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AKCHOMBI
o bHMOJIO'NHAN

H3parenncTBo: 3HAHHE
1986

CoBpemeHHast GMOJIOTUSI — 3TO COBOKYIMHOCTh Hay4HBIX AUCLMILINH, C Pa3HBIX CTOPOH U
Ha pasHBIX YPOBHAX H3YYAIOUIMX BCE MHOrooOpasue XuBOH MaTepuu. MOXHO Iy,
ONMHpPAsiCh HA CYMMY HaKOIUIEHHBIX 3HAHUH, MIOCTPOUTH HEKYIO CUCTEMY TEOPETHUECKUX
NOJIOKEHUH, HEOOXOAWMBIX Ul TOHHUMAHUS CHEHU(PHUECKUX OTIWYHHA >KUBOTO OT
HeXuBOro? MOXKHO, CUMTAeT aBTOp, W B JIOCTYMHOW (opMe u3IaraeT OCHOBHBIC
NPUHIMIBI, KOTOPhIE WMIPAlOT B OMOJOTHMM TaKylO € poJib, KaKyl0 B T€OMETPUU —
AKCHOMBI.

JI1s MpOKOro Kpyra ynraresiei.
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Ucropust sToil kHuUTM HEe coBceM OObIYHA. Kak-To MHE MNpeNIoKWIM MpPOYMTaTh Ha
nepBoM Kypce Oumonormdeckoro ¢akyiabrera MI'Y AT BCTYNUTENBHBIX JIEKIMNA MO
JIOBOJIHO HEYKIIIO)KMM Ha3zBaHMeM «BBeneHue B crenuanbHOCThY. Cornmacuics s He
pa3ayMbIBasi, pa3lyMbe MPUIILIO MOTOM. B KakoM KITtoue YUTaTh 3TU JEKIUU?
BcenoMHunmces Te panekue rojibl, KOraa Mbl, TOXKE Ha NMEPBOM Kypce, Clyllald JIEKIUU
«BBenenne B Ouonoruio». Hackonbko MOMHIO, OHM HE YAOBIETBOPWIM MEHS (M HE
TOJILKO MEHs1). DTO OblJIa KaKas-TO OKPOIIIKa M3 HavaJl O0IIei OMoIoTuy, SMOPUOIIOTHH U
IIUTOJIOTUH, MAJCOHTOJIOTUH, TEHETUKU U TEOPUU SBONIONMH (KaK OHU MOHUMAIIUCH B TO
Bpemsi). EcrecTBeHHO, C)kaTh BCE ATH AMCUMILIMHBL B CaMOCTOSITENBHBIA Kypc HeE
MPEJICTaBIIOCH BOZMOXKHBIM, JIEKTOPY MPHIIIOCH MMOKEPTBOBAThH TITyOUHOMN U3TI0KEHUS,
Jla ellle NMPUHOPOBUTH €ro0 K ypOBHIO NMO3HAHUM HEJaBHUX HIKOJBbHUKOB. [lomb3bl OT
Takoro Kypca Obuto HemMHOro. Temepb s MOHUMAIO, YTO cama HUjes MOAOOHOro Kypca
HEBEPHA, HY>KHO BBIOMpATh MKy TJTyOMHOH aHaIM3a U MUPOTOr 00o0meHmid. Eciu Ob
YUTaTh €ro Ha MOCIEAHEM Kypce, YK€ MOATOTOBIEHHBIM CTYAEHTaM, HO TOTAa OH,
NoXayi, He OyJeT Hy>KeH BooOIe. A Ui MEHs TaKkoW ImyTh ObLT OB BOOOIIE OTpe3aH —
3a JIeCATh aKaJeMUYECKHX YacOB 00O3pETh BCIO OMOJIOTHIO HEBO3MOXHO HE TOJBKO C
«BBICOTBI ITUYBETO TOJIETa», HO U CO CIyTHHKA. A MOTOM s 3aAyMajiCsl: MPaBUIbHO JIU
MBI BOOOII1e 00yuaem O6uonorun?

[IpencraBbre Takol Kypc TE€OMETpPUM: CHadaja CIyLMIATeNsM PETNOAHOCUTCS
CTepeoMeTpusl, 3aTeM IUTaHUMETpHsl, X0Ts Obl TeopeMa [Tucdaropa, u auie B KOHIE, HA
NOCNeAHEN JIEKIUH, MEPEUNCISIIOTCS OCHOBHBIE O0pa3bl (TOYKa, MpsiMasi, MIIOCKOCTBH),
OCHOBHBIE COOTHOIICHUS (TIPUHAIJICkKATh, JIEKATh MEXKAY, IBUTATHCS), AKCHOMBI U
noctynatel. [loxkanyil, Takoll KypCc HEBO3MOXXHO Aa)e MpEeNCTaBUThb. M OH He MOxker
yemy-1100 Hay4duTh. A 4TO JenaeM MbI? CHadasa 3acTaBisieM CTYJCHTOB OCTUTATh, KaK
¥ CaMH TOCTUTAJH PaHbIIE, 300JI0THI0 U OOTaHUKY, UTOJIOTHIO, SMOPHOJIOTHIO, TTOTOM
MEPEXOIMM K TEOPUH HBOJIOLMU U T€HETHKE, a 10 OOIIMX Hayall, aKCHOM, JEeKaluX B
OCHOBE HayKH O )KMBOM, JI€JI0 IPAKTUYECKU HE JOXOUT.

Henw3st nmu kak-HUOYyJIh aKCHOMATH3HWPOBATh OHOJIOTHIO, CHOPMYIHPOBATH CHUCTEMBI
aKCHUOM (WMJIU TIOCTYJIATOB, MPUHITUTIOB, OCHOBHBIX MOJOXEHUH — JIeJI0 He B Ha3BaHUU)?
OTU NPUHLMIIBI JOJKHBI BRIBOJUTHCS U3 HAKOIUIEHHOTO OMOJIOTHEH OMbITa U TOTO, YTO
JIOAM HA3bIBAIOT «3IPaBbIM CMBICTIOM». McXoass W3 HHX, MyTeM YHCTO JIOTHYECKHX
paccyXJIeHH MOKHO ObLIO OBl CTPOUTH 3J]aHUE TEOPETUUECKOW OWMOJIOTHU BCE BBIIIE —
OT dTaxa K 3Taxy, YKJIaIbIBaTh Pa3HOPOIHBIC (DAKTHI B YIOPSIOUECHHYIO cUCTeMy. BOT
3TH-TO aKCHOMBI M MOXHO IIpenofaTh IMEPBOKYPCHUKAM B KauecTBE BBEICHHUS B
OHOJIOTHIO.

EctecTBeHHO, BO3HMKaeT BONPOC: IMOYEMYy JK€ MAaTeMaTUKH TMOHUIM [0 3TOMY
Ka)XyIIEeMYCsl €JMHCTBEHHO Pa3yMHBIM ITyTH, @ OMOJIOTH HET?

[Tpuuunel, B o0Ouiem, NMOHATHBL. YTO OBl HU TOBOPWIM, MaTeMaTHKa — OJIHA U3 CaMbIX
npocThIX HayK. OCHOBHBIE €€ TOHATHS, XOTsI ObI O TOW K€ TOUKe, MPSMON M IIOCKOCTH,
YeJIOBEK MOJIyYaeT U3 CBOEH MPaKTHUUECKOM AeATeIbHOCTH 3300 A0 TOT0, KaK Y3HAeT O
CYILIECTBOBaHUM TreomeTpuu. Jlake He Tymas O TOM, 4YTO T'MIIOTEHY3a KOPOYE CYMMBI
JIByX KaTETOB, Mbl, PUCKYSl OBbITH OIITPa(OBAHHBIMH, «Cpe3aeM» yros ra3oHa. Jloau
JieNlaid yCTOMYUBBIE TPEHOKHUKHU /10 TOrO, Kak COOOpaswid, 4TO uepe3 TPH TOYKH B
IIPOCTPAHCTBE, HE PACIOJIOKEHHbIE HA OJHOM MPSIMOM, MOXHO MPOBECTH IUIOCKOCTh, U
IPUTOM TOJBKO OJHY, U DKOHOMHUJIM CTPOUTEIBHBIA MaTepual, COOpYyKas OKPYTJIbIE
cTpoeHus u uzropoau. [loaTomy Tak npocto chopmyarpoBaTh aKCUOMBI B Hadalie Kypca
MaTEMaTHKH U B JATHHEHUIIIEM UATH ITyTEM CTPOTO JIOTHUECKUX PACCYKICHHIA.

CrnoxxeH B MaTeMaTHKE JIMIIb €€ S3bIK — HAOOp CHMBOJIOB U MpPaBWJI COYETAHUH ITHUX
cuMBOJIOB. Ho OBnazneB UM, Kaxablii MOXKET YBEPEHHO I0JIb30BaTbCS MAaTEMaTHYECKUM
anmaparoMm. JlJis 3TOro HY>KHO TOJBKO YMETh JIOTUYECKHM MBICHUTh. Opyaus Tpyna
MaTEMAaTHKOB TPEJEIBHO MPOCTHI — MECOK Apxumena, rpudenbHas T0CKa, KapaHaall U
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Oymara. Ho u 6e3 HuX MOXHO OOOWTHCHh — Ie€HHAJIbHBIN OJiliep, MOTEpsSB 3peHUE B
CTapOCTH, TPAKTUUECKH HE CHIKAJ MPOAYKTUBHOCTH CBOEH paOOTHI.

Korna s Ha3pIBal0 akCHOMBI, JI€Kale B OCHOBE KaKOH-IM00 HAayKH, IPOCTBHIMU, U3 3TOTO
HE CJIeyeT, YTO MpOocTa camMa Hayka. AKCHOMBI — KOHIIGHTPHPOBAaHHOE BBIPAKEHUE
OMbITa YEJIOBEYECTBA, €CJIM YTOAHO, CTapTOBas IUIOLIA/Ka JUIsl MOCJIEAYIOIIEro B3JeTa.
HaBepHsika uuTaTenu 3agyMbIBAIMCh O HEPABHOMEPHOCTH TEMIIOB PAa3BUTHUS HayK.
[Touemy maTemartuka, B YaCTHOCTH I'€OMETPUS, TOCTHUIIIAa OTPOMHBIX YCIIEXOB B @aHTUYHOE
Bpems, a ¢pusnka — HeT? Apxumen u ['epou AnekcaHapuiickuii ObUTH TUIIb TPEATeUaMH,
Gu3MKK KaKk HayKd OHU HE CO3JajJd. A J1eJJ0 B TOM, YTO OIbITa YEJIOBEYECTBA JUIS
CO3/IaHUS TEOPETUUYECKON MaTEeMAaTHKHU 0Ka3aloch AocTaTouHOo. DU3MKa e JO0KHA Oblia
JaTh CBOETO Yaca.

ITosicHIO TpUMEPOM: HEKMH UTAJbIHCKMM MAacTEpOBOM B 310Xy paHHEro BospoxineHus
3aHOBO OTKpPBLI apXHMMEJ0B BUHT U JOTaJajcsl UCIIOJIb30BATh €r0 KaK HacoC JUIs MMOJaYu
BOJIbI HaBepX (TaKOM BUHT KaKIbIA U3 YUTATEJCeH BHUIIEN B MACOPYOKE — TaM OH MOJaeT
Msco Kk HOkaMm). Ho atoro m3oOperarento kaxercss Mano. OH HEMEUICHHO COOPY>KaeT
YCTPOMCTBO M3 JABYX 0akoB, BEPXHEro M HIIKHETO, apXUMEAOBa BHHTA M BOJSHOTO
koseca. [lo ero 3aMbICily KOJIeCO JOJKHO OBLJIO BpalllaTh BUHT, a BUHT M0AaBaTh BOAY B
BepxHHi Oak. Beunslit nBurarenn! VYBbI, BepXxHMH Oak OBICTpO IMycCTed U HE Kejal
HanoNHATECS. M300peraTens 0e3 KOHIIa COBEPIICHCTBYET CBOE YCTPOMCTBO, pa3opsercs,
KOHYAaeT J>KM3Hb B HHUIIETe, HE BeAass, YTO OH BMECTE C JPYTUMH TaKUMHU KeE
HeyJJTaYHUKaMHU cJiejiall HeMaJlo /11l 00OCHOBaHUS IEPBOI0 Hauyajia TEPMOJAUHAMUKH.
Jlymaro, 4TO BTOpPOW 3aKOH TEPMOIWHAMHUKU ISl CBOETO TMOSBICHHUS JOKEH OBLI
JOKIaThCsl M300peTaTess NapoBOM MalMHbL. ['€pOHOBCKMI 0JIMIINI — NIEpBasi mapoBast
TypOMHa — B aHTUYHOE BpeMs TaK M OCTAaJCS 3aHSITHON WTPYIIKOW, C €ro MOMOIIbIO
HUKTO HE JIOrajlajicsi B TO BpPEMsl COBEpLINTh paboTy. OmbiTa 4eI0BEUECTBA OKA3aJI0Ch
HejocTaToyHo. MHOEe Aeno B reoMeTpuH: TO, YTO MpsMas — KpaTdaiflliee paccTOsSHUE
MEXJYy JIBYMsI TOYKaMH, MHTYUTHBHO UYyBCTBOBaJ M TEPBOOBITHBIA YENIOBEK, JOTOHSS
MamoHTa. A korga Joau B [peBHem Erunte u BaBuione crtanm IenuTh 3eMeEIbHbBIC
YUYaCTKH, MPAKTHYECKUI ONBIT AJIS CO3JaHUS FeOMETPUH ObLT HAKOIUIEH OY€Hb OBICTPO.
HenapoM DHrenbc Hamucan Ha MOJISIX PYKONMUCH CBOEH «JlMaleKTUKU mpuponbh»: «Jlo
CHX TOp BBICTaBJIAIOT XBACTIMBO HAINIOKA3 TOJBKO TO, YEM MTPOU3BOICTBO 00s3aHO HAYKE;
HO HayKa 00s3aHa TPOM3BOJCTBY OECKOHEUHO OOJbIUM». Kak TOJBKO MPOW3BOJICTBO
HAaKONWIO BEKOBOM ombIT, Ilapmxkckas akaneMus HayK IepecTajla paccMaTpUBaTh
MPOXKEKThl BEYHBIX JBUTaTeliel 3a0Jr0 10 TOro, Kak ObUIo chOpMYJIHPOBAHO MEPBOE
HAy4aJio, WIM 3aKOH, TEPMOAMHAMMKHN — BCEM U3BECTHBIN 3aKOH COXPAHEHMsI SHEPTUU.

Co BTOpBIM HayajaoMm Jeso cioxkHee. He yBepeH, 4To Bce yuTarend O HEM 3HarOT. Bo
BCSKOM CJyd4ae, MOH ONpOC MPHUMEPHO MATUACCATH YEJIOBEK (HE (HU3UKOB U HE
MH)XCHEPOB) JJaJl HE OYEHb MOJIOKUTENIbHbBIE PE3yIbTaThI.

EcTh HECKOJIBKO PaBHOIICHHBIX ()OPMYIMPOBOK BTOPOTO Hayana. BoT HECKOIBKO U3 HUX:
1) HEBO3MOKHO MOCTPOUTDH BEUHBIIN JBUTATENh BTOPOTO POJa, TO €CTh MAIIUHY, KOTOPas
CKOJIb YTOJIHO pabOTaeT 3a CUeT TeIUIa OKPY KaIoIIel Cpebl;

2) pabOTy MOXHO TMOJYYWUTh JIMIIb IyTEM BBIPABHUBAHUSA TIEPENaZoB KaKUX-THOO0
apaMeTpOB CUCTEMBI (TEMIIepaTyp, NaBJICHUHN, JCKTPUUIECKUX MTOTEHIIAIIOB);

3) B 3aMKHYTOH (TO €CTh HE MOJYYaOIIeH SHEPTUH U3BHE) CHCTEME MPHUPOCT IHTPOIUHU
BCEI'/1a NI0JIOKUTEIICH;

4) Bce caMOINpPOU3BOJILHO MPOTEKAIOIINE MPOIECChl B 3aMKHYTBIX CHCTEMax HUAYT B
CTOpOHY HanboJiee BEpPOATHOTO COCTOSIHUSL CHCTEMBI.

Jst Guonoruy 3HaYCHWE UMEET YeTBepTast — camasi oomias — GopMyIHpoBKa

W nums mocne Toro kKak GU3MKUA M WHXXEHEPHI MOHSUIM HE3bI0JIEMOCTh BTOPOTO Hayaa,
OHO OBUIO CTpPOro OOOCHOBAaHO METOJAaMH TEOPUHM BEPOSTHOCTEH (CTAaTHCTHYECKAs
¢duzuka).
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@®U3MKOB, OTPULIAIOLIMX BTOPOE HAYalo, €IWHHUIBI, U K HUM ceddyac He OTHOCSTCS
cepbe3Ho. MHoe neno Ouomorn. MHe, Hampumep, AOBOAMIOCH CIHBIIIATH BIOJTHE
Cepbe3HOE COOOMIEHWE O HEKMX OaKTepUsAX, KOTOpPBIE PACTYT, 3a CUYET OXJIAKICHHS
OKpPYXaroIIei Cpelbl, TO €CTh MPEACTABISAIOT BEYHBIA JBHUraTelb BTOPOro pojaa (mo-
BUJIMMOMY, y 3KCIIEPUMEHTATOpPOB ObUT HE B TMOpsAKE Kajopumerp). ['opasmo daie
Ouosyorn Bpoae OBl HE OTPUILIAIOT BTOPOE Hayalo, a 3allUIlalT KaKoe-HUOyIhb
MIOJIOKEHHE, KOTOPOE B HESIBHOM (JOpME €My TPOTHBOPEUHT.

K uemy s Beny 3TOT paszroBop? K ToMy, uto ceifuac, Korja u3yueHue *KU3HU BEAETCS yKe
Ha MOJIEKYJISIPHOM YpOBHE, Hallle TO3HAHHUE €€ JOCTUIJIO YK€ TaKOW CTaauH, YTO MOXKHO
chopMynUpOBaTh OCHOBHBIE aKCHOMBI (WJIM TIOCTYJAThl, Hayaua, €eCIH XOTHUTE)
OMOJI0TUH, KOTOPBIMH MBI I0JKHBI PYKOBOJICTBOBAThCS B JajibHEHIIEH paboTe.

Kakum ycnoBusM oOHM nokHAa yaosiaeTBopsaTh? Ilpexnae Bcero, OHM HE JOKHBI
IPOTUBOPEUYUTH 3aKOHaM (U3MKH, MO0 KMBas MPHUPOJA COCTOUT M3 TEX K€ aTOMOB U
noJielt, 4to U HexuBas. [10o100HO TOMy, Kak JETSIIUNA caMOJIeT HE OTPHIAET 3aKOHa
BCEMUPHOI'O TATOTEHUS, *XUBOM OpPraHM3M BO BCEX [JETalIX CBOEr0 CTPOCHHS U
MOBE/ICHUS HE OMpPOBEpPraeT 3aKOHOB (PM3UKU. DTO HE 3HAYUT, YTO MBI CBOJUM TEM
caMbIM OMOJIOTHIO K (PH3HKE, — MBI BEIBOJUM OHOJIOTHIO U3 (DU3HKH, a 3TO PAa3HBIC BEIIH.
Bce 3akoHbl (M3MKH B KOHEYHOM cyeTe UMEIT Qopmy 3amperoB. Hemb3s momyyuTh
SHEPIrUI0 U3 HUYEro, HEJIb3s MOHU3UTh SHTPOIUIO B 3aMKHYTOM CHUCTEME, HE MOJABENS K
HEll SHEPruu HelNb3sl JBUTAThCS CO CKOPOCTHIO OOJbINEH, YeM CKOPOCTh CBETA, U T. 1., U
T. A. Bce 3T 3ampeTsl B MOJHOM Mepe IEHCTBEHHBI B MUPE KUBOW IPUPOJBI; OJHAKO K
HUM TIPUCOEIUHSIOTCA ApyTHe, cnenu(uuHbie s OMOJIOTHH, HO HE MPOTHBOpEYAIUE
nepBbiM. CrieruduaHbIe 17151 OMOJIOTHH AKCHOMBI BEIBOJSTCS U3 (DU3MUYECKHIX aKCHOM.
DHrenbc Ha3blBall «(PU3UKY MEXAHUKOM MOJIEKYJ, XUMHIO — (PU3UKONH aTOMOB U Jalee
OMOJIOTHI0 — XMMHEN OETKOB» U MHUCAJl, YTO OH JKEJIAeT 3TUM BBIPA3UTh «IEPEXO0] OJAHON
U3 3TUX HAyK B JPYTYIO, — CJIEIOBATENbHO, KaK CYIIECTBYIOIIYIO MEXIY HUMH CBS3b,
HETPEPHIBHOCTh, TaK U pas3inyue, TUCKpeTHocTh obeux. Ho orcioma ciemyer, dro,
HaIpUMep, JTOCTHKEHUS (PU3UKU MOTYT OBbITh MCIIONb30BaHbl KAK aKCUOMBI ISl XUMUHU.
Tak OHO M ecTh: HEKOTOpbIE (PU3XMMHKH YK€ MOTOBAPHBAIOT O CBEACHUU XUMHH K
¢busuke, nOO0 MOOYI0 pPEaKIMI0 W JI0OOTO BEIIECTBA MOXXHO CBECTH K YpPaBHCHHSM
KBAaHTOBOI MeXxaHUKH. TeM caMblM OHHM BO3BOJST B aOCONIIOT CBA3b M HE OOpamiaioT
BHHUMAaHUS Ha pa3inyue. JDTO yxke 3arud: XuMusi, HSCOMHEHHO, CaMOCTOATEIbHAs HayKa,
HO OHA BBIBOAUTCS U3 (PU3HUKH.

TodHO Tak ke, Ha MO B3IUISAJ, Ha3bIBask OWOJIOTHIO XUMHEH OEKOB (MbI OBl Temephb
N00aBUIIM: U HYKJIEUHOBBIX KHCIIOT), DHTEIbC UMEI B BUAY TO, YTO aKCHOMBI OMOJIOTHH,
TOJIbKO €l MpUCYIINe, HY’KHO JOKa3bIBaTh HA YPOBHE XUMUU U (HU3UKH. J{715 MHOTUX 3TO
HENPEOA0IMMOE 3aTPyIHEHHUE: €CIHU-I€ ITO AKCUOMA, €€ HEJb3s J10Ka3aTb, a €CIU €€
MO>KHO JI0OKa3aTh, TO 3TO HE aKCUOMA. TakoW MOAXO0 SIBHO HEAUAJIEKTHYEH.

BooOme Bompoc 0 BBIBOAMMOCTH (HEPEIKO THIIYT: CBOJUMOCTH) OJHHX (OpM
JIBUKEHHSI MATEPUH K IPYTUM JI0 CHX HOP CIIYKHUT MPEIMETOM TUCKyccuil prtocodos.
Uro Takoe «CcBOAMMOCTH»? BOT Kak oTBedaeT Ha 3TOT BOMPOC COBETCKHi (umocod
b. M. Kenpos:

«MexaHuCTBl YNOTPEOSIOT €ro B CMBICIEC OTPUIAHMA KAayeCTBEHHOW CHEeIH(pUKH
BBICIICH (hOPMBI IBMKCHHS, TIOJIHOTO €€ MCUEPIIaHUs CBOMCTBAMU M 3aKOHAMM HU3IIEH
¢dopmbl... COBEpIICHHO OTJIIMYHBIN CMBICI B TO )K€ CaMO€ CJIOBO BKJIQ/IBIBAIOT YUCHBIE,
KOIZla OHM YCTaHABJIMBAIOT CTPYKTYPHBIE M TE€HETUYECKHE CBSI3M MEXJY BBICHIUM U
HU3MUM. Bpiciiee HE McUepnbIBAETCA HU3IINM, HO CBOJUTCS K HEMY B CTPYKTYPHOM U
T€HETUYECKOM OTHOLICHHH... B 3TOM ke — CTPyKTYpHOM M T'€HETHYECKOM — CMBICIIE
KHU3Hb CBOJUTCSA K XUMHUH M (PU3UKE, TTOCKOJIBKY OMOJIOTHYECKOE JIBUKEHUE BO3HUKACT U
oOpa3yercsi U3 XMMHYECKOTO M (DU3MUECKOro, XOTS W HE HCYEpIbIBAeTCS HMHU B
KaueCTBEHHOM OTHOLICHHUM.
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[Tonarato, 4To B HacTOAIIEEe BpPEMs TOJBKO MOJOO0HAsi TOUKA 3pEHHsI, KAK U BO BpEMeEHa
DHrenbca, COOTBETCTBYeT TOMY Oaraxy ¢akToB, KOTOpPBI HMEET COBPEMEHHOE
€CTECTBO3HAHHUE.

AKCHOMBI OHMOJIOTUM HE JOJKHBI MPOTHBOPEYUTH OCHOBHOMY MPHUHIIUITY COBPEMEHHOTO
€CTECTBO3HAHUS — MPUHIUITY IPUIUHHOCTH.

VYBbI, OMOJIOTHS, HAUMHASA C yduTens Asekcanapa MakeIoHCKOro Belaukoro ¢umaocoda
Apucrorens, TO U AeI0 I'pelliyia NPpOTUB 3TOr0 BEIMKOTO0 MPHUHILMIA U IPOAOHKAET B
JUIIE OTAETBHBIX CBOMX MpECTaBUTENEH AeNaTh 3TO U ceivac.

Camasi CyTh MNpHHIMIA TPUYMHHOCTH B TOM, YTO TNPUYMHA MO BPEMEHH JIOJDKHA
npenecTBoBath ciencTBUi0. (OObMHO QuiIocodbl TONKYIOT €ro mmpe, HO AJig Hac B
NEepBYIO OYepenb BakKHA MMEHHO 3Ta cTopoHa.) CoOBITHS, pa3nenseMble KaKuM— JH00
MPOMEXKYTKOM BPEMEHH, HEPaBHOIPABHBI: Oyaylliee HE BIMAET HA MPOILIOE. IDTOT
CMBICIT BBIpaXX€H B JpeBHerpedeckoi mocnosuile: «Han mpomenmmm naxe Ooru He
BIacTHB. U B pycckoil moroBopke: «3Hal OblI T/ie yacTh, COTOMKH ObI TOAOCTIIAI.

Ho cormacHO TeopuM OTHOCUTEIBHOCTH MPOMEXYTOK BPEMEHH MEXIY JBYMS
COOBITHSIMH — BEJIMYMHA, 3aBHCSIIAs OT CKOPOCTH IBWXKEeHHS HaOmionmartens. Ecmu
CKOPOCTh HaOJIOJaTeNsi MEHBIIE CKOPOCTH CBETa B BaKyyMe, OJHO COOBITHE Bceraa
MPOUCXOIUT paHblle Apyroro. s «cBepXCBETOBOro» HAaOMIOAATENsT TOPSAOK COOBITUI
MOJKET OKa3aThCsi OOpAaTHBIM, U €CJIU COOBITHS CBSI3aHBI APYr € APYroM NPUYMHHOMN
CBSI3bIO, TO MPUYHMHA U CIEACTBHE MEHSIOTCA MecTaMH. Tak, MPUYMHON BbUIETA MYyJU U3
KaHaja CTBOJIA SIBUTCS MOMNAJaHue €€ B MULICHb, & IPUYMHON U3MEHEHUS] T€HETUUECKON
porpaMMbl opranu3ma OyaeT 0JaroJIeHCTBHE €ro MOTOMKOB. MBI BCTyIaeM B 00JIacTh
CTOJIb HEpa3peIIMMbIX MapaJOKCOB, YTO €IUHCTBEHHBIH BBIXOJ M3 3TOr0 — IMPHU3HATh
HEBO3MOXKHOCTB «CBEPXCBETOBOTO HabmomaTems».

[lombITkM  OOHAPYXKUTH HAPYLICHWS MPHHIWNA TPUYMHHOCTH B  OKCIIEPUMEHTE
MO3BOJIWJIM TPUNATH K BBIBOAY, YTO OH CIPaBEMAJIMB U ISl PACCTOSHUN, B JECATh
MWIUIMOHOB pPa3 MEHBIIUX, YeM Jauamerp aroma. lIpenen mpoBepke IOKa CTaBHUT
MOIIHOCTh COBPEMEHHBIX ycKopuTenei. Beg oxkpyxkaiomas Hac mpupoaa emy
NOJUUHSETCS, U KHUBasg HE SIBISETCA HCKIIOYeHHeM. HapyluTh €ro MOXHO TOJBKO B
HEIMHIITEHHOBCKOM MHUPE, II€ CKOPOCTh CBETAa B BAKyyM€ HE SIBJISIETCS MIPEIETIOM.
Apucrorenb K€ CO3Jall YYCHHE O HEKOeW KOHEYHOHM IeNu — MPUYHMHE SBICHUS (Tak
Ha3bIBaeMasi «KOHEYHas MpHUYMHAY). JIBe THICAYM JIET 3TO Y4YEHHE MOYTH HHUKEM HE
NOJBEPrajioch COMHEHHMIO, W JIMIIb B 310Xy Bo3pokaeHus NpPOTHB HEro Havaju
BOCCTaBaTh. Yke @PpeHcuc BAKOH mucan, 4To ¢ HAyYHOM TOYKU 3PEHUS «KOHEYHas
NpUYMHA» HE Hy)KHA U BpE/IHA; MpHOeraTh K Hel /Uil 00BACHEHHS KaKOro-I100 SBICHHS
JOTyCTUMO B MeTadu3MKe, HO BeCbMa OMAaCHO B HayKe, TaK Kak OHAa cpa3y 3aKpbIBaeT
IyTh JUIS SKciepuMenTa (HepapoM Heroron mopoit Bockiunai: «O ¢usuka, cnacu MeHs
OT MeTapU3HUKHU!»).

CnoB Het, ApucToTenb ObUI TeHHATBHBIM MbIcauTeaeM. Ho Tak yk HMOIy4dHiIock, 9YTO OH
CTall 3/bIM T€HUEM EeCTECTBO3HAHMSI, 3aTOPMO3UB €ro pa3BUTHE Ha J00pbIe CTO
nokosnenuii. OH, B 4aCTHOCTH, Bciaen 3a [lmaToHoMm oTkazancs OT OCHOBHOTI'O MPUHITUIIA
MaTepUaTUCTUYECKON METOIOJIOTUU — OT MPAKTUKU KaK KpUTEpHsl UCTUHBI. MaTemaThke
3TO 0cO0Oro Bpeda HE MPHUHECIO, N0O ee aKCHOMBI OBLIM CIUIIKOM OYeBHIHBI. MHOE
neno ecrectBozHanue. OrpaHuyych JUIIb OAHUM [IPUMEPOM.

[Tyrem noruyeckux paccykIeHuid ApUCTOTEINb MPUIIEI K BHIBOIY, YTO TSDKEJIBIH KaMEHb
najgaet OpicTpee Jierkoro. M emy naxke He MPUIIUIO B TOJOBY MPOJENaTh MPOCTEUINN
OTIBIT: MOTPOCUTH KOTO-HUOYAb U3 CBOMX YUEHHKOB IOIPOBOPHEE 3aJe3Th Ha JIEPEBO
JUIEHCKOW polu C JABYMsS KaMHSIMH pa3HOrO Beca U BBIMYCTUTh HX U3 PYyK
OJTHOBPEMEHHO. A caMOMy CTaTh pSAAOM, HE Tak OJM3KO, 4TOOBl KaMHU HE yHajlu Ha
TOJIOBY, HO M HE TaK JaJIeKO, YTOObI YBUJETh — KAMHU KOCHYTCSl 3€MJIM OJHOBPEMEHHO.
Jaxxe cama MbIcab 00 3TOM Ka3ajach €My HENpUEeMIIEMON, HU3MEHHOH, YyXIOH
bunocodum.
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Bnopouem, 4To *)aneth O TOM, 4ero He Ciy4dymioch. OmsTh K€ — JEHWCTBYET 3aKOH
IIPUYMHHOCTH, 3aIIPEIIAOLINI BIUATH Ha MPOILIOE.

Kak Op1 TO HEH OBUIO, (H3MKa Havama OCBOOOXAATHCS OT BIUSHHUS ApPHCTOTEINS
daktuyecku ¢ XV-XVII BekoB — Bpemenu ['ammnes, Ilackans, [ekapra, ['toiirenca u
Herorona. U ocHoBatens Axagemun JlunueeB @enepuko Ye3n ¢ TOpaOCThIO MHCAT
anunero: «Te, xoro mpumem, He OynyT pabamu HM ApHUCTOTENs, HH Kakoro-auoo
apyroro ¢uimocoda, a JIIOABMH OJAarOPOJHOTO W CBOOOAHOTO O0paza MBICICH B
UCCIIeIOBaHUM TpUpoabl». BoT kakoil kimH BOMA Craruput Mmexny ¢unocodueit u
ectectBo3HaHueM! Otrojocku 3toro cnopa gouui u a0 XVIII Beka. 3to Xopoiio
obbirpano A. H. ToncteiM B [Tetpe [TepBom»:

«...A uto, roctioguH [laTkyns, anrnuyane deprapcon u ['peHc — 3HATHBIC YUeHBIE?

— Bbynyun B Jlongone, ciabixan o HUX. Jltoau He CIMIIKOM 3HATHBIE, cHe HE QHUIOCOdHI,
HO 0OoJiee HayK NMPaKTUYECKHX. ..

— MmenHo. OT 60rocinoBus HaC BIIX 3a€IH. ..»

Urak, ¢unocodust crama CHHOHUMOM OOTOCIIOBHS W aHTHIIOIOM MpakTHKH. Hemamyro
pOJb B 3TOM CBhITpaJl TOT XK€ APHUCTOTENb, MOAHATBHIA HAa LIUT CPEIHEBEKOBBIMU
cxomactamu. Jlumbe B co3maHHOW MapkcoM W DHrenabcoM (QHIOCOPUH KPUTECPHid
OpPaKTUKU TOJNYy4na JocToiHoe Mecto. Ho, yBBI, apucroTenu3m B OHOJOTHUM 3aHSII
CIIMIIKOM MpPOYHYIO MNO3MIMIO. broiiornyeckne CHUCTEMBl CIIOKHEE MEXaHHUYECKHUX, U
IIPOLIECC HAKOIIJIEHUS HOBBIX JAHHBIX ILIEJ 3/1€Ch C TOPa3/io MEHbILIEH CKOPOCTHIO.
[Toatomy, naxe ceituac ApuCTOTENEBBI MTOJIOKEHUS O KOHEUHBIX IPUYMHAX UMEIOT yCIeX
y psAaa ecTeCTBOMUCIBbITaTeNnel. Belb Ha HUX HESBHO OCHOBAHBI YUEHMsI O HACJIECIOBAaHUU
npruoOpPETEHHBIX TMPHU3HAKOB, W3HAYAJIbHO TPUCIIOCOOUTEIHHOM, IeJIeco00pa3HoOi
W3MEHYMBOCTH, aCCUMWIALIUU YCIIOBHI BHelHeN cpensl. U Tak nanee.

B nocnegnee Bpemss B HaydyHOM M B HAYYHO-NIOMYJISIPHOW JIMTEPATYpE YCHICHHO
00Cy>/1aeTcsi BOIPOC O TEOPETHUECKOW OMOJOrMM: MOXKHO JIM HPEBPATUTh HAYKy O
KHBOM M3 TPYyIbl Kak OyaTo Obl HE CBSI3aHHBIX JIPYr C APYroM (akTOB B CTpPOMHOE
3JaHKe, IIe BCE MOJOXKEHUs M (aKThl CBA3aHbI JPYT C APYIOM M BCE BBITEKAIOT W3
HENPEJIOKHBIX, MPOJUKTOBAHHBIX BCEM UEJIOBEYECKUM OIBITOM akcuoMm? MHeHus
BBICKA3bIBAIOTCSl CaMble pa3HOOOpa3Hble. MHe, Hampumep, JOBOAMIOCH CIIBIIIATH
NECCUMUCTHYECKUI BBIBOJI, THACSIIUM, YTO B OTJIMYME OT TEOPETHUECKOW (PU3MKH
TEOPETUYECKYI0 OHOJIOTHIO CO3/1aTh MPUHLUIHNAIBLHO HEBO3MOKHO. OOOCHOBBIBACTCS
3TOT BBIBOJI JOBOJILHO IpocTo. Hu 00 3nexTpoHe, HU 006 aToMe He CKaXKeIllb, YTO KaXIbIi
U3 HUX YHMKAaJIeH, €IMHCTBEHHBIM B CBOEM pojie. A BOT B OMOJIOTUH, YTO HU OOBEKT, TO
«HETIOBTOpUMAsi WHIUBUAYaJbHOCTb». YHHKAJIbHbIE KJIETKH CJIAraloT yHHUKaJIbHbIE
OpPraHM3MBl, U3 OPTaHU3MOB COCTOSAT MOILYJISLUH, U3 TOIYJIALHANA — BUIBI, @ CKOJIBKO UX U
Kak OHHU pa3HooOpasHbl!.. Buaumo, 310 pazinnuue 00beKTOB OMONIOTUN U (PU3UKHU U UMEI
B BULY

Makc /[lensOprok — pu3uk u OMoIOor OAHOBPEMEHHO, Korja mucai: «3penoro ¢pu3mka,
BIICPBbIE CTAJKUBAIOLIErocs ¢ MmpoOieMaMu OWMOJIOTMH, CTaBUT B TYHNHK TO
00CTOATENLCTBO, UYTO B OHMOJIOTMM HET «aOCONIOTHBIX sABIeHHID». Kaxkmoe sBieHHE
IPEJCTaBISAETCA NHBIM B pa3HbIX MECTax U B pazHoe BpeMmsl. JIroboe )KUBOTHOE, pacTeHUe
WJIA MUKPOOPTAHU3M. .. JIUIIb OJTHO 3BE€HO B 3BOJIIOLIMOHHOM LIEMTU U3MEHSIOUUXCS GopM,
HH O/IHA U3 KOTOPBIX HE OCTAETCS CKOJIBKO-HUOY/Ib IIOCTOSTHHOM.

bonpmumHCTBO HCciienoBaTenel MNPUAEPKUBAIOTCS HMHOIO MHEHHUSA: TEOPETHYECKOU
Ouosioruu eme HeT, HO OHa BO3MOXHA. IIpocTo MBI He 3HaeM HOKa BCEX NMPHHLMUIIOB
(akcHOM, MCXOJHBIX IOJIOKEHUI), KOTOpBIE IOJDKHBI JIeXKaTh B ee (QyHaameHte. Tak,
marematuk B. B. HanmuMoB momnaraer, 4to Ha mMyTH CO3JaHUS TEOPETHYECKOW OHOJIOTHH
CTOUT HEOAOJIMMOE CETOJHS NPENATCTBUE — UPE3BbIUaliHAs CII0)KHOCTb HCCIETYyEMBIX
00beKkTOB. OHa, 3Ta CIOXKHOCTb, HE IO3BOJISIET MPEJICTABUThH SBJICHUE, MMEHYEMOE
KHU3HBIO, KOpOUYe, YeM JTO YyAaeTcsl CAeNaTh IpPU HEMOCPEICTBEHHOM HAOIIOICHUU.
Teopus xe, cuntaer HaimmmoB, 3TO KOMIMakTHOE TOCTpoeHHe. JII0OOMBITHO, YTO IO
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MEHBIIIEH Mepe OAHO TaKoe IOCTPOCHHE OH IMPU3HAET — HBOJIOLHUOHHYIO TEOPHIO
[apsuHa.

Kak nucan B cBoel moclIeTHEH CTaThb€ HENABHO CKOHYABIIMICA OJMH W3 KPYITHEHIINX
Hammx reHetukoB H. B. Tumodees-PecoBckuii TeopeTudeckas Ouoiorus He co3aaHa
OTOMY, 4YTO «HET (MJIu He OBUIO 1O CaMoro IOCJIEIHET0 BpPEMEHH) OOIIUX
€CTECTBEHHOMCTOPUYECKIX OMOJOTUYECKUX MPHUHIIMIIOB, CPABHUMBIX C TE€MHU, KOTOPHIE
naBHo, HaunHast ¢ XVIII B., cymectBytor B ¢pusuke». [IpaBna, nea npunnuna Huxomnait
BrnagumupoBud Bee e Ha3Bajl, 00 0JHOM BbICKa3aJcs MPEAMOI0KUTEIBHO.

[lepBrIii 13 Ha3BaHHBIX UM NPUHIMIIOB U3BecTeH yxke Oonee 100 ner. 1o 1apBUHOBCKUI
€CTeCTBeHHbI 0TOOp. BTopoit — pa3MHOXeHHE, peIIuKaluus U PpeAyTUTHKAIUSI
HACJIEICTBEHHBIX MOJIEKyJl. B OCHOBY 3TOro mnpuHLUIA Jeria HIes, HPO30pJIUBO
BbICKazaHHas  yuuteneM TumodeeBa-PecoBckoro H. K. KomproBeiM, a  3aTem
MOJIXBAaYCHHAss © pa3BuTas camuM Hwukomaem Bragummmuposudem, [lenbpOprokom,
I1. lupakoM U IpyrUMH YYEHBIMH.

Crpanno, 4uro TumodeeB-PecoBckuii He Ha3Bal e€mIe OIWH OOIMICOMOIOTHICCKUI
NPUHIUI, KOTOPbIA HMMEET JUIsi HAayKd O JKMBOM HE MEHbIIEE 3HAYEHUE, YeM
€CTECTBEHHbIN 0TOOp M Pa3MHOKEHUE HACIEACTBEHHBIX MOJIEKYJ. MOXeT ObITh, TIOTOMY,
YTO OH CaM €ro U MpeUIOKHI? DTO TaK Ha3bIBAEMbIN MPUHIUN YCUIUTENS (YCUICHHUS),
MMEHHO OH U JIeJIaeT JapBUHOBCKYIO 3BOJIOLUIO BOZMOKHOM.

060 BceM 3TOM HaM MPEJACTOUT MOTOBOPUTH MOAPOOHO, a MPHUHIIMUIY YCHUJICHUS OyIeT
OTBEJICHA Ja)xke Liejasl IJlaBa. 3Jech e s XOTesa Obl cka3zaTh BOT uTo. Jla, mpuHIuUN
€CTECTBEHHOT'O OTOOpa OYEHb Ba)K€H, HO BPSJ JIM €r0 MOKHO MpU3HATH akCHOoMON. OH
CKOpEe CBOEro pojila TeopeMa, KoTopas BbIBOAUTCS W3 Oosiee mpocThiX. To ke camoe
OTHOCHUTCS M K IPUHIIUITY KOHBapuaHTHOH (TouHOU He Ha Bce 100%) penyrmukamuu. Ero
TaKkK€ MOXKHO pAa3JIOKUTh Ha JiIBa HAYaJIbHbBIX, JCHCTBUTENBHO HCXOJHBIX,
AKCOMATUYHBIX.

Teneps o npuHItMIe, 0 KOTopoM TuMogeeB-PecoBckuii BhICKa3acs MpeoN0oKUTENBHO,
a TouHee — onpeneneHHo. [1lo maenuto Hukonas BragumupoBuda, eCTECTBEHHBIN 0TOOD
JIOJDKEH HENPEMEHHO BECTH K IPOTPECCHMBHOM HBOMIOLMU. MOXKHO HO-pasHOMY
PaCLEHHUTh 3TO BBICKA3bIBAHUE. 3aMOA03PUTh, K IIPUMEPY, aBTOPa CTaTbU B TOM, YTO OH
BBICTYNAET NMPOTUB JlapBHHA, KOTOPBIH, KaK M3BECTHO, OTPHLAT MPUCYIIYIO OYATO OBI
JKUBOW TPUPOJIE «CTMOCOOHOCTHh K Tporpeccy». «boxke, — 3aknuHan [lapBuH, — orpaau
MEHs OT JIaMapKOBCKUX OECCMBICIHI] BpOJE CTpEeMIIEHHs K Tporpeccy». Takoe
MoJI03peHue OyJeT HECTPaBEIUBBIM YXKE XOTs Obl MOTOMY, UTO B TOW )K€ CTaThe €CTh U
JIpyTue CcloBa: «...HaM, OHOJOraM, TPEACTOUT... CGHOPMYIHPOBATh, YTO TaKOe
MIPOTPECCUBHAS SBOTIOLIHSD.

[Ipobnema mporpecca B XKMBOW NPHUPOJAE pacCMaTpHUBajIach HAIIUM 3aMe4aTeIbHbBIM
sposmonmonrncToM  A. H. CeBepuioBeiMm. OH  pasnuuan JBa pa3HbIX Mporpecca:
Mopdodusznonornueckuii u Omonormdeckuii. I[lepBbiifi CBSi3aH C YCIOXXKHEHUEM U
YCOBEPIICHCTBOBAHWEM OpraHM3Ma, 4To 0oJjiee BCEro OTBEYAET HAIUM HHTYUTHBHBIM
NpEeACTaBICHUsAM O Tporpecce — OT aMeObl K 00e3bsiHe, OT O00€3bsIHBI K YEJIOBEKY.
buonornyeckuii mporpecc XxapakTepu3yeTcs JIMIb CTENEHBIO MpolBeTaHusa Buaa. Eciou
BUJI JIO CUX TIOp OJIaroJIeHCTBYET, MPUCTIOCA0IMBAETCS K M3MEHEHUSM BHELTHHUX YCIIOBUA,
HE CHMKAeT, N0 KpalHEeW Mepe, CBOK YHCIECHHOCTb, 3HAYWUT, OH NEPEXKHUBACT CTAIUIO
OMOJIOTMYECKOro Imporpecca. A JOCTHraeTcs 3Ta CTaausl pasHBIMHU MyTAMHU: KakK IyTeM
MOP(POPU3NOTOTHIECKOTO TPOrpecca, TaK M YAaCTHBIMHU TPHUCIIOCOOJIECHUAMH W J1aXKe
IyTeM perpecca, HOHW)KEeHUs! ypoBHs opranuzanuu. Ecnun Tumogees-PecoBckuii umen B
BUJTy OMOJIOTUYECKHI MPOTPECC, TO OH OB COBEPIIICHHO TIPAB.

Haxkownern, ecTb 1 Takasi TOUKa 3peHUs 10 MOBOIY TEOPETHUUECKOW OMOJOrMU: 3Ta HayKa
co3maercs yxe cerogHs. Tak, B 4aCTHOCTH, AyMaroT OWOJIOTH, (PU3UKU M MaTEeMaTHKH,
NEepUOIUYECKU coOMparorecs Mmoja 3rugod MeXIyHapoaHOTO CO03a OMOJOTHYECKUX
HayK Ha CUMITO3UYMBI TI0... TEOPETUUECKONU OMOTIOTHH.
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Moe MHEHHE IO ’TOMY HOBOAY, OBITh MOXET, CAMOE ONTUMHUCTHYHOE.

Bo-nepBbix, s yOexJeH, 4To TeopeTHueckas OMOIOTus co3/jaHa yke Ooyiee IByX ThICAY
JeT Hazanx, BO BpeMeHa Apuctortens. K cokaneHuio, Benukuili (uinocod mMOIOKHIT B
OCHOBY CBOEH TEOpeTHYECKOW OMOJIOTUU JIOKHBIM NPUHLMI SHTENEXUH, Oyrymieit
npudrHbL. Hemb3st cka3arp, 4TO 3TOT MPUHIIHIT TOTAa HUYero He o0bsacH:uI. HaobopoT, oH
OOBSICHAN dYepecuyp MHOroe, IMPAaKTHUYECKH BCE, IOCKOJIbKY 10 CYTH CBOEH 3TO
00BACHEHNE MaJIO, YeM OTJINYAIOCH OT 0aHAJIBHOTO: TaK COTBOPHII OOT ...

Bo-BTOpBIX, I Qymaro, 4YTO BC€ NPUHLMUIIBI, BCE AKCHUOMBI, KOTOPBHIE HYXHBI IS
MIOCTPOCHHS TEOPETUYECKOH OWOJIOTHH, B CBOE BpeMs yXe ObutH C(HOPMYIHPOBAHEI.
KnaTp nosiBIEHNS HOBBIX HET HUKAKUX OCHOBAHMM.

Kaxue xe akcMOMBI cieyeT MoJI0KUTh B OCHOBY Te€OopeTHuecKoi Ononoruu? SIcHo, 4TO
OHHU JIOJKHBI MIPEXJIE BCEro YJOBIETBOPSTH TPEOOBAHHIO OYEBUAHOCTU. W MX JOIKHO
OBITH HEOOXOIMMOE M JOCTATOYHOE YHUCIIO; KaK TOBOPST MATEMAaTUKU, CUCTEMAa aKCHOM
JIOJKHA OBITh TIOJHON U HE3aBUCUMOIA.

Ota KHUTa He y4eOHHMK, HE aKCMOMAaTHU3MpOBaHHAsi OMOJIOTHS, a JIMIIb MPEIIOKEHUE K
pasmbllieHHI0. S He crapancs 3arpy3uTh ee gakrtamu. Llens ee B ApyroMm — mokasars,
KakuM 00pa3oM MOXHO BBIOPaTh M3 MHOTHX ITOJIOKEHUI OCHOBHBIC, HCXOTHBIE. BHIOOD
ux OOOCHOBBIBaeTCs (akTaMu M JOBOAAMH, JUISI TOCTHXKEHUS KOTOPBIX BIIOJHE
JIOCTAaTOYHO MIKOJBHON MPOTpamMMbl OMOJIOTHH, XUMUU U Pu3uku. Hackoiabpko 3T0 MHe
YAAI0Ch, IPEIOCTABIISAIO CYAUTh YUTATEIIIO.

Ho npexxne yem Mbl nepeiifieM K pacCMOTPEHHUIO aKCUOM KU3HM, HAJI0 BCE-TaKU 3apaHee
YCIIOBUTBCSL O TOM, YTO MBI IIPEACTABISAEM IIOJ 3TUM IOHATHEM — <OKU3HB». Kak HuU
CTpaHHO, IIOJHOTO €AMHOINIacusi B OJTOW mpoOieme HET. A  Belb HENb3s
AKCHOMaTU3UPOBaTh HAyKy O YKMBOM, HE JOTOBOPHUBIIMCH O TOM, UTO K€ BCE-TAKU MBI
UMEEM B BUJLY.

YT10 TaKOE KU3HL?

OnuH OCTPOYMHBIM YEJIOBEK 3aMETHJI, YTO XOTS Mbl MOKEM 3aTPYJIHUTHCA J1aTh TOYHOE
ONpENIETICHUE KU3HHU, OJHAKO HUKTO W3 HAC HE COMHEBAETCS B PEAIBHOCTU pa3Inyus
MEXIYy *UBBIM M HEXHUBBIM, IOTOMY YTO 3a HUBYIO U 3a MEPTBYIO JIOIIAb HAa PHIHKE
JIAI0T Pa3HYIO LICHY.

JleficTBUTENbHO, UHTYUTUBHO Mbl BCE IMOHMMAEM, YTO €CTh XKMBOE U YTO — MEPTBOE, a
BOT TOYHO CQOPMYJIUPOBATH pa3inuue OOBIYHO 3aTpynHseMcs. MHE HW3BECTHO MHOTO
MOMBITOK JaTh NEUHUINIO, ONpPEICICHHE TOHATUS (OKU3HB», HO, KaK IMPaBWJIO, OHU
OKa3bIBAIOTCS ysA3BUMBbIMU. [lopoil aBTOpBHI BOOOIIE OTKA3bIBAIOTCS OT OINpeAeNeHUs,
noAMeHsss ero tasronorued. He mory He mnpouuTupoBaTh OAHO M3 OIpPEICIICHMM,
npuciaHHoe MHe u3 JloHenka: «)XKuBOW OpraHmsM — 3TO TENO, CIAraéMoe U3 >KHMBBIX
00BEKTOB; HEIKUBOE TEJIO — ClIaraeéMoe M3 HEeXUBBIX 00bekTOB». U Bce. [lomymaiite, Kak
npocto! Ho crana v HaMm OT 3TOro MOHSATHEE CYUIHOCTh KU3HU?

BonpmmHCTBY umTaTeneil, BEpPOSITHO, M3BECTHO KIIACCHYECKOE OINpECICHUE KU3HH,
naHHoe OHrenbcoM: <OKH3Hb — 3TO cmoco0 CyIIecTBOBaHHS OEIKOBBIX —Tell,
CYIIECTBEHHBIM MOMEHTOM KOTOPOTO SIBIISIETCS TIOCTOSIHHBIH OOMEH BEIIeCTB C
OKPY’KaOIIEH MX BHENTHEH MPUPOION, IPUUEM C TIPEKPAIICHHEM dTOr0 0OMEHa BEIIECTB
MPEKPAIACTCs U KU3Hb, YTO MPUBOIUT K PA3IOKCHHUIO OCITKaY.

Ve B 3T0il r1aBe Mbl BCTPETUM yOEIUTENbHbIE PUMEPDI CIPABEIMBOCTHU ONPEACICHUS
Ourenbca. OgHako nocTatodHo i oHO? Cam DHrenbe Tak He ayman. [[ns Hero oOMeH

BEIIECTB — JIMIIb CYIIECTBEHHbIM, HO HE €IMHCTBEHHBIM KPUTEPUU KHU3HU.
JeiicTBUTENHHO, MBI yOEAUMCS, UTO OOMEH BEIECTB MOXKET OBITh MPHUCYII U HEKHUBBIM
o0BbeKTam.

IIpeacraBuM OIMBIT, KOTOPBIA HETPYIHO OCYLIECTBUTb. MBI MMeEM IBa HEIPO3PayHBIX
AIIAKA, KOTOpPHIE HEMPEpPBIBHO BEHTHIMPYIOTCS. [log00HBIE yCTpOHCTBAa, B KOTOPBIX
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KOHTPOJIUPYETCS JIULIb BXOJ U BBIXOJ, @ COAEpKAHUE UX HEU3BECTHO, KUOEPHETUKH KaK
pa3 ¥ HAa3bIBAIOT «UYEPHBIMHU SIIUKAMW». AHAIW3 BBIXOJAILIETO U3 SILIIMKOB BO3JyXa
MOKa3bIBAaET, YTO B OOOHMX CiIy4asx MBI MMEEM Ha BBIXOJC IePUIMT KHCIOpOJa,
MOBBIIICHHYIO KOHUEHTPALMIO YIJIEKUCIOrOo ra3a M BOJASHBIX napoB. I3MepeHue
TEMIIEPATypbl MOKAXET, YTO Ha BBIXOJE BO3AYyX TeIJjiee, YeM Ha Bxoje. Mbl BIpaBe
3aKJTIOYUTh, YTO B KAXKIOM SIIIUKE COIEPKUTCS CUCTEMa, CITIOCOOHasi K 0OMEHY BEIeCTB C
OKpy’KaroIie cpenoil. Eciim MBI BCKpoeM SIIUKHU, TO OOHApPYXKUM B OJHOM M3 HHX
KUBYIO MBIIb, 4 B APYTOM — FOpSIIyIo cBeuy>. Kpurepuii 0GMeHa BEIIECTB 31€Ch HE
cpabaTbIBaeT, HE TMO3BOJISI OTJIMYUTH JKUBOE OT HEXHBOTO, IMPOIECC TOPEHHUS OT
nporecca apixaHus. Eciu Mbl mepekpoeM KpaH MOCTYIUIEHHUS BO3AyXa, MBIIIb MOTHOaeT.
OpnHako M MepTBbIE OpPraHU3Mbl MOTYT OOMEHHMBATBHCS BELIECTBAMHU C OKpY’Karollei
cpenoil. Ha »TOM, B 4YacTHOCTH, OCHOBaH TMpOLECC OOpa30BaHMsSI OKAMEHEIOCTEH.
OcraTkul )KUBOTHBIX W PACTEHHUI B CJIO€ TOPHOW MOPOIBI OTAAIOT OKpYXKAIoLIeh cpele
OpraHHWKy €€ MECTO 3aHHMarT MuHepaidbl. OCOOCHHO yAMBHUTEIbHBI OKAMEHEBIIUE
JIEPEBbsl — BHEILIHE OHM 10 MEJbYANIIMX JETallell COXPAHSIOT CTPYKTYpPY JAPEBECUHBI,
OJIHAKO OHA MUJUIMOHBI JIET Ha3aJ 3aMeCTUIIaCh KPEMHE3EMOM M OKHCIIAMH JKEJIe3a.
Kaxoii BBEIBOJ MOXKHO cjellaTh H3 3Toro? OOMeH BemecTB — HEO0XOAHUMBIHA, HO
HEIOCTATOYHbIH KpUTepuid KHM3HU. Ero HyXHO [ONOJHUTH KAKUM-TO WHBIM
KPUTEPUEM.

MoxHO copMyIUpOBaTH OIpeNeTeHHE XU3HU Ccleayromeld ¢pas3oii: *KH3Hb — ITO
aKTHBHOe, HJyllee ¢ 3aTPaTOd »JHEPruM TNOAJepP:KaHHe MW BOCIHPOHU3BEACHHUE
creu(pPHYEeCKoil CTPYKTYPBbI.

Yem kopode ompezaenieHHe, TeM OoJbIlle OHO HyXmaercs B pacmmdpoBke. UTo Takoe
akTHUBHOE BocmnpousBeaeHue? [1oa 3TuM clioBocouYe€TaHNEM MbI IOJKHBI TOHUMATh TaKOU
IpOLECC, KOIJa CHUCTEMA caMa BOCHPOU3BOAMT ce0s M MOAJEPKUBAET CBOKO
[EJOCTHOCTh, WCIOJNB3Ysl AJSl 3TOTO 3JIEMEHTHI OKpY Karollel cpelbl ¢ Oonee HU3KON
YHOPSAOYEHHOCThI0. [lacCuBHBIN IpoLECC Takoro poja OTHIOAb HE IMPU3HAK KU3HU.
[ITumpl U3 roga B roj BOCIPOU3BOIAT CBOM THe3a, O0OpHI CTPOSIT IUIOTHUHBI, HO HU
THE3/1a, HU TUIOTUHBI HEJIb3sl CYUTATh )KUBBIMH OOBEKTaMH B OTIMYUE OT UX CTPOUTEIIEH.
Oco0eHHO XapakTepHO BOCIPOU3BEICHHE HEXKUBBIX OOBEKTOB [UIsl JI€ATEIbHOCTH
yenoBeka. CpeHEBEKOBBIN MEPENUCYUK KHUT, CO3/1aBaBLIMK HOBBIA (DOJIMAHT B3aMEH
UCTPENIaHHOTO, W COBPEMEHHBIM  JIOOMTENb  MY3BIKM,  IEpPENHCHIBAIOIIUI
MarHuTO(OHHYIO 3aMUCh, — XOPOIIKWEe TOMY IpuMepsl. Ho uenoBek Kyaa clo)kHee KHUTH
i MarauToonHoi 3anucu. Kak-to aBTopy 10BeI0Ch YMTAaTh (PaHTACTUYECKUNA paccKas
0 TOM, KaKk B JajJekoM Oyxaymem Boccos3fanu >xkuBoro IlymkuHa mo wunHbopMauu
3aKJTIOYEHHOM B IMOJTHOM COOpaHUHU €ro COYMHEHUN. BOT yk 9TO COBEPIIEHHO HEHAay4YHAas
¢anTacTHKa ¢ OOJBIIUM YCIEXOM MOKHO MOIBITATHCS BOCCO3/1aTh SIOJOHIO MO KyCOYKY
s107109HOM acTUIIBl. B manpHEHIIeM MBI elie BepHEMCS K 3TOH Tpodieme.

[loueMy B Hamem ONpelNelNeHMH NOTYEPKHUBAETCS TO, 4YTO MOAJAEpPKAHUE U
BOCITPOM3BEJICHNE CTPYKTYpbI )KUBOTO OpraHM3Ma JOJDKHO HMITH C 3aTpaTod »Hepruu?
[loroMy d4ro 3TO TO3BOJSET  pa3InyaThb JKHUBBIE  CYIIECTBA OT  JPYIHX
CaMOBOCIIPOU3BOISIINXCSA CTPYKTYP, HAIPUMEDP KPUCTAILIIOB.

Eme Benukuii ¢paniysckuii Hatypanuct brodgdon B XVIII Beke mpoBoausl aHAIOTHH
MEXIY PpOCTOM OpraHM3MOB M POCTOM KpHUCTALIOB. JIEHCTBHUTENBHO, KaXKIOMY
KpHUCTAJTy MPHUCYIIA CBOS Crielu(HUecKas CTPyKTypa, BOSHHUKAIONIAs CHOHTaHHO. Tak,
XJIOPUCTBIM HATPUIl KpUCTAUIM3YETCs B BHUIE KyOa, yriiepoa B (opMme anmasa — B BUJE
okTa3ipa. CKOIUIEHNUs, CPOCTKH KPUCTAJJIOB IOPOU YMBUTEIBHO MOXOKHU HA CTPYKTYPbI
KUBOM Tpupoasl. BecroMHUTE XOTS ObI MOpO3HBIE Y30pbl HAa OKOHHBIX CTekiax. OHU
MHOT'JIa HAaCTOJIBKO OBIBAIOT MOXOKM HA JIMCThS MAllOPOTHUKOB M WHBIX JUKOBHHHBIX
pacTeHuid, 4To M3BECTHBIM Onosior A. A. JItoOuIieB BHUIET B 3TOM KaKOH-TO TITyOOKHit
cMbICI. MOYXHO MOIYYUTh U TPEXMEPHYIO CTPYKTYPY, CXOJHYIO C PACTEHUSIMHU (Ha cei
pa3 MmpH pacTBOPEHUU KpUCTAIIOB). B nmeTcTBe s yBiieKancs MOJOOHBIMHU OIBITAMH.
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HyxHO B34Th KPHCTATMKKM KaKOH— IJMOO IIBETHOH COJMM — METHOTrO KyIopoca,
Ouxpomara Kaius — M 3alUTh WX JKUAKUM CTEKJIOM (CHJIMKAaTHbIM KieeM). Yepes
HECKOJIBKO JIHEH HaJa KaXJbIM KPUCTAJUIMKOM BBIPACTAE€T BETBALIASACA CTPYKTypa,
YAMBUTEIBHO IIOXOKas HAa pPACTEHUE, a B LEJIOM IOJIYy4yaeTcs MeH3aX KaKo-TO
(haHTaCTHUECKOH TTAHETHI.

Puc. 1. Mopo3snvie y3opsl na okHax nopou max HaANOMUHAIOM TUCMbS NANOPOMHUKOS U
UHBIX OUKOBUHHBIX pacmenutl, ymo A. A. Jllobuwes suden ¢ 3mom Kakou-mo 2ny00Kutl
oowebuonocuveckuti  cmvici.  Jeno, oomaxko, eopazdo  npowe. Kpucmanne,
obpasyrowuecs U3 B00AHLIX NAPO8, PACMYM C HOBEPXHOCMU U NOMOMY 00pasyrom
CmMpyKmypy ¢ Haubovuiell nogepxHocmoio. Jlucmos nanopomuuka umerom HaudoIbULyo
NOBEPXHOCMb OISl NO2NOWEHUsL COIHEYHO20 C8eMa U Y2aeKUciomol. B nepsom ciyyae npu
00pazosanuu cmpyKmypbol dHepeUus 8bl0eIAemcs, 60 6MOPOM — NO2NOWAETNCAL.

Kak-to MHe noBenoch BUIETh U TPEXMEpPHbIE MOPO3HbIE y30phl. Ha ckiloHe kamMuaTcKoi
COITKH 3eMJISI C JIETKUM XPYyCTOM IIPOCeaaa 1Mol HOraMy Ha OJIWH-/IBa CAHTUMETpA.
Oxkazasioch, 4YTO TOHKUN TOBEPXHOCTHBIM CJOW TMOYBBI ObUT TMOAHIT U3SIIHBIMU
JICASTHBIMU BETOYKAMHM, TOPYAIIMMHU T'yCTO, KaK IETUHKU Ha 3yOHOU mieTke. Hu 1o, HU
nocJie MHE He MPUIIJIOCh BUJETh TAKOM 3aHITHON KPUCTAJUTH3AIMH BOJSHBIX ApOB, XOTS
NUIIYT, 9TO B TOPax Takoil ()EHOMEH He CTOIb YK PEIOK.

Jlaxxe meTamiabl 00pa3yloT MOJOOHBIE CTPYKTYpbl METaJUTypraM: BCEro MHpa XOPOIIO
U3BECTHA TaK Ha3blBaeMas «enka YepHOBa» — JPEBOBUIHBIN CPOCTOK KPHCTAJIIOB
JKene3a, BRIPOCIINI B PAKOBHUHE OTJIUBKH.

W tem He MeHee aHAIOTUU MEXIYy KPUCTAUIAaMH W OpraHU3MaMH, MEXIy MOPO3HBIMH
y30paMHd U JIUCThSIMU TAMOPOTHUKA HEMpPaBOMEPHBI. XOTS 3TU CTPYKTYpbl BHEIIHE
CXOJTHBI, nporecchl WX~ BO3HUKHOBEHHS ~ DJHEPreTHYECKH  JHAMETPajIbHO
MPOTUBOMOIOXKHBL. Kpucrann — cucrema ¢ MUHUMyMOM CcBOOOIHOM sHepruu. Hegapom
py KPUCTAJUIM3AlMKM BBIJCISETCS TeIuio. Hampumep, mMpu BO3HUKHOBEHHH OJHOTO
KWJIOrpaMMa «MOPO3HBIX Y30pOB» JIOJDKHO BBIIEIUTbCS 619 kunokanmopuii Tema (539
IIPH KOHJICHCAITUU BOJASHBIX mapoB U 80 mpu mepexone B TBepayro (azy). CTOIBKO ke
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SHEPruM HYXXHO 3aTPaTUTh Ha pa3pylIeHHE STOW CTPYKTypbl. JIMCThA MarnopoTHHKA,
HA00OpOT, NPU CBOEM BO3HUKHOBEHUH TMOTJIOMIAIOT SHEPIHI0 COJNHEYHBIX Jy4el, W,
paspyiias 3Ty CTPyKTYpY, Mbl MOXEM MOJIYUYUTh SHEPTHI0 00paTHO. J[a 3TO MBI U JienaeM,
CKHWras KaMEHHBII yroib, 0Opa30BaBIIMKCA W3 OCTATKOB TUTAHTCKUX MAarOpOTHUKOB
naie030MCcKOM 3pbl. Jleno 371eck He B caMOM JIMCTOOOpa3HOM pHCYHKe: OechOpMEHHBIH
KyCOK JIbJIla TOW >X€ MaccChl MOTpedyeT Ha pAacIIaBICHHE U HCIAPEHHE CTOJIKO IKE
sHepruu. To e ¥ ¢ NamopOTHUKOM: Ha 00pa30BaHUE BHEUIHEH CII0)KHOCTH OpraHu3Ma
pacxoyeTcsl SHEpPIrusi, HUYTOKHO MaJasi 10 CPaBHEHUIO C TOM, YTO 3aKOHCEPBUPOBAHA B
OpraHMKe.

A Kak >xe BHelrHee cXoAcTBO? M NIHCThs MamopoTHHKA, U MOPO3HBIE Y30pbI 00JIagatoT
MaKCHMaJbHOW IUIOIIAJbI0 MOBEPXHOCTU INpHU JaHHOM oObeme. [lng nmamopoTHuKa (U
JI000r0  JIpYyroro pacTeHus) 93T0 HeoOxoaumo, MO0 JAbIXaHHE U ACCUMUIISIUS
YIJIEKUCIIOro ra3a HWAET 4epe3 MOBEPXHOCTh JHUCThEeB. B Tex ciyudasx, Koraa HYy»XHO
CHU3UTh pAcCXOibl BOJBI HAa HCIApPEHHE, PACTEHHs, HANpUMEp KaKTYyChl, OOpeTaroT
mrapooOpaszHyo GopMy ¢ MHHUMAIBHOW IUIOIIAABI0 MoBepXHOCTH. Ho Tutatuth 3a 310
HY>KHO CHWYKEHUEM TeMIIOB acCUMWIALMKU CO2 1 COOTBETCTBEHHO 3aMEJIEHUEM POCTA.
BonasHble napbl, KpUCTAIIU3YSICh HAa XOJOJHOM CTEKIJE, TaKkkKe 00pa3yloT CTPYKTYpY C
MaKCHUMaJbHOW MOBEPXHOCTHIO, TOTOMY YTO CKOPOCTH MOTEPU CBOOOIHON IHEPTHH MPHU
TOM MaKCHMajbHa (KpUCTAJJIBl PacTyT C MOBEPXHOCTH). Tak 4YTO aHANOTUU MEXIY
KpUCTAJUIAMHU U KUBBIMU OpPTaHM3MaMM HE UMEIOT, KaK 3TO MPUHATO Celuac rOBOPUTH,
IBPUCTUYECKOTO 3HaueHus. JKuakocTb, BBIJIECHYTas W3 cocyda B YCIOBHUAX
HEBECOMOCTH, mpuoOperaer ¢Gopmy OwmapaHoro miapa (MUHUMYM SHEPTUU
MOBEPXHOCTHOrO HaTshkeHus). Ho mexny urpoit B Owuimapa M MojieTaMd B KOCMOC
CTOJIBKO k€ 00IIET0, CKOJIBKO MEXKIY KpUCTAITU3alMel U POCTOM KMBOTO OpraHU3Ma.
W3 storo He cremyeT, 4TO KpUCTAJUIMYECKHE (OPMBI UYKIbl JKM3HHA. BOT Xopomrmii
npumep. MHOTUM H3BECTHBI 0€300UAHbIE KPYIHBbIE KOMAPBI-JOITOHOKKH C JITTHHHBIMU
JOMKHMH KOHEYHOCTAMHU. WX JHMYMHKKA OOWUTAIOT BO BIAKHOM TpPYyHTE, IHUTAsCh
MEPETHUBAIOLIUMHI PaCTUTEIbHBIMU OcTaTKaMu. Cpelu HUX MOXHO BCTPETUTh OcoOeH,
OKpAIIIEHHBIX B TOJyOOH IIBET C paayXHbIM OTJIMBOM. OHU KaXyTCsl BSUIBIMH, U OHH
NEHCTBUTENBHO OOJIbHBI — 3apa)K€Hbl TaK Ha3blBa€MbIM pATy>KHBIM BHpPycOoM. B
reMoiuMpe TaKUX JHMYUHOK TIOJ] MHUKPOCKOIIOM MOXXHO OOHApy>KUTh KPHUCTAJUIBI
YAMBUTEIBLHOM KPacoThl, IepeauBatorecs, kak candupsl. Kpucramisl 3TH ClI0XKeHbI U3
YyacTul] BUpyca — BUpUOHOB. Korja nuunHKa MoruOHET, OHU IOMAIyT B IOYBY, YTOOBI
OBITH IPOTJIOUYEHHBIMH JTUYMHKAMH HOBOTO ITOKOJICHHS KOMapOB.

Taxue kpucTamibl 00pa3yloT MHOTHE BUPYCHI, U HE TOJILKO BUPYChl HaceKoMbIX. Ho 310
HeakTUBHas (popma cyliecTBOBaHHUs BUpYca, B popMe KpUCTalIa OH HE Pa3MHOXKAETCs, a
JIMIIB TIEPEKUBACT HEOIArONPHUSATHBIC YCIOBHSL.

M3BectHwiii  ¢pu3uk  O. [llpegunrep Kak-TO Ha3Bajl XPOMOCOMY «amlepHOIUICCKAM
KpUCTAIIIOM». J[eCTBUTENBHO, SAEPHOE BEUIECTBO KIETKM B NEPUOA JACICHUS
YHOPSA0YEHO, (OPMAIBbHO €ro MOKHO Ha3BaTh KPUCTAJIOM, KaK MOKHO Ha3BaTh KHHUTY
KpUCTaJZIOM U3 cTpaHull. Ho BO Bpems «ymakoBKH» B XpOMOCOMY SIIEPHOE BEILECTBO
(XpomMaTHH) HEAKTUBHO, U caMa XpOMOCOMa — JIMIIb CHOCO0 Tepeaadyd XpoMaThHA OT
KJIETKHU K KIIETKE.

Kopoue, ynopsao4eHHOCTh CTPYKTYpPhl KPUCTAIJIOB — YIOPSIOYEHHOCTh KJIaJOMIIA,
CHCTEMBI C MUHIMYMOM CBOOOIHOI SHEpruu. YHOpPsI04€HHOCTh CTPYKTYPhl OpraHu3Ma
B IIPOLIECCE KUZHEACATENIbHOCTH — 3TO YIMOPSAJ0YEHHOCTh aBTOMOOMIBLHOIO KOHBelepa.
Jlna ee noasep:kaHusl U BOCIIPOM3BEIEHUS B CIIEIYIONIEM OKOJEHUU OPTraHU3M JI0JKEH
IOTJIOIIATh JHEPrMI0 B BHJAE KBAaHTOB CBETA WM HEOKUCIEHHBIX OPraHWYeCKHX
COCIMHEHUI, TPOCTBHIE  BELIECTBA, M  BBIAEHATb  OKUCIEHHBIE  IPOAYKTHI
KU3HEIESATEIbHOCTH. JTO U €CTh OOMEH BEIIECTB, OH HE SBJISETCS CaMOLIEIIbIO.

«Bce teuer», — ckazan ['epaknut Ddecckuit (3TOT BceM U3BECTHBIN adopu3m aomien 1o
Hac, Ipasja Co CIOB APYIHUX, Tak Kak caMm ['epakinuTt, kak Cokpart, IpeArnoYuTal u3iaratb
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CBOM B3MJISIIBI B Oecenax). OCOOEHHO 3TO OTHOCHTCS K KUBOMY opranuzMy. OH — MOTOK,
10 KOTOPOMY HENPEPHIBHO JBMXKYTCS SHEPIHs U BEIIECTBA — JIEMEHTHI JUIsl BOCCO3/IaHUS
cTpykTyp. He Tak gaBHO elie yueHble moJjiarajiu, 4yTo, JOCTUTHYB B3pPOCIOr0 COCTOSHUS,
OpPraHu3Mbl MPUTOPMAKUBAIOT CUHTE3 OEJIKOB M JPYIMX OpPraHMYECKUX COEIMHEHU,
OTPaHUYMBASACH «PEMOHTHBIMW» pabOTaMH (3aKUBJICHHUE PaH, CMEHA JIUTENUS KOXKH H
T. 11.).

[lepBbie e OMBITHI C HW30TOMHBIMH METKaMH TOKa3ald, 4YTO 3TO HeBepHo. Ha
NPOTSDKEHUM BCEW JKM3HU WAET HENpPEepbIBHAs 3aMeHa CTApbIX KJIETOYHBIX CTPYKTYp Ha
BHOBb OOpasyromuecs. Tak, KIETKH KpPOBH IIOJHOCTBIO 3aMEHSIOTCS Yepe3 YeThIpe
Mmecsna. B koHeYHOM cuere, 3TO TOXKE PEMOHTHbIE PabOThl, HO OPraHU3M 3aMEHSET He
TOJILKO KJIETKH, MOJydWBIIHE NePeKTHl, a Bce. Tak, IpU PEMOHTE caMoJieTa 3aMEHSIOT
JBUTATENh, OTPabOTaBIINN CBOI pecypc, XoTs Obl OH pabotan 6e3ynpeuno. Kazamoch Obl,
BCIO JKM3Hb JOJDKHA CIYXXHTh YeJIOBEKY KOCTHas TKaHb. OIHAKO KOrna B TPAKTHKY
MEIMIUHBl BOLIEJI AHTUOMOTUK TETPALMKIMH, BPAadM CTOJKHYJIUCh C YIAUBHUTEIbHBIM
dakrom.

TerpauukiuH OTYaCTM HaKamuiMBaeTcss B KoCTAX. Crelpl JIeYeHHS UM MOXKHO
00HapyXUTh Ha KOCTHOM numhde B BHuue ¢uyopeciupyromero cios. Oka3aioch, 4To
IPUMEPHO Yepe3 TPU rofia Mocie JICUEHUsI aHTUOMOTUKOM OH OOHAapy>KHUBAETCs B KPOBH B
OYCHb BBICOKOW KOHIIEHTPAIMH (YTO MPHUBOJUT TOPOH K HEKENATEIBHBIM TTOOOYHBIM
s¢pdexram). OTKyAa xe B3sICS TETPALMKINH, Beb O0JIBHON 3a TpH T0/1a MOT U 3a0bITh,
YTO KOTJ]a-TO €ro MpUHUMAII?

OH BepHyJICS B KPOBb M3 CTapOil KOCTHOM TKaHM, KOTOpasi paccachlBaeTCsl U 3aMEHSAETCs
HOBOW.

["oBOpAT, yTO HEPBHBIE KIETKU HE BOCCTAHABJIMBAIOTCS, HE Pa3MHOXKalOTCsA. B mpuHiune
3TO TaK, HO Ha MPOTSDKEHUHM BCEH >KM3HM OHU HETPEPHIBHO NEpeCTpamBaroTcs. Tak u
YeJIOBEK MOXKET BCIO JKU3Hb IPOXKUTh B OJHOM JIOME, HO 3a 3TO BpeMs MHOTI'OKPAaTHO
U3MEHUTh B HEM OOCTaHOBKY. MBbI JIMIIb (OPMATBHO MOXXEM CUYHTATh HEHPOHBI, C
KOTOPBIMHM MBI 3aKaHYMBAa€M JKU3Hb, TEMH XK€ CaMbIMHU KIETKaMH, C KOTOPBIMH MBI €€
HayaJu.

B koHue Hamero ompeneneHus KU3HU OBLIO CIIOBO «cnenuduueckas». Uro Takoe
cneuupuyeckas crpykrypa? M3 mokojieHHs B MOKOJEHHWE OPTaHU3MbI BOCIIPOU3BOMIST
XapaKTepHYIO AJIS BUJOB, K KOTOPBIM OHM NPHHAJUIEKAT, YIOPSIOUYEHHOCTb. JlenaeTcs
3TO C MOYTH aOCOIIOTHON TOYHOCTHIO (ITOJUEPKUBAIO CIIOBO «IIOYTH» OHO KpaiiHe BaXKHO,
U MBI K HEMY €I1le BEpPHEMCS).

