJAEHHOBKIX KHCJAOT PaCnoOJiOXeHB TaKHM 06p830M, 9TO6H KOJOHbI

no3ngusaMu 6

AJA CaMKIX pacnpoCTPaHEHHbIX aMHHOKHCJOT IOnajH B CaMylo BepX-

HIOI0 YacTb Kyba.
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HHKHYTb H3 OJAHOH caMopenyuuHupymoollefics eIHHHIB H ee
MYTaHTOB, T. €. H3 OAHOTO (MOJEKyJspHOro) KBa3HBHAA.
Iunepuuka HeusOeXHO NOSIBISIICS BCSKHA pas, Koraa
3TO paspemranH YCI0BHS, NPOAHKTOBaHHHE [IpHpoaoit.
U eme: «Ecan kro-aubynp moxer Ha3Bath Oosee Npek-
pPacHBIl TPEYroJbHHK, JeXalHid B OCHOBE Beunied, MH
OyleM NPHBETCTBOBATb €ro He KaK CONMEpHHKAa, HO Kak
Jpyra npaBabi»!.

(Tnaron, «Tumeit») [97]

{ Bor ato mecto B nepesoge C. C. ApepuHuena: «Urto x, ecan
KTO-HH6YIb BHIGSPET M Ha30BeT HeyTo ellle GoJiee mpexpacHoe, mpef-
Ha3HayeHHOe IJA TOro, YTOGW CO34aBaTh 3TH (YeTHpe Tena), MM
MOTYHHEMCA €My He Kak HenpusiTeno, Ho Kak apyry..». ([laarom,
CounteHus B Tpex TOMax, T. 3, uacth I, ¢. 496. —M.. Mucas,
1971). — Mpum. nepes.



JIUTEPATYPA

> o DO —e

>

11.
12.

13.

14.

15.

Oe.osp

. Wright S., Genetics, 16, 97 (1931).
. Woese C. R., The Genetic Code, New York, Harper and Row,

1967.

. Crick F. C. R., et al., Origins of Life, 7, 389 (1976).
. Eigen M., Naturwissenschaften, 58, 465 (1971). [Mwmeerca mne-

pesox: diiren M. CamoopraHH3auus MaTepHH W 3BOJIONUS GHO-
JIOTHYECKHX Makpomosexys. — M.: Mup, 1976.]

. Bethe H., In: Les Prix Nobel en 1967, p. 135, Stockholm, 1969.
. Krebs H., 1n: Nobel Lectures, Physiology or Medicine, 1942—

1962, p. 395, Amsterdam, Elsevier, 1964.

. Spiegelmann S., Quart. Rev. Biophys,, 4, 213 (1971); Haruna I,

Spiegelmann S., Proc. Nat. Acad. Sci., USA, 54, 579 (1975);
Mills D. R, Peterson R. L., -Spiegelmann S., ibid. 58, 217
1967) .
umper M., Luce R., ibid. 72, 1750 (1975).

. Kippers B.-O., Naturwissenschaften, 66, 228 (1979).
. Kornberg A., DNA Synthesis, San Francisco, W. H. Freemarn,

1974. [Hwmeerca nepesoa: Kopu6epr A. Cunres JHK. — M.
Mup, 1977.]

RNA-Phages (Zinder N. D., ed.), Cold Spring Harbor Mono-
graph Series, Cold Spring Harbor Laboratory, 1975.

Fischer R. A., Proc. Roy. Soc. B, 141, 510 (1953); Halda-
ne J. B. S., Proc. Camb. Phil. Soc., 23, 838 (1927); Wright S.,
Bull. Am. Math. Soc., 48, 233 (1942).

Eigen M., Ber. Bunsenges. Physik. Chem., 80, 1059 (1976).
Dobzhansky Th., Genetics of the Evolutiomary Process, New
York, Columbia Univ., Press, 1970.

Darwin Ch., of the Origin of Species by Means of Natural

. Selection, or the Preservation of Favoured Races in the Strug-

17.

18.

gle for Life, Paleontological Society, 1854; The Origin of Spe-
cies, Chapter 4, London, 1872. Everyman’s Library, London:
Dent and Sons. 1967. [Hmeercs nepesoa: Hapeun U. ITpomcxo-
)K,ueﬂiae sunos, Counnenns, 1. 3. — M. —JI.: Uan-s0 AH CCCP,
1938.

