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AHHOTauMA

Coepemennas 6uonocusi — 3mo COBOKYNHOCMb HAYYHBIX OUCYUNIUH, C PA3HLIX CMOPOH U HA
PA3HbIX YPOGHAX U3VUAIOWUX 8Ce MHO2000pasue xHcueou mamepuu. ModcHO au, Onupasce Ha cymmy
HAKONNEHHBIX 3HAHUL, NOCMPOUMb HEKVIO CUCMeMYy Meopemuyeckux nOI0ACeHUl, HeoOX00UMbIX O/
NOHUMAHUSL CNeyupuUUeckux Omauduti KHcueo2o om nedxcuso2o? Moowcno, cuumaem aémop, u 6
00CMYNnHOU (opme uziazaem OCHOBHblE NPUHYUNDBI, KOMOPble USpaiom 6 OUOI02UU MAKVIO Jice POIib,
KAKyI0 8 2e0Mempuu — aKCUOMBL.

s wupokoeo Kpyea yumameneil.

Bopuc MegHukosB

AKcunombl buonormm
(Biologia Axiomatica)

BcTtynneHue

Hctopust 3T0# KHUTH HE coBceM 00bIuHA. Kak-To MHE MPeUIOKIIIH MPOYUTATh Ha TIEPBOM Kypce
ounosornueckoro daxkyapreta MI'Y 1aTh BCTYNUTENBHBIX JICKIHH TOJ JIOBOJIBHO HEYKIIOXKHM
Ha3BaHHeM «BBeneHue B crienuanbHOCTh». COracuics st He pa3ayMbIBas, pa3alyMbe MPUIUIO TOTOM.
B xakoMm wiro4e 4uTaTh 3TH JICKIUHU?

Bcnomuumnucs Te pajekue Trojbl, KOTAa MbI, TOXXKE Ha IMEPBOM Kypce, CIYLAId JIeKIHU
«BBenenne B 6uooruioy. Hackombko MOMHIO, OHU HE YIOBIETBOPUIIN MEHS (M HE TOJILKO MEHS ). DTO
ObLTa Kakas-TO OKPOIIKAa W3 Hadan oOmed OMOoJIOTMH, YMOPHOJIOTUU M IMTOJIOTHH, TAJICOHTOJIOTHH,
TeHETUKA U TEOPUH DBONIONNU (KaK OHM MOHUMAIHCh B TO BpeMsi). EcTecTBEHHO, C)kaTh BCe ITH
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JUCHUIUIMHBI B CAMOCTOATENBHBIA KypC HE IMPEACTaBISUIOCh BO3MOXKHBIM, JIEKTOPY HPHILIOCH
MOKePTBOBATh TIIyOMHOW W3MOXKEHHUS, J1a elle MPUHOPOBHTH €r0 K YPOBHIO TMO3HAaHWH HEIABHUX
MKOJMBHUKOB. [loyb3bl OT Takoro kypca Obuto HeMmHOTo. Temepp s MOHMMAalp, 4TO cama Hjes
MoJJ00HOTO Kypca HEBEpHA, HY)KHO BBIOMpPATh MEXKIY ITyOWHOW aHaIW3a W IMMPOTON 0000 IEeHUIA.
Ecnu Ob1 ynTaTh €ro Ha MOCIETHEM Kypce, YK€ MOJrOTOBJIEHHBIM CTYJICHTaM, HO TOTZA OH, MOXKAIYH,
He Oymer HyxeH BooOme. A s MeHsS Takod Nyrb ObUT Obl BOOOINE OTpe3aH — 3a JECATh
aKaJIEeMUYEeCKUX 4acoB 0003peTh BCIO OHOJOTHIO HEBO3MOXKHO HE TOJIBKO C <BBICOTHI MTHUYBETO
M0JIETa», HO M CO CIIYTHHKA. A MOTOM s 33yMaJICs: MPaBUIIBHO JIM MBI BOOOIIEe 00y4aeM Ouosnoruu?

[lpencraBpTe TakoW KypC TEOMETPHHW: CHAdaia CIyHATENSM IPENOJHOCHTCS CTEPEOMETpHS,
3aTeM IUIaHUMETpus, XoTsa Obl Teopema [ludaropa, u numb B KOHIE, Ha TOCHEIHEH JIEKIIUH,
NEPEUYHCIAIOTCS OCHOBHBIE 00pa3bl (TOYKa, HpsiMasi, IJIOCKOCTh), OCHOBHBIE COOTHOIICHHUS
(mpuHaIEekKaTh, JEKATh MEXKIy, IBHTAaTbCs), aKCHOMBI M mocTyinaTel. [lokamyit, Takoil Kypc
HEBO3MOXKHO JIaXKe MPEACTaBUTh. VM OH He MOXKeT yeMy-Tu00 HayduTh. A uTo aernaem Mbl? CHavana
3aCTaBJIIEM CTY/IEHTOB IIOCTUTaTh, KaK M CaMW TIOCTHTAJM paHblle, 300JI0THI0O W OOTaHUKY,
U TOJIOTHIO, YMOPHOJIOTHIO, TIOTOM TEPEXOIUM K TEOPHUH IBOJIIOIMU U TEHETHKE, a 0 OO X Havall,
aKCHUOM, JIe)KaIlMX B OCHOBE HAYKU O )KMBOM, J€JI0 IPAKTHUYECKH HE JOXOAMUT.

Henb3st nmu kak-HUOYIb aKCHOMATHU3MPOBATH OHMOJOTHIO, CHOPMYITHPOBATH CHUCTEMBI AKCHOM
(MM TOCTYNATOB, NMPUHLMIIOB, OCHOBHBIX TOJIOKEHUH — J€JI0 He B Ha3BaHUMU)? DTH NPUHIMIIBI
JOJKHBI BBIBOAUTHCSA U3 HAKOIJIEHHOTO OMOJIOTHEH OMbITa U TOTO, YTO JIFOJU HA3bIBAIOT «3/PaBbIM
CMBICIIOMY. VICX0/15 U3 HUX, ITYTEM YHCTO JIOTHYECKUX PACCYKICHUI MOXKHO OBLITO OBl CTPOUTH 3/1aHUE
TEOPETUYECKOl OMOJIOTMM BCE BBILIE — OT 3TaKa K ITaxXy, YKIAAbIBaTh Pa3sHOPOIHbIE (PAKThl B
VIOPSIIOUEHHYI0 cucTeMy. BOT 3TH-TO akCHOMBI M MOKHO MpENojaTh NEePBOKYPCHUKAM B KauecTBE
BBEJCHUS B OMOJIOTHIO.

EcrecTBeHHO, BO3HHMKAaeT BOIMPOC: MOYEMY K€ MATEeMATUKA MOUUIM MO 3TOMY KaXyIIeMycs
€IMHCTBEHHO Pa3yMHBIM IIyTH, & OMOJIOTY HET?

[Tpuunnbl, B 00meM, TOHATHBL. UTo ObI HM TOBOPHIJIM, MaTeMaTHKa — OJHA U3 CAMBIX IMPOCTHIX
Hayk. OCHOBHBIE €€ MOHSTHUS, XOTS Obl O TOW ke TOYKe, MPAMOU U MIOCKOCTH, YEJIOBEK MOydaeT U3
CBOEMH MPaKTUYECKOM JEeSATENbHOCTH 330JITO IO TOTO, KaK y3HAeT O CYIIECTBOBAaHUH reoMeTpuu. JJaxe
HE JiyMasi O TOM, YTO TUIIOTEHY3a KOpOUYEe CYMMBI JIBYX KaT€TOB, MBI, PUCKYS ObITh OIITpa(hOBAaHHBIMH,
«cpe3aem» yroui razona. Jlroau nenanu ycToiiduBbIe TPEHOXKHUKH 10 TOTO, KaK COOOpa3uiIi, 4To 4epes3
TPU TOYKU B IPOCTPAHCTBE, HE PACIIOJIOKEHHBIE HAa OJHON MPSAMOM, MOXHO MPOBECTH IUIOCKOCTb, U
IIPUTOM TOJBKO OJHY, U DKOHOMIJIA CTPOUTENBHBIN MaTephal, COOpYXKasi OKPYIJbIe CTPOSHUS U
usropogu. IloaTomMy Tak mpocto copmMyIHpoBaTh aKCHOMBI B Hadale Kypca MaTeMaTUKd U B
JaTbHEHINeM WITH ITYTEM CTPOTO JIOTHYECKHX PACCYXKICHUH.

CrokeH B MaTeMaTuKe JIMIIb €€ SI3bIK — Ha0Op CUMBOJIOB U MPAaBUJI COYETAHUN ITUX CHMBOJIOB.
Ho oBnazneB um, Kaxablii MOKET YBEPEHHO MOJB30BAThCSI MaTEeMaTHYeCKUM ammaparom. [[is storo
HY)KHO TOJIBKO YMETh JIOTUYECKH MBICTUTH. Opyaus TpyJa MaTeMaTUKOB MPEIEIIbHO MPOCTHI — MECOK
Apxumena, rpudenbHas 10ocka, Kapanaam u 6ymara. Ho u 6e3 HUX MOXKHO OOOWTHCh — TeHHAIBHBIN
Diinep, HoTepsB 3p€HUE B CTAPOCTH, IPAKTUYECKU HE CHUKAJI IPOAYKTUBHOCTH CBOCH pabOTHI.

Koraa s Ha3piBaro aKCHMOMBI, JIS)KAIME B OCHOBE KaKOM-IMOO HayKH, MPOCTHIMH, U3 3TOTO HE
CJIETyeT, 4TO MPOCTa cama Hayka. AKCHOMBI — KOHIIEHTPUPOBAHHOE BhIPA)KEHHE ONBITA YEIOBEUECTBA,
€CIIi YroJHO, CTapTOBasl IJIOMAIKA IS MOCIEAYIOEero B3neTa. HaBepHska yuTaTenu 3a1yMbIBAIHUChH
0 HEPaBHOMEPHOCTH TEMIIOB pa3BUTH HayK. [louemy MaTemMaTnka, B 4aCTHOCTH T€OMETPHSI, O CTUTIIA
OTPOMHBIX YCTIEXOB B aHTHYHOE BpeMs, a ¢u3uka — HeT? Apxumen u ['epon AneKkcaHIpuCKuil ObLIM
TG TIpeATedaMu, (PU3MKA KaK HAyKd OHHU HE CO3Malid. A JIeJI0 B TOM, YTO OIBITA YEIOBEUECTBA JIJIS
CO37IaHUS TEOPETHUYECKOW MaTEeMaTHUKU OKa3aloch jaocraTouHo. dusmka ke momkHa ObLIa KIaTh
CBOETO yaca.

IlosicHIO MpUMEPOM: HEKMHU UTAIbIHCKUN MAcCTEpOBOM B 30Xy paHHEro Bo3pokaeHus 3aHOBO
OTKPBUT apXMMEIOB BUHT W JIOTAJIAJICS MCIOJIB30BATh €r0 KaK HAcOC JJIs TOJIa4d BOJBI HaBepX (Takon
BUHT KaXJbIH M3 yuTaTelled BuUAET B MsCOpyOKe — TaM OH MoAaeT MsAco K Hoxkam). Ho srtoro
n3obperatento kaxercsa Mano. OH HEMEIJICHHO COOPYXKAaeT YCTPOHCTBO M3 ABYX 0aKOB, BEPXHETO U
HIKHETO, apXMMEIOBa BUHTA W BOJISHOTO Kojeca. [lo ero 3aMbICiy KOJIECO JOJKHO OBIJIO BpallaTh
BHUHT, a BUHT [10J]aBaTh BOJly B BepxHUii Oak. Beunslii neuratens! YBbI, BepXxHu il 6ak ObICTPO MycTeN U
HE JKeNlajJ HamoMHAThCs. M300peraTens Ge3 KOHIIA COBEPILEHCTBYET CBOE YCTPOMCTBO, pazopsercs,
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KOHYAeT XHU3Hb B HUILETE, HE BeJas, YTO OH BMECTE C JPYIMMHU TaKUMH K€ HEyJauHUKaAMU clesall
HeMaJio /1l 000CHOBaHMsI IEPBOTO Havaaa TePMOIMHAMUKH.

Jymaro, 4To BTOpPOM 3aKOH TEPMOAMHAMMKH JJISi CBOETO IMOSBJICHUS JOJDKEH ObLI J10XKIAThCS
n3o0peraTens NapoBol MalMHBL. ['€pOHOBCKUN >0/MINI — MepBas napoBas TypOMHA — B aHTUYHOE
BpeMs TaK U OCTAJCS 3aHATHON HWIPYLIKOW, C €ro IOMOILIBI0 HUKTO HE JOrajaics B TO BpeMs
coBepumMTh padboTy. OmnbITa 4EJIOBEUECTBA 0KA3alI0Ch HEJ0CTaTOuHO. MIHOE 716510 B TeOMETpUH : TO, UTO
npsiMasi — KpaTdaiiiee pacCTOsHUE MEKAY JBYMs TOUYKaMH, HHTYUTUBHO YyBCTBOBAJI U NEPBOOBITHBIN
4eJI0BEK, IOTOHAsA MaMOHTa. A korza o B JlpesHeMm Erunte u BaBuinoHe ctanu IenuTh 3eMeNbHbIE
Y9aCTKU, TMPAKTHUECKAN OIBIT U CO3/JaHUs TEOMETPHH OB HAKOIUIEH O4eHb ObicTpo. Hemapom
DHrenbc Hamucall Ha MOJSAX PYKONMCH CBOEH «Jlnanektuku mpupoip»: «Jlo cux mop BBICTABISIOT
XBaCTJIMBO HAIlOKa3 TOJIBKO TO, Y€M MPOM3BOACTBO 0053aHO HAayKe; HO HayKa 00s13aHa PO 3BOJICTBY
O0eckoHeuHO OonbImMM». Kak ToabKO IPOM3BOICTBO HAKONMIIO BEKOBOM onbIT, [lapuikckast akageMust
HayK IepecTaja paccMaTpuBaTh MPOXKEKTbl BEUHBIX JABUIaTeNel 3aj0iiro 0 TOro, Kak ObLIO
chopMyIMpPOBAHO MEPBOE HAYAJIO, HJIM 3aKOH, TEPMOJMHAMUKI — BCEM U3BECTHBIA 3aKOH COXpaHEHUS
SHEPTUH.

Co BTOpBEIM HauvajoM Jeno cinoxHee. He yBepeH, 4To Bce unTarenu o HEM 3HAIOT. Bo BeskoM
cilydae, MO OIpoc MPUMEPHO MATHAECATH 4eloBeK (He (U3MKOB M HE MH)KEHEpPOB) Jaj HE OYeHb
MOJIOKUTENIbHBIE PE3YIIbTATHI.

EcTh HECKOJIBKO paBHOLIEHHBIX (POPMYITUPOBOK BTOPOro Havaja. BOT HECKOJIbKO M3 HUX:

1) HEeBO3MOXKHO MOCTPOUTH BEUHBIH JBUTATENb BTOPOTO PO/ia, TO €CTh MAIMHY, KOTOPas CKOJIb
YrOJHO PabOTaeT 3a CUET TEIJIa OKPYKAIOIIEH Cpelbl;

2) paboTy MOXKHO IMOJNYYUTh JHIIb MYTEM BBIPABHUBAHHUS IEPENATOB KaKUX-TH0O MapaMeTpoB
CUCTEMBI (TeMIlepaTyp, JaBJICHUMN, 3JEKTPUUECKUX ITOTEHIIUAJIOB);

3) B 3aMKHYTO# (TO €CTh HE MOJIydYaroIlel SHEPIUH U3BHE) CHCTEME MPUPOCT SHTPOIUHU BCETa
IIOJIOKUTEIIEH;

4) Bce caMOIPOM3BOJIBHO MPOTEKAIONIE MPOIECChl B 3aMKHYTBIX CHCTEMaX HJIyT B CTOPOHY
HauboJee BEPOSTHOTO COCTOSIHUSI CUCTEMBI.

Jliist Ouosiornu 3HaueHUE UMEET YeTBepTas — camas oou@s — GopMyIupoBKa

W numb nocne Toro kak (U3MKA U MHXKEHEpbl MOHSUIM HE3bI0JIEMOCTh BTOPOTO Hadaljla, OHO
OBbLIO CTPOro 0OOCHOBAHO METOJJAMU TEOPUH BEPOSATHOCTEN (CTaTuCTHYECKas (r3MKa).

®uU3MKOB, OTPULIAIONIMX BTOPOE HAuyalo, €IMHMIBI, U K HUM CE€il4ac HEe OTHOCATCS CEPbE3HO.
Wuoe neno 6uonorn. MHe, HampuMep, TOBOJMIIOCH CIBIIIATH BIIOJIHE CEPhE3HOE COOOIMIEHUE O HEKI X
OakTepusX, KOTOpbIE PacTyT, 3a CUET OXJIAXIEHHUS OKPYXKAloLeH cpeabl, TO €CTh MPEJICTABISIOT
BEYHBIA JBUTATENIb BTOPOrO poja (IO-BUIUMOMY, y HKCHEPUMEHTAaTOpPOB ObUI HE B MOPSAKE
kajjopumetp). ['opa3no wame Ouosorm Bpojae Obl HE OTPHUIIAIOT BTOPOE HAdajao, a 3allyI@IT
Kakoe-HUOYy/Ib MOJI0XKEHHE, KOTOPOE B HEABHOI (popMe eMy POTHBOPEUUT.

K uemy s Beny 3toT pasroop? K Tomy, uTo celiuac, Kkorna M3ydeHue KU3HU BEAETCA yXKe Ha
MOJIEKYJIIDHOM YpOBHE, Halle I[I03HAaHUWE €€ JOCTHINIO YK€ TaKoH CTaJud, 4YTO MOXKHO
chopMyIUpOBaTh OCHOBHBIE AKCMOMBI (MJIU MOCTYJAThI, Hayaua, eclid XOTUTe) OMOJIOTHH, KOTOPBIMU
MBI JIOJDKHBI PyKOBOJICTBOBAThCA B JAJIbHEHINEH paboTe.

KakuM ycnoBusIM OHU JJOJKHA YIOBJIETBOPATH? IIpeskae Bcero, OHM He TOJKHBI IPOTUBOPEUUTH
3aKoHaM (U3KKU, H0O >KMBasi IPUPOJIA COCTOUT U3 TEX K€ aTOMOB U TOJIeH, uTo u HexuBas. [logobHo
TOMY, KakK JETSAIMH caMOoJIeT He OTPHUIAeT 3aKOHA BCEMUPHOTO TATOTEHUS, ’KUBOW OpPraHU3M BO BCeEX
JIETaIsIX CBOETO CTPOCHUS M MOBEAEHUS HE ONPOBEPraeT 3aKOHOB (PU3UKHU. DTO HE 3HAYUT, YTO MBI
CBOJMM TE€M CaMbIM OHOJIOTHIO K (pH3UKe, — MBI BBIBOJIUM OMOJIOTHIO U3 (PU3UKH, a 3TO pa3HbIC BEIIH.

Bce 3ak0oHBI (M3UKH B KOHEUHOM cUeTe UMEIOT (GopMy 3ampeToB. Hemb3st moayduTh 9H epruto u3
HUYEro, HeJlb3sl IMOHU3UTh SHTPOIMIO B 3aMKHYTOH cucTeme, HEe MOJABEAs K Heil SHepruu Hemnb3s
JIBUTATBCS CO CKOPOCTBIO OOJbINEH, YeM CKOpOCTb CBETa, U T. 1., U T. . Bce 3TH 3ampeTsl B MOJHOM
Mepe JIeCTBEHHBI B MUPE KUBOW IPUPOJIbl; OJJHAKO K HUM MPUCOEAUHSIOTCS Jpyrue, cruenuuunbie
Juis OMOJIOTHM, HO HEe MpoTUBOpedanpe nepsoiM. Creruduunblie a1 GMOIOTUN aKCUOMBI BBIBOJSITCS
U3 (U3UYECKUX AKCHOM.

OHrenbc HazbIBa «(QU3UKY MEXaHUKON MOJIEKYI, XUMHUIO — (M3UKON aTOMOB U Jjajiee OMOJIOTHIO
— XuMuel OelKOB» M MNHUCAJ, YTO OH JKEJAeT ATUM BBIPa3UTh «I1€PEXO] OJHOW U3 3TUX HAyK B
JIpYTYyI0, — CIIE[JOBAaTE€IbHO, KaK CYLIECTBYIOIIY0O MEXAY HUMH CBSA3b, HENPEPBIBHOCTb, TaK M
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pasznuuue, AUCKPETHOCTh oOenx. Ho oTcroma ciemyer, 4To, Hampumep, TOCTHIKCHUS (U3HKHA MOTYT
OBITh UCIIOJNIB30BAHBI KAK AKCHUOMBI JJII XUMHH. TaK OHO U €CTh: HEKOTOphIe (PU3XUMHKH YKe
MOTOBAPHBAIOT O CBEJICHWHM XUMHUU K (pu3uke, OO JTIOOYIO PEakimuio M JIF00Oro BEHeCTBA MOYKHO
CBECTH K YpPaBHCHHMSM KBAHTOBOW MEXaHWKU. TeM camMbplM OHU BO3BOIAT B aOCOJIIOT CBSI3b M HE
o0pam@oT BHUMaHUS Ha pa3indue. JDTO yKe 3aru0: XuMHUsl, HECOMHEHHO, CAMOCTOSTENIbHAs HayKa, HO
OHAa BBIBOJUTCS U3 (PU3UKH.

TouHO Tak e, Ha MOW B3TJISI/, Ha3bIBask OMOJIOTHIO XUMHUEH OeTKOB (MBI ObI TENEph 10OABUIIH: U
HYKIIEMHOBBIX KUCJIOT), DHIEIbC UMEI B BHJY TO, YTO aKCMOMBI OWMOJIOTHH, TOJBKO €W MpHUCYIHeE,
HY)KHO JIOKa3bIBaTh Ha YPOBHE XUMHUH W (PU3MKA. J[JIT MHOTHX 3TO HEMPEOAOIMMOE 3aTpyIHCHUE:
ecin-Jie 3TO aKCMOMa, €€ HeJb3s J0Ka3aTh, a €CJIM €€ MOJKHO J0Ka3aTh, TO 9TO He akchoMma. Takoi
MOJXO/ SIBHO HEUAJICKTHYCH.

Boo6me Bompoc 0 BBIBOOAUMOCTH (HEPEAKO MUILYT: CBOJUMOCTH) OJHUX (POPM JBUKEHUS
MaTepUHU K APYTUM JI0 CHUX MOP CIYKUT MPEIMETOM AUCKYyCCU (riocodoB.

Uro Takoe «CBOAMMOCTH»? BOT Kak oOTBe4aeT Ha O3TOT BOMPOC COBETCKUM Qrtocod
b. M. Kenpos:

«MexaHHUCTBl yNOTPEeOJAIOT €r0 B CMBICIE OTPHIIAHMS KAadeCTBEHHOW crienn(uKu
BeICIIEH (DOPMBI JBIDKEHWS, MOJHOTO €€ WCUYEpraHusi CBONCTBAMH M 3aKOHAMH HHBIICH
¢opmbl... COBEpIICHHO OTJWYHBIM CMBICI B TO K€ CaMO€ CJIOBO BKJIAJBIBAIOT YyYCHBIE,
KOTJIa OHM YCTAHABIMBAIOT CTPYKTYPHBIE W TEHETHUECKHE CBSI3M MEXAY BBICIINM U
HIBIINM. BpIciiee He ucyepnbIBaeTcs HMBLIMM, HO CBOIWICS K HEMY B CTPYKTYPHOM H
TEHETUYECKOM OTHOIIEHUM... B 3TOM ke — CTPYKTYpHOM U F'€HETHYECKOM — CMBICIIE JKU3Hb
CBOIUTCS K XUMHUM U (U3HKE, TOCKOIbKY OHOJOrMIECKOe [BIKCHHE BO3HHMKACT H
o0pa3yeTcsi W3 XUMHYECKOTO W (U3HUECKOro, XOTS M He WCUYCPIBIBACTCS HWMHU B
KayeCTBEHHOM OTHOILICHUW.

[lonararo, 4To B HACTOSIEEe BpeMs TOIbKO MOM0OHAs TOuYka 3pEHHS, KaK U BO BpPEMEHa
DHrenpca, COOTBETCTBYET TOMY Oaraxy (akroB, KOTOPBIH UMEET COBPEMEHHOE ECTECTBO3HAHHUE.

AKCHOMBI OHMOJIOTUM HE JIOJDKHBI TPOTHBOPEYHTH OCHOBHOMY TIPHHIIAITY COBPEMEHHOTO
€CTeCTBO3HAHMS — IPUHITUITY TPUINHHOCTH.

VYBBI, Ouwonorusi, HaywHas ¢ yduTens AJekcaHapa MakeToOHCKOTO BETUKOro (uitocoda
ApucroTens, TO W JIeN0 Tpelldia MPOTUB 3TOTO BEIMKOTO NPHHIMIIA W TPOAOIDKACT B JIHIIC
OTJICNBHBIX CBOMX MPEACTaBUTENEH IeNaTh 3TO U ceifuac.

Camas CyThb NpUHIOUIIA IPUYMHHOCTHU B TOM, YTO IPUYHHA 10 BPEMCHHU NOJIKHA MPCAIICCTBOBATH
cieactBuro. (OOBIYHO GUITOCO(BI TOJKYIOT €r0 HIMpe, HO Ui HAC B TIEPBYIO OUYepe/ib BakKHA HMEHHO
sTa cropoHa.) CoObITHS, pasfenseMble KaKUM— JTHOO MPOMEKYTKOM BPEMEHH, HEPAaBHOIMPABHEIL:
Oyayiiee He BIMSET Ha MPONDIOE. JTOT CMBICI BBIpAKEH B JpeBHErpeueckoil mociopuile: «Han
MPOLICAIIMM Jake O0rM He BIacTHBI». M B pycckoil moroBopke: «3Hall Obl I/ie yIacTh, COJOMKHU ObI
MOAOCTIIATI.

Ho coracHO TeopuM OTHOCHTEIBHOCTH NMPOMEKYTOK BPEMEHU MEXIy IBYMS COOBITHSIMH —
BEJIMYMHA, 3aBHUCSIIAS OT CKOPOCTH JBWXEHHs HaOmonares. Eciau ckopocTh HaOmoAaTeNss MEHbIIE
CKOPOCTH CBeTa B BakKyyMe, OJHO COOBITHE BCerma NPOUCXOJAWT paHble Apyroro. Jus
«CBEPXCBETOBOTOY» HAOIONATENS MOPSIOK COOBITUI MOMKET OKa3aThCs OOPATHBIM, M €CIIH COOBITHS
CBSI3aHBI JPYT C APYroM MPUYMHHOW CBS3bIO, TO MPUYMHA U CIEACTBHE MEHSIOTCS MecTamH. Tak,
HpH‘IHHOﬁ BBLIJICTA ITYJIM U3 KaHaJIa CTBOJIA ABUTCA IIOMaJaHUEC €€ B MUIICHDb, a HquHHOﬁ N3MCHCHU A
T€HETHYECKON MpOorpaMMbl OpraHu3Ma OymeT OJaroJeHCTBHE ero MOTOMKOB. MBI BCTyITaeM B 00JIaCTh
CTOJIb HEPa3pEUMMBIX MapagoKCOB, YTO €AMHCTBEHHBIN BBIXOJ U3 3TOTO — MPU3HATH HEBO3MOXKHOCTh

«CBCPXCBETOBOTI'O Ha6J'IIO)IaTeJ'IH». 1

1

Cez00Hs 6 nondenv nyujena pakema,
OHa nemum Kyoa ckopee céema

U oonemum 0o yenu 6 cemb ympa
Buepa.

B stom Iy TIIMBOM AHTJIMICKOM CTUXOTBOPCHHHU XOPOIIO IMOKa3aH ImapaloKC HapyLICHUS NMPUHIUIIA NPUYNMHHOCTH B



Bopuc Muxaiijiopud MeJHUKOB: «AKCHOMBI OHOJIOTHI 5

[ToneiTkn OOHApPYXWUTh HAPYUIEHUs NPUHIUNA IPUYUHHOCTH B HKCIEPUMEHTE I103BOJMII
IIPUHTH K BBIBOLY, YTO OH CIpPaBEJIMB U I PACCTOSIHUM, B JECSITh MUJUIMOHOB Pa3 MEHBIIHX, YEM
quamerp aroma. [Ipenen mpoBepke MOKa CTaBUT MOUIHOCTh COBPEMEHHBIX ycKopuTened. Bes
OKpYKarouas Hac MPUPOJA €My NOAYUHAETCS, U XKUBas HE sBJIACTCA UCKIOYeHHeM. Hapynmrs ero
MO’KHO TOJIBKO B HESWHIUTEHHOBCKOM MUPE, TI€ CKOPOCTh CBETA B BAKYyME HE SIBIISIETCS IPEICIIOM.

ApuCTOTEIND K€ cO3/all YUEHHE O HEKOEH KOHEYHOM LM — IPUYMHE SIBJIEHUS (TaK Ha3blBaeMasi
«KOHEYHasl NMPUYMHA»). [IBe THICAYM JIET ITO y4eHHUE MOYTH HUKEM HE IOJBEPrajloch COMHEHUIO, U
JUIIb B 31I0XY BO3poxkaeHus MPOTUB HEro Hadaiau BOCCTaBarh. Yixke PpeHcuc brkoH mucan, 4To
HAyJYHOH TOYKH 3pEHHS «KOHEYHAs MPUYMHA» HE HY)KHA M BpeIHA; MpUOeraTh K Hell sl OOBSICHEHUS
KaKoro-jau0o sBJIEHUs JIOMYCTUMO B MeTa(u3MKe, HO BECbMa OIAaCHO B HAyKe, TaK KaK OHa cpa3y
3aKphIBACT MYTh JUIS HKcnepuMeHTa (HepapoM HetoToH mopoit Bockmunan: «O ¢usnka, criaci MeHs OT
MeTapu3UuKu !»).

CnoB Het, ApucroTenb Obl TeHHATbHBIM MbIcauTeneM. Ho Tak yX MoJy4dusioch, 4TO OH CTall
37bIM TEHHEM €eCTECTBO3HAHHS, 3aTOPMO3UB €ro pas3BUTHE Ha J00pble CTO mokoieHuil. OH, B
YaCTHOCTH, Bcien 3a [lmaToHoM oOTka3ajics OT OCHOBHOIO TPHHIMIA MaTepHaMCTHYECKOM
METO/I0JIOTUU — OT MPAKTUKU KaK KpUTEpPHs MCTUHBI. MaTremaTHke 3TO 0cO00To Bpela He MPUHECIO,
100 ee akCMOMBI ObLIM CIUIIKOM OueBHUIHBL. MHOoe aeno ectectBozHaHue. OTpaHUYyCh JTHUIb OJHUM
IIPUMEPOM.