3. Hlpenunrep B kHUre «YTO Takoe ®U3Hb C TOUKH 3peHus ¢usuka?» (1944) Brickazan
NPENON0KEHNE, YTO OPraHU3Mbl «H3BJIEKAIOT YMNOPAAOYEHHOCTh M3 OKpPY KAIOLICH
Cpelbl», OHM MUTAIOTCA YYXXUM MOPSAIKOM. YBBI, A0 OOCTOUT AAJEKO HE TaK MPOCTO.
HIpenunrep BeIpa3uiics HE COBCEM TOYHO.

Bor nmpumep: BoJIK cbenaer 3aina. EMy He Hy»HBI HU OpraHbl 3aillla, HU €ro TKaHW, HU
ero OEJIKU M HYKJIEMHOBBIE KHCIOTBHI BCE TO, YTO CHEUU(PHUUHO ISl CTPYKTYPBI «3asiy»,
«3as4bsl YIMOPSAAOYCHHOCThY». Bee 3T0 B XenmyJke M KHUIIEYHUKE BOJIKA MPEBPATUTCS B
CMECh HHU3KOMOJIEKYJISIDHBIX OpPraHMYECKHX BELIECTB — aMHHOKHUCIOT, YIJIEBOJIOB,
HYKJICOTH/IOB, U T. 1., OOIIUX JJIsi BCEU KUBOUW MPUPOILI, Hecneyuguunvix . Yactp u3
HUX OPraHM3M BOJIKA OKHCIMT O YIJIEKUCIIOTO ra3a U BOABI AJIs TOTO, 4TO Obl, pacXorys
NOJYYCHHYIO 3HEPrUi0, IMOCTPOUTh M3 OCTABIIMXCS HECHEIM(PUUYHBIX BELIECTB CBOIO,
crenu(UIHBIM 00pa3oM yHOPSIOUEHHYIO CTPYKTYPY «BOJIK» — CBOU OEJIKH, CBOU KJIIETKH
U TKaHU. HakopmuTe BOJIKA CMECHIO AMHUHOKHCIOT, CHHTE3MPOBAHHBIX XHMHUKOM, H
OyJzeT To ke caMoe.

[Mo>xany#i, MO’)KHO TIPUBECTH JHILIb OJUH MPHUMEP, KOTJAa OPraHU3M «IIHTACTCS YYXKUM
nopsiaikom». HekoTropble pecHHYHbIE UEpBM IUIAHAPUM KUBYT Ha  KOJOHUSAX
KUIIEYHOIIOJIOCTHBIX — TUAPOUIHBIX IOJHUMOB, 00benas HX. Y TOJHUIIOB HMEETCS
XOpolias 3aluTa, npasaa He 3p(GeKTuBHas NPOTUB MJIAHAPHUM, — CTPEKATENIbHbIE KIETKH.
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C neiicTBHEM HMX XOPOIIO 3HAKOMBI JIFO/IH, 00KHUTaBIIMECs IIyNaIblaM U YepHOMOPCKOM
Meny3bl KOpHepoTa. [l'opa3no omacHee [anbHEBOCTOYHAs MalleHbKas Mely3a-
KPECTOBHUOK, OYKOT KOTOPOH MOXKET MPHUBECTH K TSDKEIOMY 3a00JIeBaHUIO, 2 TO M K
CMEPTH, €CIM TOJ PYKOH HE OKaXeTcs AMMeposia win cynpactuHa. OkasblBaercs,
IPOIJIOYEHHBIE YEPBEM CTpEKaTelbHbIE KJIETKH IIOJUIIOB HE IEepeBapUBalOTCs, a
MUTPHUPYIOT B MOKPOBBI T€Ja, II€ BBINOJHAIOT Ty K€ 3alUTHYI (YHKIHIO, YTO U Y
x03s51€B. VX Tak ¥ Ha3bIBAIOT: KJIENTOKHUBI — YKPaJIEHHbIE CTPEKATEIIbHbIE KIETKHU.
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Puc 2. Cmpexamenvnvie xnemku KuuieuHonorocmuuvlx (1) — mowmnoe opyowcue, y
HEeKOmopuvlX 6u008 onacioe u 011 yenogeka: Eciu epae umu 0obviua 3amponem
YY8CMBUMENbHBIU B0N0COK (3) — CNYCKOBOIU KPIOYOK KAemKu, U3 Kancyavl (2) ¢ cunou
8bICMIPENUBAEMCS. CIMPEKAmenbHas HUMb, NOKpbimas s100M. Tak evieopavueaemcs naney
nepyamku. Y ocHoeanuss HUMU UMEIOMCA Kplodbs, Kak y 2apnyHa. Takumu kiemxamu
800pYJICEHA U Hawa o00bluHas npechogooHas eudpa (II) Oowaxo manenvruil
CMEKNI08UOHONPO3PAUHbIL Yepsb Mezocmoma Openbepea (III) cnoxotino noedaem eudp,
npuyem KIemKu )y HUX He GblCmpenuarom Ceou HUmu, a Mucpupyiom u3 KUuledHuxKa 6
NOKPOBbl uepes, 20e GbINONHAIM C6010 (DYHKYUIO — OXPAHAIOM HOB020 XO3AUHA. DMO
yyme U He eOUHCMBEHHbI CAy4au, Ko20a OOUH Op2aHU3M UCHONb3Yem Ydacmb
CMpYKmMypol 0py2020.

MosxHO o(aHTa3uPOBaATh O KU3HU HA KAKOW-HUOY/Ib MJIAHETE, TI€ TOJOOHBIH MPUHITUTT
pacripoctpanen mmpoko. Ho Ha 3emie monoxxeHne oOpaTHoe. 3eMHBIC OpPraHU3MBI B
YyOU YIOPSAAOUEHHOCTH HE HYX/IAI0TCs, KaK BUJIHO U3 CIEAYIOUINX IPUMEPOB.

3 nexabps 1967 roma B kednrayHckod OompHHIlE ['pore-Cxrop Kpuctman bapHapn
nepecaawl Jlyucy BamkanckoMy, cTpafaBiieMy OCTPOM CEpACUYHON HEIOCTATOUYHOCTBIO,
cepane neyuiku [lenns JlapBans, moru6iiei B aBTOMOOUIBLHOM KaTacTpode.

17 nexalOpsi, uepe3 aBe Henenu, Bamkanckuii 3abosien JBYCTOPOHHUM BOCHAJIEHHEM
nerkux u 20 nmexkaOps ckonuancs. [lepBas Heymaua HE cMyTwia XHpPYpron. Ywucio
OIepanyii 10 Iepecagke cepialla HacuuThiBaeTcs yxke coTHamMu. Ho m no bapnapna
KHUBOTHBIM U JIOAAM NEPECAXKUBAIN CEPALA, JETKUE, TTOYKH U MOPKETYA0UYHbIE JKEIe3bl.
PesynbraT Be3ne ObUT 0AMHAKOBBIM. [lepecaskeHHbIE OpraHbl OTTOPTAIHUCh, €CITU HE OBLIH
B3STHI y OJHOsHIIEBOrO Onm3Hena. Ho omHosiIeBbie OMM3HENBI — ATO T€HETHYECKHE
KOIHMHU OJTHOTO U TOTO K€ OpraHu3Ma.

MoXHO czienars BbIBOA, YTO «4yXkas yHOPSIOUYEHHOCTh» OPraHU3My HE HyXHa, OH H30
BCEX CWJI, OTYasHHO Oopercs ¢ Hell. COXpaHUTh MEepeCaKeHHBII OpraH MOYKHO TOJIBKO,
NOJJaBUB 3aIlUTHBIE MMMYHHbBIE CHCTEMbl OOpa3oBaHMs aHTHTend. Ho Torma manument
OKakeTCst 0€33aIUTHBIM IPOTUB JII000K MH(EKIIUN U B KOHIIE KOHLIOB OTHOHET OT Hee,
KaK 3TO CIIy4mJIoCch ¢ BamkaHckuM.
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D10 camblii A3PPEKTHBII MPUMEp, HO U3BECTHHI U JPYTHE CIydau, KOTJa OpraHu3Mbl He
OPUEMITIOT «UY’KOro nopsiaka». OOIIen3BecTHBI IPYyMIbl KPOBH, 3/1€Ch CHUCTEMa MPOCTa,
U, OIIPENEIUB TPYIIy, MPAKTUYECKH BO BCEX CiIydasX M30exaThb pacnajaa dpUTPOLIUTOB.
Bonee Toro, 4yenoBeky MOKHO NepearBaTh KPOBb IIMMIAH3€ COOTBETCTBYIOLIEH IPyIIIbI.
Ho wu3penka BcTpewaroTcst JI0U ¢ TaKUMHU YHUKaJbHbIMU HaOopamu (akTOpOB KPOBH,
YTO HUYbS JIpyras UM He TOAUTCS.

Wncynua — eauHcTBeHHOE A(P(GEKTUBHOE CPEACTBO MPOTHB auadeTa OTIUYaeTCs
CPaBHUTENIBHO MO BUIOCTICHU(PUUHOCTBIO, TOATOMY IS JIEYCHUS JTUa0ETUKOB MOKHO
UCIIOJIb30BATh 3TOT OEJIOK, BBIJCIEHHBIN U3 MOJKEITYA0YHBIX KeJle3 KPYITHOIO poratoro
CKOTa. A BOT TOPMOH pOCTa — COMAaTOTPONUH — BuAocnenuduued. g neueHus
KapJIMKOBOI'O POCTA y YEJIOBEKA HY)KEH UMEHHO Y€JIOBEUECKUH COMAaTOTPOINHH, KOTOPbII
BBIJIEJIAETCS U3 TUNO(GHU3a YMEPIIHUX JIIOACH.
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Puc. 3. Ha smom pucynke uzobpasxcena cxema monexyivi uncyauna. C cokpaujenHvimu
HA36AHUAMU, CIA2AIOUUX ee AMUHOKUCTIONM Mbl NO3ZHAKOMUMCS nosace. s Hac ceuyac
BAJCHO Opy20e: UHCYIUH OOUH U3 HAUMeHee ChneyuuyHblX OenKos (1 3mo genukoe 01a20
onsi cmpadarowux ouabemom, O UX JeYeHUsT MONCHO NPUMEHAMb UHCYIUH KPYNHO2O
poeamoeo ckoma). Tem He MmeHee noumu Kaxicowlii 6UO XAPAKMeEPU3Vemcs: HeKOMopbiMu
paznuuusmu 8 nociedogamenvhocmsx. Tax, 6 yenu A medxcoy wecmuvim u 0OUHHAOYAMBIM
oCcmamkamu yucmeuna, oopazyiomumu OUcyib@uonsvle MOCMUKU, NOCIe008AMENbHOCHLb
AMUHOKUCTOM Y OblKa, bapana, 10uaou u C8UHbU HeOOUHAaKo8d. Jluwb y ceunbU U KUma
OHA CXOOHA, HO OHU PA3IUYAIOMCA NO  OpyeuM Hacmam MmoaeKkyavl. Hmak,
cneyu@uUUHOCMb CMPYKMYpbl NPOCIEHCUBAENICIL U HA MONEKYISAPHOM YPOGHE.
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Kazanoce Obl, y HU3MIUX OPraHU3MOB OTBpALIEHHUE K «UYXKOMY TMOPSAKY» MEHBIIIE.
JeiictButensHo, y pbl0 U ambuOMil ynaroTcs mHepecakd OpraHOB MEXAy OCOOSMHU
Pa3HBIX BHJIOB, U OBIYMI COMATOTPOIIMH MOXET CTHMYJIHPOBATh pocT dopenu. OmHAKO
BCE€ 3TO UCKYCCTBEHHBIE, CO3/1aBa€MbI€ SKCIIEPUMEHTATOPOM MonoxeHus. Eme u eme pa3
MOBTOPIO, YTO )KUBOTHBIC, MUTASICh IPYTUMH KUBOTHBIMHU WJIM PACTCHUSMU, HAUMHAIOT C
pa3pylieHusl 4y>KOM yrnopsiaoueHHocTH. Iluma B WX JKemynkax W KUIIEYHHKaX
pacuierisieTcsl CHeIHATbHBIMA (PEPMEHTAaMU JI0 MPOCTHIX BEMIECTB, HE OO0JIaAIONINX
BunocnennuyHocThi0. Tak, O€NKH pacHIeTIsIOTCS 10 AaMHUHOKHUCIOT, CIIO0KHBIE
YIJIEBOJbI, TaKHe, KaK KpaxMmal M TJIMKOTEH, — JI0 MOHOCaxapHI0B, HYKJICHHOBBIC
KHCJIOTBl — 70 HYKJIEOTUAOB. [lo cTpoeHuto, HanmpuMmep, aMUHOKHUCIOTHI TJIMLHWHA WU
dbeHunanaHuHa HEBO3MOXXKHO CKa3aTh, MOJyYE€HA JM OHA U3 OCJNKOB OBIYBETO Msica,
ropoxa Wi e CUHTE3UPOBAaHA XUMUKOM HUCKYCCTBEHHO.

N3 3TuX sneMEHTapHBIX KUPIMHUYUKOB KU3HU OPTAHU3MBI CTPOSAT JUIIL UM TMPHUCYIIHE
oenku. Kaxxaplii opranu3m XxapakTepeH UMEHHO HETIOBTOPUMOM, MPHUCYIIEH TOIBKO eMy
KOMOUWHanue OeTKOBBIX MOJEKyJd. A yke Ha 3Toill 0a3e BO3HHUKAET KOMILJIEKC BCEX
MPU3HAKOB OPraHU3Ma — Ha YPOBHE KJIETOK, TKAHEW U OPraHOB.

VYV pactenuii 3TO BBIpaXkeHO emie Oosiee pe3ko. Bonma, Habop mMUTATEIBHBIX COJIEH,
YTIEKUCIBIN Ta3 U CBET MPHU 3TOM KOMITJIEKCE OJMHAKOBBIX ()aKTOPOB U3 OJIHOTO CEMEHU
BBIPACTaeT Po3a, U3 APYroro — KpamuBa, KaKJ0€ pacTeHUE C MPUCYIIMM eMy Habopom
cBoicTB. Co cBOE yHOpsAI0UEHHOCTHIO.

Urak, opranu3mMbel OepyT M3BHE HE YHOPSAIOYEHHOCTb, a DHEPTUIO: PACTEHUS B BHJIC
KBaHTOB CBETa, >XMBOTHBbIE B BUAEC MAJIOOKUCIEHHBIX COCOUHEHUN, KOTOPBIE MOXKHO
CKeub B MPOILIECCE JbIXaHMs. 3a CUET 3TOM SHEPTUU OHU CTPOSIT CBOIO «IOMOPOILICHHYIO»
YHOPSAOYEHHOCTD, PpeHeOperast uysKoil.

Bor noueMy B omnpejeneHuu KU3HU JODKHO ObLI BOCIIPOM3BEACHHUE cheyuuuecko
CMPYKmypbl.

W nepBasi akcroma OHMOJNIOTMH JOJDKHA JaTh YCIIOBUS, NMPU KOTOPHIX BOCIPOU3BEIICHUE
3TOM cerUpUIECKON CTPYKTYPhI BO3MOKHO.

DopMyIMpoBKa MEPBOI aKCHOMBI 3aTsHYJIach Oojee YeM Ha JIBe ThICs4H JeT. IMeHHo Ha
MNPOTSKEHUH 3TOTO MEpUOJia JIIOAU MbITATUCh MOHATh, KaKUM 00pa3oM, Hampumep, U3
KypPHHOTO SHI]a — TOMOTEHHOW MAacChl JKENTKa M OelKa — BO3HUKAET IBITUICHOK C
rojoBoW, Horamu, KpbulbsMu. OTkyaa Oepercs U3 TMIOKOJIEHHS B IOKOJICHUE
YHOPSI0YEHHOCTh CUCTEMBI «ILBITIJICHOKY», 1a M YNOPSJOUYEHHOCTh BCEX OPraHU3MOB Ha
3emne? Bompoc okazancs W3 KaTeTOpPHH «IPOKJISITHIX» HACTOIBKO, YTO CMOT OBITh
pa3pelleHHBIM JIMIIb B HAILIEM CTOJICTHH.

Wrak, mepexoguM K mepBoil akcuome. PaccMoTpuM, Kak ObUIM HAKOIIEHBI (DAKTHI,
MO3BOJIUBIIHUE €€ CPOPMYTUPOBATE.

Axcuoma nepBasi

Wrak, B npeaplaymieil riaBe Mbl NPUILIM K BBIBOJY, YTO OJUH U3 IJIaBHBIX NPU3HAKOB
KHBOTO — OpraHM3aLus, CTPYKTypa. AMHHOKHCIOTBI B O€lIkax, BHYTPHUKIJIETOYHBIE
AIIEMEHTBHI, KJIETKU B TKaHAX U TKaHU B OpraHax o0pa3yloT YNOpsAA0YCHHBIE CTPYKTYPHI.
Ho Bce 3TH CTpPYyKTypBl, KaK YK€ YIIOMHHAJIOCh, BOSHUKAIOT 3aHOBO B KaXXII0OM HOBOM
MIOKOJICHWH, XOTs OBl LBIIJICHOK W3 OJHOPOJHOW Macchl Oenka M skenrka. Kak 3r1o
MIPOUCXOIUT?

IIpedopmusm. bosee 1ByX ThICAY JIET JIOAU PA3MBILLUILIN HAJl 9TUM BorpocoM. He 3Has
BTOPOTO Hayajlla TEPMOJWHAMUKH, OHM BCE K€ HHTYUTUBHO 4YyBCTBOBAJIHM, 4TO
CaMONPOM3BOJILHOE BO3HMKHOBEHHME TOpSIKAa H3 Oecrnopsiaka, CTPYKTYpbl U3
OeccTpyKTypHOM Macchl — uyno. M mepBas w3 rumore3, OOBICHSIONMIAS DPa3BUTHE,
HOIBITANACh 3TO YYJI0 KAK-TO 000MUTH.
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Benukuii Bpad, OCHOBOIOJIOKHUK MEAULMHBI [ MIIOKpAT MPEAOIOKUII, YTO LBIIUIEHOK
B SIMLIE YK€ COIEPIKUTCSA B TOTOBOM BHJIE B IIPOLIECCE HACHKMBAHUA UAET TOJIBKO POCT,
yBEIWYEHUE pa3MepoB. Bor 4to OoH mucan: «Bce wieHBl OTAENATCA APYr OT JApyTra
OJTHOBPEMEHHO M TaKUM ke 00pa3oM pacTyT. Hu oluH He BOHHMKAET paHBbIIIE WM M03XKe
npyroro». CxomHble B3TISABI BBICKa3bBaN (puocod AHaKcarop W BETUKUI PUMCKHUI
MmbiciuTenb CeHeka («B CEMEHH cojiepaTcs Bce Oyaylline 4acTu 4yesoBekay). IIbIHbIM
uBetom sta runore3a pacusena B XVII m XVIII Bekax u mnosyyuna Ha3zBaHUE
npedopMu3Ma, UM ke Teopuu npedopmanuu. Bot THmMMYHOE A7 TOrO BpeMEHH MHEHHE
H. Mans0panma: «B sifiiax JArymeK jJerko MOKHO Paclo3HATh JIATYIIEK, HO TaKKe MBI
HaliIeM JApYTuxX >KMBOTHBIX B MX 3apoAbllIax, KOIZJa CTaHEM HACTOJIBKO OIBITHBI U
UCKYCHBI, YTOOBI OTKPBITH UX).

[IpedopMucTs! AMIIL CHOPUIIHN: TAE HAXOAATCS 3TU OyIyILIHE 3apOJBILIIN B MY>KCKUX HUIH
KEHCKUX TOJOBBIX KieTKax? CTOpPOHHMKM IE€pPBOrO HaNpaBiICHUS CYUTAIU, 4YTO
SAWLEKIEeTKY JIMIIb MUTATeNNbHAsl cpefia A pocTa CIIePMaTO30MA0B (MX TOTAA Ha3bIBAJIH
AHUMAJIbKYJISIMU — 3BE€pbKaMH, KHUBYIIMMHU B CEeMEHHOM »xuakoct). [lo 3TOoMy
3alUTHUKOB NEPBOM KOHLENLMU Ha3BallM aHUMalbKyauctamu. [lo-BuaumMoMy, nepBbIM
U3 aHMMAJIbKYJIMCTOB OBLI M300peTaTesb NPOCTOro MUKpockona A. JIeBeHIyk (KOTOpbIH,
KCTaTH, NMEPBBIM M yBUAeN crepMarto3ouabl). K Toll ke Touke 3peHHs CKIOHSUICA U
Besmkuid ¢punocod Jleiouum.

j[ég.* 3. Lﬂ}é}
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Puc. 4. Bsepxy: npumepno maxkumu uoden cnepmamosoudwvl yenogexa Jlegeneyx. Bruzy
Kapukamypa Xapmcekepa Ha 6033PeHUsl Mot INOXU.

Bonee MHOTOUMCICHHOW OBLTA KOTOpPTa OBHUCTOB (OT JIATHHCKOTO OVUM — «SHIION),
NMOMENIABIIMX 3apojblll B siuekierke. K HeEl OTHOCWINCH TakuWe H3BECTHbBIC
HaTypanuctel, kak ["amiep u bonne, Banucuepu u CBammepnam, Proiim u CnamiaHuasu.
Kakue 1oBoJibl OHU IPUBOAMIIN B 3AIIUTY CBOEU TOUKH 3peHUs?

SAn CpammepnaMm, OnecTsIIMiA aHATOM, OJUH W3 MEPBbIX AHATOMOB HACEKOMBIX,
00Hapy»KUBAT B KYKOJKaX «TOTOBBIX» 0a00YEK, CO CIOKEHHBIMU KPBUIbSIMH, HO BO BCEX
JIeTasiX COOTBETCTBYIOUIMX B3pocibiM. He MeHee »>(QexTHoe Ha TepBBIA B3I
nokazatenbctBo oOHapyxun 1. bonne, u3yuaBmmii ku3Hbp Tieid. OH OTKPBUT Y HHUX
NapTEHOTEHE3: CaMKa TJIM POXJAaja >KUBBIX JIETEHBINIEH, TOXKE CaMOK, KOTOpPbIE uepe3
HECKOJIbKO JIHEeW [IOCTHralid HOPMAJbHBIX pa3MepoB U caMu Oe3 OILI0JIOTBOPEHUS
CTaHOBMJIUCH POIOHAYAJIbHUKAMU HOBOT'O MTOKOJICHUSI.

Eme Oonee ybenuTenbHbI mpUMep — KOJOHHAIBHOE KTYTHKOBOE BOJHBOKC. MHOTrHe
YUTaTEIU, HABEPHOE, BUJEIN KOJOHUU 3TOH 3€JIEHOM BOAOPOCIM — KpYyHHbIE, 0 ABYX
MUJUIMMETPOB B JIMAMETPE CIIM3UCTHIEC IIAPUKH, COCTOSAIINE U3 OJHOTO CIIOsl KJIETOK. B
CIIM3UCTOM COJIEP’)KMMOM IUIABAIOT J0YEpHUE KOJIOHUH, a BHYTPHU JIOYEPHUX — KOJIOHUU
TpeThero mnokoseHus. Cchuiasch Ha BOJBbBOKca, A. ['ayimep ¢ TOpKeCTBOM 3akiIroya:
«Ortcroza cieayer, YyTo, €cliu SMYHUK MOXKET CO/EP:KaTh MHOTO MOKOJIEHUH, HET HUYETO
HEJIENOro B TOM, YTO OH COJIEPKUT UX BCEM.

CrtpanHo, 4TO pedOPMUCTHI, HACKOJIBKO 5 3HAI0, HE HATOJIIKHYJIUChH Ha JPYTroi HE MEHee
onectsammii mpumep. [ly3bIph Mapa3suTHUECKOTO YEPBsI — SXMHOKOKKA IOCTUTAET CBBIIIE
60 KuI0rpaMMOB; BHYTPU HETO HAXOAATCS JOYEPHUE My3bIPH, a B TE€X, B CBOIO OUEPEIb, —
BHy4aThle. Belb 5XMHOKOKKa B TO BpEeMsI YK€ HaBEpHsIKa 3HAJIU.

Bor MBI JommmM M 10 JIOTMYECKOTO 3aBEPIICHUS TEOpUU MpedopMmal — TEOpUU
BJIO’)KEHHBIX 3apojbllieil. B caMoM fene, eciii HeT HUKaKOro pa3BUTHS U B AMILIEKIETKE
WIM CIIEPMHUHU COJEP/KUTCS YK€ TOTOBBIM, TOJIBKO MaJEHbKUN OpraHu3M, TO y HETO
JOJIKHBI YK€ OBITH CBOM TOJIOBBIE JKEJIE3bl, a B TEX SIMIIEKIETKH WU CHEPMHUU, a U TeX
CBOU 3apoOABINHU H T. 1. — 10 O0eckoHeuHoctu. . I'aniep, Kak BepyroUHii XpUCTUAHUH
CKpPYIyJIE3HO TIOJICYUTHIBAET, YTO B siMuHUKax Oubieiickoir EBbl Obuto He menee 200
MUJJINAPIOB BIOXKEHHBIX 3apOABILIEH.

Takoe mpencraBieHHe B T€ BpeMeHa Majo KOTro cMyIano. Bo3MokHO, 3TO 00BsICHSIETCS
TeM, 4T0 XV BEK — BEK paclBeTa MHUKPOCKONMpPOBaHMs. IIoTpsiceHHBIE HATYpaIUCTBI
YBUEIH 32 JUH3aMH MUKPOCKOIOB CIIOKHEUIIINE CTPYKTYPBI. A TMH3BI ObUTH MIIOXUMH —
OHU TaK MCKa)alll M300pa’keHUe, YTO MO3BOJISUIM YBHUICTh IPU JKEIAHUU B CHEPMUSX
MaJICHbKMX YEJIOBEUKOB, a B JIATYIIAYbUX UKPUHKAX B3POCIBIX JISATYLIEK.

Hacmenrnuk CBugT 00bIrpas NpekIoHeHHEe Nepes MUKPOCKOIIOM B CTUXAX:
Hamypanucmamu omkpeimsi

Y napazumos napazumui,

U npouseen nepenonox

Tom ¢ghaxm, umo O10xU ecmb y 6.10X.

U obHapyscun muxkpockon,

Ymo na knone bvlieaem Kion,

Tumarowuiica napazumom,
Ha nem opyzoii, ad infinitumL,

CKenTuKM CIpanmuBajiv: JOIMYCTUM, Bbl YBUAEIH IOJ MHUKPOCKOIIOM B JIATYIIAYbEH
UKPUHKE B3pOCIYyI0 JISTYIIKY, @ B TOH CBOM SIMUHUKH C HUKPOW; HEYXKEIU K€ BbI
paccMOTpeNd U JISATynieK-BHy4aT? J[0o Kakux Mop MOXKET MPOAOKAThCSA 3Ta BEPEHMIIA
JpyT B JIpyra BJIO)KEHHBIX 3apOJbIIIeii?

bonne, Bnpouem, MbITajcs NapupoBaTh MoA00HBIE BO3PAXKEHUS, TATETHUECKH BOIIPOLIas:
«Bo CcKONBKO pa3 MjeceHb MEHBIIE Keapa, MOJIb — CJOHA, BOJsSHas OJOIIKa — KHWTa,
MECYMHKA — 36MHOI'0 11apa, CBETOBAs YaCTHUIIA — COJIHLIA?»
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Kopoue, npegopMHCTBI CTOJIIKHYJINUCH ¢ HETPUSTHBIM MapagoKCOM, KOTOPBIH JIET IBECTH
CIyCTS TIONyYWJI Ha3BAaHUE «OMPOKUIBIBAHUA B OECKOHEUHOCTH» (JIOTHYEcKas
antuHomusi Pumapa u mapamokc ['emens). Het Hykael paccMaTpuBarh €ro moapoOHO,
OTPaHUYUMCSI KOHKPETHBIM ITPUMEPOM.

Jomnyctum, BaM Janu JUCT OyMard M 3ajjaHue: ONHMcaTh 3TOT JIUCT HAa HEM XKe. Bbl
MUIIeTe: 3TO JHCT MPSMOYTOIbHOW (OPMBI TaKUX-TO Pa3MEPOB, HU3TOTOBIEHHBIA W3
IIPECCOBAHHBIX BOJIOKOH JIPEBECUHBI TAKOW-TO TOJIIUHBI.

Kaxertcs, Bce. [Ipocture, HO B mporiecce onmucaHus Bbl U3MEHUIU 00BbeKT. HykHO ere
N00aBHUTH: a KPOME TOTO, HA HEM HAIHMCAHO: TO JIUCT MPSAMOYTOJILHON (DOPMBIL... U T. JI. U
T. I. — 10 OECKOHEYHOCTH.

He namomuHaer nmu 3T0 BaM OECKOHEYHYIO BEPEHHMIly BIIOKEHHBIX Jpyr B Jpyra
3apoapiei? CKOJIbKO MOKOJIEHUH MOXKET AJIUTHCS ITOT mporecc?

B Hamewm onbiTe — oka XBaTHUT JIMCTA, a B )KU3HU?

W Tyt Ham npuaercs Bo3BpaTuThes B JpeBHioto ['peunto. [Ipenanue rmacut, 4ro JietT 3a
TpUCTA JI0 Halei 3pbl Benmukuil punocod Jlemokpur u3 Admepsl cumen Ha Gepery Mops,
en si6moko u pasmbiuisil: «Ecam s Oyaoy OTKychIBaTh OT sI0JI0OKa MO KyCOYKY, KaKOi
caMblii HaUMEHBIIUNA KyCOUYEK COXPAaHUT BCE CBOMCTBA si0oka?» MHbIMM cioBaMH, 10
KaKHX MOp BO3MOKHO JIeJICHHE BellecTBa 0€3 KaueCTBEHHOTO H3MEHEHHS €T0 CBOUCTB?
Koneuno, si010k0 JlemokpuTa Takoi ke anokpud, kak u s1610ko Hetotona. Ho tak unu
nHaye J[eMOKpUT mpumien K BbIBOAY O CYILIECTBOBAHMM aTOMOB — HEIEIMMBIX YacCTH
matepun. Ho mpumep ¢ s1670k0oM HEe 0YeHb yAadeH. ITO CIOKHBIH 00BEKT, COCTOSIIITUH 13
MHOTUX JECSATKOB BellecTB. Bo3pMeM 4TO-HMOyAb TOMpOIe, HANpUMeEp caxap.
JlommycTiM, MBI IMeeM Kycok paduHama BecoMm B 332 rpamma. Ha ckoibpko wacteld MbI
MO3KEM €ro pa3ApoOuTh, UTOOBI KaXk/1asl 4acTh €IlIe COXpaHsia Bce CBOMCTBA caxapa?
Temeppr Ha 3TOT BONPOC OTBETUT JIIOOOW JEBATUKIACCHUK. 332 TpamMma — TpamM-
MOJIEKYJIIpHasE Macca caxapa (caxaposbl). 3HauuT, B HeW coaepxutrcs 6,02
1023Mmouekyn caxapa. IT0 OTPOMHOE YHUCII0, HO OHO KOHEYHO.

Janbiie yxe nenuth 0€3 MocieNCTBUA Helb3sl. Eciu MBI pa3ieiuM MOJIEKYITy caXxapo3bl
[OTI0JIaM, TO TIOJYYUM MOJIEKYJIy IUIIOKO3bl (BHHOTPAJHOIO caxapa) M MOJEKYIy
bpykTo3bl (HpyKTOBOTO caxapa). DTo yke Apyrue BemiectBa. [Ipomomkas neneHue
Jlanblile, Mbl MOJIy9dM aTOMBl YIJIEpOJa, KUCIOpOJa M BOJOPOJA, HUYEro OOIIEro C
HCXOJIHBIM BEIECTBOM YK€ HE uMermue. Tak 4YTo C TOYKM 3pEHUS aTOMHO-
MOJICKYJIIPHOM TEOpPHM CTPOCHUS BelecTBa mpedopmarus — 6eccMbIcnuiia, HOHCEHC. B
caMoM Jene, cruepMmuii denmoBeka (~ 50 MHKpPOMETPOB) B CTO ThICSY pa3 MEHBIIE
yenoBeKka. 3HAUMT, CIIEPMUNA BTOPOTO IMOKOJEHHS JOJDKEH OBITh €Ile B CTO THICSIY pa3
MeHblIe U T. A. [IpenocraBisto yuTaTensiM CaMHUM pacCUUTaTh, HA KAKOM BJIOKEHHOM
MOKOJICHUU «YEJOBEYEK» 3aKIIOUCHHBIN B OYEPEHOM CHEpMHUH, OyAeT MEHBIIE aroma
(pa3mep aroMa MOxHO NMpUHATH 10— 8canTUMETpa)

3HAUUT, Mbl JOJDKHBI Ha KAaKOM-TO IIOKOJIEHHU JIOIYCTUTh BO3MOYKHOCTb DPa3BUTHS,
BO3HUKHOBEHHUSI CTPYKTYphl WM, YTO JIOTHYHEE, OTBEPrHYTh TEOpHIO IpedopManuu
BoobOmIe. Ho 310 nerko Ham. B XVII Beke o Teopun [lemokpura 3a0bl1H (TOUHEE, OHA HE
M0JIb30BaJIach MOIMYJISIPHOCTHIO). 3aTO XOPOIIO MOMHWIM YTBEp)KJIEeHUE APHUCTOTENs O
TOM, YTO MaTepus, XOTs Obl B IPUHIUIIE JAETMMA 10 OECKOHEUHOCTH 0€3 KaueCTBEHHOTO
WU3MEHEHUS €€ CBOWCTB.

N xots Ileep TI'accenam eme B Hagane XVII Beka Bockpecun uaero [lemokpura o0
aToOMax, Ha BO33peHUs NMPedOPMHUCTOB OHA HUKAK HE MOBJIMsIA, U 3TO HECMOTPS Ha TO,
YTO 32 aTOMBI CTOs1 U caM HbIOTOH.

Ho Hapsiny c teopueit mpedopmanuu pa3BUBajioch (M MHOTHMH 3alllHMINaIOCh) MHOE
YYE€HHE O Pa3BUTHM, KOPHHM KOTOPOI'O MBI HaXOAMM OIIITh XK€ B TPyAax ApHUCTOTEN,
MJIAJIIEr0 COBpeMEeHHMKa [ unmnokpara

JnureHe3. ApucTorenb, BOOA ¢ JIeMOKPUTOM, OMYCKal BO3MOXHOCTh OECKOHEYHOT'O
npobiieHus: MaTepun 6e3 KaUeCTBEHHOTO 3MeHeHus ee cBoMCTB. CieoBaTebHO, OH MOT
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Obl IPUHATH TOYKY 3peHUs NpeOopMHCTOB, TEM HE MeHee, MpeArnodesl OOBICHUTH
pasBuTHe UHBIM IyTeM. CorjiacHO aMHCKOMY MyJpely, B siille WIM CIEPMHH HET
TOTOBBIX CTPYKTYpP B3POCJIOrO OpraHu3Ma, P KaKJIOM aKTe Pa3BUTUS OHU BO3HHMKAIOT
3aHoBO. Ho, Tak ke kak m I'unmokpar, ApucroTrens NOHMMAN: CaMOIPOM3BOJIBHO
NOpsAZ0OK U3 Oecropsiika BO3HUKHYTh HE MOKeT. [1oaToMy OH mpuBiek A 00bsSCHEHUS
pa3BUTUS CBOIO MJACK O KOHEYHOM NpuuuHe. Pa3BUTHEM yIpaBisieT JHTEIEXUS —
KOHEYHas MpUYMHA WM 1eJlb, WHBIMM CJIOBaMH, HeEKas OOXECTBEHHas Hles O
COBEPLICHHOM IIETYXE U COBEpIIEHHOW KypHuile. CXOQHbIE BBICKA3bIBAHUSA MOYKHO HAWTH
y yuurtenss Apuctorens — Ilnatona (ocobenHo B auanore «Tumei», 6os1ee M3BECTHOM
IIMPOKOMY KPYTY YMTaTeNeH MOTOMY, UTO B HEM paccKa3blBaeTcst 00 ATIAHTHUIE).

N ®emuctuit nucan: «/yma crpouT cebe XWIUINE W MPUTOJHOE Opynue». Takum
o0pa3oM, MO ApPHCTOTENI0, Pa3BUTHEM KYpUHOIO silla KaKUM-TO CHOCOOOM, SIBHO
HeMaTepuaibHON MPUPOJIbl, yIPaBIsSeT Oy Ay LBIIICHOK.

VYuyenue Apucrorenss Bockpecws B 1651 rony Benukwuii anrnmiickuit - ¢uznonor,
co3maTenb TEPBOM HAydyHOHM TeopuM KpoBooOpamieHus YwibsiM [apBeit (oH ke
BBIIBUHYJI IPUHIIUI «BCE U3 siflia»). B omHO# U3 cBouX cTareil s Kak-To oTHeC ['apBest k
npedopMuCcTaM U3 KJIaHa OBHCTOB, Ha 4TO MHE ObUIO yKka3zaHo A. E. NaiicuHOBHYEM.
Cremry wucrpaBuTh CBOIO OIIMOKY: ['apBeif Bockpecus He Te3UC O OECKOHEYHO
JIETMMOCTH MAaTEPUU, a HHOW apUCTOTEJIEBCKUI TE3UC CTOJb kK€ HEBEpHbIN. Jlaxe Takoii
BOCTOPXKEHHBIM mouuTarens [apBes, kak aHraumiickuii smOpuonor JIx. Huaxowm,
BBIHYKJEH ObUI MpHU3HATh YTO ['apBeill «HE TOJIBKO HE MOpBaJl C apUCTOTENN3MOM, HO,
HAIPOTUB OKUBUJI CBOUM aBTOPUTETOM ITY YMHUPAIOLIYIO TOKTPUHY.

DTO y4eHHE O BOSHHUKHOBEHUHU TMOPSAKA MO JICUCTBHEM HEKOEH «IUIACTHUYECKOU CHUIIBI
NOJIy4nJIO0 Ha3BaHMe 3nureHe3a. OnHaKo ycmexa OHO, IO MEHbBIIEH Mepe, CTO JIET He
UMENo, YTO OOBSACHSAETCS TEXHUYECKUMH TMpUYMHAMU. [umnoresa Apucrorens o
BO3HMKHOBEHHUH 3apOibIllIa U3 MEHCTPYaJbHOM KpPOBM, KOTOPOW ceMs mpuaaer (opmy,
y’K€ MaJlo KOro YJOBIETBOpsUIa. A paHHUE CTaAUM Pa3BUTHA 0e3 XOpoIed ONTHKH
HccaenoBaTh OBUIO HEBO3MOXKHO. B To Bpems, korma [apBeit BBITyCTHI CBOE
«HMccnenoBanue o 3apoXKACHUU KMBOTHBIX», P.I'paad ommcanm B SMYHUKAX OKpYTJIbIE
TENbLA, KOTOPBIE CcYeNl siuexnerkamu. Ha peme 3TO CIIOKHBIE MHOTOKJIETOYHBIE
00pa3oBaHusl — MY3BIPbKH, 3alOJIHEHHBIE JKUAKOCTHIO ((OJITMKYIIBI), BHYTPU KOTOPBIX
HaXOJATCS COOCTBEHHO OOLMUTHI. SilexyieTka MIIEKONMMTAIOUIMX JOJKHA Oblia ele
MOYTH JIBECTH JIET KJIaTh CBOETO MepBOOTKpbIBaTes Kapna MakcumoBuya bapa (HO oH-
TO paboTaJI yKE CO BIOJHE MPHINYHBIM MUKPOCKOTIOM).

B pesynprare B Hayke yTBepAMiach Teopus mnpedopmusma. Pazymeercs, Bce Bpems
HaXOJWJINCh HCCIIENOBATENIN, BUAEBIINE €€ HECOOOPa3HOCTH M BOCCTABABILUE IPOTHB
Hee. Ho He oHM nenanu B TO BpeMs IIOrOfy.

3ameyvaTenbHbIN (PPaHITy3CKU HATYpaaucT U ¢puiocod MonepTion 1Mo nmpaBy OTHOCHUTCS
K CJIABHOW KOT'OPTE YUYEHBIX-3HIUKIONEANCTOB, KOTOPBIE OKa3aIH IIy0OKOe BIUSHHUE HA
MHPOBO33pEHHE UCOJOTOB (paHIly3cKoi Oypxkya3Hoil peBomtonud. OH OJHUM U3
NEPBBIX CTAJl HKCIIEPUMEHTAJIBHO NMPOBEPATH 3aKOH HbIOTOHA 0 BCEMUPHOM TATOTEHUHU.
CormacHo HpioToHy, 3emiisi y TIOJIOCOB B pPe3yJbTaTe BpalleHUS [OJDKHA OBITh
npuIuitocHyta, 1 MonepTion exetr B Jlamumanamio — Hambosiee JlocTymHyio Toraa
CEBEPHYIO CTpaHy, 4YTOObI H3MEPUTH AJUHY Jlyru 3¢eMHOTO MepHInaHa.

N Tor xe Moneption B 1744 rongy BbIIYCKaeT NMPUMEYATENbHOE IPOU3BEICHUE —
nucceptanuio-namduier mnox HazBaHueM «®Dusmueckas Benepa, unu ®dwusndeckas
JiccepTalus 1o MOBOLYy Oeoro Herpay.

Xanp, 4ro MOAOOHBIE IUCCEpTAllMM HENb3s MNUCaThb celdac: CTWIb UX SIBHO He
noHpaBuJiics Obl Briciieii aTTecTalimoHHON KoMuccuu. M3 nuTepaTypHBIX IPOU3BEICHHIMA
JyccepTallui TMPEeBpPATWIMCh B OTYETHl O NPOJAETAHHOM paboTe, a ceddac OBICTPO
NEPEXOJAT B HOBYIO CTAJUI0, CTAHOBACH CTAaHAAPTHBIMU KAHLEISIPCKUMH OTIUCKAMU, T
IJIABHOE HE COZIEp’KaHKe, a COOTBETCTBHE YCTAaHOBJIIEHHOM (hopme.



www.NataHaus.ru

Ho Bepuemcs k Momneption. B 3Tolf KHUTE OH BBICTYHIJI TIPOTUB Tpedopmm3ma — He
000I0Ch CKa3aTh — C TOUKU 3PEHUS] TEHETHKH, TOT/Ia Ille ¥ He CYIeCTBOBABILEH.
[Ipocnenum xon meicieit Moneption. CormmacHo npedopMHUCTaM, TOTOBBIM OPTaHU3M CO
BCEMU CBOMMHU IIPU3HAKAMHU JIOJDKEH HAXOAUTHCSA WIN B SUIEKIETKE, WIN K€ B CIIEPMUHU.
A 3HAYMT, NPU3HAKHU JPYroro poautens (0TLa Npu MEPBOM JIOMYLIEHUH) U MaTepu (TIpU
BTOPOM) HE JOJKHA HacienoBaTbess. Ho 3To abGcypa: Mbl 3HaeM, YTO OJHM IMPHU3HAKH
HAaCJIEAYIOTCS ¢ OTLOBCKOMW, IPYyTHE — C MAaTEPUHCKOM CTOpOHBI. Y1 MonepTion npuBOINAT
XOpOIIMK TpUMeEp: AE€TH OT CMEIIaHHBIX OpPaKOB €BPONEHLIEB M HEIPOB UMEIOT CPeIHUI
10 CPABHEHMIO C POAMUTEISIMH LIBET KOKU. 3HAUUT, HU B SIUIEKIETKE, HU B CIIEPMHUU HET
«TOTOBOT0» 3apOJIbIIlIa, OH BO3HHMKAET B PE3yJbTaTe B3aMMOICHCTBHS MaTEPUHCKOTO U
OTLIOBCKOro Havyasl (MomnepTion nmucai: B pe3yJibTaTe CMEIIEHUSI CEMEHHBIX KUAKOCTEN —
Be/lb TOTJa elle He ObUI0 CPOPMYJIIMPOBAHO MOHATHE O KJIETOYHOM CTPOCHUM MaTepuH,
XOTs KJIETKa ObLIa yKE U3BECTHA).

Jpyroi ero 10BoJ — MEXXBHUIOBBIE CKpelBaHusa. MyJl, IOTOMOK oclla U JOLIaaH, UMEeT
4yepThl U OTHa (ToJIOC, JUIMHHBIE YIIM, BBIHOCIMBOCTb) WU MaTepu (IIPOMOPLHUHU Tela,
BEJIMYMHY, cUily). I3 cBUIETENbCTB COBPEMEHHUKOB HaM M3BECTHO, YTO JOM MomepTioun
ObLI NEPETONHEH BCAYECKUM 3BEPbEM M XO35IMH CTaBWJI OMNBITHI MO THOpUIU3aLUy,
IBITasICh TOHATH 3aKOHBI HACJIEICTBEHHOCTH (3TO 3a cTo JjeT 1o Menzens!). bonee toro,
MonepTion NpUMEHWI KIaCCUYECKUI METOJl COBPEMEHHOM I'€HETUKH YEJIOBEKA — aHAJIN3
ponocnoBHbIX. OH HCclenoBal pPOJOCIOBHYIO ceMbu Pyre, B KOTOpoW ObLI
pacnopocTpaHEeH BecbMa HarjsSAHBIA HAclelyeMbld TpU3HAK — MOJUAAKTHINSA
(wectunanocts) M3 aHanu3a 3Toil polOCIOBHOIN BbITEKada HECOCTOSTEIBHOCTh TEOPUU
npedopmaruu: S aymaro, yTo HaM Mopa NMPHU3HAThH 3aciyT'd MONEpTION U CUUTATh €ro
Ipeare4e COBPEMEHHOM IeHETUKHU.

Y AUBUTENBbHO, YTO J0BOJAbI MONEpPTION HE HMENIH CKOJIbKO-HUOYIb CYIIECTBEHHOI'O
ycnexa. [Ipedopmusm npoomxan TopxKecTBOBaTh. BeposTHO, 3T0 00BACHIIOCH TEM, YTO
OOJIBIIMHCTBO YYEHBIX IOJarajio, YTo Hayka O HAaCJIEJICTBEHHOCTH — OJIHO, HayKa O
pa3BUTHM — Apyroe, Hayka o0 aToMax — TpeThe. A BeIb JOCTATOYHO, KAK MBI yKe
BUJIEJIN, IPU3HATH CYLIECTBOBAHNWE aTOMOB U THUIIOTE3a O BJIOKEHHBIX APYT B Ipyra, Kak
MAaTpPEIIKH, 3apOJbIIIaX aBTOMaTUYECKH OTIIA1aeT.

Pa3bute mpedopmMu3M HaM MOKHO OBLJIO TOJBKO Ha €ro COOCTBEHHOW TEPPHUTOpPHUH,
n3yyasi pa3BuTHe opranu3MoB. 1 a1y 3amgady ¢ 6ieckom BeimoaHmI B 1759 rony Kacmap
Opuapux Bonbe¢, BnocmenctBum craBmuil  akageMukoM —CaHKT-eTepOyprckoit
AkanemMuu-jie-cusiHC (TaK OHa Ha3bIBAJIaCch TOT/IA).

Chnauana Bonb( n3ydan pa3BuTie pacTeHHii, a MIOTOM Iepelen Ha KI1acCHYeCKUN 0ObEKT
TOTJALIHEH 3MOpPUOJIOTUM — LBIIIEHKA. B JeTansx mpocieauB pa3BUTHE KHILEYHOTO
KaHaja U APYyTUX OPraHOB KypUHOIO 3apOJblilla, OH IPHILIEN K BBIBOAY, UTO BCE AETAIU
CTPYKTYpbl AMOPHOHOB HE€ BBIPACTAIOT M3 MPEALICCTBOBABIIMX, & BO3HHMKAIOT 3aHOBO.
JBanuatunaruinetHuii Bonbg BeIpasmwiics 1Mo 3TOMy IHOBOAY BEChbMa SHEPTHYHO ...
YTBEp)KJIEHHE, YTO YacTH TeJla 3apOoJblllla CKPBITBI B CHIY HMX OECKOHEYHO MajbIX
pa3MepoB U JIHIIb IOTOM ITOCTETIEHHO BBICTYTAIOT, SIBJISETCS OacHEH».
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Puc 5. Pucynxku Kacnapa @puopuxa Borvgha uz emopoil uacmu e2o Kiaccuieckou KHuu
«Teopus cenepayuily. E2co0 mounvie HAOI0O0eHUS NOKA3AAU, YMO 6 HACUNCEHHOM sliye
CMPYKMypa «YblNJIeHOK» GO3HUKAEM 3aHO80 U3 NOCMENEeHHO PAa38U8AOUUXC Yacmel.
Tem camvim 6b11 HaHeceH cmMepmenbhblll yOap meopuu npehopmayuu.

Takoil cTuab BpsSJI JM MOI IOHPAaBUTHCA TOCIOJACTBOBABIIMM TOIZla B Hayke
npeopmMucTaM U B MepBy0 ouepens [amnmepy — ToMy camMoMy, KOTOPBIA BBICUHMTAI,
CKOJIBKO BJIOKEHHBIX JAPYT B Apyra MOKOJECHHUH 3apoAbllIed HaXOAWJIOCh B SUYHUKAX
oubneiickoit EBbl. uccepramuio Bonbda «Teopus pa3sBuUTHS» BCTPETUIH JAOBOJBHO
npoxianHo. Ckopee Bcero MMEHHO Mo3ToMy OH mepebOpancs B Cankt-IletepOypr, rae
IPOJOKAl TOTOM IUIOJOTBOPHO TPYIUTHCS (OH HM3ydal, B YacCTHOCTH, KOJUJICKIIUU
MOHCTPOB U3 NeTpoBckoil KyHcTkamepsl).

[Tpusnanue, a 3aTeM u OeccMepTHas ciaBa MpUILIH K Bonbdy yxe B mocineaHue rojbl
XKU3HU U ocobeHHo mocie cmeptu (1794). Bor kak or3eBasics o Hem K. M. Bap, cam
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reHuabHedmmii  dmMoOpuoror: «...Kacmap @puapux Bombd, My Be4YHOH CIIaBhI:
NOoNOOHBIX MO YMy 3€MHOM Iap BHIET OYEeHb Mallo, a MO0 HAaCTOMYMBOCTH B
MCCJIEIOBAHUY TOHYANUIIMX BEIECH HE BUIET HUKOTO».

VY nac Bonbd — durypa BecbMa mountaemasi, IoO3TOMYy B JUTEpAType MHOTO MUIIYT O €r0
JOCTHKEHUSIX U OYEeHb peako — 00 ommumOkax. 3anagumcsi BCE KE BOIPOCOM: YeM
00BSICHUI OH MpUpoAy pa3zButua? UTo IBMKET WHAMBHUIYAIbHOE Pa3BUTHE OpraHHU3Ma,
CO3/1aeT MOPAIOK U3 Oecropsiaka’?

TakuM opraHusyromuM HayanoMm, no Bonbdy, 1omkHa ObITh HEKas cujia, Ha3BaHHAS UM
CylIeCTBEHHOM (Vis essentialis ; OT cloBa essentia — «CYIIHOCTBY», OTCIO/Ia HAIIIE CIOBO
«acceHus»). BoT kak OH ee XapakTepusyeT: «JTa MHUTAONIAs CHUla JOJKHA OBITh
NPUCYIIA TOIBKO PACTUTEIHFHON M )KMBOTHOM CyOCTaHIIMM, TOTOMY YTO HUKAKas Ipyras
MaTepusi He TUTAETCs, HE PACTET U HE PA3MHOXKAETCS».

3naunt, Boabd mnpusHaBan ¢dakrtop, B 0OMIEM-TO, aHAJIOTUYHBIA apUCTOTEIIEBCKOM
SHTENIEXUH (Ha KOTOPYIO, KCTaTu, cchiiancs). OH ObLT BUTAIUCTOM M MPHU3HABATH €T0
MaTEpUaIUCTOM, KaK 3TO HEPENKO JeNalT y Hac celyac, — 3HAYUT HEAOMYCTHUMO
MOJIEPHU3UPOBATH €T0 BO33PEHHUS.

Onuronsl Bonbda (a OHM MOSIBIIIACH, KOT/Ia BO33PEHUS €ro BOILIH B MOAY) ObLTH OoJiee
oTkpoBeHHBI. M. [leksn nucan: «Hekoropas ectecTBeHHas cuna vis essentialis , koTopas
neiictByer Haja 0e300pa3HbIM IEPBOHAYAIBHBIM BeEIIECTBOM». Jlpyrue HasblBaJld €€
uHaue — «oOpaszoBatenbHOe cTpemieHue» (Bildungs-trieb — . ®. biomeyb6ax),
«BceoOIas oxupisonias cuiay (Merrep), «KU3HEHHasi opraHuyeckas cuiay (Xepaep).
K. M. bap yxe B cepenuHe mpouuIOoro Beka 3akitouaeT: «He martepus, HO CyIIHOCTh
(umest, MO B3TJSAY HOBOH IIKOJIBI) BO3HUKAMOIICH >KUBOTHOW (OPMBI YIPaBISET
Pa3BUTHEM ILIOJAY.

Wrak, Bce BepHyJIOCh Ha KpPYru CBOSI — K apHUCTOTENIEBCKOW O0KECTBEHHOM Huee o
COBEPILEHHOM NETYXE U COBEPIICHHON KypHIle. DNMUTCHETUKH CHSJIM C TEOPUU PA3BUTHUS
OOBeTIIABIINE JIOXMOThsI MpedopMHU3Ma U OCTaBWIM ee OOHa)keHHOW. Benp Hemb3s xe
CUMTATh OJEXKJI0M (PUTOBBIE JTUCTKU ATUX YOOTUX «cui»! Y IUBUTEIBHO €llle, YTO UTPY B
TyMaHHbIE HATypQHUIOCOPCKHE HJIEH, CTPEMJICHHS M CHUJIBl CUUTAIA OOBSCHEHHEM.
Kopau 3Toro 3abmyxaeHusi, MO-BHAMMOMY, B CaMON MaHEpEe MBIIIJICHUS, MPHUCYIIEH
HatypamuctaM XVI, XVII u XVIII Bekos. Ee anosuro BeicMmest Monbep B «MHUMOM
OOJILHOM», TJI€ Bpad OOBICHSIET NCUCTBHE ONMUyMa TEM, YTO TOT COJEPKHUT «(DHaKTOp
yChITUIEHUs». M 3TO Ka3anoch JOCTAaTOUHBIM. A YTO TaKOe ATOT 3araJlouHbli (hakTop, yxe
HUKOT'O HE HHTEPECOBAJIO.

He Oynem, Bnpouem, CBBHICOKa CMOTPETh Ha €CTECTBOMCIHBITaTeNel mporwioro. Eme B
KOHIIE nmponuioro Beka I'. JIpui neitanacs BOCKPECUTh KOHUENIUA APUCTOTENS — BIUIOTh
710 TepMuHa «3HTenexus». CornacHo punly, sHTENIEXUs HE MaTEpUaabHa U HE SIBIISETCS
SHEPIHel, OHa CTOMUT HaJl KJIETKaMU M TKaHSMH Pa3BUBAIOIIETOCS OpraHu3Ma.

Ha m B Hamm aHu Qu3uk Y. Dnp3accep YTBEPXKAAeT, YTO CYLIECTBYIOT HEKHe
«OMOTOHUYECKHE 3aKOHBI», KOTOpbIE€ HE BBIBOJSATCS NEAYKTUBHO W3 3aKOHOB (DH3HKHU.
OHM-TO W YNpPaBISAIOT pa3BUTHEM opranu3ma. He OyneM Ha HHMX OCTaHABIIMBATHCS.
VYroMsHy iuib OSCHOMAIHbINA, HO CIPAaBEAJIUBBIA OT3BIB O 3JIh3aCCEPOBCKUX 3aKOHAX
rojanackoro amOpuosnora X. PaBena: «Omrymiaenis, 4T0 HaXOIUIIbCS HA TPAaHH, €CIIH
HE B CaMOH T'yIle, TOTO IMyCTOCIOBHS, /i€ BUTAIM3M UyBCTBYET ce0s Kak JOMay.

Urak, u mnpedopmaiys, ¥ SMUTEHE3 OKAa3bIBAIOTCS OJUHAKOBO WACATMCTUYECKUMHU.
Brnepssie 3To monsin B 1763 rony Ummanyun KaHT, U3710KUBIIMIA CBOM COOOpakKeHUS B
COUMHEHUH IOl BBIPA3UTEIbHBIM Ha3BaHUEM «EIMHCTBEHHO BO3MOKHOE OCHOBAHHUE IS
JoKazaTenbcTBa ObiTHs Oora». KpymHbld (paHIy3cKuii HATypaqucT M HCTOPUK
ecrecTBo3HaHus1 Diypanc o0bsicHsAN B 1861 rogy BO3HMKHOBEHHE TeOpUH Mpedopmariuu
CTPEMIIEHHEM K 3KOHOMMH dyJiec. ECii BO3HUKHOBEHUE KUBOIO CYIIECTBA YyA0, TAK YK
Jydiie, 9To0bl OHO MPOU3O0IUIO OJUH pa3, IPU COTBOPEHUU MHPA, YEM OCYIIECTBISIIOCH
IIPU KaXJOM aKTE Pa3BUTHA.
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Eme B cepeawHe Hamiero BeKa HWCCIEOBATENN PAa3BUTHA CTOSUTM Tiepea HeOOraThIM
BbIOOpOM: aOCypA TEOpHUH BIIOKEHHBIX JAPYT B JApyra 3apojbllIel-MaTpeliek Wil xKe
BUTAJIM3M TOI'O WJIM MHOTO TOJIKA, B KOHIE KOHIIOB, CBOAMMBIA K KOHEYHOW NMpPUUMHE
Apucrorens. [Tomous npuiia HEOXKUAAHHO M M3 TOW 00JIACTH, OTKYy/a €€ COBCEM He
AKAAIH.

I'enernuyeckast Teopusi passurusa. Hame Bpems — Bpemsi «yMHbIX» MalluH. [lymaro,
KaXJIbIi XOTSI ObI M3 BOCTOP)KEHHBIX KYPHAITMCTCKIX OYEPKOB 3HAET 00 aBTOMAaTHIECKUX
CTaHKax C MPOrpaMMHBIM yrpasieHHeM. OJHAaKO MalllMHa, BBINOJHSAIOLIAS Oojee WM
MEHeE CJI0KHYI0 padOTy COTIACHO BJIOKEHHOM B HEE MpOrpamMMme, OTHIOAb HE TaKas yxk
HOBMHKA. Y’K€ B Hayajie MPOIUIOTo BeKa CyLIECTBOBAIN CTAHKH JUIsl HAOUBKU MaTepUH U
BA3KU KpPYXEB, a TaKXKE BCAKOIO pOAAa MY3bIKAJIbHbIE MHCTPYMEHTHI — MEXaHUYECKUE
Oprasbl, I[IApMAaHK{, MEXaHUYECKHE IIMAHWHO, BBIJABABIINE JOBOJIBHO CIIOKHBIE
CTPYKTYpbl B BHJ€ IIOCJIEI0BATEIbHOCTEH Y30pOB, PUCYHKOB M 3BYKOB pa3HOU
TOHAJIBHOCTH MO mporpamMMe. [IporpamMma B Takue ycTpoWcTBa BKJaAbIBalach B BUIE
METAJIJINYECKON WJIM KapTOHHOW IUIACTUHKU C MPOOUTHIMU B HEW OTBEpCTUSMU. Tak 4To
nepdokapra — COBCEM HE JOCTHKEHHE BeKa KHOCPHETHUKH.

Co BpemeHneM nepdoKapTy CMEHWIIa MarHUTHAsS JICHTA W CYUTHIBAIOIIAsl C HEE KOMaH/IbI
roioBka. [lomararo, u jeHTa 3aMeHUTCS B OyaylieM Kakoii— nubo rosjorpaduueckoit
IUIACTUHKOM MM JK€ KpHUCTauIoM, B KOTOPOM OYJEeT 3amucaH OrPOMHBIM MaccuB
uHpopmanuu. B HayuHO-(aHTaCTUUECKUX POMaHaX TAKHE YCTPOHCTBA YK€ €CTb.

Kakoe ke OTHOIIEHHE CTaHKH C MPOrPAaMMHBIM YIIPABICHUEM MOTYT UMETh K Mpodiieme
pa3BuTHA Opranu3MoB? OKa3bIBa€TCs, CaMO€E MPSMOE.

Kpynaerit marematuk ko ¢on Heiiman, Bmecre ¢ Hopbeprom Bunepom u Kiogom
[IIeHHOHOM CYMTAIOLIMICS CO3/aTeIeM HOBOM OTpaciu 3HaHWUS — KHOEPHETHKH, KaK-TO
3alyMaJics: BO3MOJKHO JIM IOCTPOUTH TaKylO0 MallWHYy, KOTOpasi, CJlexys 3aJ0KEHHOW B
HEel cucreMe MHCTPYKIMM, mocTpowsa Obl TOYHYH KOMUIO caMoil ceba? MHbmu
CJIOBaMH, BOCIIPOM3BECTH B MeTajle OMOJIOTMYECKYI0 CMEHY IOKOJICHHH, MOCTPOUTH
CaMOpa3MHOXKAIOIIMUKCA aBTOMAT.

CornacHo MaremMaTH4YecKHMM BbIKIankaM (oH Heiimana cymiecTByeT omnpezeseHHbIH
HOPOT' CJIO)KHOCTU MAalIWHbI, HMKE KOTOPOIO OHa HE MOYKET BOCIPOU3BOAMUTH cebe
noJo0HBIX. EcTeCTBEHHO, BO3ZHUKAET BOMPOC: KaK OOBEKTUBHO H3MEPATH CTENCHb
CJIO)KHOCTH CHCTeMBI? Bompoc 3TOT KpaifHe BakeH, pelIeHUE €ro MOHAT00UTCsI HaM U B
Oymy1ieM, MO3TOMY camMoe BpeMsi ceifyac Ha HEM OCTaHOBUTbHCH.

CHOXHOCTb CHUCTEMBI H3MeEpsieTCs KOJIMYECTBOM HWH(pOpMalMU, MOTPeOHOM i ee
onucanus. Haubosnee pacmpocTpaHeHa IBOMYHas €IWHUIA HWHpopMammu — OuUT (OT
anrymiickoro binary digit ). Ctonpko WH(DOpPMAIUKA COAEPIKHUTCS B OTBETE «J1a» WU
«HET» Ha KaKOW-T100 BOMpPOC.

Hampumep, nmro60ii orBeT Ha Bompoc: «lloimere i BbI CErogHs B KHHO?» — COIACPKUT
oIuH OWUT MHpOpManuu. A eciu OTBETOB Ha BONPOC OOJbIIE JBYX, TO €CTh OOJbIIe
BbIOOpOB? Ecnu BbIOOpBI paBHOBEPOSATHBI, YUCIO OMTOB B OTBETE PABHO JBOUYHOMY
aorapudmy (To ects orapudmMy Mpu OCHOBAaHUHU 2) U3 YUCIIa BEIOOPOB.

Kak »TOT mpuHuMn usmepeHuss MHGOPMAIMM HCIOJIb30BATH AJS OLEHKH CIOXHOCTH
onucaHus cuctemMbl? Bo3bMeEM KIacCHMUECKOE OIMCAaHUE: «A POCTOM OH Maj, Ipylb
IIMPOKas, OJHAa pyKa Kopoue ApYyrou, riaza roiayOble, BOJIOCHI PBDKHE, Ha IIEKe
06opoaaBka, Ha IOy ApyTas.

Onucanne O4YeHb KpaTKOE M TOMUTCS TOJIBKO JUISl ONO3HABAHMS CUCTEMbI «l'pHIlKa
OTtpenbeB», HO B MPHUHLUIE €r0 MOXXHO CJIIENaTh CKOJb YTOJHO Oojiee JeTajbHbIM,
BIUIOTb /10 TOTO, YTOOBI ATy CUCTEMY MOYHO OBIJIO BOCCO3/1aTh (HY>KHO JIM BOCCO3/1aBaTh
JbxeaAMUTpUS — 3TO yXKe JApYroi Bompoc). 3abaBbl paau s MOACYUTAN, YTO B OMHUCAHUH
COJIEPXKUTCS OKOJIO 12 OuT MHpOpMAaITIH.

WupiMu crioBamMH, AbSIK CHICKHOTO IIPHKa3a JOJDKEH ObUI 3a7aTh 12 BOMPOCOB U MOTYYHUTh
Ha HUX 12 OTBETOB «J1a» WM «HET» YTOOBI 3TO OMHUCAHUE COCTABUTD.
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Crienry OroBOpUTHCSI, YTO MOM TOACUYETHI OTHIOAb HE TaK TOYHBI, KaK XOTEJIOCh Obl. Tak s
UCXOAWII U3 TOTO, YTO I[BETa BOJOC (YEpHBIA, PYCHIA, CBETIBIM, PBIKHHA, cedod U
OTCYTCTBHE BOJIOC) PaBHOBEpOSTHbI. Torna mHpopmanus Obuia Obl paBHa log26 . Ha
Jiesie 3TO JaJIeKO He Tak. MBI He 3HaeM, ¢ KaKOM 4acTOTOM BCTpedalIuch ppikue Ha Pycu B
snoxy bopuca ['ogyHoBa. Y 4epHOBOJIOCHIX KUTAWIIEB PHIXKUE BOJIOCHI HACTOIBKO PEIIKH,
yto CyHnp Lroans, onHOro U3 repoes 3noxu TpoenapcTBus, UHaUY€ U HE HA3bIBAIM, KaK
«rotyoornasbiii U pebke0opo bl oTpok». M cpasy ObulO SCHO, O KOM HJIET peub. A B
[HoTnanauu STOT MpHU3HAK JOBOJBHO HEMH(POPMATHUBEH: HHUTAE sI HE BUICI CTOJBKO
PBDKHUX, KaK Ha ynuuax DauHlypra.

Tak 4TO, CTPOrO TOBOPS, HAAO MAJS OLIEHKH KOJMYecTBa MHGOpPMAIUU TMOIH30BATHCS
dbopmyoit

H=-YPi log2 Pi

TO ©CTh KOJMYECTBO WHQPOPMAIMU pPaBHO CyMME TIPOM3BEICHUI BEPOSTHOCTH
BCTPEUAaEMOCTH DJIEMEHTa Ha JBOMYHBIN Jorapudm 3Toi BeposTHocTH. Tak, ecnu
BEPOATHOCTb BCTPEUAEMOCTH PbIXeETo 1BeTa Bosioc 0,1 — (kaxaplil JecsAThId pbDKUIA), TO
OTBET Ha BoIpoc o IBeTe Bosoc aaet 0,3322 6ura undopmanuu. A OyIb PHDKUMH BCE
(BepostHOCTh P = 1), H Obl11a OBI paBHa HYJIO (JToTapuM €IUHUIIBI PAaBEH HYJIIO).

Bor Tak B 6utax nnpopmanuu Gon HeliMaH OIEHMIT CIOKHOCTh CHUCTEMBI, CIOCOOHOM
BOCITPOM3BOANTH camoe celsi. OHa okazanach JOBOJBHO OOJBIION — MOPSIKa MUJUTHOHA
OUT, TO €CTh cucTeMa JOJDKHA Obuta OBl COCTOSTH HE MEHEE 4YeM M3 JECATU ThICAY
AJIEMEHTOB. DTO OYEHb CIJIOKHASI CHCTEMAa, COBPEMEHHBIE CTAaHKH C IpPOrpaMMoil Ha
MarHUTHOM JIGHT€ MHOT'O IIPOLLIE.

Ho, pomyctum, MBI co3/ainu Takyr0 MallMHY, BBEJIM B HEE JIGHTY C MPOTrpaMMOM Jis
MOCTPOMKH JOUEpHE» MalllMHbI W 3amycTUiIu ee. BocmpowusBenu Obl MBI B MeETaie
CMEHY MOKOJIEHUI?

OkasbiBaercs, HeT. «/louepHss» mammHa OyneT OECIIONHON: Beob B HEHM HET JIGHTHI C
nporpammoii. UToObl TOSIBUIOCH TpPEThE€ MAIIMHHOE TIOKOJICHHE, B MalllMHe-
pPOIOHAYAIBHUIIE HY>KHO MPEAYCMOTPETh JICHTOKOMUPYIOUIEE YCTPONCTBO, MEPEAatoIee
M0 HACIEACTBY KOMNHUIO mnporpammbl. HMrak, cormacHo HeliMany, mo HacineacTBy
NepeaaeTcsl He CTPYKTYpa, a ONMUCAHUE CTPYKTYPbl U UHCTPYKLHUS 110 €€ MU3TOTOBJIEHUIO.
W Bech nporecc pa3BUTHS COCTOUT U3 JIBYX pa3lieibHBIX ONEpaluil — KOMMpOBaHUE 3TON
IpOrpaMMbl (TOTO, YTO T€HETUKU HA3BIBAIOT 2€HOMUNOM ) W TIOCTPOHKa COOCTBEHHO
opraHu3ma (TOro, YTO OHU Ha3bIBAIOT heHomunom ).

Bort MBI 1 mogonuiu k GopMyITUPOBKE MEPBOM aKCHOMBI OMOJIOTHH.

Bce kuBble OPraHu3Mbl J0KHbI ObITH €IMHCTBOM ()eHOTHIIA M NMPOrpaMMBbl st
ero ImnocTpoeHusi (reHOTHUIIA), NepeAaAloIIerocsi MO HACJIEACTBY M3 INOKOJEHHS B
MOKOJICHHE.

Huuto He HOBO mox nmyHoi. Emie B koHie mpouuioro Beka Ouonor ABryct Belicman
chopMynupoBall 3TOT MNPUHIMI (JEJIEHHE OpraHu3Ma Ha COMY U HacCJEICTBEHHYIO
iasmy).

Bce mocnenyromme ycnexd TEHETHKHM W TEOPHUH WHGOPMAIMM JIMIIL OJecTsie
MOATBEPIUIIH €TO.

MHorue yuTarenu, BO3MOXKHO, MOXKMYT, IJIeYaMM: Kakas pa3HMLA MepefacTcs JId 10
HAcJEeACTBY caMa CTPYKTypa B BHJE€ MAaJEHbKOIO OpraHu3Ma, 3alpsiTaHHOTO B
AWLEKIIETKE WIN CIIEPMUU MJIU K€ MporpamMma Koaupytouias ero nocrpoenue? Uro naer
HOBas TeOpUs pa3BUTHUs (HA30BEM €€ TeHEeTHUUYECKOil) 10 cpaBHEHUIO ¢ pedopmuzMom?
Uto maer? Jla Bce: MBI cpa3y H30aBisieMCs OT TMOJABIISIIONICH KapTUHBI OECKOHEYHOM
BEPEHULIBI BJOXKEHHBIX ApYyr B Jpyra 3apozsimieid. I He HyXHO OTOXKIECTBIATH
TEHETHUYECKYIO TEOPHIO Pa3BUTUA C MPEHOPMU3ZMOM, KaK ATO MHOT/IA ACNAIOT (TIOSBUIICS
nake TEepMUH «HeomnpedopMusm»). Jlemas 3TO, MBI OTOXKAECTBISIEM MPOrpaMMy
MIOCTPOEHUSA CTPYKTYpbl € camMoOll CTpykTypoil. Ho »3TO cToNb 3Ke Heneno, Kak
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OTOXKJECTBIISATh CTPAHMILy W3 MOBAapEHHONW KHHUTH C 00E€IO0M, pelenT — ¢ JEKapCTBOM H
YepTek aBTOMOOMIIS — C CAMUM aBTOMOOHIIEM.

Kak u B Teopun snureHesa, ynopssi04€HHOCTb OpraHu3Ma B Ka)JI0M HOBOM IIOKOJICHHH
BO3HUKAET 3aHOBO.

Ho ymopsmounBaromuii ¢GakTop — HE MHCTHYECKAs JHTEIEXUS ApPUCTOTENS WIIH
«cylecTBeHHas cuiay Bonbda. D10 BrosiHe peanbHas IporpamMma, 3aK0IMpoBaHHAs, KakK
MBI TEleph 3HA€M, B JUIMHHBIX HHUTEBUIHBIX MOJEKYJaX JIe30KCUPUOOHYKIEHHOBOM
kucnotel — JIHK unu pubonyknennoBoit kuciaotsl — PHK y HEKOTOpBIX BUPYCOB.

Puc. 6. Omnocumenvuvie  pazmepvi  HEKOMOpPLIX  6UPYCO8  (31EKMPOHHAA
muxpogomoepaghus ¢ ysenuwenuem ¢ 200000 pa3z). Cnesa Hanpago — 0Oun u3 MaieHbKux
Gazoe pX174, eupyc mabaunoti mo3auxu, cirodicHvill 6axmepuogae T4 (uz epynnvl max
Ha3zvleaemvlx T-uemHuvlx pacoe baxmepuu KUUWLEYHOU NAOYKLL).

[Topsimok oprann3Ma BO3HUKAET HE M3 HUYETO, a U3 MOPsIAKa MOJIYUYEHHOU OT poAauTEIeH
pOTpaMMBI.

[TomquepkaemM  omHO  oOcTOATENbCTBO. Hama  TpakToBKa  MEepBOM  aKCHOMBI
(yHKIMOHATIBHA, OHA HE CBA3BIBACT IEPBOE YCIOBHUE KU3HU C KAKUM-JINOO KOHKPETHBIM
XUMHUYECKHM BeriecTBOM. CaMOBOCIPOU3BOSAIIYIOCS MAIIMHY MOMKHO B TMPUHIUIE
NOCTPOMTh, BKJIAJbIBasg B HEE MPOrpaMMy, 3alMCaHHYI0O Ha MAarHUTHOM JICHTE WU B
COBOKYITHOCTH Mep(oKapT Wi €I1e KaKUM-JIH00 CIIOCOO0M.

[IpuHIMn pa3nenbHOro KOMUPOBAHHS TPU COBMECTHOM CYIIECTBOBAaHHS T€HOTHIA H
denotuna ocraercss He3plOIeMbIM. ToO ke M B KU3HU. B 3eMHBIX YCIIOBUSIX OCHOBA
¢eHoTuna — OEnKH, OCHOBA T€HOTUIA — HYKJIEWHOBBIE KUCIOTHL. Ho He momiexur
COMHEHHIO, YTO >XH3Hb BO BceneHHoW OeckoHewHO paszHooOpa3Ha. [ ne-HuOynp Ha
uiaHeTe cucteMbl Tay Kura v anbga Dpugana sKU3Hb MOKET ObITh IOCTPOCHA HA MHOM
CTPYKTYpPHOH OCHOBE, HO IO €IMHOMY il Bceil Beenennoi npuniumy. Axcuoma Ne 1
€MHa JJIs1 BCero HBOro. JKu3Hp Ha OCHOBE TOJIBKO OJHOTO (DEHOTHUIA WM XKE OJHOTO
TeHOTUIIa HEBO3MOXKHA, IMPH STOM HENb3s OOECHeuuTh HHU CaMONOJACpXKaHHs, HU
CaMOBOCTIPOU3BECHHS CII0KHOM CIIEIU(PHUECKON CTPYKTYPHI.
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Puc. 7. Bupyc mabaunoii mo3auku — nepeviii 8upyc, KOmMopbiti Obll ONUCAH U 3amMeM
evloenien 68 uucmom euode. Beepxy cneea — cxema cmpoenus (paszmepvi 30ecy u oanee
0armces 8 anecmpemax — CMOMULIUOHHBIX 00X canmumempa). Cnpasa — pomoepaghus
Mmooenu supyca — ooHonumyamas cnupaie PHK 6 wybe uz oounakoswvix monekyn oenxa.
Kaowcoyro makyro 6enxogyio monexyny ciaearom 8 onpeoeneHHol nocied08amenbHoCmu
158 amunokucarom.

PaccmoTpuM cripaBeyIMBOCTD HAIICH MEPBOW aKCHOMBI Ha PsiJie KOHKPETHBIX IPUMEPOB.
Wrak, deHoTHII HE MOXET BOCIPOHM3BOJIUTHCA 0€3 TEHOTHINA, W HaoO0opoT. DeHOTHT
BO3HHKACT I10 MPOrpamMMe, KOJHUPOBAHHOW B TCHOTHIIC, U 3a0/IHO KOTIMPYET TCHOTHIT JIsI
Oynymero mokoneHus. Ho BO3MOXHBI Ciy4daW, KOTJa TEHOTHII KOMHUPYETCS IPHU
MOCPENCTBE 4yXoro ¢eHoTuna. Torma Mopor CIIOKHOCTH, ONpEACiCHHBIH (OH
Heiimanom, cHUMaeTcs: BO3HUKAIOT MPOCTEHIINE 00pa30BaHUsS — BUPYCHI, HA TIPHUMEPE
KOTOPBIX MOXHO TPOCIICINTh BCE CTAIUU PEAYKIUH (peHoTHUIA.
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Puc. 8 Snexmponnas mukpogomozpaghus 001020 u3 ciodCHLIX OAKMEPUATLHBIX BUPYCOB
— ¢paca T2. Xopowo 6uonvl Monekyavl 6enxa, ciazaioujue X0Cm u 20108y, A MAKH#ce
xeocmogvle Humu (creea). Pazmepul 30ece makowce 6 anecmpemax.

Camble cloXHBIE BUPYCBHI — OakTepuodard, win mpocTto ¢aru — mapasuthl OaKTepHil.
[TpumepoM MOryT CIyKUTb Tak Ha3blBaeMble T-ueTHble (aru OaKTepUM KHUILEYHOM
nanouku. @ar 74 nHamomuHaeT no ¢popme pyuHyro rpaHaty. ['onoBka (aroBoif yacTHIlbl
— BBITAHYTHIM JBaJlIaTUTPAaHHUK, CIOXKEHHBIM M3 MOJEKyJ Oeika, B HEM COAEpKUTCS B
KOMIIAaKTHO YJIO)KEHHOM cOCTOssHMU nanuHHas Mosekyna JIHK. ®dar 74 — wumeer
CJIO)KHBI MEXaHW3M Ul BCIPBICKMBAHUS CBOETO I'€HOTHUIIA BHYTPb OaKTepHUaIbHOM
KJIETKH — XBOCTOBYIO YacTh. XBOCTOBas 4acTh COCTOMT (OT TOJOBKHM K KOHILY) H3
BOPOTHHYKA, COOCTBEHHO XBOCTA, OJETOTO COKPAaTHMBIM, KAaK MYCKYJBHOE BOJIOKHO,
4yexjoM, U 0a3ambHON IUIACTMHKH, OT KOTOPOM OTXOAAT wiecTb HUTeW. Hutamu u
3yOnamMu 0a3aibHOM MUIACTUHKHU (har MPUKPEIUISETCS K KJIETOYHOH 000J0UKe OaKTepHuHu.
Monekyna crneuududeckoro Oenka Iu30IMMa Ha 0a3adbHOM IUIACTHHKE pa3zbelaeT
000710uKy OakTepuu, XBOCTOBOM dYexon cokpamaercs, u Huth JHK c orpomuoi
CKOPOCTBIO BBITAJIKHBACTCS, OyKBAJIBHO BBHICTPEIIMBACTCS B IUTOILIA3MY OaKTEpHUH.
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Puc. 9. Iloopobnas cxema T-uemmnoeo paca; cnpagéa NnoKazawo, Kaxk OH 3apascaem
baxmepuro. CHauana gpae npukpenisemcs 0A3a1bHOU NIACMUHKOU, ONUPACL NPU IMOM
Ha xgocmosvie numu. Monexyna nuzoyuma Ha 6A3a1bHOU NAACMUHKE PA3bedden CIMeHK)
baxkmepuanvHou KiemKu, xeocm cokpawjaemcs, u uumos JJHK evicmpenusaemcs 6
bakmeputo. @enomun aza nocie 3mMo2o0 OMOPACLIBAEMCS, OH YHCe He HYHCEH.