. Darwin Ch., Wallace A. R., On the Tendeﬁcy of the Species

to Form Varieties and on the Perpetuation of the "Species by
Natusral Means of Selection, J. Linn. Soc. (Zoology), 3, 45
1858). k
I(Sigen) M., Wankler R., Ludus Vitalis, Mannheimer Forum 73/74,
Studienreihe Boehringer, Mannheim, 1973, [Hmeercs mepeBoA:
dfiren M., Bunksep P. HMrpa xmaum. — M.: Hayka, 1979.]
Eigen M., Winkler-Oswatitsch R., Das Spiel, Miinchen, Piper,
1975.



262

Jlureparypa

19.

21.

22.
23.

24,
25.

26.
27.
28.
29.

30.

31

32.
33,
34.
35.
gs.

7.
39.
40.
42,
44
45.

46.
47.

Schréodinger E., What is Life? Cambridge Univ. Press, 1944.
K’IMSETCE nepesoa: Illpeamnrep 3. Uro Takoe xu3Hb? — M.:
tomuagar, 1972.]

0. Thompson C. I., McBride J. L., Math. Biosci.,, 21, 127 (1974).

Jones B. L., Enns R. H., Rangnekar S. S., Bull. Math. Biol,
38, 15 (1976).

Kiippers B.-O., Dissertation, Géttingen, 1975.

Glansdorff P., Prigogine I., Thermodynamic Theory of Strue-
ture, Stability and Fluctuations, New York, Wiley-Interscience,
1971. [Hwmeercs nepesod: [nencpopd I., Ipuroxnn M. Tepmo-
JAMMAMHYECKAS TEOpHA CTPYKTYpH, YCTOHYMBOCTH M  (JAyKTya-
umit. — M.: Mmp, 1973.]

Sabo D., et al., to be published.

Kimura M., Ohta T., Theoretical Aspects of Population Gene-
tics, Princeton, New Jersey, Princeton Univ. Press, 1971.

King 1. L., Jukes T. N., Science, 164, 788 (1969).

Kramer F. R. et al., J. Mol. Biol,, 89, 719 (1974).

Hoffmann G., Lecture at Meeting of the Senkenbergische Na-
turforscher Gesellschaft, April, 1974.

Tyson J. J., In: Some Mathematical Questions in Biology
(ed Levin S. A) Providence, Rhode Island AMS Press, 1974.
Shannon C. E., Weaver W., The Mathematical Theory of Com-
munication, Urbana: Univ. of Illinois Press, 1949. [Hwmeetcs
nepeson: Wennon K. 3., B ¢6.: PaGots no Teopun uubpopmanuu
n xubepuernke. — M.: H1JI, 1963.]

Brillouin L., Science and Information Theory, New York, Aca-
demic Press, 1963. [Mmeerca mepeson: Bpmamosn JI. Hayka u
teopus nupopManun. — M.: ®uamarruz, 1960.]

Domingo E., Flavell H. A., Weismann Ch., Gene, 1, 3 (1976).
Batschelet E., Domingo E., Weissmann Ch., ibid,, 1, 27 (1976).
Weissmann Ch., Feix G.. Slor H., Cold Spring Harbor Symp.
Quant. Biol., 33, 83 (1968).

Spiegelmann S., Lecture at the Symposium: Dynamics and
Regulation of Evolving Systems, Schloss Elmau, May 1977.
Hall E. W., Lehmann I. R., J. Mol. Biol,, 36, 321 (1968).
Battula N., Loeb L. A., J. Biol. Chem., 250, 4405 (1975).

. Chang L. M. S., ibid., 248, 6983 (1973).

Loeb L. A., In: The Enzymes, Vol. X, p. 173 (ed. P. D. Boyer),
New York — London, Academic Press, 1974.
Hopfield J. J., Proc. Nat. Acad. Sci., USA, 71, 4135 (1974).

. Englund P. T., J. Biol. Chem., 246, 5684 (1971).

Bessmann M. 1., et al., J. Mol. Biol., 88, 409 (1974).

. Jovin T. M., Ann. Rev. Biochem., 45, 889 (1976).