ITyrem Jorn4ecku X paccyXIeHU ApUCTOTENb IPULIEN K BBIBOLY, YTO TSDKEJBIA KAMEHb I1aJacT
ObicTpee serkoro. M emy gake He NPUIUIO B TOJOBY MpOJAENaTh MPOCTEMIMN OMBIT: MOIPOCUTH
KOro-HUOY/Ib M3 CBOMX YYEHUKOB IIONPOBOpHEE 3alie3Th HAa JEPEBO JIMLEHCKOW pOIM C JBYMS
KaMHSIMM Pa3HOTO Be€cCa U BBIMYCTUTb UX U3 PYK OJHOBPEMEHHO. A caMOMYy CTarh psAAOM, HE TakK
O7HM3K0, YTOOBI KAMHH HE yIalld Ha TOJIOBY, HO M HE TaK JAJIIEKO, YTOOBI YBH/IETh — KAMHHU KOCHYTCS
3eMJId  OJHOBpeMeHHO. Jlake cama MBICIH 00 3TOM Kazajgach €My HENpUEeMJIEMOW, HU3MEHHOW,
qyx 101 usocoduu.

Brnpouewm, 4to anerb 0 TOM, 4ero He Ci1ydusioch. OnATh ke — AeHCTBYET 3aKOH NMPUYUHHOCTH,
3aMpemaonmil BIUATh Ha MPOLUIOE.

Kak 651 To HM ObLIO, (M3MKa Hayana OCBOOOXAAThCS OT BIUSHUSA ApPUCTOTENs (PaKTHUECKU C
XV-XVII BexkoB — Bpemenu l'amuies, [lackans, Jlexapra, ['toiirenca u HetotoHa. 11 ocHoBarens
Axanemun JlunueeB denepuko Yesnm c¢ ropmaocteio mucan [Mamumnero: «Te, koro nmpumem, HE OyayT
pabamu HM ApUCTOTEINS, HU KakoTo-1100 apyroro ¢uiaocoda, a oMU 6Jaropo1HOro ¥ CBOOOHOTO
o0pasa MBICIIEll B MCCIIEOBAHUH MPUPOIB». BoT kakoit ke BOMN Ctaruput mexay ¢umocodueir n
ecrectBo3HaHueM! Ortronocku 3toro cmopa gouw ¥ a0 XVIII Beka. DTo Xopomo oOBIrpaHO
A. H. Toncteim B Iletpe IlepBom»:

«...Auto, rocnionuH [latkyns, anrmmaane deprapcoH u ['peHc — 3HaTHBIE yueHble?

— Bynyuu B JloHmone, cibixan o Hux. JIroau He CIVIIIKOM 3HATHBIE, cvie He (rIocOodbl,
HO Oornee HayK MPaKTUIECKUX. . .

— Wmenno. Ot G0rociioBus HaC BILM 3a€JU. ..»

Urak, ¢unoco¢us craza CHHOHMMOM OOroCIOBHS M aHTHIIOAOM IpakTuku. Hemamyio poss B
TOM CBITpaJl TOT XK€ ApHCTOTENb, NMOAHSATHIA HA IIMT CPEIHEBEKOBBIMU cXoslacTamH. JIumm B
co3maHHON MapkcoMm u DHrenbcoM (uIoco Uy KpUTEPU MPAKTUKKA MOTYIHIT JocTolHOe MecTo. Ho,
YBBI, apUCTOTENIM3M B OMOJIOTMU 3aHSJI CIUIIKOM IPOYHYK MNO3UIUI0. buonormueckue cucrembl
CIIOKHEE MEXaHUYECKHX, U IPOILIECC HAKOIUIEHHWS HOBBIX JAHHBIX ILET 3/I€Ch C ropas3lio MEHbIUEH
CKOPOCTBIO.

ITosTomy, naxe ceiiuac ApuCTOTENIEBBI MOJOKEHNS O KOHEYHBIX IPUYMHAX UMEIOT yCIeX y psja
ecTecTBoUCIbITaTeNel. Beap Ha HUX HESIBHO OCHOBAaHbI YYEHHUS O HACJIE€AOBaHUU NPUOOPETEHHBIX
MPU3HAKOB, M3HAYAIBHO MPUCIIOCOOUTENBHOM, 11e1IeCO00pa3sHOl H3MEHUYMBOCTH, AaCCUMMIIALMN
YCIIOBUHM BHELHEN cpenpl. M Tak nanee.

B nocnennee Bpems B HaydHOH M B Hay4HO-IONYJISIPHOM JIMTEpaType YCUJIEHHO OOCYXIaeTcs

HE3WHINTEHHOBCKOM MUpE.
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BOIIPOC O TEOPETUUECKOW OMOJIOTHH: MOXHO JIM MPEBPATUTh HAYKY O )KUBOM M3 IpyAbl Kak OyATO Obl
HE CBSI3aHHBIX JIPYT C ApYroM (akToB B CTPOHHOE 3/1aHUE, T/1€ BCE MOJI0KEHUS U (aKThl CBSA3aHBI APYT
C IPYTOM U BCE BBITEKAIOT U3 HETPEIOKHBIX, IPOIMKTOBAHHBIX BCEM YEJIOBEYECKUM OIIBITOM AKCUOM?
MHeHus BBICKa3bIBAIOTCS caMble pa3HooOpasHbie. MHe, Hampumep, JAOBOAMIIOCH —CIIBIIIATH
MECCUMHUCTUYECKUI BBIBOJ, IacAlMUA, YTO B OTJIMYHE OT TEOPETHUECKOW (M3UKH TEOPETUUYECKYIO
OMOJIOTHIO CO3/1aTh NPUHLUMINAIBHO HEBO3MOKHO. OOGOCHOBBIBAETCS 3TOT BBIBOJ JIOBOJIBHO IPOCTO.
Hu 06 snekrpone, HU 00 aTOMe He CKaXKelllb, YTO Ka)K[bli M3 HUX YHUKAJICH, €IMHCTBEHHBIN B CBOEM
pore. A BOT B OMOJIOTHH, YTO HU OOBEKT, TO «HEMOBTOpPUMAas MHIMBUIYATbHOCTB». YHUKAJIbHBIC
KIETKH CJIaraloT YHUKaJIbHbIE OpPraHU3MbI, U3 OPTraHU3MOB COCTOST MONYJISALUU, U3 MOMYIALUNA —
BHUJbI, a CKOJIBKO MX M KaK OHU pa3HOoOpasHbl!.. Bummmo, 310 pasnuuue oObEKTOB OMOIOTUU U
(¢U3MKU ¥ UMeT B BULY

Makc JlenbOprok — ¢u3uK 1 OMOJIOT OJIHOBPEMEHHO, KOorja nucai: «3pesnoro (gusnka, BIepBbie
CTaJIKWBAIOMIETOC S ¢ TpodieMaMy OUOJIOTHH, CTABUT B TYUK TO 0OCTOSITENBCTBO, YTO B OMOJIOTHH HET
«a0COIOTHBIX fABJIEHUM». Kaxknoe sBieHHE NpEACTaBISETCS MHBIM B pPa3HBIX MECTaX U B pa3HOE
BpeMs. JIro0oe KUBOTHOE, pacTeHHUE UM MUKPOOPTaHU3M. .. JHU b OJTHO 3BEHO B ABOJIIOI[MOHHOM 1IeMH
U3MeHsIoImMXcsl (opM, HHU OJJHA U3 KOTOPBIX HE OCTAETCS CKOJIBKO-HUOY/Ib TTOCTOSHHOM.

BonpumHCTBO MCCnenoBaTenei Mpuaep>KUBAIOTCS MHOTO MHEHHUS: TEOPETUUYECKOM OMooruu
elle HeT, HO OHa BO3MOXkKHa. [IpocTO MBI He 3HaeM IMOKa BCEX MPHUHLMIOB (aKCHOM, HCXOJHBIX
MOJIO’KEHUIA ), KOTOpBIE TOJDKHBI JIeKaTh B ee GpyHaaMeHTe. Tak, matemaTuk B. B. HamumoB nomnaraer,
YTO Ha MYTH CO3JaHHUSI TEOPETUYECKOW OHMOJOTMU CTOUT HEOJOJIMMOE CErOJHS MPEMATCTBHE —
Yype3BbluaiiHas CJI0KHOCTh UCCIEeyeMbIX 00BeKkToB. OHa, 3Ta CIOKHOCTh, HE MO3BOJISIET PEJICTABUTD
SBJICHUE, HMEHYEMOE€ >KM3HbIO, KOpOY€, 4YeM J3TO YyOaeTcd clenarb MpU HEMNOCPEACTBEHHOM
HaOmoneHnn. Teopus ke, cunTaeT HaamMmoB, 3TO KOMIIAKTHOE ToOCTpoeHue. JIFOOOIBITHO, YTO 0
MEHBIIEH MEpe OJJHO TAKOE MOCTPOEHUE OH NMPU3HAET — IBOJIIOIMOHHYIO TeopHIo JlapBrHa.

Kak nucan B cBoeil mocieaHeil craTbe HEIaBHO CKOHYABIIMNCA OJUH M3 KPYIMHEH IMX HALMX
renetrkoB H. B. TumodeeB-PecoBckuit TeopeTnueckas 6Moorust He co3faHa MOTOMY, YTO «HET (MJIu
He OBUIO /IO CamMoro IOCJEIHET0 BPEMEHH) OONMX EeCTECTBEHHOMCTOPUYECKUX OMOJOTHYECKH X
NPUHLUIIOB, CPaBHUMBIX C TEMH, KOTOpble naBHO, HaunHas ¢ XVIII B., cymecTByoT B (u3nKe».
[lpaBna, nBa npunuuna Huxomail BrnagumupoBuu Bce ke Has3Bal, 00 OJHOM BBICKAa3aJiCs
MPEANOJIOKUTEIBHO.

[lepBblif M3 Ha3BaHHBIX MM NPUHLMIIOB H3BecTeH Yxke Oosee 100 ner. DTO mapBHHOBCKHIA
€CTECTBEHHBIM 0TOOp. BTOpoii — pa3MHOXeHHE, penMKalus U peAaylIMKalus HaclaeACTBEHHBIX
MOJIEKYy1. B OCHOBY »3TOro mnpuHLMIA Jerna ujaes, OpOo30pJuBO BBICKA3aHHAs yYUTEIEM
Tumo eeBa-Pecockoro H. K. KonbiioBeiM, a 3areM MmoaxBaueHHas U pa3BUTas caMuM Hukomaem
Brnagumuposuuewm, Jlensoprokom, I1. Jlupakom u ApyruMu y4eHBIMH.

Crtpanno, uro TumodeeB-PecoBckuii He HazBal emle OJUH OOIIEOMONOTHYECKUN MPUHIMII,
KOTOpPBI HMMEeT /Ui HAayKu O J>KMBOM HE MeEHbIee 3HAaYeHHWE, YeM eCTECTBEHHBIH OTOOp U
pa3MHOKEHHE HACJIECTBEHHBIX MOJIEKYI. MOXeT ObITh, TOTOMY, YTO OH CaM €ro M Mpeiokusi? 1o
TaK Ha3bIBAEMBIM MPUHIMI YCUIIUTENs (YCHIIEHUS), UMEHHO OH M JeJaeT AAPBUHOBCKYIO 3BOJIIOLIMIO
BO3MOKHOHU.

O06o0 BceM 3TOM HaM MPEACTOUT MOTOBOPUTH MOAPOOHO, a MPUHILIMITY YCUJIeHUs OyIeT oTBe/ieHa
JlaKe 11eJ1ast Ti1aBa. 371ech e s XoTels Obl CKa3aTh BOT 4TO. [la, MPUHIIUIT €CTECTBEHHOTO 0TOOpa OYEHb
Ba)KE€H, HO BPAJ JM €ro MOXHO NpU3HaTh akcuoMoil. OH CKopee CBOEro poja Teopema, KOoTopas
BBIBOJUTCS U3 Oosiee mpocThIX. To e caMoe OTHOCUTCS M K MPUHITUITY KOHBapHaHTHOM (TOYHON He Ha
Bce 100%) penynnukanuu. Ero Taxke MOMXKHO pa3ioXWTh Ha JBa HAyalbHBIX, JE€HUCTBUTEIHHO
MCXOJIHBIX, AaKCHOMAaTUYHBIX.

Teneppr o mpunHimne, o koropom TumodeeB-PecoBckuil BhICKazaics MPENNONIOKHUTEIBHO, a
ToyHee — ompeneneHHo. [lo muenuto Hukonas BnagumupoBuya, eCTeCTBEHHBII OTOOpP JOJKEH
HEMPEMEHHO BECTH K IIPOrPECCUBHON ABOMOLUU. MOKHO TO-Pa3HOMY Pacl€HUTh 3TO BbICKa3bIBaHUE.
3ano/103puTh, K MPUMEPY, ABTOPA CTATbU B TOM, YTO OH BBICTyNaeT NpoTuB JlapBHHA, KOTOPBIM, Kak
M3BECTHO, OTPHLAT MPHUCYIIYI0 OyATO OBl XHBOH MpUpOJE «CmOcOOHOCTh K mporpeccy». «boxe, —
3aKnuHan JlapBuH, — orpaau MeHs OT JJaMapKOBCKUX OECCMBICIIUIL BPOJIE CTPEMIIEHHUS K IPOTPECCY.
Takoe nmomo3peHne 6yneT HeclpaBeIIMBBIM YK€ XOTs Obl IOTOMY, UTO B TOH )K€ CTaThe €CTh U ApYyTHe
CJIOBA: «...HaM, OMOJIOTaM, MPEACTOUT. .. CHOPMYIUPOBATH, YTO TAKOE MPOrPECCUBHAS BOIIOIU D).
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[Ipobnema mnporpecca B JKUBOM HpUPOJE paccMaTpuBajach HAalOMM 3aMeyaTelIbHbIM
IBOJIFOLIMOHUCTOM A. H. CeBeprioBBIM. On pasznnuan nBa pasHbIX nporpecca:
Mopdo pusnosiornyeckuii  u Ouosornueckwii.  [lepBwIi  CBsS3aH  C  YCIIO)KHCHHEM U
YCOBEPUICHCTBOBAHUEM  OpraHu3Ma, 4To Oojiee BCEro OTBEYAeT HAIMM HHTYUTHBHBIM
MpEJICTaBIECHUsIM O Iporpecce — OT aMeObl K 00e3bsiHe, OT 00e3bsSHbl K 4eJoBeKy. buomornueckuit
IIPOTPECC XapaKTepu3yeTcs JIMIb CTENEHbI0 MpolBeTaHus Bujaa. Ecim Buag 10 cUX 1Op
OJaroIeHCTBYET, MPUCIIOCA0INBAETCd K M3MEHEHUSIM BHEIIHUX YCIOBHM, HE CHUIKAET, MO KpaiHeil
Mepe, CBOIO YHCICHHOCTb, 3HAUUT, OH IIEPEKUBACT CTAIUI0 OMOJOTMYECKOTO Iporpecca. A
JOCTHTAETCS 3Ta CTAAWS PA3HBIMH MYTSIMHU: KakK IyreM Mop (o (U3H0IOTHIECKOTO Mporpecca, Tak U
YACTHBIMU TPUCHOCOOJICHUSIMU U Jake MyTeM perpecca, MOHUXKEHUs YpoBHsA opraHusauuu. Ecmu
TumodeeB-PecoBckuii mmMen B BU1y OMOJIOTHYECKHH MPOrpecc, TO OH ObLT COBEPIICHHO MPAaB.

Hakonen, ectb M Takas TOYKa 3peHHUs IO IOBOJAY TEOPETHYECKOW OMOJIOTMHU: 3Ta Hayka
co3/aeTcs y)ke ceroiHs. Tak, B Y4aCTHOCTH, JyMarOT OMOJOTH, (QU3UKH U MAaTEeMAaTUKU, IEPUOTUIECKU
coOuparonmpecs MoJ U0 MeXIyHapoJHOTO COo03a OMOJIOTHYECKMX HAayK Ha CHMITO3UYMBI TIO...
TEOPETUIECKON OMOJIOTHH.

Moe MHEHHE 10 3TOMY MOBO/Y, ObITh MOXET, CaMO€ ONITUMHUCTHYHOE.

Bo-niepBrIX, s YOXKICH, YTO TEOpeTHUYECKass OMONOTHS CO3[aHa Yke Ooyiee JBYX THICSY JIET
Ha3aa, BO BpemeHa Apwuctorens. K coxaneHuto, BeTUKHW (UIIOCO(] TOIOXKUI B OCHOBY CBOCH
TEOPETUYECKOM OMOJIOTMM JIOKHBI MPHUHLMI 3HTENeXuH, Oyaymeld nmpuunHel. Henb3s ckazaTh, 4ToO
3TOT MPUHLMI TOTAA HUYEro He 00bAcHs1. Hao0opoT, OH OOBSICHSIT Yepecuyp MHOIO€, paKTUUYECKH
BCE, MOCKOJIbKY IO CYTH CBOEH 3TO 0OBSCHEHHE MaJIO, YEM OTIMYAIOCh OT OaHAIBHOTO: TaK COTBOPUII
oor...

Bo-BTOpBIX, s AyMaio, 9TO BCE MPHUHIIMIBI, BCE aKCHOMBI, KOTOPBIE HYXHBI Ul ITOCTPOCHUS
TeopeTUYeckoil Onosoruu, B cBoe BpeMs yxke Oblin chopMynrupoBaHbl. JKaaTh MosBIECHUS HOBBIX HET
HUKAaKAX OCHOBAHHH.

Kaxue xe akcuoMbl cieayeT MOJIOKUTh B OCHOBY TeOpeTHYecko Omonoruu? SIcHo, 4TO OHU
JOJKHBI TIPEK/IE BCETO YAOBIETBOPATH TPEOOBaHUIO 04eBUIHOCTH. M X JOMKHO OBITH HEOOX0IMMOE
U JIOCTAaTOYHOE 4YHCIIO; KaK TOBOPAT MaTeMaTHKH, CHUCTEMa aKCHOM [OJDKHA OBITh TOJHOH U
HE3aBUCUMOM.

OTa kHUTa He Yy4eOHUK, HE aKCHOMATHU3UpPOBaHHAs OWOJOTHS, a IWIIb MPEATOKEHUE K
pasMblIUIeHHIO. S He cTapasics 3arpy3uTh ee ¢akramu. Llens ee B Jpyrom — rmokasaTh, KaKUM 00pazoM
MO’KHO BBIOpaTh M3 MHOTHX MOJIOKEHUH OCHOBHBIE, UCXO/HbIE. BbIOOp X 000CHOBBIBaeTCs (hakTamu
U JIOBOJAMH, JUIsI TOCTHIKEHHS KOTOPBIX BIIOJHE JOCTATOYHO MIKOJIBHOM MporpamMMmbl OWOJOTHH,
XUMHUH U pu3nku. HackoJabpko 3TO MHE ylanoch, MPeIoCTaBIIsIO CYIUTh YUTATEIIO.

Ho mpexne uem Mbl mepeijieM K pPacCMOTPEHHUIO aKCHOM YKH3HM, HAJ0 BCE-TaKu 3apaHee
YCIIOBUTBCSI O TOM, YTO MBI IIPEACTABISEM MO/ TUM MOHSATHEM — «GKU3HBY». Kak HU cTpaHHO, MOJIHOTO
eIMHOINIacusl B JTOH mpoOieMe HeT. A BeOb HENb3s aKCHOMAaTHU3MpPOBATh HAyKy O KHBOM, HE
JIOTOBOPHUBILMCH O TOM, YTO K€ BCE-TaKU Mbl UMEEM B BULY.

YTo Takoe XU3Hb?

OIuH OCTpPOYMHBIH YEIOBEK 3aMETHJ, YTO XOTS Mbl MOXXEM 3aTPyAHHUTBHCS JaTb TOYHOE
OIPEIEIICHNE KU3HH, OTHAKO HUKTO U3 HAC HE COMHEBAETCS B PEAIBHOCTH Pa3IN4Msl MEXAY )KUBBIM U
HEXHUBBIM, IOTOMY YTO 32 )KHBYIO U 33 MEPTBYIO JIOIIAJb HA PHIHKE JAIOT PA3HYIO LIEHY.

JleficTBUTENbHO, MHTYUTUBHO MBI BCE€ IOHUMAEM, YTO ECTh )KUBOE U YTO — MEPTBOE, & BOT TOYHO
chopMynupoBaTh pasiuyue OOBIYHO 3aTpygHsieMcs. MHe HW3BECTHO MHOTO IIOMBITOK JaTh
e QMHUIMIO, ONpeNesiCHUE IMOHSATHUS (CKU3HBb», HO, KaK MPaBUJIO, OHU OKA3bIBAIOTCS YSI3BUMBIMHU.
[Topoii aBTOpHI BOOOIE OTKA3BIBAIOTCS OT OINpeieNeHus, moaAMeHssl ero TaBTojorueil. He mory He
IIPOLIMTUPOBATh OJHO U3 ONpeAeIeHU, npucianHoe MHe u3 Jlonenka: «0KuBoil opranusM — 310 Telo,
cllaraeMoe M3 JKUBBIX OOBEKTOB; HEKMBOE TEJIO — CllaraéMoe M3 HEXHUBBIX 00beKTOB». M Bce.
[Togymaiite, kak nmpocto! Ho cTana i HaMm OT 3TOr0 MOHATHEE CYIHOCTh JKU3HU ?

bonbIMHCTBY uuTaTENECl, BEPOSTHO, M3BECTHO KIACCUYECKOE OINPENCICHUE JKU3HHU, JaHHOE
OnrenscoMm: «OKHM3HB — 3TO CIMOCOO CyIIECTBOBAHUS OEIKOBBIX TEJN, CYIIECTBEHHBIM MOMEHTOM
KOTOPOT'O SIBJISIETCSI MTOCTOSHHBINA OOMEH BEILECTB C OKpY)KaloIleld MX BHEIHEH MpHUpOAOH, MpUUYeM ¢
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MpeKpalieHueM 3TOro oOMeHa BEUIECTB IMpEeKpal@eTcs U >KU3Hb, YTO MPUBOJUT K Pa3I0KEHHUIO
OemKay.

Vxe B 3TON MIaBe MbI BCTPETUM YOEIUTENbHBIE MPUMEPHI CIPABEUIMBOCTH OIPEICICHUS
Dnrensca. OgHako goctaTouHo Ju oHo? Cam DHrenbe Tak He nyman. s Hero oOMeH BEIIeCTB —
JUIIH CYIIECTBEHHBIH, HO HE €IUHCTBEHHBIA KpUTEpH >KU3HU. J[eICTBUTEIBHO, MBI YOSTUMCS, UTO
0OMEH BEILECTB MOXET OBbITh IPHUCYILl U HEXKUBBIM OOBEKTAM.

[IpencraBuM OMBIT, KOTOPBIA HETPYAHO OCYLIECTBUTH. MBI MMeeM JBa HEMPO3pPayHBIX S KA,
KOTOpBIE HENMPEepPhIBHO BEeHTUNUPYIOTCS. [lo00OHBIE YCTpOICTBA, B KOTOPHIX KOHTPOJHMPYETCS JIHIIIb
BXOJl W BBIXOJ, a COJAEpKAHWE WX HEU3BECTHO, KMOCPHETHKM KaK pa3 W HA3bIBAIOT <«HUEPHBIMHU
AIMKaMU ». AHAJINU3 BBIXOASIIETO U3 SIIMKOB BO3/1yXa MOKA3bIBAET, YTO B 00OMX CIy4assX Mbl UMEEM
Ha BBIXOJE Je PUITUT KUCITOPO/ia, MOBBIIICHHYIO KOHIICHTPALMIO YITIEKUCIIOTO ra3a U BOASHBIX IMapOB.
N3mepenue TemmepaTypbl MOKaKET, YTO HAa BBIXOAE BO3AYyX TemJjee, yeM Ha BXojae. MBI BIpaBe
3aKIIYUTh, YTO B KaXJIOM SIMKE COJIEPKUTCA CHUCTEMa, CIOCOOHass K OOMEHY BEILEeCTB C
OKpYXKaloIe cpenoil. Eciu Mbl BCKpOEM SIIM KA, TO OOHAPYKUM B OJHOW M3 HUX JKUBYIO MBIIIb, 4 B

JpYroM — TOPSLIYIO cseqyz. Kputepuii oOMeHa BelecTB 37ech HE CpabaThIBAaeT, HE IO3BOJISA
OTJIMYUTH KMBOE OT HEXKHUBOTO, MPOIIECC TOPEHUsI OT Iporecca JIbIXaHus. Eciyu Mbl iepekpoeM KpaH
MOCTYIVIEHUSI BO3/yXa, MbIIb Morubaer. OIHAKO M MEpPTBbIE OpPraHW3Mbl MOTYT OOMEHHUBATHCS
BEIIIECTBAMHU C OKpyXaroImei cpemoit. Ha 3TomM, B 4acTHOCTH, OCHOBaH IMpoIecc OOpa3oBaHUS
okameHenocTel. OCTaTKu JKUBOTHBIX U PACTEHUH B CJIO€ TOPHOM MOPOJIbI OTAAIOT OKP KA IIIEH cpejie
OpraHHUKY €€ MECTO 3aHMMaloT MUHepaibl. OCOOEHHO YIMBUTENbHBI OKAMEHEBIIME JIEPEBhSI — BHEIIHE
OHM [0 MEJbUallllMX JETAJEH COXPaHSIOT CTPYKTYPY APEBECHHBI, OJHAKO OHA MUJUIMOHBI JIET Ha3al
3aMEeCTHJIaCh KPEMHE3EMOM M OKHCJIaMHU JKene3a.

Kakoli BBIBOg MOXHO ciaenaTh u3 3Toro? OOMeH BellecTB — HeO0O0XO0AUMbIH, HO
HEI0CTATOYHBIN KpUTEePUH KU3HU. Ero Hy)KHO TOIIOJHUTH KAKUM-TO UHBIM KPUTEPHUEM.

MoskHO chopMyITHpPOBaTh OMpPEACICHUE )XKU3HH CICAYIOMEeH (pa3oii: :KU3Hb — 3TO AKTHBHOE,
Haylee ¢ 3aTpaToH dHEePruy NMoAdep:KaHue U BOCIPOU3BeJeHHue crneuud nyeckon CTpyKTypbl.

Yem Kopoue ompezeseHue, TeM 0oJblIe OHO HYKAaeTcs B pacim ¢ppoBke. UTo Takoe aKTUBHOE
BocnpousBenenue? Ilog 3TUM clIOBOCOYETaHMEM MBI JOJKHBI MOHMMATh TaKOM MpPOIECcC, KOoraa
CHUCTeMa caMa BOCIPOHM3BOAMT cedsl U MOJAECPKUBAET CBOIO ILIEIOCTHOCTb, MCHOJB3YS Ui 3TOTO
AJIEMEHTHI OKPYXKaloIiel cpelbl ¢ 0oJiee HU3KOW YIIOPSI0UYEHHOCTHIO. [[acCHBHBIN MPOIECC TAKOTO
poJia OTHIOJb HE MpPHU3HAK KU3HU. [ITUIBI U3 Toa B roj] BOCIPOU3BOAST CBOM THe3/1a, 000pBI CTPOSAT
MJOTHHBI, HO HU THE3[a, HU TJIOTHHBI HENb3sl CUUTATh KUBBIMH OOBEKTAMH B OTIMYHE OT HX
ctpouteneii. OCOOCHHO XapakTepHO BOCIHPOW3BEACHHE HEKUBBIX OOBEKTOB [UIS JICATCIEHOCTH
yenoBeka. CpeTHEeBEKOBBIN MEPEUCYNK KHUT, CO3aBaBIIMK HOBBIA (DOJTMAHT B3aMEH MCTPEMaHHOTO,
U COBPEMEHHBIN JIIOOMTENh MY3bIKU, MEPENUCHIBAIONIMI MAarHUTO(GOHHYIO 3alIUCh, — XOPOIIME TOMY
npuMepbl. Ho yenoBek kyna ciiokHee KHUIW WM MarHUTO(oHHOM 3anucu. Kak-To aBTOpy 10BE/IOCH
yuTaTh (PAHTACTUUYECKHI paccka3 O TOM, KaK B JajiekoM OynyieM Boccosnanu xuBoro IlymkunHa mo
uH(opMaIuy 3aKII0YEHHON B ITOJHOM COOpaHHUU €ro COYMHEHUN. BOT y)X 3TO COBEpIIEHHO HEHay4dHasI
(daHTacTHKa C OOJNBIIMM YCIEXOM MOXHO IOIBITAThCSI BOCCO3/1aTh SIOJIOHIO MO KYCOUKY s0J0YHOMN
nacTuibl. B nanbHelieM Mbl elie BepHeMcs K 3T0i mpobiieme.

Ilouemy B HameMm ONpPENEIEHUM MOMYEPKUBAETCSA TO, YTO MOJACPKAHUE M BOCIPOU3BEACHHE
CTPYKTYpBl KMBOTO OpTaHW3Ma JOJDKHO UATH ¢ 3arpaToi »Hepruu? IloTomMy 4TO 3TO MO3BOJISIET
pa3InyaTh JKUBBIE CYLIECTBA OT APYTMX CAMOBOCIIPOM3BOJAIMXCA CTPYKTYP, HAalpUMEpP KpPUCTAIIOB.

