MUYECKHX CBOHCTB, IOJOOHEIX CcBOWCTBAM OHWONOTMYECKHEX CHCTEM,
pocrora opramuszaguu. JlanpHelinme HCCHEOBAHHA TAKUX MoKeleil
AIPEeNCTABIAIOT 0YeBUAHBII WHTEpEC.

Hparko onucamubie 3mech MofeNu CBHAETENBCTBYIOT O IepCIeK-
THBHOCTH (PU3MYECKNX NOIXOM0B K IBOJIONUH, OCHOBAHHHIX HA He-
#X cunepretdrku. Hedbasa cyurTarh 9TH MOJNENH BOCIPOM3BOAAMIAMU
peaspible DPOIECCH AoGuoxormueckoil spoxionmn. OHH TOKA3HIBAIOT,
OJHAKO, YTO (PUIUKO-MATEMATHYECKOE MOJSAMPOBAHUE HBOJIONHH BO3-
Mmoo, Ha ocHoBe 3Tux Mojeiedl MO:KHO VYTBEP;R1aTh, UYTO COBPe-
Menpasg (QUSHKA gOCTATOYHA IJafA NOHMMAHWA BaskKHedmmx Owoxorm-
gecKux fAieHuil. Homedno, 910 IUINIHF HAYANBHBIA HTA IIOCTPOCHAA
TeOpuM, YCTAHOBACHUA (PU3NYECKMX OCHOB TEOPeTHYECKON OWOJOrmu.

§ 17.6. Bronoruueckasa 3BoNIOIUA

Buonornueckas sBOMIONEA HpeACTaBIfeT HacCTh 3BoJIonEE Bee-
Jlenao#. Buojornyeckas 3BOJIONEA JIOKANH30BAHA B HAYTOMKHO Ma-
Jioit ofsacT MupoBoro upoctpaHctBa — Ha 3emue. Her nHuxaxmx
JAUHBIX 0 CYymeCTBOBAHNY KH3HH BHE 3emnm. Hanporms, uporsxen-
HOCTH GHONOTMYECKOil HBONIONAN BO BpeMeHH COM3MepEMa C BpeMe-
1neM cymecTBoBanus DBceleHHOH, OneHNBaeMBIM BeNWYMHON UOPAAKA
1,5 — 210" ner. Husup Ha 3emyue Bosmmkaa oxoio 3,9 - 10° mer
nasayx. Bospacr camoin 3emam onemusaerca B 4,9 - 10° mer. Mu1 yme
TOBOPWJI O HNPUUOUIHAILHOM CXOACTBE KOCMHYecKO# @ GHomormye-
cxoil asomoum (§ 1.3). .

Hak sMoryio xBaTmThH 5TOT0 BpeMeHu AJA CO3[AAHHUS CTONb CJHOMKHOM
omocpeps? Hax Morio xparaTh MaTepmana, [OOCTABIAEMOTO MyTa-
naaMu?

ConpeMeHHaﬂ TEOPHA IBOAIOMUA, 00BeIAHAIOMAA Teopmo HMapso-
TA ¢ TeHETHKOIl, 0TBeYaeT HA ITH BONPOCH.

Teopnﬂ Jlapsuna, npmHAANE/KAMAA K BHICIIAM ;[ocm,{\emmm na-
VYHOH MBICTH, NCXOQHT M9 CJIeAYIOmMUX derwipex mnono:kenmit (Maip).

1. Orpysxatomuit Mip nocrosnHo waMeHsercs. IIpoucxognr BEIMU-
PaHPe BUJOB H BO3HUKHOBEHUE HOBBIX BH0B.

2. IBOAIOQEONHKI{I Npomecc HEUpPepHBEH M IIOCTeNeHeH, B HeM
HeT CKAYKOB.

ITepBoe moxo:kenme -6e3yCIOBHO, CO BTOPHIM f1eJi0 0GCTOHT HE TAK
TPOCTo.

3. Poxacrsennmie BHnH npoucxomAT or ofmero mpemka, 4To Crpa-
BEIABO M AJA BHICHIAX TAKCOHOB, BUJIOTHL J0 THUOB. B KOHEYHOM
cUere BCe MHOTOKJIETOYHBIE OPraHW3MbI HMPOWSONLIA OT OJHOKJIETOY-
HBIX, 9YKAPHOTHl 0T [1POKAPHUOT.