Pérschke D., In: Chemical Relaxation in Molecular Biology,
p. 191 (Pecht I, Rigler R., eds.), Heidelberg, Springer, 1977.
Watson J. D., The Molecular Biology of the Gene, New York,
Benjamin, 1970. [Mwmeercs, nepeon: Vorcow k. Mounexyasp-
Hag 6mosorms rena. — M.: Mup, 1979.]

Ladner I. E. et al., Proc. Nat. Acad. Sci. USA, 72, 4414 (1975).
Fox S. W. In: Protein Structure and Function, p. 126 (J. L. Fox,
Z. Deyl, A Blaser, eds), New York, M. Dekker, 1976.



HAureparypa 263

48.
49,

50.

51.

52,
53.

B7.
58.

59.

60.
61.
62.
63.

. Or6 J., Kimball A. P, Biochem. Biophys. Res. Commun., 2, 407

65.
. Uhlenbeck O. C., Baller I., Doty P., ibid., 225, 508 (1970).
67.

68.
. Kvenvolden K. A. et al., Nature, 228, 923 (1970).
70.

71.

72.
73.

Hirsch M. W., Smale S. Differential Equations, Dynamical
Systems and Linear Algebra, New York, Academic Press, 1974.
Glansdorff P., Prigogine ., Thermodynamic Theory of Struc-
ture, Stability and Fluctuations, London, Wiley Interscience,
1971. [Hmeercs nepeson: Taencpopd [1., Tpuroxun M. Tepmo-
IMHAMHYecKash TEOPHsl CTPYKTYPH, YycToMyMBOCTH H (GJykTya-
nufi. — M.: Mup, 1973.]

Griimm H. R. (ed.), Analysis and Computation of Equilibria
and Regions of Stability, IIASA Conf. Proc, Vol. 8, Laxen-
burg, 1975.

Coddington E. A., Levinson N., Theory of Ordinary Differential
Equations, p. 321; New York, McGraw-Hill, 1955.. [Mmeercs
nepesof: Komnumrron 3. A, Jlesmncon H. Teopus 06biKHOBEH-
HHIX AHddepernnanbHpix ypasHennii. — M.: HJ1, 1958.]

Volterra V., Mem. Acad. Lincei, 2, 31 (1926); Lotka A. J,
Elements of Mathematical Biology, New York, Dover, 1956.
Eigen M. et al., forthcoming paper.

Sc%ugter P., Sigmund K., Wolff R., Bull. Math. Biol, 40, 743
1978).

chusger P., Chemie in uns. Zeit, 6, 1 (1972); Schuster P. In:
Biophysik, ein Lehrbuch, p. 688 (W. Hoppe et al, eds.), Berlim,
Springer, 1977.

. Bhat R. K., Schneider F. W., Ber. Bunseges. physik. Chem., 80,

1153 (1976).

La Salle 1., Lefschetz S., Stability by Lyapunov’s Direct Me-

thod with Applications, New -York, - Academic Press, 1961.

Marsden I. IE., McCracken M. (eds.), The Hopf Bifurcation and

its Applications (Appl. Math. Sci., Vol. 19), New York, Sprin-
er, 1976. [HMwmeercs nepesox: Mapcaen [Ixk., Max-Kpaken M.
ndypranmn Xonda m mx npmaoxenns. — M.: Mup, 1980.]

Thom R., Stabilité Structurelle et Morphogenése, New York,
Benjamin, 1972.

Woese C. R., Nature, 226, 817 (1970).

Fuller W., Hodgson A., ibid., 215, 817 (1967).

Crick F. H. C., J. Mol. Biol,, 38, 367 (1968).

Miller S. L., Orgel L. E., The Origins of Life on Earth, Engle-

wood Cliffs, N. J.,, Prentice Hall, 1973.

(1960), Oré.J., Nature, 191, 1193 (1961).
Lewis I. B., Doty P., ibid., 225, 510 (1970).

Grosjean H., S6ll B. G, Crothers D. M., J. Mol. Biol,, 103, 499
1976).
outts S. M., Biochim, Biophys. Acta, 232, 94 (1971).