Eme Benuxuii ¢paniysckuii Harypanuct brogdon B XVIII Beke mpoBoausI aHAIOTHH MEXIY
POCTOM OpPraHU3MOB M POCTOM KPHUCTAUIOB. [[€HCTBHUTENBHO, KAKIOMY KPHCTAJLTy MPHUCYILA CBOS
cnenu@uyeckas CTpyKTypa, BOSHHKAIOIIAS CIIOHTAHHO. TakK, XJIOPUCTHIN HATPHUil KPUCTAIIU3YETCs B
BHJIE KyOa, yriuepon B (opme anmasza — B BHjae okradapa. CKOIJIEHHS, CPOCTKA KPUCTAIJIOB TOPOH
YOUBUTEIBHO TMOX0XKHU Ha CTPYKTYpPHI KMBOIM mpupoabl. BcmomHuTe XOTS OBl MOPO3HBIE Y30pBI Ha
OKOHHBIX cTeknax. OHM MHOIJAa HACTOJBKO OBIBAIOT MOXOXKM Ha JIMCThS MAOPOTHUKOB M HMHBIX

2 [epBbiM monOOHBIN omMBIT mponenan A. JlaBya3be, TOMECTUBIIUII B MPUMUTUBHBIA KAaJOPUMETp, OXJIAX JaBLIUKACS
IbJ0OM, MOPCKYIO CBHHKYy. M3MepuB KONHMUECTBO OTTasBIIEH BOIbI, OH COMOCTABUI €r0 C KOJWYECTBOM KHCIIOPOJA,
HNOTPeONICHHOTO CBUHKOM, U MPUILIEN K BBIBOY: XKHU3Hb — 3TO MEJIEHHOE FOPEHue.
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JTUKOBUHHBIX pAaCTEHHH, YTO M3BECTHBIA Omosior A. A. JItoOuIIEeB BUIET B ATOM KaKOW-TO T1yOOKHt
cMBICT. MOXXHO MOJY4UTh M TPEXMEPHYIO CTPYKTYPY, CXOIHYIO C pacTeHusiMU (Ha cedl pa3 mpu
pacTBOPEHUH KPUCTAIIOB). B IeTCTBE 5 yBIIeKaJICS MOJOOHBIMU OMBITaMU. Hy)KHO B3Th KPHCTAJUTHKH
KaKoW— JTMOO IIBETHOM COJIM — MEJHOTO Kylmopoca, OMxpomara KaJius — ¥ 3IHTh UX KUJKAM CTEKIOM
(cunmukaTHBIM KeeM). Uepe3 HECKOJIbKO MHEW HaJl KaKIbIM KPUCTAJUIMKOM BBIPACTACT BETBSIIASCS
CTPYKTYpa, YIUBUTEIBHO TIOXOXKasi Ha pacTeHHE, a B II€JIOM TOJy4aeTcs TeH3aK KaKoil-TO
(haHTaCTUYECKOHN TIJIaHETHI.

Puc. 1. Moposusie y30pvl Ha OKHAX NOPOU MAK HANOMUHAIOM JTUCMbS NANOPOMHUKOE U UHBLX
OukosunHvlX pacmenutl, ymo A. A. Jlrobuwes euoen 6 smom Kakoti-mo 2nyboxuu obweduonoeuyeckuil
cmuicn. [eno, oonaxo, 2opazoo npowe. Kpucmannei, obpasyiowuecs uz 6005aHbIX napos, pacmym c
NOGEPXHOCMU U NOMOMY 00pazyiom cmpykmypy ¢ Hauboavuwel nogepxrHocmuio. Jlucmos
NANOPOMHUKA ~ UMEIOM  HAUOOIbUYI0 NOBEPXHOCMb Ol NO2IOWEHU  CONTHeYHo20 ceema U
yenekuciomsl. B nepsom ciyuae npu 0obpazosanuu cmpyKkmypuvl dHepeus 8blOeAencs, 60 6MOPOM —
noanowaemcsi.

Kak-To MHE 0BeNIOCh BUJIETh U TPEXMEPHBIE MOPO3HbIE y30phl. Ha CkIoOHE KaMuyaTCKOM CONKU
3eMJIS € JIETKUM XpYCTOM IIpocesiasia 1Moj HoraMu Ha OJIMH -iBa CAHTUMETpa.

Okazanoch, 4TO TOHKMM MOBEPXHOCTHBIM CIIOM MOUYBBI OBLI MOAHAT HU3AMMHBIMHU JEITHBIMU
BETOYKaMH, TOpPUYAIMMHU I'yCTO, KaK IIETUHKU Ha 3yOHOU meTke. Hu 10, HU mocie MHe He MPULUIOCh
BUJIETh TAKOM 3aHATHON KPUCTAJUIM3ALUU BOJSHBIX [1apOB, XOTS MULIYT, YTO B Topax Takol (peHOMEH
HE CTOJIb YK PEAOK.

Jaxe Metamsl 00pa3yloT mo00HbBIE CTPYKTYPBl METaJUTypTaM: BCETO MHpa XOPOIIO W3BECTHA
TaKk Ha3biBaemas «einka YepHoBa» — APEBOBUIHBIM CPOCTOK KPHUCTAJUIOB JKEJie3a, BBIPOCIIMN B
PaKOBUHE OTJIMBKU.

U Tem He MeHee aHaJIoTMU MEXy KPUCTAJLIAaMU M OPTaHU3MaMU, MEX1y MOPO3HBIMH Y30pamMu U
JUCThSAMHM TNaloOpOTHUKA HENpPaBOMEPHBbI. XOTS 3TU CTPYKTYpbl BHEIIHE CXOJHBI, IPOLECCHl MX
BO3HMKHOBEHHSI DJHEPIeTUYECKH JHMAMETPAIbHO IPOTHBONONIOKHBI. Kpucramn — cucrema c
MHUHHMMYMOM CBOOOHOM 3Hepruu. Hemapom npu kpuctaiinzanuu Beiaensercs temio. Hapumep, npu
BO3HMKHOBEHHM OJHOIO KUJIOTpaMMa «MOPO3HBIX Y30pOB» JIOJDKHO BBIAEIUTBCS 619 kuiokamopuit
teruta (539 npu KOHJEHcalMu BOJSHBIX mapoB U 80 mpu mepexone B TBepayio (a3zy). CToIbko xke
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SHEPrUU HY)KHO 3aTPAaTUTh Ha pa3pylIeHHUE 3TOH CTPYKTYphl. JIMcThi manmopoTHUKa, HAOOOPOT, MpHU
CBOEM BO3HHUKHOBEHHHU IOMIOMAIOT SHEPIUI0 COJIHEUHBIX JIy4eW, W, paspylias 3Ty CTPYKTYpPY, Mbl
MOXXEM TMOJIydUTh OHHEpruro oOpatHo. Jla 3TO MBI W JenaeM, CXKuras KaMEHHBIM yrojb,
00pa3oBaBIMIACS U3 OCTATKOB TUTAHTCKUX MAITOPOTHUKOB TaJIC030MCKOM 3phl. J{emo 31ech He B caMoM
JMCTOOOPa3HOM pUCyHKe: Oec(hOpMEHHBIN KyCOK JIbJ]a TOH k€ Macchl MOTpedyeT Ha pacillaBJIeHHE U
UCIIapEHUE CTOJIBKO K€ PHEpruu. To ke M ¢ MarnopoTHUKOM: Ha 00pa3oBaHHE BHEIHEW CII0KHOCTH
OpraHu3Ma pacxoJyeTcsl FJHEprHs, HUYTOXKHO Majasi 10 CPaBHEHUIO C TOW, YTO 3aKOHCEPBUPOBAHA B
OpraHuKe.

A kak jxe BHemmHee cxoacTBO? W nHMCThS NanoOpoTHUKA, M MOPO3HBIE Y30pbl 00Ja4at0T
MaKCHUMAaJIbHOH IIOIIAIbI0 MTOBEPXHOCTH MPHU JaHHOM oObeme. [l manopoTHUKA (U JIF0O0TO ApYyroro
pacTeHmsi) 3TO HEOOXOAMMO, W00 [bIXaHWE M ACCHMIJISIHS YIJIGKUCIOTO Ta3a HJET 4epes
IMOBCPXHOCThb JIMCTHEB. B Tex cilydadX, KOoraa HYXHO CHHU3HUTL pPacxoJbl BOJbl Ha HCIIAPCHUC,
pacTeHHs, HampuMep KakTychl, oOperaloT ImapoolOpasHyio (opMy ¢ MHUHUMAIBHOW MJIOLIAABIO
MMOBCPXHOCTH. Ho nnatuts 3a 910 HYKHO CHHUKCHHUCM TCMITOB AaCCUMUJIAIIUU o2 U COOTBCTCTBCHHO
3aMeJIEHUEM POCTa.

BonsHbie mappl, KpUCTAUIM3YysICh Ha XOJOJHOM CTEKIe, Takke O00pa3yloT CTPYKTYpy ¢
MaKCUMAJIBHOM IMOBEPXHOCTHIO, TOTOMY YTO CKOPOCTh HOTEPU CBOOOTHOW HHEPrUU IMPH ITOM
MakcHuMallbHa (KpPHUCTAJUIBl PAacTyT C MOBEPXHOCTH). Tak 4YTO aHAJIOTUH MEXAy KpucTallaMd U
JKUBBIMU OpraHM3MaMy HE MMEIOT, KaK 3TO MPHUHATO ceiiyac rOBOPUTH, S3BPUCTUUECKOTO 3HAYEHUS.
KuakocTh, BBIMJIECHYTasi U3 COCYJa B YCJIOBHSIX HEBECOMOCTH, MpuobdperaeT GopMmy OMIUIMApAHOTO
mapa (MUHUMYM SHEpPIUU MOBEPXHOCTHOIO HaTshkeHus). Ho mexay urpoit B Omimuapa U mojeTamu B
KOCMOC CTOJIBKO k€ OOIIeT0, CKOJBKO MEXIY KPUCTAITHU3AUeH U POCTOM )KMBOTO OpPTraHN3Ma.

W3 sToro He cieayeT, 4YTo KpHCTALTHYecKhue (HOpMBI UyXIbl KH3HH. BOT Xopoumii mpumep.
MHorum wu3BecTHbI 0€300UIHBIE KPYMHbIE KOMAphI-JOJITOHOKKM C JUIMHHBIMH  JIOMKHMH
KOHEUHOCTAMH. MX JIHYNHKHA O6I/ITaIOT BO BJIAJKHOM TIPYHTC, MNUTAACh MNCPCrHUBAOIIMMHA
pacTuTeNbHBIMUA OcTaTkaMu. Cper HUX MOXKHO BCTPETHTH OCOOEH, OKpalleHHBIX B TOJIYOOH IBET ¢
panyxHbIM OTIMBOM. OHHM KaXyTCs BSUIBIMM, MU OHHM JCUCTBUTENBHO OOJBHBI — 3apakeHbl Tak
Ha3bIBAEMBIM PAAYyKHBIM BHUpycoM. B remonmumde TakuxX JIHYMHOK TOA MHKPOCKOIIOM MOXHO
OOHapY)KUTh KPUCTAJLJIbl YAUBUTEIBLHOM KpacoThl, NepenBaroumecs, kak cangupsl. Kpucramisl s
CJIOKEHBI M3 YacTUIl BUpYyca — BUPHOHOB. Korjga nuunHKa moruOHET, OHU MOMaayT B MOYBY, YTOOBI
6I>ITI> MMPOTIIOYCHHBIMHA JINYNHKAMHU HOBOI'O ITOKOJICHUA KOMApPOB.

Takue kpucramipl oOpa3yl0oT MHOIME BHUPYCHl, U HE TOJBKO BHUpYChl HacekomblX. Ho 3TO
HeakTHBHas ¢opMa CYIIECTBOBAaHUS BUpyca, B ¢GopMe KpUCTala OH HE Pa3MHOXKAeTCs, a JIHIIb
MCPCIKUBACT HCGJI&FOHPH}ITHBIG YCJIOBHA.

NzBectrbiil ¢usuk D. [peauHrep Kak-TO Ha3BaJI XPOMOCOMY «all€PUOIMUYECKUM KPUCTAIIIIOM».
JeiicTBUTENBHO, SIEPHOE BEUIECTBO KIETKU B MEPHOJI ICICHHS YIIOPII0UYeHO, (JOPMaIbHO €T0 MOXKHO
Ha3BaTh KPUCTAIIOM, KaK MOKHO Ha3BaTh KHUTY KPUCTAIUIOM U3 cTpaHull. Ho BO BpeMs «ymakoBKu» B
XpOMOCOMY SIZIEpPHOE BEIIECTBO (XpOMATHH) HEAKTUBHO, M cCaMa XpOMOCOMa — JIMIIb CIIOCO0 mepenadn
XpOMATHHA OT KJIETKU K KIIETKE.

Kopoue, ynopsno4eHHOCTb CTPYKTYphl KPUCTANIOB — YIOPSA0YEHHOCTDb KI1aJ0MIIa, CHCTEMBI C
MUHUMYMOM CBOOOJHOW DSHEpruu. YIHOPANOYEHHOCTh CTPYKTYpbl OpraHu3Ma B  Iporecce
JKU3ZHENIEATENIFHOCTH — 3TO YIMOPSAOYCHHOCTh aBTOMOOUIIBHOTO KOHBeHepa. /s ee moaaep:kanus u
BOCIIPOU3BE/ICHUS B CJIEAYIOIEM MOKOJEHUH OPTraHU3M JIOJKEH MOMION@ATH YHEPrUi0 B BUJIE KBAaHTOB
CBETa WJIM HEOKHCIIEHHBIX OPTaHMYECKU X COETMHEHHH, MMPOCThIE BEIIECTBA, M BBIJIEISTh OKHCIEHHbIE
MPOAYKTHI ) KU3HCACATCIBHOCTH. ITO U ecTh 06M€H BCHICCTB, OH HC ABJIACTCA CaMOILICIIbIO.

«Bce Teuery, — ckazan ['epaxmut Ddecckuit (3TOT BceM M3BECTHBIN adopu3M JOIIEN 10 Hac,
mpaBJa co CJIOB APYruX, Tak kKak cam ['epaxiut, kak Cokpar, mpeanounTai u3jiaraTh CBOU B3MIAIbI B
6ecenax). OcoOEHHO ATO OTHOCHUTCA K )KMBOMY OopraHuzMy. OH — MOTOK, IO KOTOPOMY HEIPEPBIBHO
JBUKYTCSl SHEPTUS U BEIECTBA — 3JE€MEHTHI JUIsl BOCCO3JAaHUs CTpYKTYp. He Tak naBHO ele yueHble
MoJiarajy, 4To, JOCTUTHYB B3pPOCIOTO COCTOSIHHS, OPraHHU3Mbl NMPUTOPMAXKHBAIOT CUHTE3 OEJIKOB U
JIPYTUX OPTAaHMYECKHX COCITUHEHUH, OrpaHUYUBAsICh «PEMOHTHBIMHY» PabOTaMM (3a)KHBJICHHE DaH,
CMCHA JIIUTCIINA KOKH U T. }1.).

IlepBbie ke ONBITHI C U30TOMMHBIMA METKaMHU IOKa3ajiv, 4TO 3TO HEBepHO. Ha nmpoTsukeHun Beei
JKU3HH HJIET HEMpEephIBHAS 3aMEHa CTapbIX KIETOYHBIX CTPYKTYp Ha BHOBH oOpasyroumecs. Tak,
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KICTKM KPOBH IIOJHOCTBIO 3aMEHSIOTCS 4Yepe3 YeThlpe Mecalna. B KOHEYHOM cdere, 3TO TOXKe
pPEMOHTHBIE Pa0OThI, HO OPraHU3M 3aMEHSeT HE TOJBKO KIETKU, MoJyduBlIme e(exTsl, a Bce. Tak,
IpH PEMOHTE CaMoOJIeTa 3aMEHSIOT JIBHTAaTelb, OTPaOOTaBIMK CBOI pecypc, XOTs Obl OH paboTan
Oe3ynpeuno. Kazanoch Obl, BCIO )KM3Hb JIOJKHA CIY)KUTh Y€JIOBEKY KOCTHas TKaHb. OJHAKO KOrja B
NPAKTUKY MEIUIMHBI BOILICJ AHTHOMOTUK TETPALMKIMH, BpPAaud CTOJKHYIUCh C YIAMBUTEIBHBIM
(akxrom.

TeTpanukIMH OTYACTH HakamMBaeTcad B KocTAX. Crenpl JeueHUs UM MOXXKHO OOHapyXHTh Ha
KOCTHOM UMM (e B BHAe (uryopecuupyromero cios. Oka3aaoch, 4TO MPUMEPHO Yepe3 TPU rojia 1mocie
JICYEHUs] AHTUOMOTUKOM OH OOHAapy)KHMBAaeTcsi B KPOBHM B OYEHb BBICOKOW KOHIEHTpaluu (4TO
IPUBOJUT MOPOI K HEXENaTeJbHbIM MOO0YHBIM 3ddekram). OTKyaa ke B3sUICS TETPALUKINH, Beab
00JIbHOI 32 TP T0Jla MOT U 3a0bITh, YTO KOTZIA-TO €ro MpUHUMAN?

OH BepHYJICS B KPOBb U3 CTapOil KOCTHOM TKaHM, KOTOpasi paccachblBAaeTCs U 3aMEHSIETCSI HOBOM.

I'oBOpAT, 4TO HEpBHBIE KIETKM HE BOCCTAHABIMBAIOTCS, HE PAa3MHOXarTCsA. B mpuHuune 3to
TaK, HO Ha IPOTSHKEHUN BCEH KU3HU OHU HEIPEPBIBHO MEPECTPAUBAIOTCA. Tak M UEIOBEK MOXKET BCIO
KHU3Hb MPOXKUTHh B OJIHOM JIOME, HO 32 3TO BpeMS MHOTIOKPAaTHO MU3MEHUTh B HEM OOCTaHOBKY. MbI
JTUIb (GOPMATBHO MOKEM CUMTATh HEHPOHBI, C KOTOPBIMH MBI 3aKaHUMBAEM JKU3Hb, TEMH K€ CaMbIMU
KJIETKaMH, C KOTOPBIMH MBI €€ HadaH.

B koHume Hamero omnpeaeneHHUs JKU3HM ObUIO CIIOBO «crenuduueckas». YTo Takoe
cnenuduyeckass ctpykrypa? M3 mokojeHUs B MOKOJEHHE OPTaHU3Mbl BOCIIPOU3BOJAT XapaKTEPH YO
JUIsL BUJOB, K KOTOPbIM OHM IPUHAJUIEkKAT, YIOPSAOYEHHOCTb. JlemaeTcst 3To ¢ mouTu aOCOIOTHOU
TOYHOCTBIO (ITOAYEPKUBAIO CIIOBO (IOYTH» OHO KpaiiHe Ba)KHO, M MbI K HEMY €Ille BEpHEMCH).

O. Hlpenunrep B kHuUre «4YTo Takoe *XH3Hb C TOouku 3peHus ¢usuka?» (1944) Beickaszan
MPEANOIOKEHUE, YTO OPTaHU3MBbl «M3BJICKAIOT YHIOPSAAOYEHHOCTh W3 OKpYXKAloIled Cpenbl», OHU
MUTAKOTCS Yy)KUM MOPSIKOM. YBBI, J€JI0 0OCTOUT Aaneko He Tak mpocto. lllpenunrep Beipasuics He
COBCEM TOYHO.

Bor npumep: Boik cbenaer 3aiina. EMy He HyXHBI HM OpraHbl 3aillla, HU €ro TKaHH, HU €ro
OelNKM M HYKIEHHOBBIE KHCIOTBI BCE TO, YTO CHEUU(UUHO OIS CTPYKTYPBl <Gasly, «3asubs
YIOPSIIOUEHHOCTh». Bce 3TO B JKelMyAke W KUIIEYHUKE BOJKA NPEBPATUTCI B  CMECh
HU3KOMOJIEKYJISIPHBIX OPraHUYECKUX BEIIECTB — aMUHOKHUCIOT, YIJIEBOJIOB, HYKIEOTHUIOB, U T. [.,
o0IM X /TSl BCeM >KUBOW MPUPOJIBI, Hecneyuguunvix . YacTb U3 HUX OPraHU3M BOJIKA OKHCIUT 10
YIJIEKUCIIOTO Ta3a M BOJABI A TOTO, YTO ObI, pacXoays MOJyYeHHYIO JHEPrHi0, MOCTPOUTH W3
OCTaBUIMXCSl HECTEeNU(PUUHBIX BEIIECTB CBOIO, CHEHU(PUIHBIM 00pa3oM YIOPSIOYEHHYIO CTPYKTYPY
(BOJK» — CBOM Oenkd, CBOM KIETKM M TKaHU. HakopMmuTe BOJIKA CMEChIO aMHHOKHUCIOT,
CHHTE3MPOBAHHBIX XUMUKOM, U OYyZIET TO K€ camoe.

Iloxaiyll, MOXHO IPHUBECTH JHIb OJUH INPHUMEP, KOIZA OPTAaHMU3M (IIMTACTCA YYKUM
nopsakoM». HekoTopsle peCHUYHbBIE YEPBU IUIAHAPUM JKUBYT HA KOJIOHUAX KU IICYHOIOJIOCTHBIX —
TUPOHIHBIX IOJUIIOB, 00beast MX. Y MOJMIIOB UMEETCSl XOpOIas 3almTa, Ipasaa He 3 hpeKTHBHAs
NpPOTUB T[UJIAHAPUHM, — CTpekaTenabHble KiIeTkd. C JeHCTBHEM MX XOpPOUIO 3HAKOMBI JIHOJIH,
oOXMraBImMecs  IMynaabllaM M YEpHOMOPCKOW  Meoy3bl  KopHepora. lopa3mo  omacHee
JTAJIbHEBOCTOUHAsl MaJleHbKas MeNYy3a-KpPEeCTOBHUYOK, OXOT KOTOPOH MOJKET NMPUBECTH K TSKEIOMY
3a00JIEBaHNI0, @ TO W K CMEPTH, €CIM IOJA PYKOM He OKaXeTcs AMMEApoja WM CyNpacTHUHA.
Oxka3pIBaeTCs, NPOIVIOUEHHBIE YEPBEM CTPEKaTEJbHbIE KIETKA IIOJIMIIOB HE IEPEBApUBAIOTCA, a
MUTPUPYIOT B IMOKPOBBI T€JIa, IJI€ BBHINOIHSIOT Ty K€ 3allMTHYIO (YHKIIMIO, UTO U Yy X035eB. X Tak u
Ha3bIBAIOT: KIENITOKHU/BI — YKPAJCHHBIE CTPEKATEIbHBIE KICTKH.
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Puc 2. Cmpexamenvhvle kiemku KuwieyHonoiocmuuvlx (1) — mowmoe opyoicue, y HeKOmMOpPwvIX
81006 onacHoe u 015 uwenogexka: Eciu epae unu 0obviua 3amponem wyscmeumenbHulll 80J10COK (3) —
CNYCKOB0U KPIOYOK KIEeMKU, U3 Kancyavl (2) ¢ Cuiou 6blCMpenru8aemcs CmpeKameibHas HUmb,
nokpvimas sioom. Tak evleopauusaemcs naiey nepyamru. ¥ 0CHOBAHUA HUMU UMEIOMCS KPIOUbS, KAK )
eapnyna. Takumu Kiemxamu G0oopydceHa u Hauia o006biuHas npecnooonas 2udpa (II) Oonako
MANEeHbKULL CMeKI108UOHONPO3PadHblll Yepsb mezocmoma Openbepea (II) cnokoiino noedaem 2udp,
npuyem Kiemku y HUX He blCMpPenuearon C80u HUmu, a MUSpupyiom u3 KUMEeYHUKA 6 NOKPOBbl Yepes,
20e BbINOIHAIOM C8OK (DYHKYUI — OXPAHAIOM HOB020 XO35AUHA. DMo 4ymb U He eOUHCHBEHHbIl
cayuat, Ko20a 00UH OPeaHu3M UCNObL3Yem YaACmb CMPYKMYpul OPY202o.

MoxHO nodaHTa3upoBaTh O KU3HM Ha KAKOW-HUOYIb IJaHeTe, TA€ MOJOOHBIM MPUHIIMII
pacnpoctpanen nmpoko. Ho Ha 3emsie mosoxkeHue oOparHoe. 3eMHBIE OpPraHU3Mbl B YYKOU
YHOPAZOUYEHHOCTH HE HY)KJAIOTCs, KaK BUAHO U3 CIEAYIOIMX MPUMEPOB.

3 nexabps 1967 roga B keiinraynckoil 6onbHune ['pore-Cxtop Kpuctuan bapuapa nepecagun
Jlyncy BamkanckomMy, cTpagaBiiemMy OCTPO CepIeYHOM HEAOCTATOYHOCTBIO, Cepe ACBYIIKU JleHu3
JapBainb, moru0ieil B aBTOMOOMIILHOM KaTacTpode.

17 nexaOps, yepe3 ABe Heaenu, Bamkanckuii 3a601e1 ABYCTOPOHHUM BOCIHIAIEHUEM JIeTKuX 1 20
nexabps ckonvancs. [lepBas Heymaya He cMyTHiIa XUpyproB. Ynciio onepanuii mo mnepecaake cepana
HacuuThlBaercs yxe cotHamMu. Ho m 1o bapHapna >KMBOTHBIM M JIOASAM HEpecakuBalid Cepila,
JIeTKHE, TIOYKU W TOKENTyAOYHbIE jkKeie3bl. Pe3ynapraT Besne ObLT OQuMHAKoOBBIM. [lepecaskeHHBIE
OpraHbl OTTOPTaJIMCh, €CJIM HE OBLIIU B3STHI Yy 0 JHOsIIeBoro Onu3Hena. Ho oqHostiiieBbie On13Henbl —
3TO TeHETUYECKUE KOITUU OJTHOTO U TOT'O e OpraHu3Ma.

MoHO clienatb BBIBOJ, UTO «Uy)Kas YINOPSIOYEHHOCTb» OPraHU3MYy HE HYXHa, OH H30 BCEX
cuJ, oTyassHHO Oopercs ¢ Hel. COXpaHUTh EepecaXeHHbI OpraH MOXHO TOJIBKO, IOJaBUB 3aIlUTHBIE
MMMYHHbIE CHCTEMbl 0Opa3oBaHMs aHTUTed. HO Torga mamumeHT okaxercs 0e33alMTHBIM NPOTUB
1100011 MH(EKIMHN 1 B KOHIIE KOHIIOB IMOTHOHET OT Hee, KaK ATO CIYYUJIOCh ¢ Bamkanckum.

D10 camblii 3(QeKkTHBIN TpuMep, HO U3BECTHBI M JPYrHE€ Cllydad, KOIJa OpraHU3Mbl HeE
HPUEMIIIOT «4yXOT0 mopsikay. OOLEen3BEeCTHBI TPYIIbI KPOBH, 3/I€Ch CUCTEMa MPOCTa, U, OIPEICIIUB
TpymIy, MPakTHYEeCKH BO BCEX CiIydasX M30exaTb pacrana SpUTpouuToB. boiee Toro, yenmoBeky
MOYKHO TepeuBaTh KPOBb IIMMIIAH3€ COOTBETCTBYyIOIIEH rpynmnsl. Ho u3peaka BCTpedaroTes 0 ©
TAaKMMM YHUKAJIbHBIMH HabopaMu (HJaKTOPOB KPOBM, YTO HUYBS JIpyrasi UM He FTOAUTCS.

WNHcynnH — eIMHCTBEHHOE Y PeKTUBHOE CPEACTBO MPOTHB IUadeTa OTIMYACTCS CPAaBHUTEIBHO
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MaJIol BUJIOCTIEU (PUUYHOCTBIO, TOATOMY JIJISl JI€UeHUs AUa0ETUKOB MOXKHO HCIIOJIb30BATh 3TOT OEJIOK,
BBIJICJICHHBIM M3 MOJKEIIYJOUYHBIX EJIe3 KPYIIHOIO pOraroro ckora. A BOT TOPMOH pocTa —
COMATOTpONIUH — BI/II[OCHCHI/I(l)I/I‘-IeH. I[JISI JICYHCHHS KApJIMKOBOI'O pPOCTa y 4YCJIOBCKAa HYXCH HMCHHO
YEJIOBEYECKUI COMATOTPOITMH, KOTOPHIN BBIICTSAETCS U3 TUTIO(H3a YMEPIIMX JIFOJICH.

I 5 —135
=TT Upe-Lwc-Anma -
Bem........ ‘Ljmo-Uuc-Ane-Cep-Ban-Uwe:
Bapaw . .. ... —Wwe-Lwe-Ana-Can-Ban-lne-
Nowsge . . ... -Wee-lweTpe-Tnu-Hao-ue-

CanmeA M kMt . -Uwc-Lnc-Tpa-Cap-Hao-lueo.
8 7 B 9 m 1

Puc. 3. Ha smom pucynke uzobpadicena cxema monekynvl uncyiuna. C cOKpauwjeHHblMu
HA38AHUSIMU, CIAAIOUUX ee AMUHOKUCIONM Mbl HOZHAKOMUMCSL no3dice. [[si Hac cetiuac 8ax)cHo opyaoe:
UHCYTIUH 0OUH U3 HaUMeHee Cneyu@uuHblX 0enKko8 (U 5mo genukoe 61a20 071 CMmpacawux ouademom;
OISl UX JIeYEHUsT MONCHO NPUMEHMb UHCYIUH KPYNHO20 poeamozo ckoma). Tem e menee noumu
Kaxscoblil 610 XAPAKMEPUZYEN sl HEKOMOPbIMU PA3TUYUsIMU 6 nociedosamenviocmsx. Tax, 6 yenu A
MedHCOY ueCmvIM U 0OUHHAOYAMBIM OCMAMKAMU YUCMEUHA, 00pa3yioumumu Oucy1b@uonble MOCMUKU,
nOCIe008AMENbHOCIb AMUHOKUCIOM Y ObIKA, 6aApaHa, 10Wadu U C8UHbU HEOOUHAKO8A. Jluuib y ceuHbU
U KUMAa OHA CXOOHA, HO OHU PA3IUMAIOMCS NO OpyeuM 4acmsm monekynsl. Umak, cneyuguunocmo
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CMPYKMYpPbl RPOCIEHCUBACTCAL U HA MOJIEKVIAPHOM YDOBHE.

Kazanoce Obl, y HH3IMX OpPTaHW3MOB OTBpAIllCHUE K «UIY)KOMY TIOPSIKY» MEHBIIE.
JeticTBuTEnbHO, y pHIO M aM(puOMH ymaroTCs Tepeca ki OPraHOB MEXAY OCOOSIMH pa3HBIX BUJIOB, U
ObIYMi COMATOTPONMH MOXKET CTUMYNHpoBaTh pocT ¢openu. OAHAKO BCE ITO HCKYCCTBEHHBIE,
CO3/1aBaeMbl€ IKCIIEPUMEHTATOPOM MojoXkeHud. Eme u eme pa3 moBTOPIO, YTO KUBOTHBIE, MUTAsCh
JIPYTUMU KUBOTHBIMU UJIM PAaCTEHUSIMU, HAUMHAIOT C pa3pylieHus YyKoi yrmopsigodeHHocTd. [Tuima B
UX KETyJKaX U KU IEYHUKAX PACILEIUIAeTCS CHelUANbHBIMU (epMEHTaMHU 10 MPOCTHIX BEIIECTB, HE
obnmamaronmx BuaOCHEUPUUHOCTRIO. Tak, O€IKM pacIHICTUIAIOTCS 1O AMHUHOKHUCIOT, CIOXKHBIE
VIJIEBOJIbI, TaKHE, KaK KpaxMal M TIHWKOTeH, — A0 MOHOCAaXapuJIOB, HYKICHMHOBBIE KUCIOTHI — JO
HyK1eoTu0B. [lo cTpoeHuto, HanmpuMep, aMUHOKUCIOTH! IIMIMHA UM (peHHJIATaHUHA HEBO3MOXKHO
cKa3aTh, MOJy4eHa JM OHa M3 OelKOB OBbIUbETo Msica, ropoxXa WM K€ CHHTE3UpPOBAHA XUMHKOM
HCKYCCTBEHHO.