4. JBoNIONMHA UPOMCXOAUT mMyTeM ecrectseHmnoro orGopa. UMeercs
HACHAEeACTBeHHAS M3MEHUYABOCThL, 3HAYATENbHAA B KAXKIOM [OKOJEHHH.
B pesyasrate Oopubni 3a cymecTBoBaHme (PHKCHDPYIOTCA OPraHM3MBI,
Hamboxee IPHCIOCOONEHHBIE K YCHOBHAM cpenbl. B atoM cocromt Mme-
XaHE3M 5BOJIOIIH.

Marepnan mra spoxionmm He orpaHmYed. IlpwpajAwre womynanun
00137al0T TPOMAJHEIM 3aIlacoM H3MeHYHMBOCTH, HMeloINell mpemmy-
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IIecTBEHHO CKPLITHIA Xapaxrep, 4YTo ompemelNseTcd BHICOKOM cTe-
menplo rerepoamrotHocTn. CpeiHSiA reTePO3MrOTHOCTH y Gecmoaso-
sounsix 13,4%, y moasomounkix 6,6%. Jlons ramer pposodmibi, co-
Nep:KAIAX MYTaHTHHE rensl, gocruraer 25%. PasmooOpasme mpm-
3HAKOB, II0 KOTODPHIM mHWHeT oT00Op, ompefeisercA He eNUHITHLIMHA
MAJOBEPOATHRIME MYTAIWAMH, HO W3MEHYHBOCTHIO, HOCTHrawmei
IPONMEeHTOB M JeCATKOB NpONEeHTOB. I'eHOM KaMoil ocobm BO3HHKAET
B peaynbraTe cAyvyaiiHOH  peKOMOWHANIWH  ABYX  POXHTENLCKAX
TeHOMOB,

JBOMOHAA YRAAABIBAETCA B HCTEKIWe deThpipe MIJIIHApHa ler,
TEK KAK OHA MMeeT HATIPABICHHLIA Xapakrep — ecTecTBeHHLIH orfop,
BHI000pazoBaHAe, MAKPOIBOJIONAA IMPOMCXOAAT BCJeNCTBAe BO3IHHKA-
IOMAX HEyCTOYMBOCTed mp2muecTByomux cocrofnmii. OxnHako
MYJABTHCTAIMOHAPHOCTE JNIO0Or0 TAKOrO COCTOSIHHA He 03HAWaeT, |To
TMOMYAANAA MOMKeT H3MeHAThCA B N1000M HANPABAEHAH. OJBOJOOHWA
KAHANM30BAHA Y/Ke CHOKHBHIEMCA yCTpoHcTBOM opraHumaMa H orpa-
HUYEHHBIMA BO3MOKHOCTAME ero MaMeHcHEA. Bce HaseMHBIe II03BO-
HOUYHbIe HMEIOT YeThIPe KOHEYHOCTH, IOTOMY 9TO OHHU TPOH3OULIA OT
RHcTellePHIX PHIO, HMEBINHX YeTHIPe coOTBeTCTByOmMux uwiena. 1lyrs
9BONIONUA 0 HEKOTOPOHl CTeleHW 3aJaH yKe CJeNAHHBIMA IIaraMm.
DnioreHe3 Hepa3pLIBHO CBA3AH ¢ OHTOTEHE30M.

Japsur nmcan: «Msl ficHO BHJIWM, 9TO IPUPORA YCIOBHWIl HMeeT
IONYNHeHHOe 3HAYEHHE 1O CPABHEHWIO ¢ MPHPOI0il OpraHM3Ma B OI-
pefleleHUE KasKugof wacrHo# PopMbI H3MEHeHHUil,~— Moer ObITH, He
OonbHlee 3HAWEHMe, WeM TPHPOTA WMCKPHI, KOTOPOH IOM;KUTraeTcA
Macca ropiovero BemEecTBAa, WMeeT HAsA OIpejfeleHds TIPHPOJEL
ITAMEHM .