[Tycras GenmkoBast 06om04Ka — peHOTHIT (para — yKe He HyKHa, OHA OTOpachIBaeTCs. DTH
¢daru 6e3 HyKJICHMHOBOI HAUMHKHA 00pa3HO HA3BIBAIOT TEHSIMH. [leHiCTBUTENBLHO, 3TO BCETO
JWIOb TEHW BHPYCOB: OHM MOTYT, KaK M JKHUBBIC, MPHUKPEIUIATHCS K ITOBEPXHOCTH
OakTepuil M TMpPOeNaTh CBOUM IHU30IMMOM B UX 000JI0ouke oTBepcTHs. OHM HE MOTYT
muib pasMHoXkatbes. «lomas» JIHK B OakTepun HauWHAeT CBOIO Pa3pyUIUTEIbHYIO
nesTenbHOCTh. [lpexnae Bcero, 3a Kakylo-TO MHHYTY TOJABJSIETCS  CHHTE3
OakTepHambHBIX OCNKOB. Yepes MATh MUHYT IOCIE 3apaKEHHs OCJIOKCHHTE3UPYIOLIHA
anmapaT OaKTepuM CHHTE3MpyeT 1o mporpamme ¢dara ¢GepMEHTHI, Pa3MHOXKAIOIINE
darosyro JIHK. Eme depe3 Tpu MUHYTHI HA4YMHAETCS CHUHTE3 (aroBbIX OCJKOB,
(GbOpMHPYIOMUX TOJIOBKM M XBOCTBHI HOBBIX 0co0Oeil (ara. IlepBelii HOBBINA ar mpu
temneparype 37° nosBisercs yepe3 13 MuHyT, emie yepe3 12 B GaKTepuu UX YK€ CBBIIIE
200. HacuHTE3UpOBaHHBIN 3a 3TO BpEeMsl JTU30IIUM pa3belaeT CTCHKH O0aKTepUH MU3HYTPH,
U HOBbIe (paroBble YACTHIBI BBIXOIAT HApYyXy, TOTOBBIE 3apaxarb JApyrue
OakTepuagbHbIe KIETKU.
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Puc 10. Jlobonvimuviti ghenomen — oeghexmuvie gaeu, hazu saxodwvl 6e3 cenomuna. [J[HK
paza, 6otios 6 bakmepuro, Modcem He 830P8aAMmb ee PA3SMHONCEHUEM, d BCIMPOUMbCI 6
OaKkmepuanrbHy0 XpoOMOCOMY U PaZMHOACAMbCA emecme ¢ Hell. Penomun aza mozoa He
obpazyemcs, acosas JIHK obxooumcs uyoicum. Taxoii ¢hae, namenmuvlil, mModscem
BEPHYMbCS K AKMUBHOMY COCMOAHUIO, eClu KYIbmypy Oaxmeput, 3aparCeHHbiX UM,
obnyuums yrempaghuonemom. Mnozoa akmusupyemcs He ecb ceHomun ¢haza, a auulb
ma yacme, Komopas omeemcmeeHHa 3a obpazoeanue xeocma. Toeoa 6 6axmepuu
WMAamMnylomecs. COmMHU X80CMO8, Npoedarowux ee CmeHKU U 6blxooawux Hapyicy. OHu
Mmoeym youeamv bakmepuil, npoeoas AUFOYUMOM UX CMEHKU, HO He PA3SMHONCAMbCS
(6e0b y Hux Hem econosku u 6 2onoeke /[HK — cenomun ocmanca 6 b6axmepuanbHol
knemxe). [lechekmuule ghacu — nuoyunv — pazmuodcamocs camu He mocym. Penomun oe3
eenomuna 6eccunen. Cmpozo 2060ps, Helb3sl 2080pUMb, HMO NUOYUH He umeem
2EeHOMUNA — OH NPOCMO 0epICUm e20 8 Opy20M Mecme.

I'enotun Takux ¢aroB KOBOJBHO cllokeH (0KoiI0 cta reHoB). Ho ectb u Gosnee mpocthle
daru, Hanpumep @XI74, oH TOpa3no MeHbIme T4 W TIPEACTABISACT TPABHILHBIN
JIBaIATUTPAHHUK 0€3 XBOCTOBOM yacTH. Ero reHoTHI1 KOAUpyeT BCEro AEBATh OEIKOB.
Eme mpome gar MS2: ero reHotun coctout u3 ogHonutdaroit PHK, a perotun mummb u3
Tpex OenkoB: Oenka-o0onouku, Oenka Katanusupytomiero cuHres PHK, wu Tak
Ha3piBaeMoro A-0enka. A BOT y BHpYCa, BBI3BIBAIONIETO BEPETEHOBHIHOCTH KITyOHEH
KapTodeis, HeT aaxe O6enkoBoit obosnouku. Ho, monanas B kietku kaprodens, ero PHK
CTPOUT J1Ba OeJiKa, YyKEPOAHbIE ISl pACTEHUA-X031HA.
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Puc. 11. Eciu 6akmepuogacu camvle ciodxichvle 8Upycol, mo max Ha3vleaembvle 8UpouUobl
— Haubonee npocmule. Jlyuuie 6ce2o uzyueH upouo, Gul3vbl8ArOWUL 6ePEemMeHO8UOHOCb
kybHeu kapmogens. Ilopadxcennvle um pacmenus 1e2Ko OMiudums om 300poeuix. Y Hux
JUCMbA  Npudcamsvl K CmeOaaM, a KIYOHU UMem  XapakmepHyr — @Qopmy ¢
MHO2OYUCTEHHBIMU 2Nla3KamMu. Y eupoudos nem obonouxu: smo eoavie PHK, obpasyowue
KONbYa,; KOabyd, KaK npasuio, Kak Obl CRIlOCHYmMbl 8 NALOYKY. DMom GUPOUO coCmoum
u3 Hexooupywweil 6eirkoe PHK, 6 xomopoii ececo 359 HYKIeOMUOHBIX 38€HbES.
Ionazarom, umo ungopmayuss o cunmeze 0eIKO8, NOAGIANWUXCA 6 KIEMKAX
3apasdcenHHo2o Kapmogens, co0epuHCUmcs 8 2eHoMe Ccamo2o Kapmogensi, HO O00bIYHO
3abn0xkuposana. Bupouo xak 6wl exnouaem ee u mem camvlmM U3MeHsem GHeUWHUl 00IUK
XO35UHA.

BcTpoeHHbIe B XpOMOCOMBI X035I€B BUPYCHI MOTYT, O-BHIMMOMY, COBCEM OTKa3aThCS OT
cBOErO (PEHOTHUNA U OOXOIUTHCS MPH PETUTUKALIMH XO3IUCKUM.

PaccmoTrpum Teneps oOpaTHbIe MpUMepbl. MOXKeM JIM MBI Ha3BaTh KUBBIMH OPTaHU3MBI
WIN XOTs Obl KJIETKH 0e3 reHeTH4ecKoil mporpamMmbl? TakoBbl Oe3bsiiepHbIE KIETKH —
SPUTPOLUTHI MJICKONHUTAIOMNX WM K€ KIETKH XpyCTalWKa Tia3a. JPUTPOLUT TepseT
OCHOBHOE CBOWCTBO JKM3HH, OH HE TOJJICPKUBACT CBOIO CTPYKTYpY, Paclaaasch 3a
YeThIpe Mecsld, W HE MOXKET pPa3MHOXKAThCS JAEICHHEM. OJTO BCEro JIHIIb YacTh
CTPYKTYpBI )KUBOTO oprannzma. Cam mo cebe OH HE MOXKET JKUTh, KaK J100ast OTIEIBHO
B3ATasi YaCTh CaMOJIeTa HE MOJKET JIETATh.
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Ha Ge3bsinepHbIX KiIeTKaX — KaK MOSIBJISIONINXCS B PE3YJIbTaTe €CTECTBEHHBIX MTPOIIECCOB,
TaK M TMOJy4YaeMbIX B OJKCHEPUMEHTE — CIEeAyeT HECKOIIbKO 3aJiepiKarhes: Oolee
HaTJISIIHBIX TIPUMEPOB ISl )KU3HU TeHETUUECKUX MMPOTPaMM MBI HE HalIeM.

Bosbmem, k mpumepy, a3 wuekomnutatomero. Kak oH ¢opMmupyercs BO Bpems
WHIUBUyAIbHOTO Ppa3BUTUA JKUBOTHOro? CHauajga TOSBISETCS TaK Ha3bIBAEMbIN
TJIa3HOW My3bIPh, 3aT€M HAPYXKHBIA CIOW KIIETOK, IKTOJEpPMa, HaJ TJIa3HBIM Iy3bIPEM
YTOJIIACTCS W BTATUBACTCS BHYTPh IOJOCTH OYIYyIIEro IJia3a, OTIIHYPOBHIBACTCS U
3aMBIKA€TCA B MYy3bIpeK. OJTO CTaHET NOTOM XpPYCTalWKOM. Ero CTEHKH CIOXKEHBI
KJIETKaMU SMUTENWsA. B mpuHIUIE OHM TakHWe K€, KaK Te, YTO BBICTHJIAIOT, CKaXKEM,
BHYTPEHHIOIO TOBEPXHOCTh HAIIUX KPOBEHOCHBIX COCYJ0OB MM CIU3UCThIE 000IOUKHU. Y
HUX HOpPMAJIbHBIE fJIpa, OHH CHUHTE3UPYIOT MHOTO OEJIKOB, MOTYT Pa3MHOXAaThCs
neneHreM. Ho B XpycTamuKOBOM Iy3bIPbKE OHU MEHSIOTCS, MIOCTENIEHHO MEePeXosT B
JUTMHHBIE CTEKJIOBHJHBIC TMPO3PAuHbIE XPYCTAIMKOBbIE BOJIOKHa. Habop Oenkos,
CUHTE3UPYEMBIX UMU O00eAHsIETCS, HapaOaThIBAIOTCS TOIBKO CrielU(PUUHBIE CTPYKTYPHBIE
Ocenkn — KpucTaumHbl. WX Tpu: anbda-, 6eTa— W ramMma-KpHCTAUIMHBI (Y TTHII U
MPECMBIKAIONINXCSI CUHTE3UPYETCsl elle OJWH — YeTBepThii). B Hauame ux cuHTE3a
KJIeTKa eme crnocoOHa nenuthesi. Ho mocTeneHHO ee [UTOoIuIa3Ma  3aroJIHSAETCS
XpAEno00HON KPHUCTAJUIMHOBOM Maccol, caMa KIIeTKa BBITSATUBAETCS B BOJIOKHO.
[MapannensHo uzper Owictpas noteps JIHK B szmpe: ecnu B Hauane 3TOro mporecca
komuecTBo JIHK Takoe ke, Kak y HOPMAalbHOM KIETKU C JBOMHBIM (IUIUIOUIHBIM)
HabOpOM XpPOMOCOM, TO 3aT€M B XPyCTaJIMKOBOM BOJIOKHE €€ He yJIaeTcs OOHApy>KUTh
CaMBIMM YYBCTBUTEIBHBIMH METOAAMH. OTO BOJIOKHO YK€ HE JeNUTCS U He
MOJJIEPKUBAET CBOIO CTPYKTYPY. T€M CaMbIM OHO OTJIMYAETCSI OT MHOTHX JIPYTUX KIETOK
OpraHu3Ma, B HOpME XOTs U HE JIEJSIINUXCS, HO COXPAHSIOUINX SIIPO — TaKKUe KIIETKU eIl
CHIOCOOHBI K «PEMOHTHBIM paboTamy.

YIUBUTENbHO CXOJHAas KapTHHA HaOmromaercs mpu oOpa3oBaHUHM SPUTPOIMTOB, XOTS
KOHEYHBIE CTaJUU MPOIIECCOB COBEPIICHHO PA3JIMYHbl. TaK Ha3bIBA€MbIE CTBOJIOBBIC
KJIETKA KPOBETBOPHOM CHUCTEMBI MOTYT AEIUTHCS MPAKTUYECKH HEOTPAaHUYEHHOE YHUCIIO
pa3. Ho yacTh U3 HUX MpeBpaIacTcs B MPOIPUTOOIACTHI: B HUX YK€ HAUMHACTCSI CUHTE3
toit PHK, koTtopass mociayXuT mOTOM MaTpHIeH Uisi CMHTe3a remorioOuHa. Ha atoit
CTaJuU siApa eIle HOPMalbHBl M KIETKH CIOCOOHBI K aeneHuto. llpu mepexone B
CIIEIYIONIYI0 CTaaui0 (Ha 3TOM CTaauM APUTOOIACTHI MOTYT OKpPALIUBATHCS Pa3HBIMU
KpaCKaMd H TIO9TOMY TOJYYWIM Ha3BaHUE TMOJMUXPOMATO(PHUIBHBIX) SIpa TEPSIOT
AKTUBHOCTb.

Y pBIO, 3eMHOBOJIHBIX, IPECMBIKAIONIUXCS U MTUIl HEHYKHOE, B OOIIEM-TO, SAPO TaK U
OCTaeTCs B 3PEJIOM SPUTPOLUTE.

Y MIIEKONUTAIONINX, & CTAN0 OBITh, U Y JIOACH MPOIECC HIET Aajblle — SapO Hcue3aeT.
Takasi KjeTka Ha3bIBa€TCS PETUKYJIOMUTOM. Y J1a0OpaTOPHBIX >KUBOTHBIX, HAIPHUMED,
KPOJIMKOB, CHeHU(PHUUESCKUMH SIaMH MOXHO OCTaHOBUTH TPOIECC KPOBETBOPEHUS Ha
9Toi ctaauu. Torna B KOCTHOM MO3re HAKaIUIMBAIOTCS PETHKYJIOUMTHI. [Ij1g OMoxumuka
9T KIETKM — cymuid knaa! B Hux Her saep, HO MHoro wmatpuunbix PHK,
OCIIOKCUHTE3UPYIONINI anmapar paboTaeT ¥ TOHUT JIMIIb OJHHM reMorjioowHsl. Ho BOT
OyIymuii SpUTPOIUT HACHIIIEH TEeMOTJIOOMHOM [0 Tpenena. beloKCHHTEe3upyromuit
anmnapar peAylLUpyeTcs, CHUKAET aKTUBHOCTh, a 3PEJblil A)PUTPOLUT, BOMAS B COCYbI,
HAYMHAET CBOIO KU3Hb — B CPEAHEM 4-MECSUHYIO.

Krnerku 6e3 reHeTH4ecKoil mporpaMMmel, 6e3 siapa (IHYKICUPOBAHHBIC) MOYKHO MOTYUYUTh
UCKYyCCTBEHHO. DMOPHOJIOTH JaBHO YK€ HAyYWJINCh MPOBOJIUTH TaKWE OMEpaluu Ha
OILIOJIOTBOPEHHBIX SIMIIEKIETKaX HEKOTOPHIX JKMBOTHBIX: UX CHauyajaa OTKPYYHBAIOT Ha
HeHTpudyre, 0T4ero sIpo Kak OoJiee TSHKEIOe CMEIIASTCsl B HIKHIOI YacTh KIIETKH, a
y>K TOCIIe 3TOrO MpU ONpEAeIEHHOM HaBbIKE OTHOCHUTENIBHO HETPYIHO Pa3AeNuTh MO
MUKPOCKOIIOM SIMIIEKJIETKY Ha 4acTh Oe3 siipa U Ha 4acTh C sApoM. Pe3ynbraT Bceraa
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oJlMH: Oe3bsa/iepHasl 4acTh MOCTENEHHO paccachblBaeTCs, U3 YaCTU C SIIPOM Pa3BUBAETCS
HOpPMAaJIbHBIN OPTaHU3M.

Ho naunbonee ymauHblit 00BEKT 1151 MOTOOHBIX OMBITOB — OOWTAOIIAS B TEIUIBIX MOPSIX,
BKIItouasi YepHoe Mope, BOOpOcCib anetadymspus. CTpoeHue ee oueHb XapakTepHo. Tak,
HanpuMep, paclpoCTpaHEHHAas y Hac aueTralyJspus CpeIU3eMHOMOpPCKas HMMEET BUJ
MUHHUATIOPHON — HECKOJIBKO MHIUIUMETPOB M O0jiee — MOTaHKU C ITUIOCKOM IIISTIKON Ha
JUIMHHOM HOJKE, IUUISINKA Y HEKOTOPBIX BUJIOB JJOCTUTAET 5 CAHTUMETPOB B Auamerpe. U
3TOT TpHOOK cOCTOUT U3 onHoM kieTku! OnepupoBath €€ MOXKHO 0€3 O0COOBIX
YXUIIPEHUH, TeM OoJiee UTO AP0 3TOM BOAOPOCIH MOMELIAETCS B CaMOW HIKHEH 4acTu
HOXXKH, Y KOPHEOOPa3HBIX BEIPOCTOB PU30UOB, KOTOPHIMU BOJOPOCIH MPUKPETISETCS K
IpyHTY. XUpPYypru4yecKkue OIepaluu CBOJIATCA K TOMY, YTO BOAOPOCIbL pa3pe3aloT Ha
KyCKU U HaOJIOJAIOT 32 X AabHEHIINM «TIOBEICHUEM.

Oxkasajioch, 4TO €CJIM paccedb HOXKY, TO NUIANKA, B KOHIIE KOHIIOB, IMOTHOHET, XOTS
HEKOTOPOE BpeMsS OHa €IIe MOXKET, HCIONb3ysl SHEPTrui0 COJIHEYHOrO CBETa,
CUHTE3UPOBATh OPTaHUKY U3 YIJIEKHCIIOTO ra3a ¥ BOJbl. A HIKHSS 4acThb HOXKH, TJ€
HaXOAMUTCS SIIPO, CHOBa OO03aBeleTCs NUIANKOW — Bce, Kak y smepuill. Ho camoe
JT00OMBITHOE AaJIblIIe: KOrJa /s BOCCTAHOBUBIIEH ce0s aneTadysipuu MpUXOAUT BpeMs
JENUTHCA, TO HUIANKA JOCTAETCS JIUIIb OJHOW MOJIOBUHKE, OJHOM HOBOM 0COOH, Ipyras
00s13aHa «CTPOUTH)» ceOe APYryIo HUIAIKY.

Ho u a70 emte He Bce. PazHble BubI aneTaOyisipuil OTINYAOTCS APYT OT APYyTra INIaBHBIM
00pa3oM CTpPOEHUEM MLUISMNKH, 30HTUKA. Y CPEIU3EMHOMOPCKOM, HalpUMeEp, 30HTUK
KpPYTJbId U BOTHYTHIN, a y anetaOynsapun BerTmiTeiiHa oH pacceueH Ha JIOMAcTH U IO
(dopMe MOX0Xk Ha LIBETOK. BblI MpoOBENEeH TakoW 3KCHEPUMEHT: HOXKKY 0€3 LUISIIKU OT
CPEeIM3eMHOMOPCKON  aretadynspuul  Mepecaauiii  Ha  pU3OUABl  alneTadynspuu
Berrmreitna. Tlomyuwics «BeretatuBHBIA TuOpua». OH OBICTPO HAACTPOWI cebe
NUIANKY, ¥ OHa OKa3aJach PAacCeYeHHOW Ha JomacTdu. Brpouyem, yAMBHUTETHLHOTO TYT
HUYETo HET: BeAb s/IPO, a 3HAYMT, U FeHETHYeCKas MporpaMma B HEH, B 3TOH XHUMepe,
OBLTH OT BETTIITEHHOBCKOMW BOJIOPOCIIH.

Bce 3tu npuMepsl 0 BENMKOM pOJIM I€HETUYECKHUX IIPOrPAMM OTHOCATCA K KJIETOYHOU
dbopme opraHu3aIMU KUBOTO. A Kak OOCTOMT JIEJ0 y HEKJICTOYHBIX (POpPM KHU3HH, Y
BUPYCOB?

OTKpBITHINA MIEPBBIM U HAKOOJIEE XOPOIIIO U3YUYEHHBIN BUPYC TabauHOU Mo3auku (BTM) —
JUIMHHAsI TTaJ04Ka, TouHee TpyOKa, cocTosmas Ha 95 mpoueHToB u3 6enka U 5 IpOIeHTOB
PHK. TpyOuaterii GenkoBbIii yexosl cocTouT mpumepHo u3 2300 momekyn Oenka; Ha
BHYTPEHHEN €ro MOBEPXHOCTH I10JIOTOH CIIMpaNblo pacnoioskeHa AnuHHas HuTh PHK.

B ykcycnoit kucnote (66 nporientoB) BTM pacnagaercst Ha oTeIbHbIE MOJICKYJTbI Oeka
u PHK. Ecnu kucnoty HelTpanu3oBaTh IMIET0YbI0, MOJIEKYJIbI O€JIKa CHOBA CIIMIAIOTCS,
o0pasys mnuHHBIE TpyOuaThie Twib3bl. PHK TyT He o0s3arenbHa, B €€ OTCYyTCTBHE
00pa3yroTCcs CTOJb e JUIMHHBIE, & TO U JUTHHHEE OOBIYHBIX, OCITKOBBIC TPYOKH, BHEIITHE
HEOTJIMYHUMBbIE OT UCXOJIHBIX BUPYCHBIX YAaCTHUII.

Ho 3apasuth kinerky tabaka oOHM He MOryT. (OCHOBHOE CBOWCTBO JKMBOTO —
CaMOBOCITPOM3BE/ICHNE — YTEPSHO BMECTE C TEHETUYECKOM MPOrpaMMOii.

Hamr aHanu3 mnepBoM akCHOMBI 3aBEpLIMM IIPUMEPOM, KOTOPBIA XO4YeTCs HAa3BaTh
«Mcropust co ckpenu». Bupyconoros mocienHue ABaALaTh JET BeCbMa HWHTEpecoBaja
3arajiouHasi 0oJe3Hb OBell — MH(EKIMOHHAs YEeCOTKa, Mopakarouias nepudepuiiHbie
HEPBHbIE OKOHYAHUS, Pa3BUBAIOLIASICS OYEHb MEIJIEHHO U B KOHIIE KOHIIOB MPUBOISALIAS
K cmeptu. Ee Ha3zBanu ckpenu (scrape); oHa OueHb HAIIOMHMHANA Ipyrue OOJNE3HU OBEIl
(BucHa, puma, Md31M) U Joae (aMuoTpoduueckuii 00KOBOH ckiiepo3). M3BecTHO yxke
okojo 15 Takux Oone3Hel, Tak Has3bIBaeMbIX MEIJICHHBIX BUPYCHBIX HHGexuuii. U3
YeJIOBEYECKUX, TMOXKalnyd, Haunbojiee SK30THUYHA Kypy — «XOXOdyllash CMEpThb», 10
HE/laBHETO BPEMEHHU IOpakaBllasl MaryacoB HOBOTHHMHEHCKOro miemeHu ¢ope. 31ech
9K30THYEH CIOCO0 3apaKeHUsI: COTJIACHO PEIMTHO3HBIM 00bIYasiM (hope Ha MOMUHKAX 10
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POJCTBEBHHKY €Ille HECKOJIBKO JIET Ha3aJ 00s3aHbI ObUTH ChEIaTh €ro MO3T. A Kypy, Kak
U TIOJIaBIIsitoIIee OOJBIIMHCTBO MEJUICHHBIX BHPYCHBIX MH(EKIUN, TATOTEET K KIeTKaM
HEPBHOU CUCTEMBI.

[TapagokcanbHOCTh MOJOKEHHS 3aKIFOYAETCS B TOM, YTO 3JEKTPOHHBIA MHKPOCKON TYT
O6eccuneH. Bo3Oyaurenst ckpenu Wi Kypy B HEro HHMKakK HE yAaBalloCh pas3IiisleTh.
Bupyconoru okazanucek B nonoxxenuu Jlyu Ilactepa — TOT MOr cyauTh, COIEPKUTCS JIU
BUpYC O€IIEHCTBA B MO3MOBOM TKaHU, TOJBKO 3apa3uB IIOCJIETHEH IOAOIBITHOE
’KuBOTHOE. M camoe riaBHOE, IO HEKOTOPHIM JTAHHBIM YACTHUIbl CKPENU HE COJEpKaIU
HykiaenHoBeIX kucioT: Hu JIHK, Hu PHK! 310 mouemy-Tto mpuBOIMIO B BOCTOPT
aHTuAapBUHUCTOB. CorjacHO HWX JIOTUKE, €CIU MaTepHalbHBIM  CyOCTpaTom
HACJICJICTBEHHOCTH MOXeET OBITh IPyroe BEHIECTBO, KPOME HYKIIEMHOBBIX KHCJIOT, TO 3TO
ompoBepraer Teopuro s3Boionuu JlapBuHa. Ha wmoil B3risAn, 3TO  yTBEpKICHUE
PaBHOCHJIBHO CJIEIYIOIIEMY: €CJIM CTUXU MOYKHO HalMcaTh Ha 4eM-1u00, KpoMme Oymaru,
TO MO33UH HE CYLIECTBYET.

OcTtaBuUM aHTUAAPBUHUCTOB M 3aJyMaeMcs: KaKHUM K€ oO0pa3oM BHUPYC CKpenu
pPa3MHOKaeTCsl, BOCIIPOU3BOIUT caMoro cedst 6e3 reHorumna?

Heckonbko et Ha3aa aBTOp 3TOW KHUTHM ObUI B SKCNEIUIMHU Ha tore TypkMeHHH. MbI
CUJIeN Ha 3a0pOIICHHOM B MECKaX KOpJOHE, THEM JIOBWJIM 3MeU U AIIEPHUIl, a BEYEPOM,
KOTJIa JKapa CIajaja, 3a 3eJIEHBIM 4aeM BEJH JUTMHHBIC Pa3rOBOPHI 000 BCEM, BKIIOYAS
MOJIeKyJIsIpHYI0 Ouonoruto. He MuHoBanu Mbl 1 ckpenu. Kak HCTONKOBAaTh OTCYTCTBHE B
3TOM BUpPYCE HYKJIEUHOBBIX KUCIOT? J{a u BUpyc Jin 3T0?

Torma Ha nocyre s mnpuayman JOBOJBHO CIOXKHYK CXEMY, MO3BOJISBIIYIO CKpENu
pa3MHOXaTbcsd Ha 0a3ze reHoruna xo3suHa. B oOmiem, mosydanaoch 4YTO-TO BpOJE
KOPOTKOTO 3aMbIKaHUSl TEHETHMYECKOro amnmapara KIETKA. JTa CHEKYJALHs OJIHUM
ynapoM OOBSCHsJIa U MEICHHOE Pa3BUTHE WHQEKIUH, W MPUYPOUYCHHOCTh BHpYCa K
HEJEJSIIMUMCS KJI€TKaM HEpPBHOM cucTeMbl. Moemy KoJulere oHa MOHpaBWUJIach, U OH
Jla’ke TTOCOBETOBAJ €€ OIMyOJUKOBaTh. S He MOCIyIIalcsi COBETAa U MPABWIIBHO Cemall.
®uHa UCTOPHUH MPOCT: HEAABHO B BUPYCE CKPENU OOHAPYKUIIU HYKJICHHOBYIO KUCIIOTY.

[lepByto akcuoMy GHOJIOrMH HE MOHAJOO0MIIOCH 3aLIUIATh — OHA cama IOCTOosUIa 3a ce0sl.

Hrtak, mMpl copMynmupoBaaum TEPBOE TOJOKECHHE, JIeXkKaIllee B OCHOBE BCEH IKHUBOU
MaTepHH, TOJBKO JUIsI HEe XapakTepHoe M oOIiee s BCeX JKHUBBIX CYOBEKTOB — OT
MIPUMUTUBHEWIIIETO BUPYCa J0 YEIOBEKA.

OpnHako W3 HEro eCTECTBEHHO BBITEKACT HECKOJBKO MpOOJeM, pelIeHHe KOTOPBIX
MPUBOANT K (OPMYTUPOBKE OMostornueckoid akcuomsbl Ne 2. Cpenii HUX TJIaBHBIE:

1. locratouHo nu uHpOpMaIMHU, COAepKalleiics B FeHOTHIIe, A Habopa MHCTPYKLU,
noTpeOHOTO 11 TocTpoeHust peHotumna? Bonpoc MoxHO chOpMyTUpOBATh M MHAYE: YTO
ciokHee — reHotun win ¢peHorun? Ckoabko MHGOpMAIUK NMOTpeOyeTcs i ONUCAHUS
TOTO U Ipyroro?

2. KakuM 00pa3oM u©3 TOKOJEHHS B TIIOKOJIEHHE BOCIPOU3BOAMUTCS TIe€HETHYeCKas
MporpaMmma, o KOTOpOi pa3BUBAIOTCS OPTaHU3MBbI?

[TepexoaumM KO BTOPOI aKCHOME OMOJIOTHH.

Axcuoma BTopasi

N cnoBa nemHoro ucropuu. B 1927 pongy Ha III Bcecoro3HoM cbe3ne 300510T0B,
aHATOMOB ® THUCToJIoroB B JleHuHrpame Ham Onectsmuii  Owosmor Huxkomai
KoncrantuaoBuy KonbloB caenan [MOKiIaa, B KOTOPOM BIEpBBIE OblIa YETKO
chopmynupoBaHa BTopasi akcuoma Ouosoruu. [Ipunuun KonbioBa 10 cux mop ocraercs
HE3bIOJIEMBIM, HECMOTPSI HA TO, YTO HAIIM MPEACTABICHUS O MPUPOJEC HACIEACTBEHHBIX
MOJIEKYJI COBEPIIICHHO U3MEHUIIHCH.

B navane noknama KonblioB mnpumoMHHI JaBHEEe COObITHE — MOCKOBCKHH Che3[
€CTECTBOUCIIBITaTEeNIC M Bpauel, coctosiBimiics B 1893 romy. JlBa TormamHmx



www.NataHaus.ru

BBICTYIUIEHHSI OCOOEHHO Bpe3ajuCh B €ro MamsTh, TOI/Ia MOJIOJOrO HCCIIENOBaTes,
M3y4aBILEro aHATOMUIO JISATYLIKH.

[Ipodeccop M. A. Men3bup pacckazan o HamyMeBIIUX uiesix ABrycra Belicmana,
pa3/enMBILIEro OpraHW3M Ha HACJIEICTBEHHYIO IUIa3My U COMY (aHAJOTH CETOJHSIIHUX
reHotuna u ¢enoruna). 3 reopun BelicmaHna cieioBaio, 4To T€HOTHIT paciioyiaraercs B
KJIETOYHOM SIIp€ U NEPEJAETCS OT MOKOJICHMSI B IOKOJICHHUE SIULEKIETKAMU U CIIEPMUSAMHU.
N na TOM xe cwezne xuMuk A. A.Komiu mnyTeM npocTeWlIMX MaTeMaTHUYEeCKHX
BBIKJIAI0K, OCHOBBIBAasCh Ha JAJNEKO €II€ W BO MHOIOM HEBEPHBIX TOTAAIIHUX
IPEJCTaBICHUSIX O NpUpoJie OEIKOB, IOKa3ajl, YTO B TOJOBKE CIIEPMUS MOXKET
YMECTUTBCS OYEHb MaJlO0 OCJIKOBBIX MOJIEKYJI: HECKOJBKO AECATKOB, TO €CTh NPUMEPHO
CTOJIBKO K€, 4YTO U XPOMOCOM.

CrpanHpIM 00pa3oM HHUKTO TOrna, kpome KombloBa, He comocTaBuia 00a 3TUX
BeicTyIUicHHs. Jla m cam Hukonaii KoHCTaHTHHOBWY BBIHEC CBOM HJIEH Ha BceoOIee
00Cy>K/IeHuE TOJIBKO Tociie 6osee YeM TPUIALATUIETHUX Pa3MBIIIJICHUH, yXKe 1ociie TOTo,
KaK poJusach Ha CBET reHeTuka MopraHa 1 0eKoBasi XMMHUsI IIAarHyJja JajeKo BIEpe.
BriBoa ero ObuT MpocT XpoMocoMa — 3TO TUraHTCcKas MoJiekysia. Bnocneactsuu, B 1935
roJly OH Ha3BaJl XpPOMOCOMBI «HACJIEICTBEHHBIMH MOJIEKYJIAMMI.

CornacHo KonbpioBy B XpoMOCOME B JIMHEWHOH IOCJIENOBAaTENBHOCTH PACIIOIararoTCs
OeNKOBbIE MOJIEKYJbl — reHbl. Kaxaplii TeH — Ielo4YKa aMUHOKHCIIOTHBIX OCTaTKOB,
COCIMHEHHBIX NENTUIHBIMU CBSA3SIMHU.
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Puc. 12. Taxum npeocmasnan npoyecc oenenusi xpomocomvl H. K. Konvyos, eenuanvro
npeoy2acasuiuli HeooX0OUMOCMb OISl HCUSHU MAMPUYHO20 CUHMESA.

Hamomuum, kcraTh, uMTarensM, 4YTO TaKO€ AaMHMHOKHCIOTA. OTOr0 Ha3BaHUS
3acITy’KMBaET JI000€ COCAMHEHHUE, COIepKaIlee OJTHOBPEMEHHO aMuHOTrpymy — Nh3  u
panukan opranudeckux kuciaor — COOH. llentuaHasi CBA3b BO3HUKAET MEXIY 3THMHU
TPYNIUPOBKAMU: MPHU STOM OTIICIUIAETCS MOJIEKysIa BOAbl. belku cocTosT U3 COTeH U
THICSIY AMHMHOKHCJIOTHBIX OCTAaTKOB, COEJUHEHHBIX NENTUIHBIMHM CBS3sIMH. KoibloB
NPEINONIOKUII, 4YTO BCE HacleAyeMble CBOMCTBA OPraHW3MOB 3aKOIAUPOBaHBl B
XpOMOCOMAaxX MOPSAKOM YepeloOBaHUs Pa3HOOOPA3HBIX aMHUHOKHUCIIOTHBIX OCTaTKOB.

Ho otcroma cnemoBano, 4TO 3aHOBO BO3HHKATh TIOJAOOHBIE MOJICKYJIBI HE MOTYT.
CnumkoM Mana BEpOSITHOCTH TOTO, YTO aMUHOKHCIOTHI caMH Mo cebe, 06e3 Kakoro-
HUOYIb yHOpsSAOYMBAIONIero (hakTopa coOepyTCs B HYKHYIO IMOCIICIOBATEILHOCTD. A
BEJlb OHA BOCIPOU3BOIUTCS B KaXJIOM MOKOJCHUU M BEPOATHOCTh OIIMOKHM HUYTOXKHA.
KonpnoB mnpuBonun mnpuMep € LENOYKOW Bcero M3 17 aMMHOKHMCIOT, BO3MOXKHO
CYILIECTBOBaHHE TPUJUTMOHA BAPUAHTOB TaKUX LEMOYEK, PA3IUYAIOIINXCS YepeIOBAaHUEM
ocratkoB! Ho Takas memnouka (remnrtakaijiekanenTya) Tropasfo Mpoiie OOoJIbIIMHCTBA
MPUPOJIHBIX OEIKOB.

Tenepsp, Korjaa Nocaea0BaTENbHOCTE aMUHOKHUCIIOT U3BECTHA JIJIsI MHOTHX JIECSITKOB, €CIIU
HE COTEH, OETKOB, MOKHO MPUBECTH elle Oojee yOeauTenbHbIi mpuMep, Kak 3TO JAeNacT
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Mandpen Aiiren . Huroxpom C He caMblii OOJBIIION OETOK, B HEM JIMIIh OKOJIO COTHU
AMUHOKHUCIIOTHBIX ~OCTaTKOB. OWreH MOJACYUTAN, YTO YHWCIO BapHUAHTOB TaKOM
nocnenoBareiabHocTd okono 10130(eguHuuma co crta TpuaUaThio HyIsMH). TpyaHo
MPEJCTaBUTh CTOJIb OrpoMHYIO BenuuuHy. Ecnu Obl Besi Bceenennast (Bce miaHeTsl,
3BE€3/lbl U TaJIaKTUKH) cOCTosaa U3 1uToxpoma C , B HEMl MOIVIO YMECTUTBHCS TOJBKO
okosio 1074monekyn! 1o nmu He noaTBepxkaeHue Mbiciu Kosnblosa!
N Konb1oB fenaer cieayomnil BEIBO!
«HacJseacTBeHHbIe MOJIEKYJbl CHHTE3MPYHOTCSI MaTPpU4YHBIM nyreM. B kauectBe
MATPHIBbI, HA KOTOPOH CTPOUTCS TreH OyAyllero MOKOJEHHsI, MCNOJb3yeTcsl T'eH
NpeabIayero noKoJeHus .
Ot10 1 ectb akcuoma 6uostorun Ne 2. KobI10B MPOIOJIKII LIETIh PACCyKACHUI OHOIOTOB
npeapaymux BekoB. Eciu @panuecko Penu B XVI Beke copmynupoBan NpUHIUI
Omne vivum ex vivo (Bce JXHBOE U3 YHUBOI0), OMNPOBEPraroUIil BO3MOKHOCTb
camo3apoxaeHus xxu3Hu, To XIX Bek mobGaBun npuHuunsl Omnis cellula ex cellula
(kaxxmas kJeTka u3 Kietku) u Omnis nucleus ex nucleus (xaxnoe sapo u3 sigpa). U
KonbnoB 3aBepmaetr: Omnis molecula ex molecula — xaxnas Monekyna (MMeeTcsl B
BUJY «HACJIEJICTBEHHASI MOJIEKYJIa») U3 MOJIEKYJIbI.
[IpuHIMI MAaTPUYHOTO KOMTMPOBAHHUS OBLT U3BECTEH JIOJAM Thicsuu jeT. Eme odutarenu
[llymepa umenu HWIMHIPUYECKUE TEYATH U3 TBEPJOTO KaMHs C BBIPE3aHHBIMU Ha HHUX
MMEHAMU BIAJENbIEB M PA3NUYHBIMU pUCyHKamMu. [IpokaTuB Takoil HWIMHIPHK IO
MATKOW TJIMHE, OPEBHUM LIyMep IOJIydasl OTYETJIMBBIA OTTHCK PUCYHKa M medatd. Ha
9TOM jK€ MpHEME OCHOBaHa I00as cucreMa TOYHOTO M MAaCCOBOTO KOMHPOBAHUS
CJIOXHBIX CTPYKTYP C 3aKOJUPOBAHHOW B HUX MH(pOpMaIuei — OyIb TO KHUTOIIEYaTaHue,
YeKaHKa MOHET WM >K€ HM3roToBIeHHE (POTOOTTHUCKOB ¢ HeratuBa. [IpeacraBnsercs
CTpaHHbIM, 4TO Hjet0 KosplioBa 0 MaTpuyHOM CHHTE3€ I'eHOB mnojaepxanu B 20-30-e

IoJbl JUIIIb HCMHOTI'UC.
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Puc. 13. Ilpunyun mampuuno2o Konupoeanus Obll U38ECMEH Yice MbulCAYU em HA3A0
opesHum wiymepam. Ilpoxamue eanux-neyamo no MASKOU 2IuUHe, COCMOAMENbHbIU UyMep
cmaesuil 8010 neuams Ha OOKyMeHme. Yoice moz0a yemvipe ¢ NOJIOBUHOU MbICAYU JIem
Ha3ao 100U 000YMAIUCh, YMO Nedams OO0INCHA ObiMb KOMNJIEMEHMAPHA OMNe4amKy —
BLINYKIOCAM COOMBEMCMEYIOM 8NAOUHbL, 6MECMO HOPMANIbHBIX KIUHONUCHLIX 3HAKO8
0aHbl UX 3epKanbHbvie omoodpaxcenus. Ho npupooa «uzobpena» mampuunoe konupogauue
bonee uem 3a mpu MULIUAPOA lem paHvle, OHO ObLIO NEPBbIM 3A80EBAHUEM IHCUSHU U ee
HeoOX00UMbBIM YCII08UEM.

Ho ona Obuta yxe mnymena B HayuHbld oOuxoxa. Yuenuk H. K. Kombmosa
H. B. TumodeeB-PecoBckuii moznakommn ¢ Hel pusuka M. [lensoOproka. . [llpeaunrep
B cBOei kHHTre «YUTO Takoe *KHU3Hb C TOUKH 3peHus pru3nuka?» uaero MaTpUIHOrO CUHTE3a
no ommobke mpunucan JenpOproky (omuOka yepe3 roja Obla HCIpaBicHA T€HETHKOM
Jbx. b. C. XongeiinoM B penen3uu Ha kHury lllpeaunrepa B xypHane «Heituep»).
Bo3Moxno, [lIpeaunrep cuutai 3Ty WIEH0 YK€ IMUPOKO PACIPOCTPAHCHHOM, Yy Th JIU HE
oOIIeNIpUHATOW B cpene OHOJOTOB M COCJHANCS Ha IMOCHeAHUE paboThl B 3TOM
HaIpaBJIEHUU, Kak 3TO 4acTto BomuTcs. OmmubOka MNpocTUTEeNbHAs, TeM Ooyiee 4YTO
H. B. Tumogees-Pecorckuii u M. [lensOpiok nHorna paboTtaiu BMecTe.

A B 1953 rony, uepes TpuHaauats Jiet nocie cmeptyd H. K. KonbiioBa B TOM ke )KypHaiie
nosiBIIIach Kpartkas cratbs ¢Qusuka @. Kpuka u ydenuka J[lenpOproka — TeHETHKa
Jx. Yorcona.

Kpuk u Yorcon pacmmdpoBani cTpyKTypy «HaciaeICTBEHHON MOJEKYJIbD» U MOKa3alu,
YTO B HEW caMOl 3aJI0’KeHa CIIOCOOHOCTh K MAaTPUYHOMY KomHrpoBaHuio. Ho «BemecTBoM
HACJICICTBEHHOCTH» OKa3aJicsi He OeJOoK, a Me30KCUPUOOHYKICHHOBAs KHCIOTa — BCEM
M3BeCTHasl HbIHE JBOMHas criupans [JHK.

[Mouemy xe JIHK? Ilowemy >xe KousblioB, reHHanbHO TNpeayragaB HEOOXOJUMOCTb
MaTpUYHOTO CHHTE3a TreHa, omubcs B BbIOOpe MaTepuana nans Hero? Bcee neno
3aKJII0YaIOCh B HECOBEPILICHCTBE TOTAAIIHMX MUKPOCKOIMYECKUX METOJIUK. Yke Oblia
W3BECTHA OTJIMYHAS pPeaklUWs Ha HYKIECHHOBBIE KHUCIOTBI — peakuus DeEnbrexa,
OKpaIlMBaBIlas s/Ipa KIETOK U XPOMOCOMBI B sipax B MAJIMHOBO-KPacHbIH 11BeT. OJHAKO
korga JIHK wmexny neneHusiMM KJIETOK PABHOMEPHO paclpoOCTpaHsuiach MO SApY,
oKpacka Obl1a craboil, mouTH HezaMeTHOM. Tak MbI MOXEM BHJIETh KaTYLIKy HUTOK U He
3aMETUTh HHUTKY TOM € IJIMHBI Pa3MOTAaHHYIO IO TOBEPXHOCTH OOJIBLIOTO KOBpA.
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[TosTomy OGonblIMHCTBO uccienoBareneil nonaraio, uro JHK u3 gnpa B nmpomexyTke
MEX]y JeeHUsIMU BOOOIE Mcue3aeT. A Beb COTJIACHO MJIee MAaTPUYHOI'O CHUHTE3a I'eH
HE MOYKET BO3HUKATh 3aHOBO.

Kcratn, MOXeT 1M NOCIEAOBAaTEIbHOCTh AMMHOKHUCIOT Pa3MHOXKATbCS MATPUYHBIM
nytem? Kaxk ynanoce ycraHoBuTh B npupoje — HeT. U Bce xe... KonbloB okasancs He
TaK y>X U He Mpas.

Bor kak OH mpeacTaBisUT MPOLECC «PA3MHOMKEHUS» MOJIEKYJbI: «...BCSKas (KOHEYHO,
CJIO)KHAsi OpraHWYecKas) MOJIEKyJia BO3HMKAET U3 OKPYXKAIOILEro pacTBOpa TOJIBKO IMPH
HaJIMYUU YK€ TOTOBOM  MOJIEKYJbl; IPUYEM  COOTBETCTBYIOIIME  PaJAMKaJIbI
MOMEIIAIOTCS. .. HAa T€ IYHKTHI MMEIOIIEHCS HAJIIMLO U CIIy>Kalllel 3aTpaBKOW MOJIEKYJIBI,
/1€ JIeKaT TaKue )K€ paaukaiby. Takol mpouecc y1anoch BOCIIPOU3BECTH B OIBITE.

Ectb Takas amMuHOKHCIIOTa — TiIyTaMuHOBas. MIMEHHO oHa mpuaeT crnerudpuyuecKuii
IPUBKYC CYyXUM IaKeTHbIM cynaMm (TyJa JoOaBJSIOT €e HAaTPUEBYIO coisib). OHAa MOXKET
CYILLIECTBOBAaTh, KaK BCSIKOE OPraHUYECKOE COEJUHEHHE C ACUMMETPHUYHBIM aTOMOM
yIaepoaa, B JBYX ¢opmax, yCIIOBHO Ha3BaHHBIX «IPaBOW» W «ieBoi». [IpupomHbie
OeJIKU CoAepKaT TOJIBKO JIEBbIE AaMUHOKUCIIOTHI.

Kak u mo0yro aMHHOKHCIIOTY, TIYTaMHHOBYIO MOXHO MOJUMepu3oBath. [Ipu 3Tom
BO3HUKAET JJIMHHAsT MOHOTOHHas uenouka [nmy—Iny—Iny—Iny — noauriayramuHoBas
KHCJIOTA, TaK ’K€ HAaIOMMHAIOIAsl IPUPOIHBIN 00K, KaK 3BOH OyAUIbHUKA — MY3bIKY.
PacTBOpHM NOJAMIITYyTAMUHOBYIO KUCIOTY (M3 J€BbIX (OpM) B BOIHON mienoun npu 100°
U J100aBUM B PEAKIMOHHBIM COCyJ CMeCh MpaBOd U JIEBOH (OPMBI INIyTaMHUHOBOM
kucnoTel. Ilpym  oxyaxkaeHMum  pacTBOpa  MPOUCXOOUT — MPOLECC,  YAUBUTEIBHO
HAIIOMUHAKOINANA TOT, KOTOpbIM onucan KosbnoB. Mosekyibl TNyTaMUHOBOM KHCIIOTBI
IIPUCOEANHAIOTCS K 3BEHBSM IOJINMEPA, MOJUITyTAMUHOBAsI KACJIOTA CIIYKUT MaTpULEH.
[lon peiicTBueM OOIydYEHHSI MEXKAYy STUMHU MOJIEKYJAMU BO3HUKAIOT MENTUIAHBIE CBSI3U —
ciuBKU. Tak oOpa3yercsi HOBas MOJIEKYJa MOJUTITYTaAMHUHOBOW KHCIIOTBI, TOCTPOEHHAs
Ha MaTpule crapoil. YeM 3To He pa3MHOKEHHE MoJieKy1 110 KonboBy?

K ToMy ke MaTpuia BBIOMpaeT MaTepuall AJisl IOCTPOUKH KOIIMH — TOJIBKO JIEBYIO (hopMy.
B npunImne Bo3MoXXeH BBHIOOp HY)XKHOM MOJIEKYJIbl U M3 CMECH Pa3HbIX aMHUHOKHCIIOT.
Kazanoch ObI, TaKUM CITOCOOOM MOKET Pa3MHOXATHCS U HACTOSIIINI OEIOK.

Opnako gemo O0OCTOMT HE Tak mpocto. Eciu MBI TOBBICUM  KOHIICHTPAIHIO
aMHHOKUCIIOTBI MJIM e ObICTpee OyJeM OXJIaXJaTh pacTBOP, U30UPATEIbHOCTh CHHTE3A
cpazy ucuesaeT. TOUHOW KONMUHM TMOJMMEPHOM MOJIEKYJIbl TaKHUM CIIOCOOOM MOJIYYHT
HEJb351.

[Iprynna 3TOrO — IpUpPOAA CBSI3€H, KOTOPBIMH OJMHOYHBIE MOJIEKYJIbl IIyTAMHUHOBOU
KHCJIOTBl TPUCOCIUHAIOTCA K MATPUYHOMY IONIMMEpY. Takue CBA3M HAa3bIBAIOT
BOJIOpoHBIMU. MOH Bomopona Hambosee 3JIEKTPOMONIOKUTENIEH, MO3TOMY OH OXOTHO
o0pasyeT CBsI3M C S3JEKTPOOTPHUIIATEIBLHBIMU IMapTHEpaMu (BCIIOMHHUTE XOTs OBl HMOH
ammonusi NH4+ ). He Oyap BOJOPOIHBIX CBSA3EH MEXIY MOJIEKYJIaMHU BOJbI, OHA KHUIIE
OBl TIpu TOpasno Oosee HU3KOW TeMIlepaType, jea Obl TOHYJI B BOJE, U YK€ MOITOMY
KHU3Hb Ha 3eMiie ObLTa ObI HEBO3MOKHOM.

Ho »toro mamno. D¢dekT BOAOPOIHBIX CBs3EH MMeEeT sl JKH3HU Topas3io OoJibliee
3HaueHue. IMEHHO OHM ONpPENENsIOT TaK Ha3bIBAEMYIO BTOPUYHYIO CTPYKTYpPY MOJIEKYJ
0€JIKOB U HYKJIEMHOBBIX KHUCIIOT.

B Oenkax BOIOpOAHBIE CBSI3M 00pasyroTCsd MEXAY KHCIOPOAOM B rpymnmnupoBke CO—
NH u Bopoponom B amumHoil rpymme NH . Octatku J10OBIX aMHHOKHUCIOT MOTYT
pearupoBaTh C JIOOBIMH JKE€, BOJOPOJHBIE CBsI3W B Oenikax HecnenupuyHsl. VIMeHHO
IIO3TOMY MaTPUYHBIM CHHTE3 MOJIMINIyTAMUHOBOM KHCIIOTHI TEpPSAET CHELU(PUIHOCTD, KaK
TOJIBKO MBI IIBITAEMCSl €0 YCKOPUTb. A HENPENOKHOE YCIOBHE TOYHOI'O MaTPUYHOIO
KOIIUPOBAHUS — TOYHOE CIIAPUBAHUE MOJIEKYI.

benku — nioxue MaTpullbl, ¥ IO3TOMY OHU HE MOTYT Pa3MHOKAThCsl CAMH.
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A HyKJIEWHOBBIE KHCIOTHI? BcrmoMHUM WX crpoeHWe. DTO, Kak W O€JKH, JIMHHBIC
MOJIEKYJIbl TonuMepoB. Ho B oTianuue ot 6eIKOB 3B€Hbs OJIMMEpa — He aMHUHOKHUCIIOTBI,
a HyKJIEOTH]Ibl —CaXapa-leHTO3bl, K KOTOPHIM MPHUCOEIUHEHBI a30TUCThIE OCHOBAHUS —
IyaHUH, aJeHuH, ImTo3uH M TuMHH (B PHK Tumun 3amenserca ypanuiaom).
CBSI3BIBAIOTCS 3BEHbS HYKICOTHAOB (pochommdPpupHbpIMU CBs3sIMH ocTaTtka (ochopHOit
kucinotel H3POA4.

[MomunenTuanble ey OEIKOB MOTYT COEAWHSTHCS MOMAPHO BOJOPOTHBIMHU CBSI3SIMU —
9TO TaK HasblBaemas Oera-cTpykTypa Oenka. Ho, kak yXe yNOMHHAJIOCh, 3TH CBS3H
HecrienuuuHel. HOE [e0 HyKJIEWHOBBIE KHCJIOTBHL. 34eCh TEPMOJUHAMUYECKH
BBIFOJIHEE OOpa3oBaHUE Map aJeHMH — TUMMH (WJIM aJeHUH — ypalui) U T'yaHUH —
IIUTO3WH. DTU Taphl Ha3bIBAIOT KaHOHWYECKMMHU. Bce npyrue B OOBIYHBIX YCIOBHUSX
HeycTouuBbl. [loaTomy B nBoiHo# cnupanu JHK mpotuB ryanuHa B OIHOM uenu
BCErJa CTOUT LIUTO3UH B JPyTOM, a MPOTHB aJ€HUHA — TUMUH. M KOrja Ha OJMHOYHOU

Lenv, Kak Ha MaTpuue, CTPOUTCA HOBAas, TOYHOCTb CHHTE3a OKa3bIBacTCs
YJIOBJICTBOPUTEIILHON [UIsl Tepeadyd TeHETHYECKOH HH(OpMAIMK W3 TOKOJICHUS B
ITOKOJICHHUE.
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Puc 14. Ilouemy mampuyamu sxcusHu cmanu HyKieunogwvle kuciomol? Ilomomy umo napwi
ocnosanuui A — T (u A — V ona xomnnexcos J[HK — PHK u PHK — PHK) u I — []
Haubonee mepmoouHamuiecku cmadburvhvl. OHU NOKA3AHLL HABEPXY, PACCMOAHUE
MedHcoy OCHOBAHUAMU OAHO 8 HAHOMEMpAx, 6000POOHblE C85A3U NOKA3AHbI NYHKIMUPOM.
Bce opyeue napuvt ocnosanuii (T—T. [[ -1, A—A, I'-T, T—1TI), nokazanHvle Ha HUdCHel
yacma pucyHKka, KaKk MUHUMYM 8 Oecsimb pa3 menee npourvl, yem napa A —Tu A - V. A
napa I"— ] camas cmabunvnas uz écex. [1osmomy 6 mounocmu cnapusanusi OCHO8AHUL 8
JIHK u omclooa 6 mouynocmu mMampuuyno2o cuHmesa Hem HU4e2o YOUSUMEIbHO20 UNU
C8epXBLeCmMeCcm8enH020. Imo Yucmas mepmoOUHaAMUKA.

Msbl BHIMM CYIIECTBEHHOE OTIWYHE OT cxeMbl KombioBa: cornacHo el momobHoe
NPUTATUBACTCS K MOJOOHOMY, TIIyTaMHHOBAasi KUCIIOTa — K OCTaTKy TJIyTaMHUHOBOM XKe
kucinotel B HameMm onbite. [lpu marpummpoBanumu JHK (1 PHK Bupycos)
NPUTSATUBAIOTCS TIPOTHBOIOJIOXKHBIE OCHOBAaHHWS, KOMIUIEMEHTapHbIE, 00pa3yromue
Haubosee yCTOWYMBBIE Maphl ¢ MUHUMYMOM CBOOOHOW sHepruu. llemm B ABOIHOMN
CIHpaId MOXXHO YINOJOOWTh HETaTUBY M TO3WTHUBY. HamomMHHMM, KCTaTH, 4YTO W
tunorpackuil mWpudT, U MeYaTu, U YEKaHbI IS MOHET TOXE HE WICHTUYHBIC KOMUU
OTIIEYATKOB, a X 3€PKAIBHBIC OTPAKEHHS.

Kak u npu popmynrpoBke mepBoii aKCHOMBI, TOAYEPKHEM: TJIaBHOE He MaTepHaJIbHbII
cy0cTpaTt, a MATPUYHbI NMPUHOMN ero cuHTe3a . Jla, B 36MHBIX YCIOBHUSIX OCIKH
OKa3aJIUCh IJIOXUMHU MAaTPUIIAMU, a HYKJIEUHOBBIE KHCIOTHI XopomuMu. Ho u3 aToro He
CJIEIyeT, YTO Ha JPYTUX IJIaHeTax BO BceneHHoil nemo o0cTonuT Tak sxe. I'eHbl TaMm MOTyT
COCTOSITh U3 JPYTHX COENWHEHUH (KaKuxX, HaM MOKa HEBEIOMO), HO Pa3MHOXKAaThbCAd OHU
JOJDKHBI, KaK M Ha 3emiie, MaTPUYHBIM ITyTeM. VHadye MBI OISATh TOMAJAEM MEXITy
npeOopMU3MOM H SMTUTEHE30M, TaK YTO TaKas KaTerOPUYHOCTh BIIOJIHE 00OCHOBAHA.

Ho mp1 sxuBem Ha 3emie. [loaToMmy celidac MbI JOJDKHBI BCIIOMHUTB, KaK T€HETHUYECKAs
uHbopMaIus KOAUPYETCs] B HYKIEHHOBBIX KHCJIOTaX M KaK OHa TpaHCPOpMHUpPYETCS B
MOJIEKYJIBI OENKOB. DTO HaM NPUTOAMWTCA B AajbHEWIIeM. PaccMOTpUM NpUHIMITEI
TeHeTHYECKOTO KoJa — si3bIka ku3Hu. 0o, kak cka3an Kospma [IpyTKOB: «...HEe 3Has
3aKOHOB $S3bIKa HPOKE3CKOrO, MOKEIIb JIM Thl JAENaTh TAaKoe CYXKIEHHE IO CeMy
npeaIMeTy, KOTOpoe He ObUTO ObI HEOOOCHOBAHHO U TIYTO?»

AndaBut 0eaKoB. YK€ TOBOPUIOCH, YTO aMMHOKHUCIOTON MOXET Ha3bIBaThCS J1I000€
coenuHeHue, conepskamiee aMuHHBIA(—-NA3 ) u kapOokcuibHbl (—~COOH) paaukanbl.
OTcrona ciemyer, 9To YHCIO BO3MOXHBIX aMHHOKHCIOT JIOJDKHO OBITH OYEHB BEIHKO,
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npakTHIecku OeckoHewHo. Tem Oosee yIUBUTEIBHO, YTO TPUPOJA IS ITOCTPOCHUS
OEITKOBBIX MOJICKYJI HCIIOJIB3YET U3 BCETO ATOT0, HE MOIAIOIICTOCs YUETy pa3Hoo0pasusl
BCET'0 JIMIIb JABA/INATh aMUHOKHCIIOT.

DTO Tak Ha3bIBaeMble «Marmueckue». MokeT ObITh, MO KaKMM-TO HESCHBIM IMPUYUHAM
TOJNILKO OHHM TONATCS JUIS HWCIIOJIb30BaHHMS B JKM3HEHHBIX Tmporeccax? Her,
AMHHOKHUCJIOTHI, HE BXOSIIUEC B YUCIO «MarH4eCKUX», MOXXHO OOHApYXUTh B COCTaBE
OpPTaHU3MOB, HO TOJBKO HE B Oenkax. TakoBbI, HApUMEP, THPOKCHH (M3BECTHBIN TOPMOH
IIUTOBHUIHOW JKEJIEe3bl) WM K€ HOpBAJIWH (0-aMHUHOMAcCIsHas KucioTta). HekoTopbie
AMUHOKHCIIOTHBIE ~ OCTAaTKH, YXE BXOJAI B COCTaB  OCIKOBOH  MOJICKYIIHI,
Mouduimpyrores. [Ipucoeanaus octatok HochOpHOI KHCIOThI, CEpUH MPEBPAIIACTCS B
docdoceprH (B Ka3eMHE MOJIOKA U TICTICHHE KEJTYJI0YHOTO COKA).

Nnu sxe HaOOp OEITKOBBIX aAMHHOKHCIOT OTPaXaeT WX OOJBIIYK) BEPOSTHOCTD
BO3HUKHOBEHHUS B TICPHUOJ MPOUCXOKIACHUS XKU3HHU? TpPyAHO OJHO3HAYHO OTBETUTH HA
ATOT BOTMPOC: BEIb MBI HE MOXXEM TOYHO BOCCTAHOBHTBH YCIIOBHS, CYIIIECTBOBABIIUEC Ha
3emsie deTelpe MmUIMapAa JeT Hazaa., OJHAako B MHOTOYHCIICHHBIX — OITBITAX,
MOJICIMPOBABIIIMX CAaMbIe PAa3JIUYHbIC IyTH CTAHOBJICHHS OPraHMYECKUX BEIICCTB H3
HEOpPraHWYECKUX (TakWX, KaK BOJAA, aMMHAK, YTICKUCIBIA Ta3, METaH, BOJOPOA U IIp.),
yaJI0Ch CHHTE3UPOBATh 0OJIBIION HAOOP aMHHOKHUCIIOT, ropa3io 0osiee pazHooOpa3HbIH,
9YEeM TOT, KOTOPBIH COCTABIISIFOT IBAIIIATh «MAarHUeCKHUX).

Ja u cam aHanu3 andasuTa OCJIKOB HABOJUT Ha pa3MbIlUIcHHs. Bce «Mmarmveckuey
AMUHOKHCJIOTBHI MOYKHO Pa3JIeIUTh HA TAKUE TPYIIITHL:

1. Ilpou3BoaHBIE YIIIEBOAOPOAOB. B 3TOM cllyuae aMHHOTPYIINa ¥ KUCIOTHBIA pauKal
MIPUCOSAUHSIOTCS K YTIIEBOJOPOY U3 OJTHOTO, IBYX, TPEX WIIH YETHIPEX 3BCHHCB. TaKOBBI
ranuH (I'mm), amanwH (Ana), BaymmH (Bam), mevinun (Jleit) m wsoneinun (Mneit). B
JATBHEUIIIEM MBI OYIeM IOJIb30BAThCSI STUMHU COKPAIICHUSIMH.

cH
CHyg CHy $
./ l,,,
CHy CHg CH *
'i“"i 'li#l'l Tﬂz TH CHg

A A YA A

HaW  coow HgN  GOOH N €OOH HN copn "2 TOM
A AAG Baa Ael Uae

B o1y rpymnmy BXOAWT €IMHCTBEHHAs aMUHOKHUCIIOTA, HE COJEpiKalias aCHMMETPHUIHOTO
aToma yriepona (TIuIuH). B mpoyux aToMmbl yriepoaa COAEpX aT pa3Hble pauKallbl,
ACUMMETPUYHBI, ¥ TIOTOMY 3TH aMHHOKHCIOTHI MOTYT OBITh MPEICTABICHBI B MPABBIX U
neBbIX opMmax (a B 6eIKax — TOJIBKO B JICBBIX).

2. Kucnble aMHUHOKHUCIOTBL. OTOT TEPMHUH, HAMOMUHAIOMIUA «MAacli0 MAacisiHOEY,
O3HAYaeT, 4TO OHU cojJepxkar eme oauH paaukan —COOH , xpome TOro, KOTOpBIA
oOpa3yet nenTuaHyo cBsi3b. OHU U B OCJIKE COXPAHSIOT KHUCIOTHBIE CBOWCTBA. DTO YiKE
yIOMHUHAaBIIAsCS TTyTaMuHOBast kuciorta (['my) u acmaparusoBast (Acn):
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N I
cH, CHy
L
VN VA
Hal COOH H,M CODH

Ay ACI

B HekoTOpbIX Oenkax BMECTO ATHX aMHHOKHCIIOT UMEIOTCS MX aMHJbl — TIIyTAMUH M
acmaparuH. B Takux ciydasx K OokoBoil kapOokcwieHOW Tpynne —COOH
NPUCOCTUHSICTCS MOJICKYyJIa aMMHaKa, M OCTaTOK BMECTO KHCIOTHBIX IMPHOOpeTaeT
OCHOBHBIE CBOWCTBA:

—ml”“; — —C{W}*E-IM

CoxkpaieHHo ux Has3bBaloT ['my/NV u AcniV , unu ke npoie I'nmH n AcH. Tak 4ro, cTporo
rOBOPS, BBIPAXKEHUE «JIBAALATh MAarM4eCKUX aMUHOKHCIIOT» HE COBCEM TOYHO. B cuer ux
BXOJT U JIBE ITPOCTHIE aMUHOKHUCIIOTHI U 1BA UX aMUJIA.

3. Conepxamue okcurpynny —OH. Takossl cepun (Cep) u Tpeonun (Tpe):

on CHy
I |
GHy E€H — QH

ilﬂ'l CH
/\ /\
H, M COOH H N COOH
Cep Tpe
4. OcHOBHBIE — C aMUHOTPYIION B 60koBOM pajukaine. TakoBsl au3uH (JIu3), aprunun

(Apr) u Gonee croxxHasi, colepKamias IMUIa30JIbHYIO TPYIITy aMUHOKUCIIOTA THCTHIUH
(T'uc):
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5. Apomarudeckue, ¢ OSH30JIbHBIMH KOJIBLIAMH B OOKOBBIX paJuKaiaX — (EHUIaJaHUH
(®en nnu dan) u Tupo3uH (Tup)

% |

6. 'pynna reTeporMKINYeCKUX (MHIOJICOACPKAIINX) AMHUHOKUCIOT BKJIIOYAET JIMIIb
tpunirodan (Tpwn):
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7.3aTo LENbIX TP aMUHOKHUCIIOTHI COJIEpkKaT B OOKOBBIX paJiUKaax aTOMBI CEPBI — 3TO
muctenH (L{uc) nmcTtuH (IMMep LMCTEWHA, JIBE MOJICKYJIbl IIUCTEHHA «CPOCIIHECS)
BMecCTe) U MeTUOHUH (MeT):

AW
CH

|
CHy

&

M
-
CH
",Hf\m /\

HpH COOH HgN COOH
Upe  Uuctun  Meil

8. Ul HakoHel, 1B€ aMUHOKHUCIIOTHI, KOTOPBIM, CTPOTO FOBOPS, HE XBATa€T OAHOTO aroMa
Boagopoaa, 4TOOBI TaK HA3LIBATLCS. Y HHMX aMHHHAas T'pyniia nmpespamacTtcd B UMHUHHYIO,
o0Opa3yss mupposbHOe Komnblo. TakoBel wuMHHOKHCIOTHI mponuH (IIpo) wu ero
MIPOU3BOAHOE — OKCUTIPOJIUH, TO €CTh MPOJIMH, coaepxaiiuil okcurpynny —OH :

. _,‘,E_E—'"_

-

)
CHy CH
t:i{ Rt‘.l—l; c{ \m:

po OKCUNpoNUH

JloGaBuM, 4TO OKCUIIPOJIUH U LIMCTUH BO3HUKAIOT YK€ B O€JIKe U3 MPOJIMHA U LUCTEHHA.
Bor u3 3Tux-10 nBaAnaTH OyKB aMHHOKHUCIOTHOTO ai(aBUTa BO3HUKIIO YyIOBUIIHOE, HE
MOJI/IafoIIeecs] yueTy paszHooOpaszue OeKOBBIX MOJIEKYJ. Bce MOTyT Oenku: yCKOpsTh
XUMHUYECKHE PEaKIUU U OBITh MaTepHaliOM JUIsl MIEPCTH, BOJOC M pora, MEepeHOCUTHh
KHUCJIOPOJT JKeJIe30 U Melb yOuBaTh OakTepuH, 00€3BpeKUBATh BUPYCHI U S/bI, ClaraTh
000JIOUKH KJIETOK M pPAaclo3HaBaTh OPYTHE KIETKH, COKpAIIaTh MYCKYJBl U BBI3BIBATh
XOJIOJTHOE CBeUeHHEe KieToK. OAHOro He MOTYT — pa3MHoOkaTbes camu. Mubopmanus 06
AMUHOKHCIIOTHBIX TIOCTICIOBATENIBHOCTAX B O€lKaxX 3aKOAMpPOBaHA B HYKICOTHUIHBIX
nocinenoBarenpHocTsIX JIHK u PHK.

W rnsas Ha HaOOp «MarmdecKkux» aMUHOKHUCIOT, TPYAHO OTAENAThCS OT BIICUYATIICHUS,
YTO 3TOT BBIOOp MPHUPOABI CiydaeH. Tak yX MOJYy4YMIOCh, YTO MEPBbIE HYKJICHHOBHIE
KHUCIIOTHI IPHOOPETH CIOCOOHOCTh K MATPUYHOMY CHHTE3Y MOJIMIICTITUAHBIX IIETIOYEK U3
JIBaAlaTH Maruyeckux». M 3Toro okasanoch AOCTAaTOYHO, JajbHeiiee oboramieHue
asaBuTa OBLIIO IPOCTO HE HYXKHO.
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A BOT moueMy Bc€ aMHHOKHCJIOTHI B Oenkax JyieBble? Tak, mo-BuaumMomy, yJaoOHee IJis
MaTPUYHOTO CHHTe3a. HeKoTopble OpraHu3Mbl CHHTE3UPYIOT JIOBOJBHO CIIOKHBIE
MENTUIHBIE [EMOYKH CHEIUATBHOTO HAa3HAYCHUS HEMATPUYHBIM IyTeM. TaKoBBI,
HanpuUMep, HEKOTOPbIe aHTUOMOTUKY TUIA TPAMHUIIMINHA WU K€ TENTH/IbI, CIararime
o0oyoukn OakTepuil. B HHX XKecTkue 3ampeTbl MaTPUYHOTO CHUHTE3a CHUMAIOTCH,
UCTIONB3YIOTCS. MHBIE AMUHOKHCIOTBI, KPOME «Maru4eckux», Kak B JIEBOM, TaKk U B
npaBoii hopme.

Bor kak BeITIAIUT MosieKyia rpamunuanna C:

oo
/ \
d—ten d— Qe
e n
R S——
P oMUMLUMAMH

JlocTaTouyHO OJTHOTO B3IJIsAJa HAa CXEMY STOM KOJIbLIEBOM MOJEKYJIbI, YTOOBI YOeIUThCS B
HEBO3MOKHOCTH €€ CHHTE€3a Ha HyKJIEHMHOBOM Marpulle. Beap B Hee BXOAAT ABa ocTaTKa
opautnHa (OpH) — aMHUHOKHCJIOTHI, HE YHCJSAIICHCSd B Maru4ecKux W MpaBbId
¢denunananus (d — gen). [eiictBurenbHo, cuHTe3upyoT rpamMunuaud C nBa ¢pepMeHTa:
OJIMH COEIMHSET B LEMOYKH JIBE MIATUWICHHBIE NIOCIEA0BATENBHOCTH, a IPYTrOil CIIMBAET
UX B KONbIO. BOT 3T (pepMEHTBHl CHHTE3HPYIOTCS YKE «HACTOSIIUMY» MAaTPUYHBIM
Iy TEM.

Wnu sxe korma Mbel OOHapy>KMBaeM B CTEHKaX Karcyll CHOMpEs3BEHHOW Oalusuibl
MOJIMIIENTHI, COCTOSAIIMN U3 TIIyTAMUHOBOM KHCJIOTBI, Mbl BIIPaBE MPEAINOIOKUTH, YTO
OH CHHTE3UPYETCs] HEMATPUUHBIM IyTeM. Beab, BO-NEPBBIX, TITyTaMUHOBAsi KHUCIIOTa B
HEM TpaBasi, BO-BTOPHIX, MENTHIHAS CBSI3b 00pa3oBaHa B HEM OOKOBOH (Tak Ha3bIBaeMOU
¥ — KapOOKCUIIBHOI) TPYIIION.

Ho stH, xak u apyrue nogoOHbIe IPUMEPSI, JTUIIb MOATBEPKAAIOT BaXKHOCTh MATPUUHOTO
cuHTe3a. be3 depMeHTOB U 371€ech aen0 He oOxomurTcs. M1 MBI mepexoauM K BaXXHOMY
BONPOCY: MOJIEKYJbl ~OCJIKOB COCTOAT M3 JBAALIATH aMUHOKHCIOT (TOYHEe,
AMUHOKHCIIOTHBIX OCTATKOB) B Pa3HBIX KOMOWHAIMAX. MOJEKYJIbI HYKICUHOBBIX KHUCIOT
coOpaHbl U3 YEThIpEX COPTOB HYKJIEHMHOBBIX OcHoBaHui. Kakum coueranuem
nykineotunoB B JHK komupyercs kaxpas w3 aMMHOKHUCIOT? KakoBbl MNpUHLIMIIBI
TeHEeTUYECKOro koma?

I'eneTnyeckuii koa. IIpu cioBe «kom» y moOHUTeNel MPUKIIOUEHYECKOH JTUTEpaTyphl
BO3HMKAIOT OIpeJeseHHble acconuanni. Ho mpuHIuMIT KOIUPOBaHUS U3BECTEH HE TOJIBKO
pa3BeIuMKaM.

Kax1p1it rpaMOTHBIN Y€I0BEK BCIO )KM3Hb 3aHUMAETCS IEPEKOAMPOBKON HH(POPMAIIHH.
Hamre nrceMo — TOXe KO/, B KOTOPOM ONpPEAETICHHbIE CUMBOJIBI-OYKBbI COOTBETCTBYIOT
OnpezieNiecHHbIM 3ByKaM. B 3TOM cMmbicie MOXHO yrmomoOuTh OyKBBI COYETaHHSIM
nykineotunoB B JIHK, a 3Byku — amuHokucnoTam B Oenke. Mexy OyKBOW U 3ByKOM HET
KaKoro-iubo COOTBETCTBHS, KpOMe€ HCTopudeckoro. B 3ToM u ecTb NpuHIUI
konupoBanus. Ha mpumep, mouemy 3BYyK «A» Mbl 0003HauaeM COOTBETCTBYIOIICH
OykBoi? TosbKO TOTOMY, YTO JPEBHHUE TPEKH TO3aUMCTBOBAIM U3 andaBuTa
(DMHUKHITIEB 3HAK o (BUIOM3MEHEHHbIH 3HAK — OT CEMUTCKOTO «aned» — oK.

<
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OTO CcXeMaTH4eCKUH pPHUCYHOK TOJOBBI Obika). Eciam Obl Hamm mpeaKu-claBsHE
npugymany aiapaBuT caMH, 3TOT CUMBOJ O3Hayall Obl, HaBepHOE, HEe «A», a «b» (ObIK)
i «[» (roBamo — HOpeBHECHaBSHCKOE «ObIK»). O0O03HAYAIOT K€ SMOHIBI B CBOEH
CJIOrOBOM a30yKe — KaTakaHe 3BYK «A» CUMBOJIOM

~

— ¥ HUYETO0, MIOHUMAIOT, IOTOMY YTO 3HAIOT TOT KOA. Tak e Kak 3HaeM CBOH KOJ MbI U
KaKk HYKJICHHOBBI KOJX «3HAIOT» OCNIOKCHHTE3UPYIOIIME CUCTeMbl KJIeTKH. S
NOJUYEPKUBAI0: UMEHHO KJETKH, ITOTOMY 4TO O€CKJIEeTOYHbIE (OPMBI )KU3HHU — BHUPYCHI
IpU CTPOUKE CBOMX OEJIKOB UCTIONB3YIOT OEJIOKCHHTE3UPYIOIINE CUCTEMBI XO35EB.

Tak kak «Maru4eckux» aMUHOKHCIOT ABaJLaTh, & OCHOBAaHUH HYKJIEHHOBBIX KHCIIOTaX
BCEr0 4YeThIpe SCHO, YTO KaXXJ0€ 3BEHO OEJIKOBOM LEnu KOAUPYETCs HECKOJIbKUMHU
HYKJICOTHJHBIMU 3BEHbSIMH, @ UMEHHO Tpems. Uucio coderaHuil M3 4YeThlpex MO TPpHU
paBusiercss 64. Crano ObiTh, B koge JIHK 64 «OykBb». Tpu M3 HHX COOTBETCTBYIOT
npobenam B tunorpadckom Habope. B cpeaHme Beka TEKCT MHUCAIHM CIUIOIIHSKOM, 0e3
npo0esoB, 4TO, HAaBEpPHOE, 3aTPyJHIO UTEHME U ceiuac co3JaeT TPYIHOCTH IpH
pacumdposke. Tak, HanucaHHyo ciauTHO ¢pasy u3 «CmoBa o monke Mropese»
«MCXOTHIOHAKPOBATBHPEK» TOJIKOBAJIHN «H CXOTH K0 HA KPOBATh M PeK...» WU K€ «H
CXOTH IOHAK PoB (To ecTh Morwia. — b. M.) a Tem pex» . Eciu ke crutomsskom O0yaeT
HaOpaH aMUHOKHCJIOTHBII TEKCT, CMbICiia B NOJO0OHOM cuHTe3e He Oyzer. Ha
OECCMBICIIEHHBIX, HE COOTBETCTBYIOLIMM HHUKAaKUM aMHHOKHCIOTAM COYETAHUAX
HYKJICOTUOB CUHTE3 OOPhIBAETCS — MOJUMENTHAHAS 1IeTI04Ka FOTOBA.
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Puc. 16. Boimb moorcem, enuuaiiuee oocmudicenue ouonozuu XX eexa — pacuugposka
2ceHemuyecko2o koda. Ha mabauye nokasamo, KAaKum dAMUHOKUCIOMAM 6 OelKe
coomeemcmayiom mpuniemvl HyKieomuoog 6 mampuynou PHK. Hanpumep, eciu 6
nepeoll nO3uyuy Cmoum ypayui, 60 6MOpoL YUMO3UH U 8 mpemveli 2YaHuH, mo 3mo
couemanue KoOupyem amuHOKUCIOMY cepul. | — aMUHOKUCIOMbL C NOJOACUMETLHO
3apAdnCceHHol O0K08OU yenvio;, 2 — OmMpUYAmenbHO 3apadxceHHvle, 3 — nojsApHble
(umerowue cpoocmeo K MONEKYIaM 800vbl);, 4 — HenoasapHvle, 2udpogobHbile,
ommankugarouwue 600y. Tepm — mepmunupyrowue beccmvicienHvle KoOoHbl. Ha Hux
cunme3s 6enKa npepvi8aemcsi.