Oré I. et al., ibid., 230, 105 (1971); Cromin J. R., Moore C. B.,
Science, 172, 1327 (1971).
Rossman M. G., Moras D., Olsen K. W. Nature, 250, 194
1974). )
alker G. W. R., Biosystems, 9, 139 (1977).
Biebricher Ch., Eigen M., Luce R., in preparation,



264

Jureparypa

74.
75.
76.
77.
78.
79.
80.
81.

82.
83.

85.
86.
87.
88.

89.

91.

92.

93.

94.
95.

97.
98.
99.

Erhan S., Greller L. D., Rasco B., Z. Naturforsch., 32c, 413
(1977).

Dayhgff M. O, Atlas of Protein Sequence and Structure,
Vol 5, Suppl. 2, p. 271 (1976).

Jukes T. H., Nature, 246, 22 (1973); Holmquist R., Jukes T. H.,
Pangburn S., J. Mol. Biol., 78, 91 (1973).

Fox G. E. et al., Proc. Nat. Acad. Sci. USA, 74, 4537 (1977).
Uramer F. R. et al., J. Mol. Biol., 89, 719 (1974).

Chothia C., ibid., 75, 295 (1973).

Chou P. Y., Fasman G. D., ibid., 115, 135 (1977).

Levitt M., Chothia C., Nature, 261, 552 (1976).

Gutte B., J. Biol. Chem., 252, 663 (1977).

Rigler R. personal commumication; Rigler R., Ehrenberg M,
Wintermeyer W. In: Molecular Biology, Biochemistry and
Biophysics, Vol. 24, p. 219 (1. Pecht, R. Rigler, ed.), Berlin —
Heidelberg — New York, Springer, 1977.

. Olson T. et al., J. Mol. Biol,, 102, 193 (1976).

Crothers D. M., Seno T., S6ll D., G., Proc. Nat. Acad. Sci. USA,
69, 3063 (1972).

Biebricher Ch., Druminski M., ibid. (submitted).

Wahba A. ]. et al., J. Biol. Chem,, 249, 3314 (1974).
Blumenthal T., Lauders T. A., Weber K., Proc. Nat. Acad. Sci.
USA, 69. 1313 (1972).

Biebricher Ch., in preparation.

. Meinhardt H., in: Synergetics, p. 214 (H. Haken ed.), Berlin —

Heidelberg — New York, Springer, 1977.
Fox S. W, Dose K., Molecular. Evolution and the Origin of
Life, San .Francisco, Freeman, 1972. [Hwmeercs mnepeson:

‘®oke C., Hose K. MonexynsipHas 5BOJIONHA M BO3SHHKHOBEHHE

xu3un. — M.: Mnp, 1975.]

Dose K., Rauchfuss H. Chemische Evolution und der Ursprung
lebender Systeme; Stuttgart, Wissensch. Verlagsges., 1975.
Onsager L. In: Quantum Statistical Mechanics in Natural Sci-
ences, p. 1. (B. Kursunoglu ed), New York — London, Plenum
Press, 1973.

Lasaga A. C., Holland H. D., Dwyer M. O., Science, 174, 53
(1971).

Schmidt E., Z. Ges. Eis- u. Kélteindustrie, 44, 163 (1937).

. Kuhn H. In: Synergetics, p. 200 (H. Haken, ed.), Berlin — Hei-

delberg — New York, Springer, 1977.

Plato, Timaios. [Umeerca nepeson. Ilaaton. Counnenns B Tpex
toMax, T. 3, dyacth I, Tumed (c. 455). — M.: Muicab, 1971.]
Hofbauer I., Schuster K.. Sigmund K.. Wolff R., SIAM J. Appl.
Math. C, in press.

Urbanke W., Maass G., to be published.