Cefigac wauarcg npomece ofnewAenus Teopun 3Bodounu ¢ Hu-
3UKOil, ¢ KHGepHETHKOH, ¢ Teopmeil WHPOPMANUA. DBOMWIUA TPAKTY-
ercsd ¢ MO3WIAE CHHEPTeTHKHU KAK SABJICHUS CAMOOPraHH3ANHWHA B OT-
KPLITOM cHCTeMe, peaiu3yeMble 33 cYeT OTTOKA HHTPOIIMHA B OKPYIHA0-
IyI0 cpefy. JBONIOIHI0 MOKHO PAacCMATPHBATL (PEHOMEHOJOIHYECKH
KAk COBOKYIIHOCTL B3amMOAeHCTBYIOMHX MapKOgckur npoyeccos. lle-
nn MaproBa XapakTepHIyIOTCHA CTOXACTHYECKAMH MATPHIAMH, Dile-
MEHTBl KOTOPHIX P;; BRIpPAMmaioT BepOATHOCTH IOSBIEHHA IIPH3HAKOB
J, eciu B TpejbIymeM 3BeHe (MOKONEHWHA) OSTH OpPUSHAKE OHLIM i.
B ospomwonmm mpomcxoput m3MeHeHWe MaTpHU Bo BpeMenu. Hampas-
JIeHHOCTH, OIpefieliAeMas yiKe CHOMUBIIAMCH OPrAHM3MOM, COCTOUT B
obpamennn GONBIIAHCTBA HEJMATOHATLHLIX WICHOB MATPHN, B HYJH.

Kak yie oTMewatoch, caMOOPraHU3anusa B NHCCHIATUBHON cuHCTe-
Me mMeeT XapakTep HepaBHOBecHHX (azossix mepexoxo. lo-smpm-
MOMY, 9TO CIPaBe[IEBO jyisi BHEZ000pa3oBaHNA W BO3HUKHOBEHMS
BBLICIINX TaKCOHOB.

O6pazoBaHne HOBBIX BHIOB 03HAUaeT MOsBjieHHe [ByX mam Oonee
peIPOTyKTABHO M3OJHPOBAHHBIX NONYJANMI H3 HcxomHoil. Bmust
TUCKPeTHHI B 2ToM cMmilcie. Pacemorpmm, cienys pabore Bexmanesa
7 BonpkeHmreilHa, mpocTeiiliyio Moxenb. JlomycTHM, wTO HMCXOAHHI,
AWKAI THID XAapaKTepU3yeTcs annexsio A, Myradr — annensio B.
Bosmosxanie resorunsr motoMcrea AA, AB, BB, Mu croicrBennm
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Pasnsle Kod(PUOMeHTH NPACIOCOGIGHHOCTH, KOTOpHle MBI 0003HA+
umM Wy, W,, w, J[uHaMAKa 4acToTHl p rera A (9acrota reHa B pas-
ma 1 — p), cornacHO OCHOBHBIM TIONOREHWAM IOMYAANMOHHOH reme-
THKH, OIMCHIBAETCA YPABHEHUEM

(v, — w,) p+ (w, — wy) (1 — p)

. 5 — v(1—
oo F2up (= wy g 2 TYAD)

(17.21)

=y(pP)=p1—0p)

THe W — uyacrora myramui A — B, v — wactora of6parHEX MyTamui
B — A. Bpems uamepsercsa B uncae noronenmit. I[Tpm srizone (17.21)
npepuoxaraercs, uro f,v <1, w, — w,, w, — w, ¥ w, Ilepenmmenm
YpasHenue (17.21) B BHJIE

L =67 (p) (ag— &, — 41* — a5p%), (17.22)

e
G(p)= w,p* + 2w,p(1 — p)+ ws(1 — p)* >0,

G =vwy, a,=pw,—P, a,=05(3q9—1)/q, as=p(1 —2q)/q,
B=w, — ws, 0 < q=(w, —ws)/(w, —w,)< 1.