Ocranbhbie 61 TpumieT (kK0g0H) cooTBETCTBYIOT 20 aMHUHOKKCIOTaM. Takoil kof, Koraa
HECKOJIBKO OYKB YHTAIOTCSI OJMHAKOBO, HA3bIBAETCS BHIPOKIECHHBIM. Hanmpumep, neiinuH,
CepUH W apPTUHUH KOAUPYIOTCS UIECTHIO TPHUILICTAMHU; MPOJHH, BAJUH U TJIUIUH —
YEeTBIPbMS; U30JIEHIIMH — TpeMs; aclaparMHoBas W TJIyTAMUHOBAs KUCJIOTHI — JByMS, a
JUIs METUOHHMHA HMeEeTcs JIMIIb OJUH KoxoH. OH jke, eclM CTOMT B Hayaje TeHa,
UCIIOJTHSIET POJIb 3arJIaBHON OYKBBI.

OTO TOXO0XKE Ha CHTyallul0 B JOPEBOJIOIMOHHOM pyccKoM andasute: Toraa
CyIIECTBOBAJIO J[BA CHMBOJA I 3ByKa «d» (dbepT u ¢uTa) M HENbIX TPU IS «1» («I»
IPOCTO, «I» C TOUKOH U MKULIA).

[lepBBie HccnenoBaTeny mojaraid, YTO AMUHOKHCIOTHBIEC LIETIOUYKU MPSIMO COOMpArOTCs
Ha HyKJICOTHIHBIX LENOoYKax. /€10 oka3amoch ropasio CioxHee.
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Bo-miepBBIX, HET HUKAKOTO CTEPUYECKOTO (MOP(HOIOTHIECKOTO) COOTBETCTBHUS MEXKITY
KOZIOHOM U TOM aMMHOKMCIIOTOHM, KOTOPYIO OH KoaupyeT. COOTBETCTBHE MEXKIY HUM U
JOCTUTAETCST MOJIEKYJIOW 0C000i HYKJIEWHOBOH KHCIIOTBI, KOTOPYIO HAa3bIBAIM TIO-
pasHomy: PHK — mocpennuk, amantop, pacTBopumasl M, HakOHell, TpaHcnopTHas. Ha
OJIHOM €€ KOHIIE IpUCOEAVHEHAa AaMUHOKHCIOTa, a Ha JPYrOM paclojoKeHa
HOCJIEI0BATENbHOCTh KOMINIEMEHTApHAsl KOJIOHY (aHTUKOJIOH).

Bo-BTOpBIX, MaTpuIel A OEITKOBOTO CHHTE3a CIyKHUT He HemocpenctBenHo /IHK, a
KONUpyeMblii ¢ Hee «paboumit ueprexx» — PHK, mnonyuuBmas Ha3BaHue
uHpopMannoHHOH nin MaTpuaHoit (MPHK).

Wrak, MBI JOIKHBI pa3inyaTh IPOLECCH: MAaTPULIMPOBAHUE CAMOIO I'eéHa, TO €CTh CUHTE3
JHK wa JIHK, cuare3 MPHK nHa JIHK u cunte3 Genka ma matpuine MPHK. TlepBbrit
IIPOLIECC HA3BIBAETCA PEIUIMKALMEH, BTOPOU — TPAHCKPHUIILIMEN U TPETUHM — TPaHCIALUEN.
Eme xopode 370 BeIpakaeTcs B TaK Ha3bIBAEMOM «LEHTPAJIBHOW JOTME» MOJIEKYJISIPHOU
OHOoJI0THH:

.'.IHH"_;.-F‘HP: = T oK

B mpemucnoBun s obeman CTpoOro MpHIACPKHUBATHECSA TOTO HaboOpa (aKToB, KOTOPOTO
TpeOyeT mKoiapHas mporpamMma. OgHAKO HEKOTOpBIE IMOJIOKEHHS B HEW M3JIararoTcs
CJIMIIIKOM CXKaTO, WHBIC HEBEPHO, @ MHOTHE JFOOOIBITHBIE JOCTHKCHUS MOCICAHUX JIET
MPOCTO elle He JOUUIH 0 y4eOHUKOB. Tenepb caMoe BpeMs Ha HUX OCTaHOBUTHCSI.

IMoasipHOCTH TeHa. [JIMHHBIC [IEMTOYCTHBIC MOJICKYJIBI OHOTIOMMEPOB — TIOJTUIICTITHIOB
U HYKJIEHHOBBIX KHCIOT — TMOJSIpHBL. MHBIMM CJlOBaMH Hadalo W KOHEIl Ienu

AMHUHOKHCIIOTHBIX OCTaTKOB U HYKJICOTHUJIOB PA3IUYAIOTCS APYT OT Apyra.

Puc. 15. Cxema cmpoenus osyxyenoueunoti /[HK u xomniemenmapnou et PHK. /[
npocmomul J[HK nokazama me 3akpyueHHOU 6 CNUpAlb, KAKOU OHA 0ObIYHO Obleéaem &
Knemxe. Taxotl y4acmok moxcem KoOuposams 08e aMUHOKUCIOMbL — CEPUH U YUCTNEUH.
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@ — ocmamoxk ¢hocgoproii kucnomst, A, I, I], T, YV coomeemcmeenno adenun, eyanun,
YumosuH, mumuH, u ypayunr. Hempyono eudemv umo cmvicio6as yenv U
KOMNJIeMEeHMAapHas ell aHmunapaiienvisvl. 3 — KOHeYy O0OHOU CMbIKYemcs ¢ 5 '-KOHYoM
opyeou. Cunume3 mampuunou PHK Hauunaemcs 3'— KoHmya cmbiciogou yenu.
Creoosamenvno MPHK Hyoicno «uumamoy ¢ 5’-konya. C Heeo u HauuHaemcs 6enKoewlll
cunme3. Haenaonee npunyun ammunapanienvHocmu yeneti OaH HA WYMOYHOU cXeme
6Hu3y. Tenepv npedocmasum cebe, umo obe HAPUCOBAHHbIE GHU3Y 3MelU CEEPHYMCA 8
KONbYO U KAXHCOAsk 803bMem 6 3y0bl COOCMBEHHBI X80CM, U Mbl NOJYYUM MOUYHYIO KONUIO
KOJIbYe80U XPOMOCOMbL HEKOMOPbLIX (ha2os u bakmepuii.

HerpynHo coobpa3uth, modemy MOJSPHBI TMOJNMUIENTHABI, clarapmue Oeiku. Yxe
YIOMHHAJIOCh, YTO aMHUHOKHCJIOTBI HUMEIOT JBe (YHKIMOHAIBHBIC TPYIIHPOBKH,
CIIMBAIOIINE UX B MOJUIIETITU, — AMHHHYIO U KapOOKCUIIBbHYI0. 3HAYUT, Y TIEPBOTO 3BEHA
AMUHOKHCIIOTHOM TIOCIIEIOBATEILHOCTH OCTaeTcs cBoOOAHOM amuHHas rpynmna (—Nh3 ),
a y nmocneaHero — kapookcunbHas (—COOH). Tak u roBopst: N — konen U C — KOHeI[
HOJUNENTH IA.

[TonsipHBl ¥ HYKJIEMHOBBIE KHUCIOTHI, HO MO Apyroil mpuumnHe. OctoB kak PHK, Tak u
JHK —msrtudneHHble caxapa — TEHTO3BI, CHIMTBIE OCTaTKamMu (GochHOpPHON KHCIOTHI
(pochommarpupubie cBa3u). UToOBI pa3nuyarh aToOMbl YriepoAa B MATUYTOJBHUKE
NEHTO3bl, XUMUKH IMPOHYMEPOBAIM HX, CUUTasi OT TOro, K KOTOPOMY IPHUCOEAMHEHO
azoTucroe ocHoBaHue. (OKkaszanoch, YTO B TMPUPOJHBIX HYKJIEUHOBBIX KHCIOTaX
dochonurpupHbIe CBSI3M 00pa3yrOTCS TOJIBKO MEXIY TPETBUMH U IATHIMA aTOMaMH
yIaepoAa B MEHT03aX (COKpaIleHHO: 3’ U 5°; yuTaeTcs: «TPU-IUTPUX» U CIISATh-IITPUX).
[ToaTomMy Ha 0olHOM KOHIIE J1F0OOH HYKJIEMHOBOM KHCJIOTHI caxap NPUCOEAMHEH K LENU
3’-aTOMOM, Ha Jpyrom — 5.

A Temnepp 3aJaauMCsl BOIIPOCOM: B KAaKyHO0 CTOPOHY «4HUTaeTrcs» reH — K 3’ wim 57
Tenepb, Korma TEeHHbIE HWHXXEHEPHl YBEPEHHO pAcIIU(POBHIBAIOT HYKJICOTUIHBIC
IIOCJIE0BATEIBHOCTH U CUHTE3UPYIOT UX, 3TO BOIIPOC OTHIO/b HE MPA3IHBIN.
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Puc. 17. ¥Ynpowennas cxema nepedauu eenemuuecxoui ungpopmayuu ¢ JJHK na 6enox. C
Haxooawelica 6 sope /[HK cnumaemcs «pabouas konusy 2eHa — cemepo2enHas s0epHas
PHK (smom npoyecc Hasvieaemcs mpanckpunyueti). 3HauumenvHas, KAk Npauilo,
bonvwas ee yacmv He KOOUpPYem AMUHOKUCIOMHBLIX NOCIe008amenlbHOCmel U
ompesaemcs  hepmenmamu — IHOOHYKIeazamu u omopacvieaemcs. Toz0a e
svipesaromes u «Heuumaemvley ecmasku — unmpousi. Cospeswas mPHK, nonyuuswas
«umanouxy» (cap — amen.) Ha 5’-KoHye u noIUAOEHUNO8YI0 NOCIE008AMENbHOCIb Ha 3 -
KOHYe, uepe3 Nopy 8 s0epHOU 000J0uKe GblXOOUm 6 YUMONIA3MY (Yacmo 8 euode
KOMNIEKCo8 ¢ benrkom — uHghopmoghep unu uHghopmocom, Ha pucyHke He NOKA3AHHbIX). B
yumonnasme  ungopmayuss  cuumvieaemcsi ¢ MPHK  6enokcunmesupyrowumu
annapamamu Kiemku — pubocomamu (mpauciayus). Pubocomwr cycekom udym no
MPHK: kasxcovui pas, koeoa pubocoma cmewjaemcs na mpu HyKieomuoa K 3’-KoHyy, K
pacmyweu NoIUNenmuoHou yenu npubasisiemcs 00UH AMUHOKUCIOMHBIL OCMAMOK.
Amunokuciomel docmasusitomess K - pubocomam moaekyramu mpauncnopmuoiu PHK
(mMPHK). Omoas amunoxucnomy, mPHK obpasyem choea komniexc (amunHoayun —
MPHK) ¢ Opyeou u cnosa e6osnekaemcs 6 mnpoyecc. Ilorunenmuonas yenouka,
000p8aswIUCy HA  DECCMbICIEHHOM,  MEPMUHUPYIOUeM KOOOHe,  C8epmbleaemcsl
cneyuguunvim  obpazom. Omo emopuuHas Ccmpykmypa 6enxa, noooepHCUBaeMasl
B000POOHBIMU CEA3AMU, OObIYHO MO OOHOHUmMYaAmas cnupansv (cnuparv llonunea —
Kopu). Cnupans, 6 ceoto ouepeos, cknaovieaemcs, obpazys mpemuynylo CmMpyKmypy.
Haxoney, mnocue denxu cocmosim uz oonee uem 00HOU noaunenmuonou yenu. Taxos,
Hanpumep, 2eMOo2100UH, MOJEKYd KOMOpo20 COCMOUm U3 demvipex cyoveouHuy. mo
yemeepmuuHas CMpyKmypa.
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Y cTaHOBIIEHO, YTO MOJMIIENTUAHBIE LIENU B KJIETKaX CUHTE3UpyroTcs oT /N — koHua k C —
KOHLy. 3HauuT, y marpuuyHod PHK Hagamo tam, rne xommpyercs N - konen. OHO
cootBercTBYyeT 5’-koH1y PHK. B nBoiinoit cnupanu JIHK pa3zobpatscs Tpyanee. Jleno B
TOM, YTO CJIaraloIllie €€ HyKJICOTUIHbIE LIENIOYKH HAIIPaBJICHbI B Pa3Hble CTOPOHBI, KaK
TOBOPAT, aHTUMNApAJIJICIbHBL. VIHBIMU cllOBamMu, OJHA 1IETIb HANpaBjeHa B CTOPOHY 3’5,
a npyras 5’-3’.

CwmbIciioBasi 1ienb, B KOTOPOW 3aKOJMPOBAHA AaMUHOKHUCIIOTHAs IOCJEI0BAaTEIbHOCTh
«cuntbiBaercsa» ¢pepmenToM PHK-nmonumepasoit ¢ 3’-xkoHua. O6pa3syromascs mpu 3ToM
MPHK, ecTecTBeHHO, OKa3bIBaeTCAd TOYHBIM aHAJIOTOM KOMILJIEMEHTAPHOM 1enu u Oyner
HauuHAThCA ¢ 5°-KOHIA, C TOro, C KOTOPOr0 HAYWHAETCs TPAHCIALMS, TO €CTh OEIKOBBIH
CUHTE3.

Ho Beanw ¢ rena cHumaeTcs He TOJbKO «pabounii ueptexx» MPHK. I'en u permnnupyercs,
NepeaBasch M3 MOKOJEHHWS B IOKOJEHHME, OT MATPUYHON KIETKH K JIOYEpHUM.
OcymiecTBisieT 3TOT npolecc — perukanuio — pepment JJHK nonnmepasa.

Cunraercs, yto monekyia JIHK-nonumepassl caaures Ha IHK u aBmxkercs no Heil. [lpu
9TOM YJIBaMBAETCA U CMBICJIOBas L€Mb, U KOMIUIEMEHTapHas K HEl. 3HAUNUT peIUIMKaLUs
CMBICIIOBOM IIENM HaYyMHAeTcsl ¢ 3’-KOHIa, KaK ¥ TPAHCKPUILHUA. JTO aHAJOTUYHO TOMY
Kak ecii Obl Mbl MeperneyaTblBaId TEKCT C KOHIA, a YUTAJIM €ro, Kak U BOJIUTCS, C
Havana. B yuyeOHMKax M MOMyJSpHBIX M3JaHMUSIX Ha 3TO, KaK IPaBUIIO, HE OOpaIlaroT
BHHUMAaHUS.

[locnennue roabpl O03HAMEHOBAIUCH CEHCAIIMOHHBIMM OTKPBITUSMU B  HM3YUYEHUU
IIPOLIECCOB PEIUIMKALMKU U TpaHCIsuuK. [Ipupona nogHocuina HaM CIOpIIpU3 KaKAbli pas,
KOTI'Jla HAaUMHAJIO Ka3aThCsl, YTO YK TEHEPb Mbl 3HAEM 00 3TUX SIBJICHUSAX BCE.

BoT HekoTOpbIe U3 ceHcaluid, 3a MOJIOJIOCTBIO HE MOMABIINE B YUSOHUKH.

CnpaBemyinBa 5 LEeHTpasibHasg naormMa? Mbl yXe YINOMUHAQJIHW, YTO TE€HETHYecKas
uHpopmanus nepenaercs or JAHK uepes PHK na Oenok, Ho He B 0OpaTHYyIO CTOpOHY.
OTO MOJIOKEHUE Ha3BIM LEHTPAIBHOW JOTrMOW MoJekyysipHoii Ouonoruu. PHK-
coJleprKalie BUPYCHI €€ He HapywaroT. [IpocTo y HUX BhINanaeT HadaJlbHOE 3B€HO 3TOU
nenu — JIHK. I'enetnueckas umHpOpmanus mnepeaeTcs W3 IMOKOJCHHUS B IOKOJICHHUE
3aKO0IMPOBAaHHOM B mocienoBaTeabHOCTIX PHK, ¢ HUX ke u cuuThiBaeTCs OEIoK.

B nmpunnune pasznuna mexnay JJHK u PHK He tak yx u Benuka. [leHroznodocdatHsbii
octoB y PHK obpasyer npyroii caxap — pu603a, KOTOPBIil OTINYAETCS OT JI€30KCUPHO03BI
JMIOb HamuuueM ruapokcuiabHoi rpynnsl (OH). HaGop ocHoBanmii TOT *ke, 3a Tem
HCKITIOYEHHEM, YTO BMecTO TUMHUHA (S-metmnypanuia) B PHK conepxkurcs yparun (Tot
K€ TUMHH, TOJbKO HeMeTwiMpoBaHHbIN). Hemapom B mpupozae Bcrpeuarorcs JIHK, B
COCTaB KOTOPBIX BXOAT M JI€30KCUPHO03bI U prbdo3bl. Takosa, Hampumep, JJHK Bupyca
repmeca, OT KOTOPOTo Ha ry0ax «BBICHIIAET JIMXOpajKay. DHepreTuueckue (GpaOpuxu
KJIETOK — MUTOXOHJPUU — B 3HAYUTEIIBHON CTEIIEHH I€HETUYECKH aBTOHOMHBI OT s/pa,
OHM UMEIOT CBOM T€HOM, MOXokui Ha OakrepuanbHbiif. JIHK sToro remoma rtakxke
COJEPAKUT pUOO3y — OT AECATH 10 TPUILATU OCTATKOB HA MOJIEKYILY.

Bce 310 He Hapymano cTpoiiHyro Aormy. Tem Oosbliee CMSTEHHE BBI3BAJIO OTKPBITHE
cunre3a /JHK na PHK. C. M. I'epuien3on nucan eme B 1960 rogy o BO3MOXKHOCTHU
NOJOOHOTO TpoIlecca, OAHAKO JIMIIb CPaBHUTENBHO HEJaBHO ObUI TMOJIYYeH B
3HAUUTEIBHBIX  KONWYecTBax (epMeHT peBepTaza (oOpaTHas TpaHCKPHUIITA3a),
OCYILECTBIIIIONINIA 3Ty peakuuio. Temepb 3TOT (epMEHT — OOBIYHBI HHCTPYMEHT
TCHHBIX HHXKEHEPOB. Teneps Mbl MOKEM JOMOJIHUTH LICHTPAJIBHYIO JOTMY:

JHIK FHI = FranoK

Hampumep, PHK-conepsamumii BUpyc NTHUBEro MH300JacTO3a MOXKET B PE3yJIbTaTe
oOpartHoi TpaHckpuniuu crate JJHK-comepxkaiiym, BCTPOUTBCS B TE€HOM IIBIIUIEHKA U
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BBI3BATh 3JI0KAYECTBEHHOE IepepoxkacHue Kietok. Kakyto posb urpaer cunre3 JJHK Ha
Hutu PHK B Mupe BbICIIMX OpraHu3MOB, HAM MOKa €111€ HEU3BECTHO.

Cwmbici0Basi nenb: oaHa wiM aABe? Kakux-HuOynp NATh JIET Ha3aa BCE MBI ObUIN
TBEpAO yBepeHsl, uTo MaTtpuyHas PHK cuHTe3upyercs Toapko Ha OJHOW U3 ABYX Lienel
JHK, nosyuyuBlIed Ha3BaHUE CMBICIOBOM. BTopas, KOMIUIEMEHTapHasd €i LENb HY»KHA
mumb ana perummkaunu JIHK u penapanum — «IOYMHKWY» TOBPEXKIEHHBIX YYaCTKOB.
Ecnu, Hanpumep, kecTkas paaviauus BBIPBET KyCOK M3 OJHOM W3 ILENeld JIBOWHOU
CIIUpaly, CrHelnuanbHble epMEHThl — permapasbl 3aloJHAIT Opellb, MPUCTPOUB Ha €€
MeCTe TMOCJIeI0BATEILHOCTh HYKJICOTH IOB, KOMIIJIEMEHTAPHYIO OCTABIIICHCS.

N tem He MeHee B mociieHEE BpeMsl MOSBUIINCH JaHHbBIE, CBUIECTEIbCTBYIOIIUE O TOM,
9TO B reHoMe apo3oduisl, Harpumep, cuaTe3 PHK moxer uarn Ha obenx nemsx JIHK.
DTO Tak HA3bIBA€MBI CUMMETPUYHBIA CHUHTE3. JIIOOOMBITHO, YTO OH HAET OT OJHOMN
TOYKH B pa3HbIE CTOPOHBI: B KAKJOW e OT 3’ K 5’-KOHILy, TaKk 4TO 00e 00pa3yromuecs
PHK naumnarotcs ¢ 5°-kKoH1a. Buogorndeckuii CMBIC 3TOT0 SIBIICHUS MBI €IlI¢ HE 3HACM.
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Puc. 18. Beepxy — nepsuunas cmpykmypa Oeixa 1uzoyuma, paspyuiarowe2o 000i0uKku
baxmepuii. Obpamume HUMAHUE HA Yemblpe CUUBKU YUC — YUcC (Oucyivhuonsle cesa3u,
Komopwvie Mbl yoce euoenu Ha puc. 3). Buusy owce ne abcmpaxkmmuas ckyienmypa, a
MoOeb  MpemudHou CKYIbnmypbl JIU30YUMA, NOJNYYEHHAS MemOOOM PAcCeusanusl
PEHM2EeHOBCKUX TIyYell.

IlepexpoiBaercs Ju  koa?  IlepBble TUMOTETHYECKME MOJAETH KoAa  ObLIH
NEPEKPBIBAIOIIMMHUCS JTO 3HAYWJIO, 4YTO IIOCJIEIOBATEIbHOCTh HYKJIEOTHJIOB MOIJIA
KOJMPOBaTh pa3Hble AMHUHOKHUCJIOTHBIE TOCIIEI0OBATEILHOCTH, B 3aBUCUMOCTH OT Hayaya
cuntbiBaausa. Tak, mociemoBarenbHOCTh ATTILIATII, ecnmu cumThiBajzachk Obl ¢ A,
koaupoBana 661 Tup—Ban—Amna, eciiu co Broporo nykieoruaa (T)-Bar—Ana—Mer, u 1. 1.
[TonoOHbIl KO HakIagpiBal OBl JKECTKHWE OrpaHWYEHHs] Ha TOCJIeI0BaTEIbHOCTh
aMUHOKUCIIOT B Oenkax. U Bce obnerdenHo B3noxHyu, korna C. bpennep mokaszan, 4to
kaxaplid Tpumer HykieoruaoB B JIHK m PHK cuurthiBaeTcs TONBKO OOUMH pa3
(HeTepeKPBIBAIOIIUNCS KOJ).

N omate kak rpom c¢ sicHoro Heba. Oka3zanoch, YTO y HEKOTOpPbhIX (haroB TE€HbI
nepekpbiBatoTcs. Y ¢ara ¢XI174 umeercs [BOMHOEe nepekpbiTHe, y (ara G4 maxe
TPOMHOE, TO €CTh C OJHOM HYKIECOTHUIHOW IOCJIEIOBATEILHOCTH CUYUTHIBAIOTCA TPHU
AMUHOKHCIIOTHBIX! DTO mpeies 3KOHOMUYHOCTH curHaia. daram Xopomio, a BOT KaKOBO
MOJICKYJIIpHbIM TeHeTnkaM? Kak mmpoko pacmpocTtpaHeH 3TOT (EHOMEH B MHpE
BUpYycOB? Berpeuaercs v oH y BhlcIuX opranu3sMoB? He 3Haem.

Ho camoe nHTEpecHOE U3 HOBBIX OTKPBITHI 51 IPHOEPET IO KOHETI.

Konen konmHeapHocTH reHa. /[0 mocinegHuX JIeT BCE COIJIaCHO CYUTAIM, YTO T'€H
KOJUIMHEApEeH TOMY O€JIKy, TOYHEe, TOW MOJHUIIETITUIHON IEMH, KOTOPYI0 OH KOJIUPYET.
WNubiMu cioBaMu, kaxaou tpoiike HykieotunoB B JIHK, ¢ kortopoit cunteiBaercs MPHK,
COOTBETCTBYET OJMH aMUHOKHCIIOTHBIA OCTAaTOK B TIOJIUTICTITH/IC.

N omare okazanoce He Tak! B cmeicnoBoit nenu JIHK, koaupyromed O6enok,
0OHapyX€eHBbI JTOBOJIHO [IJIMHHBIE BCTAaBKU (MHTPOHBI), HUKAKMX aMHHOKHCJIOT HE
kogupyomue. OHU CUUTHIBAIOTCA MPU CHUHTE3€ MEPBUYHOTO TPAHCKPHUIITA, a Jaliee
HAYMHAETCSl HEMOHSATHBIN Tpoiecc. HeHy>KHbIe BCTaBKM BBIPE3AIOTCSl CIEIHUAIBHBIMU
dbepMeHTaMH U OTOPACHIBAIOTCS, OCTATKU CIIMBAIOTCS. JTOT MPOLECC HAa3bIBaeTCs
CIUIMCUHTOM (KajbKa C aHTIUKCKoro) S He 3Hall 3TOro CJIOBa, HO TMOHSJ 3HAYEHUE
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Cpa3y, BCIIOMHHB CBOIO JaBHIOI0 MOPCKYIO HpPAKTHKY: CIUIECHHBATh TPOC — 3HAYUT
CpalMBaTh €ro U3 KyCKOB.

[Tocne Toro xak Bce HEHY)KHOE M3 IMEPBUYHOIO TPAHCKPUIITA YyJAAJI€HO, K 5’-KOHIlY
MPUCOEANHSIETCA «IIAamo4ykay — TpU (ocaTHBIX OCTaTKa MOAPSAI U METHIMPOBAHHBIN
HYKJI€OTHA. A y 3’-KOHIIa BbIpacTaeT JUIMHHBIM TOJMAJECHUIIOBBIA «XBOCT» —
MOCIIE0BATEIBHOCTh U3 MHOTHX OCTAaTKOB aJieHWHa. J[ns 4ero 3Tu 100aBKU — HEIaBHO
BBISICHIIN. BeIOKCHHTE3UPYIOIIEe CUCTEMBI KIETKH — pUO0COMBI — «y3Hat0T CeHbKY 110
mranke». 5’-KOoHell, ¢ KOTOPOro HaYMHAETCS TPAHCISAIUS, 10 HadyadbHBIM TpeM (ocdaTtam.
[MocnenoBarensHOCTh TONM-A mpumaer marpuuHo PHK craOumbHOCTB, OHa HE Tak
OBICTPO pa3pylIaeTcs HyKjIea3amMHu. DTO ObUIO TOKAa3aHO CepHell M3SIIHBIX OMBITOB. Tak
KaK TeHETUYECKHH KOJ €IUH AJI BCEr0 OPraHu4ecKoro MHpa, MOYKHO BBECTH B KIIETKY
gyxkepoanyto MPHK u cunTe3upoBaTh coBcem Apyroit 0einok. DTUM MyTeM YIaloch
CUHTE3UPOBATh B HE3PEINbIX SHIEKIETKAX HIMOPLEBON JISATYIIKH MeMOrJIO0MH KpPOJIMKa,
Oenku BUpyca TabayHOW MO3auKH M muenuHoro sina. M kaxaeiid pa3 MPHK, numennas
MIOJIM-A TIOCJIEIOBATEIBHOCTH, OblJIa HECTAaOMIIBHOM, pacnaaaiach OBICTPO.

A BOT s 4yero reHy MHTpoHBI? Ha 3TOT cueT ObLJIO BBHICKAa3aHO HEMAll0 COOOpakKeHUH,
BIUIOTHh JI0 CaMbIX (paHTACTHYHBIX: OHM HYXHBI OyaTO OBl JJisi oOecriedeHus mporecca
somonnu (!). Ho HM B OoIHOM OpraHu3mMe HET HU OJHOH CTPYKTYpBI, CHEIHAIBHO
IpelHa3HauYeHHOW [UIsl 3BOJIOLMHU. Bce CTpyKTypbl IpenHa3HAaueHbl TOJIBKO IS
BbDKHMBaHUA. EClii MbI IpHU3HaeM 3a HHTPOHAMH POJIb CBOCOOPA3HBIX OPraHOB IBOJIOIUH,
MBI HaJIeTUM TIPUPOIY CIOCOOHOCTHIO K NMPOTHO3UPOBAHHUIO M BEpHEMCS (haKTHUECKH K
yd4eHuto Apuctorenss o Oynymedl mnpuyuHe. Bropy NOAMBUTBCA — KUBYUECTH
TEJIEO0JIOrMUECKUX 3a0IyKACHUM, yKE TPEThIO ThICAUY JIET BOCKPECAIOIINX MO/ Pa3HBIMU
MMEHAMH.

A TO, 9TO HHTPOHBI JJIS YErO-TO HYXXHBI HE B Oy IyIlIeM, a ceidac, SICHO U3 CIICAYIONIETO
npumepa. Bcem Xoporo u3BecTHbIN 0eJI0K HHCYJIMH — OJJUH U3 CaMbIX MaJICHbKHX, B HEM
Bcero 50 aMMHOKMCIIOT. 3HAYUT, €ro TeH cocTouT u3 150 HyKkiaeoTuaoB. Y KpbICH ABa
reHa MHCYJIMHA, 0003HavYaeMbIx, kKak 4 u B. Oka3anoch, 4To B reHe A €CTh OJMH WHTPOH
— HeunTaemas BcTaBka B 119 HykieoTuoB, a B reHe B K HeMy npuOaBiseTcs: Apyrou —
B 444 nyxieotuna! M3 713 HyKJI€OTHIOB B MPOLECC TPAHCIALIMU BOBJIEKAETCA TOJBKO
150 —xomMeHTapuy U3IUILHU.

He nHaiigem am MBI KaKoi-TuM00 aHAJIOTHH B YEJIOBEUECKUX s3bIKax? [[elicTBUTEIBLHO, BO
MHOTHX s3bIKax op¢orpadus CUIBHO OTJIMYAETCS OT NPOM3HOIICHUS. BOT mpumepsl,
3auMcTBOBaHHbIe MHOIO Yy JI. B. Ycmenckoro: 1) aHIIMHACKOE «I04Yb»  THIIETCS
daughter uutaeTcs — «J10T3», 2) UpIAHICKOE «10ub» — nuiercs kathudhadh auraercs
«Kaxo», 3) GpaHIly3cKOe «BOJIay MULIETCS] YUTACTCS «JI 0.

«JIumaue», HempousHOCUMbIE OYKBBI B CJIOBAaX — AHAJOTM HHTPOHOB B TeHaX. JTO
00BACHIETCS OOBIYHO TEM, U4TO opdorpadusi OTCTaeT OT MPOU3HOIICHHS U JIIOJIA TTUIITYT
TaK, KaKk FOBOPWJIM HECKOJIBKO BEKOB Hazal. A TO U aecATuneTwil: AHatoib PpaHc
BCIIOMHMHAeT 0abyIliKy, KOTopasi YIIOpPHO BhIFOBapuBaja «Kouiemapy, «oyneBap». [a, HO
noyemy op¢orpadus B OJHUX S3bIKaX OTCTAET OT MPOU3HOLICHUSI CUIIBHO, a B IPYTHX 32
HuUM nocrieBaet? [louemy (paHiry3ckoe mpaBonucaHue KOHCEpPBATUBHEH PyCCKOTo (XOTs
U Mbl, 0cOOEHHO B OBICTpOIl peuu, BbIroBapuBaeM, Hampumep, «llaaBanbra» BMmecTo
«ITaBen MBanoBuu»)? KoncepBatuBHOCTH opdorpaduu He ciydaitHa. OHa JOCTHTaeT
npenena B TEX SA3bIKax, € MHOIO OMOHHMMOB — CJIOB C pa3HbIM 3HAauy€HUEM, HO
MIPOU3HOCUMBIX OJIMHAKOBO.

Bo ¢paniy3ckoM si3pIke TaKWX CIOB OY€Hb MHOTO, OH KakK ObI co3/laH sl KanamOypoB.
Ho 10, 4TO 0OXHBIISIET YCTHYIO peUb, MOXKET CO3/1aTh ITOMEXH MPU YTEHUU MUCBMEHHOTO
TekcTa. Tak 4yto He Oyap (paniy3ckas opdorpadus KOHCEpBAaTHBHOH, (paHIly3am
MPUILIOCH OBl 3Ty KOHCEPBAaTUBHOCTH BBIYMATh.
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W ne cnyyaitHo uepornuduueckas TMCbMEHHOCTh yIopHO aepxkutcs Kurae. Kutaiickuit
A3BIK BECb COCTOMT U3 OMOHHUMOB. B yCTHOH peun OHM paclo3HAIOTCS MO TOHY, a KaK C
yTeHuEeM?

A Tenepb BEpHEMCS K HAIIUM UHTpOHaM. PerynaropHeie MexaHn3ma OeIKOBOTO CHHTE3a,
K pasrajgke KOTOPBIX MbI TOJIBKO CE€WuYac MPHUCTYMAaeM JOJDKHBI KaK-TO «YTabIBaTh,
«y3HaBaTL»[Ql HY’XHbIEe TeHbl, 4TOObI TpaHCKpuOupoBaTh HYkHyt0o MPHK u 3atem
TpPaHCIUPOBATh HYKHBIM Oesiok. HeMHOro mosb3bl OpraHusmy, €ciid I'eH TeMorjioOnHa
OyneT 3a/efiCTBOBaH B HEPBHOM KIJIETKE, a TeH MerNcuHa (MUIIeBapUTEIHHOTO (EepPMEHTA)
B — Mbllax. ['eHeTnyeckas mporpamMma HE NPU3HAET OMOHUMOB, KalaMOYphl 37€Ch
CTpO’Kaillle MPOTHUBOIOKA3aHbl. fI3bIK T€HOMAa KECTKO OJIHO3HAYEH, KaK MallMHHbIC
a3k DOPTPAH wnmu AJIT'OJI, B HEM HET MecTa HEAOCKa3aHHOCTH Pa3MBITOCTH
3HaUeHUs METaQOPHUUYHOCTH — KOpPOYE TE€X OCOOEHHOCTEH YeIOBEUECKUX S3BIKOB, 0e€3
KOTOPBIX ObLTa OBl HEBO3MOXKHOM M3SIIIHAS CIIOBECHOCTh. XPOMOCOMa BEJIET ce0sl, KaK Ta
JNIEKTPOHHAs BBIYUCIUTENbHAS MalluHa KoTopas Oubneiickoe wuspeueHue «IlnoTe
HeMolI[Ha HO ayX Ooxap» nepesena ¢ anriuiickoro (The spirit is saund, but the flesh is
weak ) Ha pycckuii kak «Bojka kpemnkas, HO MsICO Pa3MsKIIO».

[TosToMy B reHe MOMHKHA COAEPXKAThCS HE TOJNBKO MH(OpMAIs 00 aMUHOKHCIOTHBIX
MOCNEAOBATENBHOCTAX. TaM MJOKHBI OBITh YYacTKH, IO KOTOPBIM PETYISITOPHBIE
AJIEMEHTBI KJIETKM €ro Y3HalT SICHO TakKe, YTO W3 OKOHYATEJIbHOW HYKJICOTHUIHOW
nocnenoBarenbHoctd MPHK oHU, kak caenaBiime cBoe Jen0, JOMKHBI OBITH YIaJCHBI.
TakuMu yyacTKaMHd M MOTYT OKa3aTbCi HHTPOHBI. OTO TOJBKO THUIOTE3a, HO Ha
CETOAHSIIHUHN IeHb OHa HanboJliee BEpOsTHA.

M B 3akiroyeHHe paccMOTPUM BaXKHBIM BOIpocC: AoctaToyHo ju B kietke JIHK ma
KOAMPOBAHUS BCEX CTPYKTYP CIOXKHOTO (heHoTHma?

ITo sTomy moBoxy eme HegaBHO Benuch auckyccuu. Kasanoch, yto JIHK saBHO He
xBaTtaeT. OHaKo mompodyeM ompenenuTb 00beM T'eHeTHYecKol MHQOpMAINH, KaK 3TO
nenan J[xon ¢on Heliman, B Ourax. BcmomHuM cnoBa Benukoro Qusuka Jopaa
KenbBuna: «Ecinu Bsl MoxeTe U3MepuTh TO, 0 4EM IOBOPHUTE, U BBIPA3UTh 3TO B UKCIAX,
TO BBI 4TO-TO 3HaeTe 00 3TOM MpeaMeTe; eciu ke Bbl He B COCTOSHUM HU U3MEPUTh, HU
BBIPA3UTh TO B UKCIIAX, TO Baly 3HaHUS NpeIMeTa CKyIHbI U HEYIOBJIETBOPUTEIbHBD).
BoT cxema mpocTeHbKOro pacuera, KOI/Ia-TO MHOW mpojenaHHoro. Eciaum Obl Bce
ocHoBanusi B JIHK BcTpeuanuch B OJMHAKOBOM KOJMYECTBE, BEPOSATHOCTh BCTPEUU
KaXKIoro u3 Hux Obu1a 051 0,25.

Orcrona nHpopManoOHHas IEHHOCTh Ka)KI0TO U3 OCHOBaHUH

H=—(4+0,251log 2 0.25) =2 Gura.

Onnako /IHK B reHoMe HeogHOpPOIHA TIO cOcTaBy. JlJIsl BHICIIUX OPraHW3MOB, HAIIPUMEDP
MO3BOHOYHBIX >KMBOTHBIX, J0JS Mapbl T'yaHWH — LUTO3UH COCTaBIsieT Bcero okoiyio 40
npoieHToB. Kpome Toro, B Helt umerores (pakiuu, odoramennsie napamu AT u ', ¥V
HEKOTOPBIX KpaboOB B XPOMOCOMAX BBISIBIICHBI MOCIICIOBATEILHOCTA COCTOSIINE TOJIBKO
u3 aByx ocHoBaHuii A u T. MHopmarmoHHas IEHHOCTh HYKJICOTHIHOTO 3BEHAa B HHUX
CHU)KAETCs BIIBOE:

H=—-(2+0,251log 2 0.25)=1 owur.

TO €CTh OCHOBAHUE MOKET OBITh TOJIBKO WM aJEHUHOM WJIH K€ THMHHOM.

Ouenutp HeomuopoaHocTs JIHK B reHoMe mMokHO mpocThiM ombiToM. Eciii MBI Oyniem
NOBBINIATH Temneparypy pactsopa JIHK, To Ha kakoM-TO ypOBHE CpeaHssl KUHETHUECKas
SHEPIHsl MOJIEKYJ OKa)KETCs BBILIE YHEPTUU BOJOPOIHBIX CBA3EH, KOTOPBIMHU CKPEILJIEHBI
IIOJIOBUHKM  JBOMHOM  cmnupanu. Temmeparypa, TI@pu  KOTOpPOM  pacragaercs
(nenarypupyer) nosioBuna moisiekyn JIHK, Ha3eiBaeTcs Temmeparypoii miiasinenus. OHa
CWJIBHO 3aBUCUT OT KOHLEHTpAallMM KAaTHUOHOB B pacTBope (MPUMEPHO MPSMO
MIPOTIOPITMOHANIbHA JIoTapu(dMy ux KoHIeHTparuu). B mape 'Ll Tpu BogopoaHbie CBsI3M, B
nape AT tonbko nBe. [loaromy uem Gonbie 'Ll B JIHK, Tem Gonee oHa «TyromiaBkay.
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Otcroga cienyer, 4To 1O LIMPUHE MHTEpBaja Temneparyp, B koropoM /IHK mnaButcs,
MO3KHO CYIHUTh O €€ HEOJHOPOIHOCTH (TETEPOT€HHOCTH) B TEHOME.

Pacuer nmam oxomo 1,9 Oura Ha ocHOBaHWe npaxe s rereporeHHoi JIHK
MJIEKOTIUTAIONIETO (TeIeHKa). A YUCIO HYKICOTHAOB B T€HOME MIICKOIUTAIOUIETO OKOJIO
JIBYX-TpeX MWUIMAPA0B (y ueJIOBEeKa JBa MILIMapaa, a y OyiiBosia Ha 40 mpoOILIEHTOB
Oonble; BUAHO, MEIO HE B KojudecTBe). 3HauuT, 3amac uHGopmanuu B JHK
MJIEKOIUTAIOMIETO 4—6 MIJITUAPAOB OUT, YTO COOTBETCTBYET OUOIMOTEKE B MOJITOPHI-IBE
TBHICSIYH TOMOB.

He 3a0yabre, uTOo 3TOT 3amac COAEPKHUTCA B SULEKIETKE WM TOJOBKE CHEPMUS,
uMmerolieil MukponHnele pa3Mepbl. KakoBa cBeptka uH(opmarmu! Cka304yHBIA JKUHH,
BBUIETAs M3 OYTBUIKHM, BEIPACTAET BCErO-HABCETO BhIIIE (PMHUKOBOW maiabMbl. Hackombko
JNEHCTBUTENHHOCTD (DaHTaCTUYHEE BONIIEOHON CKa3Ku!

JlocTaTodHo M Takoro mMaccuBa MH(OPMAIMH ISl OCTPOUHKK (eHoTHna? 3aaaBIIich
TaKUM BOTIPOCOM, YUEHBIE CIIOXBATUIIUCH: BElIb MBI K€ HE yMEEM OIICHHUTH CII0)KHOCTh
(deHoTHIIa KOJIMYECTBEHHO. B mpuHuMne mo0yio CTPyKTypy, B TOM UYUCIE CTPYKTYpY
OpraHu3Ma, MOKHO OMHCATh C BECbMa BBICOKOW TOYHOCTHIO (Tpeelt 37eCh HaKIaIbIBAaeT
TaK Ha3blBaéMasi KBAHTOBOMEXAaHUYECKas HEOIPEJEICHHOCTb, O KOTOPOM Yy HAac peyb
noier B cieayromieil riase). [IpeactaBum, 4TO MBI pa3pexeM OpraHU3M Ha CEPHI0
NOCJIEA0OBATENbHBIX MIYIIUX JApPYr 3a JOpPYroM cpe3oB. PacmonoxeHue CTpyKTyp Ha
Ka)KIOM U3 CPE30B MOKHO OMHUCATh B IBYMEPHOW CUCTEME KOOPAUHAT U BBIPa3UTh 00BEM
3TON MHpopMaluu B Outax. JleTarbHOCTh ONMCAHMSI 3aBUCUT OT TOJIILUHBI CPE3a.
Jomyctum, TonmmHa cpe3a y Hac Oyner oauH aHrcrpem (10-10M) — sTo BenuuMHa,
OyM3Kasi K Mpeeny pa3peliareil crnocOOHOCTH JIYUIINX COBPEMEHHBIX 3JIEKTPOHHBIX
MuKpockonoB. Ho Torma, ckaxkem, st onucaHusi (peHoTuna demoBeka poctom B 180
CaHTUMETPOB MPUAETCS CAENATh U ONUCaTh 18 MUIIHMAp0B TAKUX CPe30B!

SIcHO, 4YTO TakuX OMBITOB HHUKTO HE MpojenbiBaid. Bce momoOHbIE 3KCIEPUMEHTHI
OCTaBAJIUCh MBICIEHHBIMU. CTPYKTypy HOMEHBLIE U C MEHBIIMM YPOBHEM pa3pelleHus,
HanpuMmep OaKkTepualbHYI0 KIETKY WJIM MUTOXOHJAPHUIO, TaK ONHCAaTh MOXHO.
VYBenuuuBas TOJIIMHY CpPE30B, CKaXXeM, B CTO WIM THICSYY pa3, Mbl MOXEM [aTb
OIMCAaHUs, HO B CTO WJIM THICSIUY pa3 MEHee JeTaJbHbIC.

A BeluMYMHAM, TIONyYEHHBIM B  pe3yJbTaTeé MBICIEHHBIX OJKCIEPUMEHTOB H
npuOIIKEHHBIX PAacyeToB, Kak-TO HE XodeTcs BepuTh. Bce »53To mompocty
CPEIHENOTOoNIOUHbIe IU(pPbl. DEeHOTHNHUYECKYI0 HH(POPMALMI0 OpraHM3Ma YeJOBEKa
orneHuBanu 1 B 105u B 102560uT. Ta ke BenmuumHa 111 OaKTEpUH, MO JAHHBIM Pa3HBIX
aBTOpPOB, Konebaercs ot 10410 10126ur!

Ho B Teopun mHpOpManmu cymecTByeT npasmwio (3akoH LlleHHoHA): mpu mepemaye mo
aroboMy KaHaldy HHGOpMAIMs MOXET TOJIBKO TEpAThCS 3a CyYeT IOMeX, HO He
yYBEJIMYUBATHCA. 3HAYUT, UH(DOpMaIMs, MOTpeOHas sl OMMCAHUS CTPYKTYPBI «UETOBEK»,
HE JIOJDKHA TMPEBBIIIATh YEThIPEX MUJUTHAPIOB OUT.

Bepnee, ona nomkHa ObITH CyIIeCTBEHHO MeHbIle. Ecnu B kaHane uHpopmanuu ecth
noMexu (a OHM €cTh B JIOOOM KaHaie), MH(OpPMAaIUs TEHOTHUIIA JOJDKHA OBITH
M30BITOYHON, MHOTOKPATHO MOBTOPSTHCS, UMETh MEXAaHU3MbI KOPPEKIHHU, YCTPAHEHUS
noMex. BriepBbie 51 3TO OUeHb HATJIATHO MOHSJI, CIyIIasi IEPEroBOPHI MO paAUOTEIePOHY
JIBYX CYIIOBBIX PaguCTOB: «AMETHCT, AMETUCT, 1 4347, a1 4347, KaKk MEHs CIHbILIUTE,
npueM, npuem» — «4347, 4347, 1 AMmeTucTt, ciabllly Bac XOPOLIO, CHBIILY Bac XOpOIIO,
pUeM, IPUEM».

OTBeT HE COBCEM TOUEH: CIBILIAIINA MBI XOPOLIO, HO U3-3a TPECKa B AMHAMUKE ITOHUMAJIHU
TJ10XO.

[Ipumepro Tak oOcTomT neno u B kaHaie uHpopmammu «ot JAHK kx mnpusHakam
opranu3ma»: He Oyap TeHeTudyeckas UHGOpPMAIUs BBICOKOU30OBITOYHON, HOBOE
NOKOJICHHWE H3-32 CIyYyalHBIX TIOMEX B pa3BUTHH HE MOXOAWJIO OBl Ha pojauTenei,
noJryya’scsi Obl «HE MBIIIOHOK, HE JISITYIIKA, @ HEBEIOMAa 3BEPIOIIKAY.
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Puc. 19. [Iamepns ooHostiyesvix O1uzneyos (cecmpwvi [uonn) 6 oenv namunemus. Ilo
0COOEHHOCMAM CUMMempuu  YOai0Ch B0CCMAHOBUMb UX UCHOPUID 00 POACOEHUS.
Onnodomeopennas satiyekiemka pazoeaunacs Ha 08a baacmomepd, Komopbvie pazouiuch
u cmanu Oderumscsi camocmosmenvho. M3z oonozco nonyuunuce HMeowmna u Awuua, u3z
opyeoeo Lleyunus u ewe ooun Oracmomep, KOmMopwvii, pazoerusuiucs, oar Mapurwo u
Omunuro. B pesynomame nonyuunoce nsamo 3apooviuteti ¢ aOCOIOMHO UOEHMUUHbIMU
eeHemuueckumu  npoepammamu. Hackonvko noano cxoocmeo genomunog npu
MOodHCOeCmee 2eHeMUYeCKUx npocpamm, 6bl modicenme YOeOUmvbCs camu, 20 Ha auyd
IMUX 0eBOYEK.

Ho MBI-TO 3HaeM, KaK yJIUBUTEIBHO TOYHO YEPTHI POAUTENICH MPOSIBISIOTCS B TIOTOMCTBE.
Eme Oonee pa3uTenbHBIN IpUMEp TOYHOCTU MEpefaud TeHeTHYecKoi uHpopManuu —
OJTHOSIIIEBBIC OJM3HENbI, OpaThs M CECTPHI, Pa3BHUBIIMECS M3 OMHOM pa3/eiuBIICHCS
SIMIIEKJIETKU. Y HUX UACHTUYHBbIE HAOOPHI TEHOB, MTOATOMY TOJBKO y OJH3HEIOB YIAI0TCs
nepecasiku TKaHeW M OpPraHoB, WX ITyTalOT AK€ XOPOIIWE 3HAKOMBIE M HE MOTYT
Pa3IMYUTh 10 3amaxy CoOaKH.
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Puc. 20. B mupe nem 08yx nrodeu ¢ 00uHaKogulMu omnevamkamu nanvyes. Ha smom u
0CHOBaHA 60nbWAA 001ACMb KPUMUHATUCMUKYU — 0akmuniockonus. Ho nem npasun Oe3
ucknovenui. A oymaio, odasxce Illepnok Xoamc ne cmoe 6Ovl paziuuumes omneuamru
nanvyes oonoslyesvlx oausneyos (I u Il na pucynxe). Kax 6ol euoume, dadice cmoi,
Ka3anoco Obvl, MAN0BAXNCHAS CMPYKMYpd, KAk OAKMUIOCKONUYECKUll Y30p, BecbMd
JHCECTKO 0eMEPMUHUPOBAHA 2EHEMUYECKU.

3Ha4uT, nH(pOpMAILYs, 3aKIIOUCHHAs B TeHOTUIIE, N30bITOUHA. OJIMH U3 MEXAaHU3MOB MBI
3HaeM: 3TO JABOWHOW HAOOp XpPOMOCOM B OIUIOJIOTBOPEHHOM siiilexieTke. B mpuniumne
pa3BUTHE HOPMAJIBHOTO (PEHOTHUIA MOXKET ObITh 00ECIIEUEHO MMOJOBUHHBIM, FallJIOUTHBIM
Habopom xpomocoMm. Criyyaum TapTEHOT€HEe3a, pa3BUTHS  HEOIUIOJAOTBOPEHHOM
AWLEKIIETKA, U3BECTHBI Y MHOTMX KMBOTHBIX U PaCTEHUM.

Otcrona cremyer, yto 00BeM HH(GOPMAIMH, 3aKOAMPOBAHHBIA B TEHOTHIIE, HAJO
YMEHBUINTh BABOE. DTU COOOpPa)XEHUs M 3aCTaBHJIM MHOTUX HCCIElOBaTeled HCKaTbh
JpyTHe UCTOYHUKH reHeTndeckoi nupopmarmu, nomumo JJTHK.

OMmb6puonor X. PaBeH, 0 KOTOPOM MBI y K€ YIOMUHAIH, BBIABHHYJI IPEAIIOIOKEHHE, UTO,
nomumo sipepHoit IHK, xpanunumem nHpopManuy MOXeET ObITh NMPHUIIOBEPXHOCTHBIH,
TaK Ha3bIBAEMbIH KOPTUKAJIbHBIN, CIOW SUILIEKIETKH. JTa THIOTE3a HE MOATBEPIUIIACH.
He cnenyer 3a0bIBaTh, 4TO XpaHUTENN HACIEACTBEHHON MH(POPMAIIUU — T€HBI — JOJDKHBI
pa3MHOXaTbCs, PEIIMLIMPOBATECS. B IPOTUBHOM cilyyae KOJIMYECTBO UX B KIIETKE OyAeT
YMEHBILATHCS BABOE € KaXKJbIM AejieHueM. 13 Bcex M3BECTHBIX HAM COEIUHEHUH TOJIBKO
HYKJIEMHOBBIE KHCJIOTHl OO0JIAZAl0T CIIOCOOHOCTBIO K peruIMKauuu. Te KIeTOYHbIE
CTPYKTYpbI, KOTOpPBIE MOTYT pa3MHOXATbCs, HAIPUMEpP HHEPreTUYECKHE CTAaHLUU
KJIETKH, MUTOXOHJIPUU U XJIOPO(UIIOBBIE 3€pHA PACTEHH, XJIOPOIUIACThI, UMEIOT CBOM,
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ABTOHOMHBIE T€HOMBI, OYCHb MTOXO0KHE Ha MPOCThIe OaKTepualbHbIe. SApy OHU MTOMOYb
HE MOTYT, XOTb ObI CAMHM BOCHPOM3BECTHCH C MUHUMAILHOM IMOMOIIBIO OT SApa.
[TorpoOyeM mogoNUTH K ’TOMY BOIPOCY WHAUe: a MPABUIIBHO JI MBI OIICHUJIH CJIOKHOCTD
denorumna?

Puc. 27. Coenacno mnaubonee pacnpocmpauneHHou 2eunomese, MHO2OKIEMOYHble
HCUBOMHBIE NPOUOWLIU OM  KOJNOHUU O00HOKIemounvlx. (Ceepxopeanusmvl 6biCUleco
NOPAOKA BO3HUKAIOM U3 KOJIOHUL MHO2OKIEMOYHbIX, 8 KOMOPbIX KAHMCOblLU OP2SAHUIM
svinoaHaem onpeoenenHyro @yukyuro. Takoevl KOIOHUANbHbIE KUUEYHONONOCHbIE —
cugonogopvr. Ha pucynxe maeepxy: cughonoghopvl uz epynnvl cugonanm. Bepxrnue
0COoOU HUX NPesPamMUIUCL, 8 NO00OUE NAABAMENbHBIX NY3bIPEll, YOEPHCUBAIOUWUX KOJIOHUIO
8 nuasyyem cocmoauuu. JIpyaue ocoou 6bINOIHAIOM QYHKYUU OBUNCEHUS, NUMAHUSA U
3auumsl  KOJIOHUU, A YAcCmb npucnocobrena oas pasmuoxcenus. Cugonogopui-
OUCKOHAHMbL HACMOIbKO OANeKO 3auiiu NOo 35MOMYy HNYmu, Ymo MHO2Ue YueHble
OMKA3bI8AIOMCA CYUMAMb UX KOJOHUEU U OMHOCAM K eOUHUYHBIM 2UOPOUOHBIM NOJIUNAM.
Buuzy: npeocmasumens amou epynnel — NApYyCHUK Gelelld (CeKmop mena 6blpe3aH,
ymobbl NoKazams CL0JHCHOe cmpoeHue). 30ecb makdice oelicmsyem 0OWul NPUHYUN —
COBOKYNHOCMb 0OUHAKOBBIX NEMEHMO08, NPeOCmAasIaouas UHGHOPMAYUOHHYIO CUCTEM)
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C BbICOKOU U3OBIMOYHOCMbIO, Npespawaemcs 8 0ojee CIONCHYIO 3d CYem CHUNCEHUS
U30bIMOYHOCIU.

Tor ke PaBeH ykas3pBaeT, 4YTO, HANpUMEpP, Yy JOIMIAAM HECKOIBKO MUJIJIMOHOB
MEYEHOYHBIX KJIETOK M BCE OHHU MOCTPOEHBI OJIMHAKOBO. MOKHO KOHEUHO, ONpPENEIUTh
00beM uHpOpMaIUK, MOTPEOHBIN I OMMMCAHUS KaXI0W U3 KJIETOK, & TOTOM YMHOXHUTh
yuClIO OUT Ha YHCIO KJIeTOK. HOo He paBHOCHIBHO I 3TO YTBEPXKICHHIO, UTO IS
MOJIHOTO THUpaXka CKakeM, KypHaya «Hayka u ku3Hb» TpeOyeTcst aBTOPOB, PEIaKTOPOB,
KOPPEKTOPOB, XyA0KHHUKOB, (poTOorpadoB U T. . B TPU MHIJUIMOHA pa3 OOINbIIE, YEM IS
CUTHAJIBHOTO 3K3eMIuIsipa’?

3HauuT, CTPyKTypa (heHOTHMA Takke HHPOPMAIIMOHHO M30BITOYHA, MPHYEM B BEChMa
BBICOKOU cTerneHu. ['eHoThn MOXKeT naTh MoJpoOHOE ONMUCAHWE JIUIIh OJHOU KIIETKH, a
3aTeM yKa3aTb, YTO OHA JOJHKHA MOBTOPUTHCS COTHU ThICAY U MUJUIMOHBI pa3.

Bor eme xopommii nmpumep (EHOTUNUYECKOW H3OBITOUHOCTH, KOTOPBIM HaM eIle
MPUTOIUTCS B OyayIIEM.

Puc. 21. /[na nac upe3z6uluatino 6asxceH 60npoc, KaKUM nymem 8 npoyecce npocpecCcusHoll
B0NOYUU  NPOUCXOOUM  VCIONCHEHUe — CIPYKMYpbl,  VEeIUueHue  KOIUYecmed
ungpopmayuu, nompebnou 01 onucanus opeanusma. Crnedyem NOMHUMb, YMO HOBAS
ungopmayusn He 6o3nuxaem uz Huueeo. Oua 603HUKAem U3 U30LIMOUHOU UHDOpMayUU
npu 3aumooelicmsuu ¢ wymom. Ha pucynke 06a konbuamuix uepHs: MHO2OUWEMUHKOBDIIL
yepeb NOUXema U MAIOWEeMUHKOBbIIL — 00bIUHbIL 00HCOeB0ll Yepsb. Kak euoum, mena ux
cocmosam u3 NPAKMUYecKU UOEHMUUHBIX NOBMOPAIOWUXC  YIeHUKO8, MO echb
ungopmayus penomuna 6 6vicokol cmeneHu uzovimouna. Mymayus (wym 6 Kawane
nepeoauu) usMeHsaom Gopmy omoenbHblX UIeHUKO8, CmpoeHue KOHeYHOCmel HA HUX u
BHYMPEHHUX opeanos. Eciu smu uzmenenuss oxax)cymest npucnocobumenbHvimu, omoop
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coxpanum ux. HM30b61mouHocms npu 3mMOM CHUSUMCA, HO YCIONCHUMCA CMPYKMypd, U
Konu4ecmeo ungopmayuu gospacmem. Tax uoem npoepeccusHas 360110Yus.

EcTb 10BOJBHO MPOCTO YCTPOCHHBIE MOPCKHE KOJIbYATHIE MHOTOIIETUHKOBBIE YEPBU —
nonuxetsl. TynoBuie HanbOosee MPUMUTUBHBIX U3 HUX pa3liesieTcsl Ha IECATKU, a TO U
COTHH WICHUKOB. U Bce 3TH 4JI€HUKH YCTPOCHBI 110 OTHOMY 00pasily, KpoMe MepBoro, Ha

KOTOPOM CKOHHOCHTPUPOBAHBI OPraHbl 49YyBCTB, BTOPOr'O — C POTOBBIM OTBCPCTUECM H
MOCJICOHCTO — C aHAJIbHBIM OTBCPCTHCM. 3Ha‘II/IT, JJI1 OIIMCaHUusA q)eHOTI/IHa JOCTAaTO4YHO
TOJIBKO HYCTBIPCX YJICHUKOB, HO IIpHU 2TOM HeO6XOI[I/IMO ,I[O6aBI/ITBZ TpeTI/Iﬁ no cUery
IMMOBTOPSACTCA CTOJIBKO-TO pas.

Puc. 22. Bom ewe npumepvl 8b1COKOU30bIMOUHOU (heHemuyeckou uHpopmayuu.
Buvivepwue unenucmonocue — mpunodumel — uMenu KOHEYHOCMU, HNPAKMUYECKU
00uHaKo8vle U No hopme, U CEOUM QYHKYUAM: OBUNCEHUS, 3AX8AMA NUWU U ObIXAHU.
Bce smo onu denanu oounaxkoso xopouio (6epHee, 0OUHAKOBO NI0X0). Y MHO2OHOMCEK
(cnpasa) pomosvie yacmu — NPouU380OHbIE KOHEUHOCMEl — yice CHeyudarusuposambl,
O0OHAKO HO2U OOUHAKOBbI U MeNo ewe He Oelumcs, KaK )y HACEeKOMbIX, Ha 2PYOHOU U
OprowHol omoensi.
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Puc. 23. Pasnuunvie npedcmasumenu ompsod 8blCUlUX pakooopasuvix. 30ecs yce meno
NOOENeHO HA 20J06HOU, 2PYOHOU U OPIOWHOU 0MOelbl, KOMopvle HeCym KOHeYHOCHU
paszHoco cmpoenus. Jla u unenuku ycmpoenvl no-paswomy. Cmpykmypa ¢henomuna 6
npoyecce NpocpeccUSHOU I60II0YUU YCIONICHULACL, U mpedyemcs 6onbule uHgpopmayuu
07151 ee ONUCAHUSL.

PakooOpa3Hbie MPOHM3ONILIA OT MPEAKOB, MOXO0XKUX HA KOJbYATBIX 4YEpBEH. Y BBICIIUX
pakooOpa3HbIX, HAapUMep y PEYHOro paka, BCE WICHHUKH YCTPOEHBI II0-Pa3HOMY,
0COOEHHO Pa3UYAIOTCsl KOHEYHOCTH, M KaXIbIH WICHUK ITO3TOMY TPHUAETCS OMHCHIBATH
otnenbHOo. O0beM HH(OPMAIIMK MTOBBIMIAETCS: BEh ATO OoJee ClIokHbIN deHotum. U ata
HOBast MH(OpMAIU BO3HUKACT HE U3 HUYETO — U3 N30BITOYHON MH(pOpMaIiu (HEeHOTHIIA
(TIeHOM CHIDKEHHSI H30BITOYHOCTH).



www.NataHaus.ru

Puc. 24. Ha npedvioywux pucynkax vl suoeiu npumepsbl U3DbIMo4HOCmu UHGOpMayuu a
CmMpoeHuu mena UIEHUCMbIX HCUBOMHLIX — KOIbYAMbIX Yepeell, mpuiooumos,
MHO2OHOMNCEK. Y BbICULUX UIEHUCTBIX MOHOMOHHOCMb CMEHAEMC sl pA3H00Opazuem, Hoeas
ungopmayus 603HUKaem 3a cuem u30bIMOYHOU. Y peunoco paka npakxmudecku Kaxicoyro
KOHEYHOCMb HAOO ONUCLIBAMb OMOENbHO, UOO OHU BbINOJHAIOM pA3HblEe QYHKYUU U
umerom pasHyio popmy: nepeas u 6mopas napa — OpeaHvl Yyecms, ¢ mpemyveti no NAmyH
— Yenocmu, ¢ wecmoil no 80CbMYI — HO20HeNCmuU (nepeoarom Nuwy 4Y4emocmsm), ¢
0e6amoll N0 MPUHAOYAmMy!ro — XOOUNbHble, C YeMbIPHAOYAMOU NO B80CEMHAOYAMYIO —
oprownvle. [locneonss napa obpasyem «X60CmMoGOU» 6eep: XIAONAsL UM, PAK NIbléem
3a00M Haneped (nonzaem OH, KAK U 6Ce NpoUUe IHCUBOMHblE, 201060l 6nepeo, a He
nAMuUmcsi).

Omnpenensist 06beM HHPOpPMAIMKE TOTPEOHON ISl onMcaHus (PEHETHUECKOH CTPYKTYPBHI,
HE cIeyeT 3a0bIBaTh O CBS3AX MEXKIY MpH3HAKaM W opraHu3ma. JlomycThm, Ham
U3BECTHO O HEKOEM KMBOTHOM TOJIBKO TO, YTO y HETO OJIHA JieBas Jyra aopThl. Kaxkercs,
9T0 o4eHb Mano. Ommbaerech: OTCIOAa OJHO3HAYHO CJEIyeT, YTO CepAle y Hero
YEeThIPEXKAMEPHOE, JPUTPOLUTHI 0Oe€3 sep, XOpOLIO pa3BUTBIA MO3T, IOCTOSHHAS
TEeMIIepaTypa Teja. OTO 3HAYUT, YTO OHO OTHOCHTCS K KJIacCy MIICKONHUTAIOIUX. Takue
CICIUICHHUS TPU3HAKOB HA3BIBAIOTCS KOPPEAIHMSIMUA. BriepBble MX NIMPOKO MPUMEHUI
ocHoBarenb naneoHTtosiorun Kopx KroBee. M3BECTHO, 4TO OH MO OTIAEIBHOW KOCTH
YBEPEHHO OMUCHIBAN OOJUK KUBOTHOTO. CyliecTByeT aHekaoT mpo KroBbe: oauH U3 ero
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YYCHUKOB PEIIWJ HAJl HUM TOAIIYTHTh, HAJEN Ha ce0s IIKYpy C poramMu U KOTIBITAMH,
MOJIOIIEN K YUUTENIO HOYBIO U MPOPHIYA CTPAlIHBIM rojocoM: «S cbeM TeOs». KioBbe
CIIPOCOHBSA TBEPAO cKaszald: «Pora m KombITa — 3HAYUT, Thl TPABOAIHOEC M HE MOXKEIIb
cbecTh MeHs». Ciydail, KOHEYHO, BBIMBIIUICHHBIM, HO JOTUKY KioBbe neMOHCTpUpYyET
XOpO1LIO.

Bnpouem, OwiBamu cimyuau, korma joruka KrioBbe moaBoauia. bonbiioil W30THYTHIN
KOTOTh, HAWJEHHBIN OTAEIBHO OT MPOYMX KOCTEH, OH MpUIKcal MypaBbeny. Ha nene
KOr'OTh IIPUHAJIEkKAJ XAIUKOTEPUIO: KUJIU HA 3€MJI€ U JIOKHUJIM MOYTH 0 MOSBICHUS Ha
HEW 4YeJ0OBEKa CTpPaHHbBIE 3BEpPH, MO BCEM MPH3HAKAM KONBITHBIE, HO MMEBIIUE BMECTO
KOIBIT MOIIIHBIE HOTTU. Tak 4TO KOPPENsIUs OTHIOIb HE BCET1a OBIBACT MOTHOM.
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Puc. 28. B opeanuszme oona cmpykmypa modicem ¢ 60abuieli Ui MeHbell HceCmKoCmbio
onpedenams  O0emanu  cmpoenus Opyeou. HmenHo d3mo  NO360AUNO0  HAUEMY
3ameuamensHomy anamomy, AHMPON0I02y, apxeonozy u CKYIbnMmopy
M. M. I'epacaumosy paspabomams memood 60CCMAHOGIEHUS Auya no uepeny. 30echb
npugedeHvl 08e CXembvl: PeKOHCMPYKYUs IUYa HeaHoepmaibCKo20 MAlbYyuKa U3 2poma
Tewuk-Taw u 201061 cxughckoeo souna uz 6ozamozo nocpedenus. Jlobonvimno, ymo,
K020a Obll U320MOGNIeH €20 CKYIbNMYPHbIL Nopmpem, UCMOPUKU ONO3HANU €20 NO
bapenvepam u monemam. Imo okaszancsa ckughckuii yapb CKuayp.

Ham 3amewarenbHblid  aHTpomosior, aHaTtoMm © ckyasnTop M. M. I'epacumos,
PykoBoncTBysich Temu ke mnpuHIunamMu uto u KioBbe pa3paboran METOIUKY
BOCCTAHOBJICHUS JIMIIA 110 YEpeIy, MPUYEM C TOYHOCTBIO, yIOBIETBOPSIOIEH HE TOJIBKO
apXeoJIoTOB, HO M PabOTHHUKOB YTOJIOBHOTO pO3bICKa. A 3TO BO3MOXHO OCYIIECTBUTH
TOJIBKO B OJHOM CcClly4yae: KOIJla CTPYKTypa OJIHOM YacTh OpraHu3Ma OIpeesieT
CTPYKTYpY APYTOil.
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Puc.29. Ha monexynsaprom ypoene cmpykmypa blcuie20 YPO8Hs MAaKice Onpeoesemcs
cmpykmypou Husuieeo. Ha pucynke ceepxy nepsuunas cmpykmypa 0eika — yumoxpoma
C, nepeHocuuxa 371eKmMpOHO8 8 ObIXAMENbHbIX Yenax (0003HayeHus me dice, Mo U Ha
puc. 16). Bruzy: cxema emopuunou cmpykmypvl — chupaiu Ilonunea — Kopu. Ee
noooepxcugarom 8000poouvie ceazu medxcoy epynnamu —CO — u —NH — UYmo
0bpasyemcs u3 NOJUNENMUOa CO 6MOPUYHOU CMPYKMYPOU, NOKA3AHO HA Cledyiouem
PpUCYHKe.

DTOT NPUHIUT COOTI0AETCS B IPUPOIC HAUMHAS C MOJIEKYJISIpHOTO YpoBHS. [lepBuuHas
CTPYKTypa OEIKOBOH MOJIEKYJIBI — 3TO TOCJIE0BATEIIbHOCTh AMUHOKHCIIOTHBIX OCTAaTKOB
B noymnentuae. CocenHre 3BEHbS B MENTUIHON IETIOYKE COCTUHSIOTCS BOJOPOIHBIMHU
CBSI3sMH, 00pa3ys chupayieoOpasnyio ¢urypy (Tak HaspiBaeMas crnupainb [lomuHra-



www.NataHaus.ru

Kopwu). Oto Bropuunas crpykrypa. Ho cniupanp [TonuHra takxke o0pasyer TpexMepHYIO
TPETUYHYIO CTPYKTYpY, chenuduuHyro ans Kaxpaoro Oenka. HakoHew, oTaenbHble
OeTKOBBIE TI00YIBI MOTYT OOBEAMHATHCS ITOTAPHO U TI0 YETHIPE, a TO B 0OJIbIIe, 00pa3ys
YEeTBEPTUUYHYIO CTPYKTYpYy. TakoB, Hanpumep, reMorJIoOnH.

U Bce 3T CTPYKTYpBI OMPEACIAIOTCS OJHOW — NMEPBUYHOM. 3HAYUT, B TCHOTHUIIE HYXKHO
KOAMPOBAaTh TOJBKO MOCJIEI0BATEIBHOCTh AMUHOKHCIIOT, BCE OCTAJIbHOE BO3HMKACT IPU
COOTBETCTBYIOIIMX YCIOBUSAX CaMo.

Msl yxe paccMaTpuBajIM IpUMEpP C BUPYCOM Ta0auHOM MO3aMKH, KOTODPBIM IpH
NOJKHUCIEHUN CpeAbl pacnajaercs Ha oTAenbHble Moiiekyinsl Oenka u PHK. Ilpu
HOJIIETAaYUBAaHUN TPOMCXOJUT OOpaTHBIM mpolecc, MMEHYeMblii camocOopkoi. Bce
BUPYChl B KJETKaX XO35MHa BO3HUKAIOT B peE3yJbTaTe CcaMOCOOPKH MOJIEKYJ
HYKJIEMHOBBIX KHCJIOT U O€JIKOB, M MX CTPYKTYpbl OJIHO3HAYHO ONpEAEISIIOTCS
TI0CJIEIOBATEIFHOCTEIO aMUHOKHCIIOT B OeNKax (1, 3HauuT, Hykieotuaos B JJHK).

W He Tonbko BUpYCHL. B pe3ynbraTte caMocOOpKH BO3HUKAIOT BCE KJIETOYHBIE CTPYKTYPbI
— puboCOMBI W KIETOYHbIE MeMOpaHbl. A camMu KiIeTku? Bo3pMmeM s mpumepa
IIPOCTEHILIEE JKUBOTHOE; BCEM U3BECTHOI'O IPECHOBOIHOIO Nojuna — rugpy. @enorun ee
COCTOUT M3 HEMHOTHX THUIIOB KJETOK (OKkoyio necsitu). [laBHO yxke craBaT 3(QeKTHbIe
OIIBITHI, KOTAA TP PACTUPAIOT HA OTAEIbHBIEC KJIETKH U U3 HUX B PE3yJIbTATE IIpoLecca,
MIOXO0KEro Ha caMOCOOpKY, BO3HUKAET 1ieJasi ThIpa. 3HauUuT, CTPYKTypa (PeHOTUIIA TUIPbI
OJIHO3HAYHO OIPEAEIIAETCS CBOMCTBAMHU KIIETOK, €TI0 CIararlux.

C BbICHIMMM OpPraHW3MaMM TaKOW OMBIT HE MOCTABUIIb: CIIMIIKOM MHOTO TUIIOB KJIETOK U
CJIMIIKOM CJIO’KHBIE€ CTPYKTYPbI OHH 00pasyIoT.

Meowaza 3%
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Puc. 31. Cxema nonyyenus annogennvix muviuiei. M3 aiiyeso0os depemennvix Mmuluiel
u3enekaiom AuYyexnemky Havasuwiue Opobumuvca. JlIyuwie ece2o onvim yoaemcs nocie
mpex oenenuti (cmaous 60comu d61acmomepos). /s naznaoHocmu siyexiemxku oepymcs
¥ muiuwteti pasuot macmu. Ecau obpabomams densweecs aiiyo nponazou — ghepmenmon,
pacwennsiowum 6eaKu, OHO pacnadaemcs Ha omoenbHuvle baacmomepuvl. Ommbvimosie om
pepmenma baacmomepsl CHOBA CIUNAIOMCS, 0AdCE €CU OHU OM PA3HBIX NOPOO MbIULE.
«Peaccoyuuposannviily 3apooviii MOJCHO nepecaoumv 6 AUYeeoovl Opy20U CAMKU
motwy. Dunan — npuemMHas MAMv UZYMAEHHO CMOMPUM HA HU HA YMO He Noxodicee
nomomcmeo (kaxk ma Cosa u3 «Bunnu-IlIyxa» komopas no owubke checia 2ycumoe
Aauyo).

Ecnu pactepers BbICIIEE )KMBOTHOE, CKaXXEM KPOJIMKA, B KaIIUIy, U3 KIETOK OH 3aHOBO
He BoccTaHOBUTCS, Ho Ha paHHMX CTaausAX pa3BUTUS MOJOOHBIE AKCHEPUMEHTHI
ylaBaluCh. BBl 3Haere W3 IIKOJBHOTO Kypca, YTO OIUIOJOTBOPEHHAS SIMIIEKIIETKA
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MJICKOITMTAIONIETO YK€ B SHICBOJAX HAUWHAET APOOUTHCS, 00pa3ys 3apossi. [locme
Tpex ApoOIEHUI 3apOABbIII COOTBETCTBEHHO COCTOUT M3 BOCHMU KJIETOK (OJI1aCTOMEpOB).
3aponpllield MBIIIA HAa OSTOW CTAaUU W3BJIEKATWM W3 SWUIEBOJAOB M 00padaThIBAIU
pacTBOpOM MpoHa3bl. IT0 (hepMeHT, pacumerssomui 6enku. [pobsmascs siiexneTka
pacnajanach Ha OTIENbHBIE O1acToMepbl. MOKHO cMemaTh 0J1acTOMEPHI Pa3HBIX TTOPO.T
MBIIIEH, HAIpUMEP Pa3IUYarolUXCsl 10 OKPACKE, OTMBITh OT MPOHAa3bl U yBUIETh, Kak
OHM OYIIyT CIMMATHCS APYT C APYTOM, BHOBH 00pa3yst 3apoabiil. Takoil 3apoabIin MOKHO
nepecajauTb APYrol MBIIIU U TOPACTUTh JO POXKACHHUS U B3POCIOTO COCTOSIHUSA. MBIIiei,
SIBUBIIIUXCS HA CBET B MOJIOOHBIX OTBITAX, HA3BIBAIOT AJIOPCHHBIMHU.

OHU — IOTOMKHU TpeX, YeThIpex U Oonee poauTenel (B 3aBUCUMOCTU OT TOTO, CKOJIBKO
3aponpimei Mbl cMemanu). Ha puc. 31 mokasaHo u3ymieHHe NPUEMHON MaTepu INpuU
BUJIE CBOET0 MO3aMYHOI0, MTOJIOCATOTO TOTOMCTBA.

[TocTremenHO B yMmax wWcclenoBareneid copmyiaupoBaigach Haes, 4YTO B TEHOME
AULEKIIETKA 3aKOJMpOBaHa JHIIb HWH(GOpMAaLKi O MEPBUYHON CTPYKType OEIKOB U
OYEpPETHOCTH ¥ WHTEHCUBHOCTH WX CHHTE3a. 3aKOJIMPOBaH, KOpOue TOBOps, HE caM
deHoTHUI, a cepHsi MHCTPYKIMI MO €ro CO3/JaHHI0 — caMOCOOpKE Ha YpOBHE yacTei
KJICTKH, CAMOCOOPKE Ha YPOBHE KIIETOK, TKAHEH U OPTaHOB.

U Tyt okazanock, uro JIHK B sigpe... yepecuyp MHOTO. Beero Mbl 0ujanu, HO TOJIBKO
He artoro! IIpoBepuM MONTyYEHHBIN OIIETOMIISIOIINNA BBIBOJ IPOCTHIM PacCUeTOM.
Mornekyibl pa3HbIX OENKOB Pa3MYaroTCs MO BEIMYMHE W MOJICKYJSIPHOM Macce, Cpeau
HUX €CTh M KPOIIKH, COCTOSIIINE W3 HEMHOTHX JIECATKOB aMHUHOKHCIIOT, U HACTOSAIINE
ruranTel. Hampumep, MonekyssipHas Macca MOJIEKYJIBI CUHETO JbIXaTeIbHOrO MUTMEHTa
BUHOTPATHON YJIUTKH T€MOIIMaHWHA OKOJIO JIEBSITH MWIIHOHOB HanbToH. Ho B pacuerax
yaoOHee onepupoBaTh CPeIHUMHU BenuuuMHaMH. «CpemaHuii» OeloK, XapaKTepHBIA s
BCEH KHUBOW MNpHUPOAbI, coiepKuUT mnpuMepHo 300-350 aMUHOKHCIOTHBIX OCTAaTKOB.
3HAUYUT, pa3Mep «CPEeAHEro» reHa, KOAUPYIoIero 0enok, 6e3 ydera pazmMepa UHTPOHOB,
BCTaBJICHHBIX B HETO, OKOJIO THICSIYUA HYKJICOTHIOB.