W3 3TUX 37IeMEHTapHbIX KUPIHYUKOB >KU3HH OPTaHU3MBl CTPOST JIMIIb UM MPUCYIIME OEIKHU.
Kaxnplii opraHusM xapakTepeH HMEHHO HENOBTOPUMOMW, MPUCYIIEH TOJIbKO €My KoMOuHaiuen
OeNKOBBIX MOJEKYd. A yKe Ha 3TOM 0a3e BO3HMKAET KOMIIJIEKC BCEX MPU3HAKOB OpPraHM3Ma — Ha
YPOBHE KJIETOK, TKaHEH U OPraHOB.

VY pacteHuii 3TO BhIpakeHO ele Oosee pe3ko. Boja, HaOOp MUTATENBHBIX COJIEH, YITIEKUCIIBIN
ra3 MU CBET NpPH ITOM KOMILUIEKCE OJMHAKOBBIX (PAKTOPOB M3 OJHOTO CEMEHHM BbIpacTaeT po3a, U3
Ipyroro — KpamuBa, KaXJI0€ pacTeHHe C MpHCyIMM eMmy Habopom cBoiictB. Co cBoei
YIOPSIIOYEHHOCTBIO.

Urak, opranusMbel O6epyT U3BHE HE YMOPSIOYEHHOCTb, a DHEPIHIO: PACTEHUS B BUJEC KBAHTOB
CBETAa, >KUBOTHBIE B BHJE MAJOOKHCIEHHBIX COEAUHEHUH, KOTOpbIE MOXHO CX€Yb B IPOIECcCEe
IbIXaHUS. 3a CYeT O3TOM HHEPruu OHU CTPOSAT CBOKIO «IOMOPOILCHHYIO» YHOPSAOYEHHOCTD,
npeHedperas 4yxoiu.

Bor mnouemy B ompeaencHUM JKU3HU JOJDKHO OBbLI BOCIHPOU3BENEHUE chReyupuueckoit
CHpYKmypbl.

W nepast akcuoma OWMOJIOTHMHM JOJDKHA J1aTh YCJIOBHS, MPU KOTOPBIX BOCIPOU3BEIEHUE 3TON
cnenu@u4eckoil CTPYKTypbl BO3MOXKHO.

dopmynupoBKa TMEPBOM aKCHOMBI 3aTsSHyJIach Oojiee yeM Ha JBe Thicadu Jjer. MIMeHHO Ha
MPOTSDKEHUHU 3TOTO TEPUOAa JIFOJH MBITAIUCH MOHATh, KAKUM 00pa3oM, HalpuMep, U3 KypruHOTo sila
— TOMOT€HHOM Macchl XKeJNTKa U Oellka — BOSHUKAET IBIIJIEHOK C TOJI0BOW, HOraMu, KpblibiMu. OTKyaa
Oepercss W3 TIOKOJEHUS B TIOKOJEHUE YIOPSJOYEHHOCTh CHUCTEMBI <IIBIIUICHOK», Ja W
YIOPSIIOUEHHOCTh BCEX OpraHM3MoB Ha 3emie? Bompoc oka3zaics M3 KaTErOpUHU <dIPOKISITHIX»
HAaCTOJIBKO, YTO CMOT OBITh Pa3peIeHHBIM JIMIIb B HAlEM CTOJICTHH.

Urak, nmepexo UM K repBoi akcuome. PaccMoTpum, kak ObUIM HAKOILIEHBI (DAKTHI, TO3BOJIUBIIME
ee chopMynupoBaTh.

Akcnoma nepBas

Wrak, B npeapl Iyl IIaBe Mbl IPULUIA K BBIBOAY, YTO OJMH M3 INIABHBIX IPU3HAKOB >KMBOIO —
OpraHu3zanus, CTpyKrypa. AMHHOKUCIOTHI B O€JKaX, BHYTPH KJIETOUHBIEC SJIEMEHTHI, KIETKH B TKAHAX U
TKaHM B OpraHax oOpa3yloT YHOpsIOYeHHbIE CTPYKTypbl. HO Bce 3TH CTPYKTYpbl, Kak Yyxke
YIOMHUHAJIOCh, BOBHUKAIOT 3aHOBO B KaX/IOM HOBOM IOKOJIEHUH, XOTs ObI LIBITJIEHOK U3 OAHOPOAHOM
Macchbl O6ernka u xentka. Kak ato mpoucxoaut?

IIpedopmusm. bosee AByX ThICAY JIET JIOAM PasMBILUIUIM HaJ 3TUM BompocoM. He 3Had
BTOPOI0 Hayaja TEPMOJMHAMHMKH, OHM BCE K€ MHTYUTUBHO YYBCTBOBAJM, YTO CaMOIIPOM3BOJIBHOE
BO3HMKHOBEHHE MOPsIJIKA U3 Oecropsiika, CTPYKTYpbl U3 OeCCTpYKTypHON Macchl — uyno. U nepBas u3
TUI0TE3, OOBACHSIOIIAS PAa3BUTHE, HOMBITAIACH 3TO YY/I0 KaK-TO OOOMUTH.

Benukuii Bpad, OCHOBOIIOJIOKHUK MEIULIMHBI [ UIITOKpAT MPEAIIOIOKUI, YTO UBIICHOK B SHLE
yXKe COJIEPKUTCSA B TOTOBOM BHJE B IIpollecCe HACHKHBAHUS HUJIET TOJIBKO POCT, YBEIMYEHUE
pa3zmepoB. BoT uro oH mucan: «Bce uneHbl OTAENATCA APYr OT Ipyra OJHOBPEMEHHO M TaKUM XK€
oOpa3zoM pactyr. Hu oIMH He BO3HHMKAET paHbLE WM MOIKE Apyroro». CxXoIHbIE B3ITISIBI
BbICKa3bIBal Guiaocod AHakcarop u BEJIUKUN PUMCKUH MblcauTelb CeHeka («B CEMEHH COJEpKaTcs
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BCe Oyaymme 4acT ueioBekay). [IsimHbIM 11BeTOM 3Ta TUnote3a pacisena B X VII u XVIII Bekax u
[oJIydnsia Ha3BaHue npedopMusma, UM ke Teopuu npegopmanuu. BoT THIMYHOE 17151 TOTO BPEMEHH
MHeHue H. ManbOpanma: «B sifijax nasrymex jJerko MOKHO paclo3HaTh JISTYLIEK, HO TaKKE MBI
HaliileM JpYyruX KUBOTHBIX B MX 3apOJblIIAX, KOIJIa CTAaHEM HACTOJIBKO OINBITHBI M MCKYCHBI, YTOOBI
OTKPBITH HX).

[IpeopMuCTBI MUIIF CHOPHIIK: TAE HAXOIATCS 3T OyAyIMe 3apOABINH B MYXKCKHX HIIH
KCHCKHMX ITOJOBBIX KIeTKax? CTOPOHHUKU IEPBOIO HANPABJICHUSA CUUTAIM, YTO AULIECKICTKH JIUIIb
NUTaTeNbHAs Cpea Ul pocTa CIepMaTo30MA0B (MX TOT/1a Ha3blBAIM AaHMMAJIBKYIIIMU — 3BEpbKaMH,
KUBYIIMMH B CeMEHHOM kuakoctH). Ilo 3TOMy 3alMTHUKOB TME€pBOM KOHLENLMU Ha3BalId
aHuManbKynucramu. [lo-BUaMMOMy, MEpBBIM M3 AHUMAIbKYIHCTOB ObUI H300peTaTenb MPOCTOrO
Mukpockona A. JIeBeHTI'yk (KOTOpBIM, KCTaTH, IEPBBIM U yBUIEN criepmaro3zouabl). K Toi ke Touke

3peHUs CKIOHSUICS U Benukui ¢pusocod JlernoHu1I.
L]
- L]
194

Puc. 4. Bsepxy: npumepno makumu 6uoei cnepmamo3oudvl yeinosexa Jlesewzyx. Buuzy
Kapuxamypa XapmceKkepa Ha 8033peHUsi MmOou dNOXU.

bonee MHoroumcieHHOW OblIa KOrOpTa OBHUCTOB (OT JIATUHCKOTO OVUM —  «IU10»),
IIOMENP@ABIIMX 3apoAblll B sinexierke. K Hel OTHOCMIMCHh TaKME HW3BECTHBIE HATYPAIUCTHI, Kak
lNannep u boune, Banucuepu u CBammepaam, Proiim n Cnamnannanu. Kakue 10Boibl OHM TPUBOAMIIA
B 3alIUTYy CBOEH TOUKU 3pEeHUS?

SIn CBammepaaM, OnecTsAIMI aHATOM, OJIMH W3 MEPBBIX AHATOMOB HACEKOMBIX, OOHApyKUBaJ B
KYKOJIKAX «TOTOBBIX» 0a00YEK, CO CIOKEHHBIMU KPBUIBSIMH, HO BO BCEX JETAISIX COOTBETCTBYIO M X
B3pocasiM. He wmenee »ddexrHoe Ha TepBBIA B3MIAN J0Ka3aTenbcTBO oOHapyxkun Il bonue,
W3y4aBIMM KU3Hb TJieH. OH OTKPBUI Yy HUX MapTEHOTECHE3: CaMKa TJIM POXKAaJia KMBBIX JETEHBIIIEH,
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TOXKE€ CaMOK, KOTOpbI€ Yepe3 HECKOJbKO JHEH JOCTHTalldi HOPMAJIbHBIX pa3MepoB U caMu 0e3
OIJIOJIOTBOPEHU I CTAaHOBUJIMCh POJIOHAYAIIbHMKAMU HOBOTO MOKOJIEHUSL.

Eme Gonee yoenuTenbHBIN MPUMEP — KOJIOHUATBLHOE KT'YTHKOBOE BOJIBBOKC. MHOTHE UM TATENH,
HaBEPHOE, BUJIEIN KOJOHUM 3TOW 3€JIEHOM BOJOPOCIN — KPYIHBIE, O ABYX MUJUIMMETPOB B MaMETpPE
CIM3UCTBIEC IIAPUKHU, COCTOSIIME M3 OJHOTO CJIOS KIETOK. B CIM3UCTOM COAEPKUMOM ILJIaBaIOT
JIOYepHUE KOJIOHWH, @ BHYTPU JTOYEPHUX — KOJOHHHU TPEThEro nokoyieHus. CchlIasch Ha BOJIBBOKCA,
A. T'annep ¢ TopkecTBOM 3akmoyan: «OTcroaa cleqyeT, YTo, €CIU SUYHUK MOXKET COJAep>KaTh MHOIO
MOKOJICHUH, HET HUYETO HEJIETIOr0 B TOM, YTO OH COJIEPKHUT UX BCEM.

CrtpanHo, 4TO mpeOpPMHCTHI, HACKOJIBKO s 3HAI0, HE HATOJKHYIHCh Ha JPYyroid HE MeEHee
Oonectsiumit  nipumep. I[ly3bIpb Mapa3sUTUUYECKOTO YEpBS — OXMHOKOKKA JOCTUraeT cBbime 60
KUJIOTPAaMMOB; BHYTPU HEro HAaxOJATCS JAOYEpPHHE MY3bIpH, a B TE€X, B CBOIO OYepe/]b, — BHYyYaThIE.
Benp 5XWHOKOKKA B TO BpeMs y)K€ HaBEpHSKa 3HAJH.

Bot MBI go1ITM U 10 JOTUYECKOTO 3aBEpINCHUS TEOPUH MpePopMalli — TEOPUU BIIOKEHHBIX
3apoplineil. B camom jerne, eciii HEeT HUKAKOTO Pa3BUTHUS U B AUIIEKIETKE UM CIIEPMHU COACPKHUTCS
YK€ TOTOBBIN, TOJIBKO MAJICHBKHH OpPraHW3M, TO Y HETO JOJKHBI YK€ OBITh CBOM IOJIOBBIE JKEJIe3bl, a B
TeX SUIEKIeTKN WM CIIEPMHH, & U T€X CBOU 3apOAbIIIM U T. 1. — 10 OeckoHeuHocTu. WM. amnep, kak
BEPYIOIMI XPUCTUAHWH CKPYMYJIE3HO MOJCYMTHIBACT, YTO B SIMYHUKAX OuOneilickoii EBbI ObLIO HE
MeHee 200 MUITHapI0B BJIOKEHHBIX 3apOIbIIIEH.

Takoe mpejacTaBieHre B T€ BpeMeHa MaJlo KOTO CMYIAI0. BO3MOXKHO, 3TO OOBSCHSETCS TeM,
yT0 XV BEK — BEK paciiBeTa MUKPOCKONUpoBaHus. [loTpsiceHHbIEe HATYpaIUCThl YBUJIEIH 3a JTUH3AMHU
MHUKPOCKOIIOB CJIOKHEW IME CTPYKTYPhI. A JTUH3bI ObLIN TJIOXMMHU — OHU TaK MCKaKalld U300pakeHue,
YTO MO3BOJSUIA YBUJETh IPU JKEJIAHUU B CIEPMHUSAX MAJICHBKMX YEJIOBEUKOB, a B JIATYLIAYbUX
WKPUHKAaX B3POCIBIX JISTYIIEK.

Hacmenmmuk CBudr oObIrpan mpekioHeHHE epe MUKPOCKOIIOM B CTHXaX:

Hamypanucmamu omxpwimoi

Y napasumos napazumei,

U npoussen nepenonox

Tom ¢haxm, umo 610xu ecmo y 6710X.
U obHapyscun muxkpockon,

Ymo Ha xnone 6vigaem Kion,
Humarowuiicsa napazumonm,

Ha nem opyeoti, ad infinitum3.

CkenTuKd CHpalmBajiv: JOMYCTUM, Bbl YBUJAEIU MOJ MUKPOCKOIIOM B JIATYIIAYbe MKPUHKE
B3pOCIYI0 JIATYIIKY, @ B TOW CBOM SUYHUKUA C HKPOW; HEYKEIU K€ BBl PACCMOTPENH U
nsarymek-BHydar? Jlo KakuX mop MOKET MPOJOJDKAThCS 3Ta BEpeHHULla APYr B JApPYyra BIOKEHHBIX
3apoibIeii?

bonne, Bmpoyem, mbITaICS MapupoOBaTh MOJOOHBIC BO3PAKEHHUS, MATETHYECKH BorpoIas: «Bo
CKOJIbKO pa3 IJIECeHb MEHbINE KeApa, MOJb — CJIOHA, BOJSHAs OJOIIKa — KUTA, MECYNHKA — 3eMHOTIO
mapa, CBETOBas YaCTULIA — COJIHIIA?»

Kopoue, mpedopMHUCTBI CTOJIKH YAUCH C HEMIPUATHBIM MapalOKCOM, KOTOPBINA JIET IBECTH CITYCTSI
MOJIYYHJI Ha3BaHUE «OMPOKUABIBAHNUS B OECKOHEUHOCTHY (JIOTHYecKasi aHTHHOMUS Puiiapa u mapamokce
I'enens). Het HYXIbI paccMaTpuBaTh €ro MOJAPOOHO, OTPAHUIMMCS KOHKPETHBIM ITPHMEPOM.

Jomyctum, BaM J1anu JUCT OymMaru v 3afjaHue: omucaTh 3TOT JIUCT Ha HeM >ke. Bbl nuinere: 3To
JUCT TPSIMOYTOJIBHOW (POPMBI TAaKUX-TO pPa3MEpPOB, H3TOTOBJICHHBIM M3 MPECCOBAHHBIX BOJIOKOH
JIPEBECUHBI TAKOW-TO TOIIIMHBI.

Kaxercs, Bce. IlpoctuTe, HO B mporecce OMUCaHUs BbI M3MEHUIU 00BekT. HyxkHO ere
JN00aBUTH: & KPOME TOTO, Ha HEM HAlKMCAHO: 3TO JIUCT MPSIMOYTOIbHON (GOPMBI... U T. . U T. 1. — JI0
OECKOHEUYHOCTH.

He nanomunaer nu 370 BaM OECKOHEUHYIO BEPEHUIY BJIOXKEHHBIX APYT B JApyra 3apojibliiei?

3 ad infinitum — 110 0ECKOHEUHOCTH.
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CKOJIBKO MOKOJICHUM MOKET JUTUTHCS ATOT MpoLecc?

B namem onbiTe — oka XBaTHUT JIMCTA, & B AKU3HU?

W tyr Ham npuperca Bo3BpatuThes B [peBHioro ['penuto. Ilpenanue miacur, 4ro JIeT 3a TpUcTa
o Hamed »pbl Benmukui ¢uitocod emoxput m3 AOmepsl cumen Ha Oepery Mops, €1 sS0JIOKO U
pasmbIiwisin: «Ecnu s 6yay OTKyChIBaTh OT A0J0Ka MO KYCOUKY, KaKOH CaMblii HAUMEHBIIMN KYCOYEK
COXpaHHUT BCE CBOICTBa s1070Ka?» VHBIMU clloOBamMH, 10 KaKA X ITOP BO3MOXKHO JIEJICHUE BelecTBa 0e3
Ka4eCTBEHHOIO U3MEHEHUSI €T0 CBOMCTB?

Koneuno, s610k0 JleMokpuTa Takoil xe arnokpu @, kak u s6moxo Herorona. Ho Tak nnu nnaue
JIeMOKpHT Npulen K BHIBOAY O CYIIECTBOBAaHMU aTOMOB — HEAEIMMBIX yacTu marepuu. Ho nmpumep ¢
SA0JIOKOM HE OYEHb yJauyeH. DTO CIOXKHBIA OOBEKT, COCTOSIIMI M3 MHOTHX JIECSTKOB BEIIECTB.
Bo3bMem yTo-HHOYnb mompore, HanmpuMep caxap. Jlomyctum, Mbl ©UMeeM KyCOK paduHaza BECOM B
332 rpamma. Ha ckompko yacTeit MBI MOXKEM €ro pa3apoOuTh, YTOOBI Kaj)k/las 4acTh €IIe COXpaHsiia
BCE CBOIICTBa caxapa?

Teneps Ha 3TOT BONPOC OTBETUT JHOOON AEBATHKIACCHUK. 332 rpamMma — rpaMM-MOJIEKYIsIpHast
Macca caxapa (caxaposbl). 3HauuT, B Heil comepxkutcs 6,02 ¢ 1023monexyn caxapa. 9TO OTpOMHOE
YK CJI0, HO OHO KOHEYHO.

Janbime yxe nenuth 0e3 mociaeAcTBUM Henb3s. Ecam Mbl pazgenuM MOJIEKYNY caxapo3bl
MomoJjiaM, TO TOJYYMM MOJIEKY1y TIJIOKO3bl (BHHOIPAJHOIO caxapa) W MOJEKYIy (pYyKTo3bl
(bpykroBOTO caxapa). DTO yxKe Apyrue BeecTna. [Ipogomkas aeneHue qanblie, Mbl IOJTYYUM aTOMBI
yriieposa, KUCIopoJia M BOAOPO/Ia, HUYETO OOINEro ¢ MCXOJHBIM BEIIECTBOM YK€ He MMeronme. Tak
YTO C TOYKA 3pEHUS AaTOMHO-MOJIEKYJISIPHOM TeOopuHM CTPOEHHs BelecTBa mpedopmanus —
OeccMmbicnulla, HOHCEHC. B camoMm aene, criepmuii yenoBeka (~ 50 MHKpOMETPOB) B CTO ThHICSY pa3
MEHBIIIE YeJIOBEKa. 3HAYUT, CIIEPMUNA BTOPOTO OKOJIEHUS I0JIKEH OBbITh €11Ie B CTO THICSY Pa3 MEHbILIE
u T. A. [IpenocTaBisato yuTaTessiM CaMUM pacCUUTaTh, HA KAKOM BIIO)KEHHOM IOKOJIEHUH «HEJIOBEUEK»
3aKIIOYCHHBIH B OYEpeIHOM CHEpMUHU, OyJeT MeHbIe aroma (pa3Mep aroMa MOKHO IPUHATh
10— 8canTEMeTpa)

3HAaYUT, Mbl JIOJDKHBI HAa KaKOM-TO IIOKOJIEHHHM JIOMYCTHUTh BO3MOYKHOCTh pa3BUTHS,
BO3HUKHOBEHHUS CTPYKTYPBI UIIH, YTO JIOTUYHEE, OTBEPrHYTh TeOpuio mpedopmanuu Boodme. Ho sto
nerko Ham. B XVII Beke o Tteopum Jlemoxkpurta 3a0bLIu (TOYHEE, OHA HE TOJIH30BAJIACh
MONYJISIPHOCTHIO). 3aTO XOPOILO MOMHUIU YTBEPKACHHE APUCTOTENS O TOM, YTO MaTepHsi, XoTs Obl B
INPHUHITUIIE AeTMa 10 0ECKOHEYHOCTH 0e3 KaYeCTBEHHOTO M3MEHEHHS €€ CBOMCTB.

U xots Ilbep Naccennu eme B Hauasne XVII Beka Bockpecun uaeto Jlemokpura 06 atomax, Ha
BO33peHUS MPePOPMUCTOB OHA HUKAK HE MOBIUSIIA, U 3TO HECMOTPS Ha TO, YTO 32 aTOMBI CTOSUT U Cam
Heroron.

Ho Hapsiny ¢ teopueii mpedopmanniyu pa3BUBaioch (M MHOTUMH 3all| IAJIOCH) UHOE yYCHHUE O
Pa3BUTUH, KOPHU KOTOPOTO Mbl HaXOJUM OIISTh K€ B TpyAax ApHUCTOTENs, MIaJUIEro COBpEMEHHHUKA
['unnmoxkpara

JnureHe3. ApHUCTOTENlb, BOIOS C J[eMOKpHUTOM, [JOIMYyCKadl BO3MOXHOCTh OECKOHEYHOTO
npoOieHust MaTepuu 0e3 KauecTBEHHOTO U3MEHEeHH s ee cBoicTB. CrenoBareiabHO, OH MOT Obl IPUHATH
TOYKY 3peHHus NpedopMHUCTOB, TeM HE MEHee, NpeArnoden OOBSICHUTH PAa3BUTHE HWHBIM ITYTEM.
CornacHo auHCKOMY MyZpely, B siiflle UM CIIEPMUU HET TOTOBBIX CTPYKTYP B3pOCJIOro OpraHu3Ma,
IIpU KaKJIOM aKT€ pPa3BUTUs OHM BO3HUKAIOT 3aHOBO. Ho, Tak ke kak u I'mnmokpar, Apucrorensb
MTOHMMaJI: CaMOIIPOU3BOJIBHO MOPSIOK U3 Oecropsiika BOSHUKHYTh He MOXeT. [loaToMy OH mpuBiex
JUIsi OOBSICHEHUSI Pa3BUTHUSA CBOIO HJCI0 O KOHEUYHOW MpuurHe. Pa3BuTHeM yrpaBisieT SHTeIexXus —
KOHEYHAs MPUYMHA UJIM 11eJ1b, MHBIMU CIIOBAMH, HeKast 00’KeCTBEHHAs UJes O COBEPLICHHOM IIETyXe U
coBepiieHHON Kypuile. CXoHbIe BBICKa3bIBAaHUS MOXKHO HalTh y yuutenss Apucrotens — Ilmarona
(ocobenno B nuanore «Tumeit», Oojiee U3BECTHOM HIMPOKOMY KPYTy YMTaTeliel MOTOMY, YTO B HEM
pacckasbiBaeTcsi 00 ATIaHTHIE).

N ®emuctuii nucan: «lyma cTpout cede KUIHUIIE U MPUTOTHOE opyauey. Takum oOpazom, 1Mo
ApHCTOTEIN0, pa3BUTHEM KypUHOTO siilla KaKUM-TO CIIOCOOOM, SIBHO HEMAaTEepPHAIbHON MHPHUPOIbI,
yIpaBJsieT OyIylMil LBIIIEHOK.

VYuenue Apucrorens Bockpecuda B 1651 rogy Bemuxuil anmumiickuii ¢usuosor, cosjarenb
nepBoi HaydyHOHl TeopuM KpoBooOpamieHuss YuibsiM [apBell (OH ke BBIJBUHYI NPUHLMUI «BCE U3
siiia»). B oHOM U3 cBOMX cTaTel s Kak-To oTHec ['apBest k mpedopMucTaM U3 KiaHa OBUCTOB, HAa YTO
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MHe ObuIO yKazaHo A. E. [aficuHoBHueM.

Crneury ucnpaBuTh CBOIO OUMOKY: I'apBell BOCKpecusl HE Te3UC O OECKOHEYHOW AETMMOCTH
MaTepuu, a WHOM APUCTOTEIIEBCKUM TE3UC CTOJb K€ HEBEpHbIM. Jlake Takoil BOCTOPIKEHHBIN
nounTatenb ['apBesi, Kak aHTIuickuil smOpuosor [x. Huaxom, BeIHYXKIEH ObUI IpU3HATH 4TO ["apBeit
«HE TOJIKO HE TOpBall C apHUCTOTEIN3MOM, HO, HAIPOTUB OXUBWJI CBOUM aBTOPUTETOM 3Ty
YMUPAIOUIYI0 AOKTPUHYY.

OTO y4YeHHME O BO3HMKHOBEHMM TOpSAAKAa TOJ JACHMCTBUEM HEKOEH «IIJIaCTUUYECKOM CHIIbD)
MOJIy4HJIO Ha3BaHue snureHe3a. OgHako ycrnexa OHO, IO MEHbUIEW Mepe, CTO JIET HE MMEJO, 4YTo
OOBSICHSIETCS TEXHUYECKUMU NpUYMHamMu. ['munoreza ApHUCTOTENS O BO3HUKHOBEHHHM 3apofbllia U3
MEHCTpPYaJIbHOU KPOBH, KOTOPOH ceMs mpuaaeT Gopmy, yKe Majo KOTO YAOBIETBOpsUuia. A paHHUE
CTaJuu pa3BUTHUA 0€3 XOpOIlell ONTHKH HCCIE0BaTh ObIIIO HEBO3MOXKHO. B To Bpems, koraa ['apeit
BBIITYCTUJ cBOE «lccienoBanue o 3apoXKIeHUN KUBOTHBIX», P. I'paad omucan B sMUHUKaX OKpYTIIble
TeNnblla, KOTOpBIE cuen siflexierkamu. Ha fene 3TO ClOXHBIE MHOTOKIETOYHBIE OOpa3oBaHUs —
My3bIPbKU, 3allOJIHEHHBIE JKUJIKOCTHIO ((OJUIMKYIBI), BHYTPU KOTOPBIX HAaXOIATCS COOCTBEHHO
OOLMUTHI. SliilexneTka MJIEKOMUTAIOUMX JO/DKHA Obljla eIle IMOYTH JBECTH JIET JKJIaThb CBOEro
nepBooTkpbiBarens Kapna MakcumoBuya bopa (HO oH-TO paboTan yxke CO BIOJHE MPUIMYHBIM
MHUKPOCKOIIOM).

B pesynbrate B Hayke yrBepauiach Teopus npedopmusma. Pazymeercs, Bce BpeMsi HAXOAUIUCh
U CCIIeZIoBaTeld, BUJIEBIIME €€ HECOOOPAa3HOCTH M BOCCTaBaBIMe NpoTHB Hee. Ho He oHuU nenanu B TO
BpEeMs OTO/TY.

3amedarenbHbIN (GpaHIly3ckuil HartypanucT u (uiocod MomepTionm 1O TMpaBy OTHOCHUTCS K
CIaBHOM  KOTOpPTE€  YYCHBIX-DHIIMKIONEIUCTOB, KOTOpbIE OKa3aau T[NyOOKoe BIUSHUE Ha
MHUPOBO33pPEHUE HJICOTOTOB (hpaHIy3ckoi OypikyasHoW peBomonnu. OH OJHMM M3 MEPBBIX CTal
AKCIIEPUMEHTAIBHO MPOBEPSTh 3akOH HproToHa 0 BceMupHoM TsroteHnu. CornacHo HetoTony, 3emiis
y MOJIIOCOB B pe3y/ibTaTe BpallleHUs JOJDKHA ObITh MPUILTOCHYTA, 1 Moneption enet B Jlannmanauio —
HauOosee J{ocTylHyt0 TOTra CEBEPHYIO CTpaHy, YTOObI U3MEPUTH JUITMHY Jlyrd 3eMHOTO MepuIMaHa.

N Tor xe Moneption B 1744 romy BBINIYCKAaeT NPUMEUYATEIBHOE MPOU3BEACHUE —
muccepranuoo-namduier noa HazBaHueM «Pusnyeckass Benepa, nnm ®dusmdeckas guccepranus 1o
MOBOAY O€JIOro Herpay.

Kanb, yTo MoOJOOHBIE AMCCEPTALMU HENb3sl MUCaTh celyac: CTHJIb X SIBHO HE MOHPaBUJICS Obl
Beiciel aTTecTaliluoOHHOM KOMUCCUH. M3 uTepaTypHBIX IIPOU3BENCHUN AUCCEPTALMU IIPEBPATUIIMCH
B OTYETHl O MPOJENAaHHOH paboTe, a ceidyac OBICTPO TMEPEXOAAT B HOBYIO CTaIHI0, CTAaHOBSICH
CTaHJApPTHBIMM KaHLEJIAPCKUMU OTIHCKaMHM, TJ€ [JIABHOE HE COJAEpkKaHUE, a COOTBETCTBHE
YCTaHOBJICHHOM (opMe.

Ho Bepuemcs k Moneption. B 9Tol KHUTE OH BBICTYIHJI MPOTHB MpedopMu3Ma — HE MOOOCh
CKa3aTh — C TOYKU 3PEHUsS TECHETUKHU, TOTA €l U HE CYILECTBOBABILECH.