NNPEJMETHbBIA

Apantop c#. PHK tpaisistipy.
Hasd ‘
AMMHOKHCJIOTH, aHaJ/IA3 B ‘Weren-
purax 213, 214

— KOMIJEKCH C HOHaAMH wWerha.
soB 209, 239, 240

— pacnpoCTpaHEHHOCTH Hefma
nvle 208—214

Awutuxkopon 186

Artpaktop 103

— crpauHbit 103

A; 34, 91

Baccefin atrpakTopa 103, 110
Bupyprauns Xongpa 112, 130,
158, 159, 161, 162

BexkTtopHoe moae 101, 111, 173,
174, 176

TeHerndecknit rpys 54
Cunepunksel, B33aUMOCBSI3H 172—
175 ’

BTOpOh cremeHu 24, 25, 126
Boimupanne 143—146
KatasuTnaeckue 18, 24, 27

Kaaccupukanus  127—130
xomnaynd 128, 130, 134, 135
HEO6XOAHMOCTh  BO3HHKHOBE-
nna 77—79

— nenosHuie (brokenm) 143, 144

— ¢ anddyanelt 248—252

— — TpaHcasunei 151

— aJemeHTapHbHe 128—124

[no6GasbHO MHBapMaHTHOE MHO-
}KeCTBO (moanpocTpaHCTRo,
noacucrema) 138

I cx. OyHKIMKM 9HCTOTO pocTa

Jukmd Tan nonyasumn 40, 44
Tluxoro Tnma pacupenenenne 40,
41, 45, 61
— — mnocaeaoBatenbuocts 40,
43, 63
JIunamugeckas cucrema 90
— — uncras 95
E — cMemaHnas 95
npdepenunanbuble  ypaBHEHNS
?))?égpa 34—36, 90—92, 96,

98

HOu aus 216, 248

ﬂH?gypennnKaunﬂ 22, 23, 65—
73, 78

D;, pasnoxenne MOJEKYJSIPHOTO
Buga 34, 48

A 91

E; cm. U36biTounas mpoOLyKTHB-
HOCTb

HUrposbie monenn 48, 49, 54—60,
83—90
H36uiTounas

(Ey) 35
Haunea mopenp 197
HndopmaunonHoe

4

NpOAYKTHBHOCTH

coaepkaHune

Herounnk 101—105

Kartactpoda ommbor 53, 54, 56,
81

«Kauanua» (wobble,
62

— B TpeTbeM IMOJOXEHHH KOZLO-
Ha 204

— ocHoBanua 202

— atdext 207

«Kagawommnecs»
198, 208

— ocHoBadns 203

— noaoxenns 8 MPHK 203

wobbling)

B3aMMOJEHCTBHA



266

ITpedmernoid yxasareao

Kauectsa ¢axtop (Q:) 34, 51,
52, 61, 63, 64, 68, 69, 72, 78
Kadectso KONMPOBaHMA OYKBH
cpenHee (gm) 41, 51, 52
KBazusng 37—46, 50—54
1567—164, 240, 251
Kone6anua 86, 87, 146—151,
157—164, 240, 251
Komnaprmentanns 83, 245, 246,
256
KoHKypeHUHs MeXAy THOEpPIHK-
namu 163—167
KoHueHnTpanusg cyMmmaphaa (mos-
Hafl, o6uias) 106

Hanynosa dynxuns 139—142

— — Hectporast (B cnaboM CMbI-
cae) 141

— — crporaa (strict) 141

MetaGoanaum 29, 31

Muxasauca — Menren wmexaHuam
19, 46, 154

MyTaHTHAA KOMHA C MHOTHMHM

ommbramn 42, 43, 229

— — — ojaHoilt ommbkoi 42, 43,
45, 229

Myranuu 15, 16, 32, 34, 35

— Hefitpanbubie 43, 45, 49, 50

HopMasbuble Mogbl 109—111
Hykaeosuarpudocharst 23, 154

OrpanuyeHne <«MOCTOAHHON 06-
weil oprannsauum» 35, 36,

Ontumuzauuousblfi npunuun 17,
38, 39 ’

Ocob6rle TOYKH, HUccaenoBanue 88,
100, 101

— — Kaprta 101—106

— — Kaaccupugauns 104

Oumubox Ttemn 35, 61, 78, 198,
199

MapasutHan cBs3bp 167—172
IMonumepnsanuss Matpudnas 152

Monynsnuonnasa resernka 15, 16,
29, 50, 54
Tonyaanuonnse
(xg) 34, 91
— — Hopmuposangse (&) 99,