Orcioga cneayeT, YTO TE€HOM MJIEKONMTAIOIIUX MOXKET CcoAepKaTh HH(OPMAILUI0 O
CTPYKTYpe MHJUIMOHA M Oosiee O€NKOB, a T€HOM IUIOJOBOM MYIIKU-APO30(QUIbI — HE
MEHee CTa ThICAY OENKOB. Y HEKOTOPBIX 3€MHOBOJHBIX C 0CO0O0 OOJBIIMM T'€HOMOM —
JECATKA MHJUTHOHOB! OTH (DaHTACTUYECKHE BEIMYMHBI COBEPIICHHO HE COTJIACYIOTCS C
JTaHHBIMHU, MOJIYYEHHBIMH JAPYTHUMH MeETOJaMU. Y TOMl e Apo30(uIIbl THMTaHTCKUE
XPOMOCOMBI CIIOHHBIX JK€JIe3 TOIMEPEYHO HMCUYEPUYEHBI, Kak OBl TOJEICHBl Ha JOIU —
xpoMoMepsl. ['eHeTHuecKkne SKCIEepUMEHTHI Kak OyATO Obl MOKa3bIBAIOT, YTO B KaXJIOM
XpOMOMEpE COIEPIKUTCS TOIBKO OAWH I'eH, KOJUPYIOMU OelI0K. A 4HCI0O XpPOMOMEPOB
MOJICYUTAHO — UX OKoJo maTH Thicsd. [lo-Buaumomy, ¢eHOTUNT  APO30QPHIIBI
OTIpEe/IeNIACTCS CUHTE30M JHIb TSITH ThICSY OenkoB. M 3TO Xopomio cormacyercs ¢
JAaHHBIMU, TIOJTy49eHHBIMU MeTofamu onoxumun. A JIHK B renome B 20 pa3 Gosbiie.
CKONbKO OENKOB MOTYT CHHTE3UPOBATh KIIETKH MIICKOINUTAIONINX, MOKa €Ile TOYHO
Hen3BecTHO. Ho mpenBapuTenbHblEe pacyeThl MOKAa3bIBAIOT: MpUMEpPHO S0 ThICAY U YK
Hukak He Oonbire 100 Teicsu. A JIHK xBaraeT Ha 3—6 MWIUIHOHOB, OMATH MOTYYaeTCs
MOYTH CTOKpATHBIA M30BITOK. U ecnu paHble MccieqoBaTean JoMald TOJI0BY Hal TEM,
/I ellle MOXKET XpaHUThCs TeHeTudeckas napopmarms, nomumo JJHK, To Teneps Bcraer
BOIIPOC: a YTO ke AenaeT «JmmHss» JTHK?

Hamek Ha oTBeT MOXHO HalTH B clenyroule aHaiorud. Moil koiutera Biagumup
BacunbeBud MEHIIYTKUH, KPYMHEWIIMI Hall CHOEHUATUCT [0 MOJSIUPOBAHUIO
OMOJIOTMYECKHUX MPOLIECCOB, KAK-TO PEIIMJI CMOJETUPOBATh HAa OBICTPOACHCTBYIOIIEH
OBM mnporecc 3Boonnn. B MammmHAY0 TaMATh OB BIIOKEHBI ONTUCAHUS MTPOCTEHIIIIX
OpPraHU3MOB BpOJI€ WICHHCTOI'O YEpBs WJIM K€ JIaHLeTHUKA. [[oquuHssACh mpocTedum
3aKOHOMEPHOCTSIM, BJIOKEHHBIM B MPOTrpamMMy, OHU JOJDKHBI OBLIM 3BOJIOLUOHUPOBATH
BIUIOTH JIO CYILECTB, YK€ MOXOKHUX Ha MpeJKa YesiOBeKa — MUTEKAHTpONa, Ha XyAOou
KOHEIll, aBcTpajionuTeka. Ho MammHa HE NpueMsieT 4eI0oBE4YECKOrO MHOTOCIIOBHS W
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OTMHMCaHUE BHOBH TMOJIYYCHHBIX (OPM BBIJAET B BHUJE KPATKOM CTPOYKU YCIOBHBIX
CUMBOJIOB ¢ MHAeKcamH. Ee mpuxoaunock pacmudpoBbiBaTh, MEPEBOAUTH B CIOBA U
MOJIYYEHHOTO MAIIMHOW 3BEPSI pPUCOBATH CAMOMY.

MeEHIIYTKUH pemi M 3TOT MOCHEAHMM 3Tal — PEKOHCTPYKLUMIO — BO3JIOKWUTH Ha
MalluHy: MyCTh OHA, HAMpPUMEp Ha JKpaHEe NUCIUIesA, caMa H300pa3uT TO KUBOTHOE,
KoTopoe co3nana. OHaKO 3TO OKa3ajJoCh HEOXHAAHHO TpyAHbIM. Korma Mmbl pucyem
MalIMHHOE KMBOTHOE IO BBIJIAHHOMY OIKMCAaHUIO, TO HE MPHUPUCOBHIBAEM, HAINpPUMED,
XBOCT K TOJIOBE, a MepefHHe HOTM IMOMEIIaeM BIepeAu 3aJHUX, a He HaobopoT. K
uH(pOpPMAITNH, BBIJAHHONW MAIIMHOW, MBI HESIBHO TPHOABJISEM CBOIO, M3 COOCTBEHHOM
rojsioBel. Ho MammHa mnpaBUIIBHOTO pacIONIOXKEHUs 4acTed Teina, yBbl, HE 3HaeT. Ee
MPUXOJUTCS 3TOMY VYHTh — 3aKjIaJblBaTh B MAaIIMHHYIO MaMSITh HHCTPYKIHMIO T10
paCTOJIOKEHUI0 M COOTHOILIEHUIO YacTed. HeoxkugaHHO MOMy4YMiIoch, 4TO 00BEM
uH(POpPMAITMH, 3aKIIOYEHHBIM B 3TUX HWHCTPYKIUSAX, 3HAYUTEIBHO MPEBBIIIACT CaMO
omucanue! A JIHK yuuth HekOMy, OHa JOJKHA BOCIIPOM3BOJAUTH CIOXKHBIA (PEHOTUI
cama, 0e3 momonIu 0oJiee CIOKHBIX HHOOPMANMOHHBIX cucTeM. 3Ha4uT, momumo JITHK,
NOTPeOHON JUIsI KOAUPOBAaHMSI OENKOB, JOJKHA OBITh PETYNATOpHAs, KOTOpas eIe
HEW3BECTHBIMHU HaM MYTAMH «BKIIOUYAET» U «BBIKJIIOYAET» HYKHBIC U HEHY)KHbIC TaHHOU
KJIETKE T'€HBI.

Ha puc. 25 pana cxema CTaHOBJIEHUS CIOXXHOTO MHOTOKJIETOYHOTO OpraHu3Ma.
OmnogoTBOpeHHAs KIeTKa ApoOUTCsS Ha JBa Onactomepa, MOTOM Ha 4eTbipe. Ha atmx
cragusix Onmactomepbl WACHTHYHBL. Hemapom, ciydallHO pa3beIUHUBIINCH, OHU
Pa3BUBAIOTCS] CAMOCTOATENBHO U CTAHOBATCSA UIEHTUYHBIMHU KONUSIMU OJHOTO OpraHUu3Ma
— OIHOSAHIEBBIMY Onm3HenamMu. KeraTi, naeHTHYHBIME HEe coBceM: 3 OTHOM ITOMTOBUHKHI
4acTO pa3BUBAETC MpaBIlA, U3 APYroil — jeBuia.
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Puc. 25. Unousudyanvnoe pazeumue opeanusma (ommoeene3) Kak Ovl nogmopsem
960IIOYUOHHBI NPOYECC YCIONCHeHUs opeanuzayuu. Ailyexiemka, nanpumep, MOPCKO20
edxca Opooumcs Ha Onacmomepvl, NEPEOHAUANLHO OO0uHaxosvie. I[lomom KiemKu
3apoobilua UBMEHAIOMCS, KAXNCOAs NO-C80eMY, NOOUYUHSAACL 2eHemUYecKol npozpamme.
U3 usbvimounoti  umgopmayuu  0OUHAKOBLIX  OIACMOMEPOS  NONYUAEMCs  HOB8As
ungopmayus cneyuanusupo8aHHsIX Kiemox, a 3amem mranel u op2aros. B pezyromame
0b6pazyemcs IUYUHKA — IXUHONTYMeEYC, d U3 Hee — 83pocblil Mopckou exc. Cnesa 8eepxy
mom Jice edxc, 8 paspeze no IKeamopy, umodwvl OblI0 8UOHO €20 CLONCHOE BHYMPEHHee
cmpoeHue — dicegamenvHulll annapam (Apucmomenes ¢onaps — 1), kuweunux (2), yacmu
800HOCOCYOUcmou cucmemul (3, 4, 5), nonoswie sncenesvl (6).

Ho yxe mocne tpeThero ApoOieHust KJIETKU 3apoibllia CTAHOBITCS HEUIEHTUYHBIMU —
o pasMepy, HaOOpy CHHTE3UPYEMBIX OENKOBBIX MOJEKyl W Oyaymed cynpsdoe B
OHTOreHese. B pesynpraTe mosydaercs y MIIEKOMUTAIOUIUX OKOJIO COTHHU DPA3IUYHBIX
TUNIOB KJIETOK. M (akThuecku Bce KIETKH, pa3nudHble 1Mo Qgopme u (QYHKIUSIM C
TeHEeTUYECKON TOYKM 3pEHMsI, OTIMYAIOTCA TOJBKO TEM, YTO B HHUX CHHTE3HPYIOTCS
pasHble 6enku, To ecTh Tpanckpunuus PHK uner ¢ pa3HbIx reHoB.
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Puc. 26. U3z npeovioyweco pucynka ewvimexaem arobonvimuoe cieocmeue. Hempyono
coobpazums, 4mMoO HeM paHbule 2eHemuyecKas NpoSPaAMMA USMEHUm C80UCMEd
Onacmomepa, mem peszue CKAICemcsi 3mo Ha 3apooviute. Bedv Oiacmomep nomom
oenumcs 0ecsamKu, a mo u COMHU pas, U 6ce MKAHU U OP2aHbl, NOLYYUBUIUECS U3 He2O,
MAaKice HACIeOVIOm 8 O0eCAMKU U COMHU pPA3 PA3ZMHONCEHHOe, VCUNEeHHOe U3MeHeHUe.
Ilosmomy pannue uzmeHenus OIACMOMEPOS HEBbICOOHbL: OP2AHUIM MOMCEM COUMU C
HOPMANbHO2O nymu pazeumusi. Mzmenenus Ha 6onee NO30HUX CMAOUAX He MAK CUTbHO
usmensom pazeumue. Taxk, npu 3anycke KOCMUYecKoll paxkemsl OuuUOKa 6 mpaeKmopuu
Ha OOHY Y2ll08YI0 CEKYHOY Yy8edenm ee 34 COMHU MbLCAY KULOMEmMpPO8 Om yeiu, HO maKas
Jice ouwUOKa 6 KOHYe NOema yice HeCyweCmeeHHd, ero MOJCHO npenebpeus. Tlosmomy
PpauHue cmaouu pazeumusi OpeaHuU3Mo8 OO0JNCHbL ObiMb KOHCEPEAMUBHLIMU, V CAMbIX
0aneKux U008 GecbMd CXodxcumu. Bom mbl u npuwiiu nymem HUCMO 10SUHECKUX
paccysicoenutl K 0OHOU U3 meopem Ouoiocul — Max HAa3vl8aemMoMy OUOCeHeMUYECKOMY
3akony Mionnepa — ['exkens. Pannue cmaduu pazsumusi exuoOHvl U KeHZYpy, OA€Hs U
KOWIKU, MAPMbIWKU U Yel08eKd 6eCbMa CXOOHbl (6epxHull psaod). A Kak paziuuaromcs
83pocible Opeanuzmbl!..

Benb reHOMBI y HUX, KaK NpPaBHUIIO, OCTAIOTCS OIMHAKOBBIMU. M3 3TOro mpaBumia,
KOHEYHO, €CTh HCKJIIoUeHHUs. Kak yxe ymoMHWHaIOCh, SPUTPOIMTHI MIICKOITUTAFOIINX
BOOOIIE TEPSIOT sapa. Y OPraHU3MOB CO CTPOro (PUKCHPOBAHHBIM HYHCIOM KIETOK
dbeHoTUNa YacTh MaTepHaia XpoMOcoM BbIOpachiBaeTcs u3 suapa: Ta JIHK, xotopas ne
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HY)KHa IS SKM3HEIESATEIBHOCTH CIIEIHAIM3UPOBAHHBIM KieTKaM. OcoOeHHO 3To
HAIJSHO Y acKapubl: € XPOMOCOMBI B NPOIEcCe Pa3BUTHS Kak Obl OOTpEIbIBAIOTCS,
TCPsAA 3HAYUTCIbHBIC KYCKH, HO KJICTKH, U3 KOTOPBIX Pa3BUBAIOTCA ITOJOBBIC, COXPAHAIOT
T€HOM B IIEJIOCTH.

Ho »T0 nckitouenue. A B nogasisitomnieM OOJIBIIMHCTBE CIIy4aeB, Kak Obl HU OTJIMYAJIACh
KJIETKAa OT HMCXOJHOMW SHIIEKIIETKH, TE€HOM ee CTa0bmieH. MOXKHO NpennoioXuTh, 4To,
€CJIM Mbl aKTUBHUPYEM CIIANINC, 336J’IOKI/IpOBaHHI>IC T'CHBI d4pa, Mbl 3aCTaBJIACM KIICTKY
pa3BHBaThCS MO0 HECBOWCTBEHHOMY €if ITyTH.

Puc. 32. Ilpogeccop Kembpuoscckoco yuueepcumema . ['époon  npooenan
3ameyamenvhvlii onvim. OH 0OIYUUN YILMPADUONEMOM UKPUHKU WUNOPYEBOU NASYUKU
(3Mo 3eMHOB00HOE, CMPO2O 2080P3l, He NAZYWKA, OHA DIUSKA K 3HAMEHUmOU Jxcabe-nune,
XOpOULo pazeooumcs 8 1ab60pamopusx u cmaia uzno0jeHHbIM 00beKmMoM dIMOPUONO208).
Tem camvim A0pa uUKpUHOK ObLIU UHAKMUBUPOBANBI, NONpOCcmy Youmsl. 3amem 6
KancOy10 UKPUHKY MUKDOMAHUNYJAMOPOM 66elU A0pA KIeMmOK KUUEUHO20 DNUmenusl
opyeoul aaeywkuy. [na Ha2naoOHOCmu UKPUHKU OpAanucs y JASYUKU OUuKou 0ypo-3eneHol
oKpacku, a s0pa — om 0eno-po306020 anvouroca. Mkpunku nocie nepecaoku so0ep
PA36UBANUCH HOPMATLHO, U 6Ce NOJYYEHHble MAKUM CHOCOOOM NAYUAma OKA3AUCH
anvounocamu. Ha pucynxe 6sepxy, ciesa nanpago: omey u Mamo JASYWKU, ¥ KOMOPOIUL
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opanucey s0pa, u Oypo-3enenvili 0OHOP UKPUHOK. Buuszy: nomomcmeo (ymecmuo 3adamo
80NPOC: Ybe OHO, KMO UX omey u Mamsy?)

B 3Tom Hac yOex1atoT MHOTOUMCIIEHHBIE OMBITHI. BOT OMH U3 HUX, OBITH MOYKET, CaMbIi
KpacuBblid. AHrnuickuil yuenbsli k. ['€pnoH mpu momMomy MUKPOMaHHUITYJISTOpa —
npruOoOpa, TMO3BOJISIIOIIETO pa3pe3aTh OAKTEPUIO HA J[BE paBHBIC TOJOBUHKH, BBIHYJ W3
KJIETKM KHUIIEYHOI'O SMUTENMS IUMOPLEBON JIATYIIKK SAPO M BBEI €ro B SIMUEKIETKY
JOPyTOH JATYIIKHA (AP0 SHIEKIETKH ObUIO YOWTO YIbTPa(HOIIETOBBIM H3ITyUYEHHEM).
Uyxoe Aapo MPKWIOCh, SHIEKIETKA cTala JPOOUTHCS, U TMONYyUMIICS HOPMATbHBIN
rojoBacTuk. Jlsrymka, mody4uBIIasicss U3 HEro, objajajna BCEMHU INpPU3HAKAMH TOU
ocobu, U3 KoTopoit 6panock sapo. Keratu, mo00nbITHRINA BOIPOC: KTO MaTh M KTO OTEI]
MOJTy4YEHHOM B AKCIEPUMEHTE JATYIKU? JIJ1g HarJIsIAHOCTH SIAPO U3BJIEKATIOCh U3 KIETKU
0eno-po30BOM JATYIIKH, albOWHOCA, U MEePECaXUBAIOCh B ANUIIEKIETKY OOBIYHOI Oypo-
3esieHor. Bee momyueHHbie TakuM crmoco0oM 0CO0M OKa3alIiuCh allbOMHOCAMU.

SlcHO, YTO [OHOp SHUIEKIETKH HE MOXKET ObITh Marepblo. SiillekieTka 3aech —
cBOCOOpa3HbIii WHKyOaTop. M ortem, M Marhk 3TOro (aHTACTHYECKOTO JIATYIIOHKA —
poauTENd TOW OCOOM, OT KOTOpPOW OBLJIO MO3aMMCTBOBaHO sapo. He wuckioueHa
BO3MOXKHOCTb, YTO MpoOJIeMa KIOHUPOBAHUS, T0JI00HON pEeIUIMKaIlMi BCEX KUBOTHBIX U
marofeil OyneT pelieHa paHbllle, YeM YelOBEYEeCTBO MeperaeT pyOexk IBYXTHICSYHOTO
roja.

Hrak, npobnema «umnei» JIHK kak Oynro Obl pasperraercs. 9T0 B OCHOBHOM CBOEii
gactu perynstopHas JIHK, mukryromas kierke, keM eil ObiTh. [uddepeHnnpoBaHHbIe
KJIETKH, B CBOIO Ou€pelb, B3aUMOJCHUCTBYS IPYr C JAPYroM, KaKk aMHUHOKHUCIOTHI B
NOJIMIENTUIHON LIeTo4Ke, 00pa3yloT HOBBIE CTPYKTYpbl. TONBKO CBSI3U 37€Ch JIPYTHE:
9TO TJIaBHBIM 00pa3oM «cuibl BaH-nep-Baanbca» — Te camble, KOTOpbIE yYacTBYIOT B
MOCTPOCHUU MeMOpPaH KIIETOK.

HoBble cTpyKTypbl — TKaHU opranu3ma. M u3 HUX BO3HUKAIOT OpraHbl U BECh OPTaHHU3M B
nesnoM. MaTpuuHbld CHHTE3 W caMOCOOpKa — BOT YTO OIpeneisieT B KOHEYHOM cueTe
nocTpoeHne (HeHOTHIA.

Ho srtoro mano. ®enotun ropasao O6egHee reHOTHIA, TPYIaMH KOTOPOTO OH IOCTPOEH.
Mp1 XpaHUM B CBOMX T€HOTHIIAaX MH(OPMAILMIO O CTPOCHUU MHOTHX (DEHOTHIIOB CBOUX
IPEKOB — U HEMOCPECTBEHHBIX, U TOpa3io 0ojee JaneKux.

PeGenok uacTo ObIBaeT MOX0XK HE HA OTIA WJIM MaTh, a Ha IEAYIIKY Wi 0a0ymKy. ['eHsr,
oTpeneNsABIINe T0y00i BET Ia3 JAeIyIIKU, IPOSIBIIUCH B (PEHOTHUIIE BHYKA, XOTS OTell
u Obul KaperyasbiM. Takue ciydyan BecbMa OOBIUHBI, HO OHU BCErja MOpakaroT Halle
BOOOpakeHUE, BCEISIsl KaKOW-TO CTpax Iepes] HENMOHSATHOM CHUJIONW HacieICTBEHHOCTH
(BcmomuuTe X0Tsa Ob1 «Cob0aky backepBuieity, riae He TOJBKO (EHOTUIMUYSCKUE YEPTHI,
HO W uepThl Xapakrtepa npaunrypa ['yro backepsuins mposiBistorcss y CT3IITOHA, €ro
OTJICHHOTO TTOTOMKA).

Ho mamsiTe reHoTuIIa HAa MHOTO TIOPSIIKOB BBIIIE MaMSTH CaMbIX UMEHUTBIX JIBOPSHCKUX
pOAOCIOBHBIX. Bce MBI 3HaeM, YTO KHUTHI JIMIIECHBI 3aJHUX KOHEYHOCTeW. [loTepsiin oHn
HOTM, OYEBUIHO, €II€ B Hayaje »J0lEcHAa. TeM He MeHee B CpEeOHEM Ka)Ibli
JECATUTBHICYHBIA KAllaJIOT POKIAAETCS C 3a4aTOYHBIMM 33JHUMHU HOTAaMH. A 3TO MOXKET
O3HayaTh OJHO: T€HHBIH HAOOp, OTBETCTBEHHBIH 3a MOSBJICHHE B (EHOTHUIE 3aJHUX
KOHEUYHOCTEH, COXpaHsIeTCs B 3a0JI0KUPOBAaHHOM BHjie 60 MIJIJTHOHOB JIET.

Bce MBI 3HaeM, 4TO BOJIOCSIHOM MOKPOB MJIEKOIMUTAIOIINX Pa3BUJICS U3 POTOBBIX YEIIyEK
JIPEBHUX PENTWINI. AHAJTOTHYHBIMU YEIIYWMKaMH TOKPBITHI XBOCTBI MBIIIEH WU KPBIC.
JpeBHUl NpHU3HAK BO3POAWICA CIIyCTS COTHIO MUJUIMOHOB JIET Yy IIPEACTaBUTENICH
JIpyroro kiacca!

Wrak, B reHOTHNAxX CKpbITa MHPOpPMALUSA O CTPYKTypax BechbMa JpeBHUX mpenkoB. Ho
3TOr0 Masio. BcnoMHUM O crmocoOHOCTH OpraHu3MOB K peryisaiun. Hanpumep, Oakrepus
KHIIEYHAas NaJo4yKa XOpOIIO PacTeT Ha CTaHAAPTHBIX CPEAAx IZie HCTOYHUKOM yriepoja
ABJISIETCS TJIIOK03a. 3aMEHUM B CPeJie MIIOKO3Y APYTUM YII€BOAOM — MOJIOYHBIM CaXxapoM
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J1aKTo30U. bakTepun HEMENJIEHHO OTBETAT Ha 3TO BO3JEHCTBUE: HAUHYT CUHTE3UPOBATh
HOBBIH (pepMeHT, ranakro3uaasy, paclleIIOUINA JaKTo3y Ha IPOCThie caxapa (TIHK03Y
u ranakro3y). He 1o6aBb MbI B cpelly MOJIOUYHBIN caxap, Mbl Obl ¥ HE MOJ03PEBAIIH, UTO B
IreHOME KHILIEYHON MaJo4YKu CYLIECTBYEeT T€H, YIPABISIIOMUI CHHTE30M 3TOrO
¢depmeHTa, — BeJlb B eHOTUIIE OOBIYHO OH HE BBIPAYKAETCSI.

Takux QepMEeHTOB, aJaNTUBHBIX WIM HHIYLHUPYEMBIX, B TEHOMax OakTepHii
3aKOJIMPOBAHO HEMAJIO, U OHU TOMOTAalOT UM BBDKHUTH B TE€X CiIydasX, KOIJa yCIIOBHS
cpenbl pe3ko u3MeHstoTcs. Jlummre OakTepuio aHuMoHa (POCPOpHOM KHUCIOTHI, O€3
kotoporo He nocrpouins HU JJHK, vu PHK, u ona cpa3sy Bkimrouaer reH, KOAMpyOMUn
meno4yHyto ¢ocdarazy. 1o GepMeHT, pacuienstomuil 3pupsl GocPOpHON KUCTOTHI.
[IpaBna, Gakreputo MOXHO O0OMaHyTh. ECTh BemiecTBa, KOTOpble MHIYLHPYIOT CHUHTE3
¢dochartaspl, HO JaHHBIM (EPMEHTOM OHHU HE paCILEIUIAIOTCSA, T€H aKTUBUpYeTCs
BXOJIoCTyI0. I HA00OpOT, HEKOTOpBIC COCIUHEHUS MOTJIH Obl CTaTh HCTOYHUKOM
KEJIaHHOT'0 aHWOHA, HO MHIyIIUPOBATh CUHTE3 3TOr0 (pepMEHTa OHU HE MOTYT.

Puc. 33. Ilpu u3smeHenuu 6HeWHUX YCIOBUll 6 KIEMKAX OP2AHUSMOS MO2Ym
«BKIIIOUAMbCAY 2€Hbl npedicoe 3abnoKuposanHvle. Pezynomam — usmenenue eneuwinezo
obnuka opeanusma.

A — 800sHOUL 1TOoMUK (N0OBOOHBIE TUCMbA 21IYOOKO paccedeHHble, HA080OHbLE YelbHblE).
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b — 6oonoe pacmenue cmpenonucm: noogooHvle NUCMbs NeHMOBUOHbIE, BbIMAHYMbIE,
naasarowue, NOYKOBUOHBIE, HAOBOOHbIE OelCMEUMENbHO NOXONCU HA HAKOHEeUHUKU
cmpen. MHOykmop usmeneHus, 30ecb He 8004, a c1aOas 0C8eujeHHOCMb. 3ameHume
CMPpeNoUCcm, pacmywutl Ha cyuie, Uy He2o 6y0ym 603HUKAMb JIeHMOBUOHbLE NOOBOOHbIE
JIUCTbAL.

B — cocna pacmywas 6 oxpyscenuu cebe noooouwix (1) u omoenvno pacmywas (2) I' —
NPOCMOlL ONbIM, NOKA3LIBAIOWULL, YMO Y Kapmogeus u3 0OHUX U mex e 3a4amkos Ha
c8emy B03HUKAIOM NUCMbA, d 6 MeMHOme — KIYOHU (HA 3MOM OCHOBAH HeXUMPpbllL
azpomexHu4ecKull npuem — OKy4ueaHue nogviuiarouee 8bixoo0 KiyoHeti)

3HauuT, nHGOpPMAIKs O MHOTHX MpHU3HAKax (peHoTuna y 6akTepuil B TEHOTHIIE 3araceHa
BIIPOK, OOBIYHO OHA HE TMPOSIBIIIETCS. A KakK JIesl0 00CTOUT y BbIcmux opranu3mos? Ilo-
BUJUMOMY, OOJIbIIIE BCETO MPU3HAKOB (PEHOTHUIIA, 3aMTACEHHBIX BIIPOK, Y PACTEHUN. DTO U
IIOHATHO: MPU PE3KOM CMEHE YCIIOBUI BHEIIHEH CPElbl JKUBOTHOE MOKET YUTH B MECTA,
Oosee OmaronpusiTHbIC, a PACTEHHUS JOKHBI BCIO KU3Hb MPOBOAUTH B TEX MECTax, KyJa
MOTIAJI X CIIOPBI U CEMEHA.

CpaBHuTe, Hampumep, CTPOMHYIO COCHY B COCHOBOM OO0pYy, KPSIKUCTYIO OTIEIBHO
pacTylIyI0 M 4aXJyl HMCKPUBJICHHYIO COCEHKY Ha c(harHOBOM BepXoBOM Oonore. 31ecCh
UHAYKTOP, W3MEHSIOMINNA OONUK pacTeHMs, — IENblii KOMIUIEKC (DaKTOpPOB BHEIIHEH
cpeabl. Ho MOXHO mo100path MpuMeEpsl, T/1€ UHIYKTOP, Ka3ajJoCh Obl, JIETKO BHISIBUT.
Xopolio M3BECTHOE MHOTHM BOJSIHOE PACTEHUE CTPENIONHUCT UMEET JHUCThS Pa3HOMN
dopmbl. Topuamue W3 BOABI OTJIMYAIOTCS JIMCTOBOW IUIACTUHKOM, JEWCTBUTEIIBHO
MOXO0’Kel HAa HAKOHEYHUK CTPEIIbl, a IOTPYKEHHbIE B BOAY — JeHTOBUIHBIE. Kazanack Obl,
UHAYKTOp TpHU3HaKa <«JICHTOBUJHBIE JUCThs» — Boja. Ha camom nene — ypoBeHb
OCBEILIEHHOCTU. BbIpacTuTe crpenonuct 0e3 BOAbI, CUIBHO MPHUTEHSAS €ro, U y HEro
MOSIBATCSI JICHTOBUTHBIC JIUCTHS.

A BOT Takoil OMBIT MOKET MPOJeNaTh J000H. Y kapTodens KIyOHH pa3BUBAIOTCS U3 TEX
)K€ MCXOAHBIX CTPYKTYp, 4YTO M JIUCThS. 3aT€HUTE HWXKHHUE JIUCThI Ha KyCTe
HEIMPO3pavyHbIM AKPAHOM — M OHHU TpHoOpeTyT popmy kiaybHei. U 3mech MHAYKTOp —
OTCYTCTBHE CBeTa. PacTeHme, kKak W OaKTepuio, MO)KHO OOMaHyTh, 3aCTaBUB MPU3HAK
BO3HUKHYTh BXOJIOCTYIO.

B Mupe XKHBOTHBIX TTOI0OHBIE IPUMEPHI OMMCAHKI B TIEPBYIO O4Y€PEab Y BUJOB CUISINX U
MaJono/IBWKHBIX. KopasyuioBble MOJHUMBI, pacTyllMe B THXUX BOJAX JIaryHbI, UMEIOT
coBceM Jpyryio (opMmy, 4eM Te, KOTOpbIE BBIHOCAT NpUOOHl Ha Hapy>KHOW OTMEIH
aroiuia. A Bellb T€ W APYrde MOTYT OTHOCUThCS K ogHOMy Buay! B onnoit ®paniuun
OBLTM OINUCAaHBI MHOTHE JECATKH «BHJIOBY» BCEM HM3BECTHBIX MPECHOBOJHBIX PaKyIICK-
0e33y00K MMOKa CHCTEMAaTHKH HEe cO00pa3miin, 4To 0e33y0Ka M3MEHSET CBOM (DEHOTHI «C
JIETKOCTBI0 HEOOBIYaHOW», UyTh TOJBKO H3MEHUTCS CKOPOCTh TEUYCHHS U XapakTep
TpyHTa B peKe.
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Puc. 30. Mooenv mpemuunoti cmpyxmypoi yumoxpoma C. Kpacuvim 6 yenmpe monexyivl
NOKA3aH AKMUBHbLIL YEeHmp — KOMNIEKC Jcene3d C Op2aHUdecKum COeOUuHeHuem
nopgupurnom. Hom oicenesa, nepexoos u3 08yxX 6 mpexeaieHmHoe COCMOAHUe U
Haobopom, Mmodcem omoasamvb U NOAYYamMb dNekmpon. Manevuee uzmeneHue
MpemuyHol CMpPYKMypol UsMeHsenm akmueHocms yumoxpoma. M eca sma npuuyonuseas
@opma onpedensemcs nOcIe008amMenIbHOCMbIO AMUHOKUCIONM — NEPEULHOU CIPYKMYPOL
KOOUpyemoui 2eHOM.

A aKTUBHbIE, IOJABICKMBAIOIINE ONTHUMAJIbHBIE YCIOBHS oOpraHusMmbl? IlpuHiun
peryJIsiivy MPU3HAKOB PACIpPOCTpaHAeTCss U Ha HUX. M camblil mpocToi mpumep — 3arap,
MEJIaHUHOBBIA 3KpaH, HE MPOIYyCKAaIOIUi H30bITOUYHBIM yIbTpaduoiaeT K KIeTKaM
HAIIIETO TeJla, KOTOPBI BO3HUKAET y HAC MOCIIE TPOIOIHKUTEIBHOTO O0TyUeHHS COTHIIEM
WIM PTYTHOU JIaMIIOH.

Jlymaro, mopa HOJBITOKUTh HAalIM paccykaeHus. MHe Bcerna HpaBWIIOCH CpaBHUBATh
(eHOoTHI ¢ HAaJBOJHOM YacTbhio aiicOepra, KOTOpas COCTaBIISAET OJHY JECATYIO OJIO €ro
MIOJIBOJTHOW YacTH — TOH CTPYKTYpbl T€HOTHIA, KOTOpas HE TOody4ymiaa B (EeHOTHUIE
nposiBnenus. IloarasBmmii  aificoepr ¢ TpoOXOTOM IepeBOpayuBaeTcs, OOHaxas
UCTOYCHHYIO BOJIOW, HEOOBIYHOW (OpPMBI MOMBOMHYIO 4YacTh. OpraHms3m, monajaas B
HOBBIE YCJIOBUS, MOKET BBISIBUTH HOBBbIE NPU3HAKU KOTOPBIX Y HEro B ()EHOTHUIIE He
Obuto, HO wWH(pOPMAIUA, KOJUPYIOMAs WX CTPYKTYpY, ¥ HMHCTPYKIMH TIO UX
M3rOTOBJICHUIO HAXOAWJIMCh B IeHOTHIIE. Bce mmeromyecs 1Mo ceil IeHb B apceHale
Ouosornu (akThl OJHO3HAYHO CBUJACTEIBCTBYIOT: BCS WH(OpPMAIHs, OIMMCHIBAIOLIAS
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CJIO)KHOCTB (DEHOTHUIIA, COJIEPIKUTCS B TEHOTHIIE (3TO, pa3yMeeTCsl, HE OTHOCUTCS K TAKHM
npu3HakaM (eHOTHUINA, KaK CHHSK IO/ IJ1a30M WJIM aMIlyTMPOBAaHHAs HOIa, HO BeAb 3TH
MPU3HAKU HE HACJIEIYIOTCS).

Bropas akcuoma OHONOTMH MOCTYJNHPYET LIMPOKOE PaCHpPOCTPAHEHUE MaTPUUHOTO
KOIMPOBAaHUs B JKM3HEHHBIX Ipoueccax: HoBas JIHK kxonupyercs Ha maTpune crapow,
MPHK konupyercs na matpune JJHK u, Hakoneu, nHa matpune MPHK, ¢ nepexonom Ha
JPYTOd KOJI KOMUPYETCs MOJMIICITUIHAS 1Ielb, oOpasyromas O0eok. Bes ku3Hb — 310
MaTpUYHOE KOIMPOBAHUE C MOCIEAYIOIIEeN caMocOOpKOil KOTHiA.

Ho sToro mano. /Io cux nop Msl TOBOPHIIM O CTaTUKE KU3HU. by b Iporiecc MaTpU4HOIO
KOMMPOBAHUS HAa CTO MPOLEHTOB MJEAbHO COBEPIIEHHBIM, HEBO3MOXKHO ObUIO OBl
MIOSIBJICHUE HA CBET aBTOPA 3THX 3alMCOK, HU H3JaTelled WX, HU uyuTaTteneil. Bece Mbl
HaXo[WINCh OBl Ha CTAAMM MPOTOKJIETOK, IUIABAIOIIMX B TEIUIBIX BOAAX Mopeil
JIOKEMOPUHCKOM ITTOXH.

[Topa Ham paccMOTpeTh AMHAMUKY XH3HH. OHa cBOOUTCA K mpoOsieMe: MOAYUHSIICH
KaKHM 3aKOHOMEPHOCTSIM, U3MEHSIOTCS HACJIEICTBEHHbIE MAaTPULIbI?

Orta npobsieMa 1 CyTb akCHOMBI 6ronorun Ne 3.

Orta kHMra Oblla yXe€ C/aHa B I€4aTh, KOIJAa TOSBWIMCH COOOIICHHS O pasrajike
(GYHKIIMM UHTPOHOB IO KpaliHel Mepe B OIHOM I'eHe — FeHe LIUTOXpOMa b  MUTOXOHJIpHi
Ipoxokeld. B aTom rere 6 sk30HOB M 5 MHTPOHOB. OKa3aaoch, YTO MHTPOHBI BCE-TAKU
KOJUPYIOT aMHHOKHMCIIOTHYK0  IOCIENOBAaTEIBHOCTb.  DEIOK  «CUUTBIBAETCA» €
nepsuuHoro tpanckpunta PHK, n3 koroporo enie He BeIpe3anbl HHTpOHBI. DpaHIy3ckue
y4YeHBIC, OMMCABIIIHE ero, Ha3Baau 3ToT Oesmok PHK-Matropasoii.

PHK-maTiopaza — 6enok-camoyOuiiiia, OH pyOUT CyK, HA KOTOPOM CHIUT. DTO (EepPMEHT
CIUIDMCUHIA, BBIPE3AIOIIMA WHTPOHBI M3 IEPBUYHOIO TPAHCKPHIITA, YHUYTOXKAIOIIUN
cBoro Martpuny. Ilocine Toro kak MHTPOHBI yAaleHbl, HAUMHAETCS CUHTE3 LIUTOXpoMa b.
Ho Bex ¢depmenta B xietke Hemosor. Korma KOHIEHTpalusi MaTIOpasbl yIMajeT o
OIIPEECIIEHHOr0 YPOBHS, CHOBAa HAaKaIJINBAETCs IEPBUYHBIN TPAHCKPUIIT, U3 KOTOPOTO HE
YAQIAKOTCS NHTPOHBI, U CHOBA HaunHaeTcs cuHre3 PHK-matropasel. Kopoue, nomydaercs
rulKas cucTeMa aBTOPEryJISILUY 10 MPUHIMITY OTpULIaTeIbHON 00paTHO CBS3H.

He Bce eme sicHo B 370l cxeme. Bce M MHTPOHBI y4acTBYIOT B MOJOOHOM perysuuu
WIN )K€ y HUX eCTb U Apyrue (yHKuuu? Hackoapko HIIMPOKO pacmpOCTPaHEHO 3TO
asnenue? Iloka He 3HaeM. Ho nen yxe TpoHysics: Majo KTO ceiiuac OyAeT yTBepk AaThb,
YTO UHTPOHBI B CUHTE3€ O€JIKa HE y4acTBYIOT.

AKCHOMA TPeThA

OneyaTkn reHeTHYeCKHX mnporpamMm. Penkas kHura obxommrtcs Oe3 ormeuyaTok. B
U3JaTeIbCKUX Kpyrax OBITYyeT XapaKTepHbIM ucTopuyeckuii aHexnoT. B 1888 romy
n3BectHomy wu3natento A. C. CyBOpMHY yaanoch JOOUTBCA Y TAPCKOW IIEH3YPHI
paspemienus Ha u3znanue paauuieBckoro «llyremectBus u3 IlerepOypra B MockBy»
THPAXXOM... B CTO IK3eMIUIIPOB. M3naTenbckas KynpTypa Obi1a y CyBoprHa Ha OOJBIION
BBICOTE, @ B 3TOM HMCKJIIOUHUTEIBHOM CIIyyae OH Jake 3aKJIIOYMWII IapH, YTO U31ACT KHUTY

0e3 emmHOW omeyarku. KHura Bemmia — W Ha O00J0XkKe crosuio: «CodumHEHHE
A. W. PamumieBay (HallOMHIO, 4YTO BEITUKOTO JEMOKpara 3Baid AJEKCaHIPOM
HukonaeBuuem).

Jnist gero s pacckaszan 3Ty ucToputo? Ml yke yOenniImuch, 4TO B OCHOBE KH3HH JICKUT
MaTpUYHOE KONMMPOBAHUE, B MPUHILNIE AHAIIOTMYHOE TOMY K€ KHUTOIleyaTaHuto. SIcHo,
4yTo B KaHaiax nepenaun mHpopmanuu ot JIHK kx npusnakam opranmsma m ot JJTHK
pomutenei Kk JIHK moTOMKOB MOJKEH CYIIECTBOBATh KAKOH-TO IIYM — T€ YK€ ONEYaTKH,
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TOJIBKO Ha MOJIEKYJIsIpHOM ypoBHe. KananoB 6e3 mryma He ObIBaeT, HHOE JI€J10, YTO IIyM
MO3KET OBITh MPEHEOPEKNMO MaJIBIM.

Paccmorpum cnawana mymel B kaHaiie JHK — JIHK, npuBoasume K HM3MEHEHUIO
TeHeTHUYeCKUX TMporpaMMm. B mepByro odepenar pedb y Hac moiier o0 YMakoBKe
F€HETUYECKOT0 MaTepuaia.

JHK wmu PHK mpocreiminx BHUPYCOB MOXET NPEACTABIATH JIMIIb LEMOYKY
HYKJICOTH/IOB, HUYEM HE 3allMIIEHHYIO OT BHEIIHMX BO3JEWUCTBUN (Hampumep, OT
neiicTBus (EpPMEHTOB HYyKJI€a3, PACHICIUIAIONINX HYKJIEWHOBBIE KHUCIOTHI). OmHaKo y
CJIOHBIX BUPYCOB OHA 3aKJII0YeHa B OEIKOBBIN 3alIUTHBIN 4€XOJI.

JIHK Oakrtepuii Takke eIMHMYHAS MOCIEAOBATEIbHOCTh. KOHIIBI €€ CTBIKYIOTCS, U
oOpa3yeTcsl KOJIbLIO, TOXO0K€€ Ha ThICSUEKPAaTHO IMEepeKpyueHHylo JeHTy Mébuyca,
XOpOIIO U3BECTHYIO JIIOOUTENSIM MaTeMaTHKHU. SICHO YTO MpU PEIUIMKAIUN KOJBIO 3TO
JOJUKHO pa3pblBaThCs, WHAYe JOYEpHSS IOCIENOBATEIbHOCTh OyJleT COEIMHEHa C
MaTepUHCKOM, Kak 3BeHbs B nenu. K OakrepuanbHoit JIHK moryTt mpucoenuHuThCS
MOJIEKYJIbl OEJIKOB, HO B OOLIIEM-TO OHA «T0JIas.

WHoe neno y BeICHIUX OpPraHU3MOB ¢ 0(OPMIICHHBIM KJIETOYHBIM siapoM. [Ipexne Bcero
reHeTUYeckass IporpaMMa y HUX — MHOTOTOMHoe wu3faHue. Ecnu reHermueckas
nporpaMmma OakTepuu 3akoaupoBana B ogHoi monekyine JIHK, oqHoii nBoitHOM crimpany,
TO B SIAP€ BBICUIMX OPraHU3MOB — JYKapUOT — UX MOXKET OBbITh HECKOJIbKO: OT ABYX Y
JIOIIAIMHOMN aCKapU/bI 10 HECKOJIBKHUX THICSY Y HEKOTOPBIX OJTHOKJIETOYHBIX OPraHU3MOB
— panuossipuii U psAna pactenuid. Takue Toma Ha3bIBAIOT XpoMocoMaMu. CuuTaeTcs, 4To
KakJas xpoMocoma coaepxxut oany mosekyny JHK, HO kpaiiHeil mMepe y JKUBOTHBIX.
OpnHako ecTh CHUJIbHBIE JOBOJABI B IOJIb3Y TOTO, YTO Y MHOTMX BBICIIUX PACTEHUN B
XpPOMOCOME MOKET OBITh HECKOJIBKO JIECATKOB, a TO M COTHS uAeHTUYHbIX konuil. JJHK B
XpoMOCOMax 4Ype3BbIYAHHO XUTPOYMHO YJIOXEHa B KOMIUIEKCE CO CIEHUAIbHBIMU
AIEepHBIMU OelKkaMH TUCTOHaMU. VHade HeNnb3sl YMakoBaTb B MHKPOHHBIE OOBEMBI
MOJIEKYJIbI JJIMHOW BO MHOI'O JIECSITKOB CAHTUMETPOB.

Habmronast 3a xpomocoMaMu BO BpeMsl JIeJI€HUS KIIETOK, MCCIEAOBATEIN OOHApYKUIU
MHOTO ()OPM U3MEHEHUS HACJIECTBEHHBIX IPOIPaAMM.

YuraTtensiM T0JKHO OBITh U3BECTHO, UTO MPU 00PA30BAHHUHU MOJIOBBIX KJIETOK XPOMOCOMBI
HE JeJSITCS, a pacXoAdrcsd B JIOYEPHUE KIETKH, TaK 4YTO IOJIY4YarOTCs TaMeThl C
MOJIOBUHHBIM  (TalUIOWIHBIM) HA0OpOM XpPOMOCOM. Y 4eJOBEKa, HalpuMmep, B
HOpMAaJIbHBIX KJIETKaX 46 XpoMocoM, a B sHLEKIeTKax U cnepMusx — 23. Ilpu causaumn
rameT JUIUIOUAHBIN HAO0Op BOCCTaHABINBAETCA.

Ho rtak 6p1Baet He Bceraa. [lopoit MexaHu3M, pacTATUBAIOLINI XPOMOCOMBI IO JOYEPHUM
KJIeTKaM, He cpabateiBaeT. OmHa ramera momydaercs coBceM 0e3 JIHK, a mpyras c
JBOWHBIM ee HabopoMm. Tak BO3HMKAIOT MOJUIUIOMIHBIC KJIETKH M OPTaHU3MBI; O 4acTo
9TO HaOJI01aeTCs Y PACTCHHUIA.

WHorpa sxe B 0Hy KIETKY IOMNaJaeT JHIIHAS XpOMOCOMa, a B IPyroil oOHapyKUBaeTCs
HexBaTKa. Takue sIBJICHUS Ha3bIBAKOTCS aHEYTUIOUIUEH.

[Ipu Bcex 3TUX mepecTpoiikax reHeTudeckas nHpopManus, 3aKJI0YeHHas B XpOMOCOMax,
HEe U3MeHseTcsa. MeHseTcs TONbKO ee KonndecTBO. [loaumionHeie KIETKH, Hapumep,
MOTYT UMETh TPOWHOM, YETBEPHOM U T. 1. — 10 ThICAYM U Ooiee pa3! — Habop reHoB.
AHEYIUIOUIHBIA TEHOM — 3TO MHOI'OTOMHO€, HO Pa3pO3HEHHOE U3gaHue. B oqHON KieTke
HE XBaTaeT «TOMa» MHCTPYKIHUH (OOBIYHO Takue CiIydad y BBICIIUX OPraHU3MOB
JIETAbHBI) B IPYTOM JIBa OMHAKOBBIX. OpraHU3MBbI € JTUITHEH XPOMOCOMOH (TPUCOMUKH )
TaKXKe 4acTO TMOHYT HA PaHHUX CTaIUSAX PA3BUTHUS WU e Pa3BUBAIOTCS C CEPbE3HBIMU
nedexraMd. MHOTO TakuX CIy4aeB ONMKUCAHO OTHOCUTEIBHO YEJIOBEKa.

WNHorpa nepectpoiika MOKET IPUBECTU K TOMY, YTO XPOMOCOMA PACIajacTcsl Ha YacTH.
Cynp6a yacTeil pa3auvHa: OHU MOTYT MOTEPSITHCS (IeNelws), CHOBa BOCCOCIUHUTHCS B
COCTaBE IpPEKHEH XPOMOCOMBI (MHOTJA B IEPEBEPHYTOM BMJIE — WHBEPCHS) WIHM XKE
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NPUCOEANHUTBCA K Apyroil (TpaHciokauus). Bce mnepecTpoilku, Kak mOpaBuiio, IS
opranu3mMa HeOe3pa3TuvHBbI.

Bce ynommuHaBmMecs M3MEHEHHs] XpOMOCOM HAUYMHAIOTCS C pas3pblBa HYKJICOTHUAHON
uenu JJHK — 3HamenuToit nBoiiHO#M crimpanu. [103ToMy MBI JOJKHBI OT T€X MOCTPOEK,
KOTOpBIE€ BUJHBI B ONTHUYECKUNA MUKPOCKOII, IEPEUTH Ha MOJIEKYJIIPHBIN YPOBEHb.
Hackonpko mpounsl dochonuddupHbie cBsizu, ckperusoomue nonuMepHyro JHK, u
HACKOJIKO YCTOWYMBBI IIyPUHOBBIE U MUPUMUIMHOBBIE OCHOBaHMS B JIHK k BHemHUM
BO3JIEUCTBUSIM?

OTO yAanoch yCTaHOBUTh C JOCTATOYHOM TOYHOCTHIO. UTOOBI BBI3BATH EAMHUYHYIO
MYTallUl0 — HACIEACTBEHHOE HM3MEHEHUE TEHETHYECKOW MpOorpaMMbl, — TpedyeTcs
noJBeCTd KakuM-To crocobom k JIHK osuepruto B 2,5-3 anektponBoiibTa (3B).
DONEKTPOHBONBT — EAMHULA OJHEPTUH: TaKyl0 DJHEPrui0 NpUOOpEeTaeT »SJICKTPOH,
YCKOPSIEMBbIIl HAaNIpsKEHUEM B | BOJIBT.

Muoro sro wnn mano? Benp JAHK B kieTke HaxXoguTcs B OKPYXEHUU MOJEKYII,
JBUKYLIUXCA C BECbMa BBICOKOM CKOpOCTbiO. OKa3bIBAaeTCs, UYTO CpPEOHSS HSHEPrHs
TEIJIOBOTO JBM)KEHUS MOJIEKYJ MpU TeX TEMIlepaTypax, KOTJa *U3Hb BO3MOXKHA,
cocrasisier mpuMepHo 1/40 3B. MHbMu cioBaMu, Tipu (PU3HOJIOTHYECKUAX TEMITEpaTypax
JIHK oxa3biBaeTcsi qoctaTouHo ctabuibHOW. Ho mpobieMa 3Ta cioxkHee, yeM KaXKeTcs
Ha IIEPBBIN B3I,

He cnenyet 3a0bIBaTh, YTO CKOPOCTH MOJIEKYJ IPHU XAOTUYECKOM TEIJIOBOM JIBHKEHUU
HEOJIMHAKOBBI. YOEIUThCS B 3TOM HeTpyaHo. B 1827 romy mioTiaHiackuii OOTaHUK
P. bpoyH, pa3rinsaasiBas B MUKPOCKOI KAaIUTIO BOABI C MBUIBIONW pacTEHUI, 0OHAPYKUII,
YTO B3BEILIEHHBIE B HUJAKOCTU MbLIBIEBBIE 3€pHA MUKPOHHOTO pa3Mepa HE OCTaloTCs Ha
MECTe, a XaoTHYeCKH JABWXKYTCS Kak Obl HENpPEepbhIBHO  MOATAIKUBAEMbIE
OecrnopsI0UHBIMU YJapaMU 4€Tr0-TO HEBUIUMOTO.

JlocToitHO yauBieHHUs, YTO BpOyHOBO IBMKEHHE HE MpPUBIEKANO BHUMaHUS (DU3MKOB
(MOXXeT OBITh, MOTOMY, YTO OTKPBUI €ro OOTaHWK?) 1O Hayaja Hallero BeKa, 0
uccaenoBaHuil AnpOepra DWHITEHA, TOIBCKOTO (pu3nka Mapuana CMOITyXOBCKOTO U
¢panmysckoro ¢usuka Kana Ileppena. A Beap W3 HEro He TOJBKO BBITEKANa
HEIPEIOXKHOCTh CYIIECTBOBAHUS MOJIEKYJI, HO U BO3MOYKHOCTh OLIECHUTh UX CKOPOCTH U
pa3zmepsl!

Uto mpoucxomuT C¢ yactuied mpu OpoyHOBCckoM aBmkeHHH? Co BCeX CTOPOH OHa
noJBepraercss ynapaMm Moiiekys. Ecnu oHa mmeeT JOCTaTOYHO OOJNBLIME pa3MeEphl, TO
yAapbl CO BCEX CTOPOH OKAa3bIBAIOTCS CKOMIICHCUPOBAHHBIMH — YacTHIA OCTA€TCS Ha
mecte. Ho ecnu pasmep ee, gomyctum, 10-5¢M, TO BeChbMa BEPOSITHO, YTO ¢ KaKOW-THOO
CTOPOHBI ~CyMMapHBI uMIylbc Oyaer Oonblle, ¥ YacTULA CABUHETCS B
HEIPEACKAa3yEMYIO CTOPOHY.

WNnaue u ObITh HE MOXKET: BElIb CKOPOCTH MOJEKYJ pa3Hble U (QUIYKTyallid B HX
pacnpeneneHuu Heu30eKHbl. VIMEHHO OT 3TUX (IyKTyauuid 3aBHCHUT TOJIyOOH LBET
SCHOTO He0a, TaK KaK Ha HUX CHJIbHEE PACCEUBAIOTCS CUHUE JIydd. Bynb CKOpOCTH Bcex
MOJICKYJI OJTUHAKOBBIMH, COJTHEUHBI CBET HE PAaCCEHMBAJICS Obl M COJHLE CBETHJIO OBl B
YyepHOM Hele, Kak B KOCMUYECKOM ITPOCTPAHCTBE.

Otu ke QUyKTyaruu KIaayT MpeAesl YCHICHHUIO CIa0bIX CHTHAJIOB B JJICKTPHUECKUX
nensx. B KOHIle KOHLIOB Mbl CIBIIIMM JIMIIb TPECK, PE3YJIbTAT TEIUIOBOIO JABUKECHUS
AJIEKTPOHOB B LIEMAX yCHIUTENs. UTOOBI YHTH 3a 3TOT Ipezell, MPUXOANUTCS OXJIaXIaTh
MIPUEMHUK KUJIKUM a30TOM, BOJOPOAOM, a TO U TEIUEM.

OTcro1a 0THO3HAYHO CIEAYET, YTO B JIFOOOW TOCTATOYHO OOJIBIION MOMYJISIIMHA MOJIEKYJT
HEU30€)KHO HalayTCcsl Takue, KOTOpble MOTYT HAapyIIUTh CTPYKTYypy T€Ha U BBI3BaTh
MyTanuo. SICHO, 4TO TaKMe HM3MEHEHHUs TeHETHYECKHUX IPOrpaMM JOJDKHBI 001anaTh
CJIEIYIOIUMH CBOMCTBAMH:

1. OHu ciayyailHBl B TOM CMBICJIE, UTO BEPOSTHOCTD KAX/I0T0 €AUHUYHOTO U3MEHEHHUS HE
paBHa equHUIe. boyee cTabmiIbHBIE YaCTH reHa MYTHPYIOT C MEHBIIIEH 4acTOTOM, Oosee
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JTa0uIbHBIE — C OOJIBIIEH, HO MBI MOXXEM TOBOPUTH JIMIIb O OOJNBIICH WM MEHBIICH
BEPOATHOCTH MYyTalUil.

2. OHu HempenacKa3zyeMbl, MOCKOJbKY JUIsl HpeICKa3aHHsl KaKoW-TMOO MyTallud MbI
JIOJIKHBI 3HaTh KOOPAMHATHI U UMITYJIBCHI BCEX MOJIEKYJI JaHHOU KIIETKE.

3. OHu He HampaBieHbl B TOM CMBICJE, YTO MU3MEHSIOT T€HETUYEEKYI0 MporpaMmy Oe3
ydeTa COJep)KaHusl coxpaHsiouieiics B Hed wuHpopmanmu. I[lo3TOMy OHH TOJBKO
CIIy4aifHO MOTYT OKa3aTbCs aJalTUBHBIMU, IPUCIIOCOOUTETbHBIMU.

He onHa TemnepaTypa u3MeHseT coAepKaHUue FT€eHETHUECKUX IPOrpamMM.

[oxamyii, Oonpliee 3HAYEHWE WMEIOT KBAaHTHI JKECTKOTO W3JIIYYCHUS HAYMHAS C
yinbTpaduoneTa, ObICTPO ABMKYILMECS 3JIE€MEHTApHBbIE YaCTHIIbI, MOJICKYJbl BEIIECTB,
criocoOHbIe pearupoBaTh ¢ JJHK (xumudeckue myTareHs).

Hauynem c pagmanuu. PacTBOpbsl YMCTBIX HYKJIEMHOBBIX KHCJIOT B BHAMMOM CBETE
npo3paunsl. Omxnako u JIHK u PHK cunpHO mormomator ynerpaduoner. Makcumym
nornouieHuss Ha 260 HaHOMeTpax, KBaHTbl TaKOM SHEPrUM YK€ MOTYT BBI3bIBaTb U
BBI3BIBAIOT MyTanuu. Eme 6osee 3pPeKTHBHBI PEHTICHOBHI YUl U TaMMa-H3JIydeHHe, a
TakXke OBICTpbIE YACTHIIbI, BO3HMKAIOIIME MPH SAACPHBIX pacnanax. JleWcTBUE KECTKUX
M3JIy4eHU HAa TEHETUYECKHE MpOrpaMMbl M3ydaeT Lejas oOTpacib TI'€HETUKHU
panpuoreHeruka. O ee JOCTHKEHMSIX B MOMYJISPHOM JUTEpaType MHOIO IHCAIOCh.
OcraHoBuMcs moJapoOHEEe Ha APyrom Bompoce. B ciyuae, korna MyTalMio BbI3bIBACT
KBaHT WJIM D3JEMEHTapHas 4YacTulla, Haubojee YeTKO MpOCTyNaeT HNpPUHIUI
HEO0OXOJMMOCTH KBAHTOBOM MEXaHUKU JAJIs ONMCAHUS MyTareHesa.

Msl yxe JOroBOPWJIMCH C CAaMOro Hayajia, 4To (U3MyYecKue 3aKOHbI, (uznuyeckue
AKCHOMBI JOJDKHBI OIIPABABIBATHCSA U IS TEX CIIy4aeB, KOIZa Mbl IMEEM JIEJO0 C KUBOU
MaTepuei.

3HauuT, M  37€Chb JIOJDKEH JEWCTBOBAaTh  MPHUHLIMII  KBAHTOBOMEXAHMYECKOUN
HEOTpeAeNIEHHOCTH, KOTOPBIH BrepBbie chopmynuponan B. ['eiizenbepr B 1927 roxy.
Bripaxaercst 3TOT BeIMKHI MPUHIUIT HA BUJI IPOCTOH popmyioit

ApeAx>h

U YTBEP)KIAET, UTO HEJb3SI ONPEECIUTh OJHOBPEMEHHO KOOPAMHATY U UMITYJIbC (TO €CTh
SHEPruI0) 3JIEMEHTAPHOMN YacTUIbl TOYHEE, UEM CIIEAYET U3 ITOI0 HEPABEHCTBA.
[IpousBeneHne MOrpemIHOCTH B ONpPENEICHUH KOOPAMHATHI (4X ) Ha MOTPELIHOCTh B
OTIpeNieIeHUU UMITyJbca (Ap) He MOXKET ObIThb MEHblIe MocTossHHOM [lnanka A, paBHOI
6,626 » 10—34/>x°c. DTO HUUTOXKHASI BEIMYMHA, IO3TOMY, KUBSI B MAKPOMUPE, MBI €€ HE
3amevaeM. byab oHa moGoJbine, Mbl Obl )KWIM B MUpPE 0€3 SCHBIX OYepTaHUM MpeAMETOB
u 0e3 YyeTKuX TpaeKTopuil 1BwkeHus. Ho Beap MyTanuu npoucxoasat B MUKpoMupe. Jlis
BCET0 I'€Ha HEeOIPEeeIEHHOCTh IpeHeOpekumMo Mana. OJHaKo YTOOBI BbI3BaTh MYTalHIO,
HY’KHO JIOBECTH ONPEJEIIEHHOE KOJIMYECTBO SHEPIUU 0 ydacTKa I'€Ha pa3MepOM BCETO
mumb 10-7cM (Tak Ha3biBaeMbld paanyc 3¢dekTuBHOro oOMeHa, BIepBbIe U3MEPEHHBIH
H. B. TumodeeBbim-Pecopckum u K. Llummepom).  3pece  ykKe  HNPUHLIUIIOM
HEOIPEJeNIEHHOCTH TNpeHeOperaTb Henab3s. O TOM, YTO U1 ONMCAHUS MyTareHesa
HEOoOXOUMO HCIONIb30BaTh mnpuHIUN [eizenOepra, mucamu eme H. B. Tumodees-
Pecosckuii u [ackyans Mopnan B 40-x romax. B mocinensee BpeMs To ke yTBEPKIAET U
Mangpen Diiren. Kopode, MBI MOXEM JHIIb C HEKOTOPOH JOJCH BEpOSTHS
npeznonarath, 00J1aaeT JIM YacTULa HyKHOM A7 MyTalluM SHEpruei u nomajeT Jid OHa
B 30HY 3(exTuBHOrO 0OBEMA.

He tonpko mpunuun I'eiizenGepra — mo0oe Apyroe Moi0KEHUE KBAHTOBOW MEXaHMKH
JieNaeT Tpolecc MyTareHesa BepOsATHOCTHbIM. Bor eme mnapa mnpumepo. Kpome
cTaOWIBHBIX aTOMOB yriepoga u ¢ocdopa B cocras JHK wmoryr Bxomuth ux
pPaAMOAaKTUBHBIE M30TONBL. BeposATHOCTH 3TOro0  BO3pacTaeT C  YBEIMYEHHUEM
pammoakTuBHOTO (poHA Hamed turanetsl. Mecromnosoxxenue atomoB CI4 u P32 B
HutTax JHK, pasymeercs, ciayuyailHO. A paaMOaKTHUBHBIN pacnaj — TOXKE CIydalHbIN
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IPOLIECC: 3HaTh, KAKOM M3 aTOMOB B JaHHBII MOMEHT pacHa/eTcsi U BbI30BET MYTAlHIO,
HaM HeE JJaHO, U 3aIPeT ATOT NPUHLIUIINAJIbHBIN.

Hakonen, ectb MyTanuu, He UHAYLIUPOBAHHbIE KAKUM-HUOY/Ib BHEIIHUM 10 OTHOLIECHUIO
k JIHK arenToM, a Tak Ha3bIBacMble CIIOHTaHHBIE. BOIOpOAHBIE CBS3H, CKPEILIAIOIINE
noitnyto cnupans JIHK, oOycnoBiensl noHamu Bopopona (mporoHamu). Ecnm npu
packpyuuBanuu cnupanu JJHK, kotopoe 00s3aTebHO MPOUCXOAMT MPH €€ PerIMKalny,
o0a mpoToHa NEpeWayT K OJHOMY M3 OCHOBAaHHN, BO3MOXKHBI Jpyrue KOMOWHaIUW,
kpome AT u I'Ll. A HeBepHOE cnapuBaHuEe OCHOBaHMI — MyTauus. Ilepexon nmporoHa ot
OJIHOTO OCHOBaHHS K JPYrOMYy Ha3bIBA€TCSl TYHHEJbHBIM, ONHUCHIBACTCS YpPaBHEHUSIMU
KBAaHTOBOM MEXaHUKH, U BCE, YTO MBI MOYKEM CKa3aThb O HEM, TO, YTO OH OCYIECTBIISAETCS
¢ yactoror 1011...1012B cexynmy. Bpemss u MecTto KaxxI0i €IUHUYHON CIIOHTAHHOU
MYTAllUX HENPEICKAa3yeMO IPUHIUIHAIBHO.

A 4TO e BEIlecTBa, U3MEHAIOIINE CTPYKTYpy T'eHa, — MyTareHsl? Bniepsoie B 1932—-1934
rogax coserckue yueHsle B. B. CaxapoB u M. E. Jlo6amoB He3aBHUCHMO Jpyr OT Apyra
NOJYyYWIM MyTaluu y Jpo30(uibl, NEHCTBYS HAa MyLIEK HOIOM U PSJIOM JAPYTUX
BeniecTB. C TOro BpPEMEHHM CIHUCOK MYTareHOB BO3pPOC THICSYEKPATHO, TEHEPhb KaxX10e
XUMHUYECKOE COEAMHEHME, KOTOPOE MpEANosaraeTcsi BHEAPATh B MPAKTUKY (JIeKapcTBa,
KpacuTeNH, MIacTMacchl U T. J1.), UCTIBITHIBACTCS Ha MyTareHHbId 3¢(dext. OTKpBITH —
N. A. Panonoptom u II. Ayspbax — Tak Ha3bIBa€MbI€ CyNEpMyTarcHbl, BbI3bIBAIOIINE
myTanuu y 100 nporieHToB 00paboTaHHBIX UMU OCOOEI.

Mosker mnokas3aTbCsl, YTO XHMMUYECKHME MYTareHbl HE€ HMMEIT 0cOo0Oro 3HaueHus B
IIPUPOJIE, BO BCAKOM CiIy4ae 10 IMOSBICHHS XUMUYECKOW IpOoMbIIIIeHHOCTH. [IpocToi
IpUMEp CBUJETENbCTBYET, YTO 3TO He Tak. Jlake Takoe, C IO3BOJIEHUS CKa3aTh,
BELIECTBO, KaK HOH BOJOPOJA, MOKET MHyLIUPOBaTh MyTaLl1H.

AKTHBHas peaklys cpebl U3MepsieTcs, Kak Bbl 3HaeTe, B equHuIax pH. DTo B3STHIN C
0o0paTHBIM 3HAaKOM JIOTapu(M KOHIEHTpallMu BOJOPOJHBIX MOHOB. Hampumep, xoraa
peakuus HeWTpanbHasd, pH paBHO ceMU M KOHILEHTpalus MOHOB Bojxopoaa 10-7moss.
JHK noBoibHO ycCTOWYMBA K MOAKUCICHHIO WM MOAUIEIAYMBAHUIO, OIHAKO MpHU
PH HKe 4YeThlpexX HAuyMHAETCs OTILEIJIEHWE ITyPUHOBBIX OCHOBAaHMM — TyaHHMHA U
aJICHHHA.

Conepxumoe KJIETKU B 00IIEM-TO cuiibHas OydepHas cucreMa, nojaepkusatomias pH B
paiioHe ceMH (3TO HE OTHOCHTCA K CIIEHUATM3UPOBAHHBIM OpraHaM BpOJE JKelyaKa, IJe
BBICOKA KOHIIEHTPALMS COJISTHOW KUCIIOTBI, WU K€ CIIIOHHBIX JK€JIe3 HEKOTOPBIX YJINUTOK,
KOTOPbIE MOTYT BBIIEJNATh JOBOJBHO KOHLIEHTPUPOBAHHYIO CEpHYI0 Kucioty). Ho
BCIIOMHUM O pa3Mepax KIETOK M 00s3aTeNbHbIX (QIyKTyanusx MoJekyl. O0bem
OakTepuanbHOUW KiIeTKH Bcero 2¢10-12cm3, 3Haunt, npu pH = 7 B HEW BCEro MpPUMEPHO
120 BOIOPOIHBIX MOHOB. A 3TO O3HAa4YaeT, YTO OYCHb BEPOsATHA (DIYKTyalus: HOHBI
BOJIOpOJIa  cOOepyTCs  OKOJIO, HampuMep, TyaHMHa ¥ OTIIENAT €ro  oT
nerro3Hodocdarnoro ocrosa JIHK. Ilpousoiimer MyTauus, U OOATh XK€ CIy4yailHBIM,
HEMpeACKa3yeMbIM 00pa3oM.

Ha sToM MO>XHO OBUTO OBl M 3aKOHYUTH 0030p M3MEHEHUI reHeTHuecKux nporpamMm. Ho
XO0Tesnoch OBl paccka3aTb O HEJABHO OTKPBITBIX XPOMOCOMHBIX HEpecTpoMKax,
YAMBUTEIBHBIX U paHEE Ka3aBIIUXCS HEBO3MOXKHBIMHU.

CHauyana B reHomMax OakTepuil, a IOTOM M B TEHOMAaX BBICIIMX OPraHU3MOB OOHApPYKUIH
yauBuTeNnbHbIE «Kycoukn» JIHK, koTopele MOryT mepememarbcs ¢ MecTa Ha MECTO B
xpomocoMe. VX o0pa3HO Ha3Bajiu NpBITalOIMMH, FeHaMU. Pa3nuyaroT JBe KaTeropuu
TaKuUX mocienoBaTenbHocTei. Ecth kopoTkue (500—1500 map HyKIC€OTHIOB) U IITMHHBIE
(6onee nByx ThiCsSY). OHM MOTYT BBIWICHATHCS U3 €IMHCTBEHHOW XPOMOCOMBI OaKTepun
(3TOT mpoLecc Ha3bIBAETCS SKCLUU3UEH, BRICTPUTAaHUEM) U BCTPAMBATHCS B HEE B APYTOM
Mmecte (MHcepuus). M He TONbKO B XpOMOCOMY, MpPBITAIOLINE T€Hbl MOTYT BKJIFOYAThCS B
wiasMuasl — nocnenoBatensHoctd JIHK, cymectBytomue B OakTepuanbHOM KIETKe
HE3aBHUCHMO. Tak K€ JIETKO IPBITalolUe TeHbl MOTYT BCTPauBaTbCS B TI'€HOMBI
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O6akteprodaroB. Y IMBUTEIHLHOTO B 3TOM HUYETO HET: CYIIECTBYET BIOJHE yOSAUTEIbHOE
MHEHHUE O TOM, UTO TIa3MH]IbI — «JOMAIITHUE», IPUPYUEHHBIe OakTepueit darm.
KopoTkue nHcepimoHHble CErMeHThI 007a4al0T MHOTUMH yAUBUTEIHLHBIMH CBOWCTBAMHU.
[Touemy-T0 06a KOHIIA MX COCTOSIT M3 OJAMHAKOBBIX MocieAoBareabHocTel. Horna xe
KOHIIEBBIE YYacCTKU MEpPEBEPBYTHI: Ha OJHOM KoHIe, Hanpumep, ATI'AIL’, Ha npyrom —
['AT'TA. BcTpauBasich B reH, OHU 4acTO OJOKUPYIOT MPOLECC TPAHKPUTIIIUHN — T€H TepseT
aKTUBHOCTh. VI HA000OpOT, BCTpanBasiCh B MEPEBEPHYTOM BHUIE, OHU MOTYT TOT K€ I'eH
aKTUBUPOBaTh. VIHBIMH CTIOBaMH, OHH BKJIFOYAIOT U BBIKIIOYAIOT TEHBI.

Eme Oonee yauBUTENBHBI JUIMHHBIC MPHITAIONIAE TOCIEIOBATEILHOCTH TPAHCIIO30HBI.
NmenHo oHu, BcTpauBasch B (aru, mepeHocsAT oT OakTepuu K OaKTepuu TEHbI
YCTOMYMUBOCTU K aHTHOUOTUKAM. Tak uTo (paru He TOJBKO MOTYT yOMBATh OaKTepUU WIIH
OBITh HX «IpIKUBANbIIMKAMU». OHM MEpeHOCAT B MHpPE MHKPOOPTaHU3MOB
reHeTHYEeCKyl0 HHpopManuio. Tak, HaCEKOMbIE HE TOJBKO BPEIAT PACTCHUSM, HO H
OTBUISIIOT MX. Bellb mepBbie IBETKOBBIE PACTEHUS OMBUISUIUCH BeTpoM. Ha UX mbIIbHUKAX
KOPMHUJIOCh MHOTO HaceKoMbIX. [lepenaukaHHble TBUIBLIOW XYKA W TNPUMUTHBHBIC
0a0ouku mepeneTany ¢ MbUIbHUKA Ha MBUIBHUK, U B Pe3yJbTaTe BOSHUKIM TaKUE Mapbl
«pacTeHHe — HAaCeKOMOe», KOTOpble HE MOTYT CYyIIeCcTBOBaTh Apyr Oe3 apyra. FOkka,
HaIpUMep, HE MOXKET OINbUIATHCA MHAue KaK ¢ MOMOMIbIO FOKKOBOM Monu. U mexmy
daroMm, JUMPYIOMIUM, «IOXUPAIOIIUM» OaKTepUI0, (ParoM-«IpKUBAIBIIUKOM» U
NPUHOCSIIEH TMOJNb3y IUIa3MHUAON, KOTOpash TEPEHOCUT TPAHCIO30HBI, €CTh BCE
MEePEXOHBIE CTYTICHHU.

[Ipbiraromue reHbl OMUCAHBl M Y BBICHIMX, SAEPHBIX OPTraHU3MOB. Y JIPOMOKEBBIX
rpuOKOB OHU, HAIIPUMEP, B 3aBUCUMOCTHU OT MOJIOKEHUSI B XPOMOCOME, OTMIPEACIISIOT MO
kieTku. OOHApY KUK UX TakXKe y KyKypy3bsl U apo3oduisl. Bor Ha mocneaHemM o0beKTe
XOTEJIOCHh OBl OCTAHOBUTHCS MOAPOOHEE.

['eHeTHKOB JAaBHO 3aHMMAJM CIy4yaW, KOTJa T'eHbl B TOMYJANMSX TUIOJAOBON MYIIKH-
po30(UIIBl BAPYT TEPSIIN CTAOMILHOCTh M YACTOTa MYTAaIlMi BO3pacTaia BO MHOTO pas.
Oxkazasioch, 4TO HECTAOMIIBHOCTh TOT'O MJIM MHOTO T€Ha 00YCIOBIUBAETCS BCTPOUBIINMCS
B HETr0 MHCEPIMOHHBIM CETMEHTOM. B HEKOTOpBIX clydasX yJajaoch MPOCIEIUTbh, Kak
IPBITAIOIINN T€H B TEUEHHWE HECKOJIBKUX JIET KOUYEeT OT OJIHOTO Y4acTKa XpOMOCOMBI K
IpYyroMy M OT OJHOM XPOMOCOMBI K IPYI'Oil, KaXKIbli pa3 BbI3bIBAas HOBYIO MYTAaLHIO.
[lIBenckue yuenwvie I'. Ucunr u K. Pamens mpocneawnn A0 cOpoka MPBDKKOB OJHOM
Takol mHcepuuu. Pe3ynpTarom Obla WIM TOJNHAS WHAKTHBAIWS TE€HA, MPHUBOJAIIAS K
CMepTH (JeTanbHasi MyTallMsl), WIK K€ MYTaIlMH «PO30BbIC TJazay, «rpyOble ria3a» (c
HENPABWILHBIM PACTIONIOKEHUEM (PACcCeTOK) U eI PSII JPYTHX.

Takue (eHomeHbl HAONMIONATNCH HE TOJNBKO B AKCHEPUMEHTATIbHBIX, PACCAKEHHBIX IO
npoOUpKaM TMOMYJISAIUAX APO30(HIb,, HO M B THpupoje. V3BecTHBI Tak Ha3bIBAEMBIE
«MoaHbIe» MyTanuu. Ha3zBaHue HECKOJIBKO HEOXKHUAaHHOE, HO yaadyHoe. Hanpumep, B 30-
X TOJ]aX YacTOTa MYTaIlii, BBI3BIBAIOIINX KEITYIO OKPACKY Tela M Oy OKpacKy rias,
BO3pOCJIa B COTHH pa3, M 3Ta «Moja» miaminack 10 40-x rogos. B 1968 roay y apozodwun
BO3HUKIIA «MOJa» Ha MyTanuio abnormal abdomen (OpromiHOW OTHEN YpPOMIUBOMN
dbopMbI), KOTOpas MpOJo/DKaIach IAThH JIET W OblIa BBITECHEHA JIMIIb MyTalluen
«OTaJICHHBIE IETUHKNY.

[To-BuuMoMy, IpUYMHA «MOAHBIX» MYyTallUi — BUPYChl. MI3BeCTHO, 4TO BUPYCHI MOTYT
BCTPAMBAThCSI B XPOMOCOMBI HE TOJIBKO OaKTepHif, HO W SJIEPHBIX OPraHU3MOB (3TO
JI0Ka3aHO Ui aJ€HOBHUPYCOB, BHpyca reprieca M OIyXOJEPOJHBIX MNEPEepOKIAOMINX
HOPMAJIbHYIO KJIETKY B 3JI0KauecTBeHHY10). MHcepuus BuUpyca B T€HOM BBI3BIBAET
MYTalHIO TOTO T'€Ha, B KOTOPBII OH BCTPOMIICS.

[IpumMeuaTenbHO, YTO €CTh SIBHOE CXOJCTBO MEXIAY HHTPOHAMH, O KOTOPBIX TOBOPHIIOCH B
NPOIUION TJlaBe, W HWHCEPLUHMOHHBIMU cCerMeHTamMH. Te u [Apyrue MOTryT pas3aemsiTh
CMBICJIOBYIO ~ 4acThb  I'€Ha, HE  HaxoIAT OTpPaXEHUs B  aAMUHOKHUCIOTHOMU
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MOCJIEI0BATEIBHOCTH KOJUPYEMOro T€HOM OelKa U, MO-BUAMMOMY, MOTYT BKJIIOYaTh U
BBIKJIFOUATh EHBI.

A YTO 3HAYMT: BKIIFOYATh U BHIKIIIOYAThH?

[To-BuaMMOMY, 3TO BBITJIAIUT TaK: PETYJISATOPHBIE AJIIEMEHTHI KIETKM MOTYT y3HaBaTh U
HE Yy3HaBaTh BCTPOEHHBIM B T'€H MHTPOH (MHCEPLMOHHBIA cerMeHT). B mepBom ciyuae
uaeT Tpanckpunius npenmectseHHrnka MPHK, Bo BTopom — HeT. B koHIIE KOHIIOB, 3TO
HaXOJUT OTPaKEHUE B U3MEHEHUSX MPU3HAKOB (eHoTUra. Y ecam MHTPOH NepenphIrHET
B JIPYTOH I'eH, TO OH OyJeT aKTUBUPOBATH €T0, a HE TOT, U3 KOTOPOT'O OH YIIIET.

Tperbss akcmoma. Tenepb mopa MOJBITOKUTH BCE, UTO MbI 3HAEM O HACJIEACTBEHHBIX
U3MEHEHHUSAX TeHETHUECKHUX MPorpamMM U chopMyIrpoBaTh akcuomy ouonoruu Ne 3.
[Ipexnae Bcero, ’TM U3MEHEHUS CIy4YalHbl M HEHANpaBJICHHBL. VX MOXXHO CpPaBHHUTH C
IIyM B KaHane WH(OpMAalUd OT POJIUTENeN K MOTOMKaMm. Eciu MyTarusi MOJHOCTHIO
UCKa3UT CMBICJ [epeAaBaeéMOd IO IeNM TMOKOJIEHUM MHCTPYKIMH, OHa OyJeT
cMepTenbHON (JeTanbHON). DTO ObIBaeT, KOrJa B pe3ysbTaTe MyTalluu OIOKUPYETCS
CHHTE3 )KU3HEHHO BaXKHOTO (pepMEHTA.

Haobopot, wacTel ciy4an, Korga MyTalldsi HE CKa3bIBaeTCs Ha MpHU3HaKax (EeHOTHUIIA.
BcnoMHuM, 4YTO TE€HETHYECKHIl KO BBIPOXKIEH M OJlHA W Ta K€ aMHUHOKHUCIIOTa
KOJUPYETCS HECKOJIbKMMHM KOJOHamMu. Eciau B pe3ylpTare MyTalUd OJMH KOJOH
3aMEHUTCA APYTUM, HO CHHOHUMHUYHBIM, B MOJIMIENTHAHYIO I€Mb BKIIOUHUTCA Ta XKeE
AMUHOKHCIIOTa U U3MEHEHUs (DeHOTHIIa MbI HE OOHAPYKUM.

Mexny 3TUMU ABYMsI MOJIIOCAMH JISKUT OTPOMHAas 00JacThb MyTaluil, Tak WM MHA4ye
U3MEHAINX (EeHOTUIl. B KakuX-TO KOHKPETHBIX YCIOBUSX OHHU MOTYT OKa3aThCs
MOJIC3HBIMHU, HOCUTEHN MX C OOJBIICH BEPOSTHOCTBIO OCTABST IMMOTOMCTBO W IMEPEIaayT
UX IIOTOMCTBY.