[Tpocnenum xox meicieit Moneption. CornacHo npedopMucTam, TOTOBBIH OpraHU3M CO BCEMH
CBOMMHM IIPU3HAKAMU JTOJDKEH HAXOJUTHCS UM B SIMIEKIETKE, UJIN K€ B CIIEPMUU. A 3HAUYUT, IPU3HAKU
apyroro pojauTtenss (OTHAa NpU MEpPBOM JONYIIEHMH) M MaTepu (Ipd BTOPOM) HE JIOJDKHA
HacnenoBaThes. Ho 310 abcypa: Mbl 3HaeM, 4YTO OJIHU MPU3HAKU HACIEAYIOTCSA C OTLIOBCKOM, Ipyrue —
C MaTepUHCKON CTOpOHBI. I MormepTion MpuBOAUT XOPOIMNA TMPUMEp: IETH OT CMEINAHHBIX OpaKoB
€BPOIECHUIIEB U HETPOB MMEKT CPENHMN IO CPABHEHUIO C POJUTEISIMA LBET KOXKH. 3HAYWUT, HU B
AUIIEKIIETKE, HU B CIIEPMHUU HET «TOTOBOTO» 3apO/blllia, OH BOSHUKAET B PE3y/IbTaTe B3aUM OJICHCTBUS
MaTepUHCKOTO U OTIOBCKoro Haudan (MomepTion mHcal: B pe3ylbTaTe CMEIIEHHS CEMEHHBIX
KHUJKOCTEH — Bellb TOrJa elle He ObUIo CPOPMYITHPOBAHO MOHATHE O KIETOYHOM CTPOSCHUH MaTepuHu,
XOTS KJIETKa ObLIa YK€ U3BECTHA).

Hpyroii ero 10BoJ — MEXBHUAOBBIE CKpeLMBaHUs. My, IOTOMOK OCJIa U JIOWAAH, UMEET YePThI
U oTua (royioc, AIUHHBIE YIIM, BBIHOCIMBOCTB) U MaTepH (IIPONOPLMH Teja, BEIMUYMHY, cuiy). U3
CBUJIETENILCTB COBPEMEHHMKOB HaM HM3BECTHO, YTO JOM MormepTion ObUI MEPEernojHeH BCAYECKUM
3BEPbEM M XO3SMH CTaBUJI OIBITHI 10 TUOPHUAN3AIMHU, T1BITAsICh TOHATH 3aKOHBI HACIEACTBEHHOCTH (3TO
3a cTo et no Menzens!). bonee Toro, MonepTion mpUMEHW KIACCUUECKUH METOJI COBPEMEHHON
TEHETUKU YeJIOBeKa — aHalu3 poJocioBHbIX. OH HccaenoBan poAoCiIOBHYKO ceMbl Pyre, B kKoTOpoii
ObUI pacpoCTpaHEH BechbMa HaNIAAHBINA HAcleyeMbli MPU3HAK — MOJMIAKTUIINS (ecTunanocts) 13
aHaJM3a dTOU POJIOCIOBHOM BBITEKalla HECOCTOATENFHOCTh TeOpHUH npedopmanun: S gymaro, 4To Ham
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ropa Mpu3HaTh 3acayru MONepTION U CYUTATh €T0 MPENTeYel COBPEMEHHOM N'€HETUKU.

YIUBUTENBHO, YTO JIOBOJABI MoONEpTION HE MMEIH CKOJIBKO-HHOYAb CYIIECTBEHHOIO Ycliexa.
[TpedopMu3M TPOJOIKAI TOPKECTBOBATh. BeposATHO, 3TO OOBACHSIOCH TE€M, YTO OOJBIIMHCTBO
YYEHBIX I0JIarajio, YTO Hayka O HACJEICTBEHHOCTH — OJHO, HayKa O pa3BUTHH — Jpyroe, Hayka o0
aToMax — TpeTbe. A BeAb JOCTaTOYHO, KaK Mbl YK€ BUJEIU, IPU3HATH CYLUIECTBOBAHUE aTOMOB U
TUIIOTE3a O BJIIOKEHHBIX APYT B APYyra, Kak MaTpeIlKd, 3apoJbllliaX aBTOMaTUUYECKH OTIIAIaeT.

Pa3buts mpedopmMu3M HaM MOKHO OBLIO TOJBKO Ha €ro COOCTBEHHOW TEPPUTOPHUH, HU3ydast
pasBuTHe opranu3moB. M 3Ty 3agauy ¢ Oxeckom BbimonHuA B 1759 roxy Kacnap ®@puapux Bonbd,
BIOCJICICTBMM  CTaBIMM akafgemMukoM CaHKT-meTepOyprckoil  AkajaeMuu-Je-CUsSHC (Tak OHa
Ha3bIBaJIaCh TOT/A).

Cuavana Bonb( u3ydan pasBuTHE pacTeHUH, a MOTOM IMepeliesl Ha KIACCHYECKUH OOBEKT
TOTAaIHEeN SMOpHOIOTHY — LbIIJIEHKA. B getangax npocneaus pa3BUTHE KUIIEUHOTO KaHaa U APYTH X
OpraHOB KYpPHUHOTO 3apOjblllia, OH MPHUIIET K BBIBOMY, YTO BCE AECTAIU CTPYKTYPhl SMOPHOHOB HE
BBIPACTAIOT M3 MPEANICCTBOBABIIMX, a BOSHUKAIOT 3aHOBO. J[BaanarunsrunetHuii Bonb¢ Beipazumics
10 3TOMY ITOBOJIy BECbMa IHEPTHYHO «... YTBEPXKAECHUE, UYTO YACTH TeJla 3apObl 11a CKPBITHI B CUITY U X
OECKOHEYHO MaJIbIX pa3MepOB U JIHIIb TOTOM IOCTENEHHO BBICTYMAOT, SBJISETCS OacHE».
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Puc 5. Pucynxu Kacnapa ®@puopuxa Bonvgha uz emopoii wacmu e2o kiaccuueckou KHueu
«Teopus cenepayuiiy. Eco mounvle nabno0enus nNoxKasamu, 4mo 6 HACUNCEHHOM suye CmpyKmypa
«YbINJIEHOKY» 803HUKAEM 3AHO80 U3 NOCMENeHHO pa3euearowuxcs yacmeu. Tem camvim Ovll HaneceH
cmMepmenvhblll yoap meopuu npegopmayui.

Takol cTHJIb BpSJ JIM MOT TOHPABUTHCSA TOCIOACTBOBABIIMM TOTa B Hayke MpedopMucTaM U B
IEpPBYIO o4epenp [amnepy — TOMy caMOMYy, KOTOPBIN BBICUMTAJI, CKOJIBKO BJIOXKEHHBIX APYr B JIpyra
MTOKOJICHU 3apoJbIlieil HaXOAMJIOCh B siMuHMKax OuOnerickorr EBbl. [ucceprammio Bombsda «Teopus
pa3BUTHSD BCTPETUIIM JIOBOJIBHO MpoxiaaHo. Ckopee BCEero MMEHHO IMOATOMY OH Iepedpaics B
Cankr-IlerepOypr, TAe mpoAoIKal IMOTOM IUIOAOTBOPHO TPYIUThCA (OH H3y4aj, B YacTHOCTH,
KOJUIEKLIMM MOHCTPOB M3 IeTpoBckoil KyHcTkamepst).

[Ipusnanue, a 3atreM U OeccMepTHas ciaBa NpUlUIM K Boabdy yxke B mocieaHue rofasl KU3HU U
ocobenno mocne cmeptu (1794). Bor kak or3biBasics o HeM K. M. bap, cam reHuanpHen mmii
amMbOpuorior: «...Kacmap @punpux Bonabd, Myx Be4HOI ClIaBbl: MOIOOHBIX IO YMY 3€MHOM IIap BUAEI
OYEHb MAJIO, a IO HACTOMYMBOCTH B MCCIIEOBAHNY TOHYAWIINX BELLIEH HE BUJEI HUKOTO.
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VY nac Bonsd — durypa BecbMa mounTaemas, MO3TOMY B JIMTEpaType MHOIO MHUIIYT O €T0
JOCTH)KEHUSAX U OYeHb peAko — 00 ommOkax. 3amagumcs Bce K€ BOINPOCOM: 4eM OOBSCHHMII OH
npupony pasBuTusA? YUro ABMKET WHAMBUIYaIbHOE pa3BUTUE OpraHHU3Ma, CO3J1aeT MOpPSIOK U3
oecropsika?

TakuM OpraHu3ylOIMM HavajioM, 1no Boabdy, momkHa OBITh HEKas cuja, Ha3BaHHAs MM
cymiectBeHHo# (Vis essentialis ; or cioBa essentia — «CYIHOCThY», OTCIOJIa HAIe CIIOBO
«dcceHlns»). BOoT kak oH ee xapakTepusyeT: «JTa MUTAIOIIAs CUja J0JDKHA OBITh MPHUCYIA TOJNBKO
pPACTUTENFHOW W JKMBOTHOW CYOCTAHIIMM, TOTOMY YTO HHMKakas Jpyras MaTepusi HE MUTAeTcs, He
pacTeT U HE pa3MHOKAECTCS.

3naunt, Boned mpusHaBan ¢akrop, B 00IIEM-TO, aHATIOTUYHBIM apUCTOTEICBCKOM SHTEIEXUU
(Ha KOTOpYIO, KCTaTH, cchbutajcs). OH ObUI BUTATMCTOM M MPU3HABATH €r0 MAaTEPHAINCTOM, KaK 3TO
HEpesKo JENaloT y Hac ceifuac, — 3HaUYuT HEJOMYCTUMO MOJAEPHU3UPOBATH €I0 BO33PEHUSL.

Onuronsl Bonbda (a OHM TOSIBUIMCH, KOTZIa BO33PEHHUs] €r0 BOIUIM B MOAY) ObLIM Oojee
otkpoBeHHBI. M. [lexsH nucan: «Hekoropas ecrecTBeHHas cuia Vis essentialis , koropas neiictByer
HaJ| 6e300pa3HbIM MEPBOHAYAIBHBIM BELIECTBOM». Jlpyrue Has3blBallu ee MHade — «oOpa3oBaTelbHOE
crpemienue» (Bildungs-trieb  — W. @. baromeybax), «Bceobmast oxuBisiomas cuiay (Merrep),
«OKM3HEHHas opranunydeckas cuiay (Xepaep). K. M. bap yxke B cepeuHe mpouuoro Beka 3aKiIo4aeT:
«He wmatepusi, HO CyIHOCTH (HMj€s, TO B3IVISAAY HOBOHM IIKOJIBI) BO3HHKAIONIEH XUBOTHOU (hOPMBI
YIPaBJISAET PA3BUTHEM ILIIOA».

Hrak, Bce BEpHYIOCH HAa KPYI'U CBOSI — K apUCTOTENEBCKOM 00’KECTBEHHOHN HJee O COBEPIICHHOM
MeTyXe U COBEPIICHHOW KypHIle. DMUTCHETUKU CHSUTM C TEOPUM PA3BUTHUS OOBETIIABIIME JOXMOTHS
npedopMu3Ma 1 OCTaBUIIN ee OOHaKeHHOW. Beab Henb3sl ke cuUnuTaTh OJeK 101 (DM TOBBIE JIUCTKU STUX
yoorux «cwi»! YIUBHUTEIBHO €Ile, YTO TPy B TyMaHHBIE HaTypuiiocockie uaen, CTpeMIeHUs U
CUJBl cuuTaIu oObsicHeHHeM. KopHu »Toro 3abmyxnaeHus, MMO-BUIMMOMY, B caMoOil MaHepe
MbluuieHus, npucyue Harypanmucram XVI, XVII u XVIII Bekos. Ee sanoButo BbicMesn Moibsep B
«MHUMOM OOJIBHOMY, TA€ Bpad OOBSACHAET NEHCTBHUE ONMHyMa TE€M, YTO TOT COJAEPKHUT «HaKTop
yehITIeHUs». M 3T0 Ka3ajaoch HOCTATOYHBIM. A YTO Takoe STOT 3araJiouHblid akTop, yKe HUKOTO He
MHTEPECOBAIO.

He Oynem, Bmpodem, CBBICOKa CMOTPETh Ha ecTecTBOHMcCIbITaTeNel mpouvioro. Eme B koHIE
npomvioro Beka ['. [pum mbITancs BOCKPECUTh KOHIENUIMM ApHUCTOTENS — BIUIOTH JIO0 TEPMHHA
«oHTenexus». CornacHo [puity, sHTenexus: He MaTepuaibHa U HE SBJISETCS SHEPIUEH, OHA CTOUT Haj
KIETKaMHU U TKaHSIMHU Pa3BUBAIOIIETOCS OpraHU3Ma.

Ja u B Haum auu Qu3uk Y. Dap3accep YTBEP)KIAET, YTO CYIIECTBYIOT HEKUE «OMOTOHMYECKHE
3aKOHBI», KOTOpbIE HE BBHIBOIATCS ACAYKTUBHO U3 3aKOHOB (M3MKU. OHU-TO U YIPABISIOT Pa3BUTUEM
opranu3ma. He OyneM Ha HMX OCTaHABIMBATHCSA. YTOMSHY JUIIL OSCIOMAAHBIN, HO CIIPaBEJIUBBIA
OT3BIB O DJIb3aCCEPOBCKUX 3aKOHAX ToulaHickoro sMmoOpuonora X. PaBena: «Oulym@aenib, 4To
HAXOJM IILCS Ha TPAaHU, €CIIM HE B CAMOM TyIle, TOTO MYCTOCIIOBUS, TJI€ BUTAIN3M YyBCTBYET ceOsl Kak
JIOMa».

Urak, u npedopmanus, 1 SIUTeHE3 OKa3bIBAIOTCS OJUHAKOBO HA€AIMCTHYECKUMH. BriepBbie 310
noHsst B 1763 ronmy WMmmanymn KaHT, H3JIOKHBIIMA CBOM COOOpPaXCHHST B COYMHCHUHM ITOJ
BBIPA3UTENIbHBIM Ha3BaHueM «EJAMHCTBEHHO BO3MOXKHOE OCHOBAaHME Ui J0Ka3aTelbCTBAa OBITHS
6ora». KpynHblil (paHIy3cKuil HaTypaluCT U UCTOPUK ecTecTBo3HaHUs PDiaypaHc oObscHsT B 1861
rojly BO3HUKHOBEHHE TEOPUU MpedopMaliiu CTpeMICHUEM K S9KOHOMHUU uyjec. Ecian BO3HUKHOBEHNE
’KHBOTO CYIIECTBA YYJI0, TAK YK Jydllle, YTOObl OHO MPOU3OILIO OJMH pa3, IPU COTBOPEHUH MUPA, YEM
OCYILECTBJISUIOCH IPH KaX/10M aKTe€ Pa3BUTHUSL.

Eme B cepeauHe Hamero Beka MCCIEIOBATEIH PAa3BUTHS CTOSUIM TEpea HEOOTaThIM B BIOOPOM:
abcyp1 TeOpUHU BIIOKEHHBIX JIPYT B JIpyra 3apoJbllieii -MaTpelek Wik K€ BUTAIU3M TOTO MJIM UHOTO
TOJIKA, B KOHIE KOHIIOB, CBOJMMBIM K KOHE€YHOW npuuuHe Apucrorensd. llomoup npunma
HEO0XKUJIAHHO U U3 TOM 00JacTH, OTKyJa €€ COBCEM HE JKJaJIu.

I'enernueckasi Teopusi paspurusi. Hame BpeMs — Bpems «yMHBIX» MallMH. /lymMaro, Ka bl
XOTsi Obl W3 BOCTOP)KEHHBIX >KYPHAJHCTCKUX OYEpPKOB 3HAET 00 aBTOMATHYECKUX CTaHKaX C
[porpaMMHBIM yrnpasieHueM. O HaKo MalllMHa, BBIIOJIHSIONM@As 00Jiee NI MEHEE CIOXKHYI0 paboTy
COMIACHO BJIOKEHHOM B HEE IpPOrpaMMe, OTHIOJAb HE Takas y)K HOBHHKA. YK€ B Haydaje IPOIUIOro
BEKa CYIIECTBOBAIM CTAaHKH JUIsI HAOMBKM MAaTe€pUM U BS3KM KPYKEB, a TaKKe BCIKOIO poja
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MY3bIKQJIBHBIE HMHCTPYMEHTbl — MEXaHWYECKUE OpraHbl, [IAPMAaHKUA, MEXAaHUYECKUE IHAHUHO,
BBIJABABIIME JOBOJBHO CIIOKHBIE CTPYKTYPHl B BHJIE I1OCJIEIOBATEIbHOCTEN Y30pOB, PUCYHKOB U
3BYKOB Pa3HOM TOHAJIBHOCTHU IO mporpamMme. [IporpamMma B Takue yCTpOMCTBa BKJIAQJbIBAJIACh B BUJE
METaJUTMYECKON MM KapTOHHOM TIJIACTUHKHU C TPOOUTHIMU B HE OTBEpCTHsAMU. Tak 4To mep dokapra —
COBCEM HE JIOCTHKEHHE BeKa KUOEPHETUKH.

Co BpemeHeM nepQoKapTy CMEHMJIa MarHuTHas JICHTAa M CUMTHIBAIOI@AS C HEE KOMaHIbl
rosioBka. [loyarato, u JeHTa 3aMEHUTCS B OyIyIeM Kakoi— OO TrosiorpauyecKoi MIACTUHKONW WIH
e  KpUCTAJUIOM, B  KOTOpOM Oyaer 3amucaH  OTpOMHBIH — MaccuB  uMH(opmanuu. B
Hay4HO-(aHTAaCTUUYECKUX POMaHaxX TaKue YCTPOMCTBA YK€ €CTb.

Kakoe ke OTHOIIEHHME CTaHKM C MPOTPAMMHBIM YIpaBICHHEM MOIYT HMMETh K Mpolieme
pa3BUTHS OpraHu3MoB? OKa3bIBaeTCsl, caMOe MPAMOE.

Kpymnaerii matematuk JIxon ¢on Heitman, Bmecte ¢ HopOGeprom Bunepom u Kitogom
[[leHHOHOM CUMTAIOIMICS CO3AaTeleM HOBOW OTpaciu 3HaHHUS — KUOEPHETHKH, KaK-TO 3aJyMaliCs:
BO3MOYKHO JIM IIOCTPOUTH TAKYI0 MALLMHY, KOTOPAsl, CIEeAys 3aJ10)KEHHOW B HEll CUCTEME MHCTPYKLMH,
nocTpowsna Obl TOYHYIO KOMHUIO caMoil ce0a? MHbIMH cloBaMH, BOCIPOM3BECTH B MeTajuie
OMOJIOTMYECKYI0 CMEHY MOKOJIEHUH, TOCTPOUTh CAMOPA3MHOXKAIOIMKCS aBTOMAT.

CormacHo MaTeMaTH4ecKMM BbIKIagkaM (oH Heiimana cymecTByeT ompeneneHHBIH MOpor
CJIOKHOCTH MAIlIMHBI, HUKE KOTOPOr0 OHA HE MOKET BOCIPOU3BOMTH ceOe moo0HbIX. EcTecTBeHHO,
BO3HUKAET BOIPOC: KaK OOBEKTUBHO M3MEPSATh CTENEHb CIOXKHOCTH cucTeMbl? Bompoc 3ToT kpaiiHe
B&)XEH, DEILICHHE €ro MOHAJA00MTCS HaM W B OyaylEeM, MOSTOMY caMoO€ BpeMsi ceduac Ha HeM
OCTaHOBHUTBCSL.

CI0)XHOCTh CHCTEMBI M3MEpsIeTCs KOJIMYECTBOM HHpopMaIuu, MOTPeOHOM A ee OMUCaHUSL
Haubosee pacnipoctpaneHa qsonyHas equauIa uHGopmanuu — out (ot anmmiickoro binary digit ).
Cronbko nHGPOPMAIIUU COACPKHUTCS B OTBETE «Ia» UITU «HET» Ha KaKoi -J11u00 BOIpoc.

Hanpuwmep, m060i1 otBeT Ha Bompoc: «lloiiaere a1 BbI cerofHs B KWHO?» — CONEPKHUT OAUH OUT
nHpopMauu. A eciau OTBETOB Ha BOIPOC OOJbINE ABYX, TO ecTh Ooibine BIOOpoB? Ecim BBIOOpHI
PaBHOBEPOSITHBI, YUCJI0O OMTOB B OTBETE PAaBHO JABOWYHOMY JIOTapu (MY (TO ecTh jorapudmy mpHu
OCHOBaHUHU 2) U3 YKclia BEIOOPOB.

Kak 3ToT mpuHUMI u3MepeHus HHQOopMaIuy UCIO0JIb30BATh Ui OL[EHKU CJIOKHOCTH ONHMCAHMS
cucreMbl? Bo3pMeM K1acCHYECKOE ONMMCaHUE: «A pOCTOM OH Mall, TpyJb IIMPOKAs, OJJHA PyKa KOpOoYe
JPYToi, TJ1aza royyobie, BOJIOCH phKUE, Ha Ileke OOpoaBKa, Ha JI0y Apyras.

Onucanue O4eHb KPaTKOE M TOAUTCS TOJIBKO ISl omo3HaBaHusl cucteMbl «'pumika OTpenbeBy,
HO B MPUHIMIIE €T0 MOXKHO CHAeNaTh CKOJIb YrOAHO Ooliee JETalbHBIM, BILUIOTH J0 TOTO, YTOOBI 3Ty
CHCTEMY MO>KHO OBLIIO BOCCO3/1aTh (HYXKHO JIM BOcco3aBaTh JOKEIMUTPUS — 3TO y)Ke JIpyroi BOIpoc).
3a06aBbl pajy s MOACYMTAN, YTO B ONMCAHUH COJEPIKUTCS OKOJIO 12 OuT nHpOpMAITHH.

WHpiMH cTOBaMHU, JIbSK CHICKHOTO MPHUKa3a JOJDKEH ObLI 3a7aTh 12 BOMPOCOB M MOMYYUTh HA HUX
12 OTBETOB «I1a» HJIU «HET» YTOOBI ATO OMHUCAHNUE COCTABUTD.

Crnenry oroBOpuThbCs, YTO MOU IMOACYETHl OTHIOAb HE TaK TOYHBI, KaK XOTeJloch Obl. Tak 4
UCXOJMJI U3 TOTO, YTO I[BETA BOJOC (YEpHBIH, pyChIi, CBETIIBINA, PBHIKUHM, CEIOW U OTCYTCTBHE BOJIOC)
paBHOBeposiTHBI. Torma wHdopmanus Oblia Obl paBHa 10926 . Ha nene 310 manexo He Tak. Mbl He
3HAeM, C KaKOH 4aCTOTOM BCTpeyanuch prbkue Ha Pycu B snoxy bopuca ['ogyHoBa. Y 4epHOBOJIOCHIX
KUTallleB DPBDKUE BOJOCHI HACTOJNBKO penku, uro CyHp [foaHs, OIHOTO M3 TepoeB 3MOXU
TpoenapcTBusi, HHAaYE W HE HA3BIBAIM, KaK «TOJIYOOTJIa3bIi M PHIKEOOPOBId OTpok». U cpa3y ObLio
ACHO, 0 KoM uaeT peub. A B llloTmanauu 3TOT mpu3HAK TOBOJILHO HEMH(OpPMATUBEH: HUTAE 5 HE
BHJICJI CTOJIBKO PBDKUX, KaK Ha YIUIax DIuHOypra.

Tak 4TO, CTPOrO rOBOPS, HA/IO JJIs OLEHKU KOJMYeCcTBa MH(OPMALUK MOJIB30BaThCs GopMysoit

H=-> Pi log2 Pi

TO €CTh KOJMYECTBO MH(OPMAIMKM PaBHO CyMME IPOU3BEICHHI BEPOSATHOCTH BCTPEYAEMOCTH
JJ€eMEHTa Ha JBOMYHBIA JIoTapu(dM 5TOHW BEPOSITHOCTU. Tak, €clii BEPOSITHOCTh BCTPEUAEMOCTH
pbixero 1Bera Bojoc 0,1 — (kKa)ablil IecsAThI pBIKUIT), TO OTBET Ha BONPOC O LBETE BOJOC JAET
0,3322 outa nHpopManuu. A Oyap peDKUME Bee (BepostTHOCTE P = 1), H  Obuta Obl paBHa HYJIIO
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(;rorapud™M eTUHUIIBI paBEH HYIIIO).

Bor Tak B Ourtax uHpopmauuu ¢(oH HeiimMaH OLIEHMI CIOXKHOCTh CHCTEMBI, CIIOCOOHOM
BOCIIPOM3BOHMTH camoe ceOs. OHa oKazanach JOBOJIBHO OOJBIION — MOpPAAKA MUJUTMOHA OUT, TO €CTh
cUCTeMa JJOJKHA Obla ObI COCTOSITh HE MEHEE YeM M3 JECATH THICSY JIEMEHTOB. JTO OUEHb CIO0XKHAs
CUCTEMA, COBPEMEHHBIE CTAHKHU C IIPOrpaMMOM Ha MarHUTHOM JIEHTE MHOI'O MPOILE.

Ho, nomyctum, MBI cO31anu TaKyr0 MalllMHY, BBEJIM B HEE JICHTY C IIPOIPaMMOM U1l TOCTPOMKHU
JIoYepHel» MalMHbBI U 3aImyCTHIN ee. Bocripoussenu 661 MBI B METAJIJIE CMEHY ITOKOJICHUMN?

OxkasbiBaercs, HeT. «JlouepHssi» ManmHa Oyaer OeCIUIONHOW: Beib B HEM HET JICHTHI C
nporpammoii. UToOb! MOSBUIIOCH TPEThE MALIMHHOE MOKOJIEHUE, B MAllMHE-POJIOHAYATIbHULIE HY)KHO
IIPENYCMOTPETH JICHTOKOIMPYIOLLEE YCTPOMCTBO, MEPEAAIOLIEE 10 HACIEACTBY KOIHUIO MPOTPAMMBI.
Wrak, cormacHo HelimaHny, 110 HaciaeacTBy IepenacTcs HeE CTPYKIypa, a ONMCaHUE CTPYKTYpbl U
MHCTPYKLUS 110 €€ U3TOTOBJIeHU0. Y Bech mpoliecc pa3BUTHSI COCTOUT U3 ABYX Pa3/eIbHbIX onepa i
— KOIMPOBAHME HTOM MPOrpaMmbl (TOrO, YTO TI€HETHKM HAa3bIBAIOT 2€HOmMUNOM ) W TOCTPOHKa
COOCTBEHHO OpraHu3Ma (TOro, 4TO OHU Ha3bIBAIOT heHomunom ).

Bot MbI 1 mogonuu K GopMyIupoBKe MEPBOIl aKCHOMBI OMOJIOTHH.

Bce xuBble OpraHm3Mbl I0J/IZKHbI ObITH C¢AUHCTBOM (l)eHOTI/Il'[a N nporpamMmmsbl AJisg €ro
MOCTPOCHUA (FeHOTI/IHa), nepeaarniuerocd mo HacJIEACTBY U3 MOKOJICHUSA B IIOKOJCHHUE.

Huuto He HOBO moa nyHoil. Eme B KoHIlE Tpomuioro Beka Ouonor ABTycr Belicman
chopMyITMpoOBaIl 3TOT MPUHITUII (JISJICHUE OpraHW3Ma Ha COMY W HAaCJICJICTBEHHYIO T1JIa3My).

Bce mocnenyronme ycriexu TeéHETUKA U TeOpUH HHGOPMAIUM JIUIIb ONECTAINE MOATBEPIUIH
ero.

MHorue untaTenu, BO3MOXHO, TOKMYT, IJIEYaMH: KaKkasi pa3HHIla MEpeaeTcs JIU 10 HACJIEACTBY
cama CTPYKTypa B BHJIC€ MaJCHBKOTO OpraHHU3Ma, 3aMPATAHHOTO B SIAICKIETKE WM CIIEPMUH WUITU Ke
nporpamMmma KoJupyoou@s ero mnocrtpoeHue? UYUro pgaer HoBas TeOpHs pa3BUTHUS (HA30BEM €€
TeHETHYECKOM ) 10 CpaBHEHHIO ¢ TTpedopmuzmMom?

Yro naer? Jla Bce: MbI cpa3zy u3baBisieMcss OT MOJABIISIONICH KapTHHBI OECKOHEUHOM BepeHUIIbI
BJIO’KEHHBIX JIPYT B Jpyra 3apojbliieii. 11 He Hy’)KHO OTOXAECTBJISATh T€HETHYECKYIO0 TEOPUIO Pa3BUTHUS
¢ npedopMHU3MOM, KaK 3TO HHOT/A JeiaroT (MOSBUIICS JTaXke TEPMUH «HeornpedopMusm»). Jlenas 3o,
MBI OTOXJECTBJISIEM IIPOrpamMMy ITOCTPOCHMS CTPYKTYphl € caMoil CTpykTypoil. Ho 3T10 cTomb xe
HEJIeNO, KaK OTOXJECTBIISITh CTPAHUILY U3 MOBAPEHHOW KHUTH C 00€IOM, pPEelenT — C JIEKapCTBOM U
YepTek aBTOMOOUJISI — C CAMUM aBTOMOOUJIEM.

Kak u B Teopum »snmreHesa, YNoOpsIOYEHHOCTh OpraHM3Ma B Ka)XJ0M HOBOM IIOKOJIEHUM
BO3HMKAET 3aHOBO.

Ho ymopsimounBaronmii pakrop — He MEUCTHYECKAs! SHTENEXUsI APUCTOTENS UITH «CYIIECTBEHH ast
cuna» Bonbga. DTo BHOJHE peanbHas MporpamMma, 3aKOJUPOBaHHAs, KaK MbI Teleph 3HAEM, B
JUIMHHBIX ~ HUTEBUJHBIX  MOJIEKYlaX Je30KcupuOoHyKIenHOBOM  kuciotel — JHK  wunum
pubonyknenHoBoi kucinotsl — PHK y HekoTOpbIX BUPYCOB.

A
M ' v

HHasi MuKkpogomozepaghus c

- -

Puc. 6. Omnocumenvhvie pasmepvl HEeKOMOPLIX GUPYCO8 (INEKMPO
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yeenuuenuem 6 200000 pas). Cresa nanpago — 00un u3 maieHvkux gacos pX174, supyc mabaumnoii
MO3auKU, CRoJiCHLIL Oaxkmepuoghae T4 (uz epynnsl max Hazvieaemvix T-uemHvix pazcoe baxkmepuu

KUUEYHOU NATIOYKU).