Ilpenmomaraercs, ato § < wy, v< .
B cranuonapnom cocroanmn dp/dt=0 n

a = @(p)= ap+ a;p* + asp’. (17.23)

W3meHenn©o ycioBHil CYMIeCTBOBAHUS IOUOYISNMH OTBEYABT H3IMEHE-
HHe NMapaMerpos B, g, u, v, OT KOTODPHIX 3aBHCHT TEeMII 9BONIONME H
¢e romeuwmwit pesyaprar. Ha .

puc. 17.7 npusenena nmarpaMMa i
CTAIIMORAPHEIX COCTOAHMEA p mpH
pasmblx 3HaveHnmax § B cayuae
g <y (<0, as>0) m <

< pw, (a>0). Kybuueckoe
ypasmenne (17.23) mmeer tpu
JAeficTBUTENbHBIX TOJNOMRUTEH B~
Hex kopmsa. Omm coBmagalwr B yj—
KpUTHUECKOt TOouKe HpH P = Bip.
Tlpu B < B, wWwmeloTca TpH cTa-
TUOHAPHBIX  3HAYEHUS — YCTOM-
UMBHIE [y B Py U HeyCTOHYUBOS
ps. CranmuonapHas cucrema Mo-

| |
! |
] |
! i
! !

|

{

f

|

{

!
3KeT npe0HIBATh B BYX JOKAJXBHO | ' l
VCTOHYHMBEIX COCTOAHUAX, Cylme- P1 s Pz 4
CTBEHHO pAa3HAIMAXCA 3HaueHus- Puc. 17.7. dmarpamMMa cTanmoHapPHBIX
MH p — gactoThl resa. Ilepexon COCTOABUH p
MEKAY ITHMU COCTOSHUAMU IIO-
noben asoBoMy mepexony mepsoro popa. Curyanus, secbMa cxoxmas
< paccmorpennoi 8 § 15.5. Ilpm @, = 0, 1. e. npu B = uw,, moxyyaer-
<A epexof, mogoGHBIE PaszoBoMy Hepexoxy BTOPoro pPofa.
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Paccmarpmeas pacmpepelieHHyl0 CHCTeMY, BKIIOYUM B ypaBHeHUE
nuddysuo, 1. e. Murpanuo ocobei:

%f— = P (p) + DV°p. (17.24y
Kospdunmenr muddysuu D = F*/2, rxe r — cpenuee paccrosinme, Ha
KOTOpoe Murpupylor ocobu. AHajAn3 3TOro yYpasHeHHS NOKA3BIBAeT,
9TO BO3MOMHQ IGABJIeHIe YCTOHUUBOrO MPOCTPAHCTBEHHO HEOMHO-
porHoro pacupegeieHust p(r). Moryr Bo3HHKars xBe HpOCTPAHCT-
BEHHO pasjeliennble aspl, KaXKIag U3 KOTOPHIX OTBEYAET YCTOHIN-
BOMY COCTOSHHIO, JT0 — TPOCTEHIIaA MoJekdb AJWIONATPUYECKOTO BU-
noobpasepanus.

Koneuno, mpusnaxku BEAAa He MOIYT OUPENENATHLCH MYTHPOBAHEEM
onHoro refa. Ommcamnas MofeJh OTHOCHTCH, OFNHAKO, He K CTDYH-
TYPHBIM, a K peryiiTOpHLIM reHaM, CKa)KeM, K TIeHaM roMeo-
THYECKUM.

Koporxo paccrasanmas sgecs pabora Tpe0yeT pajinHEHNIEro pas-
putmsa. OpgHaKo ye ceilyac mMelTCHA BECKHE OCHOBAHHUA MHOJArarh,
aT0 BHRooOpasoBaHme mMeeT xapaxrep ¢asoBoro mepexopa. Iro IMo-
loMeHne CHUMAET, LO-BHXUMOMY, IMPOTUBOpedHe MeQy TaK Ha3bl-
BAEMEIME TPAXyain3MoM U OYHKTYAJIHM3MOM B 3BOJIOMUOHHOI Teopuwu.