OTO U ecTh JapBMHOBCKAsl HEOIpeAeIeHHas: U3MEHYMBOCTh — UCXOIHBIM MaTepuan JJis
3BOJIIOLIMH.

Axcuomy Ouonoruu Ne3 mMbl MOxeM c(OPMYIHPOBATH TAK:

B npomecce nmepegaym M3 NMOKOJICHHSI B NMOKOJIeHHEe IeHeTHYeCKHe NPOrpaMMbl B
pe3yJbTaTe MHOIMX NPHYMH HU3MEHSIOTCH CJYYaHHO M HEHAINPABJIEHHO, U JHIIb
CJIy4aiiHO 3TH H3MEHEHHs OKA3bIBAIOTCS NPHUCIIOCOOUTEIbHBIMU.

TpeTbst akcuoMa BBITEKACT U3 BAKHEHIINX (PU3MUECKUX MOCTYIATOB — U3 MPAKTUUECKOM
HEBO3MOYKHOCTH 3HAaThb KOOPJMHATHI M HMITYJIbChl BCEX MOJIEKYJ B KJIETKE, U3 4YEro
CIENYET pacHpeleseHUe SHEPruid MOJIEKyJ 1no MakcBemly, U W3 NPUHLHUIHAIBHON
HEBO3MOYKHOCTH JIOCTaTOYHO TOYHO OIPEAEIUTh KOOPAMHATHI M HMMIYJIChl YACTHII,
aTaKyoUMX rexsl (mpuHnui I eitzendepra).

A Tak Kak ¥ nepepacrnpeiesieHle SHEPruil B COBOKYITHOCTH MOJIEKYJI, 1 B3aUMOJICMCTBUE
MOJIEKY]l B XUMHUYECKMX pEaKIMAX B KOHIE KOHIOB MOJXHO CBECTH K
KBaHTOBOMEXAHMYECKUM IMPOLECCaM, TO U MOJydaercs, 4yTo akcuoma Ne3 — ciencrteue
KBAaHTOBOW MEXaHUKHU.

Jlaneko He BceM 3TO HpaBHUTCSA. M. DWreH B KHHUTE, HA KOTOPYIO S YK€ CChUIAICS, MO
ATOMY MMOBOJY BCTIOMUHAET DiHIITeHA. B muceme ot 4 nekabps 1926 roga DitHITeHH
nucan Maxkcy boprHy: «KBaHTOBasi MexaHuka BHymaeT Oojbioe mnodreHue. Ho
BHYTPEHHHUH I'0JIOC TOBOPUT MHE, 4TO 3TO He UCTUHHBIN MakoB. Teopus maer MHOrO, HO
€/IBa JT1 OHa MOJBOJUT Hac Ommxke k TaitHe Ctapuka. Bo BcskoM citydae, st yOeKIeH, 4To
OH HE UT'PAET B KOCTH...»

Crapuk — 310 Oor, He cnemyer cuwmtarh DUHINTEHHA peIUTHO3HBIM. [lOKITOHHUK
CrinHO3b1, OH Ha3bIBaJl 60TOM peabHO CYLIECTBYIOILYIO IPHUPOLY.

C Tex mop mpornuio 6osee S0 met: KBaHTOBass MexaHMKa MHOTOKpPATHO IOKa3ayia CBOIO
HENPOTUBOPEUUBOCTh NPUPOAC, M BPsA JIM Jaxe OWHINTEHH ceifuac BbICTymayl Obl
npotuB Hee. OgHako B OHOJOTMM [0 CHX IOp €CThb AaBTOPbI, HE TPHU3HAIOILIUE
HEHAIIPaBJICHHOM CIIy4ailHOM U3MEHYUBOCTH 110 [lapBuny.
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B koHeyHOM cueTe OHM CKIIOHSIIOTCSI K TOYKE 3pEHMs, BBICKA3aHHOH 3a IOJIBEKa /10
HapBuna B 1809 roay BenukuMm ¢paHiy3ckuMm HaTypainuctom Jlamapkom. Coriacho
Jlamapky, opranu3Mbl B IPOLIECCE IBOTIOLMHN U3MEHSIOTCS, HO U3MEHEHUS 3TU MacCOBBIE,
HarpaBJIeHHbIE U npucnocoouTenbHble. Co Bpemenu Jlamapka X Ha3bIBalIM MO-Pa3HOMY:
HacJe0BaHUEM OJaronpruoOpPETEHHBIX CBOWMCTB, ACCUMIJIALIMEH YCIOBUM BHEITHEH
CpEeIbl U T. 1. U T. .

B namei nmutepatype HanboJiee OCHOBATENBHO 3Ty TOYKY 3PEHHUS OTCTAMBAJI KPYITHBIH
uxtuonaor u reorpad JI.C.bepr. OnH, mnpaBma, Ha3plBaJl CBOM BO33PEHUS He
JamMapKU3MOM, a HOMOI€HE30M (3BOJIOLMENl HAa OCHOBE 3aKOHOMEPHOCTEH, TO €CTh
3aKOHOMEPHBIX, a HE CIy4aillHbIX W3MeHeHui). Ho XoTs B cBoeil kHUTre, BBIIEANICH B
1922 roxy, bepr pemuTenbHO OTpEKCs OT JaMapKU3Ma, HUKOTO 3TO HE 00OMaHyJjo. Yike
TOrJa OINIOHEHTHl bepra MOHSAIM, YTO JIaMapKU3M M HOMOIEHE3 pPa3JIN4yaroTCs JIMLIb
TEPMHUHOJIOTHEN.

N6o, mo bepry, HacieacTBeHHbIE HM3MEHEHHUS 3aXBaThIBAlOT MacChl OCOOEH, HIYyT
HAIpPaBJIEHHO U JOJDKHBI OBITh M3HAYAJIBHO II€JIECOO0PA3HBIMU, MPUCIIOCOOUTEIBHBIMHU.
bepr, kak u Jlamapk, BooOIIe CuUUTam MPHUCIIOCOOUTENIbHBIE pPEaKIUH H3HAYalbHbIM
CBOMCTBOM KHBOTO.

CoBpeMeHHbIE HOMOTEHETHKHM KaK-TO CTBUIIMBO OOXOAAT mocieaHuil Te3uc bepra,
IPEINoYnTasi TOBOPUTH JIMIIL O HAIPABJIEHHOCTH HACIEACTBEHHBIX U3MEHEHUH, a HE O

I_ICJ'ICCOO6pa3HOCTI/I ux. Ho HaIlpaBJICHHLIC MyTalunu JOJIDKHBI OBITE
HpI/ICHOCO6I/ITeHLHI)IMI/I — BE€IAb BCC OpraHu3Mbl Ha 3emiiec K KaKHM-TO YCIIOBUAM
HpI/ICHOCO6J'IeHBI.

MHe 10BOJUIIOCH CIBINIATH BHICTYIUIEHHE (PU3UKA, B KOTOPOM BBIJIBUrajach TaKas Hies.
MyTanuu camu 1o cebe BpeIHbl WIH HEHTPaIbHbI U 00ECIEYUTh YBOJIIOIMIO MAaTEPHAIOM
HEe MOTyT. JIBMXKyIlas cujia 3BOJIONUU — MPUCTIOCOOUTEIIbHBIC W3MEHEHHUs, KOTOpPHIC
MPOUCXOAT KpaitHe pelnko (Hampumep, pa3 B ThicAdy JieT). M3-3a UX peaKOCTH MBI UX
OOHApYyXUTh HE MOXXEM, MOITOMY BCE OIBITHI, OMPOBEPraroIIne MPHUCIIOCOOUTEIHHOE
M3MEHEHHE TeHETHYECKUX MPOrpaMM, OKa3bIBarOTCs 0e3/10Ka3aTeIbHbIMU.

Ho ¢usuk nomxen Obl1 ObI MOHATH, YTO HOMOTCHE3, WU JIAMAapPKU3M, — Ha3bIBAlTe, KaK
XOTHTE, — OCHOBAaH Ha  HApyLWIEHWW MOpUHIOUNA Opu4uuHHOCTH.  CliencrBue
(mpuCnocOOIEHHOCTE) B HEM OmpefenseT NpuuuHy (M3MEHEHHE T'eHETHYECKOM
nporpamMmbl). M onsaTh MBI BO3BpaIiaeMcsi K ApUCTOTENIO C €ro KOHEYHON NMPUYUHON U
LEJIbI0 OAHOBPEMEHHO. Takue B3MJIsIIbl Ha HBOJIIOIUIO, HA3BbIBAIOTCS TEIEOIOTUUECKUMU.
s MeHst mpeacTaBiseTcs COBEPIICHHO HEMOCTHXKMMBIM, YTO B HAIIM JTHU HAXOIATCA
BIIOJIHE CEPhE3HBIC YYCHBIC, HE MOHUMAIOIINE TOTO, YTO OBLIO MPEIEIhHO SICHO eIle B
nponuioM Beke ['epueny. Bcnomuute ero «bbiioe u 1yMbDy:

«EcTecTBoMCHIBITaTENM, XBAaCTAIOIIME CBOMM MAaTEpHUAIU3MOM, TOJKYIOT O KAaKUX-TO
BIIEpEe]l 3alyMaHHbIX IJIaHAX MPUPOJBI, O €€ LENSIX U JIOBKOM M30paHUH CPEACTB... ITO —
daranu3Mm B TpeTbell creneHH, B KyOe; Ha MEpBOM KUIUT KpOBb SIHyapus, Ha BTOpOU
OpOLIAIOTCA MOJIA JOKIEM IO MOJIUTBE, HA TPEThEH OTKPBIBAIOTCS TAaWHBIE 3aMBICIIbI
XUMHUYECKOTO TMPOIECCa, XBaJSATCS SKOHOMHUYECKHE CIIOCOOHOCTH >KU3HEHHOW CHIIBI,
3arOTOBJIAIONIEH KEITKH JJIsI 3aPOABIIICH U T. IL.).

CkazaHo Kak OyATO MpO HAIIMX COBPEMEHHBIX HOMOTCHETHKOB. Sl yke mmcan 06 3Tom
noapoOHee B JAPYroil cBoei kauret’. 3nech, Mokalyd, OyJeT JOBOJBHO HECKOJIBKUX
NPUMEPOB TOTO, KAaK HAIMpaBJICHHAs MPHUCIIOCOOUTENIbHAS W3MEHYMBOCTH BCTYIMAeT B
IIPOTUBOPEYHUE C MPUHLIUIIOM IPUIMHHOCTH.

JlommycTiM CyIIeCTBOBAHUE HEKHX AaKTOB IMPHUCIOCOOJICHUS, UPE3BBIUAWHO PEAKUX U
notomy HeHaOmonaembix. HeT mpore npuema crienarsh ux HabmogaembiMu. Hano nunb
yBENMYUTh uucio HaOmogenuid. [lpumep wu3 Toi ke (GU3MKU: HEUTPUHO
B3aMMOJICCTBYET C BEIIECTBOM C YPE3BBIYAKMHO HHU3KOM BEpPOSTHOCTHIO, OTa
AJIEeMEHTapHasi 4acTHUIlA MOKET MPOHU3ATh HACKBO3b 3€MHOMW IIap, U BEPOSITHOCTH TOTO,
YTO OHA BCTYIUT B PEAKIIMIO C KAKUM-JIHOO SAPOM, COBEpIIEHHO HUYTOXKHA. Ho du3uku
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YBEPEHHO JE€TEKTUPYIOT HEUTpUHO W aHTUHEHTpuHO. JleTekTop 3aech — OobIIoe
KOJINYECTBO aTOMOB XJOpa (0OBIYHO B COCTAaBE TOM >KHUIKOCTH, KOTOpasi MPUMEHSETCS B
XUMUYHUCTKE — TETPAXJIOPITHIEHA). A UCTOYHUK MCKOMOM YacTULbl — SJAEPHBIN peakTop,
UCITy CKalOIIMH MOILHBIE IOTOKH HEUTPHUHO.

Puc. 36. Cynpyeu Jleoepbepeu svipawusanu 6 uyawkax Ilempu na nogepxmocmu azapa
MbICAYU KOJIOHULL Oakmeputl, a 3amem CMepuibHbIM OAPXAMHbIM WMAMNOM NePEeHOCUNU
UX C COXpaHmeHuem NpedCcHe20 NONONCeHUsl 6 Opyeue Hawiku, 20e cpeoa cooepircand
cmepmenvuyro 003y ammubuomuxa. Ecau uucno nepecesaemvix KoOnoHuil  0vL10
00CMAamMo4HO 8eUKO, 8ce20d HAX0OUNACh XOms Obl 0OHA, YCMOUYUBAs K AHMUOUOMUKY.
Ilpu smom nempyono 6b110 Y6eOoumsbcs, 4mo MamepuHcKas KOJOHUSL MAaKdice coOCmoum
U3 yCmouyugblx baxmepuil, Xoms ¢ AHMUOUOMUKAMU OHU U HEe 8CIMPEUATUC.
Awmepukanckue uccienosarenu [xomya u Octep Jlemepbepru ucciemoBain Mpoiece
npucnocoO1eHns: 6akTepuii K aHTHOMOTUKAM. JTOT (PEHOMEH — MPOKJISITHE COBPEMEHHOM
MeaunuHbl. IlpocnaBneHHble MEHUIWUINH, CTPENTOMHULMH, OJEAHJAOMUIIUH OBICTPO
TEPSIIOT CBOIO AP (PeKTUBHOCT, HyXHO CKa3zaTh, YTO MOMOTAIOT MHUKPOOAM B JaHHOM
ciydyae M Bpayu co ciaboi OMOIorndeckor moaAroTroBkoi. OHU MPOMUCHIBAIOT OOJBHBIM
HEI0OCTaTOYHBIE 103bI (M3 OOA3HM «KaK Obl YETO HE BBINLIO»), TO €CTh (PAKTUYECKH BEIyT
B TIOMYJISAIUAX OakTepuil 0TOOp HAa YCTOMYHMBOCTh K aHTHOMOTHKY. M e, Hao00opoT,
BIAJAIOT B JPYTYI0 KPaHOCTh M 3aKapMIIMBAIOT TAIMEHTa AHTUOMOTUKAMU TPU
MYCTSAKOBOW NPOCTYZE, a B pe3yJbTaTe TOT XK€ aHTHOMOTHK OKa)XeTCsl HEJAECWCTBEHHBIM
IpH IBYCTOPOHHEM BOCTIAJICHUH JIETKHX. BCIIOMHUTE 0 TIepeHOCaX TeHOB IIa3MUIaMH U
Oaktepuodaramu! ['eH, ompeaensOmuii, HaNIpuMep, YCTOMYMBOCTh OaKTepuu K
CTPENTOMHIIMHY, JIETKO MOXET OBbITh TepenaH Jaxke OakrtepusiMm apyroro Buaa. B
nocieHee BpeMsl BO3HHUKIA cepbe3Has MpoljemMa ¢ THOEPOIHBIMH 30JIOTHCTHIMU
CTa(QUIOKOKKAMH — COBPEMEHHBIH Bpau ¢ HaOOpOM AaHTHOMOTHKOB OKa3ajicsi B
MOJIO)KEHUU XUpypra IMpoLUIOro BeKa, OECCHIBHOTO TNepel IOCieonepaluOHHBIMU
OCIIO’)KHEHUSIMU. BBIXOI B OJJHOM — Bce BpeMsi OOHOBISTH apCeHan aHTHOMOTHKOB, IO
BO3MOYKHOCTH OOTOHsISI OaKTEpHil.

Ho Bepuemcs k Jlenepbepram. OHU B3sTH HECKOJIBKO COT 4ariek [leTpu ¢ muTaTebHBIM
arapom M Mocesuld Ha HUX KyJbTypy OakTepHil, 4yBCTBUTENIbHBIX K aHTUOMOTUKY. Ha Tex
MeCTaxX, TJle Ha MOBEPXHOCTh MUTATEIHHOTO CTY/IHS MOMAJaIH OaKTepPHH, ITH OaKTepuu
HAaUMHAJIU PacTH, JEIUTHCA, U Yepe3 HEKOTOPOe BpeMs arap MOKPHIBAJICS KOJOHUSMHU,
CKOIUICHUSIMU OaKTEpHii, BBIPOCHINX M3 OJHOW KIIETKH-POJOHAaYaNbHUILL. MccnenoBanu
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Cpa3y COTHHM M THICSYHM KOJIOHWH, YTO YBEJIWYHMBAJIO IIAHCHI Ha OOHApY>KEHHE DPEIKO
Habmoaemoro 3 dexra.

3arem JlenepOepru 3amaciuch HECKOJIBKUMHU COTHSIMH IITaMIIOB — KPY>KKOB, PaBHBIX I10
nuaMmerpy dame Iletpu u o0TaHyThIX OapxaroM. IlTammbl CTEpUIM30BAINCH B
aBTOKJIABE, YTOOBI HE 3aHECTU B KYJIbTYPbl UEro-HUOYAb JIMIIHETr0. 3aTeM CTEPUIIbHBIN
HITaMI NPUKIAIbIBAICS K MOBEPXHOCTH arapa; B KaKJIOW KOJOHMM YacTh OaKTepHid
npuiunansa K BOpcHHKaMm OapxaTa. A 3aTeM IITaMIl IPUKIAIBIBAICA K MOBEPXHOCTH
arapa B Jpyroi Jaiike.

Ho stoT arap yxe conepxai aHTUOMOTHK, IPHYEM B KOHIIEHTPAIMH, CMEPTEIBHON ISt
JTAHHBIX OAKTEpHH.

N «oTmtamnoBaHHbIE» HA €r0 MOBEPXHOCTU KOJOHUU OAaKTEpHil mepecTany pa3BUBATHCS
u norubmu. Ho Obuia moxMedeHa mr0OOMBITHAs 3aKOHOMEPHOCTb: €CIM  KOJOHHM
JIOCTaTOYHO MHOT0, CpeAu HUX 0053aTelabHO HalaeTcss XoTs Obl OJHa, KOTopas
HOPUXKHUBETCS Ha AJJOBUTOM arape u OyJeT pa3pacTaThCsl, Kak HU B UeM He ObIBaJIO.
Ka3amock Obl, ACHO: NPOU30LULIO HANPABIEHHOE IEIECO00pa3HOE W3MEHEHHE I10
Jlamapky nnu xe bepry. [IpaBaa, HesicHO, moueMy MPHUCIIOCOOUIIACH JHILb OJHA KOJTOHUS
U3 MHOTHUX, HO 3TO YX€ JIeTalb.

Ho kononuu mnepeHocuianch Ha arap ¢ AHTUOMOTHKOM IITaMIIaMU C COXPAaHEHUEM
IpeKHEero mnojokeHus. [1oaToMy Mbl BCerja MOXEM HAWTH MATEPUHCKYIO KOJIOHHUIO U
yOeauTbes, YTO OHA TaKXKe COCTOMT U3 OakTepui, YCTOHYMBBIX K AaHTUOMOTHKY!
ITpucnocobnenne BO3HUKIO A0 TOTO, KaK Ha HOMYJBIIUIO HOAEHCTBOBAN (haKTOp—
aHTuOMoTMK Hanmuo sBHOe HapylleHWe mpuHUUNA nOpuyuHHOCTH. CrencTBue
npenuecTsyer npuunHe. Ho eciiv Mbl mpumeM, 4To MOA00HBIE N3MEHEHUS TEHETUUECKUX
OporpaMM BO3HHKAIOT B DPE3yJbTaTe YHMCTO CIy4yalHBIX IMPOLIECCOB M B HEKOTOPHIX
ClIy4asiX OKa3bIBAaIOTCSI IOJIE3HBIMHM, HMKAKOTO HapyuleHus He Oyner. Ho 3to yxke He
JaMapKu3M WM HOMOT€HE3, a 0TOOp CilydaifHbIX MyTauui no Japsuny.
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Puc. 37. Koeoa 6 Anenuu ons 60pubul ¢ Kpvlcamu cmanu NpUMeHAmMb AHMUKOA2YNSaHM
eapgapum, oueHb CKOPO NOABUNUCH YCMOUUUBbIE K HEMY NONYIAYUU «CYNepKpbiCy. dma
kapma onybaukosana 6 1970 200y. Yepes 06a 2coda npuwinocb Ovl 3a1ums KpacHuIM
yeemom 6cro meppumopuro Benuxoopumanuu. Taxoeo mocywecmeo ombopa, nycmo
beccoznamenbHo2o.

Bropoii npumep kacaercsi yke BbICIIMX opraHu3moB. Korma B mpakTtuky OOprObI C
KpBICAaMH BOLIIM AHTUKOArYJISHTHI, A€paTHU3aToOpaM, TO €CThb KpPbICOJIOBAM, OKA3aJoCh,
YTO HACTYIAeT 30JI0TOM BeK. Y KpbBIC, MOEBUIMX INPHUMAaHKH C BappapuHOM, KpPOBb
nepecTaBajia CBEpThIBAThCS, U )KUBOTHBIE ITOTHOAIN OT MUJICHILIEH [JapallHbI, HaIIpUMeEp
U3-3a TECYMHKH, 3aJCBUICH CTEHKY KulleyHHMKa. [ Bapyr Besge, rae NpUMEHsIIN
KOAryJIsiHTbI, MOSBUJINCH MOIYJILUN KPbIC, KOTOPBIE HAa 3TOM OTpaBe 0J1aroAeHCTBOBAIIH.
HX Ha3Basn cynepKpbhICaMu.

[Ipucnocobnenne no Jlamapky mnu otdop Mytauuu no [lapuny? I'eHetuku ObICTpO
YCTaHOBWJIM, YTO T'€HBI, JAIOIINE HOCUTEIK YCTOMUYNBOCTD K aHTUKOATYJITHTaM, UMEJIUCh
B MOMYJIALUAX KPBIC 33JI0JIT0 10 MX BHEIPEHUS, OHU BCTPEYAIOTCS U TaM, I7ie BapdapuHa
¥ TIPOYMX MOJOOHBIX MPETapaToB HUKOTIa He npuMeHsuiin. Ho BcTpeyaeMocTh nx KpaiiHe
HU3Ka: y TAaKUX KPBIC MOBBIIIEHA CIOCOOHOCTh KPOBU CBEPTHIBATHCS, U OHM YacTO THOHYT
OT TpOMOOB, 3aKyHOpPKH KPOBEHOCHBIX cOCYylIOB. [IpuMeHeHHe aHTHKOAryJsiHTOB
IIPOM3BENIO CPEAU KPBIC TOJHYIO MEPEOLIEHKY LIEHHOCTEH: MPApOAUTEISIMHU CYHNEPKPHIC
CTaJIl HEMHOTOYHCIICHHBIE 0COOM — HOCUTEINN 3TUX MPEKAE HEBBITOJHBIX TEHOB.
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W3 sToro npumepa, KCTaTH, CTAHOBUTCS SICHBIM, YTO IIMPOKO PAaCIpPOCTPAHEHHOE MHEHHE
O BpPEOHOCTH MyTallWii, HEHANPABICHHBIX W3MEHEHHH TEHETHMUYECKUX IIPOrpamw,
nonpocty HeBepHo. Hetr myTtanuii Bo BCeX YCIOBHSX BpPEIHBIX, KaK HET U 0€3yCIOBHO
noje3HbIX. Bce mNOmbBITKM packiaccUpUUUpOBaTh MyTaluu Oe3 ydeTa JIaHHbBIX
KOHKPETHBIX YCJIOBUI 0OOpeueHbl Ha IPOBaI.

Bor eme npumepel ¢ HapylleHMeM @puHLOMNA nOpuuuHHOcTH. Ha  ceBepe
MPECMBIKAIOIINECS, B YACTHOCTHU 3MEH, pelKu. Y Hac [1onspHBIi Kpyr NEpEeXOAUT TOIBKO
OOBIKHOBEHHAasl Trajifoka Oylarofapsi CIELUaJbHOMY IPHUCIIOCOOIEHHIO. Y CEeBEpHBIX
raJoK pa3BUTHE MLl HAYUHACTCS €Ile B SMIEBOJAX, TAK YTO OHHU POXKIAIOT YK€ BIIOJIHE
cOPMHPOBAHHBIX 3MEEHBIIEH. A BOT apuUKaHCKUE MPUMUTHUBHBIE TaJIOKH
OTKJIaJbIBAIOT stifia. Camasi KpyIiHasi Hallla rajJroka — riop3a — Takke )KUBOPOAIIasl, HO B
I0’)KHBIX palioHax CpenHeil A3uu OTKIaAbIBAET AMIIA.

Hamumo siBHOE mpucmocoOieHne, MOBBIMIAIONIEe CKOPOCTh PA3BUTHS SIMIl B YCIOBUSX
IIPOXJIAHOTIO KJIMMaTa C Pe3KMMU CYTOUYHBIMU U3MEHEHUSAMU TeMIiepaTypsl. bepemenHas
rajifoka OoJbIIyI0 YacTh JHS MPOBOJIUT IIAe-HUOYAb B 3alllMIIEHHOM OT BETpa MECTE Ha
IIPUIIEKE, OTYETO TEMIEpaTypa €€ Tejaa MOJHMMAaeTcs 10 28°, a Ha HOYb CKpBIBACTCA B
KaKOH-HUOYb pacIIeIHe WIH 10/ KOPHIMH JIepeBbeB. DaKTHUECKH OHA MPEBPAIIACTCs
B uHKyOaTop. HecomHeHHO, ans Oyaymiux raaiouyaT 3TOT MPHU3HAK MOJe3eH. A BOT
noJjie3eH JIu OH camoi raatoke? Ilo3BOMUTENBHO YCOMHMTBCA: BEIb OHA JIEKUT Ha
OTKPBITOM MECTE, TaK YTO €€ MOYKET CXBAaTHUTh JIIOOON KaHIOK MJIM auCT, Aa U OOMEH Y
«paszorperoil» 3MedM UAET Kyda ObicTpee, Tak 4To TpeOyeTcst OoJblIe UK.
OHEPreTU4ecKu 3TO HEBBITOHO.

Kak u Bce npusHaku, MOBBILIAIONIUME BEPOSTHOCTh BBDKMBAHUSA Yy IOTOMCTBA, HO
Oecrionie3Hble U JJaXkKe BPEAHbIE AJIs POAMUTENEH, 3TO CBOMCTBO TaloKU HEOOBSICHUMO C
TOYKHM 3pEHUs MpsMoro mnpucrnocobieHus. Pa3Be 4YTo HepoAMBIIMECS 3MEEHBIIIN
nepeaaoT Mo KaKoMy-To KaHainy MH(opMaiun ceoeit Oyaymeit mame: «Mama, 4ToObI MBI
BBDKWJIM, HE CIIELIM OTKJIaJbIBaTh Sifilla, B KOTOPBIX MBI pa3BuBaeMcs». llo-Buaumomy,
JIeI0 OOCTOMT Mpole: IIea OoTOOp Ha 3aKpelyieHHe B IOMYJSIUM 3TOro MpPU3HAKa,
BO3HMKIIETO CIy4anHO.

Eme OGonee HarisaHbBl mMpUMEpHl W3 KU3HU pacTeHuid. Kak BbI 3HaeTe W3 MIKOJBHOTO
Kypca, Ul BBICIIMX PACTEHUN XapaKTepHO 4epelOoBaHuE ITOKOJIeHUN. PasMHOXaromuics
CIIOpaMHU CHOPOGUT MOPOKAAET paCTEHUE, IPOAYLIMPYIOLIEE MOJOBBIE KIETKH — raMeThI
(ramerodur). Eciu y manopoTHUKOB M IUIAYHOB raMeTO(QHUT CaMOCTOSITENIbHOE, XOTS U
penyLIMPOBAHHOE PACTEHME, Y LIBETKOBBIX OH Mapa3suTUpyeT Ha criopodute. To, yTo MbI
BUAMM y y0a 1 (uasiku, COCHBI M KaKTyca, 3TO Bce Clopodut. A raMeTopuT — 3TO YacTH
I[BETKA: 3aBsI3b W IbUIBLIEBBIE 3€pHA. MyKCKOM IraMeTO(UT — MBUIBLEBOE 3€PHO —
COCTOMT BCETO-TO U3 TPEX KIIETOK!

A Temepp IOCMOTPHTE Ha LBETOK JIIOTHKA. JlemecTku ero, INpuUHAMIEKAIUE
CHOpOUTHOMY  TOKOJIEHHIO,  00pa3yloT  uaeanbHOil  dopmbel  peduexTop,
KOHLIEHTPUPYIOUIMIA COJIHEYHbIE JIydd Ha MbUIBHUKaX M 3aBsi3u, 4TOOBI ObICTpee
pasBuBaica rameropur. ONATh NPHUCIIOCOOUTENBHBIA MPU3HAK, MPUTOTHBIA IS
Oyayliero, HEKOe «BOCIIOMHMHAaHUE O OyIylmemM» U HEOOBSICHUMBIH C TOUKU 3pEHHS
IPSMOTO MPHCIIOCOOeHHs. Pa3Be 4To MbI HAJETTUM LIBETOK CIIOCOOHOCTBIO MPEABUACTD U
COJIMIHBIMU 3HAHUSIMU ONTUKHU U (PU3NYECKON XUMUH.

[onpiTo’)kum Bce ckazanHoe. CiydaiiHble, HEHANpaBJIEHHBIE U HENPHUCIIOCOOUTEIbHbIC
U3MEHEHHUs T€HeTHMUYECKUX MPOrpaMM (MyTallMU) — HENpEeNOoXKHbIM (hakT, JOKa3aHHBIH
TBICYaMH Pa3HBIX CIOCOO0B. Temepp MbI 3HAEM KX MOJIEKYJSPHbIE MEXaHU3MBbI H
YBEPEHHO MOBBIIIAEM YaCTOTY UX BO3HUKHOBEHUs. He MOkeM JUIb OJHOTO — BBI3BIBATh
HaNpaBJICHHYIO HYKHYIO HaM MyTauuio. Ho, Kak MbI JOJDKHBI ObUTH ObI yOETUTHCS, 3TO
HEBO3MOXKHO JI0 T€X MOp, ITOKa MbI HE 3HAEM CTPYKTYp U (PYHKIMHA BCEX T'€HOB B KIIETKE U
HE HayyuMcs H3MEHATh OJMH TeH, He U3MeHss OcTalbHbIX. B mpupome 06e3
BMEILIATEJILCTBA YEJIO0BEKA 3TO HEBO3MOKHO NMPUHIIUITMAIBHO.
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[louemy xe 1m0 cuUX TMOp €CTh JIOAH, SPOCTHO OOPIOUIMECS C HEOMPOBEPKHUMBIMH
dakramu?

BeposATHO, MO TOW NPOCTOM MNPUYMHE, YTO HE MOTYT MPHUHATH HICK0 CIy4YalHBIX
u3MeHeHuH («CTapuk He UTpaeT B KOCTH»!).

W no toit )xe npuuriHe HOMOTeHe3 (B CMSTYEHHOM, PETYLIMPOBAHHOM, HO COXPaHUBIIEM
BCIO CBOIO CYIIHOCTh BHJIE) MOAJICPKUBACTCS HEKOTOPHIMU MCCIEAOBATESIMH 0 HAIIUX
nHell. «Hayka — Bpar ciy4aifHOCTei», Bce JOKHO OBITh 3aKOHOMEPHO. A TO, YTO TaKue
MOJXOJbI, MATKO TOBOps, (GUIOCOPCKH OECTIOMOIIHBI, HOMOTC€HETHUKOB HE BOJIHYET.
JInmp Obl HE MPUHATH B KAaue€CTBE MCTOYHMKA MaTepuana JUisl 3BOJIOLMHU CIy4yailHbIN
nporecc. OT Teopun TpedyeTcs, YTOObI OHA O0BICHSIIA, IOYEMY Ha 3eMJI€ TOJIKHBI ObITh
KOIIKHU ¥ MBIIIN U TIOYEMY MBIIIN JOJHKHBI MPATATHCS OT KOIIEK B HOPBHI.

O nogoGHBIX B3MMIAAAX HUPOHMYHO mNucal OHrenbC («JlManekThka NpUpobl», OYEepK
«Cny4yailHOCTh U HE00X0oAMMOCTHY): «Eciau TOT QakT, 4TO OmpelneneHHbIl CTPY4YOK
3aKJII04aeT B ce0e IIeCTh TOPOIIKH, a HE MATh WM CeMb, MPEACTABISAET COOOI0 SIBICHUE
TOTO K€ MOPAJKA, KaK 3aKOH JBM)KEHUS COJIHEYHOW CUCTEMBI WIJIM 3aKOH COXpPaHEHUS
SHEPruHu, TO Ha JIele HE CIy4YalHOCTh MOJHMMAETCS 10 YpPOBHS HEOOXOJUMOCTH, a
HEOOXOJAMMOCTh CHIDKAETCS 10 YPOBHA CIydalHOCTH». [1o OONBIIOMY CUETYy 3BOIOIUN
HaJlnyue Ha 3emJie KOLIEK W MBIIIEH CTONIb e cilydyaiiHoe cOOBbITHE, KaK HaJn4yue B
CTpyYKE IIECTH WM CEMHU TOpPOIIMH, U OECCMBICIEHHO BBIBOJAUTH €r0 U3 CBOMICTB
MPOTOIJIAHETHOM TYMaHHOCTH.

Myrtanuu: MHoro ux wim mano? He Tak JaBHO Kazajcsi CYLIECTBEHHBIM BOMPOC:
MHOI0 WJIM Maj0 MyTallMd HM3MEHSET I€HETHMYeCcKHe nporpammsl? Pusuk Oib3accep
moJjiaraji, 4To WX dYepecdyp MHOro, Hacroiibko, uro JIHK mpocto He MOXkeT OBITh
XpaHUTEJIEeM HACIEJICTBEHHOM uHpOpMauuu. DTy poib OH OTBOAWI HEKHM
HeMaTepualbHbIM «OMOTOHUYECKUM 3aKOHAM).

KoneuHo, nokazatb MyTalnui0 B pe3yibTarTe JACWCTBUA HeMaTepuaabHOro (akTopa
TPYAHO, HO elle TpyAHee J0Ka3aTh camoe ero cyuiectBoBanue. IloaTomy nepesec ObuT Ha
CTOpPOHE JPYroil TMIOTE3bl: MYTALUNA CIUIIKOM Malo YTOOBl OHHM MOIJIM OOECHeYUuTh
JIOJKHYIO CKOPOCTB IPOLIECCA IBOIIOLUN.

JleficTBUTENBbHO, MyTalUs KaKJIOTO OTIAEIbHO B3STOTO I'€HAa IMPOUCXOJHUT C JIOBOJBHO
Hu3koi yactotoid (10-4...10-8). MHOTHX K TOMY >K€ yAUBIISI OJUH HEMOHATHBIA (QaKT: y
MUKpPOOPTraHW3MOB MYTallUH OTMEYAIUCh PEXeE, YeM y BbICIIUX opraHu3mMoB. Ho geno B
TOM, 4YTO y OakTepuii U reHoM MeHbIne. Jlerue HabpaTh 0e3 oneyaTok razery, YeM KHUTY
noctaTouyHo Oonbiioro odvema. Korjga mepecuuTanud 4acToTy MyTaluil Ha €QUHUILY
conepxkanusg JIHK B reHome, ckopocTm MyTareHe3a y BCEX 3€MHBIX OpPraHU3MOB
MIPaKTUYECKH COBITAJIN.

[IpencraBneHue o TOM, 4TO MyTalUil HEAOCTATOYHO JJIs1 OOBSICHEHHS TEMITOB 3BOJIIOLINH,
KOKETCS OYEHb IPUBJIEKATEIbHBIM JUISI BpParoB «BCAYECKHX ciydailHocTe». OHO
NPOHMKIIO JJa)kKe B HAYYHO-(AHTACTHUYECKYIO JUTEpAaTypy: B OAHOM (HE M3 JIyUIIHX)
pacckase JIou JajleKoro 0y IyIiero ycepIHo MOMOTaloT 3BOIOIMH Ha APYTUX TIaHETaxX
— B€Ib IPHUPOAHBIX MyTallMi HexocTarodyHo! ABTOp HE BeAall, 4TO IPEJCTaBJICHHE,
KOTOPOE OH MPHUHSII 32 HAYUYHYIO UCTHHY, camoe (PaHTaCTHYECKOE B €r0 paccKase.
PaccmoTpum sToT Bompoc noapoGHee. [la, MyTanuu HabIIOAAIOTCS B IPUPOJIE JOBOJIBHO
peaxo. UToObl MOBBICUTH MX YACTOTYy, CEJIEKIMOHEPHl MPUMEHSIOT MYTareHsbl, Jy4u
Pentrena u ko0anbToBbIC MyHmIKUA. M BCe-Taku BCIIOMHUM JUIMHHBIN CIUCOK (DaKTOPOB,
noBpexknaronmx JIHK, mpuBenaeHHbli B Hayane 3TOM riaBbl. Ecnu mpuHATH, 4YTO
MU3MEHEHUs MIYT TOJBKO B pE3yJbTaTe OTILEIUIEHWsS IyPUHOBBIX OCHOBAHUMH, IIpU
CIy4YalHbBIX U3MEHEHMSIX TeMNepaTrypsl U pH, ToO IpOCTON pacyeT MOKa3bIBACT: 1a)Ke MpU
3TOM KJIETKH KaXKIOro yesioBeKka Tepsuti 0l 50 Thicsd HykiIeoTunoB B cyTku! 3a 70 et
JKU3HM YeJIOBEK moTepsiaa Obl 40 MPOIEHTOB BCEX MYyPUHOBBIX OCHOBaHUU. SICHO, UTO MBI
npuIuTy K abcypay. [Ipu TakoM Temne oH mpocTo He A0xui 061 1o 70 jer, a morud emie
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B yTpoOe Matepu. Ha nene moan mopoii BABOE MEPEKPHIBAIOT 3TOT BO3PACT U YMHPAIOT
OTHIOJIb HE U3-3a HEAOCTATKa IIypHUHOB.

CrnenyeTr mpuiTH K BBIBOJY, YTO T€HETUUYECKUE MPOrPAMMBbI 3aJI0’)KEHHBIE B KaXKIOM M3
Hac, 4Ype3BbIYaHO NoMexoycToWunBbl. CTaOMIBHOCTh UX OMNpEIENseTcsl OTHIOAb He
XUMHYECKOH MHEPTHOCTHIO, a TEJIBIM PSIIOM OCOOCHHOCTEH CTPYKTYPHI M CIIEIIHATHHBIMH
cHUCTeMaMH, KOTOpble OT(UIBTPOBBIBAIOT MOMEXH HJIM KOPPEKTUPYIOT ONEYaTKH — Kak
BaM YI'OJIHO — Ha KaKJIOM HOBOM IOKOJIEHUH KIIETOK.

[lepBblii U3 MeXxaHU3MOB OOpbHOBI C TOMEXaMH, CaMblii MPOCTOH, HO HE CaMbli
3 PEKTUBHBIN, — TMOBTOPEHUE, IyIUTUKAIMs. BCIIOMHMM, 9TO y KaXXJOrO0 W3 HAac B
KJIETKaXx I10 /IBa TEHHBIX Ha0Opa, OT OTLA U OT MaTepH.

Ecnu B OAHOM M3 HHX ITPOM3OILIA MyTalUs 110 Ba)XHOMY T'€HY, MBI MOXKEM 3TOrO U HE
3aMETUTh: T€H BTOPOro Habopa KOMIIEHCHUPYET MyTalMi0 M OHa B (EHOTHUIE He
IPOSIBUTCSA, HO TOJIBKO 10 T€X IMOp, MokKa 00a OMHAKOBO IMOBPEXKJEHHBIX I'eHa HE
BCTPETATCA B OAHOM OIJIOJOTBOPEHHON SHLEKIETKE. BEpOATHOCTH 3TOr0 IMOBBIMLIAETCS
npu  ONM3KOPOJACTBEHHOM CKpeluBaHMU. HemapoM 3akoHOZATeNbCTBA BCEX CTpaH
3arperarT Opaku MeXy OJIM3KMMHU POICTBEHHUKAMHU.

VYV NonMIuIon 0B TeHOM HAallOMUHAET TOT Pa3srOBOP JIBYX CYJIOBBIX PAJUCTOB, O KOTOPOM S
yke BcnoMuHasl. OJTHaKO 3TOT MEXaHU3M OYEHb YK NPSIMOJIMHEEH U BeAET K OOJIbIINM
3aTpaTam U ocioxHeHUusM. [IpakTuuHee 1yOaupoBaTh HE BECh F€HOM, a JIMIIL Haubosee
BaXHbIE €ro 4YacTh. Tak OHO U ecTh, BaxHeilmue mnocnenosareapHocT JHK
IIPEAICTABJIEHBl Y BBICHIMX OPraHU3MOB MHOTMMH JECATKaMH, & TO U COTHSIMHU KOIIMH,
HalpuMep Te€ TEeHbl, B KOTOPBIX KOJUPYIOTCS sJIepHble O€JIKM — THUCTOHBI.
[IpumeuarenbHO, YTO MHOTOKPAaTHO AyOJIMPOBAHBI B OCHOBHOM HE CTPYKTYPHbBIE I'€HBI,
Koaupytoue Oenku, a perynsaropHbie. CTpyKTypHbIE T€Hbl B OCHOBHOW CBOEW Macce
YHUKaJIbHBl. JTO MMEET TIIIyOOKHIl CMBICI: M3MEHEHHE KaXJ0ro Oelika MMEET ILaHC
OposIBUTbCA B (peHOTUIE, 4YTOObI MNPOWUTH OLEHKY Ha IOJIE3HOCTh B TOpHMUIE
HBOJIIOIIMOHHBIX TIPOLIECCOB. A BOT PEryJSTOPHBIE CHUCTEMBI O0S3aTEIBHO JOJKHBI
cpaboTaTh, IPEAOCTABUTh 3TOT IIAHC CTPYKTypHOMY reHy. [103ToMy OHM JOJKHBI OBITH
MHOT'OKpaTHO 1y OJIMpPOBAHBI.
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Puc. 34. Hasepxy — mnexomopwvie mymayuu 21a3 nio0080l MYWKU Opo30puibl.
l'enemukam oueHv noeesno, umo y Hee, KAk U Opy2ux OB8YKDHLIbIX 6 KIeMmKax CIIOHHbIX
Jrcene3  umeromes. 2ueanHmckue xpomocomvl. OHU NONEPEYHO UCYePYEeHbl, KaxHcoas
NONOCKA 8 NePEOM NPUOIUNCEHUU COOmEemcmeyem 0OHOMY 2eHy. Yoanocv nokazamb,
umo mymayus Bae, 6onee uem 6060e cHudcarowas 4ucio gacemox 6 2uazy, 00yciosiend
yogoeHuem, oynauxkayuel o0Ho2o 2eHa. Ecnu owce een ympausaemcs (mymayus ynempa-
Baz) ¢pacemxu npaxmuuecku pedyyupyomcs.

Ororo Mano. Ha 3ape sBomonuy, B 3110Xy CTaHOBJIEHHS T€HETUYECKOTO KOAA, TPUILIETHI
JHK xoaupoBanu aMHHOKHUCIIOTHI, IO BCEH BEPOSTHOCTH, HE CTOJIb KECTKO KaK cenlyac.
B pesynpraTe BO3HMK BECbMa IOMEXOYCTOMYMBBIA MEXaHU3M  KOJAUPOBAHUSA
AMUHOKHCIJIOT TPOHMKaMU HYKJIEOTHJOB, OCOOCHHOCTH KOTOPOTO OIKCAaHbl COBETCKUM
o6uodpusukom M. B. BonpkeHmreiiHoMm. MOXHO CpaBHUTh HPUHIUIBI  [TOCTPOCHHS
FEHETHYECKOro Koja ¢ numnymed mamuHkol Ocrtama benpepa. Kak Bbl, KOHEYHO,
MMOMHUTE, MATUHKA KOHTOPHI IO 3aTOTOBKE POTOB U KOTIBIT UMEJIa KaBKa3CKHUM aKIIeHT: Y
Hee He ObUIO0 OYKBBHI «€», M €€ MPHIILIOCh 3aMEHATh OyKBOU <«3» (...MpHIOXKIHUD. b33
npuioxaHuil). [Touemy e Benukuii KOMOMHATOP 3aMEHIIT «€» OYKBOW «3», a HE KaKOH—
aubo Apyroi? DOTO BceM TMOHATHO: MOAOMpanack OykBa, Hambojee Onu3Kas IO
3ByuaHuIo. J[pyras Obl HCKa)kalla CMBICI CJIOBA.

Heuro nmogo6HOE MpOMCXOAUT MPU MyTalUSX CTPYKTYpPHBIX IeHOB. ['eHeTHdyecKuil Koj
YCTPOCH TakKuM 00pa3oM, YTO BO MHOTHX CIy4asX CMBICI TPUIUIETa HE H3MEHSETCS
(xomupyeTcsl Ta )K€ aMHUHOKHCIIOTa) WJIM U3MEHSETCS HE3HAUUTENbHO. A YTO 3HAUUT —
He3HaunTenpHOo? CHOBa TpaMMaTH4YecKas aHaIOTHs. bDyKBbI OBIBAIOT TJIACHBIE U
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coriacHble. AMMUHOKHUCIIOTHI U OCTAaTKM UX, cjararouue OeiKu, JesSTCs Ha MOJIIpHbIE U
HETOJISpHBIE.

OTnuyaroTcss OHM 1O B3aUMOJCHCTBHIO C MOJIEKyJaMHM BOJbl — IOJSPHbBIE
AMHHOKUCIIOTBI, TaKWe, Kak JIM3UM, THUCTUAMH, aprUHUH W JApYyTHe, MPUTATHBAIOT
MoJIeKyJibl h30, «cMadyMBaloTCs» BOJOI0. HemomnsipHble aMHUHOKHCIOTHI, Takue, Kak
IJIMIUH WIK K€ allaHuH, Oosiee ruapo¢oOHBI, OHM OTTAJKHBAIOT MOJIEKYJbl BOJBI U
OXOTHEE B3aUMOJIEHCTBYIOT JPYT C JPYrOM.

YepenoBaHueM MOJSAPHBIX U HEMOJNSPHBIX AMHUHOKHCIOT B O€lKe OIpenessercs: ero
TpeTuyHasi cTpykTypa. HemonspHble ocTaTKu ciaumaroTcsl APYTr C JAPYroM HOJSpHbIE
B3aUMOJICHICTBYIOT ¢ BOJOW M B pe3yibTaTe oOpa3yeTcs cioxHas (opma, Mopoit
HAIlOMMHAIOIIAsl TBOPEHHUE CKyJbNTOpa-adcTpakuuoHucta. C TOW JMILb pa3sHULEH, 4TO
OHa coJiepKaTesbHa: CTPOr0 COOTBETCTBYET BBIIOJIHAEMOM 3TUM O€JIKOM (YHKIIHH.

A uro Oyner, ecnu B pe3yJbTaTe MyTAallMH MOJSPHBIA OCTATOK B OCIIKE CMEHHTCS Ha
HeNnoJApHbIN (MM Haob6opoT)? dopma MOJIEKYJIbI MOKET M3MEHUTHCSI HACTOJBKO, YTO
0OETOK HE CMOXET BBINONHATH CBOIO (yHKIUIO. ['emornmoOuH He OyIeT CBS3BIBAThH
KHCIIOPOJ, (GEPMEHT HE CMOXKET YCKOPATh XMMUUYECKYIO PEaKIMI0, U OPraHU3M, HOCUTEIb
JTAHHOM MyTalluu, CKOpee BCeTro, MOTHOHET.

TeM, 4TO 3TO MPOUCXOAUT OTHOCUTEIBHO PEIKO, MbI 00sI3aHbI XUTPOYMHOMY YCTPOWUCTBY
reHeTuyeckoro koxaa. Emie torma, korgja Mexay aMMHOKHUCIOTaMHU B O€JKEe M TpoMKaMu
HYKJICOTUJIOB B HYKJIEMHOBOW KHMCJOTE HE ObUIO ’KECTKOTOo COOTBETCTBHS (opdorpadus
elle He YCTaHOBMJIACh!), 3BOJIOLUS OTOOpana HamOojee MOMEXOYCTONUMBBIN BapuaHT.
[Tpoune KOHKYpEHLIMHU ¢ HUM HE BBIJEPKAJIU U COLUIN C dKU3HEHHOM apeHbl.

Kak cnopasnsiercss ¢ momexamu TeHeTHYeCKui koa? BosbmeM miisi mpumepa Kakyro-
HUOY/b aMUHOKMCIOTY. AnanuH B MatpuyHoii PHK MokeT koxmpoBaThCsl 4eThIpbMs
CUMBOJIAMHU:

oy, I'afl, I'tA, I'iI’. Herpyaso coobpa3uTh, 4To d100ast 3aMeHa TpeTheil «OyKBbI» B
KOJIOHE HE U3MEHUT €0 CMBICIA, B OCJIOK BKIIIOYUTCS TOT ke ananuH. Ho ecTh U apyrue
aAMHHOKUCIIOTBI, KOJUPYEMbIE MEHBIIMM YUCIOM TPUILIETOB (HAaIIpUMEp, acaparuHoBasl.
U riryramuHoBast). Oka3anaoch, YTO 3a MCKIIIOUEHUEM TEX CIy4yaeB, KOIZla B PE3yJIbTaTe
MyTallii BO3HUKAET OECCMBICIEHHBIH KOJIOH, IOJISIPHOCTh aMUHOKUCIIOTHOTO OCTaTKa He
MeHsieTcsl. 3HAUMT, He M3MEHUTCS CYLIECTBEHHO U (hopMa OEIKOBOM MOJEKYJIBI, U ee
OPUTOAHOCTh JUIsl BbINONHEHHs (QyHKuu. HecmoTps Ha ommOKy, «IIpo4ecTb»
MHCTPYKLHUIO MOkHO. Uem He Mammuka Ocrtana bennepa?

B o0mem, u3 526 BO3MOXHBIX 3aMelIeHHUN (OMATh K€ HE CUHMTasi OCCCMBICICHHBIX,
oOpbIBatomuX cuHTe3 Oenka), 364, Oonmee yeM JBE TPETH, HE MEHSIOT MOJISIPHOCTD
aMHHOKHUCIJIOTHOTO OcCTaTKa. Xy’Ke, €ClIM MyTallisl 3aXBaTbIBAE€T HE OJMH, a JBa, a TO U
TPH HYKJIEOTUA, HO BEPOSITHOCTh TAKUX MYTal[il MHOI'O MEHBIIIE.

Ho camoe uHTepecHoe 51, Kak 00bIYHO, OCTaBWJI O] KOHell. Beap U pe3epBHBIE T€HBI, U
0COOEHHOCTH KOJAMPOBaHUS, CHIXKaromue 3(P(GeKT MyTalud, B KOHEYHOM CUeTe —
IIaCCUBHBIE CpeACTBa OOppObI C MOMEXaMHM. Y TEHETHMYECKHMX IporpaMM BcCeX
OpPraHu3MOB, HauWHas ¢ OAaKTepUl W KOHYAs YEIOBEKOM, €CTh BECbMa JEHCTBEHHBIC
MEXaHU3Mbl aKTUBHOH 3a1nThl. Takue npolecchl Ha3blBalOTCS peNapaliOHHBIMU.
Penaparus  JIHK akTWBHO 3amuinaeT TIEHETHYECKYIO MPOrpaMMy KJIETKH OT
HNOBPEXJCHUN. PaccMOTpUM OIMH M3 €€ MEXaHU3MOB Ha KOHKPETHOM NIPHMeEpE.
VYnbrpaduoneroBble Jydyd — MOIIHBIA MyTareHHbld (axrtop. Hambonee vacto oHH
BBI3BIBAIOT XapaKTEpHble MyTallMM — CHIMBKM JBYX COCEJHMX NUPUMHUAMHOBBIX
ocHoBanuii (L] u T). Takue cuuTeie OCHOBaHHMA HE MOTYT OBITh TPaHCKPHOMPOBAHBI B
MPHK, u npouecc aymmmkannu JIHK Ha HUX Takke KOHYaeTCA.
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Puc 35. Opeanusm axmusHno 3awuwaem ceou 2eHemuyecKue npocpammbvl Om 6HEeUIHUX
so30eticmauti. Jonycmum, Ha ywacmke [[HK (1) 6o3nuxno nospedxcoenue. Keanm
yavmpaghuonema, NpPoOHUKHYE 6 s0pPO, 8bl36AN CULUBKY O08YX COCEOHUX NUPUMUOUHOBBIX
ocHoBaHull, 603HUK Oumep mumuna (2). JHK c¢ makum Oeghexmom He moducem
pabomamyv, cunmesuposams cedsi uiu PHK. Monexynvt ¢pepmenmos /[HK— u PHK-
noaumepas, 0ouos 00 CUUBKYU, 3ACMPAHYM HA Hell, KaK 3dcmpesaem 3aMOK 3ACMeNCKU-
«MONIHUUY, eciu 6 Hee nonaia Humka. Ho ne 6ce nomepsno, Ha NoMOWb NPUXOOMm
Gepmenmoi-penapazvl. IHOOHYKIEA3a «OMCMpUaemy» nospexcoeHHvlll yuacmok (3—4), a
Opewb 8 080UHOU cnupaiu docmpaueaemcs opyaum pepmenmon, JJHK-norumepasou, no
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ocmasuleiucs KOMNJIeMeHmMAapHou Humu-wampuye.  Jlocmpoennwiu ompe30K
APUWUBAEMCS K CIMAPOU NOCIe008AMeNbHOCU (PepMeHmoM aueazou. Imom npoyecc
makce aKmusupyemcs. c6emom, Ho bonee OauHH080HO8bIM (300—600 Harnomempos).
Tax umo, eciu xomume COXPAHUMb CE0U 2eHeMuUYecKue Npozpammvl 6 YeioCmu, He
3azopaume Ha NsAdiCe, a 2peumecsy y KAMUHA.

Penapasvr «pemonmupyrom» yuacmxku JJHK, k xomopvim npucoeOunuiucb Moaexyibl
MYmazeHo8, pazpvlébl HUmMel U OwWuOKU cnapusanus. B nopme ocmaromces nuwis 0onu
APOYEHMA BO3HUKAIOWUX MYMayui, HO U 3M0o20 O00CMAMOYHO, UMobObl 0becnedums
Mamepuaniom 380a10YUIo.

W Ttorma Ha moMomb OpUXOAAT (epMeHThI-penapasbl. OHU BBICTPUTAIOT KYCOK C
noBpexaeHueM, u B ABoriHoil Hutu JIHK oOpa3zyercs Opeis. Matpurieil 11 3anoJHeHUS
OpelIn CIIy>KUT COXPaHUBIIMICA KyCOK KOMILIEMEHTAPHOM MOCIeI0BAaTEILHOCTH, 110 HEl
CTPOUTCSI Y4acTOK B3aMEH IMOBPEKICHHOIO W MPULIMBAETCS K CTAPOM HUTU OCOOBIM
dbepmenTom-nurazoii. JII0OOOMBITHO, YTO 3Ta TOHKAas MOPTHSDKHAS paboTa aKTHBHPYETCS
CBETOM, HO HE yJIbTpa(HuOIeTOBEIM, a 00Jee JITMHHOBOIHOBEIM HM3TyYEHHEM, BILIOTH JI0
uHpakpacHoro (ans uenoBeka — 300-600 nanomeTpoB). Tak 4TO ¢ TOYKH 3pEHUS
OXpaHbl TEHETUYECKUX MPOTpaMM ropaszio MoJIE3HEE IPEThCsl Y KaMHHa, YEM 3aropaTh Ha
TUISDKE

Penapanus neunt Ttakke wecra, rae u3z JHK daykryaumsmu Ttemmeparypsl u
PH BbIpBaHbl NYpUHBI YYaCTKU  IOCJIENOBATEIbHOCTEH, MPOPEarupoBaBIIME C
MyTareHamu, omunbouyHo crnapenHole HUTH JIHK, a Tak >xe OJHOHUTEBBIE pa3phIBHI,
00yCIIOBJICHHBIE KECTKON pauaifei.

A ecnu TOBpeXIEHHE 3axBaTwio oOe HUTH? 31ech paboTa CIOXKHEe, HO penaparius
cIpaBisieTcs U ¢ TakuMu Jedexkramu. OnucaHbl ciaydyau perapaiuu, 1o KpaiiHei mepe,
YacCTHU ABYHUTEBBIX Pa3pbIBOB U MOINEpeyHbIX clIMBOK HUTen JIHK.

[To-Buaumomy, penapupyroue CHUCTEMbl UCHPABISAIOT HE MeHee 99 MpOLEeHTOB BCeX
BO3ZHUKAIOIIUX MYTAlUW, Jenas >KU3Hb BOOOIIE BO3MOXHOUW. Tem cambIM BOIMpoC O
HEJOCTATOYHOCTU MYyTaluil [Uisi OOBACHEHHUS SBOJIOLMOHHOIO Tpollecca CHUMAETCS:
MyTallUi HE MHOIO M HE Majo, a pPOBHO CTOJIBKO, CKOJBKO HX IIPOITyCKAaeT
penapanuoHHbIi 0apbep.

[Touemy e pemnapasbl MHOTJA He cpabareiBaioT? Bo-mepBBIX, FeHBI KOAWUPYIOLIHE WX
CHUHTE3, TAK)K€ MOJBEPKEHbI MyTallMsIM. B Takux ciydasx pe3ko BO3pacTaeT CKOPOCTh
BCEX IMPOYUX MYyTalMid, OCOOCHHO XPOMOCOMHBIX pa3pbIBOB («CHUHIPOM JIOMKOCTH
XpoMocom»). Bo-BTOphIX, HU OJHA cHCTeMa, MOJOOHO HAOOPIIMKAM W KOPPEKTOpam
CYBOPUHCKOTO H3IaTeNbCTBA, HE MOXKET paboTaTh abCOJIOTHO 0e30mu004HO . B-
TPEThUX, CUCTEMA pernapa3 paccyuTaHa HAa HEKUHM CPEJIHHMM ypOBEHb IOMEX, HO BElb
HEKOTOpbhIe TOMEXHM IMOJBEPKEHBI (UIYKTyalusM M 4YacTh OPTraHU3MOB HEU30EKHO
IONaJaeT B YCJIOBMs, Korja pemnapauus He chpasisiercs. K coxaneHuto, B Halmx
COBPEMEHHBIX YCJIOBHUSX, KOTJa Pe3KO BO3POC paaUallMOHHBIN (poH, a BO3AyX, BoJa M
NUIIAa HACBIIIEHbl MyTareHaMu cucTeMa penapauuii paboraer Ha mnpexaene. Camoe
CTpAIIIHOE, YTO MOXKET OXKHJIATh (M CIIeNaTh ¢ COOON) YeTIOBEYECTBO — 3TO TePMOsAepHast
BoliHa. Ee Hamm penapanMoOHHbIE CHUCTEMBI, BHE BCSKOTO COMHEHHMs, HE Bblaepxkar. U
NO/DKUTATEIN BOMHBI, €CIIM HE 3aXOTAT 00peub cedsi Ha MOKU3HEHHOE 3aKIIOUEHHE B
aToOMOyOeXHIIax OyayT BBIHYKICHBI BBIUTH B OOpEUEHHBIN HAa THOEIb MHUp, TAE IaKe
KPBICBHI OYAyT OTPaBJICHBI.

B Teuenue Oonee yem Tpex MUIJUITMAPAOB JIET MPOIECC SBOJIOLMM CO3AAaBall UyACCHBIN
MEXaHU3M, COCOOHBIN MOAJIEPKUBATH CBOIO CTPYKTYPY M IepeaaBaTh €€ U3 MOKOJICHHS
B TOKoJeHHe. bbuio Obl YyJOBHUIIHBIM MPECTYIUICHMEM MEepell CaMOM JKHU3HbIO
YHUUYTOXKUTh €r0 B CYUTAHHBIE MUHYTHI SIIEPHOTO KaTaKJIU3Ma.

B xoHeyHOM cueTe MpUMEHEHHUE SEPHOTO OpYKHsI — BOMHA MPOTUB OyIylIMX, elle He
MOSIBUBLLINXCS HA CBET MOKOJICHUH. 1 HE TONBKO SAEepHOTO OpyKusl. BCioMHUM OJHY U3
CaMbIX IIO30PHBIX CTpaHUIl aMEPHUKAaHCKOM BOWHBI BO Beername. Ilox mpemmnorom
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YHHUYTOXKCHUS JDKYHIJICH Kak yOexKHIa mapTu3aH aMepruKaHCKasi BOCHIIMHA cOpocuia Ha
MHOTOCTPaJAaNbHYI0 BRETHAMCKYIO 3€MITIO OKOJI0 80 MUJITHOHOB JIUTPOB SIOB.

51 He 3HA10 (POPMYIIBI ITOTO fA/1a; H3BECTHO TOJIBKO €T0 YCIOBHOE HA3BaHUE — OPAHIKEBBIH,
COPHUH]IK» — IO I[BETYy KOHTEWHepoB. Ho, mo-BUIMMOMY, 3TO CHIBHEHIINI MyTareH w3
paspsiaa CynepMyTareHOB — TUIIa HUTPO303TUIIMOUYEBHUHBI WIH K€ MMPOU3BOJIHBIX UIIPUTA.
Jlo cux mop THICAYM KUIOMETPOB BbETHAMCKON 3€MIIM OCTAIOTCS MEPTBBIMU, HAa HHX
BBIPACTAIOT JIMILb YPOJUINBbIE, HEM30€KHO Morudaromye aepesbs. B Tol niam nuHoi mMepe
]I TIOTIaJl B OPTaHU3MbI HE MEHEE JIECSATH MPOIEHTOB HaceJIeH!sl BbeTHamMa, COTHU ThICAY
YKEHIIMH OECIIOIHBI UJTH JK€ POXKAAIOT Ha CBET OOJIBHBIX JI€TEH C aHOMAIUSIMU Pa3BUTHSL.
«OpuHIKY», Kak OyMepaHr, yaapui U 10 arpeccopaM: y ThICAY OBIBITUX aMEPUKAHCKUX U
aBCTPAJMICKUX COJJAT A0 CHUX MOp pOXKIaroTcs AeTu-ypozsl. [lo Bcell BeposiTHOCTH,
MyTareH BbI3bIBAET MHOXKECTBEHHBIC aOeppalliu, MOJIOMKH XPOMOCOM.

Orta MpauyHas ObUIb XOPOIIO WIIIOCTPUPYET MPOOJIIEMY: «MHOIO MYTAallUH WIM Majoy.
Kak BbI BUguTE, Maneiiiiee MpeBbIIICHHE MyTAI[HOHHOTO (POHA TSKENIO CKA3hIBAETCS Ha
cynpbax nomyyiauuid. [lomexoycToiiunBOCTh TEHETUYECKUX IIPOrpaMM He OecripenienbHa:
OHa JIOCTHUTIJIa onTUMyMa (0e3 MOMpPaBKH Ha YEIOBEUECKHUE ISSIHUS).

B 3akmitoueHune paccMOTpUM HECKOJIBKO TMIIOTETUYECKUX MOJNOXKEHUH U3 paspsana: «Uro
ObU10 ObI, ecinu Obl...» Tak BOT, 4TO ObLIO ObI, €ciau Obl TEHETUYECKHE MPOrPaMMBbI
00Jasamy CTONPOLEHTHON CTaOWUIIBHOCTBIO U HUKAKHE (PAKTOphl, KaK BHEIIHUE, TaK U
BHYTpPEHHUE, HE MOTJIM HAPYIIUTh CTPYKTYPYy F€HOB?

SIcHO, YTO HBOJIOIMS B TAKOM CITydae HE MOTJIa Obl HAUaThCs: OHA HE UMera Obl s ce0st
matepuana. M Ml 10 cux mop mpedObiBaimu Obl HAa CTaguM MPOCTEHIINX OPraHU3MOB.
Boiee Toro, COMHUTENBEHO, 9YTOOBI MBI JJa’Ke JIOILIH JI0 3TOH cTaanu. EcTh Bce OCHOBaHHSA
noJiarath, 4To OTOOp CIIy4aiHBIX U3MEHEHUH — He TOJBKO JBUTATEh SBONIOINH KU3HHU,
HO W MPUYWHA ee cTaHOBJIeHHs. be3 MyTanuii oToop OeccuieH.

DT0, KCTaTH, CYIIECTBEHHBIM JOBOJ TMPOTHUB BO3MOXKHOCTH CYIIECTBOBAaHUS BO
Bcenennoil kakux-mubo KpeMHHEBBIX WM MeTauindeckux Gopm xu3Hu. CyOcTpaT st
Hee J0JKEH OBITh JOCTAaTOYHO JTAOWIICH, )KU3Hb BCETIa UJIET 110 JIE3BUIO OPHUTBBI.

A ecnu ObI Bce MyTallMi MPEKPaTHINCh ceiiuac M BCE TEHETHUYECKUE MPOrpaMMbl CTAJIH
ObI cTabmiIbHBEIMU? OCTaHOBUIIACH OBI TOTHA IBOJIFOIIUA?

He cnemmre ¢ orBerom. Jleao B TOM, YTO BCE BBICHIME OPraHU3Mbl B HOPME HMEIOT
JBOMHON HAOOp XpOMOCOM, IBOWHOW HAOOp reHoB. MyTamuu OOBIYHO TMPOSIBISIOTCS B
npu3HaKax (eHOTUNa JUIIb B TOM Cllydae, €Clid YHACIESIOBAHbI U OT OTIIA U OT MaTEPH.
COBOKYIHOCTH T€HOTHUIIOB MOMYJISLIUN BCEX OPraHW3MOB, PA3MHOXKAIOMIMXCS MOJOBBIM
nyteM (TeHO(OHBI), XpaHIAT OTPOMHBINA 3amac MyTHPOBABIIMX TOTJA-TO T€HOB. Ero
XBaTUT €lIe Ha THICAYM IOKOJICHHUH, JlaXKe €ClIM TeHEeTHYeCKHUe CTPYKTypbl HEe OyAyT
00JIbIIIe U3MEHATHCS. TaK 4TO HBOJIOIMS BBHICIINX OPIraHU3MOB HE OCTAHOBUTCSI.

A Oaktepun? Y HUX TOJIBKO OJWH HAOOp T€HOB, HET 3aMaCOB «TCHETHYECKON MaMsTH.
Ho, oOMeHuBasich apyr ¢ APYroM reHaMu 4yepes3 IIa3MUAbl U BUPYChI, OHU TaKXe MOTYT
YCHEIIHO MPOI0JIKATh CBOIO CTPAHHYIO IBOJIIOLMIO — IpUCIIOcO0IeHHne Oe3 mporpecca.

A Ternepb nepenieM K mociaeHel, 4eTBepToi akcuomMe OHOJIOTHH.

Axcuoma qyeTrBepTas U MOCJICIHAA

W3 BTOpOrO Hayana TEPMOIMHAMUKH, O KOTOPOM TOBOPHIIOCH B Haudaje ATHX OYECPKOB,
BBITEKAET YPE3BHIUAITHO BAXKHOE CIICACTBUE: HEINIB3S MIOJIYYUTh YHEPTUIO TOJIBKO OTHUMAS
y Kakoro-imbo Tena terio. [Ipu 3ToM Hy>KHO HarpeBaTh Kakoe-TO IPYyroe Telo.

[TomHIO, Kak BOMHM3M PKBATOpa MBI MOAHUMAIM C KHJIOMETPOBOM TITyOWHBI OONBIION
OaroMeTp: W3 HEro MOTEKIJa JeIsHas BOJa, a HAa MOBEPXHOCTH TeMIiepaTypa Obuia 3a
TpuanaTtk. [locie BaxThl s Ha JOCyre cTaj HM300peTaTh HEKUW TeHepaTop SHEPruM.
CocToaTh OH JOJDKEH ObLI, HACKOJIBKO MOMHIO, M3 JIBYX PaJHaTOPOB, COCTUHEHHBIX
IBYMS TpyOaMu KWJIOMETPOBOH JUTMHBL. JIETKOKHUIISIIAs KUAKOCTh, Hamoaooue ¢peoHa,
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BCKHIIAJIa B BEpPXHEM, IUIABAIONIEM Ha IOBEPXHOCTH MOpS, paauaTope; mapel ee,
NPOKPYTUB TO J0pore TypOWHY, KOHICHCHPOBAIHCH B HI)KHEM. TakoW TeHepaTop
oxJaxan Obl TIOBEPXHOCTHYIO BOJy W TporpeBain rinyOuHHyro. He Oyap comHIla, oH,
KOHEYHO, OCTaHOBWJICS ObI, KaK TOJBKO TEMIIEPATypbl HABEPXy W BHHU3Y CPABHSIUCH.
Cucrema mnpunuia Obl B pPaBHOBECHOE, CamMO€ BEpPOSITHOE COCTOSIHHME. Teruiora
CaMOTIPOM3BOJILHO HE MOXET MEePEeXOJUTh OT XOJOJHOTO Tela K MEHEee XOJOJHOMY.
Haobopot — noxanyiicra.

Ho temnora — 3T0 KMHETHYECKask YJHEPTHsI XaOTUYECKU BIKYIIUXCS MoneKynd. Cucrema
«TapoBOM KOTENI — XOJOIWIBHUK» C pasHHIEH TeMIlepaTyp MEHee BeposiTHa, YeM
CHUCTeMa, BO BCEX YacTAX KOTOPOH CpenHsAs KWHETHYeCKas SHEPrusi Clararoiux ee
MOJIEKYJl OJIWHaKoBa. Bo BTOpoM ciydyae MakCMMyMa JOCTHTAeT SHTPONHS — Tak
HA3bIBAIOT OMEPTBJICHHYIO DJHEPIHi0, KOTOPYIO HEJb3sd NpeBpaTUTh B paboTy. A
SHTPONUIO (PU3HUKH OMPEIEISAIOT KaK JOrapru(M BEPOSTHOCTH COCTOSHHS CHCTEMBI. Xaoc
BEpOSATHEE CTPYKTYPHI — JIOAM MOHUMAIK 3TO Bceraa. VIMEHHO SICHBIM CO3HAHUEM TOTO,
YTO TOPSAOK HE MOXKET BO3HUKHYTH M3 Oecropsiaka, OOBSICHAETCS CTOJb pPaHHEe
CTaHOBJIEHHE JABYX MPOTUBOOOPCTBYIOIIMX TEOPHH pa3BUTHI — mnpedopMuzMa U
snureHe3a (CMoTpu akcuomy nepsyro). Ho, moxkanyi, numb Benukuil ¢pusuk Jlroogsur
Bonpimman B mpomnioM Beke BBIPA3UII 3TO KOJTHUECTBEHHO.

W HEeBO3MOXHOCTH CO3/IaHUsSI BEYHOTO ABHTATENsl BTOPOTO poja, Mpu paboTe KOTOPOTo
BO3HMKAET, a HE BBIPABHUBACTCA pA3HOCTh TeMmmeparyp (WiaM MJaBICHUW, WU
ANEKTPUYECKUX TOTEHIIMANIOB), CTaja YK€ CJEACTBHEM Oojee o0O0Iero 3akoHa
CaMOTIPOU3BOJILHOTO Tepexo/ia mopsiaka B 0eCropsIoK.

Bce MBI 3HaeM, 4TO /71 HaBEJCHHS MOPS/IKA B KBAPTHPE WU XOTA OBl HA MUCHMEHHOM
cToJIe TpeOyeTCs 3aTPATUTh KaKyI0-TO JIOJII0 SHEPTUU. A BOT OECTIOPsIIOK BOZHUKAET CaM,
€T0 CIIEIHAIIFHO CO3/1aBaTh HE HYXKHO.

YToObl MOCTPOUTH KHUIUIIE — OT MEPBOOBITHON XIKHUHBI O BBICOTHOTO JOMA, — JIIOJIU
3aTpayuBalId YHMy SHEpruH. A cyp0a UX TBOPEHHIA, €CIIM UX MPEIOCTaBUTh CaMUM cebe
(TO ecThb HE TpaTUTh SHEPTHHM Ha TOJECpPKAHUE CTPYKTYpHI), OblIa OAMHAKOBOW: OHU
pacchInanich, npeBpamasicb B OecopMeHHBIE, HO 3aTO 0oJiee BEPOSITHBIE C TOYKHU
3peHus] TEPMOJUHAMUKYU T'PYIbl CTPOUTEIBHBIX MaTEpHUaoB. DHEPrus, 3aTpaueHHas Ha
UX COOpY>XKEHHE, B KOHIIE KOHILIOB MEPEeXOHja B DHEPrUI0 TEIUIOBOTO JBIKCHHS
MOJIEKYJ, OMEPTBIISIACS.

A camu cTpykTypsl Hamux Ten? He HaumHaroT 1u oHU B cpegHem mocie 50 et
MOCTENIEHHO PacnajaThes, yCTyIas HEMpPeIoKHOMY pocTy 3HTponuu? B KkoHeuHOM cueTre
BCE YCIIEXU T'€POHTOJIOTHH JIMIIb YyTh-4yTh 3aTOPMaKMBAIOT 3TOT mpouecc. O6 3Tom
xopoio cka3zain Omap Xalam:

B smom mupe mvt myopwim crvisews?

Hy uumo?

Bcem npumep u coeem nooaeusv?

Hy uumo?

o cma nem movl Hamepen npodxrcums?

Lonyckaro.

Mooicem 6b1mb, 00 08YXCOM NPOAHCUBEULD.

Hy uumo?

Ectb, o Menbeil Mepe, 100pasi cOTHS runore3 (10 HEKOTOPBIM MoJIcueTaM, ux Oolee
JIBYXCOT) OOBSCHSIONINX, YTO TaKOE CTapOCTh W Kak ¢ Hew Ooporbes. S ¢ Tpymom
YIEPKUBAIOCh OT KeNaHWs J00aBUTh K HUM CTO TEPBYIO, KOTOpas KaKeTCs MHe
HanOosee oO0ocHOBaHHOUW. Ho celiyac He 3TO sBiIsteTcs Hameil 3amadeil. MBI TOJDKHBI
MOHATh, YTO BTOPOE HAYaJO TEPMOAMHAMHUKU TpeOYyeT MOCTEHNEHHOIO pa3pylICHHUS
FeHeTUYECKUX MporpaMM Hamux Kietok. CiydailHble, HempeackasyeMble U
PaBHOAYUIHbBIE K Cy/1b0aM OpraHM3MOB M3MEHEHHUS TeHETHUYECKUX MPOTrpaMM MPHUBOIAT K
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HapyLIEHUIO CTPOMHOrO MOpsiiKa MoajaepkaHus (PeHOTUNOB. «OKUTh 3HAYUT yMHUPATH»
(®. DHrensc).

Ho »toro mano. Beap kineTku — npeaIecCTBEHHUKH T'aMeT (SIHLEKJIETOK U CIEPMHEB) —
TaK)Ke MOJABEPKEHBI MyTAIMsIM, KOTOPbIE, OyJe 3TO CIy4YUTCs, MepeiayT B CIeAyrolee
nokosieHue. Jletm mepemamyT HMX BHYKaM JI0OABICHHEM HOBBIX (BCIIOMHHAIOTCSA
npeBHepUMCKUe cTUXU: «OTIBI ObUIN XyKe, YeM JeAbl — HaC HETOJHBIX BBIPACTHIIN).
[Tomyuaercs, 4To Wrpa B UCIIOPYCHHBIN TeNe(OH OT IMOKOJICHHS K TOKOJICHUIO B KOHIIE
KOHIIOB MPHUBEAET K MOJHOMY pPa3pyIICHUIO CTPYKTYp HAIIUX OPraHU3MOB, TOP>KECTBY
SHTPOIMHH.

Wtak, Mbpl mpuIUIM Kak OyATO K MEYaTbHOMY BBIBOJY: XaoC MOOEKIAET CTPYKTYpY.
CnyuaiiHple, HEHANpaBJIEHHbIE W3MEHEHMsSI TEHETHMYECKMX MPOrpaMM  JOJDKHBI,
HAKaIlJIMBasCh M3 TIOKOJEHHS B TOKOJEHHE, pa3pyllaTb U CaMH MPOTPAMMBI, U TE
(eHOTHUIIbI, KOTOPBIE ATUMH NPOTrpaMMaMH KOJUPYIOTCS.

Ecnu 651 BeIBOA OBLT TONBKO MeuaneH. Ho Bear oH 1 HeBepeH! Bce MBI OTIIMYHO 3HaeM,
YTO CTPYKTYpPBI KUBBIX OPraHU3MOB COXPAHSIOTCS OT MOKOJEHHS K MOKOJIeHHI0. bornee
TOT0, MBI 3HaeM, YTO B XOJI€ ABOJIOLUHU IILJI0O HEMPEPHIBHOE YCIOKHEHUE CTPYKTYp. JBa
MUJLIMApJa JIeT HazaJl Ha 3emie oOuTanM JIMIIb OaKTepUHM M CHHE3EJEHbIE BOJOPOCIH.
Kakux-aubyar 200-300 MHUIIHOHOB JIET CHYCTA MOSBISIIOTCS OPTaHU3MBI  C
0(pOpMIICHHBIM SIPOM, TIOKA €IIe MPOCTEHIINE OJHOKIETOYHbIEC, IPUMHUTHUBHBIC TPHOKH.
A nanpllle — KUIIEYHOMOJOCTHBIC, YepBH, MOJUTIOCKUA. 500 MUIUTMOHOB JeT Ha3aj Ha
CIICHY JKM3HH BBIXOJAT XOPJOBBIE. «Bek ppI0» CMEHSETCS «BEKOM 36MHOBOIHBIX), 3aTEM
«BEKOM PpENTWIM» ¥, HAKOHElN, Ha BBICIIME CTYNEHH B Ouocdepe BBIXOIAT
MJICKOTUTAIOIINE, 3aTeM ueioBeK. ['/1e Jke 3/mech modemaa SHTPOUu?

Jla v momuuHSETCS 1K )KUBasi MPUPOA BTOPOMY Havamy?