Ilopsinok opraHu3mMa BO3HMKA€T HE M3 HMYEro, a U3 MOpAAKA IOJYy4eHHOW OT pOAUTEIEH
MIPOTPaMMBI.

[Tomuepkuem omHO 00CTOSTENBCTBO. Halmmma TpakToBka mepBoi akCMOMBI (PYHKIIMOHATIbHA, OHA
HE CBS3BIBACT IEPBOE YCIOBHE JKM3HM C KAKUM-JHMOO KOHKPETHBIM XHMHYECKAM BEIIECCTBOM.
CaMOBOCIIPOU3BOAIIYIOCS MAIIMHY MOKHO B IPUHLIMIIE ITOCTPOUTH, BKIA/IbIBAas B HEE MPOrpammy,
3allMCaHHYI0 Ha MarHUTHOM JIEHTE UJIM B COBOKYITHOCTH Nep(oKapT MM elle KaKuM-I100 crnocoOoMm.

[TpuHUMO pa3aenbHOrO KOMHWPOBAHMS IPU COBMECTHOM CYIIECTBOBAHMS TeHOTHIA U (peHOTHIMA
ocraercsi He3plOaeMbIM. To e U B )KM3HU. B 36MHBIX yCIOBHUSAX OCHOBa (peHOTUIIA — OEJIKM, OCHOBA
IeHOTUIIa — HYKICHHOBbIE KHUCIOTh. HO HE MOANEKUT COMHEHHIO, YTO XHU3Hb BO BcereHHoM
OeckoHe4YHO pa3HooOpasHa. I'me-HuOyap Ha muaHere cuctembl Tay Kuta mnm ansda DpupaHa xKu3Hb
MOKET OBITh MOCTpPOEHAa Ha MHOM CTPYKTYpHOHl OCHOBE, HO IO eAuHOMYy JUIlsl Bcell Bcenennoit
npuHuuny. Axkcuoma Ne 1 equna i Bcero kuBoro. JKu3Hb Ha OCHOBE TOJIBKO OIHOTO (peHOTHIIA UITU
K€ OJHOTO TIEHOTHUIIAa HEBO3MOXHA, NPU OSTOM HENb3sd O0ECIEUUTh HHU CAMONOJAJEpXaHUS, HU
CaMOBOCITPOM3BEACHUS CJIOKHOU CIIEIU(PUUECKON CTPYKTYPHI.
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Puc. 7. Bupyc mabaunou mozauku — nepewviii 8upyc, KOmopbwiil Obll ONUCAH U 3amMeM GblOeNeH 8
yucmom eude. Beepxy cneea — cxema cmpoenus (pazmepsl 30eco u oanee OarOmcs 8 aHeCmpemax —
CMOMUITUOHHBIX 005X canmumempa). Cnpasa — ¢ghomoepaghusi modenu supyca — 0OHOHUMUAMAs
cnupane PHK 6 uiybe uz oounaxosvix moaekyn oeika. Kasxcoyro makyio 6eiko8yo MoieKyny ciazam
6 onpeoenienHol nociedosamenvhocmu 158 amunokuciom.

PaccmoTpuM cripaBeUIMBOCTh HALICH MEPBOM aKCMOMBI HA PsAIE KOHKPETHBIX IpUMepoB. Urak,
(eHOTUIT HE MOXKET BOCIPOU3BOJMUTHCS 0O€3 TEeHOoTHIa, W HaoOopoT. DEHOTHUH BO3HUKAET IO
nporpamme, KOAUPOBAHHOW B TEHOTUIIE, M 3a0JHO KOMUPYET TeHOTHUI A Oyayiiero nokonenus. Ho
BO3MOYKHBI CIIydad, KOTAAa TeHOTHI KOMHUPYETCsl MPH MOCPEACTBE 4yXoTo ¢eHoruna. Torma mopor
CJIIOKHOCTH, ompeneiaeHHbl ¢oH HeilimaHoM, CHMMaeTCs: BO3HHMKAIOT MPOCTEHIME OOpa3oBaHUS —
BUPYCHI, HA IPUMEPE KOTOPBIX MOXHO MPOCIEIUTh BCE CTAUH PEAYKIUU (PeHOTHUIIA.
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Puc. 8 Dnekmponnas muxpo gpomozpagus 001020 U3 CI0AHCHBIX OAKMEPUATLHBIX UPYCO8 — (haca
T2. Xopowio 6uonvl monekyivl 6enka, ciazarouue X60CM U 20108Y, d MAKICe XB0CMOGble HUMU
(cnesa). Pazmepul 30ecb makaice 6 anecmpemax.

Camsle cloKHbIE BUPYCBI — OaKkTepro (ary, uin npocto ¢aru — napasutel 6bakrepuii. [Ipumepom
MOTYT CIYXHUThb TaK Has3blBaeMmble T-ueTHble (Qarun Oakrepuu KuineyHod mnamouku. Par T4

HarloMHHaeT 1o (¢opMe pydHyro rpaHaTy. [onmoBka (aroBoil 4YacTUIBI —  BBITSIHYTBIN
JBAIIATUTPAHHUK, CIOKEHHBIM W3 MOJIEKYNl OenKa, B HEH COAEPKHUTCS B KOMITAKTHO YIOKEHHOM
coctossHuM JuuHHAas moiiekyna JJHK. ®@ar 74 — uMeeT CIIOKHBII MEXaHU3M JUIsl BCOPBICKUBAHUS

CBOETO TCHOTHIIA BHYTPh OaKTEpPHAIbHON KIECTKH — XBOCTOBYIO 4acTh. XBOCTOBAs 4aCTh COCTOHUT (OT
TOJIOBKM K KOHIlY) W3 BOPOTHHYKA, COOCTBEHHO XBOCTA, OJIETOTO COKPATHMBIM, KaK MYCKYJIBHOE
BOJIOKHO, Y€XJIOM, ¥ 0a3ajbHOM IUIACTUHKH, OT KOTOPOM OTXOIAT IecTh HUTEH. Hutsamum u 3ydoramu
0azanbHOM TNJIacCTUHKM (ar MpHUKperUisieTcss K KIeTOYHOW obOonouke Oakrepuu. Monekyna
cnenuduyeckoro Oenka JM30IMMa Ha 0a3ajbHOM IIJIACTUHKE pa3bedacT O00JI0YKYy OakTepuu,
XBOCTOBOHM uexousl cokpamaercs, 1 HUTh JJHK ¢ orpomMHON CKOpOCTBIO BBITAJIKHBAETCS, OYKBAJIBHO
BBICTPEJINBAETCS B IIUTOIIa3My OaKTepHUH.

_

Puc. 9. Iloopobnas cxema T-uemnoco ¢haea; cnpasa noxkasawo, Kak oM 3apaxjcaem OaKmepuio.
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Cuauana ¢ae npuxpennsemcsa 6as3anvHoU NAACMUHKOU, ONUPAACL NPU IMOM HA X8OCHOBble HUMIU.
Monekyna nuzoyuma Ha 6a3anvbHOU NAACMUHKE pa3beddem CMeHKY OaKmepudaibHol KiemKU, X80Cm
cokpawaemcs, u Humv JIHK evicmpenusaemcs 6 6axmepuro. Denomun ¢haca nocie 5mozo
ombpacwvleaemcs, OH yoice He HYHCEH.

[Tycras GenkoBast o0omouka — (eHOTHN (ara — yKe He HY)KHA, OHa 0TOpachIBaeTcs. DTH Qaru
0e3 HYKICMHOBOW HAYMHKUA OOpa3HO Ha3bIBAIOT TEHSMH. JIeHCTBUTEIBHO, 3TO BCETO JHIIL TEHHU
BHUPYCOB: OHU MOT'YT, KaK U XHBbIC, TPUKPEIUIATHCA K MOBEPXHOCTU OaKTEepui M MpoOeaaTh CBOUM
JU30IIMMOM B HX oOosiouke oTBepcTusi. OHM He MOryr Jnub pasMHoxarbes. «omas» JJHK B
OakTepyuu HAYMHACT CBOIO PAa3pYyLIMTENBHYIO AeATeNbHOCThb. [Ipexnie Bcero, 3a Kakyl-TO MHUHYTY
MOJABJISIETCS  CUHTE3 OakrepuaidbHBIX OenkoB. Yepe3 msATh MHUHYT TIOCIE  3apa)KCHHs
OEJIOKCHHTE3UPYIOUMI  anmapar OakTepuu CUHTE3UpyeT 1Mo mporpamme ¢ara (epMeHTHI,
pasmHoxaronme Qaropyro JIHK. Eme uepe3 Tpu MHUHYTHI HauumHaeTcs CHUHTE3 (ParoBbIX OENKOB,
(dopMUpYIOIIM X TOJIOBKM U XBOCTBHI HOBBIX ocoOeil (ara. IlepBriif HOBBINM ¢ar npu Temmneparype 37°
nosiBisiercs uepes3 13 munyT, eue yepe3 12 B 6akrepun ux yxe coiie 200. HacuHTe3npoBaHHbIH 3a
3TO BpeMs JM30LHUM pazbedacT CTEHKH OakTepuM H3HYTPU, M HOBbIE (DaroBbI€ YAaCTHIIbI BBIXOJST
HapyXy, TOTOBBIE 3apakaTh Jpyrue OakTepralbHbIe KISTKU.

Puc 10. Jlrobonvimnuvii penomen — depexmuvie azu, azu axoodwvr 6e3 eenomuna. /[HK ¢aea,
80105 8 OAKMepuro, Moxdcem He 630P8aAmMb ee DASMHONCEHUEeM, d BCMPOUMbCSA 8 OAKMEePUATbHYIO
XPOMOCOMY U pazmMHONcamvcst emecme ¢ Hell. Denomun gaca mozoa ne oopazyemcs, paecosasn J[HK
00xooumcs uyocum. Takoil ghae, 1ameHmuwlll, MON*CEM BEPHYMbCA K AKMUBHOMY COCMOSHUIO, eClu
KYbmypy Oaxmeputl, 3apadxceHHulx um, oonyuums yavmpaguonemom. Mnoz0a akmuupyemcs He 8ecb
eenomun ¢paza, a 1uwb Ma yacme, KOMoOpds omeemcmeeHHa 3a obpazosanue xeocma. Toeoa 6
bakmepuu WmMamnylomcsi COmHu X680CMo8, NPoeoarwux ee CmeHKu U ulxooawux Hapyicy. OHu
mozym yousamuv Oaxmepuil, npoeoast TU30YUMOM UX CIEHKU, HO He PAZMHONCAMbCA (6e0b V HUX Hem
eonosku u 6 eonoexe JIHK — cenomun ocmancs 6 oaxkmepuanvhou kiemke). [eghekmmuvie hacu —
NUOYUHBI — PAZMHONCAMbCA camu He mozym. Denomun ez cemomuna 6eccunen. Cmpoeo 2o6ops,
Heb3s 20860PUMb, YMO NUOYUH He UMeen 2eHOMUNA — OH NPOCIO 0EPHCUN €20 8 OPY2OM Mecme.

'enoTun Takux (aroB MOBOJIBHO CIOXEH (OKOJO cTa reHoB). Ho ects u Oomnee mpocTeie daru,
HaripuMep @X174 | oH ropa3no meHblie 74 W NpPEACTaBIISIET MPAaBUJIBHBIN JBaJLAaTUTPAaHHUK O€3
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XBOCTOBO# yacTh. Ero reHOTHIT KoupyeT BCEro NIEBSTh OCIKOB.

Eme npoue dar MS2  : ero renotun cocrouT u3 ogHonutyaroit PHK, a ¢penorun nuums u3 tpex
0enkoB: Oenka-o000yI04KH, Oenka kaTanusupytomero cuate3 PHK, u Ttak Ha3piBaemoro A -0Oenka. A
BOT y BUPYCa, BBI3BIBAIOIICTO BEPETCHOBUIHOCTD KITyOHEH KapToems, HeT Jaxe OeITKOBOW 00O0JOUKH.
Ho, nonanas B xetku kaptogens, ero PHK ctpout nBa 6emnxka, gyykepoaHble A pacTeHHS - X035 M HA.
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Puc. 11. Ecnu b6axmepuogacu camvle Cr0dCHble 8UPYCbI, MO MAK HA3blBAeMble SUPOUObL —
Haubonee npocmule. Jlyuwie 6ce2o0 usyueH GUpoOuUd, Bbl3blEAIOWUL BEPEMEHOBUOHOCMb  KYOHell
kapmodpens. Ilopasicennvie um pacmenust 1e2K0 OMAUYUMb OM 300POGbIX. Y HUX TUCMbSA NPUNCAMBL K
cmebaam, a KyOHU UMEIOm XapakmepHylo hopmy ¢ MHOCOUUCTIEHHbIMU 2NA3KAMU. Y 8Upoudoe nem
obonouxu: smo eoavie PHK, obpasyrowue konvya, xoavya, Kak npasuio, Kax Obl CHIIOCHYMbL 8
naioyky. Omom eupoud cocmoum u3 Hexkooupyioweu o6eikos PHK, 6 xomopou ececo 359
HYKIeOMUOHbIX 36eHbes. [lonazarom, umo ungopmayus o cunmese OeiKos, NOAGIAOWUXCS 8 KI1emKaxX
3apascdceHno2o Kapmoghens, coOepiuHCUMCcsL 8 2eHOMe CAMO20 Kapmodghens, HO 00bIUHO 3a0JI0KUPOBAHA.
Bupouo xax 0wl éxnouaem ee u mem camblM U3MeHsem 6HEUWHUN OOIUK X O3AUHA.

BcTpoeHHBIE B XpOMOCOMBI X0351€B BUPYCBI MOTYT, II0-BUINMOMY, COBCEM OTKA3aThCs OT CBOETO
(deHOTHIIa M OOXOAUTHCS TIPU PETUIUKAIIUHU XO3SHCKUM.
Paccmotpum Tenepb oOpartHble mpuUMepbl. MoxeM JU Mbl Ha3BaTh JKUBBIMH OpPTraHU3MbI HJIU
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XOTsl Obl KIETKH Oe3 reHeTudeckoil mporpammbl? TakoBbl Oe3bsiiepHbIE KIETKM — SPUTPOLIUTHI
MJICKOTTUTAIO IMX WJIM K€ KIETKU XpYCTajuKa Iriiaza. JpUTPOLUT TEPSeT OCHOBHOE CBOMCTBO KU3HH,
OH HE MOJJIEP)KMBAET CBOIO CTPYKTYPY, pacnaiasich 3a 4EThIPEe MECsIa, U HE MOXKET Pa3MHOXKATHCS
JIeIeHHeM. DTO BCETO JIMIIb YaCTh CTPYKTYpPHI )KUBOTO opranuiMa. Cam mo cebe OH HE MOXKET KUTb,
Kak J1r00ast OTAeNBbHO B3ATas 4YacTh CaMoJieTa HE MOXKET JIeTaTh.

Ha Ge3bsiiepHbIX KIETKaX — KaK MOSBIISIONMXCS B pe3yJIbTaTe €CTECTBEHHBIX MPOIIECCOB, TaK U
MOJIy4aeMbIX B 3KCIIEPUMEHTE — CJIEYyeT HECKOJIbKO 3a/iepkKaThbcs: Oojiee HAVISAHBIX TPUMEPOB IS
JKW3HU TEHETUYECKUX MPOrpaMM Mbl HE HalJIEM.

Bo3pmeMm, k mpumepy, Tia3 MiIekomuTaromero. Kak oH  dopMupyercs BO  Bpems
WHJAMBUYAJIbHOTO Pa3BUTHUs KUBOTHOTrOo? CHaudana MOSBISETCS TaK HA3bIBAEMbIA INIA3HOM MYy3bIPb,
3aTeM HapYKHBIM CJIOM KIETOK, JKTOAEpMa, HaJ IJa3HBIM MY3bIPEM YTOJILAECTCS U BTITUBACTCS
BHYTPh MOJIOCTH OyAYIIETo I1a3a, OTIIHYPOBBIBACTCS M 3aMBIKACTCS B MY3BIPEK. JTO CTAaHET IMOTOM
xpycraarukoM. Ero CTEHKM CIOKEHbl KIE€TKaMH SMUTENHs. B mpuHIuNe oHM Takue ke, KaK Te, 4TO
BBICTHJIAIOT, CKa)XKeM, BHYTPEHHIOI0 IMOBEPXHOCTh HAIIMX KPOBEHOCHBIX COCY/IOB WJIM CIIU3UCTHIE
000710uki. Y HHUX HOPMAJbHBIC SApa, OHU CHHTE3HPYIOT MHOTO OCJIKOB, MOTYT Pa3MHOXAaThCS
neneHueM. Ho B XpycCTalnMKOBOM MY3bIPbKE OHU MEHSIOTCS, MOCTEINEHHO MNEPEXOJSAT B JUIMHHBIC
CTCKIIOBUIHBIE TPO3payHbIe XPYCTATMKOBBIE BOJIOKHA. Habop OElKoB, CHHTE3UPYEMBIX HWMH
o0emHseTCs, HapabaTHIBAIOTCS TOJIBKO CIEIU(PUIHBIE CTPYKTYPHBIE 0K — KPUCTAUTMHBL. X Tpu:
anbda-, 0eTa— M raMMma-KpUCTAIUHBI (Y MTUIl U TPECMBIKAIONIMXCS CHHTE3UPYeTCs elle OJUH —
4yeTBepThIil). B Hauane ux cuHTE3a KIeTKa elle crnocoOHa nenutbes. Ho mocreneHHo ee nuTorasma
3aMoOJTHSCTCS XPAIMICTION00HONW KPUCTATMHOBOM MAacCOol, cama KIEeTKa BBITSITHBACTCS B BOJIOKHO.
[MapannensHo unet Ovictpas moteps JJHK B szpe: ecnmu B Hawane storo mporecca koiaundectso JJHK
TaKoe ke, KAK y HOPMAIBHON KICTKA C ABOWHBIM (IHMIIJIOMJHBIM) HAOOpPOM XpOMOCOM, TO 3aTeM B
XpYCTAIMKOBOM BOJIOKHE €€ HE yaaeTcsi OOHApYKUTh CaMbIMU YYyBCTBUTEIbHBIMU METOJAMH. DTO
BOJIOKHO YK€ HE€ JEIMTCS U HE MOJJCPKUBAET CBOKO CTPYKTYpY. TeM caMblM OHO OTJIMYAeTCsl OT
MHOTHX JPYTUX KIETOK OPraHu3Ma, B HOPME XOTS M HE JCISIIMXCSI, HO COXPAHSIOIM X AP0 — TaKUE
KJIETKH €IlIe CTIOCOOHBI K «PEMOHTHBIM paboTam.

YAUBUTETHHO CXOJHAS KapTHHA HAOMIOIAETCs TPH 00pa30BaHUU YPUTPOIIUTOB, XOTSI KOHEUHBIE
CTaJMu TIPOILIECCOB COBEPIICHHO pa3WyHbl. Tak Ha3bIBa€MbI€ CTBOJIOBBIE KIETKA KPOBETBOPHOI
CHUCTEMBI MOTYT JEJIUThCS MPAKTHYECKH HEOTpaHMUYEHHOE yucio pa3. Ho yacTe M3 HUX mpeBpalaercs
B MPO3PHUTOONACTHI: B HUX YK€ HaumHaercs cuHTe3 Toii PHK, koTtopast mociyXuT moTomM marpuiiei
JUISL CHHTe3a reMorniobnHa. Ha 3Tol cramuu sapa erne HOpMalbHBI M KICTKH CITIOCOOHBI K JCTICHUIO.
[Ipu mepexoze B CIEAYIOLIYIO CTaAUIO (HA 3TOM CTaAMM SPUTOOIACTHI MOTYT OKPAIMBATHCS Pa3HBIMU
KpackaM¥ U MOATOMY MOJIYYHIIA Ha3BaHHE MTOTUXPOMATO(MIBHBIX) SApa TEPSIOT aKTUBHOCTb.

VY pbI0, 3eMHOBOAHBIX, IPECMBIKAIOIM XCS U IITULl HEHY)KHOE, B 00ILIIEM-TO, PO TaK U OCTAETCs
B 3PEJIOM 3PUTPOLIUTE.

YV MIIEKOMUTAIOIMM X, a CTAIO OBbITh, M y JIFOJIEH MPOIECC UAET JAajbllie — sIpo ucue3aeT. Takas
KIeTKa Ha3bIBAETCSl PETUKYJIOLUTOM. Y J1a0OpaTOPHBIX KUBOTHBIX, HalpuUMep, KpOJIHUKOB,
cnenuuYeckKuMy SAaMd MOKHO OCTaHOBUTH IMPOIIECC KPOBETBOPEHHUS Ha 3TOHM craauu. Tordga B
KOCTHOM MO3Te HaKarUTMBAIOTCS PETHKYIOUHTHI. JIJiss OMoXuMuKka 3TH KISTKH — cynmid kiaa! B Hux
HeT siaep, Ho MHoro MarpuuHbix PHK, 6enokcunTesnpyronmii anmapat paboTaer ¥ TOHUT JUIIb OAHU
reMornioOuHbBl. Ho BOT Oyaymmii  SpUTPOIUT HACHINIEH TEeMOIJIOOMHOM /10  TIpefena.
benokcuHTE3NpyYyO M anmapar peaylupyeTcs, CHUXKAET aKTUBHOCTb, a 3pEJIbId SPUTPOLIUT, BOUIS B
COCY/Ibl, HAQUMHAET CBOIO )KU3Hb — B CPETHEM 4-MECAYHYIO.

Knerkn 6e3 reHernueckod mHporpaMmsbl, 0e3 sapa (SHYKICHPOBAHHBIE) MOXKHO IOIYYHTh
HCKYCCTBEHHO. OMOpUOJIOTH JaBHO YK€ HAY4YWIWCh TPOBOAWTH TaKd€ OINEpaluyd  Ha
OIJIOZOTBOPEHHBIX SHIEKIETKaX HEKOTOPHIX KUBOTHBIX: X CHayalla OTKPYYMBAIOT Ha LEHTpHUdyre,
OTUero sApo Kak OoJiee TsKEIOe CMEIACTCs B HUKHIOK YacTh KIETKU, a YK MOCIE 3TOro Mpu
OTpE/IeTICHHOM HaBbIKE OTHOCUTEIBLHO HETPYIHO PA3JCIHUTh MO MUKPOCKOTIOM SIMIIEKIETKY Ha 4acTh
0e3 sapa W Ha YacTh € sapoM. Pe3ynmpTar Bcerma oauMH: O€3bsiiepHAas YacTh IMOCTEHNEHHO
paccacbIBaeTCsl, U3 4YacTH C SIIPOM Pa3BUBACTCSI HOPMaJIbHBIN OpraHu3M.

Ho nan6onee ynauasiii 00BEKT 17151 TOJOOHBIX ONBITOB — OOMTAIONIAS B TEILJIBIX MOPSIX, BKIIIOYast
UepHoe wmope, Boaopocib areradymspus. CTpoeHHE ee O4YeHb XapakrepHo. Tak, Hampumep,
pacmpocTpaHeHHasl y Hac aleTadylspusi CpeIu3eMHOMOPCKAs UMEET BUJ MUHHATIOPHON — HECKOJIBKO
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MUJUIUMETPOB U 00Jiee — MOTaHKU C IJIOCKOM NUISNKOM Ha JUIMHHOM HOXKEe, IUIANKAa Y HEKOTOPBIX
BUJIOB JIOCTHUTAeT 5 CcaHTUMETpoB B auameTrpe. M 3TOT rpubOK COCTOUT M3 OJHOM KiIeTKH!
OmnepupoBaTh €€ MOKHO 0€3 0COOBIX YXUIIPEHHH, TeM 0oJiee UTO SAPO ITOW BOJOPOCTH TTOMEIIACTC ST
B CaMOM HMXHEH YacTH HOXKU, Y KOPHEOOpa3HbIX BBIPOCTOB PH30HIOB, KOTOPHIMH BOJOPOCIH
MPUKPETIAETCS K TPYHTY. XUPYPIUUECKUE OINlEpallMi CBOJATCS K TOMY, UTO BOAOPOCIb Pa3pe3aroT Ha
KyCKM M HaOJIOJAI0T 3a UX JaJbHEHIIMM «T1I0BEICHUEM.

Oxkazanock, 4YTO €CJIHM pacceyb HOXKKY, TO IUISANKA, B KOHIIE KOHIIOB, TOTUOHET, XOTS HEKOTOPOE
BpEMsl OHA €I MOJKET, MCIOJb3Yysl AHEPrHI0 COJIHEYHOIO CBETA, CHUHTE3UPOBATh OPraHUKY U3
YIJIEKUCIIOTO Ta3a W BOAbl. A HUXHSS 4acTb HOXKH, IJI€ HaxOAUTCA SApO, CHOBa 003aBeneTCs
HUISNIKOM — Bce, Kak y simepuil. Ho camoe mo00mbITHOE Aambllie: KOTaa Ui BOCCTAHOBUBINEH celst
aneTadyasipuu IPUXOAUT BpeMs ACTUTHCS, TO IUIANKA JIOCTAETCS JHUIIb OJHOM MOJOBHHKE, OIHOM
HOBOM 0cO0H, Apyras 00s13aHa «CTPOUTH» ce0e APYryro IUIATKY.

Ho u 510 eme He Bce. Pasuble Buabl anetalynsipuil OTIMYAIOTCSA JIPYr OT JApYyra IJaBHBIM
00pa3oM CTpPOCHHEM UUIANKH, 30HTHKA. Y CPEIU3eMHOMOPCKOM, HAlpuUMep, 30HTUK KpPYIJIBIA U
BOTHYTHIN, a y aneradynspuu BerTmreliHa oH pacceyeH Ha JIONAcTH U 1Mo (opMe MOXOK Ha I[BETOK.
beu1 mpoBeneH Takod SKCIEPUMEHT: HOXKKY Oe3 NUIANKA OT Cpelu3eMHOMOPCKOH areralynspun
nepecajuian Ha puzouasl aneradynspuu Berrmreitna. [lomyuwmncs «®ereratuBHBIA ruOpum». OH
ObICTpO HaACTpousl cebe NUISNKY, UM OHa OKa3ajlach pacceyeHHOMl Ha Jjomactu. Bmopouewm,
YAUBUTEIBHOIO TYyT HUYETO HET: BEIb AP0, a 3HAYMUT, U I'€HETUYECKas Iporpamma B HEH, B 3TOH
XuMepe, ObUIH OT BETTIITEHHOBCKON BOAOPOCIIH.

Bce ati mpuMepsl 0 BETMKON pOJIM TEHETUYECKU X MPOTPaMM OTHOCSATCS K KICTOYHOW (dopme
OpraHM3aIUH )KUBOTO. A KaKk OOCTOUT JIeNI0 Y HEKIETOUHBIX (POPM KHU3HU, Y BUPYCOB?

OTKpbITHII NEpBBIM M HauOoJiee XOpOILO M3Yy4EHHBIM BHpyc TabauHoil Mozaumku (BTM) —
JUTMHHAs TaJIovKa, TOYHEE TpyOkKa, cocrosimas Ha 95 mporeHToB u3 Oenka W 5 mpouentoB PHK.
TpyOuaTblii GenkoBBIM yexosl cocTouT npumepHo u3 2300 monexyn Oeika; Ha BHYTPEHHEH ero
MMOBEPXHOCTH MOJIOTOM CIIUPaJbIO pacnolioxkeHa ;yinHHas Huth PHK.

B ykcycHo#t kucmore (66 mporentoB) BTM pacnagaeTcst Ha OTACNBbHBIE MOJEKYIbl Oenka u
PHK. Ecnu kucinoTy HeWTpaiau3oBaTh IIEJIOYBIO, MOJEKYIbl Oelka CHOBa CIHMIIAIOTCS, 00pasys
JunHHBIe TpyOuatblie ruiib3bl. PHK Tyr He oOs3atenbHa, B €€ OTCYTCTBUE OOpa3yrOTCS CTOJNb XKe
JUIMHHBIE, @ TO U JJUHHEE OOBIYHBIX, OEIKOBbIE TPYOKH, BHEIIHE HEOTIUYHMMBIE OT HCXOJHBIX
BUPYCHBIX YaCTHII.

Ho 3apasute wierky Tabaka oHM He MoOryr. OCHOBHOE CBOWCTBO JKMBOTO —
CaMOBOCIPOU3BEICHUE — YTEPSIHO BMECTE C TEHETHYECKON MPOrpaMMoii.

Hamr ananu3 nepBoil akCMOMBI 3aBEPILIMM IIPUMEPOM, KOTOPBIM xodercsa HasBarh «lcropus co
ckpernu». BupyconoroB nocienHue ABaaLaTh JeT BeCbMa MHTEpEcOBala 3arajouHas 00Je3Hb OBEl —
MH(QEKINOHHAS YeCOTKa, Mopaxkarom@as nepu gepuiinbie HEPBHbIE OKOHYAHUS, PA3BUBAIOLIASCS OYe Hb
MEMJEHHO M B KOHII€ KOHILIOB MpUBOAAU@AsS K cMmepTH. Ee Ha3Baiu ckpenu (SCrape ); oHa OYEHb
HaroMHuHana Japyrue Ooye3HuW oBell (BHUCHA, puja, MAIAW) W JroAeH (amuoTpoduueckuii OOKOBOM
ckiepo3). M3BecTHO yxke okoino 15 Takux OoJe3Hel, Tak Ha3bIBa€MbIX MEIJICHHBIX BUPYCHBIX
uHQeKnui. V3 denoBedecKux, MOXallyd, HanOoIee IK30THYHA KYPYy — «XOXOUyIash CMEpPThb», IO
HEJJaBHETO BpPEMEHU MOopa)kaBlas ManmyacoB HOBOTHUHEHCKOTO IuieMeHU ¢ope. 31ech 3K30THYEH
croco0 3apakeHHus: COINIACHO PEUIMO3HBIM 00bIYasM (ope Ha MOMMHKAaX IO POJICTBEBHHUKY €Ile
HECKOJIbKO JIET Ha3aj o0s3aHbl ObUIM ChEaTh €ro MO3r. A Kypy, KakK M MoJaBJstolee 00JbIIMHCTBO
MEJICHHBIX BUPYCHBIX MH(EKIU, TATOTEET K KIeTKaM HEPBHOM CHCTEMBI.