06

flepeMenHbe

Mopor own6ox 53, 54, 78

TMotox (flow) wuuaBMAyaAbHBIH
(P:) 34, 35

— — ¢; 91, 92

— cymmapHblit (o6umit) (P¢) 35

— — ¢ 95, 96

[Totokn (fluxes) o6o6entre

fnocToAHHKe 95
[lpeBocxoacTBa mnapametp
41, 44, 53
Ipepenbupit nuka 103, 106, 109,
110, 130, 146—151, 157, 160,
163
[1poxapuoTHyecKas
78, 230, 232, 258
IpoctpancTBo mapamerpos 91
Mporounniit peaktop 36, 151
P, MaTtpuna mnoxasatenii Pp; 127
pi, CTemeHb BeAyLIEr0o YJeuna
byuxuuu pocra I't 95
PAi, MOKa3aTean CTENeHH YJEeHOB
dbyukunn pocra Iy 127

(om)

Kaetka 72,

PeakunonHas CeTb NHKJHYECKAs

PeakuuonHbit nuka 18

— — xataauctHdeckmit 21—23

Pe6po ocobrix Touek 138, 143

— Texyliee 138, 143, 144

Pexombunanns reHeTHYecKan
70—73

Penapanun Mmexanmsm 67—73

Penauxkaynonnas suaxa 66, 67

Pewenue «pas u Hamcerpa» 18,
97, 98, 165

Pu6onykaeasa 239

Pun6ocoma 179, 181, 232, 257

PHK, mopenb userka 76

— pemamkauusa 21, 23, 26, 60—
65, 78
26, 60—65, 78

— penankasa ¢arocnenHduIHan
26, 60—65, 78

— CaMOKOMHPOBaHHE BHYTPEHHHX
obnacreir 227, 236



Mpedmernvull yxasarers 267
Pu6ocoma Tapretnas ¢yukuna 245 -
— cnnte3 de novo 235—237 Teopus Bo3MyineHuii 44
— comepxamuit par Qp 40, 41, — xaractpod 113
60—65, 78, 198, 243 Tpaextopnn 101, 109
— — — — pa3mHoxenune 26,
- 60—65 ‘
— Oara Qp, wmugmpapuant 62, YpaBHOBelMBaHHe  BHyTpeHHee
64, 76, 191, 236, 237 98—100
Poct rumep6oimuecknii 27, 93, YCTOMUMBOCTL  acHMOTOTHYCKasA
94, 97, 165 130, 141

— g;meﬁﬂuﬁ 23, 46, 93, 94, 96,

— HeorpaHudenublli 92—95, 165

— ¢ orpanmyenusimu 95

— OSKCrmoumeHnMasbHbll 23, 46,93,
94

CamoBocnpousseienne 22, 23
Cepsio 101—105
CenextnBHasa  nenHocts (Wy)
36, 38, 44, 45, 61, 84, 86,
90, 92
CeJieKUHOHHBIE OrpaHudeHus 15,
© 3436, 48, 95—98 )
Cenapatpuca 101—103
Cepuitnnle nepenocsr 36, 61
Cunabl 06061eHHBIe  [TOCTOSHHbBIE
95

CrMunekc KoHueHtpauuit 106—

%, 109

— — BHyTpenHsia yacth 138

— — rpaHuna 138, 139

CHHryJIIPHOCTb  KHMHETHYECKOR

KpHBoii 93, 94

CuntetasHple OyHkumu 183, 194,

© 239—243

B-Caoni 237, 238

CoG6cTBenHbe BekTophl 38, 110

— 3HadeHus 38, 44, 104, 110

CreneHb MOSMMepH3alMH MAKCH-
MaabHad (Vmax) 41, 53, 55,
72, 78

Crox 101—104

Cronka OCHORaHMIi KOOMEPaTHB-
nas 196

Croxactnueckas Teopusi 44, 48—

deHOMEHOJOTHYECKHE  ypaBHEHHS
34, 90

®denorun 39, 58, 62, 80, 82, 118,
177, 244, 257

daykryauus 49, 103—105, 130,
143, 253

dyukuusa yncroro pocra (Iy) 92,
93, 96, 99, 111, 113, 127,
128

— — — oaHopogHasa 99,
112, 127

b, Dy, ¢y ¢ cm. [loTox

100,

XupasbHocTb 15

«llenb» (target) 58

Ilenn xaTtasuThHyeckme 118—124
Ilpka KataJutHueckuii 22, 23
— TpHKapGOHOBBIX KHcaoT 20
— yraepogublit 19