Jdemon MakcBessia. UToObl pemuTh 3Ty mpo0iemMy, BepHeMcs Hazal. B mpoiiom Beke
BeNMKUN (pu3mk MakcBena TpeIIoNKWI TOCTaBUTh  MBICICHHBIH  OKCHIEPUMEHT.
[IpencraBere cebe, roBopua MakcBemi, TpyOKy, 3allOJHEHHYIO Pa3peXEeHHBIM Ta30M.
TpyOka mocpenune paseieHa meperopoakoi. B meperopoake ecTh 3acioOHKA, JBEpIIA.
HomyctuM, 4TO y ATOW 3aCJIOHKH CHUIUT HEKOTOPOE CYLIECTBO (WM YCTPOMCTBO),
pasnuyaroniee MoOJEeKyJbl Mo cKopocTsM. IlycTe 3TO cymiecTBO (I€MOH) OTKpBIBAET
3aCJIOHKY Mepes] OBICTPHIMU MOJIEKYJIAMU M 3aKPBIBACT Mepei MEIJICHHBIMH, TO €CTh
COPTUPYET UX MO IHEPTHIM.

B pesynprare oTOOpa, MpPOU3BOAMMOIO JEMOHOM, OBICTpBIE MOJEKYJBl COOEpyTCsS B
OJTHOY TIOJIOBHHE TPYOKH, a MEJUICHHBIC B Ipyroi. OauH KOHEI[ yCTPOHCTBA pa3orpeercs,
apyroit oxmagurcs. OOImiasi SHEPrusi yCTPOUCTBA OCTAHETCA MPEeXHEH, TaKk YTO IepBOe
HA4yajlo TEPMOJMHAMUKHU (3aKOH COXPAaHEHHUs SHEpruu) Mbl He HapymuM. Ho cucrema
nepemuia or Ooyiee BEpOATHOTO COCTOSHUS K MEHee BeposSTHOMY. JleMOH mosydmn
Pa3HOCTh TEMIIepaTyp, MO3BOJISIIOIIYI0 COBEPUINTH paboTy, B 00XO0J BTOPOro Hayania
TEPMOJUHAMMKH.

Ha pucynke nokazana cxema, Mo3BOJISIONIast BOCCO3aTh MapajoKe
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Makcpemta. Cobepute IEKTPHUECKYIO IEeNb C AWOA0M (MU WHBIM BBIIPSIMUTEIEM),
IPOMYCKAIOIIMM TOK TOJIBKO B OJJHOM HarpaBiieHMH. CBOOOIHBIEC 3JIEKTPOHBI B METaJljIe
HaXOJATCSl B COCTOSIHUM XaOTHYECKOIO TEIUIOBOTO JBMKEHMS (3J1EKTPOHHBIN ra3). Kak u
BO BCSIKOM ra3e, B HEM BO3HHKAIOT (DIYKTyallud MBI MX HE BHJUM, HO CIBIIIUM Kak
IIMIIEHNE U NOTPECKUBAHUE B JMHAMMKE NPHUEMHUKA (TaM OHM yCHJIMBAIOTCSA, U OHU-TO
Kak pa3 sBIISIOTCS MOMEXOH ciaboro curxana). JIMoa JOJDKEH ChIrpaTh posib JAEMOHA:
IIPOIyCKasi AJIEKTPOHBI B OJHY CTOPOHY, OH CO3Ja€T Pa3HOCTb IOTEHIHUAJIOB, 34 CYET
KOTOPOI MO>KHO BBITIOJTHUTH PaboTy.

Co0OpaTh Takyro cXeMy B IIKOJLHOM KaOuHeTe (pu3uku — MUHYTHOE neio. Eme OvicTpee
Mbl yOeauMcs, YTO JAMOJ HE XelaeT ObITh IEMOHOM — TOK B CXEME HE BO3HHUKAeT.
[Mpuunna? BepHemcs K TpuMepy C pa3pekeHHBIM Ta30M B TpyOke. 3a HEMMEHHEM
JIeMOHa CHA0JIUM 3aclIOHKY KakKOW-HUOyab NpPYKMHOM, KOTOpas IO3BOJIMUT JBEpIE
OTKpBIBAaTbCS TOJBKO IOCIE Yynaapa OBICTPO JBMXKYLICHCS MOJEKYJIbl C BBICOKOH
sHeprueil. JIBepiia oTKpoeTcsi, 4ToObl MPOIYCTUTh MOJIEKYJTY, HO IPU 3TOM OTHHUMET Y
Hee DPHEpruio Ha nedopmanuio npykuHbl! B ciydae ¢ anmekTpoHaMH poib MPYKHHEI
BBITOJIHAET CONPOTUBIICHUE JUO/A.

A ecnu y Hac BCe-TakM €CTh JeMOH? J[omycTUM ero CyuiecTBOBaHUE, BE/Ib SKCIIEPUMEHT
y Hac MBICIEHHBIM. MOXHO IOMyCTUTh Ja)ke M TO, YTO HAa OTKPHIBAHUE 3ACIOHKHU
sHeprus He pacxoayercs. Ho kakum 00pa3om Halll IpUBPATHUK Yy3HAET, KAKYIO MOJIEKYITY
HaJ0 MpPOIyCTUTh, a KaKylo HeT? OH JOJDKEH 3HaThb CKOPOCTb MOJIEKYJI, HEMPEPBIBHO
nojgyyaTth HMHpopManuio 00 HX KOOpAMHATaX B KaXIbli MoMeHT BpemeHH. Ho
uHpopmanus He naerca aapom: JI. bpumosH mokasan, 4To 3aTpaThl Ha pa3idueHUE
MOJIEKYJI C JJUXBOW KOMIIEHCHPYIOT BO3MOXKHBIA IPUPOCT dHepruu. Kak He BCIIOMHUTH
LIYTIMBOE 3aME4YaHHE O TOM, YTO IIEPBOE HAYaJIO0 TEPMOJUHAMMKHU YTBEPKIAET, YTO B
Urpe ¢ MpUpOJI0i HENlb3sl BBIUTPATh, & BTOPOE — YTO HEJB3Sl 1aXKE OCTATHCS «IIPU CBOUXY.
Ha aTroMHO-MONEKyIIpHOM YPOBHE OTOOP OKa3bIBAETCSI HEBO3MOXKHBIM.

A B xwuBoii npupoae? Tyt Bcrymaer B neiictBue mpuHnmil, kotopsiii H. B. Tumodeen
Ha3BaJl NMPUHUUINOM ycunutelnd. lIpaBunpHee Ha3bIBaTh €r0 NMPUHLUIIOM YCHJIEHHUS TaKk
KaK TI0J CJIOBOM «YCWJIMTEIbY» OOBIYHO IOAPA3yMEBAIOT KaKoe-IM00 YCTPOUCTBO,
CIEIHUAJIBHO CO3JaHHOE g 3TOW uenu. IIoHATH ero neicTBME MOXHO U3 IPHUMeEpa,
npuBoaumoro B. A. Pataepom. [lonmycTrM, MBI IM€EM OIUIOJOTBOPEHHYIO SIMIEKIIETKY —
HOCUTENBHUIY MYTallMU KaKOro-HUOYJIb T'€Ha, KOAMPYIOLIET0 BAXKHBIM A KHU3HU
depment. B mpouecce pocta M pa3BUTHA OpraHu3Ma SHLEKIETKAa IpPEeBpaTUIacCh B
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MUWUTHOH MUuHapaoB kieTok (1015). CooTBETCTBEHHO YMHOXWIWCH TeHbl. Kaxmpii
reH npoayuupyert, gomyctuM, cto mojiekyl MPHK u nHa kaxnmoit monekyne mMPHK
CHUHTE3HUPYETCsI B CpEeOHEM CTO MOJeKyn ¢epmenta. HakoHem, kaxkmas MoOJeKya
dbepMeHTa B MUHYTY ocylecTBisieT, ckaxeM, 10 000 aktoB kakoil-nubo peakuuu. Mrak,
1015¢102102+104= 1023. Bam, 101KHO OBITh, H3BECTHO YHCJIO ABOTaJpoO: KOJIMYECTBO
MOJIEKYJI B MOJIe TpUMepHO paBHO 6 * 1023. BOoT HACKOJIBKO YCHUIIMBAIOTCS PE3YJIbTAThI
OJIHOT0-€IMHCTBEHHOT'0 KBAHTOBOI'O CKaYKa OJJHOM MyTaruu!

OTO y’Ke OLLyTUMBIE KOJMYECTBA, C KOTOPBIMH MOXKET paboraTh AeMoH. 1 Takoil neMoH
CYILIECTBYET — 3TO €CTECTBEHHBIN OTOOp, «1eMoH /lapBHMHa» , KaK yJayHO €ro Ha3Baj
U3BECTHBI OMOXMMHMK, HomyJspuzatop u (antact Aizek A3umoB. MMeHHO oT6Op
IPOIYCKAET B CJIEIYIOIEE TOKOJEHUE OPraHU3MbI CO CTPYKTYPO, HE CIMILKOM CHJIBHO
W3MEHEHHOM, WM C M3MEHEHHWEM, NAIOIUM IOBBILICHHBIE IIAHCHI Ha BBDKUBAHUE U
JanbHelee pa3MHOXKeHUEe. Eciau mpeuMylniecTBo 00ecneuMBaeTCs YCI0KHEHUEM
OpraHu3aliK — 4TO ke, 1eMOH JlapBuHa 0TOEpeT U MPOIYCTUT Yepe3 CBOIO «3aCIIOHKY» B
Oynyiee ype3BblUallHO PEIKHE BapUAHThHI, TAKHE, KOTOPbIE PEIKU, KaK CBEPXOBICTPHIE
MOJIEKYJIBI B Ta3e. Tak uAeT NporpecCuBHas HBOJIIOLMS.

3HAYUT JIU 3TO, YTO KU3Hb HE MOJYUHIETCSI BTOPOMY Hadally TEPMOJUHAMUKHU, YTO OHA
HE TMOBBIIAET, a IOHMWKAeT SHTponuto? Beickasamuce u Takue MHeHus. Ho 310
3abmyxnaenne. JKu3Hb HapymaeT BTOpoe Havalo He OoyblIed Mepe, UYeM
panuonpueMHuK. Bce Mbl 10 Me4aabHOMY OIBITY 3HAaEM, YTO OaHaJIbHBIA TPaH3HCTOP,
NPUHSB HEBOOOPA3WMO CIAOBI CHTHANI, MOXKET €r0 YCHWJIHTh O TaKOH CTENEHH, YTO
BO3HHMKHET OMACHOCTh AJis OapaOaHHBIX MepernoHok cocenei. Ho Ha 3To 3arpaunBaetcs
cBoOomHas sHeprusi Oartapeek. OHa pacxoiyeTcs, B YacTHOCTH, Ha IPEOIOJICHUE
COINPOTHBIICHUS JUOJOB U INPOYUX DJIEMEHTOB, NPEBPAILASACH B TEIUIO — XaOTHYECKOE
JBUKEHHE MOJIEKYJI. [3-3a yriia CHOBA BBITJIAIBIBAET YXMbBUISIIOIIASACS SHTPOIUS.

B xu3Hu TO xe camoe. PacTeHMs yTUIM3UPYIOT JIMIIb HEMHOTHE MPOLICHTHI MaJarolen
Ha HUX COJHEYHOH sHepruu (He Ooyiee NBYX MPOLEHTOB) PacTuTenbHOSIHBIEC )KUBOTHBIC
ycBauBaloT He Ooibiue 10 MPOLEHTOB SHEPrMM MUIIM, XMIIHUKH, HAXOJSAIIMECS Ha
KOHIIaX MUIIEBBIX Lemneil, — u Toro MeHbie. KoagpuuueHT noaezHoro ASHCTBUS KU3HH
cymectBeHHo MeHbIne KII/[ mepBeix maporo3oB Credencona. Hudero He momenaenis —
Ha ycuiieHue tpedyercs sHeprus. JKuzHp BooOIIIe U YeTIOBEK B MIEPBYIO OYEPEb B TOM XKe
Mepe CHWkaeT HHTponuio COJHEYHOW CHCTEMBI, B KakKOW KapMaHHBIM BOPHIIKA
NOBBILIAET HAMOHAIBHBIN 10oX0A. OAMH NepepacipeieseT SHTPOIUIO, IPYTroil — IeHbIU
B CBOIO IIOJIb3Y, a B OKPYJKAIOIIEH HX Cpele KOJUYECTBO DHTPOIUU COOTBETCTBEHHO
BO3pacTaeT, a IEHET — YMEHBIIAETCA.

BaxHo moguepkHyTh, YTO OTOOp JEMCTBYET HE MPSIMO HAa U3MEHEHHBIE T'€HETHUYECKHUE
IpOTrpaMMbl, a Ha (DEHOTHUIIBI, B KOTOPBIX KaX0€ U3MEHEHHE B MIJUIMAP.Ibl MUJUINAPIOB
pa3 yCHINBAETCS.

BoT MBI 1 Iofo1IH K OPMYITHPOBKE YETBEPTOI aKCHOMBI.

Cay4aiiHble M3MeHEHHS] TeHETHYeCKHX NMPOrpaMM MPH CTAHOBJEHUHM (EHOTHIIOB
MHOI'OKPATHO YCHJHMBAIOTCS U MOABEPralTcsi 0TO0PY YCJIOBUSIMU BHEIIHEH Cpe/bl.
Jdemon JlapBuHa. BaxHO mNOAYEpPKHYTh, YTO €CTECTBEHHBIA OTOOp, TaK XKe Kak
UCKYCCTBEHHBIH, TJ€ pOJb YCIOBUH BHEIIHEH Cpeabl BBIMOMHIIOT TpPEOOBAHHS
YeJoBeKa, — HE IPOCTO YHUUYTOXKEHHE OJHMX Oco0ell B MOMyJSLIUM M COXPAHEHUE
apyrux. Oto auddepeHnnanbHOe pa3MHOXKEHHE, OOJbIlas BEPOSTHOCTh OCTaBUTH
IOTOMCTBO. BOT mpocToit mpuMep: JOIyCTHM, MBI OTIIPABUJIM B TPYAHOE ITyTEIIECTBUE
4yepes ropbl ¥ IyCThIHU KapaBaH M3 JIOIIAJIEH, OCIOB U X [TIOMECEH — MYJIOB, IPUYEM BCE
’)KUBOTHBIE HABBIOYEHBI 1O Mpenesia Bo3MoxkHOocTe. Ckopee BCero, 10 UEIU JOUAYT
JMIIB MYJIbI, COYETAIONINE BBHIHOCIMBOCTh Oclia M cwily jomanu. Ho oHu GecrioaHsl,
OCTaBUTh TIOTOMCTBO HE MOT'YT. DTO HE OTOOpP.

OnuH BechMa yBakaeMblii MHOIO (PM3UK AMOIMOHAIBHO OTpPUIAJ 3HAYeHHE OTOOpa.
Cpenu ero n0BOJIOB ObII M TAKOM: YHUUYTOXKAs XyJIIHe (PEHOTHUIBI, OTOOP HE yIydllIaeT
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nomyssinuio. Hanpumep, y MeHsT B KapMaHe €CThb 30JI0Thl€, cepeOpsiHble M MEIHbIE
MoHeThl. Eciu g BeIOpoIIly BCce METHbIE MOHETHI, CTaHy iU 51 Ooraue?

MacTuTblii (U3MK HE Y4esl OJHOr0 IPU3HAKA, OTIMYAIOLIEr0 MOHEThl OT MKHUBBIX
opranu3MoB. MOHETHI HE pa3MHOXKAIOTCS B KapMaHax (B CBOHMX S, HallpuMep, HaOIr0Aam
TOJBKO OOpaTHBIA mporecc). Ho nomycTtum, 4To OHM pa3MHOMKAIOTCS ACICHHEM, Kak
OakTepuu, XOTs OBl pa3 B CyTkH. Eciiu kapMaH uMeeT HEOTPaHHUEHHYI0 BMECTHUMOCTh
(Oe3oHHBIN), TO HHUYEro, KpOME pa3pacTaHusl HalleHl «IOMyJALUd MOHET» He
npousoiier. Ho Oe3moHHBIX KapMaHOB He ObIBaeT, Kak Ha 3emiie HE ObIBaeT
OECKOHEUYHBIX MNPOCTPAHCTB JUIsl pacceneHus BuAoB. Korga kapmaH mepenoyiHUTCH,
JUIIHAE MOHETHl OyAYT BBICBHINATHCSA, POCT TMOMYJALUU cTa0unu3upyetcs. BBemem
daktop otTbopa BbIOpOCHMM Memsiku, OCBOOOIMBIIEECS MECTO 3alMyT 30JI0ThIE U
cepeOpsiHble MOHETHI. BriOpocuM u cepeOpo. Uepes ABa-Tpu JeneHus KapMmaH OyaeT
HAOUT 30JI0TOM: BCE-TaKW MBI CTaJdM Oorade, XOTS Obl U B MBICIUMOM 3KCIIEPHMEHTE.
Eme wu eme pa3 momuepkHeM: oOTOOp HE yHHUTOXXKeHHE, a auddepeHmanbHOE
pa3mHoxeHue!

Bo3paxenne Moero ONMOHEHTAa W3 TEX, YTO IOPUCTHI HA3bIBAOT argumentum ad
hominem (aneysanus K 4yBcTBaM). Benp KaJa0My M3 HAC YKAJIKO BBIOPOCUTH XOTS OBI
TSITaK.

Ectb u 6osee cioxxHbie, Oorato cHaOkeHHbIE (popMyiiaMu Bo3pakeHHs. bepercst kakasi-
HUOYyb MaTeMaTudeckas Mofelb. B Hee MOICTaBISIOT OOBIYHO B3ATHIE C MOTOJIKA
KO3 uIMeHTsl oTOopa (Tak KaK BCE MOMBITKA JKCIEPUMEHTAIBHO WX OIPEACIUTH
MO’KHO MEePECUYUTATh MO MaIbIaM), IPOU3BOIAT COOTBETCTBYIOIINE PACUEThI — M MIOOETHO
3aKJII0YAI0T, YTO OTOOp HE MOXKET 00eCledyuTh 3BOJIIOLMIO, 1eMOH [lapBuHa yepecuyp
MEJIUTENECH.

Uro MOXXHO CKa3aTh HO MOBOAY 3TUX Moxenei? JnddepeHnuanpHpie ypaBHEHUS B HUX
BEpPHBl B OTJIMYME OT HMCXOJHBIX MOJIOKeHUU. bena B TOM, 4TO KPUTHKHU JapBUHHU3MA
NIEPEOLICHUBAIOT 3HAUYEHUE CBOMX Mojened. Henp3ss OTOXIECTBIATH MOIEIb U
JIEHCTBUTEIILHOCTD, TIOPTPET BCera OyaeT OeaHee OpuruHaia.

Puckys HaBneub Ha ce0si THEB IIEHHUTENEHW MpeKpacHOro, Ha30By Benepy Muutocckyro
MOJICJIBIO UYEJIOBEYECKOTO opraHusM a (mo upeciaa u 0e3 pyk). Ecmm cioyuures
HEIONIPaBUMOE U YEJIOBEYECTBO HMCUE3HET C JIMIA 3€MJIM, WHOIUIAHETHBIN MpUIIENel,
Hailisi B paguMOaKTHBHBIX pa3BajuHax JlyBpa 3HAMEHHUTYIO CTAaTylO, MOXKET IO 3TOH
MOJIEJIN BOCCO3/AaTh OONMK dYenoBeka. Ho ecnu oH Oyner yTBepkaaThb, 4TO JIIOIH
COCTOSUIM U3 OJTHOPOJHOM Macchl U HE UMENU HU CepJilla, HU KUIICYHHUKA, OH COBEPIIUT
Ty e OIINOKY, KOTOPYIO JIEJIal0T COBPEMEHHBIE «MOJIETbEPHD IBOIIOIIUH.

Kak mnpaBuimo, 3T0 NPOMCXOIUT C TEMH, KOTOpPbHIE NBITAIOTCA OMHCATh JIOCTATOYHO
CJIOKHBIA OMOJIOTMUYECKHH Tporecc cucteMoil nuddepeHanbHbpIX ypaBHeHu. Yem
CIIOXHEe MpOIEeCcC, TeM TpyIHEe 3TO claejaTb KOoppekTHo. Ha kakoMm-To ypoBHE TO
MPUBOAUT K CO3JAAHUIO CHCTEMbl HEJIMHEWHBIX YpaBHEHUW, B MPHUHIUIIE HEpELIaeMbIX
onHo3HayHO. [lpuxomurcs ympomare 3agady, KaKHe-TO I[EepEeMEHHbIE BEITUYMHbI
MoJIaraTh TMOCTOSIHHBIMM M KaKHE-TO CBSI3U MEXKJIYy HUMHU — HECYIIECTBEHHBIMU. JTO
OMACHBI MyTh: WA MO HEMY, NPUXOAMIIL IMOPOH K pe3ylibTaTaMm, AHAMETPAIbHO
IPOTUBOIOJIOKHBIM JeiicTBUTeNbHOCTH. Kaszamock Obl, clieayeT MmpU3HATh, YTO MOJEIb
HeaJieKBaTHA >KU3HU. HO KpUTHKM TapBUHU3MA BEPSAT B 00paTHOE U YIIOPCTBYIOT B CBOEM
3a0myxaeHnd. M ymopcTBYIOT OHM 4amie BCEr0 TOJIBKO HMOTOMY, YTO HE JKENaroT
pU3HATH POJIb Cay4yailHoro B 3Boitonuu. [louemy xe DHrenbcy HUCKOIBKO HE MPETHIIO
MPU3HAHKUE TOTO WM MHOTO SIBJICHUS WM MPOIEcca CIIy4ailHbIM?

[Toxxay#, mydine Bcero ckazaia 00 3TOM WM3BECTHBIM BEHTEepPCKH MaTeMaThkK Asbdpen
Penpn, mpunucaB cBou Meicau [lackamio B Onectsamieit crunumzamun  «llucema o
BepositHOcTH» (Mup, 1970): «...s1 HatkHyJcs «Pasmbimnenus» Mapka ABpenust u
CIIy4aifHO OTKPBUI Ty CTpaHHIly, I/Ie OH MHUIIET O JIBYX BO3MOXKHOCTSX: JTUOO MHUP
SBJIIETCS. OTPOMHBIM XaocoM, JMOO B HEM ILAPCTBYET MOPSAOK 3aKOHOMEPHOCTh... U
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XOTA S y’KE€ MHOTO pa3 YWTald 3TH CTPOKH, HO TENephb BIEPBbIE 3aJyMajcsl Haj TEM, a
noueMy, COOCTBEHHO, Mapk ABpenuii CyuTal, YTO B MHUpPE TOCIOACTBYIOT JHOO
ClIly4alHOCTbh, MO0 TOPSAIOK U 3aKoHOMepHOcTh? [loueMy OH Ayman, 4To 3TH JABE
BO3MOKHOCTH MCKJIIOUAIOT IpyT Apyra?.. B Mmupe rocnoacTByer ciayyail 1 OTHOBPEMEHHO
JNEHCTBYIOT TMOPAJOK M 3aKOHOMEPHOCTb, KOTOpble (POPMHPYIOTCS M3 MaccChl
CIIy4allHOCTEM, COTJIACHO 3aKOHAM CIIy4ailHOTO».

JIro00¥ TapBUHUCT MOIMMILETCS MO/ 3TUMHU CJIOBaMH, YTO Ha3bIBaeTCs, 00EUMH pyKaMHU.
B oBomoumy y4acTBYHOT M CIy4YallHbIM, CTOXaCTHYECKUM MYTALMOHHBIM IpoLECC
(M3MEHEHNe TeHETHYECKUX MPOrpaMM) M YIOPSJOUYCHHBIH mporecc oTdopa (HEeHOTHUIIOB
M0 COOTBETCTBHIO yCIIOBUSIM BHEIIHEH cpenpl. Beerna nu 3Ty mpoiecchl UAYT pyka o0
pyKy?

Ms1 yxe paccMaTpuBalld MpHUMEpPHl ObICTpOro M 3(PQEKTUBHOTO ACHCTBUA OTOOpa B
npeapiaymed TiaBe (MUKpOObI M AHTUOMOTHKH, KpPBICHI W aHTHUKOATYJSHTHI).
PaccMoTpuM Temepp oOpatHbie mpuMepbl. UTo OyAeT ¢ KakoM-mubo CTPYKTypoi
OpraHu3Ma, €clid OTOOp MO Hel MepecTaHeT ACUCTBOBATh?

MoxHO mpeanonaraTb, YTO B T'€HETHYECKUX IMPOTPAMMaX, KOAMPYIOUIUX IOCTPOCHHE
3TOH CTPYKTYphl, OyAyT HaKalIMBaThCs HEKOHTPOJIUpyeMble MyTauuu. B pesynbrate
MPU3HAK CTAaHET U3MEHSITHCS CAMBIM CIIy4alHbIM 00pa30M, MPEBPATUTCS B PyAUMEHT H,
HAKOHEI, TOMPOCTY UCUE3HET.

Bor Heckonpko mpuMepoB JAeicTBHS OTOOpa Ha pa3HbIX YPOBHSIX HAuyMHAs C
MOJIEKYJISIPHOTO.

N3BectHpiil uccnenoBatens Con CnurenMaH MOCTaBWJI 3aMEYATENbHBIA OMNBIT — OH
MOJIETMPOBAJ JAPBHHOBCKYIO 3BOJIIOLMIO B IPOOUPKE.

Ectb noBombHO mpocToit Oaktepuodar Qf (uutaetcs: «ky-0eta»). I[eHeTHueckoi
MaTpulel ero sBigercsa kopotkas HUTbH PHK (3600 nykneotuanbix 3BeHbeB). [lonanas B
0aKTepUI0-X035iMHa, OH HAUMHAET CHHTE3UPOBATh OCJKHU, U B IEPBYIO ouepelb PepMEHT,
KaTanusupyoumii  matpuuHslii  cuHTe3 BupycHol PHK. Chnwurenman Bslaenuin
JIOCTaTOYHOE KOJMYECTBO 3TOro (pepmeHTa peruivkaspl. C MOMOIIBIO PEIUIUKA3bl MOKHO
cunresupoBats PHK Qf B mpobupke, 10cTaTOYHO CHAOIUTh €€ UCXOIHBIM MaTepHalIOM
— Hykaeotuarpudocharamu, 3BeHbIMH OyAyIeH 1ienu U MaTpuieil — ounmennoi PHK.
Korna monexkynst PHK pa3zmHoXkarcs B mpoOUpKe, 4acTh MaTpPUIl MOKHO IIEPEHECTH B
cienyromyro. M tak no OeckoHeuHocTH. Okaszanoch, €cClU TMEPEHOCHl JIETAr0TCs
JIOCTaTOYHO 4YacTo, 4yepe3 15 MHMHYT, TO B NOMyJSIIMM MOJIEKYJ BEIETCS CaMbli
HacTOSIIIMI 0TOOp Ha CKOpoCTh peruukaruu. Yepes 74 nepenoca PHK cunTesupoBanacek
B 15 pa3 OwicTpee, moToMy uTo cTana B 7 pa3 kopoue. EcrectBenno, takas PHK moxer
CYILIECTBOBATh JIMIIb B TEIUIMYHBIX YCIOBUSX MPOOMPKH, OHA YK€ HE MOXKET 3apa3uTh
6axrepuro. Tak u OOJIOHKA HE MOXKET 3arphI3Th OJIEHS B OTIMYUE OT CBOETO MPAPOIUTEIS
— BoJKa. HeHy)kHble 3BE€HbSI HYKJICOTUIHOW IeMM OBLIM MOTEPSHBI 32 BOCEMHAJATh C
MTOJIOBUHOM YacCOB.

A ecnu BecTd 0TOOp Ha yJIMHEHHE Lenmu? DTO MOXKHO CHENaTh, €CIU MPOOUPKY, TC
UJIET CUHTE3, OTPYKaTh KyCOUKH HUTpOLEIUT0103b6l. YeM nnunHee monekyina PHK, tem
Oonee mpouHO OHa copbOupyercs. HuTpouemnonosy ¢ NPUWIKMNIIMMH MOJEKYJIaMu
NIEPEHOCUM B JIPYTYIO MPOOHUPKY — U, B KOHIIE KOHIIOB, nosrydnM yuymmHenne PHK. Droro
Majo: mytem orbopa MoxHO moinyunth PHK, ycroitumByro k aHTHOMOTHKaM, OOBIYHO
OJIOKHPYIOIIUM €€ CHHTE3.
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Puc. 38. Bom npumep, koecoa ombop He mewaem 8mopomy HA4AAy mepmoouHamuxu. Y
MOPCKUX C8UHOK UMEeEemCcs cepus Mymayui, npugoosawas K yacmudnou (1—4) u noumu
NOJIHOU pedyKYuu 4epena u ece2o 20J106H020 omoena. Ecmecmeenno, y mopckux ceunox
maxue mMymayuu 1emanvhsl. Kugomusie ¢ makumu 0eQekmamu HeHcusHecnocoonvl. A
60mM Yy 08YCMBOPUAMBIX MOIIOCKO8 HAYENO0 OMCYMCmeyem 20108d, U MO UX He
becnokoum (6Hu3y: paspes uepe3 6e33Y0Ky, KUUEYHUK, HAYUHASL C POMOBO20 OMEePCMus,
3awmpuxosan). B camom Oene, 3auem 6e33ybke unu ycmpuye 2onosa? Ilomeps 20108l
makodice He NpuHecaa MOMNOCKAM 0co00l Noab3bl (pasee umo OHU He Cmpaoarom
muepenamu). Ho ombop, ne cneoun 3a ee coxpamHocmvlo, U NOCHENEHHO
HaKanIuearouuecs Mymayuu npugeiu K noJIHol pedyKyuu 20108H020 0moeid.

Tax xe, kak PHK ¢ara Qf Tepsier HeHy)XHbIE Y4aCTKU IMOCIIEI0BATEIBLHOCTEH, MHOTHE
OpraHU3MBbl TEPSIOT HEHY)KHBIE UM JIETAJI CBOUX CTPYKTYp. TepstoT riaza meliepHbIe,
NOJ3EeMHBIE U TJIyOOKOBOJHBIC >XMUBOTHBIC; TMOTEPSIM T'€MOIJTIOOMH aHTapKTHYECKHE
OCIIOKpOBHBIE PHIOBI (B XOJIOAHOW BOJAE Ta3bl PACTBOPSIOTCS JIydllle, a OOMEH BEIIECTB
3atopmoxeH). M neno 3aech He B yNpaKHEHHU OpPraHOB, KaK T'OBOPAT CTOPOHHUKHU
Jlamapka. OtOop mepecTtaer ciequThb 3a (OPMUPOBAHHUEM CTPYKTYpbl, U 3TOTO
noctatouHo. OcTanbHOE AETAET BTOPOE HA4aja0 TEPMOAMHAMUKH.
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Puc. 39. V opxuoeu Ogpuc yeemvi noxodxcu Ha camox OOUHOUHLIX NUYel U wmenell u
naxuym mak dce. Camysvl 2MUX HACEKOMbBIX CAOAMCA HA YBembl, NbIMAACL C HUMU
cnapumucs, u 8 pezyibmame onviidgiom. Ecmecmeenno, nenoxooicue Ha camox yeemol
onvLIAMbCsL He Oyoym u nomomcmea He ocmassam. Ho eom odun uz eudosé Ogpuca 6
Amnenuu npeepamuics 8 camoonsvliumens, omoop nepecmai cieoums 3a Gopmou Yyeemos,
U OHU OKA3ANUCH PAZHOOOPAHBIMU NO OKpACKe U popMme.

BHyTpeHHue nmapa3uTtsl TEpSAIOT OpraHbl YyBCTB, B NEPBYIO OYEpE/lb IJ1a3a, 3aT€M y HUX
0 Tpelena yMpoINaeTcs HEpBHAs CHUCTEMa, HAKOHEIN, KaK y JICHTOYHBIX YepBEH,
UCYe3aeT U MUIIeBapuTeIbHasl. 3a4eM CONIUTEPY KUIICYHUK, KOTJa OH MOKET BCAChIBAaTh
y)K€ TepeBApeHHYIO MHUILYy BCceW MOBEPXHOCTHhIO Tena? Ho Te CTpyKTypbl, KOTOpbIE
MOJIIEP)KUBAET OTOOP, COXPAHSAIOTCA U Pa3BUBAIOTCS, HAIIPUMEP OpraHbl MPUKPEIIICHUS
K CTEHKE KUIIICYHUKA — TIPUCOCKH, KPIOUbS U IPOYHE XUTPOYMHBIE IPUCTIOCOOICHUSI.
JIt000MBITHO, YTO y JIMYUHOYHBIX CTaJNUN, €CIIM OHU OOUTAIOT Ha CBOOOJIE, TAKUE OpPTraHbI
BO3HHUKAIOT, YTOOBI TOTOM HCYE3HYTh. Y TMapa3uTa KpaOOB CAKKYJIUHBI U3 U1 BBIXOIUT
CBOOOJHOIUIABAIONIAS JIMYMHKA — HAyIUIMYC (OHAa TaK MOXO0)Ka HAa JIMYUHOK YCOHOTHX
PaKoOB, U4TO cpa3y BBIJAET MPOUCXOKICHUE CAKKYIIUHBI).

VY Hayminyca ecThb rja3, KOHEYHOCTH — BCE, YTO HYXKHO JIMYMHKE PakooOpa3Horo. A
B3pOCJiasi CAaKKyJMHa HE MOX0Ka HE TOJBKO Ha CBOIO JIMUYMHKY, HO M BOOOIIE HAa paka —
9T0 OecHOpMEHHBIN MENIOK, HAOWTHIA TOJOBBIMU MPOAYKTAMH M TPOPACTAIOIINKA B
TKaHU Kpaba (cak, CaKKyC — MEIIIOK).

Wtak, >BOMIOIMS HOET HE IO OTOOPY CIOXKHBIX, a TO OTOOpPY MPHUCITOCOOIECHHBIX
opranm3mMoB. MHorma mone3Ha Oojiee BBICOKAs CTEMEHb OpPraHHW3aIlMd, a WHOTJAA U
Hao6opor. H. K. KoneiioB mucan eme B 1933 romy, 4YTO «OrpOMHOE 3HauYeHUE
PErPECCUBHBIX MPOIIECCOB B ABOJIONUU HE JIOJDKHO YAMBIATH HAC, TAK KAaK 3TO SIBJICHHE
BBITEKAEeT U3 MPUMEHEHHUSI BTOPOTO 3aKOHA TEPMOJIMHAMUKWY. JleCTBUTENBHO, B CIy4yae
PErpecCUBHOTO PA3BUTHS OTOOP HE MEIIAET BO3PACTAHHIO SHTPOIIUH.

[To xakoMy OCHOBHOMY TpHHIMIY padoTaeT aemoH JlapBuna? buodusuk C. D. [IIHoms
MOJIaraeT, 4YTO BBDKMBAIOT MATPUYHBIE MOJICKYJIBI, CIIOCOOHBIE K Ooliee OBICTPOMY
pasmHoxeHuro. Tak ObIBaeT yacto, HO Beerna. CioBa «0Oosee ObICTpOe pa3MHOKEHHE» HE
clielyeT MOHUMAaTh OyKBaJIbHO. TuIIe enenis — aanpine Oyaemnib. MHoraa mpeamnodreHue
oTHaeTcss He OBICTpOTe, a HaAeKHOCTH pa3MHOXKEHUA. Bupyc, craBmuit
CTPUKUBATBITUKOMY KJIETKH, HE YOHMBAET €€ CBOUM CTPEMHUTEIBHBIM Pa3MHOKCHHEM, OH
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IPUHOPABIIMBAET TEMII CBOEH PEIJIMKALMU K CKOPOCTH JIEIEHUs X03siMHA. A eciu Obl OH
ee youBal, BoiHe ObUIH ObI BOBMOXKHBI CIy4Yau, KOT/Ia BUPYC YHHUUTOXKAET MOMYJISIIHIO,
a 3areM ruOHeT caMm. DTO MOATBEPKAAIOT HEeyAaun (aroBor TEparmmd MHOTHX OOJIE3HEH.
@aru, npexae youBaBiiue AUICHTEPUHHYIO OallMILTy MU XOJIEPHBIA BUOPUOH, B KOHIIE
KOHIIOB TMEPEXOASIT Ha WXIMWBEHHE XO35€B, [JaX€ CTAHOBSTCS WM IOJIE3HBIMU,
npeBpaniasch B MmiazMuabl. M ciaydailHO i «KOMaHJHBIE TIOCThDY B Ouocdepe 3aHsIu
KpYNHbIE, MEAJIEHHO pa3MHOXaronecs: kMBOTHbIE? CJIOHMXa HOCUT IJIOJ JOJITO, HO
3aTO OHA POXKAAET CJIOHA.

Jleno B TOM, UTO MENKHE, OBICTPO pa3MHOXKAIOIIMECS OpraHU3Mbl OoJjiee CTpajaroT OT
HEU30UPATEIbHOTO YHUYTOXKEHUSA. Pa3nuB peku WM JIECHOM TMOXKap YHUYTOXKUT U
JyYIIUX W XyAIIUX TPEICTaBUTENeH MBIIIMHOTO pona, a Oojee OBICTpBI W Oolee
CWJIbHBIN OJIEHb OT TaKOW HAmacTH MOXKET U yOekaTb, TOT/Ia KaK MEIJICHHBIH U cIaObIit
noru6Her. KpymnHele, MEJIEHHO Pa3MHOXKAIOIIKECS U MEAJIEHHO PacTyIUe OpraHU3MbI
IPOXOJAT HauboJiee MONHYI0 anmpoOalHio €CTeCTBEHHBIM OTOOPOM, U 3TO MPUYHHA UX
OBICTPON TPOTPECCHBHOM HBONIONMH. Menkne OBICTPO MPHUCIIOCAOIUBAIOTCS, HO
CPaBHHUTEIHHO PEKO MOBBIIIAIOT CBOM YPOBEHb OpraHHU3AIIHIH.

Jlymaro, pacCMOTPEHHBIX IPUMEPOB JOCTATOYHO, YTOOBI OKA3aTh, KAKUM IIyTEM KHUBAast
npuposia u30eraeT, MOBBIIMICHUS SHTPONMUU U JaXKe MOHUXKAET €€: IICHOW MOBBIIICHUS
SHTPONMM B OKpyKawoomeld cpenae. Hapymwurh 3akoH HOpUpObl MOXKHO, TOJBKO
MOTYUHSSICH EMY.

[IpuHuMn cenekuuu mupe JApBUHOBCKOM Teopuu 3Boitonuu. Ha HeM ocHoBaH mnro0oi
TBOpUYECKUN TpoIrecc (BIJIOTH O YMCTBEHHOW NEATEIbHOCTH YeJOBEKa), BEAYIIUH K
MNOHWKEHUIO SHTPONUHU. B 1NOJICO3HAHMM WAET HENpEpHIBHBIM M HEOIyIIAaeMblii HaMu
caMuUMHU Tepedop BapuaHTOB, a B pe3ysbTaTe BO3HHKAeT HOBas uaes. Bce apyrue
OOBSICHEHUSI ATOrO IMpoliecca, MpPaBO, HUYYTh HE JIyYllle CTapOJaBHErO «rOCHOJb
HAJ0yMHUID).

N no cux nop cnpasennussl cinosa H. K. Konbuosa, nHanucannsie B 1929 roay: «/ns Hac,
BEpSIIUX B HEM3MEHHOCTh 3aKOHA IOCTOSHCTBA SHEPTUU, TEPMUH «TBOPUTH» MONKET
UMETh TOJIbKO OJIHO 3HAu€HHE: M3 MHOTMX KOMOWHAIM BBHIOMpATh TOJIBKO OJIHY.
[TosToMy s cuuTaro, 4TO MBI M Tenepb, kak 50 JjieT Haszala, UMEEeM MpaBO CHOKOMHO
YTBEP)KJATh: «ECTECTBEHHbIH OTOOpP TBOPUT HOBBIE (DOPMBD».

Ham mnpenctoutr paccMoTpeTh e€mie JBa acleKkTa JAeATelbHOCTH JaeMoHa JlapBuHa.
Hemnonnmanue niy UTHOPUPOBAHUE X MIPUBOUIIO U MIPUBOIUT K CEPHE3HBIM OIIUOKAM.
Bcecuisien im otéop? Hapn »tum ciaeayer mogymaTth. Bo Bcex nm ciydasix 6€30TKa3HO
pabortaet nemoH /lapBuHa? EctecTBeHHO, OH OeccuiieH, KOrJa He W3 Yero BBIOMPATH,
KOrla HeT XOThb MaJlor0 KOJIMYEeCTBA OTKJIOHMBIIUXCS OT HOPMBI T'€HETHYECKHUX
nporpamMM. Takue momyssiiuy ObIBAIOT — 3TO YHUCTHIC JIWHUU OPTaHU3MOB, MOTYYCHHBIE
IIPU TOMOIIM OJIM3KOPOJICTBEHHOTO CKPEIIMBAHUS WM e Pa3MHOKaeMble BEr€TaTUBHO.
Ho wMmyranumoHHbIl mpolecc MOCHEMUT JOCTaBUTh MaTepuan, U 4Yepe3 HECKOJIbKO
JECSATKOB MOKOJICHHUM JTUHUS YTPATUT YUCTOTY.

l'opazno Tpyanee apyras mpobGiema. S yxxe ynmomuHan o pacuere Mandpena Difrena:
KOJIMYECTBO BapHAHTOB MOJEKYJl LUTOXpoMma C HACTOJIBKO BEIMKO, 4YTO JUISl €ro
peanu3anuu He XBaTUT Macchl BeeneHHol. A peanbHblil uTOXpoM € OTHIOAb HE CTOJIb
U3MEHYHMB. DTO HEOOJBIION OEJOK, COAEpKAIUNA 4yTh 00Jieeé COTHHM aMUHOKHCIIOTHBIX
octatkoB. Oka3zanoch, 4TO 16 KOJOHOB TI€Ha LHUTOXPOMAa MYTHUPYIOT C BBICOKOH
CKOpOCTBIO, 65 — cO CKOpPOCThIO B 3,2 pa3a MeHbIIEH, a 32 He MyTUPYIOT COBCEM. SICHO,
YTO MYTallMU B HUX BCE-TaKW MPOUMCXOMAT, HO TOT/Ia OEJIOK MepecTaeT BBIMOIHATH CBOIO
GYHKIUIO OBITH IEPEHOCYMKOM 3JIEKTPOHA B IIUKJIaX OKUCICHHS M OPraHU3M — HOCUTEINb
MYTaIlUX — MMOTHOAET OT Y IyIIbS.

Heyxenu >xe 3Ta mOCIENOBAaTENbHOCTh B 32 AMHHOKHUCIOTBI — €IWHCTBEHHAs U
HEMoBTOpUMasi? AymaTh TaK — 3HAUYMT MPU3HABATH CYILECTBOBAHHME Y HMCTOKOB >KH3HU
HEKOETro pPa3yMHOIro TBOpIA, M30paBUIET0 U3 HEU3MEPUMOTO MHOKECTBA CIy4YalHBIX
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BapHUaHTOB CTAOMIBHOE SJIPO HUTOXpoma. 160 oTOOpY Ha 3TO BpEMEHH SIBHO HE XBATHT.
SIcHO, 4TO cpean MOYTH OECKOHEYHOI'O YHCiIa BapUAHTOB IIUTOXPOMOB €CTh CTOJb K€
0ECKOHEYHOE KOJHMYECTBO CIIOCOOHBIX BBIMOJIHATH CBOIO (YHKIHIO, TPHYEM, OBITH
MOXET, Jydlle, uYeM peanu3oBaHHas npupojnoi. Ilouemy ke ot1Oop 3aech
OCTaHaBJIUBaETCs?

Haunem wm3naneka. OgHO BpeMmsi, MOMHIO, Obula MOMYyJIsIpHA Takash WIpa: IpeBpalaTh
MyXy B cJOHa. bepercs Kkakoe-HUOyJb CIOBO M IyT€M H3MEHEHHs OyKB B HEM
IpeBpalaeTcs 3a HECKOJIbKO 3TanoB B Apyroe. [IpaBuiia mpocThl: HY)KHO KaXIbli pa3
U3MEHATh TOJNBKO OJHY OyKBY MW KaXJIblii pa3 TMOJydyaThb CIIOBO CO CMBICIIOM
(cy1iecTBUTEIbHOE B €JMHCTBEHHOM YHCIIE U UIMEHUTEIbHOM Najiexe). Hampumep, cioBo
«JIUCT» MPEBPALIACTCS B «PO3Yy» TaKUM ITyTEM: JIUCT — JINCA — KMca — KOca — poca — po3a.
UrpaBmue B Takyl0 HUrpy I[OMHAT, YTO JAJIEKO HE BCE IOAOOHBIE NpEeBpaLCHUS
BO3MOXHBI. [lopoil ¢ mocamoil yoexmaembes, 9To MyTh JEKUT Yepe3 OeCCMBICICHHOE
OyKBOCOYETaHUE UJIM e HY>KHO U3MEHUTh HE OJHY OyKBY 3a OJIMH 3Tall, a OoJIbLIe.
[IpumepHO Takme ke TPYIHOCTH HCIBITHIBAET W IBOJIONUSA. UTOOBI MONYYUTH JTyUIIHHA
BapUaHT, HY)XHO CHayajlla [pPOBECTH Ha CIEAYIOUMH 3Tan  OecCMBICICHHYIO
MOCJIE0BATEIBHOCTD, @ 3TOr0 0TOOp He AomycTUT. [IpuxoanuTcs ocTaBiIATh CTapylo, BEAb
XOTs1 OBl OHA cripaBisieTcs. BeIxoaut, 4yto nemMoH JlapBUHA TOJNBKO MOTOMY HE BCECHUIIEH,
yTO yepecuyp petuB. [IpaBia, B 0lHOM reHe MOTYT BOSHMKHYTbH Cpa3y JBE, a TO U OoJiee
MYTali, HO BEpOATHOCTh 3TOro Mana. Eciu, HanpuMmep, BEpOSATHOCTh OHON MyTalll1 B
rede 10-5 to aByx: 10-5 *10-5= 10-10. Takue HUYTOKHBIE BEPOATHOCTU HE CTOJIb YACTO
peann3yroTcs.

l'eneruxk C. PaiiT mpencrtaBwyl 3TOT MapajoKc B BUAE OYEHb HArJISAHONW KapTUHBI.
BooOpa3uM pasHble CTeNeHH MNPHUCIOCOOJEHHOCTH K BHEIIHUM YCIOBUSIM B BHUJE
XOJIMHCTOTO JaHamadra, TAe BBICOTa XOJiMa (AJaNTHBHOTO ITHKA) COOTBETCTBYET
crerneHu npucnocoOnenus. Ilonmynsanus, noaHsBLIasCS Ha MaJeHbKUH MUK, HE MOXET
CMEHUTH €ro Ha OOJNBIION, CTaTh OOJIee MPUCITOCOOICHHOM, KOO TIPU CMEHE MUKOB 0TOOP
NOWJET MPOTHUB YPOBHSA MPHCIOCOOJEHHOCTH. Tak, KOIIKa BO BpeMs HaBOJHEHUS,
criacasch Ha HHU3KOM 3a00pe, MOXET yTOHYTh, XOTs OBl psJoM ObUT BbICOKUH 10M. B
KOHEYHOM CUETe BCE BBIMEPIIIHE TPYMIBI (TTAaHIIUPHBIC PHIOBI U JUHO3aBPHI, calae3yonie
TUTPBl 1 MAMOHTBI) TIOBUHHBI NIEPE] ABOJIOIMEN JTUIb B TOM, YTO BBIOpai HEyJauHbIE,
HEBBICOKHE aJlalTHBHbIE MUKU. Ham, mpuMaTam, moBe3o, OAHAKO HAJ0 MOMHMTh, YTO U
Halll TMK He 0ECKOHEYHO BBICOK.

Heyxemu xe HeT croco0a 0OOWTH BBISBICHHBIH HaMU 3aIpeT, MEPEXUTPUTH Yepecuyp
npsIMOJIMHEMHOro neMoHa? [Ipexae Bcero HallOMHHMM, YTO YCJIOBMSI BHELIHEW Cpenbl
MEHSIOTCA M TO, YTO PpaHbIIE CUUTAIOCh HEAJAaNTHBHBIM, OECCMBICIEHHBIM, MOXET
oKazaTbCad MPUCIIOCOOUTENBbHBIM. Tak M B Halleld Urpe B CJIOBa — COUYETaHHUA OYKB,
IpeX/ie He MMEBILIUE CMBICNIA, BXOAAT B SI3bIK (B JIETCTBE s, HAIpUMEp, HE CMOI Obl
MCIIOJIb30BAaTh B 3TOM UIPE CIIOBA «pajap» WIH «Ia3ep»). BCHOMHUM O TOM CHMIKAIOLIEM
AKHU3HECTIOCOOHOCTh T€HE, KOTOPbIM OKa3ajcs NPUYMHOW IOSBIECHUS CYHEPKPBIC Kak
TOJIbKO BOIUIM B MPAaKTUKY aHTUKOATYJSHTHL. A BOT emie Oojee HarisaHbIi mpumep.
benok, crnararomuii COKpamiammuecss HUTH, KOTOPHIE PacTATMBAIOT XPOMOCOMBI IO
Pa3HbIM TOJOBMHAM JEJIALIEHCS KJIETKH, YyJOBUIIHO KOHCEPBATHBEH. B OCHOBHBIX
CBOMX 4Y€pTax OH €JUH JJIs BCEX SJIEPHBIX OPraHM3MOB (3HAUUT, BOZHUK He mozxe 1,8
MILIHap/a JeT Hazan). O6 3TOM MOXHO CYAHUTh 10 TOMY, YTO Ha KJIETKU BCEX )KUBOTHBIX
U pACTEHUN AECHUCTBYET KOJXUIWH — BEIIECTBO, BBIACISIEMOE W3 JUJICUHOTO PACTCHUS
6e3BpeMeHHMKa. KONXUIMH OJIOKHpPYET COKpalleHue HUTEH, U BCE XPOMOCOMBI OCTAIOTCSI
B OJIHOW KJIETKE (Ha 3TOM OCHOBaH OJUH M3 METOJOB MOJIydyeHHUs mnonuiuionson). Ho
YTOOBI MOJYYUTh TaKOH 3(P(EeKT Ha KIETKaX CUPHMCKOro (WK 30J0THCTOr0) XOMSUKa,
TpeOyeTcsl KOHLIEHTpalys KOJXMLMHA Ha JBa Mopsaka Oosbmias. A Jejlo B TOM, 4YTO
CHUPUHCKUI XOMSYOK c(opMupoBajics Kak BHA B OCCIUNIONHOW IyCTBIHE, TJe
€IMHCTBEHHOM TUIICH JIs1 HEro Mopoi OblT OE3BPEMEHHUK.
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Ho Bo Bcex aTux mpumepax pemiarormiee ciioBo uMmeer oroop. EcTb nm Takue curyanuw,
rae neMoH JlapBuHa 3akpbiBaeT ria3a? BCcoMHUM, 4TO y BBICHIMX OPTraHU3MOB KJIETKU
UMEIOT JIBOWHON HA0Op XpOMOCOM, MBOMHOW HabOp reHoB. OHU JHUIUIOWIHBI. 3HAYWT,
OJIMH T€H U3 JIBYX MOKET U3MEHHUTHCS B HEMIPUCIIOCOOUTENBHYIO CTOPOHY U OTOOp 3TOTO
HE 3aMETUT. A B JalbHEWINEM, NMPU H3MEHECHHMH YCJIOBHH, 3TO U3MEHEHHE MOXET U
MPUTOIUTHCS.

Sl yxe HamoMMHAaJ, YTO BBICHIME PACTCHHS MMEIOT B CBOEM IIMKJIE JBa TOKOJICHHUS:
copoUTHOE (AUMTIOUTHOE) U TaMeTO(UTHOE (TalIONIHOE, C OJHIUM Ha0OpOM T€HOB) Y
MIOJIABJIAIONIETO OOJIBIIMHCTBA MX TaMETOPHUT PEAyIHpPOBAH, a TO W MAPa3HTUPYET Ha
cropouTe, CTaB 4acThiO I[BETKA. Bce mpeBpaTHOCTH Cyb0bI UCIIBITHIBACT TUILIOUIHBIN
copopuT A BOT MXHM — pacTeHUs HAo0OpOT. Y HHX CHOpOodUT pa3BHBAETCS Ha
TariouHOM rameTtodure, Kaxkaas MyTalus cpasy HIET Ha ampoOalrio €CTECTBEHHBIM
oTO0opoM. BoT BceM M3BECTHBIN MOX — KYKYLIKHH JIEH. Y HETO Ha BEPXYILIKE KEHCKOTO
rameTto(uTa BbIpacTaeT CropouUT, KOCO HAKIOHEHHAs KOPOOOUYKa Ha JJIMHHOW HOXKKE,
NOJTyYaromas MuTaHue OT ramMerodura.

N xots mxu, ocoOeHHO c]arHoBbIC, YPE3BBIYANHO PACHPOCTPAHUINCH MO OONBIIUM
TEPPUTOPUSAM CO CHEUU(PUISCKHUMHU YCIOBUSAMH (00J0Ta, JecHas MOACTWIKA W T. 1.),
0COOBIX TEHJEHIMH K MPOTPECCHBHON HBONIOLMU y HUX He HaOmomaercs. JleMoH
HapBuHa otOupaer cpenu rameroguroB ocodeit ¢ omHuM Habopom reHoB. bakrepun u
CHHE3CIICHBIe BOIOPOCINLY TOXe Belb ramionmHbl. OOGpasHO BHIPAXKAsCh, y HHX HET
pe3epBa reHeTHYeCKON IMaMsITH, OHU HE TIOMHST TPOIILJIOT0 U HE TOTOBITCS K OyaymiemMy
(pa3ymeertcsi, 3TO BBIpaK€HHE HE HAJI0 MOHUMAaTh OyKBanbHO). [loTOMy OHHM U OCTamUCh
TEMHU K€, KAKUMHU OBUTH M B JIOKEMOpPHH, KOT/Ia OHH CO3/IaBaJIH JKeJIe3HbIe py bl Kypckoit
MarHUTHOM aHomanuu. Bce, 0 yeM Mbl TOBOPWJIM paHee, MOXKHO BBIPa3UTh HHAYeE:
Oynyiiee B DBOJIIOIMOHHOW Cyap0€ KaKOW-TMOO Tpymmbl B 3HAYUTEIBHOW Mepe
OTIpeIeNAETCs €€ MPOILIBIM, TO €CTh YHACIECTOBAHHON OT MPEIKOB CTPYKTYPOH.

A Het 11 crioco6a Kak-HUOyAb U30eKaTh 3TOTO MPUHIIKIIA, CXOTHOTO ¢ Oubeiickum («3a
rpeXd poaUTENeH TOTOMKH oOTBedaroT»)? OKa3piBaeTCs, TaKOW CIOCO0 €CTh W
HAa3bIBACTCSI OH HEOTECHUEH.

Puc. 40. Cuumaemcs, umo 00wuM NPEOKOM ULTOKONCUX U XOPOOBBIX ObLI CUOAYULL UTOEO
OOKEMOPUTICKOU 2NOXU, PAOUATLHO CUMMEMPUYHBIL, HO UMEBUIUL 8 C80eM pA36UMuU
CcmMaouio 08YXCMOPOHHECUMMEMPUYHOL C80D0OHONIAsawel TuyunKky. Henokoocue —
MOpCKUe UIUU, MOPCKUE 36€30bl, MOPCKUE eMHCU, 20N0MYPUU — MAK U HEe COUWIU C IMO20
nymu. M xoms MHO2Ue U3 HUX CMATU NOOBUICHBIMU, OHU BCE-MAKU OKA3AIUCD
IBOOYUOHHBIM MYRUKOM. Takdice Huue20 nymHo2o He NOAYYULOCh U3 KPbLIOJHCADEPHBIX,
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NOJYXOPOOBbIX U JAUYUHOUHOXOPOOBbLIX. Jluwib OIuU3KUe K acyuousm anneHoOuKyospuu
nomepsAnU Cmaouro 83pOCio20 CUOALE20 OP2AHUBMA U CIANU PA3ZMHONCAMbCA, COXPAHUG
yepmol ceoboononaasaowell auuunky. Ho naubonvuuii ycnex vinai Ha 00aH0 XOpOOGbIX.
Hx pazmmnodscarowasnca nuduHka 6 oOWux uepmax, no-6UOUMOMY, HANOMUHALA HbIHE
JoHcusyuje2o 1aHyemHuka. 3amem OHU 0Openu Xpaujegoll yepen O 3aujumol nepeoHe20
KOHYA HepBHOU cucmembyl, 6yoyujeco mosea. Ho auwb ko20a nepeduss napa iadbepHoix
0ye mnpespamunace 6 Op2aH Ol AaKMUBHO20 3AX8ama NUWU — YenoCMU, HAYAJCS
MpUymMpanbHblil Mapul 4eaoCMHbIX XOPOOBbIX: OM NPUMUMUBHBIX XPAUWEBLIX Pblh 00 HAC
¢ amu.

[Ipy HeoTeHMM HE pa3BUBAETCS OKOHYATENbHasA, ACPUHUTHUBHAS CTPYKTypa (eHOTHUINA.
Croco0HOCTh K Pa3MHOKEHHUIO MTPHOOpeTaeT JINIMHOYHAs Gopma, a B JaIbHEHIIIEM OHA
MOJKET Pa3BUBATHCS MO COBEPIICHHO HOBOMY ITYTH.

BBITH MOXET, HEOTeHHs MPOW3OILIa B Hadale HAIIer0 IMyTH — OT NPHUMUTHUBHBIX
JKUBOTHBIX K 4enoBeKy. EcTh xopomio pa3zpaboTaHHasi THIOTE3a O TOM, YTO XOPIOBBIE
NPOM30IUIA OT CHISYMX HIIOCIOB AOKeMOpHIiCKoW »moxu. B mx paszButum Obuia dasa
cBOOOAHOIUIaBatOIIeH TUYMHKK. Ha 3TOM ypoBHE HaXOASTCs 0 CHX MOp KUBYIIUE B
MOpSIX OOOJIOYHHMKH aCIHUIUH. Y HEKOTOPBIX M3 HHUX BBHINalia W3 XU3HCHHOTO ITUKIIA
CTaaus CUISYEr0, B3POCIOT0 OpPTaHMU3Ma, JHUMHKHA CTaId Pa3MHOXKATHCSA camMH (Ha 3TON
CTauM HAXOIATCS TaKKe OJaroJEHCTBYIOUINE B MOPSX ANNCHIUKYJSPUH, OHH OYECHb
MOXOXM HA JIMYMHOK acuuauii). M3 HUX-TO ¥ BO3HUKIM MPUMHTHUBHBIE XOPAOBHIE (U
3/1eCh MBI MO’KEM HAWTH HBIHE JKMBYIIYIO aHAJIOTHIO — BCEM HM3BECTHOTO JIAHIICTHUKA).
Otcrona yxe npsiMOM MyTh K pbIO00Opa3HbIM cymiecTBaM (Toka emie 0e3 uenrocTeil)
AMOXM KOHIIA KeMOpus W OpAoBUKa. JlampHeimasi 3BONIONMS BIUIOTH 1O 4YeJOBEKa
YIOBJIETBOPUTEIILHO BOCCTAHABIMBACTCS MO MCKOMAEMbIM OCTaTKaM. A BOT UTJIOKOXKHE,
TOJKE HAIIU POJICTBEHHHUKH, U30paji TOpa3i0 MEHee MEePCIIeKTUBHBINA My Th. 3/1€Ch JEMOH
JlapBHuHa MOMBITANCS CO37aTh U3 B3POCIOr0 CHASYEro uioena (Bpoje MOPCKOW JTUIIHH)
KHBOTHOE, CHocoOHOe K mepenBrkeHuto. Henb3s cka3aTh, 4TOOBI 3Ta MOMBITKA HE
yaanack. Mopckue 3Be3[bl, MOPCKHE €XH M TOJOTYpUHU [OLUUIM 0 HAIIUX JTHEH u
BBIMUpATh He coOupatorcs. Ho 3aech 3BomonMs MONbITAIACh CO3AaTh HOBYIO JIMHUIO HA
0a3ze B3pocioil (GopMmbl, ¢ paaMaTbHOW CHUMMETpPHUEH, XOTS JIMYMHKH HIJIOKOXKHX
IOCTPOCHBI MO TUIy Oojee OMU3KON HaM OwunarepaabHOH CHUMMETpUHU (IIpUMeEp
paauanbHOW CUMMETPHH — CHEXXMHKA, OMIaTepaabHOM — CTpea).

Jns cupsyero opraHusMa pajauanbHas CUMMETpHs yAoOHee, HeJapoOM OHa TaK IIUPOKO
pacnpocTpaHeHa B Mupe pacteHuil. Ho mpu nepexoje kK moABMKHOMY 00pa3y *KH3HU OHa
OKazanach cymiei o0y30il, U WIJIOKOXHE, B KOHIIE KOHIIOB, CTalld 3BOJIOIMOHHBIM
TynukoM. [lombITkM W30aBUTHCS OT HEE Ha OCHOBE IUIaHA CTPOEHHSI B3pPOCIIOTO
OpraHu3Ma IpHUBEIU JHUIIb K TOSBJICHUIO HAa CBET CTPAaHHOH (DOPMBI TONOTYpUH H
«HETIPaBUJIbHBIX» MOPCKUX exkel. Henb3si BIMBaTh HOBOE BUHO B CTaphle MEXH.
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Puc. 41. Yenosex — nonosospenviti 3apoodsius 06e3bsiHbl. Imo 38yuum napadoxcom. Ho
cpasHume uepena 63pocioul copulivl (crieea) u ee demenviuia. He npasoa nu, uepen
MONI000U  20punIbl  OOIbUE NOXO0XC HA Yenoseyeckuul? Buuzy eonoswvi 3apooviuiel
yenoseka (1), copunnvt (2) u wumnanze (3).

Wrak, HeoTeHus Obliia B Hayalie MyTH, KOTOPBIH Bell K yeaoBeky. Ho oHa Oblia U B KOHIIE
ero. YenoBek OoIbIIe MOXO0XK HA TUIOJ YEeJIOBEKOOOPa3HO 00€3bsiHbI, YeM Ha B3pPOCIYIO
TOpWITy WIM MmuMmnaH3e. M3BecTHbIl aHTpomonor bBoibk BbIpa3uil 3TO HECKOIBKO
MapagoKCAIbHO: YEJIIOBEK — ATO MOJOBO3PEIIBIN 3apOIbIIIT 06e3bsHbL

EcTh eme HECKONBKO CMOCOOOB, TaK Ha3bIBAEMBIX MOJAYCOB 3BOJIOIUH, KOTOpPHIE
NPUIAIOT MPUHIUIY 0TOOpa YAMBUTEIHHYIO THOKOCTh, MMO3BOJISIFOIIYIO CO3/1aBaTh HOBHIE
dbopmbl. Ho MbI He OyZieM OoCcTaHABIMBATHCSA HA HUX, TaK KaK 9TO, 00Opa3HO BBIPAXKAsCh,
TeopeMbl OuoNoruM, a He akcuombl ee. [lepelieM K OIHOMY acHeKTy YeTBEpTOi
AKCHOMBI, OTPAHMYUBAIOLIEMY BO3MOXHOCTH YENIOBEKa, a IOTOMY JJIi MHOTUX
OJINO3HOMY.

Kpax naumBHOro aerepmunmsma. Ham ¢ Bamu yxke TpyAHO MNpeACTaBUTh, KaKOe
BIICUATJIICHUE TMPOMU3BEJIa Ha COBPEMEHHHUKOB HBIOTOHOBCKas TEOpUS BCEMHPHOIO
TAroTeHus. B To BpeMs Bce Ka3alloch BO3MOXHBIM, BIUIOTh /10 MpeACKa3aHus OyIyIIero
Bcenennoii. B camoMm ferne, eciau Mbl MOKEM pacCUMTHIBATH ABUKEHUS IUJIAHET, MOYEMY
OBl HE NOMYCTUTh, XOTSI Obl MBICIIEHHO, TaKyl0 CHUTYallUI0: HEKHH YHUBEPCAIbHBIH yM
3HAeT KOOPAMHATHI U CKOPOCTU BCeX Tell BO BeeneHHo#. 3HAUUT, OH MOXKET pacCuMTaTh
HX MECTOTIOJIOKEHHE M CKOPOCTH Ha JTI000M MOMEHT Oy yiiero! DTo mpeaenbHbIA BBIBOT
MHUPOBO33PEHHUS, HA3bIBAEMOT0 MEXAaHUYECKUM JETEPMUHUZMOM.



www.NataHaus.ru

[Ipu 3ToM 3a0bIBanyM, YTO Ja)Ke pEHICHHE 3a/a4d O B3aMMHOM HPUTSKEHUU TpeX Tel
HATaJKMWBAETCs HA YyJOBHILHbIE TPYIHOCTU. Haxonuch Hamia 3emiis B cucTeMe ABOMHOM
3Be3/Ibl, €¢ opOuTa ObuIa OBl HACTOJIBKO 3amyTaHHOW, yTOo HbIOTOH mpocTo HEe cMor Obl
OTKpPBITH CBOEro 3akoHa. Tak d4YTO MPUTA3aHUS MEXaHWYECKOro IETepMUHU3MA Ha
BCEBEJICHUE OKa3bIBAIOTCS HECOCTOSATENbHBIMU. TeM He MeHee Ha MaKpOYpOBHE BCE
MPOIECCHI IETEPMUHUPOBAHBI, M 3aKOHBI HbI0TOHA XOTs ObI IPUHLIUITUATBHO MTO3BOJISIIOT
IpeJICKa3bIBaTh Oyayliee C MPEeesbHON TOYHOCTBIO (MHOE JIENI0, YTO MPAKTHYECKH 3TO
OBIBaCT HEBO3MOXKHO).

OnyctuMcs Ha YpOBEHb HHXKE — K MOJEKyJaM M aromMaMm. 3/1eChb MaTeMaTHuecKoe
OTHMCaHNE COBOKYITHOCTH MOJIEKYJ XOTsS Obl B 00beMe HamepcTka HEeBO3MOKHO. OTHAKO
MMEHHO H3-3a OOJBIIOrO 4YKCla 3JIEMEHTOB CHUCTEMBbl IpEJCKa3aHUE €€ IMOBEICHUS
BO3MOXXKHO. BmecTto TOro urtoObl clIeOuTh 32 U3MEHSIONIMMHUCS CIy4ailHBIM U
HEMpeACKa3yeMbIM 00pa30oM KOOpAMHATAMHU U HEPTrUed KaKIIOH OTIEIbHON MOJICKYJIBI,
MBIl MOJKEM OLIEHUTh CpEJHEee 3HaueHHE MapaMeTPOB CUCTEMBI — TEeMIepaTyphl U
naBieHus. M OHEHUTHh C BBICOKOM TOYHOCTBIO: Belb (DIYKTyallld, OTKJIOHEHMS OT
CpeIHEero 3HaueHUsi OOpaTHO MPOMOPIMOHATIBHBI KOPHIO KBaJApPAaTHOMY W3 CPEIHETO.
Eciim B o0beme Taza comepxkurcs 1020Morekyn, OTHOCHTEIbHAS OMMOKa OyIeT paBHA
onuoit pecarumuunapanoit (10-10). Tak uyTo B MPHUHIMIIE MOXHO PACCUUTHIBATH
SHEPrUI0 U SHTPOIHIO CUCTEMBI M TNPEICKa3blBaTh €€ OyAyllee C BECbMa BBICOKOM
TOYHOCTBIO, KaK TOJBKO MBI OyJIeM OMEpUPOBATh C JOCTATOYHO OOIBIIMM KOJHMYECTBOM
MoJiekyl1. Ho onsiTe ke TOJIbKO B IpUHLMIIE.

Bor mpumep, Omm3kuii kaxkaomy. [IporHo3 moronabl, CTpOro TOBOpS, THUIIUYHAS
TepMOJMHaMHuecKasl 3afada. He nmpuxoautcs roBopuTh 0 BaXKHOCTU MPOTHO3HPOBAHUS
MOTO/IbI U OTPOMHBIX YCHIIHUSAX, KOTOpPBhIE BKIAIBIBAIOTCS B HET0. A BOT BCErJa JU STU
porHO3bI cObIBatoTCs? [IprunHa Ta ’ke: HEBO3MOKHO MPAKTUIECKH YIECTh BCE (PaKTOPHI
U TPOBECTH pacueTsl B 0003pUMBIE CpPOKH. JIeTepMUHU3M OMSTH OKA3bIBAETCS
OTPaHUYEHHBIM CIYyYaiHOCTBIO, 3TO TaK HAa3bIBAEMBIN CTOXACTUYECKUN JETCPMHUHU3M.

U coBceM apyroe MojioxeHHe B MOMbITKaX MPOTHO3UPOBATH PAa3BUTHE KUBOU MPUPOIDI.
B oObeme raza ciyuaiiHple (IyKTyalldd KOMIICHCHUPYIOT APYT Jpyra, Ha MEepBbIA IJIaH
BBICTYIIa€T CpeJHee 3HaueHHe. B momynsuuM KUBBIX OpPraHU3MOB ClydYaifHoe,
HENPEICKa3yeMOe M3MEHEHUE T'€HETUYECKOM MpOorpaMMbl, YCHJIMBAsCh B MUJUIMAPbI
MWUIMAPIOB pa3, H3MEHSET COCTOSHHE BCeil cucTembl. BcmomMHUTE O mpuHIUIE
ycunenus! Eme onun s dexthpiii ero npumep. B nagane 1918 rona rae-to Bo @paniuu
KBAaHT YyJbTPaQHUOJIETOBOIO HM3Iy4YEHHs IMONaJl Ha B3BELICHHYIO B BO3JyXe BUPYCHYIO
YacTUIly — BUPUOH Tpumnmna. Tak, a MOXeT ObITh, M WHAYE, IPOU30IILIA MYTaIlHsl, BOSHUK
HOBBI IITAaMM BHUpPYCa, MNPOTHB KOTOPOro ObUIM OECCHIbHBI 3aIMTHBIE CHCTEMBbI
YeJI0OBEYECKOro0 OpraHu3Ma. BcembpIxHyna smuaeMusi, ObICTPO MEpEeKUHYBINAsACS Ha
Hcnanuto, oTTyAa, 1MOJA Ha3BaHUEM «HCIAHKW» — Ha Bech MUp. CMEPTHOCTH JOCTHTrajza
30 mpo1eHTOB, U B pe3yJibTaTe BCeMUpHas snuaeMus (manjaemus) yuecia 20 MUJUIMOHOB
YeJI0BEK — MHOT'O OOJIbIlIe, YEM MepBasi MUPOBasi BOIHA.

B nanpemuu rpunmna 1972—-1973 ronoB cMEpTHOCTb, K CHACTHIO, OblIa HEe Tak Beiauka. Ho
nepebosenno Ha 3emiie B TO BpPEMs OKOJIO ABYX C IOJIOBUHOW MWJITHAPIIOB JIFOJICH.
Hapymienne MHOrMX IUIAaHOB, OTPHULATEIBHOE BO3JEHCTBHE HAa DJKOHOMMKY BCEU
IUTAHETHI, U BCE 3TO — CJIEJICTBUE OJJTHOTO-€IUHCTBEHHOT'O KBAHTOBOTO CKaUKa.

BreiBon mpoct: M3-3a ycuieHHS B (PEHOTHIAX CIy4YaiHbIX W3MEHEHHH TeHETHYECKHUX
IpOrpaMM 3BOJIIOLUS >KMBOW MPUPOIBI MPUHLMIIKAIBHO Hempenackasyema. HauBHbIi
JETEPMUHU3M 3/1€Ch TEPIUT MOJIHBIN Kpax. 1 Bce, 4To MBI MOKEM IpecKa3aTh, — 3TO TO,
yTO JeMOH JlapBHMHA pa3sMHOXKHUT B OyIyIIUX IOKOJEHHUSIX MOTOMKOB T€X OCOOEH,
KOTOpbIE HAMIYYIIUM 00pa3oM OyayT MpUCHOCOOIEHBI K OKPYKAIOIIUM HUX YCIOBUSAM A
BOT KaK OHU OyyT MPHUCTIOCOOJICHBI, 00 ’TOM MBI MOKEM TOJIBKO T'a/IaTh.

Jlanieko He BceM 3TO HpaBUTCS. I[IpuXoguTcst chplllaTh M TAaKUE BBICKa3bIBaHUS:
COBpEMEHHasi TEOpUs HBOJIOIHMH, OObEOUHSIONAs JApBUHHU3M UM TEHETHUKY,
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HECOCTOATENIbHA, KOO OHAa MOXET BCE OOBSCHUTH 3aIHUM YHCIIOM, HO HUYETO HE MOXKET
npejcka3aTh. byb co3/1aHa Teopusl HANPaBICHHONH, HOMOTCHETHUECKOW IBOJIOIUH, ITH
HEJ0CTaTKu ObutM OBl ycTpaHeHbl. Ha Moil B3ruisizm, 3TO paBHOCHUIIBHO YTBEPKICHHIO:
Oy/lb OTKPBIT BEYHBIH JTBUTATEIIb, C TOITLIMBHBIM KPU3UCOM OBLIO ObI MOKOHYEHO.

Tak 4TO, €CJIM MbI HC KCJIACM OTIYUUTH OHMOJIOTHUIO OT (1)I/I3I/IKI/I, MbI OOJDKHBI MPU3HATDH
NPUHIMITHATBHYI0 HEMPEICKa3yeMOCTh SBOJIIOIMOHHBIX MpoleccoB. Koe-4To MOXKHO
npexyranaTh, HO 3TO OyIeT JOCTATOYHO TPUBHAILHBIA MTPOTHO3.

BHenpsis B TpaKkTUKy MEIMIIMHBI HOBBIM AaHTUOMOTHK, Mbl C JIOCTATOYHOW JOJICH
YBEPCHHOCTH MOXEM IPOTHO3UPOBATh, YTO OH TOTJIA-TO ToTepseT 3()(PEeKTUBHOCTS,
MUKPOOPTaHU3MbI, TPOTHB KOTOPBIX OH HANpaBJiCH, KOIrMa-HUOyIh K HEMY
IPUCTIOCOOSTCS, TO €CTh OyIyT MEPEHOCHTH €r0 KOHIICHTPALUH, TPEeXkIe aOCOIIOTHO IS
HUX cMepTenbHbie. Ho BOT koraa u kak? [IpucrnocoOiaeHre MOKET BOSHUKHYTh Pa3HBIMH
nyTsMa. OmuH w3 (GEepMEHTOB OaKTepUH OKaXeTCs CHOCOOHBIM K THAPOJH3Y
AHTHOMOTHUKA, TTOBBICUTCS HEMPOHUIIAEMOCTh O00O0JOYKU OAKTEpUM — ITO HaM 3HATh HE
JaHO, MO0 ATO PAaBHOCHIIBHO 3HAHHIO, KOTJIA M B KAKOM MECTE MPOU30MIET COObITHE Ha
KBaHTOBOM YPOBHE.

Wnu xe apyrast BaxHasi nmpoOiieMa — BpEeIHbIE HACEKOMbIE U WHCEKTHIUABL. JeWCTBys
JJIT Ha SKCIEpUMEHTATBHYIO TOMYJISIUI0 MYX, JIETKO BBIBECTH JIMHHIO, IEPEHOCSIIYIO
0e3 ymiepOa aisa ce0s B ¢TO pa3 OOJbIIyI0 KOHIIEHTpaluio s1a. Ho B oHON TUHUEM 3TO
npousoiiner, nmoromy 4ro JJIT Oymer oOe3BpeKUBaThbCS B MYIIMHOM OpraHU3Me, B
JIpPYro — MOBBICUTCS HENPOHHUIIAEMOCTh XUTHHOBOIO IOKpOBAa. MOXHO, HaKOHeEIl,
BBIBECTH MYX C 0€3yCIIOBHBIM pedieKcoM H30eraHusi OTPaBICHHBIX TTOBEPXHOCTEH.
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Puc. 46. JKwav-eepunosckuii  kanuman Hemo npudan ceoemy «Haymunycyy»
cueapoobpasnyio opmy, Haubolee onmMUMAIbHYIO 015 ObICMPO20 O0BUNCEHUS 8 BOOe.
IIpupooa ucnonvzosana smom npuHyun MHo20 pausvuie. 1 — axyaa,

2— uxmuo3aep,

3, 4 — pasuvie 6udbl Oenb@PuHOSs.

Xpawesas pviba, npecmuikaroweecs u Maekonumarowue, 6MopuUYHoO 8epHy8uIUecs 8 600Y,
obpenu hopmy, 6au3KyI0 K cueapoobpasznou. Ecmecmeennuiii ombop xax 661 cmecan ce
8bICMYNbL MeNd, MOPMOUSUIUE OBUNCEHUE.

WHorma »BOMIONMS Ka)KETCS HAIPABICHHOW, >KECTKO IeTepMHHHUpOBaHHOW. [lembduH,
BBIMEPIINI UXTHO3aBp M aKyJia OUYeHb MOXO0XKHU Mo dopMe APYT Ha Apyra M KaKIblid U3
HUX — Ha TOABOJAHYIO Jonky. Ho 3amamummcst BompocoM: a kakas eme ¢opma Oyner
oTtoOpana aemoHoM JlapBuHa [ij1si OBICTpOTo ABMKEHUs B Boje? Ha HekoTopkle 3amauu,
MIOCTaBJICHHBIE TIEPE/T ABOJIOIMEN, MOXKET OBITh JJaH TOJIBKO OJWH OTBET.