[TapanokcanbHOCTh TOJOXKEHUS 3aKIIOYaeTcsi B TOM, YTO DJIEKTPOHHBIA MHMKPOCKOIl TYT
OeccuineH. Bo30yautens ckpenu WM Kypy B HEro HMKaK HE YIaBajoCh paszmisiyeTb. Bupycomoru
okazanuck B mnonoxenuu Jlyn Ilacrepa — TOT MOT CyIuTh, CONEPXKUTCS JU BUPYC OCIICHCTBA B
MO3IOBOM TKAaHHU, TOJBKO 3apa3uB IIOCIEAHEW NOAOMNBITHOE KMBOTHOE. M camoe r1naBHOE, 1O
HEKOTOPBIM JIaHHBIM YaCTHI[bl CKpENH He conepkaiu HykienHoBbIX kucioT: Hu JJHK, au PHK! Oto
MIOYEMY-TO MPUBOAUIO B BOCTOPI aHTUIAPBUHUCTOB. COITIACHO MX JIOTHKE, €CIM MaTepUalIbHbIM
CyOCTpaTOM HaCleJICTBEHHOCTH MOXKET OBITh JPYroe BEIIECTBO, KPOME HYKIECHHOBBIX KUCIIOT, TO 3TO
onpoBepraer Teoputo HBosrouuu JlapeuHa. Ha Mo#W B3MIAa, 3TO YTBEPKICHHE PaBHOCHIIBHO
CJICAYIOLEMY: €CJIM CTUXH MO>KHO HalKcaTh Ha 4eM-I100, KpoMe OyMard, TO 033U HE CYILECTBYeT.

OcraBUM aHTUJAPBUHMCTOB U 3aJyMacMcs: KaKUM e 00pa3oM BHUPYC CKPENH Pa3MHOMKAETCS,
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BOCIIPOU3BOAMT caMoro ce0st 6e3 reHoTuma?

HeckonbKko JieT Ha3aa aBTOp ATOW KHUTH ObLT B dKcIiequiiuu Ha ore Typkmenun. Mbl cuienu Ha
3a0pOILIEHHOM B I€CKaX KOpJOHE, THEM JIOBUJIM 3MEH U SIEpULl, a BEUEpPOM, KOI/Ia jkapa crajaia, 3a
3eJeHbIM YaeM BeNIM JUIMHHBIE Pa3roBopbl 000 BceM, BKIIOYash MOJEKYIsipHyIO Ouonoruio. He
MUHOBAJM MbI U cKkpenu. Kak MCTOJIKOBAaTh OTCYTCTBHE B 3TOM BUPYCE HYKIEMHOBBIX KUCIOT? [la u
BHUPYC JI1 3TO?

Toraa Ha mocyre st IpUAYMall JOBOJBHO CIOKHYIO CXEMY, TO3BOJISBIIYIO CKPENU Pa3MHOKAThCA
Ha Oasze reHoTHNAa XO3siMHA. B 00ImeM, MOJNy4anoch 4YTO-TO BPOAE KOPOTKOTO 3aMBIKAHUS
TEHETHYECKOTO arapara KISTKA. DTa CIEKYISAIUs OAHUM YIapoM OOBSCHSUIA U MEIUICHHOE Pa3BUTHE
MHQEKINHU, U TPUYPOUCHHOCTh BUPYCa K HEJENSANMMCS KIeTKaM HEpBHOW CHCTeMbl. MoeMy KoJjiere
OHa MOHPaBUJIACh, U OH JIaKe MTOCOBETOBAJI €€ OMMYOIMKOBaTh. Sl HE MOCIyIIalCs COBETa U MPaBUIILHO
caenay. @uHaI UCTOPUU MPOCT: HEJABHO B BUPYCE CKPENU OOHAPYKHUIIM HYKIEMHOBYIO KUCIIOTY.

[lepByto akcmomy OMOJIOTMH HE TTOHAIOOUIIOCH 3alUIIATh — OHA CaMa MOCTOosIa 3a ce0sl.

Urak, mMbl copMynrpoBanu TEpBOE TMONOKECHHUE, JIeKAIllee B OCHOBE BCEH KMBOW MaTepuH,
TOJIBKO JIJIsl Hee XapaKTepHoe M oOliee /s BCeX KUBBIX CYOBEKTOB — OT MPUMUTHBHEHIIETO BUpYca
JI0 YEJIOBEKA.

OJHaKko U3 HEr0 €CTECTBEHHO BBITEKAET HECKOJBKO MPOOJIEM, PEIIEHHE KOTOPBIX NMPUBOJIUT K
dopmynmupoBke Ouosorndeckor akcuoMbl Ne 2. Cpenu HUX TJIaBHBIE:

1. loctarouno nu uH@OpMAIUU, COAEpXKalleiics B TEHOTHIE, i Habopa WHCTPYKIUM,
noTpeOHOro JUIst MocTpoeHus GenoTuna? Bompoc MoKHO cPOpMyIHpPOBATh U MHAUE: YTO CIOKHEE —
reHoTHn uiu gerotun? Ckonbko HHPOPMAIIMU MTOTPEeOyeTCsl Al OMUCAHUS TOTO U JPYroro?

2. Kakum 00pa3oM U3 MOKOJICHUS B MOKOJIEHHWE BOCIIPOU3BOAUTCS TeHETHYECKAs ITporpaMmma, mo
KOTOPOU pa3BUBAIOTCS OPTaHU3MBI?

[lepexoauM KO BTOPOM akCHOME OMOJIOTHH.

Akcnoma BTOpas

N cnoa Hemuoro ucropuu. B 1927 pony na III Bcecoroznom che3ne 300510T0B, aHATOMOB U
ructojoroB B Jlenunrpaae Ham Onectsmmii 6mosor Hukonait KoncrantuHoBuu KombIioB caeman
JIOKJIaJ, B KOTOPOM BIIEpBbIE ObLIa 4eTKO CPOpMyIupoBaHa BTopas akcuoma Ouonoruu. [IpuHumm
KonbioBa 10 cux mop ocraercs He3bI0I€MbIM, HECMOTPS Ha TO, YTO HAIM MPEACTABJICHUS O MPUPOAE
HACJIEACTBEHHBIX MOJIEKYJI COBEPILIEHHO U3MEHUIIUCH.

B Hawane gpowinaga KosbuoB npunoMHMn gaBHee coOblThe — MOCKOBCKHM  Che3[l
€CTECTBOMCIIBITATENE W Bpaded, cocrosBumiica B 1893 romy. /lBa TOrmammHux BBICTYILICHHS
0COOEHHO Bpe3aJIUCh B €ro MHamsiTh, TOTJA MOJIOJOTO HCCIIEAOBATENs, M3YyYaBILETO aHATOMHIO
JIATYILKU.

[Ipodeccop M. A. Men3bup pacckazaJl o0 HamymMeBIOMX wuaesx ABrycra Belicmana,
pa3enuBILEeTO OPraHM3M Ha HACJIEACTBEHHYIO IJIa3My M COMY (QHAJOTH CETOAHSIIHUX T€HOTHIA U
¢denoruna). 3 teopum BeiicMana cienoBasio, YTO TEHOTHUII PACIONaracTcsi B KIETOYHOM SApe M
nepeaaeTcst OT MOKOJIEHUS B TIOKOJICHUE SULEKIETKAMU U CIIEPMUSIMH.

N na toMm xe cwezge xumMuk A. A. Komim myreM mpocTeMIMX MaTeMaTHYEeCKUX BBIKIAIOK,
OCHOBBIBASICh HA JAJIEKO €11l U BO MHOTOM HEBEPHBIX TOTJALHUX IPEICTABICHUAX O IPUPOE OENKOB,
MoKa3all, 9YTO B TOJIOBKE CHEPMHSI MOXKET YMECTUTHCS OYEHb Mallo OETKOBBIX MOJEKYI: HECKOJIbKO
JIECSITKOB, TO €CTh IIPUMEPHO CTOJIBKO K€, UTO U XPOMOCOM.

CtpanHbIM 00pa3oM HUKTO Torna, kpome KosnbiioBa, He conmocTaBui 06a 3TUX BRICTYyILIEHUS. [la
u caM Hukonait KoHcTaHTHHOBHY BhIHEC CBOM MJIeW Ha BceoOlee 00CykIeHre TOJbKO Tociie Ooee
YeM TPUALATUICTHUX Pa3MbILUICHUM, yKe MOCiIe TOro, Kak poauiach Ha CBET reHeTnka Moprana u
OenKoBasi XUMUS LIATHYJA JAJIEKO BIIEpEN.

BeiBoa ero Ob11 MPOCT XpoOMOcCOMa — 3TO THTaHTCKas MoJiekyna. Brocienctsuu, B 1935 roay on
Ha3BaJl XpPOMOCOMBI «HACJIECTBEHHBIMU MOJIEKYJIaMM.

Cornacao KosblioBy B XpoMOCOME B JITHEHHOW MOCIIEOBATEIFHOCTH PACIIOIAraloTCs OSIKOBBIC
MOJIEKYJbl — TeHbl. KaKplil reH — 1ernoyka aMMHOKUCIOTHBIX OCTATKOB, CO€JUHEHHBIX MENTHIHbIMU
CBSI3SIMU.
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Puc. 12. Taxum npeocmasnsan npoyecc oenenuss xpomocomwl H. K. Konvyos, eenuanvho
npeoyeadasuuii Heoox0OUMOCMb OISl HCUSHU MAMPUYHO2O CUHME3d.

HamoMH#MM, KCTaTH, 9YWTATENSIM, YTO TAaKO€ AMHHOKHCIOTA. DTOTO HA3BaHHS 3aCITy)KHBAET
Mr000€ COCMHEHHE, Co/IepIKallee oqHOBpeMeHHO aMmuHorpynny — NH2  u pagukan opraHndeckux
kucior — COOH . IlentuaHast CBsI3b BO3HMKAET MEXKIY STHMH TPYIIHPOBKAMH: IMPH 3TOM
OTIICIIJISICTCS. MOJICKYJIa BOJBI. BelIKM COCTOST W3 COTEH M THICSY AMHHOKHCIOTHBIX OCTaTKOB,
COCJMHCHHBIX TENTUIHBIMUA CBS3IMH. KOJBIIOB MPEIIMOIOKII, YTO BCE HACJIEIyeMble CBOMCTBA
OpraHU3MOB  3aKOAMPOBAHBI B  XpPOMOCOMaxX  TMOPSIKOM  4YEpelNOBaHUS  Pa3HOOOPA3HBIX
AMHHOKHCIIOTHBIX OCTAaTKOB.

Ho orcrona cienoBano, 4To 3aHOBO BO3HHMKATh MOI0OHBIE MOJIEKYNbI HE MOTYT. CIUIIIKOM Maia
BEpPOSITHOCTh TOTO, YTO AMHHOKHCIOTBI caMU MO cebe, 0e3 KaKOTo-HUOYAb YIOPSI0YHBAIOIICTO
dakropa cobepyTcs B HYKHYIO TOCIEIOBATEIBHOCTh. A BeIb OHA BOCIIPOM3BOJUTCS B KKIOM
MOKOJICHUU ¥ BEPOSTHOCTh ONIMOKA HUYTOKHA. KOJBIIOB MPUBOMI IPUMED C IIEMOYKON Bcero u3 17
AMHHOKHCIIOT, BO3MOXHO CYIIIECTBOBAHWE TPHJUIMOHA BAPUAHTOB TAKUX I[CMOYCK, Pa3THYAI0IXCS
yepenoBanreM octatkoB! Ho Takas menouka (remntakaiiieKarnenTr1) ropa3no Mpolne O0IbIMHCTBA
MPUPOTHBIX OCIIKOB.

Temneps, Korjga MmoOCICIOBATEIBHOCTh AMUHOKUCIIOT W3BECTHA JJISI MHOTHUX JICCSTKOB, €CIIM HE
COTEH, OEJKOB, MOXXHO MPHUBECTH €Ile Oosiee yOeAMTENbHBIN MpuUMEp, Kak 3To jAenaer Mandpen
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Ditren?. [Mutoxpom C He camblii OONBINON OETOK, B HEM JIMIIL OKOJIO COTHH aMHHOKHCIIOTHBIX
OCTaTKOB. OWIeH MOJCYMTAJ, YTO YHCIO BApPUAHTOB TAaKOM IOCIEAOBATEIbHOCTH  OKOJIO
10130(equHuna co cTa TPUALATHIO HYIsIMU ). TpyIHO NpEACTaBUTh CTOJIb OTPOMHYIO BeauuuHy. Eciau
Obl Bcsi Beenennast (Bce TUTaHeThI, 3BE3/Ibl U TAJlAaKTUKK) COCTOsUIa M3 1urtoxpomMa C , B HEW MOIIIO
YMECTUTBCS TOJIBKO 0K0J0 1074momnexyn! OTo nmu He noaTBepkaeHune mpicin Konposa!

N KonbLioB fenaer caeayronmi BbIBOI:

«HacsieicTBeHHbIE MOJIEKYJIBI CHHTE3UPYIOTCS MATPUYHBIM NMyTeM. B kadyecTBe MaTpuubl,
HA KOTOPOii CTPOUTCS TeH Oyayllero noKoJie Husi, ICMOJIb3yeTcesl TeH NMpeIbIAyIIero MmoKoJjae Hus».

D710 M ectb akcuoma Owosiornr Ne 2. KoOJbIIOB MPOJOJIKHUI IENb PACCyXJACHUN OMOIOTOB
npeapaynmx BekoB. Ecnu @panuecko Pequ B XVI Beke chopmymupoBan npuniun Omne vivum ex
VIVO  (BCe JKMBOE M3 )KHBOT0), OIIPOBEPralOLIMii BO3MOKHOCTh CAMO3apOXKIACHUS KHU3HH, TO XIX Bek
nobasun npunmpnel Omnis cellula ex cellula  (kaxmas kierka w3 wietkn) u OmMnis nucleus ex
nucleus (xaxxnoe siapo u3 supa). M Konbios 3aBepimaer: Omnis molecula ex molecula  — kaxnas
MoJieKyna (MMeeTcs B BUIY «HACJIECTBEHHAsl MOJIEKYJIa») U3 MOJIEKYIIbI.

[lpyHIMO MaTPUYHOIO KONMMPOBAHUS ObUI M3BECTEH JIOAAM ThicsuM JieT. Eme oburtatenu
[Ilymepa uMenu LUIMHAPUYECKUAE II€YAaTH U3 TBEPAOrO KAMHS C BBIPE3aHHBIMU HAa HUX MUMEHAMU
BJIAJICNBIIEB U PA3IMYHBIMU PUCYHKaMH. [IpOKaTMB Takoll NUJIMHAPHUK MO MITKOW IIIMHE, IPEBHUMI
HIymMmep IoJiydajd OTYETIMBBIM OTTHCK pUCYHKa M medatu. Ha »Tom ke mpueme ocHoBaHa Jro0as
CUCTEMa TOYHOIO M MAacCOBOIO KOIIMPOBAHMS CIIOKHBIX CTPYKTYp C 3aKOJAMPOBAHHOM B HUX
uH@opmaluel — OyJIp TO KHUTONeYaTaHHWe, YeKaHKa MOHET WJIM e MU3TOTOBJIEHHE (POTOOTTUCKOB C
HeratuBa. IlpencraBnsiercs crpaHHbIM, 4TO Hzae0 KoiaplioBa O MaTpu4HOM CHHTE3€ TI'€HOB
noaaepxanu B 20—30-e To/1pl U1 HEMHOTHE.

4 Cwm.: Difren M., Bunknep P. Urpa XXuszuu. M., Hayxka, 1979.
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Puc. 13. lpunyun mampuunozo Konupoganus ObLlL U36eCMEH Ve MbLCAUU 1em HA3a0 OPEGHUM
wymepam. Ilpokxamue sanuk-neyams no MACKoU 2iune, COCMOSMeNbHbIU UymMep CIaguil 8010 neyamas
Ha dokymeHnme. Yoce mozoa uemvipe ¢ NOIOBUHOU MBICAYU Jlem HA3a0 00U 000YMATUCH, YMO NeYyams
00J1)ICHA ObIMb KOMNAEMEHMAPHA OMNEeYamKy — GblNYKIOCMAM COOMBEMCmMEYIom 6nadunsl, 6Mecmo
HOPMANIbHBIX KIUHONUCHLIX 3HAKOS OAHbl UX 3epKalbHble omobpadicenus. Ho npupooa «uszobpenay
MampuuHoe KOnuposarue bofiee yem 3a mpu MUIIUApoOad iem panbuie, OHO DbLIO NePEbLM 3A80 e6AHUEM
JHCUBHU U ee HeOOX OOUMBIM Y CIOBUEM.

Ho ona ©Opua yke mymena B Hayudsli  oOuxon. Yuenumk  H. K. Kombrosa
H. B. TumodeeB-PecoBckuii mo3nakomun ¢ Hedt ¢usuka M. JlensOproka. J. lllpenunrep B cBoeit
kHUTe «YTO Takoe *KU3Hb C TOUKU 3peHUs (PU3MKa?» W10 MAaTPUYHOTO CUHTE3a MO OIMOKe MpuInucal
JensOproky (onmmbOxka depes ron Obuta ucnpasiieHa reHetukoM k. b. C. XonaeitHOM B pelieH3un Ha
kuury Hlpennnrepa B xypHaie «Heituepy).

Bo3smoxno, I[lpeauHrep cuutan 3Ty HACI0 YK€ IIMPOKO PACIpOCTPAaHEHHOM, UyTh JIM HE
OoOLIETIPUHATON B cpelie OMOJIOTOB U COCNAJCS Ha MOcieqHrue paboThl B ’TOM HAapPaBJICHUH, KaK 3TO
yacto BoauTcs. Onmobka npoctutensHas, TeM 6onee uro H. B. Tumodees-PecoBckuii u M. Jlens0prok
MHOra paboTalii BMecCTe.

A B 1953 ropy, uepe3 tpunanuare jer nociae cMmepru H. K. KonbunoBa B Tom ke XKypHaie
NOSIBIIIACh KpaTkasi craThs u3nka @. Kpuka u yuenuka JlenpOproka — reneruxa J[x. YorcoHa.

Kpuk u Yorcon pacum poBanu CTpyKTypy «HACIEACTBEHHON MOJIEKYJbI» U MOKAa3alH, YTO B
HEell caMoil 3aj0XKeHa CIocoOHOCTh K  MaTrpudyHoMy KomupoBaHuioo. Ho «®emectBom
HACJIEZICTBEHHOCTH» OKa3aJicsi He OEJOoK, a JAe30KCHPUOOHYKIEHHOBAs KHCIOTa — BCEM H3BECTHAs
HbIHE JBOMHas cniupaib [JHK.

[Touemy xe THK? ITouemy e KomblioB, reHHanbHO MpeayrajaB He00X0IMMOCTh MaTPUUHOTO
CHHTE3a TeHa, OImMOCs B BhIOOpE MaTepuaia Juis Hero? Bce neno 3akioyanoch B HECOBEPIICHCTBE
TOTAAIHUX MHUKPOCKOITMYECKUX METOAMK. Yke Oblila M3BECTHA OTIUYHAS PEaKUsl Ha HYKICUHOBBIC
KUCIIOTBI — peakiuss DEnpreHa, okpaunmMBaBLAas sapa KIETOK M XpPOMOCOMBI B sapax B
MaJuHOBO-KpacHeI 1BeT. Opnako xorma JIHK wmexay neneHusMud KIETOK pPaBHOMEPHO
pacrpocTpaHsiiach IO sApy, OKpacka Oblia cinaloif, mouTh He3aMeTHOM. Tak Mbl MOXeM BHJETh
KaTyIIKy HUTOK U HE 3aMETUTh HUTKY TOW K€ JJIMHBI Pa3MOTAHHYIO O TOBEPXHOCTU OOJIBIIOTO
koBpa. [loaTromy OonpumMHCTBO HccienoBareneil nonarano, uro JAHK u3 sapa B npomexyrke MexIy
JIEIEHUsIMA BOOOIIE Mcue3aeT. A Beb COTJIACHO HJee MATPUYHOTO CHHTE3a I'eH HE MOXET BO3HUKATh
3aHOBO.

Kcraru, Moxer 11 mocienoBaTebHOCTh aMUHOKHUCIIOT Pa3MHOXKAaThcs MAaTpUYHBIM myTtem? Kax
YIAJIOCh YCTaHOBUTH B IpUpoae — HeT. M Bee xe... KonpIoB oka3ancs He Tak yXK U He IIpas.
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BoTr kak OH IpeacTaBiIsl MPOLECC «PAa3MHOKEHUSD» MOJIEKYIbI: «...BCSIKas (KOHEYHO, CIO0XKHAs
OpraHuyeckas) MoJeKyja BO3HHKAET U3 OKPYKAIOILEro pacTBOPa TOJBKO MPU HAMYUM YK€ FOTOBOM
MOJIEKYJIbl; IPUYEM COOTBETCTBYIOLIME PaAUKAJIbl IOMEIIAIOTCS. .. HAa T€ ITYHKThl UMEIO LLIEHCS HATTULIO
U CIOyXKalllel 3aTpaBKOM MOJIEKYJbI, TJ€ JIEKAT TaKue e pagukaibl». Takod Mpolecc yaaiaoch
BOCIIPOU3BECTH B OIIBITE.

Ecth Takas aMHHOKHCIIOTa — TIyTaMHHOBas. VIMEHHO OHa MpHIAET CHCIU(PUICCKUN MPUBKYC
CYyXUM IIaKeTHBIM cynaMm (Tyaa 100aBJIsIOT ee HaTpueByl cosib). OHa MOMKET CyLIECTBOBATh, KaK
BCAKOE OPTAaHMYECKOE COEIUHEHHE C aCHMMETPUYHBIM aTOMOM YIJepoja, B IBYX (opMax, YCIOBHO
Ha3BaHHBIX «IpaBON» U «ieBOW». [IpupoaHbie OeNku coepKaT TOJIBKO JIEBbIE aMUHOKHUCIIOTHI.

Kak u m100yt0 aMUHOKHUCIIOTY, ITTyTaMMHOBYIO MOKHO MOJMMepu30BaTh. [Ipu 3TOM BO3HUKaeT
JUIMHHAas MOHOTOHHas nenodka [uy-Iny-Iny-I'nmy — mnonaurmyraMuHOBas KUCJIOTa, TaK JKe
HaIllOMHUHAIOMIAs TPUPOAHBIN O€I0K, KaKk 3BOH OyAMJIbHUKA — MY3BIKY.

PacTBopuM NOJIMITIYTAaMUHOBYIO KUCJIOTY (U3 JIeBbIX (opMm) B BoaHo menoun npu 100° u
n00aBUM B PEaKUMOHHBIH COCYH CMECh NMPaBOil W JeBOW (OpPMBI TIIYyTaMMHOBOW KuCIOTHL. [lpu
OXJIQXKJIEHUH pacTBOpPa MPOUCXOAUT IMPOLECC, YAUBUTEIbHO HAIOMHHAIONMM TOT, KOTOPBIM Onucail
KonpoB. Mosnekynel IyTaMMHOBOM — KHUCIIOTHI NPUCOEAMHSIOTCS K  3BEHBSAM  IOJIMMEPA,
MOJIMDJIYTAMUHOBAsE KUCIOTa CIHyxUT Marpuued. [lox pgelictBuem oOIydeHUsT MEXIY OSTUMHU
MOJIEKYJIaMl BO3HMKAIOT TENTHJIHbIE CBA3M — CcHMBKM. Tak oOpa3yercs HOBas MoJIEKyla
MOJINIJIYTAMUHOBOM KHMCIIOTBI, IOCTPOEHHAsl HAa MaTpuie ctapoi. YeM 3TO He pa3sMHOKEHUE MOJIEKYI
o KosnbiioBy?

K Tomy >xe mMarpuiia BEIOMpaeT marepuai JUisl MOCTPOMKA KOMHMHU — TOJBKO JieBylo (opmy. B
IPUHLUAIIE BO3MOXKEH BBIOOD HYXHOW MOJIEKYJBbl M M3 CMECH pa3HbIX aMHUHOKHCIOT. Ka3zamock Obl,
TaKUM CIIOCOOOM MOXET Pa3MHOKAThCS W HACTOSIIMNA OEIIOK.

Onnako 7es0 00CTOUT He Tak MpocTo. Ecny Mbl MOBBICUM KOHLIEHTPALMIO AMUHOKUCIIOTHI HIIH
xKe OpicTpee OylaeM OXJIaxJaTh pacTBOpP, M30MPATEIbHOCTh CHHTE3a cpasy ucue3aeT. TOYHOW KOMUU
MIOJIMMEPHOI MOJIEKYJIbI TAKUM CIIOCOOOM IOJIYYUT HEb3Sl.

[IprunHa 3TOrO — NpPUPOAA CBA3EH, KOTOPBIMA OJUHOYHBIE MOJIEKYJIBI ITTyTAMUHOBON KHCIIOTBHI
MIPUCOEIUHSIOTCA K MaTpUYHOMY Ionumepy. Takue cBsi3u Has3blBalOT BOAOpoaHbIMH. MoH Bomopona
HanOoJiee 3JIEKTPOIOIOKUTENEH, TOATOMY OH OXOTHO 00pa3yeT CBS3U C 3JIEKTPOOTPHUIATENIbHbIMU
nmapTHepamMu (BcrmoMHUATE XOTs1 Obl moH aMMmoHus NH4+ ). He Oynb BOZOPOMHBIX CBS3EH MEXIy
MOJIEKYJIaMH BOJIbI, OHA KHII€ ObI IPHU ropazao Oojee HU3KOH TemmepaType, jiex Obl TOHYI B BOAE, U
yKe TI0O9TOMY KH3Hb Ha 3emiie Obl1a ObI HEBO3MOKHOM.

Ho »storo mano. O ddekr BoIOpOIHBIX CBA3EH MMeEET JUlsd KU3HHU ropa3fo Oolibliee 3HAUYECHHUE.
VIMeHHO OHM OIpPENEIAIOT TaK HAa3bIBAEMYIO0 BTOPHYHYIO CTPYKTYPY MOJIEKYJ OCIIKOB M HYKIEHHOBBIX
KHUCJIOT.

B Genkax BomopoaHbie CBs3M 00pa3zyroTcst Mexay kuciopojnom B rpymnnupoBke CO-NH u
BozopoaoM B amuHoM rpyrnrne NH . Ocratku m00bIX aMHHOKUCIIOT MOTYT pearupoBaTh C JIIOOBIMU
e, BOJOpPOJHbIE CBs3M B Oenkax HecnenupuuHbl. VIMEHHO MOITOMY MAaTpUYHBIA CHHTE3
MOJIUTTTYTAMUHOBOW KUCIIOTBI TepsieT CHelU(UIHOCTh, KaK TOJIBKO MBI IBITAEMCS €r0 YCKOPUTh. A
HEIPEJIOKHOE YCIOBHE TOYHOIO MATPUYHOIO KOIMMUPOBAHUS — TOYHOE CIIAPUBAHUE MOJIEKYJI.

benku — mioxue MaTpuLbl, ¥ TO3TOMY OHH HE MOTYT Pa3MHOKAThCs CaMHU.

A HYKIEHHOBBIE KUCIOTHI? BcrmoMHUM HMX cTpoeHue. DTO, Kak M O€NKd, JAJMHHBIE MOJIEKYIbI
nonumepoB. Ho B oTiiMume OT OENKOB 3BEHBSI MOJMMEPA — HE AMUHOKHUCIOTBHI, a HYKIEOTH[bI
—caxapa-IeHTO3bl, K KOTOPBIM IPUCOEANHEHBI a30TUCThIE OCHOBAHUS — TYaHWH, aJCHWH, IUTO3MH U
tumuH (B PHK tumun 3amensiercs  ypaumuiom). CBs3bIBAlOTCS  3BEHBS  HYKICOTHJIOB
dochommapupHBIMU CBsI3siMU OcTaTKa (hocoproit kucimoTer H3PO4

[TonunentuHble Henu OEIKOB MOTYT COEIUHATHCS MOMAPHO BOJOPOIHBIMU CBSA3IMH — 3TO TaK
HaspIBaeMasi OeTta-cTpykrypa Oenka. Ho, kak yxe ylmoMHHaNOCh, 3T CBs3M HecrneuupuuHsl. MHoe
JIeJI0 HYKJIEMHOBBIE KUCIIOTHI. 3/IeCh TEPMOAMHAMHYECKU BbITOJIHEE 00pa3oBaHue Nap aJJleHUH — THUMHUH
(MM afieHuH — ypauwi) U TyaHUH — IMTO3MH. DTH Hapbl Ha3bIBalOT KaHOHMYECKUMU. Bce npyrue B
OOBIYHBIX yCIOBHSX HeycToWuuBhl. lloaTomy B nBoitHol cnupanu JIHK nmpotuB ryanHuHa B 0omHOM
L[ENH BCEr/ia CTOUT IUTO3MH B JIPYroi, a IPOTUB aJIeHMHA — TUMUH. W Kor/ia Ha OIMHOYHOMN 1L1eTH, KaK
Ha MaTpulle, CTPOUTCA HOBas, TOUHOCTb CHHTE3a OKAa3bIBACTCS YHOBIETBOPUTEIBHOW IS Iepenaun
TeHeTHYECKON MH(POPMAIINH U3 TTOKOJICHUS B TOKOJICHHUE.
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Puc 14. Ilouemy mampuyamu d#cusnu cmanu HyKleunogvle xuciomsi? [lomomy umo napol
ocnosanutt A — T (u A — 'V ona xomnnexcos /[HK — PHK u PHK — PHK) u I' — I] naubonee
mepmoounamudecku cmadounvhvl. OHU NOKA3AHbI HABEPXY, PACCMOAHUE MENHCOY OCHOBAHUAMU OAHO 8
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HAHOMempax, 6000POOHbLE C853U NOKA3AHbL NYHKMUpoM. Bee opyeue napwr ocnosanuii (T — T. 1] — 1],
A—A, I'-TI, T—1T), nokazanHvle HA HUMICHEL YACMA PUCYHKA, KAK MUHUMYM 8 0ecimb pa3 MeHee
npounvl, yem napa A — Tu A — V. A napa I' — 1] camas cmabunvruas uz écex. Iloosmomy 6 mounocmu
cnapusanusi ocHoganuti 6 J[HK u omcrooa 6 moyHocmu MampuyHo20 CUHmMe3d Hem HUYe2o
VOUBUMENLHO20 UU CBEPX BECeCMBEHH020. IMO YUCM AL MEePMOOUHAMUKA.