Jdapsan cuumran Buoo0pasoBaHMe MOCTENEHHBIM, TIDATYANBHBIM
nponeccoM. OTcyrcrBre UpOMe:KyTOIHEIX JOpM B HAXEOHTOIOTHYC-
enoit peromucy ofmAcuanock ee menoxworoid. Onmako B mocuenylo-
OEM CTOJNETHH JIeTONHCEL 3TA Ype3sBlYaiitHo oborarmiacs. Druiu obma-
PY/ReHBI UPAKTHYECKA HEOPepLIBHEIE OTIOMEHU, COTepHAMUE 0CTaH-
KM MOPCKuX 0eCIio3BOHOYHBIX. BHifACHHMIOCH, YTO HOCKE IATENBHOTO
€TA31CA — HeU3MEHHOIO COCTOSHHUA BUJOB — 3a OTHOCHTENIBHO KOPOT-
KOe B TeoJOrmuecKoM MacumiTaGe BpeMsA BO3HUKAIOT HOBBIe BHgbl W
BRICIINE TAKCOHBI. JTu (AKTH Jerad B OCHOBY KOHOENNUN RYHKTYA-
ausma (punctuated equilibrium), passutoit 'yagoM u duppemsem.
Panee k cxomamiv uaesm upmmex Cesepmos. Cxema 3BoXIOMUOHHOTO
mponecca, npeitokenHas uM, moxkasama ma pme. 17.8. Tak wpasm-
BaeMsle uduoadanrayul — OpUCOOCOONEHNS TPYNNbl K PA3NUIHBIM
YCHOBHAM, 4TO UDPHBOANT K pACHAJIEHUIO IDYNIB HA HEKOTOpOE duC-
M0 CHUCTeMATHIeCKU HONYMHEeHHBIX IPYyHI,— CMeHAWTCH apomopdosa-
My — OOJlee PE3KUMH HPOrPECCUBHBLIMY W3MEHEHHUIMH HPU3HAKOB.
Ha puc. 17.8 ugnoaganrannn mao6pasKeHB BEeTBJEHHEM 3BOJIONUOH-
HOPO [peBa B HJIOCKOCTH, apoMopdossl — mogbeMaMm (WM CrHyCKa-
Mu) Ha ppyrue miockoctu. Apomopgos Cesepnosa momober ¢azoso-
My mepexony.

ITareoHTONOTHYECKUE HCCHETOBAHMA B PAa3HbIX CAYYasX CBUC-
TEALCTBYIOT KAK 0 MejieHHHLIX — TPagyaidLHHIX,— TaK H 06 oTmocu-
TEXLHO OBICTPHIX — OYHKTYaJXbHBIX — mepexoxax. Cxembl rpaiyaqans-
Ma u ODYHKTyaxusma upusefledsl Ha puc. 17.9. B cymmuocrm 3nech
Her upormBopeums. Homcrarmposas ¢azoBrie mepexodsl, MBI 0CTAEM-
¢ B Opejeyax TepMOJUHAMUKA W He KacaeMcsa Kmueruxm, (Dazopmiit
mepexox MOMKeT HPOUCXONUThL W OBICTPO, U MENJIEHHO, T. €. TPaxyajib-
no. Pusngeckne Mopex:m 3TUX TPONECCOB elle He MOCTPOCHLI
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Ecinz HoBBlT BHN BO3HHKAeT B peayianrare (aszoBoro Iepexoja,
MHOPHe elo TIPA3HAKK He ABIAIOTCH ajanrmsabiM#, OOLIYHEHIE BompoC
«3a9eM?» OKA3LIBAETCH JUIMEHHBIM CMBICHA, YeTBePHKOB IIHCAJ:
«Crcremardka 3HAeT THICAYA IPAMEPOB, PIe BAAKI PA3TUYAOTCA HE

Puc. 17.8. Cxema aBomonmonsoro nponecca mo Ceseprnory

afnanTUBHBIMEA, a Oespaznmunnive (B OWONOTMUECKOM CMBICIE) NPH-
3HAKAMH...». :
Bosmomnaocts uyHKTyaNbHOrO, cKaukooOpasHoro BuAoobpasoBa-
HHA, T. €. BO3MO)KHOCTL (PA30BOro mepexoja, ompejeinsiercss TUWHAMIE-
XKO#l FeHOB, NX PEeryisAiTOPHBIMH CBOHCTBAMH. D OCHOBE }KH3HH JEMKHAT

BpeMﬂ

Mapgvoxmzuﬂ
Puc. 17.9. CxeMst rpagyaipHoil (¢) U DYHKTyaldbHON (6) aBosionAH

moBEJeHEE OHONOFMIeCKAX MAKPOMONEKYJ — HYKIEWHOBBIX KHUCIOT H
6exnxop. ObpaTumcss K paccMOTPEHMIO WX DBONIONEA.
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