3HAYUT, BCe-TaKW pe3yJabTaThl d3TU Tpeackasyembl? He cmemmTte ¢ oTBEeTOM:
IpeJICKa3yeMOCTh OTHIOAb HE CTONPOIEHTHas. BoT mpumep, KOTOPBI MOXKHO OBl
Ha3BaTh: «Jcce 00 akyinbeM XxBocTe». Ha xBocToBOM cTebie akyn (M Opyrux OBICTPBIX
pBIO) 1O OOKaM pacmoI0KEHBI KHIIM, OTYETO B CEYCHUN OHHM UMEIOT 00TeKaeMyto Ghopmy.
Takue e KUITU €CTh U Ha XBOCTOBOM cTebOlnie nenb(uHa, HO HE M0 OOKam, a CBEpXy U
cam3y. [1oHATHO MOYeMy: y pbIO XBOCTOBBIE JIOMACTH PACTIONOKEHBI BEPTUKAIBHO, a Y
KUTOB — TOPU30HTAJIbHO. DTOrO Majo: y aKyJ Ha HU)KHEW CTOPOHE XBOCTOBOTO CTEOIs
€CTh mornepeyHas J1oxounka. [[is yero ona, Hesicno. Typ Xelepaan mucai, 4To oHa s
TOT0, YTOOBI aKyJdy MOKHO ObLIO yAOOHEe CXBAaTHUTh 32 XBOCT. JTO, KOHEYHO, IIYTKA.
HagepHnoe, moxOMHKa Kak-TO YJIydYIIaeT THAPOJMHAMHYECKHE CBOWCTBA XBOCTa. Takue
e JTO)KOMHKU €CTh U Y JeTb(UHOB, HO MO OOKaM XBOCTOBOTO cTebus. Tak BOT, MOKHO
M TpeAcKa3aTh, KaK PACIOI0XKATCS XBOCTOBBIE JIOMACTH Y >KUBOTHOTO, MOTOMKH
KOTOPOTO TMEPEeHIyT K OBICTPOMY IJIaBaHUIO: BEPTUKAIBHO, KaK y PhI0 M MXTHO3aBPOB
WM K€ TOPU30HTAIBHO, KaK y KHTOOOpa3HbIX?

Haxkowner, y akyn nocineaHuii OT/ied MO3BOHOYHUKA MPOJOJIKAETCS B BEPXHIOIO JIONACTh
XBOCTOBOTO IJIABHUKA, & Y UXTHO3aBPOB — B HIKHIOIO.

Cwmormnu 656l Bbl, OKa3aBIINUCh B CHIIYPUIICKOM MEpUO/JIE, TPOTHO3UPOBATH 3TOT Pe3yJIbTaT?
Tak 4TO Aa’ke €clii OTBET OJHMH, MOAU(PUKALUN €ro MOXKET ObITh MHOTO; CTOJBKO K€,
CKOJIBKO pa3 pelanach B HBOJIIOLNHU 3Ta 3a/1a4a.

]
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Puc. 42. Kak xonvimnomy sHcugomuomy 0006pamucsi 00 1UCMbe8 HA 8blCOKUX Oepesbsix? B
npoyecce 3607I0YUU pA3HblE MHCUBOMHbBIE pewany 3my npoodnemy no-pasuomy. Cambviti
NPOCMOl, HO He CaMblll 6bl2OOHBIN NYymMb U30panu 2ueanmckue Oe3pozue HOCOpOo2U
Mpemu4Ho20 nepuooa — UHOpuxKomeputl, beryoxcumeputi u oausxkue popmol. Ha pucymnre
pexoncmpykyus unopukomepusi (MHopuk-36eps, yapsv 36epeii cmapopycckux npeoanuii)
u 0na macwmada — co8pemMeHHblll UHOUUCKUU Hocopoe. Takas maxuna mo2na 1e2ko
00mMAHYMbCA 00 BbICOKO PACNONIONCEHHBIX 8€MOK, HO U NPOKOPMUMb ee Oblio mpYOHO.
Ilosmomy eueanmckue HOCOpo2U camvle KpPYNHule HA3EMHble MIeKOnumanowue —
8bIMEpIU, He 0CMAasUE NOMOMCMEA.

WNHorna ke OTBETOB HECKOJBKO, MPHUUEM OHU OTHIOJIh HE PAaBHOLIEHHBL. BOT Xopomuit
npumep. [IpencraBere pa3pekxeHHBIN JIeC WM CaBaHHY, I TPaBa BBDKUTAETCS COJHIIEM.
VY KpYNHBIX KOMBITHBIX B STOM 30HE €CTh XOPOUIMH HCTOYHUK MUTAHHUS — JUCTBA
nepesbeB. Ho kak 1o Hee moOpartbes? Camblil psMoil OTBET — OTOOp Ha yBEITHUYEHUE
pa3MepoB Tena. [lo 3TOMy MyTH MOIUTM TUTAaHTCKUE OE3pOrue HOCOPOTU OJUTOIEHA —
uHApukoTepun. Henb3s ckasaTh, 4TOOBI pelieHue ObUIO ynauyHbIM. Benp ecian poct
YBEJIMYUBAETCS, TO BEC TAK)KE BO3pACTAaeT MPOMOPIUOHAIBHO TPEThEl CTEMEHH POCTa.
Pa3smepsl Bo3pocin BIBOE, @ pacxXo/ibl HA MUTAHUE — B BOCEMb Pa3.

Puc. 45. A 6om ewe 00un cnocob dobpamuvcs 0o aucmves Ha Oepesvsx. I uecanmckue
H0JCHO-AMEPUKAHCKUE JIeHUHYbL NOOHUMANUCH HA OblObL U NOO2UOANU 0epeso, 0X8amblEas
CMBON NepeoHUMU NIanamu ¢ MowHuIMu Koemsamu. Ha pucynke ckenem neHuHya —
MUN00OHa, packonauHwvlii 6 Apeenmune ewe Yapazom /lapeunom, cnpasa (2) ckenem
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cospemennoco nenunya. Ilo-euoumomy, max dice eenu cebs xaruxomepuu, 0 KOMOPbIX
VHOMUHANIOCH 8blule 6 c6:3U ¢ ouubkot Kiosve.

Jlpyrue UBOTHbIE BCTaBaJIM Ha 3aJHHE HOTH, a MEPEAHMMM (HEPEIKO C MOIIHBIMU
3arHYTBIMH KOTTSIMHM) MOJArHOaly BETKH C JHUCThIMU M Iogamu. Tak Benu ceOs,
OYEBHUIHO, XAJIMKOTEPUHU, O KOTOPBIX YK€ ymomMuHanoch. Ilpexen 3Tol TeHaeHUMM —
TMTaHTCKHAE JICHMBIBI, Merarepuu, BbiMepuie B IOXHONH AMepHUKe CpaBHUTEIBHO
HEJIaBHO, MOXET OBITh, HE 0€3 COMIECHCTBUS YeTI0BEKa.

Puc. 43. Kak mbt yorce udenu, nponopyuoHaibHoe yseiudeHue pasmepos meia 0is moeo,
umobbl docmams JUCMbs C 8bICOKUX Oepesbes, IHepeemuiecKu Hegbleo0Ho. bonvuezo
ycnexa 8 JICUSHEHHOU 0opvbbe O00Cmueiu HCUBOMHbBIE CO  CHEeYUATUSUPOBAHHBIMU
npucnocobnenuamu. Cnon oomseusaemcs 00 6emoK xobomom (3mo  npooyKm
paspacmanusi Hoca u GepxHeu 2yowi), y ocupaghvl YOIUHAIOMCSA wies, HO2U U SI3biK.
Tepenyk (ona ce scupagosas eazenv, unu anmuiona Yaiiepa) maxaice 0ooupaemcs 00
JIUCMbEB HA BbICOKUX KYCMAPHUKAX C NOMOWbIO ONUHHOU wieu U Ho2, K MOMY Jice OHd
OMAUYHO CIOUM HA 3A0HUX HO2AX, OANAHCUPYS NePeOHUMU.

VY croHa TOSBISETCS JJTMHHBIA XO00OT, C TOMOINBI0 KOTOPOTO OH JOTSTHUBACTCS IO
auctBbl. Ho, mo-BuauMomy, Hanboliee epCIeKTUBHBIA OTBET — Y/UIMHEHHE MIEH. Y BCEM
U3BECTHOM Xupadbl [UIMHHAS LIes U JJTMHHBIC HOTH, YTO MO3BOJISICT €if 00beaTh JTUCTBY
Ha BBICOTE, JUIS JPYTUX KOMNBITHBIX HenoctynmHo. K atomy eme moOaBnsieTcs
JUTMHHEWIIHH 361K (GKupada 1 ee poJCTBEHHHIIA OKAITM MOTYT OOJIM3BIBAaTh ce0e yIm).
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Puc. 44. Buewnuii 6uo scupaghvr uzeecmen xaxcoomy. Ho ne xasxcooui 3naem, umo 8
muoyernogom nepuoode 8 CegepHotl Amepuke obumanu xcupaghonooodmvie 6eponodbl —
AnbMUKamentocel (Ha PUCyHKe peKOHCMpYKyus eHewHeeo 6uoa). Illo-eudumomy,
AHCUPAGDONOOOOHIL MUN CIMPOEHUS. OKA3ALCS OYeHb YOAUHOU IB0JHOYUOHHOU HAXOOKOLL,
eciu NOBMopsICs no MeHvuiell mepe 08a pasa. M, 00HaKo, aibmuKamenioc OCmaics
8epOIOOOM, HA HCUPADY OH NOXOHC MOILKO BHEUIHE.

OTOT yAauHBI TUN CTPOEHMS OB MCIOJNB30BaH 3BONIONMEN He oauWH pa3. B
MHUOIIeHOBOM Tiepuoaie B CeBepHON Amepuke oOuTanu xupadornogo0Hbie BepOTOab —
anbTUKaMenockl. A B Comanu, B CaMbIX XKapKUX M OCCIUIOAHBIX MECTHOCTSIX, U ceiuac
OJIaro/ICHCTBYET yAMBHTENbHAs >kupadoBas razeib (OHa K€ TEPCHYK, WM aHTHIIONA
Vannepa). YV Hee AIMHHAS 1I€sI K1 HOTH; KPOME TOTO, TEPEHYK MOKET 00beIaTh JIUCThS HA
BBICOKOM KYCTapHHKE, CTOSI Ha 33 THUX HOTaX.
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Puc. 48. ’Kusommnvle, obumarowue Ha Oepesvbsx, maxdice 0aom HaAM ApKUe npumepbvl
kousepeenyuu. CxoOHbI 00pa3z JHCU3HU NPUBOOUM K  BO3HUKHOBEHUIO CXOOHLIX
npucnocoobnenui. Crnesa — xameneon, cnpasa — YeEUIOHCKAsA Opesonasaujas auepuya
azama. Mx cesazvieaem eecoMa omoaieHHOe pOOCMB0, HO BHEeUHUL U0 CXO0eH. Dmozo
Mano: MHoz2ue O0emanu CmMpYKmypbsl, HANpumep OX6amvléaloujds 6emeb KOHEYHOCHb,
BO3HUKAIOM U Y NPECMBIKAIOWUXCA U Y MAEKONUMAIOWUX (8HU3Y CKejlem KOHeYHOCmuU
Xameneona u jaana Kyc-Kyca — Opesonasawe20 cymyamozo, ooumarowezo Ha Hoeou
TI'sunee). Ecmb u na2ywku ¢ n0OOOHbIMU 1anamu.

Bor Takue INpUMEPLI KOHBCPICHTHOI'O, HC3aBUCHUMOI'O BO3HHMKHOBCHHA CXOJHBIX
NPU3HAKOB JO0 CHUX TMOp MHOTHUM KaxyTcs YOEIUTENIbHBIM J0Ka3aTelIbCTBOM
HaIpaBJICHHOCTHU 3BOJIIOMOHHOTIO Iponecca. Hpnqu HAIPaBJICHHBIM CYUUTACTCA HAXKC
He JieficTBUEe 0TOOpa, C YEM MOYKHO COTJIACUTHCS, & caMa U3MEHUYHUBOCTb.

Cawmble MOCJICAOBATCIIBHBIC K3 CTOPOHHHUKOB TAaKOI'0 TOJIKOBAHUA II0JIarar0T, YTO
a0COIIOTHO UJIEHTUYHbIE (HOPMBI MOTYT BO3HUKATh U3 HECXOIHBIX, YTO OJUH BHUJ MOXKET
UMETh JIBYyX, a TO M Ooliee TPEAKOB. OTO PABHOCWIBHO YTBEPKICHHIO, YTO
MEepBOHAYAJIBHO HecxoAHble mocienoBarenbHocT JIHK B pesynbrare HakomieHus
MyTaLII/Iﬁ CTaHYT MACHTHUYHBIMH U NPHUBCAYT K BO3HUKHOBCHUIO HACHTHYHBIX
¢dbenoTunoB. B cBeTe Hammx cerogHsAmHUX 3HaHWi o cTpyktype JHK m mexanusme ee
T€HEeTUYECKUX HU3MEHEHUU HOI[O6Ha$I ACKJIapanus HC 3aClIy’KUBACT OIPOBCPIKCHUA.
BeposiTHOCTH TOTO, YTO Ba pOMaHHUCTAa W3 Pa3HBIX CTpaH HE3aBUCHUMO JPYr OT Jpyra
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HalmvMmyT OAWHAKOBBIC 10 HOCHGILHCﬁ 3aIISITON pPOMaHbI, KyJa BBIIIC BCPOATHOCTHU
KOHBCPIrC¢HTHOI'O BO3BHUKHOBCHUS BUIOB.

Puc. 47. Ooun u3 nonynsapuetiviux npumepos KOHEepeeHyuu — eia3 ocbmuroza (A) u enas
yenosexa (b). Oounaxosvimu yugpamu noxazamsl amanrocuumsie yacmu. Kazanoco 6vi,
CX00CMB0 UdedbHoe (Y OCbMUHO2A XPYCMATUK DoJlee OKPY2lblil U3-3d MO20, YMOo VY 8600bl
bonvuutl Kod¢huyuenm npenomienus, yem y 6o3oyxa). Ho enaz ocomunoza «nasooumcs
Ha oKkycy npubnudceHuem Uiy yoaieHuem Xpycmaniuka om cemuyamiu, KaKk 00beKmue
@omoannapama. Y uenosexa Qoxkycnoe paccmosiHue UIMEHAemcs: nymem U3MeHeHUs.
KpUBU3HbL camo2o xpycmanuka. Hecmomps na enewnee cxoocmeo, npunyunsl pabomol
IMUX ONMUUECKUX NPUOOPOE COBEPUIEHHO PAZTUYHDI.

Eme omHO ciiencTBUE, BBITEKAIOIIEE W3 YETHIPEX HAIIUX aKCHOM: KOHBEPTCHTHBIMHU
MOTYT OBITh TOJILKO IPU3HAKH, YACTU CTPYKTYP, HO HE LIeTbIe CTPYKTYPHI, a TeM Oosiee He
caMU OpraHu3Mbl. MHOTO MUIIYT OO0 YAMBUTECILHOM KOHBEPTCHTHOM CXOJICTBE IJia3a
YeloBeKa U OCbMUHOTA. BHEIIHe OHU JEHCTBUTENHHO MOXO0XH, BIUIOTH 0 BBIPAKEHUSI.
Ho mnpuHuunbel nedcTBUS COBEPIICHHO pa3iWyHBL. [71a3 OCbMHHOTA, KaK OOBEKTHB
doroanmapara, «HaBOAUTCS Ha (OKYC» MPUOTMKEHUEM WU yHajJeHHeM K ceTdarke. Y
YelloBeka (OKYCHOE PpACCTOSIHHE pEryJUpyeTcsl W3MEHEHHWEM KPUBHU3HBI CaMOTO
XpycTaivka (MpeacTaBbTe ONTHYECKUN MPUOOP C SIACTHYHOM IMH30H, (OKYCHOE
paccTosiHAE KOTOPOUM M3MEHSETCSI, HallpuMep, TIPU HAKayKe B JIMH3Y JKUIKOCTH, CHIBHO
MPETOMIISIONICH CBET; HACKOJIBKO s 3HAIO, MOJOOHBINM MPHUHIMII B TEXHUKE HE OBLI
ucrnosb3oBaH). CymMyaTelii KpOT, oOMTarouuii B ABCTpajinu, YIUBUTEIHHO TMOXOX Ha
HAIIeTO KPOTa, HO y HEr0 UMEETCs] CyMKa JJIsl BBIHAIIMBAHUS ACTEHBIINICH W 3aTHUC
KOHITbI HIDKHEH YeITI0CTH, KaK Y BCEX CyMUaThIX, 3arHYThI BHYTPh. JTO BIOJHE TOHATHO:
0TOOp MPHUBOJUT K KOHBEPI€HTHOMY CXOJICTBY MO TMpHU3HAKaM, KOTOpbIE TOJE3HBI B
KOHKPETHBIX YCIOBHSIX (HampuMep, K MOA3eMHOMY 00pa3y KH3HH), HO OCTaBIICT Te,
KOTOpBIE MOTYT OBITh pa3HbIMH 0e3 HapymieHus ux ¢yukuuid. [loatomy Ha 3emie HeT
JIBYX BUJIOB C OJIMHAKOBBIMU I'€HETUYCCKIUMH ITPOTPAMMAMH.
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Puc. 49. Koneepeenyus mooxxcem covlepams 3110 wymky ¢ uccieoosamenem. Hmo
usobpaxcerno Ha smom pucyuke? Kpomei, ckasceme 6ol u 6yoeme npaswi. Tonbko 3mo He
Hawiu 0OblYHbIEe Kpomul: 68epXy uzodpasxcen snamoxpom u3 IOocnou Agpuxu, mooice
HACeKOMOsOHOe, HO U3 0py2020 ceMelicmed, d GHU3Y CYyMUamblll A8CMPATUUCKULL KPOM.
Ewe pa3 noouepknem: KongepeeHmHvle (OPMbl — 2MO KHUSU PAZHO20 COOEPAHCAHUSL 8
00UHAKOBLIX Nepeniemax.

DTOro Majo: MOXKHO yTBEPXKAATh, YTO KaXKIbI BUJ YHUKAJICH U, pa3 UCUE3HYB C JUIA
3emiM, He BO3HHMKAaeT BHOBb. Henb3s Bocco3naTth 3aHOBO MaMoOHTa W CTeiiepoBy
KOPOBY, CpeHEa3uaTCKOro TUrpa v remnapja, BBIMEPIIUX B ociaeqHue roasl. [laxe xorna
MBI HAYYHUMCSI CAMU CO3/1aBaTh HOBBIE BHJIbI, Mbl MOKEM CJlIeJaTh UX Jy4Yllle BBIMEPIIHX,
HO UJCHTHYHBIX He mony4dum. [loTeps kaxxaoro Buga 6€3B03BpaTHa.

Bo3MoXHOCTH YenoBeKka YHHYTOXHUTH JI0OOH BHA, BKIOYas cebs, Oe3rpaHuyHBI,
BO3MOXXHOCTH HCIIPaBUTHh COJCSHHOE paBHBI HYI0. M nmeno TyT He B OrpaHUYCHHOCTH
HAaIlUX 3HaHWM, a OMITh € BO BTOPOM Hayaje TEPMOJAMHAMUKH, 3aIlpeliaroniemM
BOCCO3/1aTh YTEPSIHHYIO T€HETUYECKYIO MPOTPaMMY .
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Puc. 50. Ewe pa3z HanomHum: KOHBEPSEHMHbIMU MO2YM OblMb TUlb Oemau CIMpoeHUs
Op2aHU3Ma, HO He Camu opeaHusmul. 30ech u3o0bpadicensvl mazosvie Kocmu ounosaspa (1),
amepuxanckou nmuyvl murnamy (II) u amepuxancxoco cmpayca nanoy (I11). Cxoocmeo
Oelicmeumenvho  6onvwoe. Ho  Odadxce camoco  nmuyenodobHo20  OUHO3a8PA
CMPYMUOMUMYCA (CAMO HA38AHUE €20 — NOOPANCAIOWULL CMPAYCY) Helb3sl CRYMAmMb HU C
munamy, Hu co cmpaycom. Tak dxce paznuyaromcs munamy u Hanoy. OOun u mom dxce
bonm modicem GbImMb UCNONBL30BAH U 8 CAMOene U 8 ABMOMOOUIe, HO SMU CIMPYKMYPbl
JIe2KO pa3nuiaomcs.

OO0paTHOE TIOJIOKEHUE W3 ITOTO TE3MCA: €CJIM B TEHOMAaX JIBYX BHUIOB HaWICTCS XOTs OB
OJTHA HYKJICOTHJIHAS TOCJICI0BATEIILHOCTh JOCTaTOuHOU (Oosiee 50 HYKICOTHIHBIX Tap)
NPOTSDKEHHOCTH, OHHM CBSI3aHBI POJCTBOM, BEAYT HA4aao OT OAHOro mpeaka. KMo6o
BEPOSITHOCTh BO3HHMKHOBEHHSI OIHOHN TIOCJICIOBATEIIBHOCTA W3 JIByX MEPBOHAYAIBHO
HECXOJHBIX CIIMIIIKOM MaJla, 4TOObl €¢ MOXXHO ObLJIO0 TMpUHMMATh BO BHHMaHue. C
OOJBIICH BEPOSTHOCTBIO BOJA, BBIIUICCHYTas W3 CTaKaHa, cama, CaMOIPOW3BOJIBHO
cobepercs B HETO.

Ha »ToM mpuHIIMIIE OCHOBaHA HOBAsi OTPACIbh CHCTEMATHKH — FeHOCHCTEMATHKA, OCHOBBI
KoTopor 3anoxwmn akagemMuk A. H. benoszepckuit. M1 He TOIBKO TreHOCHCTEMAaTHKA.
Puckny BbICKa3aTh YTBEP)KACHUE, YTO TCHOCHCTEMATHKA, TCOPHS BOJIOIUN TEHOMOB M
T.J. B KOHIIE KOHIIOB OK@XYyTCS JIHIIb YacThbl0 OOIIEeH TCOPHH DBOJIOIUH
MIOCJICIOBATEIBHO PETUTUIMPYIOIIUXCS CHCTEM.
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Takoit Teopum eme Her. OIHAKO W celyac MOXHO IIOJIaraTh, YTO BCE CHUCTEMBI,
nepeaaoNecs: U3 MOKOJCHNUS B MOKOJIEHHUE C HAaKOIUIEHMEM OIIMOOK PEIIMKAaluU, TOA
KOHTPOJIEM BHEILIHEHN cpebl U3MEHSIOTCS, TOJUUHSISICh CXOIHBIM 3aKOHOMEPHOCTSIM.
[Tox 3Ty KaTeropuo MmomajgaroT HE TOJIBKO OOBEKTHI OMOJIOrMYECKOW 3BOJIIOLMH, HO H,
HaIpUMep, YeJI0BEUECKUE A3BbIKH, 00bIYau, 00psbpl, MU(DBI (BKIIOUYAs PETUTUN), CKA3KH U
MHoroe apyroe. Korna-HuOy b st Hanumry u 00 3TOM.

3akJiloueHue

Her Huuero tpyaHee, yem 3aBepiienne KHUTH. C KaXa0W CTpaHUIICH, MPUOIIIKAIOIICH K
KOHITY, YMHOKAIOTCsI COMHEHHS: 000 BCEM JIM HAIMCAJl U TaK JIM, KaK HYXHO. Bouctuny,
no cioBam ['€re: «Alles war gesagt, doch alles bleibt zu sagen!» — «Bce 6b110 cCKa3aHoO,
JTuIb Bce ckazath octaercs!» K cuacTeio, Ha ceil pa3 mojokeHue ayuuie. Bapuant
kaurd B 1980 roxy ObuT OmyOJMKOBaH MOMYJISIPHBIM XKypHaJIoM «Hayka W *KU3HBY; Kak
BOJUTCS, B PEJAKIIMIO MOILIM MUChMa UMEIOIIUX JOCYT YUTATeNIeH, U Tenepb sICHO, UTO 5
Hezoyuden B pabore. Pazymeercs, fqajieko HE BCe MHCbMa MOTJIHU ObITh HMCIOJIb30BAHBI.
Penakiust mpennowia camMa oTBe4aTh Ha Te€ MHUCbMa, KOTOPbIE HE COJEpKa JIU HHUYETO,
Kpome Opanu. OgHAKO U Cpeld TeX, YTO ObLIM MHE HaIpaBJICHbI JJISI O3HAKOMJICHUS,
HAXOJIUJIUCh TAaKUE, KOTOPBIE O CUX MOP MEHSI CTABST B TYMHK.

buonorust Hapsiny ¢ HaykamH, SBISIOUIUMHUCS €€ NPAKTHYECKUM MPUIIOKEHUEM
(MeIUIIUHOM, arpoOUOJIOTHEH U T. [1.), B IPEACTABICHUN MHOTHX MOHMX KOPPECIIOHICHTOB
Ka)KeTCsl MPUHIUIHAIIEHO WHOM OTpACibio 3HAHMS, YeM, CKaXXeM, MAITMHOCTPOEHUE UITN
TEOpHsl AaTOMHOTO sifipa. Bpsia mu KoMy-HUOYIb IPUIET B TOJIOBY YCOMHUTHCS B (DakTax u
BBIBOJIaX, U3JI0KEHHBIX, K MIPUMEPY, B CTaTbe 00 YIpaBIsieMOM TEPMOSIEPHOM CHUHTE3E.
A BOT O6uoorHsi, 0COOEHHO 001ast — 371eCh «KAKIBIA MHUT Ce0s cTpaTerom, BUIs 00 co
cTopoHb». M BOT OenHAra-aBTOp, PUCKHYBLIMI CTYNUTh HAa TPYAHYIO CTE3I0
NOMYJISIpU3AlMK, TIOTy4YaeT MHUChMa OO0 YCTaHOBIEHUM CBSI3U C «KOCMHYECKOH
nuBWiIn3anuenn Dpunana TymoHa DICHIOH», O «BCEOOBEMITIONIEM 3aKOHE JHEPTUU
Pa3HOCTU MOTEHIMAJIOB» U T. . U T. 1. B snuTeTrax KOppecrnoHACHTHl HE CTECHSIOTCH,
CJIOBa «UJEANINU3M», «HEIOMBICIINE», «0e3rpaMOTHOCTb», «y3Kas Iedb MHUPO3PEHU»
(tak! — b. M.) Ha o01mem (oHe 3By4aT 4yTh JIM KOMITUMEHTaMH.

He ckaxy, 4To0bI M000HBIE TUCHMA OBUIO MPUATHO YUTaTh. OAHAKO U U3 HUX MOXKHO
MOYEPITHYTh MOJIE3HOE, YTOOBI €I pa3 OCTAHOBUTHLCS HA TEX BOIMPOCAX, O KOTOPBIX MOU
KOPPECHOHIEHTHI UMEIOT JIOXKHOE TPEICTaBICHHUE.

JIt00OMBITHO, YTO YUTATENeH, HACKOJIBKO MOTY CyAUTh, B TIEPBYIO OY€peb HHTEPECYIOT
UMEHHO  ¢uinocockue  mpoOJIeMBbl, KOTOpPhIE  BO3HUKAIOT TMPU  TOMBITKAX
AKCHOMATH3UPOBATh OMOOTHIO. MHOTO TOBOPUTCS, HAIPUMEp, O 3aKOHE MPUIMHHOCTH.
[To-BuuMoMy, BCe IOBOJBHO JIETKO COTJACHIMCh C TeM, 4TO ydeHue Jlamapka 3TOT
3aKOH HapyliaeT W Mbl JIOJDKHBI CAENaTh BBIOOP: WM MHUPaX HaMpaBICHHON
MPUCIIOCOOUTENIBHON W3MEHYMBOCTH, WJIM JK€ COXpPaHEHHE OIHOTO0 W3 OCHOBHBIX
MPUHIUIIOB COBPEMEHHOIO €CTeCTBO3HaHMs. OIHAKO [ HEKOTOPBIX MHUPAXK
OKa3bIBaeTCs NMPEANOUYTUTEIbHEE 3aKOHA TPUYUHHOCTH.

B HekoTOphIX MUChbMax KaTErOPUYHO YTBEPIKIACTCS: 3aKOH MPUYMHHOCTH yCTapes Kak
JUIL )KMBOM MPHUPOJbI, TaK U ISl HEKUBOWM. OIMH MOW KOPPECHMOHIAEHT YIMOMHWHAET
TaXHOHBI, KOTOPBIE OyATO OBl ABMKYTCSI CO CBEPXCBETOBOM CKOPOCTHIO, U HACTOSTEIHHO
pEeKOMEHAyeT MHE IMpOoYecTh NOMyJsipHble Opouropel Ha 3Ty Temy. (HeBonbHO
BcriomuHaercs (apageeBckoe: «llomynsipHble KHUTH HHYEMY HAy4YHTh HE MOTYT».
HaunHate MOXHO € HHUX, HO 3aBepllaTh OOy4eHME, €CIM Jel0 Kacaercs (U3MKW,
HarpuMmep, Jydlle BcCe-TaKu BY30BCKHUM KypcoM Jlannmay u Jludmmna.) Taxuonbl —
YACTHUIbl TUIMOTETHUYECKHE, OSKCIEPUMEHTATBLHO OHU HE OOHApY>KEHbI, peaabHOE
CYILIECTBOBaHHE UX HE JOKAa3aHO, M MO3TOMY OIPOBEpPrarb C WX MOMOUILIO MPUHIUI
IPUYHHHOCTH, MSTKO BHIPAXKASICh, IPEKICBPEMEHHO.
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He menbiiee pasnpakeHue BbI3BAJIO y psla yUTaTeNeil TO, YTO sl MOJUYEPKHUBAIO BE3/E
(GYHKIIMOHATIBHYIO MOAOIUIEKY aKCHOM, HE CBSA3BIBAS HU3Hb C KAKUM-ITHOO0 XUMHYECKHM
BEUIECTBOM. B 3TOM ycmarpuBanu uaeaiu3M U «OOTOCIOBHYHO MHCTUKY». OJHaKO
BBIHYXKICH €IIe pa3 MOAYEPKHYTh: Ja, B KOHKPETHBIX YCIOBHUSX HamIel 3eMiu
MaTepuaabHbIM CYOCTpPaTOM T'€HETHMYECKUX IPOrpaMM OKa3aJUCh HYKJIECHHOBBHIE
KHUCTIOTHI, a (YyHKUMOHANBHBIM, 3G (deKTopHbIM cyOcTpatom — Oenku. Ho u3 astoro
OTHIOJb HE CJEAYEeT, YTO Be3Je BO BceneHHOM 1emo oO0CTouT TOYHO Tak ke. [laxe B
YCIIOBUSX, MPUOTMKAIOMIMXCSA K 36MHBIM, B TOM HHTEpBaje JaBICHUI U TemIepaTyp, B
KOTOPOM CYHLIECTBYET KHJKas BOJa, BO3MOXKHBI MaTepuajbHble CyOCTpaThl KHU3HHU,
KOTOpbIE HaM celyac MOKa3aluch Obl HEBEPOSTHBIMU. Tem Ooyiee 3TO OTHOCHUTCS K
IUTAHETaM, HOKPBITBIM MOPSIMH, HallpUMeEp, U3 KUAKOTO METaHa U aMMHaKa, Jaxe W3
*Kuakoi cepbl. Kak ObI HAaM HU Ka3aJ0Ch HEBO3MOKHBIM TMOSIBICHUE W HBOIIOLUS KU3HU
B TaKUX YCJIOBHAX, BEPOATHOCTb ATOr0 BO BceneHHON Henb3s OTpULIaTh C IOpora.
CMoOXeM JI Mbl y3HATh JKU3Hb, CTOJb HEMOXOXKYIO0 Ha 3€MHYIO, WU ke OyJeM UCKaTh B
KOCMOCE TOJIbKO cOOCTBeHHOE oTpakeHne? He npuzaercs 1u Ham TOrAaa UCKaTh CIUIIKOM
oJaro?

Korma xocmoHaBTHI Oyaymiero oOHapykaT Tne-To BO BceneHHOH CTpyKTypy, MycCTbh
aro0oro, camoro (aHTAaCTUYECKOTO BUAA M CTPOCHHUS, €CIH dTa CTPYKTypa MOMKET
HOJIEPKUBATh CBOIO LEJIOCTHOCTh M BOCHPOU3BOAUTH ceO€ MOJ0OHBIX COTJIACHO
BJIO’KEHHOM B HEE MPOrpaMMe, PEIUTMIUPYIOIMIENHCs MATPUYHBIM CIIOCOOOM, OHH JOJKHBI
NpU3HaTh ee XUBOW. [lemo maxke He B OyAymMX KOCMOHABTaX,— MOHATH, YTO TaKOE
JKU3Hb, MBI JOJDKHBI YKe ceituac. 100 3T0 03HayaeT mo3HaHue camoro ceosl.

[Noxxanyii, Hambosbinee pa3zHOOOpaswe MOXXKHO OBLIO OOHApYXHTh B OIPENEICHUSIX
MOHATHUSA KU3HB». Kakux TOmbKO (OpMYyIHUPOBOK HE MpEiaraloT B JUCKYCCHSIX U B
nucbmax! Kak npaBuiio, OHM HE BBIIEPKMBAIOT KPUTHKH, MSTKO CKaXeM, H3-3a
HEJI0CTaTOYHOU MH()OPMHUPOBAHHOCTH aBTOPOB. [IpuBeny nMuIlb OAUH IPUMED, U3 CAMBIX
xapakTepHblX. OIMH aBTOp YpE3BBIYAMHO arpecCUBHO OTCTAaUBAIOLIUII CBOIO TOUYKY
3peHus, JOKa3bIBACT, YTO B MOHSATHE KU3HU JTOJKEH BXOJIUTh aKTUBHBIN MMOUCK U 3aXBaT
UCTOYHUKOB dHepruu. [1o ero MHEHUIO, )KU3Hb HAYMHACTCS ¢ aMeObl: Bellb OHA aKTUBHO
3aXBaThIBACT MUIIEBbIC YACTULIBI. A BOT OaKT€pUH, IPUOBL, Ja U PACTEHUS — HEKUBBIE.
SlcHO, aBTOp HE TOAO3pEBaJl O CYIIECTBOBAHUHU XOTH Obl OakTepuu OJeI0BUOPHOH
OakTepuoBOpycC (YTO: O3HAYAECT MHUSBKOOOPa3HbIN BHOPHOH, MOXKHUPAIOIMIUNA OAKTEPHil).
OTOT MaleHbKMI BHOPMOH HamajaeT Ha JAPYrux OakTepuid, NpHUEM JBUXKETCS C
OTPOMHOM CKOPOCTBIO — JIO CTa CBOMX JUIMH B ceKyHAy! Ecimu Obl ueloBek B CBOMX
MmacmTabax MOT JBUTAThCS TakK OBICTPO, OH MpoOeran Obl CTOMETPOBKY 3a JOJIO
CeKyHbl. bremnoBuOpruoH yaapsieT OakTephIO-)KEPTBY C TaKOW CHIIOH, YTO OHa IO
MHEPLIUN TPOXOJUT HEMAJO€ pACCTOSHHE. A KpOIIEUHBIH XHUIIHUK TEM BpPEMEHEM
CTPEMUTEIBHO MPOCBEPIUBAET KIETOUYHYIO CTEHKY KEPTBbI (CKOPOCTh BPAIICHUS CBBILIE
cTa 00OpPOTOB B CEKYHIY), 32 HECKOJBKO CEKYyHJ MPOHHUKAET B MPOCTPAHCTBO MEXIY
CTEHKOW M MeMOpaHO#, W uepe3 4YeThIpe Yaca M3 «ChEACHHOW» HW3HYTpPH OaKTepuu
BBIXO/ISIT HOBBIE, MOJIO/IbIE BUOPUOHBI.

Ecnu yk 3T0 He aKTUBHBINM MOMCK UCTOYHUKA 3Hepruu... Keratu, 61e10BuOpHOHBI — HE
€IMHUYHBIA Kanpu3 Opupoabl. XUIIHbIe OaKTEPUN — MOIIHBIA (PAaKTOP OUYUILEHHUS BOJBI.
He cnpixuBan Mol ONMOHEHT W O XHUIIHBIX TpuOax, OOUTAIOIMMX B TOYBE, MHUIICITUN
KOTOPBIX, IIEPETOI3asi C MECTA HA MECTO, 3aXBAaThIBAET MEJIKUX KUBOTHBIX; TOBOPAT YXKE
00 UX MpuUMeHEeHUH AJi1 OOpbObI C MOYBEHHBIMU HEMATOJIAMU — BPEAUTENSIMU CEITLCKOTO
XO034ICTBA.

Ho nHeyxenu Moil ONMOHEHT HUYEro HE 3HaJ O HACEKOMOSIHBIX PACTEHHSX, XOTs Obl O
BCEM M3BECTHOW pOCSHKE, KoTopyro wu3yumn eme Yapasz apsun? Wmam o wacro
BCTpEUalolIeiicss B HalIMX BOJOEMax Iy3bIpyaTKe: JIOCTATOYHO MEJIKOMY >KUBOTHOMY
IPUKOCHYTBCSI K YYBCTBUTEIBHOMY «BOJIOCKY», 3arlopbl JIOBUErO Iy3bIpbKa PE3KO
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OTKpI)IBaIOTCSI, U TOK BOABI 3aTAIrvBacT )KepTBy BHYTpB, ra€ OHa Hu HepeBapI/IBaCTCﬂ.
[TpumepHO Tak e 3aXBaThIBaeT JOOBIYY phlOa — MOPCKOM UepT.

OT paCTeHHfI, IIUTAOIMUXCsI KaK )XUBOTHBIC, HGprII[GM K )KMBOTHBIM, IIUTAOIIHUMCS KakK
pactenus. CuUMOMOTHYECKHE OJHOKJIETOYHBIE BOJOPOCIHH — 300XJIOPEIUIBl U
300KCAHTEIJIbl — CHUHTE3UPYIOT YIJIEBOJABI B KIIETKaX KOPHEHOXEK W TUAp, T'yOOK U
KOpaJUIOB, IUIOCKUX 4YepBed M MOJUTIOCKOB. O TOM, 4TO Takoil cmoco® mutaHus (6e3
AaKTUBHOTO TIOMCKAa M 3aXBara MHUIIHM) BecbMa 3(PPEKTHBEH, CBHICTEIHCTBYIOT XOTs OBI
NPOTSHYBIIMECS Ha THICSYM KHJIOMETPOB KOpayuioBble pudbl. OrpaHHuMMCcs IBYMS
pUMepamHu.

Ocsixaronjass BO BpeMsi OTJIMBA TOBEPXHOCTh IMecyaHbIX IUsbked CeBepHOro Mops
HOKpI)IBaeTCSI OJIMBKOBO-3CJICHBIMU IISITHAMM. 3T0 BBIITIOJI3AKOT HaA HOBerHOCTB II€CKa,
MOJT COJTHEYHBIE JIy4d MaJieHbKHE IUIOCKHME YepBU — KOHBOJIOTHL. Tel0 MX 3aloJHEHO
CUMOMOTHUYECKUMHU OJHOKJICTOYHBIMHU BOJAOPOCIISIMHU — 300XJIOpEIIaMH. 3a BpeMsl OTIIMBA
CUMOHMOHTBI ~ YCIIEBAalOT HACHHTE3WpPOBaTh yIJAEBOJOB U i cebs, u Ui
NepEeBapUBAIOLIETo UX YepHA. PacTeHue 3To UK )KUBOTHOE?

['vranTckuii IByCTBOPYATHIN MOJUIIOCK KOPAJIOBBIX pUGOB — TPUAAKHA, €CIIH HUKEM HE
HOTpeBO)KeHa, OTKpI)IBaeT CBOH CTBOpKI/I 158 BLIBOpa‘-II/IBaeT HaBCTpeLIy COJTHCYHBIM J'Iyan
ONMBKOBO-Oypyto MaHTuio. [loBepXHOCTh MaHTUM Kak Obl marpeHeBas. OHa MOKpHITA
ThICAYaMHU MCIIKHUX BI)ICTYHOB, 3aKaHYNBAOIINUXCA J'II/IH30HOI[O6HI)IMI/I CTp}IKTypaMI/I nu3
MPO3PAYHBIX, XPALIENOMOOHBIX (TMaTUHOBBIX) KIeTOK. Kaxapii Takoil Oyropoxk —
HACTOALIMI CBETOBOJ], COOMPAIOIINI COJIHEUHBIE YU U MEpelaloluil UX BHYTPb TKaHHU,
K CKOIUICHUSIM CUMOUOTHYECKHUX BOJOPOCIEH — 300KCAaHTENI. Y TPUAAKHBI HEIOpa3BUTA
HI/IIHGBapI/ITCHBHaSI CHUCTEMA, OHA XUBCT I'JIaBHBIM 06pa30M 3a CUCT CBOHUX CI/IM6I/IOHTOB,
noTpednseMbIX KieTkamu-(aronutamu. Besze, riae akTHBHOE MUTaHHE MOXKHO 3aMEHUTh
ITaCCUBHBIM, 3a CUCT YTI/IJ'II/I?;aIII/II/I 3Hepr1/m COJIHCYHBIX queﬁ, JKNUBOTHBIC OXOTHO ACJIAKOT
310. M1 Hao0OpoOT, Tam, TJIe B MOYBE MAJIO a30Ta, PACTEHUS MPUOOPETAIOT CIIOCOOHOCTH K
XI/IH_[HI/I‘-IGCTBy.

MpbI BUIUM, 9TO TIOCTPOCHUS HAIIIETO aBTOPA, CTPOTOTO XYJIUTENS TapBUHOBCKOW TEOPUHU
DBOJIIOLIMM K COBPEMEHHOM TI'€HETUKH, PACCHINAIOTCA KaK KapTOYHBIA JOMHUK IIpU
MaJIeHIIeM CONPHUKOCHOBEHUHU ¢ (aktamu. MO0 3TO MOpokaeHus — HE MOCTECHSIEMCS
pE3KOro clIoBa — DIIEMEHTAapHOTO HEBeXKecTBa. Bpsang mm uMeno Okl CMBICIH
OCTAHABJIMBATHCA Ha SIBJICHUSAX IMOJAOOHOTO poja, €Ciau Obl 3TO HEBEXKECTBO HE OBLIO
BOI/IHCTBYIOH_[I/IM. CJIOB HET, HEAOCTATOK I/IH(bOpMaI_[I/II/I HHUKOTrJa HE HpI/IHOCI/IJI I10JIB3HhI,
OJIHAKO BOMHCTBYIOIIIEE HEBEKECTBO MOKET MIPUHECTH OTPOMHBIN Bpel, YeMy MbI BUIUM
HEMaJio HpI/IMepOB B HpOIJ_IHOM. BGI[B TOT XKC aBTOp U €ro CINMHOMBIINIJIICHHUKHN
rosiocsioBHO oTpunatot poib JJHK B aBinenusax nacnencrseHHoctu. M 3To ceituac, koraa
YCHGXI/I FCHHOI>'I I/IH)KCHepI/II/I y6e,Z[I/ITCJIBHO IIOKa3bIBAIOT, 4TO OO IJ_II/IpOKOFO BHGIIpeHI/ISI B
MPaKTUKY METOJIOB HAIIPaBJICHHOTO U3MEHEHHS HACJICACTBEHHOCTH OCTAIOTCSI CAMTAHHBIC
TOObI.

['eHHasT WHXXEHEPHUS MOXKET MPOU3BECTH TMOJIMHHYIO DPEBOJIOIHUI0 B MEIUIIMHE U
CEJIbCKOM XO3HCTBE, MPOMBIIIJICHHOCTH U OXpaHe mpupojsl. (B To xe Bpems He Oyaem
3aKphIBaTh TIJla3a: B PyKaxX HEIOOPOCOBECTHBIX JIIOACH OHAa MOXKET OBITh HE MEHee
CTpAITHOW, YeM SIICPHOE OpYKHE.) 3a4epKUBATh JOCTHKEHUS OMOJIOTUU TIOCICIHUX JIET
— BC€ PAaBHO YTO OTPHUIATH CYIIECTBOBAaHME aTOMOB B Hauaje aBrycrta 1945 rogal. 1
caMO€ MaJIO€, 4YTO MBI MOXEM CACIaThb, OJId TOI'O I-ITOGI:I HC€ OTCTaBaTh B pa3BI/ITI/II/I
OMOJIOTHH, — PEIIUTEIBHO IMpeceKaTh BCE TOMBITKH MOA00HOTO, Kak mucanmu Uned n
[TeTpoB, «r0JIOBOTSAIICTBA CO B3JIOMOM).

Ho noBombHO 00 3TOM. Emle pa3 mepedunciiio BBIIBHHYTHIE B 3TOW KHUTE B KAa4ECTBE
AKCUOMATHYECKHUX ITOJIOKECHHUS, JICKAIIUE B OCHOBE JKM3HH.

HNmenHo:

1) )kuBble OpPTraHU3MBI COCTOAT M3 ()EHOTUNA W TEHOTHINA, TO €CTh T'€HETHYECKOM
IpOTrpamMMBlI;
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2) reHeTUYEeCKUEe NPOrpaMMbl HE BO3HHMKAIOT 3aHOBO, a PEIUIMLUPYIOTCS MAaTPUYHBIM
CIocooom;

3) B mpolecce peIuIMKali HEU30€KHbl OLIMOKM Ha MHUKPOYPOBHE, Ciy4daillHble U
HENpeCKa3yeMble U3MEHEHHS TEHETHUECKUX MPOTpamm;

4) B mporecce MOCTPOUKN (PEHOTHIA ATH U3MEHEHHST MHOTOKPATHO YCHIIMBAIOTCS, YTO
JieaeT BO3MOXKHBIM CENIEKINI0 eIMHUYHBIX KBAHTOBBIX COOBITHI HA MaKpPOYpOBHE.
Ocmentoch yTBEpKAaTh, YTO ATUX MOJOKEHUH NOCTATOYHO (KaK TOBOPST MAaTeMAaTHUKH:
HEOOXOJUMO U JOCTAaTOYHO) 7Sl OOBSICHEHHS BceX (PEHOMEHOB KMBOW MPUPOIBI — OT
BO3HUKHOBEHHUSI MEPBOrO0 COKPATHMMOI'O BOJIOKHA WJIM TEPBOM MOJEKYJbl (pepMeHTa 10
CTaHOBJICHUSI MBICIIAIIETO MO3ra. Sl MpenBHKy XOp BO3MYILEHHBIX TOJOCOB, OCHOBHBIM
JCUTMOTHUBOM KOTOPOTO OyaeT: «Henb3st CBOIUTh OHONIOTHIO K (PU3HKE H XUMHH )

Ho pasBe paccmMoTpeHHBIE B AITHX OUEpPKaX AaKCHOMBI XapaKTepHBI ISl HEKUBOMN
npuponbl? I'me xe Tyt cBeaeHue? IlosBUIOCh yXe XJIECTKOE OINpesesieHue
«PeAyKIIMOHU3M» TaK Ha3bIBAIOT HAIpaBJICHHE, KOTOPOE He Mpuberaer Ais 0ObsICHEHHS
CYILIHOCTH HU3HU K aHAJIOraM «KU3HEHHOU cuib». Ho, Kak 51 y»ke mucail BHadalie, Mbl HE
CBOJUM OWOIIOTHIO K XUMHH U ¢u3uke. Mbl BRIBOJUM OHOJOTHIO U3 XUMUU U (DU3HUKU.
OTO HEe PeAyKIMOHM3M, a NEeAYKIHMOHU3M (pa3Inune B OAHOH OyKBE M BO BCEM CMBICTIE
TEPMHHA).

Ecnu y>x roBOpUTh O peyKIIMOHU3ME, TO TOJBKO B TOM CMBICIIE, YTO BCE ITH MOJIOKEHUS
OpsIMO BBITEKAIOT W3 TOJIOKEHUH (U3UKM U XUMUU U TOJIBKO B ITOM TOHHUMAaHUU
«CBOIATCS» K HUM. 1100 4TO 3HAYUT — OOBICHUTEL? ITO U €CTh CBECTH CJIOKHOE SBJIEHUE
K Oosiee TPOCTBIM, ISl HAC YK€ MOHATHBIM, OOBSICHEHHBIM. Y TBEP)KIIEHUE, YTO ITO-IE
OTPULIACT «CHEUU(PUKY KUZHEHHBIX SBJICHUN», 1O CYTH JieJa, MOBTOPSIET
AQHEKJOTUYECKOE OMpeeNieHUe KU3HU, [IUTUPOBAHHOE MHOUM paHbIe («KHBOE COCTOUT
U3 JKUBBIX OOBEKTOB, HEKMBOE — M3 HEXHBBIX»). ECTeCTBOMCHBITATENh B HAIIU JTHH
00s13aH OBITH PEIYKIIMOHUCTOM, HHAYE OH PUCKYET OCTATHCS MIPOCTO OOITYHOM.

Bot, Hanpumep, 4Tto numeT o peaykunonusme coperckuit ¢punocod P. C. Kapnunckas:
«...€ClIi BONPOC O PEAYKLIHOHU3ME paccMaTpUBaTh B METOJOJOTHYECKOM IUIAaHE, TO
CYLIHOCTBIO «CBEACHHUS» CIOXKHBIX OHOJIOIMYECKHX MpPOIECCOB K Ooyiee MpOCTHIM
SABJISICTCSI OOHApY>KEHUE Ha MOJICKYJIIPHOM (MM HHOM, 00JIe€ IPOCTOM 10 OTHOIICHHIO K
U3y4aeMOMY) YpPOBHE Takux (YHIAMEHTAIBHBIX XapaKTEPUCTUK, KOTOPBIE MPH HUX
TEOPETHYECKOM OOOOIIEHUHU TO3BOJIT CHOPMYyIHpPOBATH HEKHE AOCTPAKTHBIC MOHSTHUS,
BBICTYIIAIONME HAadaJbHBIM IyYHKTOM JBIJKCHUS TIIO3HAHUS «BBEpPX», KO Bce Oolee
CJIOHBIM YPOBHSIM OHOJIOTHUYECKON OpraHu3aluu. Imu NOHAMUSA OOJIHCHbI pabomams
Ha BCEX VPOBHAX, HANOIHAACL 6ce 0o0nee KOHKDemHbIM, 6ce Oonee 6o2amvim
cooepacanuem » (Kypcus moit. — b. M.).

[Ipomry m3BUMHEHHA y YUTaTeNIed 3a JUIMHHYIO LIUTATy: HAa MOW B3IUIAJA, B HEM YIa4yHO
MOTYEPKHUBACTCSI HEOOXOUMOCTh HEKMX aOCTparupoBaHHBIX 3aKIIIOUEHUH (KOTOphIE S
Ha3BaJl aKCMOMaMH, HO HE B CIIOBE CYTh: HA30BUTE HMX MOCTYyJaTaMH, MPUHIUIIAMH,
MOJIOKEHUSIMU, B KOHIIE KOHIIOB, PYCCKHMH S3BIK JocTaroyHo oOorat). Kpome Toro,
(GopMyIHpYIOTCS YCIOBUS, KOTOPBIM JOJKHBI COOTBETCTBOBATH HAIITM AKCHOMBI.

1. XoTs oHU (aKCMOMBI) BBIBOJSTCS Ha MOJIEKYJIIPHOM YPOBHE (ZeJieHue OpraHu3ma Ha
TEeHOTUT U (PEHOTHUII, MATPUIIUPOBAHNE TEHOTHIA, OIUOKA MATPUIIUPOBAHUS, yCHUICHUE
ommOO0K, Jearolee UX JOCTYIMHBIM OTOOPY), C MX TMOMOIIBI0 MOXKHO IO3HAThH OoJiee
CJIO’KHBIE YPOBHU OHMOJIOTUYECKOI OpraHu3alny.

2. OHU JOMKHBI OBITH BCEOOIHMMH, MPOSBISATHCS HAa BCEX YPOBHSAX M BO BCEX CIIydasx.
YacTHble 3aKOHOMEPHOCTH JIOJIKHBI BBIBOIUTHCS M3 HUX, KaK TEOpeMbl U3 akcuom. U
BKJIIOUEHUE B CHCTEMY aKCHOM «IMIIHEI», He paboTaroleil Ha BCeX YPOBHSX, TaKas ke,
€ClIi He Xyjmas, omuOKa, Kak BKIIIOYCHHE HEBEPHOH, He OOOCHOBaHHOH (akTamMH H
poTUBOpeyallel NpuHIUIaM GU3UKH U XUMHH.

C 3T0i1 TOUKH 3pEHHUs pacCMOTPUM BOIPOC: JOCTATOYHA JIM HAllla CUCTEMAa aKCHOM, HE
ciaemayer JM 4ero-nubo mo6aButTh K Hei? I[lpu3Haroch, 4TO I8 MEHS 3TOT BOIPOC
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IOPOKJIATBHIA, S JIOMal TOJOBY Haja HUM roaamu. OCTaHOBIIOCH Jid IpUMeEpa Ha
MOJIO’KEHUH, KOTOpPO€ 4YyTh OBLIO HE CTaNO MATOM akcMoMoW. Ero MokHO ObUTIO ObI
BBIPA3UTh JBYMS CIIOBAMU: T€HETUYECKasi peKOMOMHALIMSL.

['enetnyeckas pekoMOUHaIUsl — OOMEH YacCTSIMU T€HETUYECKUX MPOrpaMM — BO3HHUKIIA,
MO-BUIMMOMY, HA YPE3BBIYANHO pAaHHEH CTaAuW CTAHOBJCHHS JKU3HH. Y CaMbIX
NPOCTEHIINX OpraHu3MoOB — OakTepuodaroB — OMHMCAH CIOXKHBIM Mporecc oOMeHa
kyckamu JIHK. Tlocne 3apaxeHus: OakTepraibHOM KIETKH (arom B Helt oopasyetcs 30—
50 xonmit monekyn JAHK, pemnuuupoBaHHbIX ¢ MATEPUHCKOM MOJIEKYJIbI, BIPBICHYTOU B
OakTepuio.

JlouepHue MOJIEKYJIbl MOTYT CIIAPUBATHCS, COMMKATHCA TOMOJIOTHUYHBIMH YaCTSIMU; 3aTEM
B 30HaX cHapuBaHusg mpoucxoisaT paspeiBbl HuTed JIHK, o0OMeH ckperieHHbIMU
y4acTKaMM M MOCHEeAyIomias CIIMBKa. Bce 3TO OueHb HalOMUHAET XOPOUIO M3BECTHBIM
TFEeHETUKaM MEPEKPECT XPOMOCOM Y BBICHIMX OPraHU3MOB — KPOCCHHTOBED, P KOTOPOM
XpOMOCOMBI OOMEHUBAIOTCS TOMOJOTHYHBIMU 4acTsAIMHU. B pesynbTare, ecniu B OAHOMN
monekysne JHK mpowmsomma ogna Myranus, a B Apyrod — Jpyras, OHH MOTYT
00BEAMHUTBCA B TEHETUYECKOW Mporpamme ¢ara ¥ COBMECTHO MOMACTh MOJ IEHCTBUE
otbopa.

Ckopee Bcero, MEXaHU3M 3TOT Pa3BWICA U3 penapaluu, 0 KOTOPOH MbI 3[1€Ch TOBOPHIIH.
Penapanuionnsie pepMeHTHI — JIMTra3bl — CIIMBAIOT PA30PBAHHBIC KECTKUM H3ITyUYEHUEM
i uHbiM MmyTtareHoM HUTH JIHK, BoccTaHaBiaMBarT LETOCTHOCTh T€HETUYECKOU
poTrpaMMBbl. A Tak Kak B OJJHOH KJIETKEe HECKOJIBKO necsTkoB (aroBeix JJHK, To BBIcOKa
BEPOATHOCTh OOBEIUHEHUS YacTel pa3HbIX MOJEKyl. PexomOuMHanusg oKasanach
BBITOJTHOM, JIOMyCKAaIOIIe OObEAMHEHHE TEeHETHUYECKHMX W3MEHEHWH y Ppas3HBIX
OpraHU3MOB.

VY Gaktepuii mepeHOC TeHETUYECKON MH(GOPMAIIMN OCYIIECTBIISIETCSI OT KJIETKH K KIIETKE
HenocpeacTBeHHO Kyckamu JIHK (tpancdopmarusi), B pe3yiabTaTe H3Y4YEHHsS] 3TOTO
nporiecca u Obuta gokazana ponb JIHK kak cyOctpata HaciaenCTBEHHOCTH. YacTO T€HBI
nepeHocsITcs OT OakTepuu K Oakrtepun (aramu, dar MoxeT mpuxBaTuTh Kycok JIHK
XO035lMHa M IE€pelaTh €ro B HOBOM IIOKOJIEHMU APYroMy. OTOT IpPOLIECC HA3bIBAETCS
TpaHcaykuueii. OOBIYHO €€ OCYIIECTBISIOT IUTa3MUAbI, «py4HbIe» (aru, craBiIue
cUMOMOHTaMH OakTepuil U He yOWBaIOUIME XO35MHA MHTEHCUBHBIM pa3MHOKeHHeM. U3
MOJTOOHBIX MEXAaHMU3MOB Y OaKTepuil B KOHIIE KOHIIOB Pa3BHJICS OPUTHHAIBHBIN MOJIOBOM
nporecc KoHblorauus. [Ipy HeM KJIETKM CONpPUKACAIOTCS, MEXIYy HHMH 00pasyer
[IUTOTUIa3MaTHIECKU MOCTHUK 110 KoTopomy HUTh JIHK meperekaer u3 oaHoii GakTtepuun
B Apyry1o. JIF0OONBITHO, YTO [T NEepeayu TeHHOTo MaTepuana OakTepus 10JKHA UMETh
BHEXPOMOCOMHBIN TE€HETHYECKH SJIeMEHT, Ha3BaHHBIM (akTopom F , KOTOPHIH,
BO3MO)XHO, NMOTOMOK MazMuisl. He umeromme ero mrammsl (F — ) MOTYT TOJBKO
npuHuMath uyxyto JIHK (ananorus mexmy caMkamMu M caMIlaMH Y BBICIIMX KUBOTHBIX;
KCTaTH, «CaMIIOB» TO €CTh UMeIoMX (hakTop F, JOBOJBHO Maso: y KUIICYHOH MATOUYKH
UX B JIECATh pa3 MeHbIle, yeM «camok»). [Inazmuaa, Beayiias mpoucxoxaeHue ot (ara,
MOXET BOOOILE CTaTh YacTbl0 OAaKTEpHATbHOW XPOMOCOMBI, TOTJa OHA HAa3bIBACTCS
snucomoit. Taxke m F  — Qakrop, BKIIOYAsCh B TCHOM OaKTepuid, MOBBIMIAET HX
CHOCOOHOCTh K KOHBIOTALIMH B THICAYY Pa3.

W3 mxonmpHOrO Kypca oOmeit Ouosorud Bbl JOJDKHBI 3HaTh, YTO TE€HETHYECKas
peKOMOMHALIMS Y BBICIIMX OPraHU3MOB ropaszio cioxHee. M1 y HUX eCTh KPOCCHHTOBED.
Ho B oTnuume ot GakTepuil T€HOM y HHX HACTOJBKO BEJUK, YTO HE MOXET OBbITh
o0beauHeH B 01HOMH xpomocome.H!

SnepHble OpraHu3Mbl — JYKapuOThl — HMMEIOT B KJETKax OT ABYX (Y MalsipuilHOTO
IUIa3MO/IMS M JIOUIAJMHOW acKapuibl) A0 ThICAYM H 0oJiee XpOMOCOM, «TOMOBY
reHeTu4YecKux nporpamm. llepen kaxxapiM AeIeHHEM KJIETKHU T€HETHYECKUE TPOrpaMMbl
permuimpytorcs. OnHako Tak ObiBaeT He Bcerna. llepen HacTyIuieHHMEM IOJIOBOTO
mporecca MPOUCXOAUT MEH03 — PEAYKLIMOHHOE JAEJIEHHE. XPOMOCOMBI IIPU HEM HE
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JeIISATCS, a PACXOIATCA 10 KIIETKaM, U3 KOTOPBIX OTOM (POPMHPYIOTCS TOJIOBBIE. Tak, y
yelnoBeka B HOpMe 46 XpOMOCOM M3 HUX JIBE€ IOJIOBBIE, OCTalbHble 44 UACHTUYHBI Y
000uX T0JIOB (2yTOCOMBI). 23 XpOMOCOMBI YEJIOBEK MOIYy4YaeT OT OTIa, 23 — OT MaTepu, a
KaKOBO COYETaHHE OTLIOBCKUX U MAaTEPUHCKHX XPOMOCOM B SHIEKJIETKE WU CIIEPMHUH —
3TO JeI1o citydas. Ynuceao coueTaHuit 31€Ch paBHO ABYM B CTEIIEHU M — YUCILY XPOMOCOM B
ramere. OTcIoIa ClIE€lyeT, YTO, HAIPUMED, Y IPO30(UIIBI C €€ YETHIPHMS XPOMOCOMaMH B
raMmeTe 4Hciio BapuaHTOB ramet 24 = 16, y kponuka 222 = 4 385 000. IIpenocrasmusito
YUTATENSIM CaMHM MPUKUHYTHh YHCIO BApUAHTOB TaMeT y MalopOTHHKA (KOJIMYECTBO
xpomocoM B ramere 630). CnusiHME MOJIOBBIX KJIETOK BOCCTaHABJIMBAET MPEKHEE
KOJIMYECTBO XPOMOCOM BO3HHMKAeT HOBas TEHETHYecKas IMporpamMmax ¢ KOTOpOH
OpraHu3M BXOIUT B XH3Hb. [IpM CMEHE IMOKOJEHHWH STH MPOTPAMMBI PACCHITAIOTCS
YTOOBI 3aHOBO BO3HHUKIM Apyrue. ['eHeTnueckas peKoMOMHAIMS HEMPEPBIBHO TaCyeT UX,
KaK KapThl, MOCTaBJsisi OTOOPY TMOWCTHHE HEWUCYEPIIaeMBbId MaTepuant. 3/1eCh eCTh H
oTpuIaTeNibHAs CTOpPOHA: Kakas-HHOyAb CBepXyJauHas KOMOMHAILUA XpPOMOCOM
OeccieqHO MCYe3aeT B HOBOM TIOKOJIGHWH, Y TEHHAIBHBIX POJAUTENCH TOSBISIOTCS
3aypsAHbIE JIETH.

[To-BuamMoMy, STOT BENHMKHHA 10 TPOCTOTE MEXaHW3M pPEKOMOWHAIIMM BO3HUK B
MPOIECCE IBOIOLUHU TOJIBKO OJIUH pa3. Y 4eloBeKa U COCHbI, HHPY30pUHU U APOXKIKEBOTO
rpuOKa TOJIOBBIE Si/Ipa, CIMBAIOMIMECS BIIOCIEJACTBUHU, BOSHUKAIOT OJMHAKOBBIM ITYTEM:
AIpO C HOPMAJIbHBIM Ha0OpOM XPOMOCOM HE pa3leisisiCh PEIUIMIUPYET UX, TaK 4YTO
o0pasyeTcst ueTbipe Habopa reHeTUIECKUX MPOrpaMM. 3aTeM KieTKa (MK TOJBKO SIpO Yy
uHQYy30puid) ABaXKIBl JAETUTCS, TMOIY4YarOTCs YeThbIpe KIETKH C TIOJOBHHHBIM,
rarmiouaHeIM HabopoM. Yacto, ocoOeHHO mpu (pOpMUPOBAaHUH SHULEKICTOK, TPH U3 HUX
paccachIBaloTCs, JajibHeWIIee pa3BUTHE CYXACHO TOJIBKO OJHOW. JIumb HemMHorue
NaHIMPHBIE KTYTHKOBBIE UMEIOT OJTHOCTYIIEHYATOE PEAYKIIMOHHOE NeNICHHE; y HUX 3TO,
CKOpee BCEro, BTOPUYHOE YIIPOIICHHE.

Tak, MOxeT OBITh, OOBSIBHM TI'€HETHYECKYI0 PEKOMOWHAIIMIO HENPETOXXHBIM 3aKOHOM
JKUBOTO, TISITOM akCMOMOK? YBBI, J1e710 0OCTOUT HE CTOJb MPOCTO. MHOTHE OpPTraHU3MBbI
NOTEPSTIN CIIOCOOHOCTh K TEHETHMYECKOW PEeKOMOMHAIMU M OJaroJeHCTBYIOT, MBI He
uMeeM IpaBa HUCKJIIYaTh MX W3 MHUpPa KUBOro. TakoBbl BCeM HU3BECTHbIE ameObl U
UH(Y30pUH TIOTEpSBIIME CIOCOOHOCTh OOpa3oBHIBATH IMOJOBOE SJIpO, BCE (POPMBI,
pa3MHOXKaOIIKUECs MapTeHONeHEeTUYECKUM IyTeM, 0e3 OIJIOJOTBOPEHMs (a MX MHOTHE
TBICSYM — OT MPOCTEHIINX 70 HEKOTOPBIX MOpOoJ MHIeek). HakoHel, Tak Ha3bIBacMble
ANOMHUKTHYECKHUE pacTeHHsI, 00pa3yIolllue ceMeHa U3 HOPMAIbHBIX, TUIIOUIHBIX KIETOK
C JBOMHBIM HAOOpPOM XpPOMOCOM, XOTs OBl OJyBaHUMKH, KXKIYI0 BECHY 30JI0THIM
MOTONOM 3aJIMBAIOLME HAllM Ta30Hbl. WM ke pacTeHus B MPUHIUIE CIOCOOHBIE K
peKOMOMHALIMK, HO pa3MHOXaeMble YEepeHKaMU KIyOHSMH, OTBOJIKaMHU (KapTodensb
OaHaHbl W T.J. W T.1.). KpoccuHroBep, Kazajoch Obl, IIUpPE pPACIPOCTPAHECH, UYEM
HI0JIOBOI Mpoliecc, HO, HAIPUMeEp, CaMIbl Ip030(p I K HEMY HE CIOCOOHBI.

Orcrona nenmaeM BBIBOJI: HAJIMYWE TEHETHYECKOM PEKOMOWHAIUU — HE O€3yCIOBHBIN
KPUTEPHA J)KUBOT0. JTO HE YCJOBHE JKU3HH, a €€ 3aBOEBaHHE, HE aKCMOMa, a Teopema
(mpaBma, 01Ha U3 CaMbIX OCHOBHBIX ).

Moii komrera Anekceid BnagummupoBud SI067I0KOB, 03HAKOMUBIIHCH C PYKOIUCHIO,
OPEeUIOKIWI B KauecTBE IISITOM aKCHOMBI TaK Ha3blBAEMOE «IABIICHUE >KU3HWY,
TeOMETPUYECKYIO IPOTPECCHIO pa3MHOXKEHH. PaccMOTpUM 3TOT BoOIpoC.

Eme JlapBuH yka3bpiBaj, 4YTO TaKOW BakKHBIM (PakToOp HBOIIONMM, Kak Oopbba 3a
CYIIIECTBOBaHME, BBITEKACT M3 «OBICTPOH MPOTpeccHMu, B KOTOPOW BCE OpraHMYECKHe
CYILIECTBA CTPEMSTCS Pa3MHOXKUTHCS». 3/1€Ch TOT e MPUHIIUI, KAaKOH MOJI0KHUI B OCHOBY
CBOETO TOHOpapa JereHJapHbI H300peTaTenb IIaxmar: Ha MEPBYIO KIETKY JIOCKH
MOJIOKUTH OJHO 3€PHBINIKO MIIIEHUIbI, HA BTOPYIO 2, Ha TPEThIO 4 U T. 1., BIUIOTH 110 264
Ha MOCJIENHEN KiIeTKe. MaTeMaTuky Ha3Bajld TAKOW POCT F€OMETPUUECKOM MPOrPECCUEH.
W3BecTHO, YTO B TaKOM Cily4ae MPHUPOCT UAET JaBUHOOOpPA3HO, HA HEM U OCHOBAH POCT
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JeISIIIMXCST aTOMOB ypaHa B siiepHOM OomOe. Takux mpuUMepoB OHMOJIOTH TPHUBOIMIH
MHOT0. /lapBHH Mucai, 9YTO «CIOH MJIOJUTCS MEAJICHHEEe BCEX U3BECTHBIX )KHUBOTHBIX», HO
3a 740—750 neT MOTOMCTBO OJHOM Mapbl COCTABUIIO OBl OKOJIO 19 MUIUITMOHOB OCOOEiH.
Ecnu sxe Mbl BO3bMEM OpraHU3MBbI ¢ 060siee OBICTPHIM TEMIIOM Pa3MHOXKECHHSI, BETUYUHbI
NOJy4aroTcs OyKBaJIbHO aCTPOHOMHYECKHE. MHOTOKPAaTHO YIOMHHABINASCS HaMH
IUIOZI0Basi MyIKa Apo3oduia 3a OAMH TOA JAana Obl CTOJBKO IMOTOMCTBA, YTO OHO
HOKPBUIO OBl 3€MJII0 CJIOEM B MWIIMOH MWJIb (!) TONIMHON, Mapa BOPOObEB 3a JECATh
JeT pacruioauaack 01 10 257 716 983 636 ocobeii. Kaxxaplit u3 modburteneii MaTeMaTuKu,
UMesl TI0J] PYKOW JAaHHBIC O IUIOJOBUTOCTH M MPOJOJDKHTEIHLHOCTH JKH3HU KaKUX-THOO
OpPTaHU3MOB, Ha JJOCYr€ MOXKET MONy4uTh HU(PHI HE MeHee mopa3uTenbHble. OcOOeHHO
€CJIM pacueT OTHOCHTCA K OaKTepHsiM, KOTOPhIC B OJIATONMPHUSATHBIX YCIOBHSX JEISATCS,
yABaMBAIOT CBOIO OMOMaccy JiBa pasa B 4ac.

MOHO CKa3aTh, 9YTO 3TO BCE TEOPETUYECKHE BBIKIAJKH, HHUETO MOJO0OHOTO B MPUPOE
He OpiBaeT. He coBceM Tak: ecniu BHI MOMajaeT B ONarompusTHBIE YCIOBUS, HE
OTPAaHMYMBACTCS TMUIICBBIMA pecypcaMd M HE HMMEET BparoB, YHCJICHHOCTh €ro
Bo3pactaeT (aHTacTHuecku. Tak OypHO paspoccs ynoMmuHaBiuics JlapBuHOM
YEepTONOJI0X B APreHTHHE, TaK Pa3MHOXKAIUCH €BPOIEHCKHE KPOIMKU U aMEPHKAHCKUE
KaKTyChI-OMYHLIMM B ABCTpaJIUM W aMepHUKaHCKas T (uiUiokcepa Ha eBPOMEHCKUX
BUHOTPAIHBIX J103aX. MHKPOOPTaHW3MBbI, XKHUBOTHBIC M PACTCHHS, OCTABHBIIHE TOCIE
ce0st 3a7eXu pyH, IeNble TUIacThl M3BECTHSIKOBBIX MOPOJ, BCE 3amachl yris U HedTw,
nornajaas B OJaronpusITHBIE YCIIOBHSI, IEPECTPAUBAIOT OOJIHMK BCEH HAIICH IJIAHETHI.
Kuznp kak Obl HUCHONB3yeT J000H pecypc, MOOYI0 BO3ZMOXHOCTH AJI Pa3MHOKEHUSI.
DTO M eCTh «JaBJIeHHE XU3HW». HO Naxe ecim 4HCICHHOCTh OPraHU3MOB KaKOTO-THO0
BUJA OCTaeTCs CTAaOWIbHOM, TMOTEHIMAll €ro pa3MHOXKEHHs — MOUIHBIA pe3eps,
MOCTABJISIONINNA MaTepuail 0Toopy.

AkcroMma 3To win HeT? Bce ke — HeT, 3TO ClIeJICTBUE, BBHITEKAIOIEE aBTOMATUYECKU H3
MPUHIIAIIA MAaTPUIHOTO BOCIPOM3BEICHUS. DTO TOXKE HE aKCHOMa, a TeopeMa, U TOKE
OJlHa U3 TJIaBHBIX, HA KOTOPOI OCHOBaHa BCSI COBpEMEHHAs OMOJIOTUSI.

W tem He MeHee s He MOTy 0Oe3ameuISIIIMOHHO YTBEPXKIATh YTO U3 MACChl MOJIOKCHHIA,
chopmyIupoBaHHBIX OWoJoramMu 3a mociemanue 150 ser, s u30paj B Ka4yeCTBE aKCHOM
UMEHHO T€, KOTOPBIE ATOT0 HA3BAHMS 3aCITyKUBAIOT. M 4TO UX KIMEHHO CTOJBKO, CKOJIBKO
HY’KHO JJ11 OObSCHEHHUS KU3HEHHBIX SIBICHUN — HU OJIHOI OO0JIbIlle U HU OJJHOW MEHBbIIIE.
NHbIME cnoBaMM, OTBEYAaeT JM 3Ta CHUCTEMa JABYM TpeOOBaHHSM — TMOJNHOTE U
HE3aBUCHUMOCTH, KaK TOBOPSAT MaTEeMAaTHUKH.

Ho, xak s yxe mmcan B MPEAMCIOBHH, 3Ta KHHra He Yy4eOHUK, a MpUTIANICHHE K
pa3yMbsiM.

BnpodeM, MOu MONBITKH BBIBECTH M3 aKCMOM MHOTHE AYMIHPUYECKUE 3aKOHOMEPHOCTH
OKa3pIBAIMCh  yJAYHbIMU. Tak MOJIYYWJIOCH C MOJAYCaMH  DJBOJIOLUUU  WJIU
OmoreHeTHYecKUM 3akoHOM Miomiepa — [ekkens, 3akoHoMm Jloiio, riacsimuM O
HEOOPATUMOCTH 3BOJIIOIIMOHHBIX MU3MEHEHUH, U LEeNbIM psiioM apyrux. OnHaKo 4ToObI
MPEJICTABUTh XOTSI ObI OCHOBHBIC IOCTHKEHUSI OMOJIOTUU B aKCHOMAaTU3UPOBAHHOM BHJIE,
noTpedoBangack Obl KHHTA pa3 B ECATh oObeMucTe, ueM 31a. [Ipencrout padora He mis
OJIHOTO YEJIOBEKAa M HE Ha OJIMH T'OJl. BBITh MOXKET, 1 MPOJOIIKY ATy TeMy naiblie. CKaxy
0oJiee, IMEHHO ATHUM s ceiyac Mo Mepe CBOMX BO3MOXKHOCTEH U 3aHUMaIOCh.

A ToOKa, eciaM 3TH OYepKH XOTs Obl BRIpaOOTAIOT y YMTaTeNs MOA00He MMMYHHTETa K
BBICOKOIIAPHBIM YTBEPXKJIEHUSIM O KAaU€CTBEHHBIX OTIMYUAX >KUBOTO OT HEXHUBOro (6e3
pacmpoBKH, HYTO K€ OTO 3a OTIMYHUsA!),— O HECBOIAUMOCTH OHOJOTUYECKUX
3aKOHOMEpHOCTeH K Qusnueckum (06e3 GOPMYITHMPOBKH CaMHX OHOJOTHYECKHUX
3aKOHOMEPHOCTEH!), aBTOP COUTET CBOIO 3a7jauy BBIIIOJIHEHHOM.
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Ceco0Hsa 6 nondens nywena pakema,

Ona nemum Kyoa ckopee céema

U oonemum 0o yenu 6 cemv ympa

Buepa.

B 3TOM HIyTaMBOM aHITIMICKOM CTMXOTBOPEHUH XOPOILIO MOKA3aH MapagoKC HapyIIEHUs
IIPUHIUIIA IPUYUHHOCTU B HEOUHIITEHHOBCKOM MHUpE.

2l [lepBeiM mOAOOHBIN ombIT mpozenan A. JlaBya3zbe, MOMECTUBILINN B NPUMHUTHUBHBIN
KaJIOPUMETP, OXJAXKAABIIUICSA JBAOM, MOPCKYIO CBUHKY. IM3MepuB KOIM4ECTBO
OTTasiBILIEH BOJBI, OH COINOCTaBWJI €r0 C KOJMYECTBOM KHUCIOPOAA, MOTPEOIEHHOTO
CBUHKOM, U ITPUILEN K BBIBOAY: )KU3Hb — 3TO MEJUICHHOE I'OPEHUE.

Bl od infinitum — no 6ecKoHEIHOCTH.

Bl Cwm.: Diren M., Bunknep P. Urpa XKuszuu. M., Hayxka, 1979.

Bl Tounee, y (UHHUKHMHAILIEB B Hadayie ClioBa ObLI TOPTAaHHBIA 3BYK, OTCYTCTBYIOIIMH B
I'PEYECKOM S3bIKE; TPEKH COWIM BO3MOXHBIM CBOH 3BYK «A» mnepenarb (GPUHUKUHCKUM
CHUMBOJIOM (.

11 B gayumoit maTepaType 3TOT MPOIECC HA3BIBAIOT PEKOZHUYUSA » — TO KE KY3HABAHUE
», TOJIbKO TIO-JIaThIHHU.

" Mennuxos B. Hapsunusm B XX Beke. M., Coserckas Poccus, 1975.

18] Cunesernensie, cTporo ropopsi, He BOXOPOCIH. DTO OJHA U3 BeTBell Gakrepmii. JIydmre
Ha3BaTh MX ULuaHoputamu. Ho crapoe Ha3BaHHWe ele IIHPOKO PACHpPOCTPAHEHO,
0COOEHHO B MOMYJISIPHBIX U3JaHUSIX.

Bl Brpouem, He Bce aHTpONONATH PasesIOT €ro B3TISL.

U He mory me mpommrnpoBath ofHo n3 mmceM: «CKOPOCTh CBETa, OOBSBICHHAS
OecIpUUMHHO KOHEYHON CKOPOCTBIO PAacHpOCTPaHEHUsS B3aUMOJCHCTBUI B MaT. MUpE —
3TO HUYTO WHOE, KaK HEOXPUCTHAHCTBO B Marepuanusme» (opdorpadust u myHKTyaIHs
no/uinHHbe). [lo-BuaMMOMY, aBTOp 3TOr0 MNHUChbMa MCKPEHHE YOEXIEeH, 4TO €CiH
MOKpernye o0pyrarb, TO U JOBOJAOB HE HY>KHO. BripoueM, HE OH OJHH. ..

Heu9 aBrycra 1945 rona aMmepukaHIlbl, Kak U3BECTHO, COPOCHUIIN Ha STIOHCKHUE TOpoa
Xupocumy u Haracaku aromHble O0OMOBI, BbI3BaB HHUUEM HE ONpaBIaHHBIE KEPTBHI U
paspylueHusl.

U2l Ecrp, BrpoueM, HCKITIOUEHNS M3 STOTO MpaBHia. Y HEKOTOPHIX PACTCHHMI (3HOTEpa) i
KHUBOTHBIX (CKOPIIMOHBI) XPOMOCOMBI, COEIMHSSCH APYT C JIPyroM KOHILIaMH, 00pa3yroT
KOJIbLIO, Nepejarolieecss MO HacleICTBY Kak eauHoe unenoe. Ho y sykapHOTHBIX
OpPraHU3MOB 3TO BTOPUUYHOE UCKIIIOUEHUE.

Bopuc Muxainosuy MenHukoB

Axcuomsl 6nonornn (Biologia axiomatica)
3nanue; M.; 1986
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