IBOJIIOUNOHHbIE
35, 60—65, 215
DBOJIOUMOHHBIE NPHHUMN AJs T'H-
nepuuxjos 219, 222—226
dpoMouus;, HCTOPHYECKHA MyTh
15—18, 58
-— HejgapBuMHORcKan 45, 46, 165
droJsornseckne nuiim 94, 245
OKerpauuctponsue o6aactn 62
AKkcTpeMadbHbiil mpuHuun 38, 39
dykapnoTHieckast KjaeTKa 72,73,
78

SKCHEePHUMEHTHI

Axo6u wmatpuna 110, 137



COJLEP)KAHHE

[Mpeaucnosue pelakToOpoB MNepeBORa 5
[peancaosue 8
Yacts A. BosHnkHOBeHHMe rumepuMkaa . 15
I. [TapagurmMa eauHcTBa H pa3H006paBHﬂ B 3BOJIONHH 15
I1. Uto Takoe rumepuuxi? . e 18
111, ﬂapaﬂﬂoscxne CHCTEMDbI . 29
II1. 1. Tlpuanmu ectecTBeHHOrO o-r60pa . 29

III.2 Heo6xognMbie npeanocHaxu BOSHPIKHOBeHPIﬂ nap-
BHHOBCKHX CHCTEM . L. . ... 30
111. 3. Ouuamnka or6opa 34
111. 4. Konnennus xpasmusnpa . . . a7
111. 5. Peaanctuyueckne annpoxcnmaunu . 44
II1. 6. O6o6wenns . . 46
I11. 7. Undopmaunonnoe conepmaﬂne KBasanﬂ.a 50
IV, ITopor omm6ox u sposouuf . . . 54
1V. 1, MogemnpoBanne na IBM Ka'ram-podn,l oum60K . 54

IV. 2, DxcnepuMmeHTasbHbBle HCCAELOBaHHA C PHK couep-
Kauwpmn daramn . Coe .o . . 60
IV. 3. Pensuganna JHK 65
1V. 4. TlepBre pensiMKaTHBHbIE e}mmmu .o 73
IV. 5. Heo6xonuMoCTh BO3HMKHOBEHHS mnepunxnos 77
Yacts B. AGCTpaKTHBIA rHnepuUHKA 80
V. Konxpernnii npumep . . . 80
V1. O6was K.naccnq;nxauna nnﬂamn-{ecxnx CPICTeM . 90
VI. 1. Onpezenetns P . . 9%
VI. 2. HeorpanuyeHHmii pocT . . 92
VI. 3. OrpaHpuenHsii poct u ot6op . 95

VI. 4. BuyTtpennee ypaBHOBeLUPlBaHPle B pac*ryumx CPICTe-
Max . . 98

VII1. UccaenoBanne 0COGHX ToUeK camoopraﬂnaylomnxcsi ce-
Teil peakumi . ... .. . 100
VII. 1. AxekBaTHBIf MeTO}I nccnenosanna . 100
VII. 2. Tonosornueckue cBoficTBa . . 101

VII. 3. AneKBa'moe NPOCTPaHCTBO: chrmeKc KoHueHTpa-
LA e . 106
VII. 4. I/Iccnenoaalme HOpMaJIbeIX MOI{ . 109
VII. 5. Pactyumme cuctembr . .11
VIIL. 6. Ayaaus KOHKpETHbe CHCTeM 118



Codeprcanue

269

VII. 7.

VIIl. Ingamuka s/ieMeHTApHOTO THMepHHKAd
VIl 1. KausectBenHuii anaaus ..
VIII. 2. Uncaensoe “MHTETPHpOBaHHE .

HccrnenoBalne oco6bix TOYeK THIEPIHKAOB

IX. Tunepunkasl ¢ TpaHcasnuedt
1X. 1. Uneanbubie rpaﬂnqm:le ycnoanﬂ n onne ynpou.le-
HHSA . e e ..

IX. 2. Knnemqecxne ypaBHeHﬂﬂ .
IX. 3. Uncsennbie penieHus .

X. Cemn

THIIEPUHKJIOB

X. 1. BHyTpenHee ypaBHosemnBaHne ) KOHKypeHuPlﬂ Me-

XAy THOEPUHUKIaMH .
X. 2. TapasutHas cBA3b M Ka'ra.nn'mqecxne ce'm .
X. 3. Hepapxus caszelt Me)xﬂ.y rnnepunxnamn .
Buigoasr . P .. . .

Yacts B. Peasnctnuecknii runepuuks

XI. Kak Morsia 3apofuTbcsi TPaHCAAUNSA? .
XI1. Jloruka nepRMYHOrO KOAMPOBAHMSA

XIL. 1. Kon RRY ..

XII. 2.

XI1l. dusnka nepBHUHOTO KOlIPlpOBaPlPlﬂ

XIIL 1. YcnoBsss Ha crapte . .

XIIL 2. PacnpocTpaneHHOCTD HyKJxeomp,oa .

X111. 3. CrabunbHocTb KOM[[JXeMeHTaprIX CprKTyp
XIV. Kon ¢ GC-pawmxoit . .

XIV. L
XVI. 2.
X1v.a.
XIV. 4.

Kon RNY .

Mepsble 2Ba KoAOHA . . .
«Anepuognueckas JHHelHas GC- pemeﬂ(a» .
Or GNC x RNY ..
Ieppuunbifi  aadaBut AMHHOKHCAOT

XV. Tunepuuxanyeckas Opraﬂﬂaauﬂﬂ paHHer‘o armapa-ra
TPaHCAALHNY .

XVI. Hecars Bompocos, Kacaroumxca Haumx caMbe pammx
MOJIEKYJISIpHLIX NPEAKOB H TeX CJAELOB, KOTOpHe OHH

OCTaBH/N B GHOCHHTETHYECKOM anmapaTe COBPEMEHHHIX
S .. .. .226
. 226

KJIETOK

XVI.1. Oanz PHK- Hpeﬂ,meCTBeHHHK"’

XVI.2. UYrto o3HayaeT CeJEKTHBHOE npenmymecmo ,zum
MOJIEKYIbI? .

XVI.3. [loyemy HyxHa mnepunxnnqecxax opraﬂnsaunﬂ
OTJe/bHBIX MYTAHTHHIX TEHOB, 4 He OLMH MO-
CTOSIHHO pacTyluui reHOM? ..

XVI. 4. Heo6xoauMbl AH npH crapTte TPHK?’

XV1.5. Hawr san coepemennbie TPHK kaxme-sm6o yKa-
3aHMST Ha CBOe MPOHCXOXKZAEHHE? . .

XVI1.6. Kak B unudopmaunonsoi PHK wmorsm BOSHUK-
HYTb KOJOHHble MaTTepPHB Ge3 3amATHIX? .

XVI.7. Kakumun G6bm nepsue cpyHKuHOHaano aKTHB-
Hbhe 6eJxu? . .-

XVI. 8. Heo6xoxnmb Jm npn c*rap're anTeTaau?’ .

XVI.9. Kakumu 6blim mepBble ¢epMeHTH?

. 125
. 137
. 137
. 145

. 151
151

. 152
. 156
. 163

163

. 167
L1172
175

. 179

. 179
. 185
. 185
. 190
. 193
. 193
. 195
. 196
. 202
. 202
. 205
. 206
. 208

. 215

. 227

. 228
. 230

. 232

235
237

S 239
" 241



270 Codepicanue

XVI. 10. [loueMy e B KOHEYHOM CYETe — KJETKH C 061:
€IHHEHHBIMH TeHOMaMHM? .
XVII, Peannctndueckne rpaHHyHble YCJOBHSA
XVIII. HenpepblBHOCTb 5BOJIOUHH .

Jlntepartypa
IMpeameTHHll yKkasaTedb .

. 243
. 247
. 254

. 261
. 265



YBAJXAEMBIFI UUTATEJB!

Bamm 3aMeqaHus O COJepXaHUM KHH-
rd4, ee odopmJjeHMH, KaueCTBE NepeBoja H
Lpyrie NOpOCHM MPHUCHIAATL MO ajpecy:
129820, Mocksa, U-110, TC
1-# Puxckuit nep., 4. 2,
u3narenbcTBO «Mupy