Mbl  BUIMM CYIIECTBEHHOE OTJIWYME OT cxeMbl KoJbIloBa: cormiacHO el momo0Hoe
HNPUTIATUBACTCA K MOJOOHOMY, TJTyTaMHHOBAs KUCJIOTa — K OCTaTKYy IMTyTAMUHOBOH K€ KHCIIOTHI B
HameMm onbite. [Ipu marpunupoanuun JIHK (u PHK BupycoB) mpuTsAruBaroTcsi MpOTUBOMOJIOKHbIE
OCHOBaHH s, KOMILJIEMEHTapHbIe, 00pa3yroIlme Hanbosee YCTOMYUBbIE Mapbl C MUHIMYMOM CBOOOIHOM
sHepruu. Llenu B MBOIMHON crimpanu MOXKHO YNOAOOWTH HEraTHBY M MO3UTHBY. Hamomuuwm, kcraru,
4TO0 W TUnorpagckuii mpudr, U Ne4yatd, U 4YEeKaHbl JUII MOHET TOXE HE HJICHTUYHbIE KOIHU
OTIEYATKOB, a UX 3€PKAIbHbIE OTPAKECHHUSI.

Kak u npu ¢GopMyanpoBKe MEpBOH aKCHOMBI, MOTUYEPKHEM: IJIABHOE He MaTepUAJILHbIN
cyocTpaT, a MaTpuYHbIi NPUHIUN ero cuHTe3a . J[a, B 3eMHBIX YCJIOBHUSX OCIKH OKa3aIHCh
IIJIOXMMH MaTpUIlaMM, & HyKIEHHOBBIE KMCIOTHI XopoumMu. Ho u3 3Toro He cieayer, 4To Ha APYrUX
nJjaHerax Bo BceneHHO# neno oO6cTouT Tak e. ['@Hbl TaM MOTYT COCTOSITH M3 JAPYTUX COEAMHEHMI
(KaKM X, HaM TOKa HEBEIOMO), HO Pa3MHOXaThCA OHU JIOJDKHBI, KaK M Ha 3emiie, MaTPUUHBIM ITyTEeM.
Muaye Mbl OnsATH MoMajzeM MeX1y Mpe(opMU3MOM U SIUTEHE30M, TaK YTO TaKas KaTeropuYH OCTh
BIIOJTHE 0OOCHOBAHA.

Ho wmbl xmBem Ha 3emsie. IloaTomy ceilyac Mbl JOJDKHBI BCIIOMHHTb, KaK T€HETHUYECKAs
uH(popMaIus KOAUPYETCSl B HYKICHMHOBBIX KUCIOTaX U KaK OHa TpaHCHOPMHUPYETCS B MOJEKYIBI
0enkoB. DTO HaAM NMPUTOAUTCA B JaibHeH ieM. PaccMOTpUM MPUHIMIIBI TEHETUYECKOTO KOJa — sI3bIKa
xu3HU. 160, kak cka3an Ko3pma [IpyTKOB: «...HE 3Hasl 3aKOHOB SI3bIKa UPOKE3CKOTO, MOKEIIh JIH ThI
JIeNiaTh TAKOE CYXJIEHHUE 110 CeMY MPEeAMETY, KOTOpoe He OblI0 ObI HEOOOCHOBAHHO M TIIYIIO?»

AndgaBur OeakoB. YK€ TOBOPUIJIOCH, YTO AMHHOKHCIOTOM MOET Ha3bIBaThCa Jt000€
coenmuHenue, coaepxkamiee aMmuHHBIN(—-NH2 ) u kapbokcunsabiii (COOH ) pammkansr. OTcroma
CIIEZyeT, YTO YHCIO BO3MOXHBIX AMHHOKUCIOT JOJDKHO OBITh OY€Hb BEJIMKO, IPaKTUYECKU
OeckoHeuHo. TeM 6osee yIUBUTENIBHO, YTO MIPUPOJA JUIS TIOCTPOSHUS OETKOBBIX MOJIEKYIT HCIIOJB3YeET
M3 BCETO ATOT0, HE MOJIAOIIETOCs YIeTy pa3HOoo0pa3usi BCETo JIUIIb J1BAII[aTh AMUHOKHUCIIOT.

OTO Tak Ha3bIBAaEMbIe «Maru4eckue». MoxkeT ObITh, IO KAKUM-TO HESICHBIM MPUYUHAM TOJIBKO
OHM TOJATCS JUIsl UCIIOJIBb30BaHUS B JKU3HEHHBIX Ipoueccax? HeT, aMUHOKUCIOTHI, HE BXOZALIME B
YHCIIO «MaruYecKu X», MOKHO OOHAPYKUTh B COCTaBE€ OPTaHU3MOB, HO TOJIbKO HE B OenkaX. TakoBbI,
HallpuMep, THUPOKCUH (M3BECTHBIH TOPMOH IMTOBUAHOW JKEJE3bl) WM K€ HOPBAIMH
(a-amuHOMaCHsSIHAS KCI0Ta). HeKOTOphIe aMUHOKHUCIIOTHBIC OCTATKU, Y)K€ BXOJS B COCTaB OCIIKOBOM
MoOJIeKyIbl, Mo punupyrotes. [IpucoenuauB octatok ¢ochopHOl KUCIOTHI, CEPUH MPEBpAIACTCS B
docdoceprH (B Ka3erHE MOJIOKA U IMETICHHE KEITyIOYHOTO COKa).

Wnu sxe Habop OENKOBBIX aMUHOKHUCIIOT OTpa)kaeT UX OOJbIIYI0 BEPOSTHOCTh BOSHUKHOBEHUS B
IIEPUOJL IPOUCXOXKACHUS KU3HU? TpyaHO OJHO3HAYHO OTBETUTH HA 3TOT BOIIPOC: BEAb Mbl HE MOXKEM
TOYHO BOCCTAHOBUTH YCIIOBHUS, CYIIECTBOBABIIME Ha 3eMile YeThlpe MUJUIMapa jet Hazaa. OJHako B
MHOTOYHMCJIEHHBIX OMNbITaX, MOJAECIUPOBABIIMX CAMbI€ Pa3JIUYHbIC NYTU CTAHOBJIEHUS OPraHUYECKUX
BELIECTB M3 HEOPraHMYECKUX (TaKuX, KaK BOJA, aMMHAaK, yIJIEKUCIbIA Ta3, MeTaH, BOAOPOA U Jp.),
yIAIOCh CHUHTE3UPOBATH OOJBINON HAOOpP aMHUHOKMCIIOT, TOpa3lo Oosee pa3HOOOpas3HbBIM, YEM TOT,
KOTOPBIN COCTABJIAIOT ABAAUATH «MarnueCKux».

Ha u cam anHanu3 andaBuTa OENKOB HABOAWUT Ha pasMblnuieHus. Bce «varnueckuey
aMHHOKHCIIOTBI MOKHO Pa3/IeIUTh HA TaKUE IPYIIIbI:

1. IlpousBoanbie yrieBoAOpPOAOB. B sToM ciiydae amMuHOIpyNma W KHUCIOTHBIA paguKa
IIPUCOEIUHSAIOTCS K YINIEBOAOPOAY M3 OIHOTO, JIBYX, TPEX WJIM YEThIPEX 3BEHbEB. TaKOBbI MIUIUH
(I'nmn), ananun (Ana), Banun (Ban), neiiuun (Jleit) u uzoneiiumn (Mneit). B nansHeiimem Mbl Oynem
MOJIB30BATHCS 3TUMU COKPAILICHUSMU.
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B Ty rpymnmy BXOAUT €IMHCTBEHHAS aMUHOKHCIIOTA, HE COZEpIKallias aCHMMETPUYHOTO aToMa
ymiepoAa (IMUMH). B mpoumx aToMel yriepojaa cojepaT pasHble pauKaibl, aCHMMETPUYHBI, U
MIOTOMY 3T aMHHOKHCJIOTBI MOTYT OBITh NPEJICTAaBJIECHBI B MpaBbIX U JIEBbIX (opMmax (a B Oenkax —
TOJIBKO B JIEBBIX).

2. Kucniple aMMHOKUCIIOTBL. DTOT TEPMHUH, HATOMUHAIOIMN «Macllo MACJITHOE», 03HAYaeT, UTo
OHM cojiepkar eie oguH paaukar —COOH |, kpome Toro, KOTOpsIif 00pa3yeT MenTUIHyko cBsi3b. OHU
1 B OCJIKe COXpaHSIOT KUCJIOTHBIE CBOMCTBA. JTO YK€ YITOMHHABINASCS TyraMuHoBas kuciora (['my)
U acraparmHoBas (Acn):

COOH

I

CH, COOH
I I
CH, CH,

| |
A AN

COOH HyN COOH

FAY AcCn

Hy

B HekoTOpBIX Oenkax BMECTO ITHX aMUHOKHCIIOT MMEIOTCS MX aMH/Ibl — TIIyTAMUH U acllapariH.
B rakux cnyuasx k 60koBoii kapOokcuipHOM rpynne —COOH  npucoenuusiercss MoJIeKyna aMMUaKa,
M OCTaTOK BMECTO KHUCJIOTHBIX IPHOOPETAaET OCHOBHBIE CBOWCTBA:

—COOH + NHy — —CONH3 + H30

CoxkpamenHo ux HazpiBatoT [iyN  u AcnN , unum ke npome I'mH u AcH. Tak 4rto, cTporo
TOBOPSI, BBIPAKECHHE «IBA/IIIaTh MATUYECKA X aMUHOKHUCIIOT» HE COBCEM TOYHO. B cdeT uX BXOIAT U
JIBE TIPOCTHIC AMIUHOKHCIIOTHI ¥ JIBA UX aMHU/IA.

3. Conepxanme okcurpynmny —OH . TakoBbl cepun (Cep) u TpeonuH (Tpe):
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4. OCHOBHBIE — C aMMUHOTPYNIIONH B O0OKOBOM pajukaie. TakoBbl au3uH (JIns), aprunun (Apr) u
0oJiee croXkHas1, CoAepIKaIas UMUIa30IbHYIO0 TPYIIIY aMHHOKUCI0Ta THCTHANH (['H1C):

N "'2
AN
NHy C NH
'E!‘-Hz |I!IH H CH
| | \/\
E:Hz CHZ N N
| | ||
CH, tlznz nI: ==cH
|
CH, CH, CH,

| | I

CH CH

AN AN

H,N COOH H,N COOH HyN COOH

A3 Apr Mic

5. Apomatrueckue, ¢ OEH30JIbHBIMH KOJIbLIaMU B OOKOBBIX pagukanax — ¢peHunananut (OeH num
®ait) u TuposuH (Tup)

OH

6. ['pynna rerepolMKINYECKU X (MHI0JICOACPIKAIMX) aMUHOKHUCIIOT BKIIOYAET JIH b TPUNITODAH
(Tpu):
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7.3aTo 1eNbIX TPH aMHUHOKHUCIIOTHI COJIEpKaT B OOKOBBIX paJ Kajdax aTOMbBI CEPbl — 3TO IIUCTEUH
(Huc) muctuH (quMep UCTENHA, TBE MOJIEKYJIbl IHCTENHA «CPOCIIMECS BMeCTe) U MeTHOHUH (MeT):

H,N  COOH
\/
TH
CHy CHg
| |
s s
| I
| T I
CH, Tﬂz CHo

A R A

COOH H,N COOH HaN  COOH
Umc Unctmn  Mert

8. 1 HakoHell, JBE aMHUHOKHCIOTBI, KOTOPBIM, CTPOTO TOBOpS, HE XBaTaeT OJHOTO aToMa
BOJIOpO/ia, YTOOBI TaK HA3bIBaThCs. Y HUX aMUHHAs TPYINA MPEBpallaeTcs B MMUHHYIO, 00pasys
MUPPOIBHOE KONbLIO. TakoBbI UMHHOKUCIOTHI TpouH ([Ipo) u ero mpousBogHOE — OKCHIIPOJMH, TO
€CTh TPOJIMH, CoJiepKammii okcurpynmny —OH

Hy

OH
CHy f.l*.:l-l
7\ a
CH,  CH, CHy  CHy

HN COOH HN CH COCH

[po OKCcunponuH

Jlo6aBuM, UTO OKCUIIPOJIMH U LIUCTUH BO3HUKAIOT YK€ B O€JIKEe M3 MPOJIMHA U IUCTEHHA.
Bor u3 »tHX-TO aABammatH OyKB aMHHOKHCIOTHOTO ai(aBHTa BO3HUKIO UYYIOBHIIHOE, HE
nojJIatolIeecss yueTy pa3sHooOpasue OelnKoBBIX MOJeKyl. Bce Moryr Oenku: yCKOpsATh XMMHYECKUE
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peakuuu U ObITh MaTepuaioM JJisi LIEPCTH, BOJIOC M pOra, MEpeHOCUTh KUCIOPOJ JKEIe30 U MeAb
youBaTh OakTepuu, 00e3BpeKUBATh BUPYCHI U SAMbI, CIaraTh 000JIOUKH KIETOK M paclo3HaBaTh APYTHE
KIETKH, COKpAalATh MYCKYJIbl W BBI3BIBATH XOJIOMHOE CBe4YeHHE KiIeToK. OaHOTO HE MOryr —
pasMHOXaThcsl camu. MuHQopManuss 00 aMHUHOKHCIOTHBIX IIOCJIEIOBATEIBHOCTAX B OelKax
3aKOJIMpOBaHa B HYKICOTHAHBIX ocnenoBarenpHocTsx JJHK u PHK.

U tsias Ha HAOOp «MArHMYeCcKH X» aMHHOKUCIIOT, TPYIHO OTAETATHCS OT BIEYATICHHUS, YTO STOT
BBIOOp MpUPOABI ciaydaeH. Tak yX MOJYy4UsIOCh, YTO TEPBblE HYKIEHHOBBIE KHCIOTHI MPHOOpENH
CIIOCOOHOCTh K MAaTPUYHOMY CHHTE3Y MOJIMIIESTITHIHBIX [IEMOYeK U3 ABAIINATH Marndeckux». M aToro
OKa3aJIoCh JTOCTAaTOYHO, JalibHeImee oboramenue andaBuTa ObLIO MPOCTO HE HY)KHO.

A BOT moueMy BCe aMHUHOKUCIOTHI B Oenkax JjeBbie? Tak, Mo-BUAUMOMY, yAOOHEe Ui
MaTPUYHOTO CHHTE3a. HekoTophie opraHru3Mbl CHHTE3UPYIOT JOBOJIBHO CIOKHBIC MEMTHIHBIE IEMOYKA
CIEIUATILHOTO Ha3HAYCHHU S HEMATPUYHBIM ITyTeM. TakoBbI, HAaIpUMep, HEKOTOPhIE aHTHOMOTHUKU THUIIA
rpaMHIIMINHA WM JK€ TEeNTHUbI, cjlararolme o00nouku Oakrepuili. B HUX JKecTkue 3ampersl
MaTPUYHOTO CHHTE3a CHUMAIOTCS, UCIIOJIb3YIOTCSI NHBIE aMHUHOKHUCIIOTHI, KPOME «MAarH4ecKuX», Kak B
JIeBOH, TaK U B MpaBoii opMe.

Bot kak BBITIISANUT MoJieKyna rpamuiuauaa C

n fm - M\M
i \
d—deH d=ben
\ /
m‘l': Mpo
Gpu—na{
oaMMUMAMH

JlocTaTouHO OAHOrO B3INIJa Ha CXeMY A3TOM KOJBLIEBOM MOJEKYIbl, YTOOBl YOEIUTHCS B
HEBO3MOXXHOCTH €€ CHHTE3a Ha HYKIEMHOBON Marpuile. Benb B Hee BXOJAT JiBa OCTaTKa OPHUTHHA
(OpH) — aMHHOKHMCIIOTBHI, HE YHCIAMICHCS B Mard4eCKux W mpaBbiii genmnamanun (d  — den).
JlelicTBUTENbHO, CUHTE3UPYIOT TpamMuiuuH C  aBa (epMeHTa: OJMH COEAMHSET B LIETIOYKU JIBE
NATUWICHHBIE I10CJIEI0BAaTENIbHOCTH, a JApPYrol clImBaeT HX B Koiblo. BoT 3T  depmeHTHI
CHUHTE3UPYIOTCS YKE «HACTOAIMMY» MATPUUHBIM ITYTEM.

Wnu xe xorna Mbl OOHapyKHMBaeM B CTEHKAaX KarlCyll CHOMpEes3BEHHOW OalMuTbl TTOJUIICIITH]I,
COCTOSIIMU M3 TIYTAMUHOBOM KHUCJIOTBI, Mbl BIIpaBe€ IIPEINOJIOKHUTb, YTO OH CHHTE3UPYETCS
HEMaTpUUHBIM MyTeM. Benb, BO-TEepBBIX, IJYyTaMHHOBas KHUCIOTa B HEM IIpaBas, BO-BTOPBIX,
MENTUIHAs CBsI3b 00pa3oBaHa B HEM OOKOBOH (Tak Ha3bIBAEMOH — KapOOKCHIIBHOM) TPYIIION.

Ho stu, xak u japyrue momoOHble NMPUMEpPHI, JHUIIb MOATBEPXKIAAIOT BaXXHOCTb MAaTPUYHOIO
cuHTe3a. be3 ¢epMeHTOB H 37ech Jeno He oO0xomutcs. M Mbl mepexoiuM K BakKHOMY BOIIPOCY:
MOJIEKYJIbl OEJNKOB COCTOSAT W3 JABAALIATH AMHUHOKHMCIOT (TOYHEE, aMMHOKHCIOTHBIX OCTAaTKOB) B
pa3HbIX KOMOMHAIUSIX. MOJIEKyIbl HYKIEHHOBBIX KUCIOT COOpaHbl U3 YETHIPEX COPTOB HYKIEMHOBBIX
ocHoBanuii. Kakum coueranuem nykineotunoB B JJHK xoaupyercs kaxiaas u3 aMuHOKUCIOT? KakoBbl
MPUHIMIIBI TEHETUYECKOTo Kosia?

I'enernuecknii koxa. IIpum crooBe «kox» y moOUTENed NPUKIIOYEHUYECKOW JUTEPATyphl
BO3HMKAIOT OINpEJCNICEHHbIE acconuauuyd. Ho NpUHIUI KOJUPOBAaHUS M3BECTEH HE TOJIBKO
pa3BeIUUKAM.

Kasxp1ii rpaMOTHBIN Y€I0BEK BCIO KU3HB 3aHUMAeTCs EPEKOAUPOBKOM HHPOPMAIUH.

Hame nuceMo — TOXe KOJA, B KOTOPOM OIPEAEICHHBIE CHUMBOJIBI-OYKBBI COOTBETCTBYIOT
OINpeaeNIeHHBIM 3BYKaM. B 3TOM cmbIcie MOKHO yrofgo0uTh OykBbI coueTaHusM Hykiaeotu 108 B JIHK,
a 3BYKH — aMHUHOKHUCJIOTaM B Oenke. Mex 1ty OyKBOW M 3BYKOM HET KaKOro-jJiu00 COOTBETCTBHS, KpOME
UCTOpHYECKoro. B 3ToM W ecTh mnpuHiun kogupoBanus. Ha mnpumep, modemy 3BYK «A» MBI
o0o3HayaeM COOTBETCTBYIOLIEH OykBoil? Toabko MOTOMY, YTO ApPEBHHE IPEKH MO3aMMCTBOBAIM U3
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anpaBuTa QUHUKUIIEB 3HAK @  (BUJAOM3MEHEHHBIN 3HAK — OT CEMUTCKOTO «aned» — OBIK.2

<

OTO cxeMaTHM4eCKUi pUCYHOK ToyioBbl Obika). Ecnmu Obl Hamm mnpeaku-ciaBsHE MpPUAyMald
andaBUT camu, STOT CUMBOJ O3Hayanl Obl, HaBepHOe, HEe «A», a «b» (Obik) umu «'» (TOBSIAO —
JPEBHECIIABIHCKOE «OBIK»). O003HAYAIOT K€ AMOHIIBI B CBOEH CIIOTOBOM a30yKe — KaTaKaHe 3BYK «A»

CHMBOJIOM

— ¥ HHUYEro, MOHMMAIOT, IOTOMY YTO 3HAIOT ATOT KoA. Tak ’ke Kak 3HaeM CBOM KOJ Mbl M Kak
HYKIEUHOBBIM KO/ <GHAIOT» OENOKCHUHTE3UPYIOIME CHCTEMbl KIETKH. Sl MOAYEpKUBAIO: MMEHHO
KJIETKU, IOTOMY 4TO OeCKIETOUYHbIE (DOPMBI )KU3HU — BUPYCHI IIPH CTPOHKE CBOUX OEITKOB MCIIOIB3YIOT
OEJIOKCUHTE3UPYIOIIME CUCTEMBI X035€B.

Tak Kak «MaruyecKux» aMHHOKUCIIOT ABAJALaTh, & OCHOBAHUM HYKIEHHOBBIX KUCJIOTaX BCETO
YeThIpe SCHO, YTO KaXJ0€ 3BEHO OCNKOBOW II€MM KOJMPYETCS HECKOJbKUMHU HYKICOTHIHBIMH
3BEHBSIMH, @ UMEHHO TpeMs. Ynciao coueTannit U3 4etbipex no Tpu paBHseTcs 64. Ctano ObITh, B KO
JHK 64 «©yxBb». Tpu U3 HUX COOTBETCTBYIOT IpobenaM B Tunorpadckom Habope. B cpeanue Beka
TEKCT MHUCAIM CIUIOIHSKOM, 03 MpoOenoB, YTO, HABEPHOE, 3aTPYyIHSUIO YTEHHWE M celyac Co3laeT
TPYAHOCTH HpH pacum@poBke. Tak, HamucaHHYO CIMTHO (pa3zy u3 «CinoBa o moiake Hropese»
«MCXOTHIOHAKPOBATBHUPEK» TOJIKOBAJIU «H CXOTH 10 HA KPOBATh M PEK...» WIH XK€ «M CXOTH
wHaK poB (To ectb Mormwia.— b. M.) a Tehu pex» . Ecium ke cromHskoMm Oymer HaOpaH
AMUHOKHUCIIOTHBIH TEKCT, CMbICIa B NOJOOHOM cuHTe3e He Oyner. Ha OeccMbICleHHBIX, He
COOTBETCTBYIOIIIMM HUKAaKMM AMHUHOKHCIOTaM COYETAHMSX HYKICOTUJOB CHHTE3 OOpBIBaeTCS —
MOJIUTENTHAHAS [IeMI0YKa TOTOBA.

S Tounee, y (GUHUKHILIEB B Hayaje cjoBa ObLJI FOPTAHHBIN 3BYK, OTCY TCTBYIOIIUI B TPEUYECKOM SI3bIKE; TPEKU COUJIH
BO3MOJKHBIM CBOH 3BYK «A» nepeaaTs GUHUKUHACKUM CHMBOJIOM 0.
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Puc. 16. boimbv moocem, eenuuaiiuwee Ooocmudicenue ouonocuu XX eexka — pacuiugposra
eeHemuueckoeo kooa. Ha mabnuye nokaszano, Kakum aMUHOKUCIOMAM 8 OelKe COOmeemcmeyom
mpuniemsl HyKieomuoog 6 mampuunou PHK. Hanpumep, eciu 6 nepgotl nozuyuu cmoum ypayui, 0
6MOPOU YUMO3UH U 6 Mmpemvell 2YaHuH, Mo 3Mmo couyemanue KoOupyem amuHOKUcIomy ceput. I —
AMUHOKUCTIOMbL C NOTOACUMENLHO 3APAACEHHOU OOKOBOU Yenvio, 2 — OMpuyamenbHo 3apsidicennvle, 3
— nonspHvie (umerowue CpooOCmeo K MOJNEKYIaM 600vl); 4 — Henoasapusle, 2uopoghobHble,
ommankugaiowue 600y. Tepm — mepmunupylowue deccmviciennvie K00ouvl. Ha nux cunmes 6enka

npepvleaemcs.

OcranbHble 61 Tpumier (komoH) coOTBETCTBYIOT 20 amMuHOKMCIOTaM. Takol Kkox, Koraa
HECKOJIbKO OyKB YMTAIOTCS OJMHAKOBO, HA3bIBAETCS BBIPOXKIAECHHBIM. Hampumep, neluuH, cepuH u
aAprUHUH KOAMPYIOTCS IIECTHIO TPUILIETAMH; MPOJIMH, BAJUH U IIMIUH — YETBIPbMs; U30JEHIIUH —
TpeMsi; acraparnHoBasi M TIIyTAaMHUHOBAsl KHCIOTHI — JBYMS, a JJIsi METHOHWHA MMEETCS JHUIIb OIHH
koJ0H. OH K€, €ClIM CTOUT B HavaJle TeHa, UCIOIHSET POib 3arJIaBHOMN OYKBBI.

OTO MOX0XKEe Ha CUTYAIlMIO B JIOPEBOJIIOLIMOHHOM PYCCKOM ajl(haBUTE: TOTa CYIIECTBOBAJIO /IBA
CHUMBOJIA IS 3BYKa «¢» (PepT U puTa) U LETBIX TPH IS <«i» («r» MPOCTO, «H» C TOYKOH M MIKULIA).

[lepBbie MccnenoBaTeny IoJarajid, 4TO AMUHOKHCIIOTHBIE I€MIOYKM IIPSMO COOMparoTcs Ha
HYKJICOTHUIHBIX Llenoukax. [leso oka3aaoch ropasio CIOKHEE.

Bo-mepBbIX, HET HUKAKOTO CTEPUYECKOTO (MOP (POIIOTHIECKOTO) COOTBETCTBUS MEXKAY KOJIOHOM
U TOI aMHHOKHCIIOTOM, KOTOPYIO OH KoaupyeT. COOTBETCTBHE MEX1y HUM U JIOCTUTAETCSI MOJIEKYIOH
0c000i1 HYKIEMHOBOM KHCIIOTBHI, KOTOPYIO HasbiBanu mno-pasHomy: PHK — mocpeanuk, amamrop,
pacTBOpHMasl M, HaKOHell, TpaHcropTHas. Ha ogHOM ee KOHIlE MPUCOEAMHEHAa aMHHOKHCIOTA, a Ha
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JPYroM pacrioyioKeHa [0CIe10BaTeIbHOCTh KOMIIJIEMEHTapHAask KOJOHY (aHTUKOJIOH ).

Bo-BTopbIX, Matpuieil ans OenkoBoro cuHTe3a CIyxuT He HenocpeactBenHo JIHK, a
KOIUpYeMbIii ¢ Hee «paboumii ueprex» — PHK, momyumBmas nHasBanme WHGOPMAIIMOHHOW HIHM
MatpuuHoit (MPHK).

Wrtak, Mbl JOJKHBI Pa3in4aTh MPOLECCH : MATPULIMPOBAHNE CAMOIO I'eHa, To ecTh cuHTe3 JJHK
Ha JIHK, cunte3 MPHK na JIHK u cunte3 Oenka na marpunie MPHK. IlepBriit mpoiecc Ha3bl BaeTcst
perUIMKaen, BTOPOM — TPAHCKPUIIIIUEH U TPETHH — TPAHCIIAIUEH.

Eme xopoue 53TO BBIpaXacTcs B TaK HA3bIBAEMOM («IUCHTPAJIBHOM JOIME» MOJIEKYISIpHON
ouosornu:

JHK —p‘ PH m—— Ganok

B mpenucioBuu s oleman cTporo mMpUAEpKUBATHCS TOro Habopa (akroB, KOTOPOTO TpedyeT
HIKOJIbHAs Iporpamma. OJHAKO HEKOTOPBIE MOJIOKEHHMS B HEH M3/1araloTcs CIMILKOM C)KAaTo, WHBIE
HEBEPHO, a MHOTHE JIIOOOIBITHBIE TOCTH)KEHUS MOCIEIHUX JIET MPOCTO €llle He JOUUIA A0 YYeOHHKOB.
Tenepr camoe BpeMsi HAa HUX OCTAaHOBUTHCSL.

IMonsipHOCTH TreHa. J[MMHHBIE IEMOYEYHBIE MOJICKYJbl OHOIOJIMMEPOB — MOJMIIENTHIOB H
HYKJIEMHOBBIX KHCIIOT — MOJSApHBI. MHBIMH CllOBaMM Hayajlo M KOHEI] LENU aMHUHOKHCIOTHBIX
OCTaTKOB M HYKI€OTHJ0B PA3INYaOTCs Ipyr OT Apyra.

3 ¥

5 o

Puc. 15. Cxema cmpoenus o8yxyenoueynou J{HK u komnnemenmapnoii eti PHK. /[na npocmomul
JHK nokazana He 3aKpy4eHHOU 6 CNUpaib, KAKOU OHA 0ObluHO Obieaem 6 Kiemke. Taxou yyacmok
ModHcem KoOuposams 08e AMUHOKUCIOMbL — cepuH U yucmeur. @ — ocmamok ghocghopHotl kuciomet,
A, I L, T, Y coomeemcmeenno adenun, 2yaHuH, yumo3ur, mumut, u ypayui. Hempyouno euoemo umo
CMbICNIO08As Yenb U KOMNJIEeMEHMApHAs eu aHMUnAapaiieibHvl. 3 — KOHey OOHOU CMbIKVemcs ¢
5%-xonyom Opyeou. Cummes mampuunou PHK wHauunaemcs 3'— KOHYa CMbICIO80U Yenu.
Cneoosamenvno MPHK Hyowcno «uumamoy ¢ 5-konya. C He2o u Havunaemcs 0OeNKOGbl CUHMES.
Haensionee npunyun ammunapannenbHocmu yeneu O0aw HA ULymouyHou cxeme 6HU3y. Tenepw
npeocmasum cebe, umo obe HApUcoB8aHHvle 8HU3Y 3MelU CEEPHYMCA 8 KONbYO U KAHXCOAsl 803bMem 8

3061 COOCMBEHHDBII XB0CM, U Mbl HOLYYUM MOYHYIO KONUIO KOJIbYEBOU XPOMOCOMbI HEKOMOPLIX (Pazos
u bakmepuil.
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HeTp YAHO C006pa3I/ITI:>, no4ueMy IIOJAPHBI  HNOJHUIICHTUABI, Cllararonme Ocnku. VYxke
YOIOMUHAJIIOCh, YTO aMHUHOKHCJIOTBI MUMCIOT ABC q)yHKIII/IOHaJII)HI)IG TPYIIIUPOBKHU, CHIMBAIOMIUE HX B

NOJUIENTH]l, — AMUHHYI0O W KapOOKCHMJIBHYIO. 3HAYUT, y TEPBOTO 3BEHA aMHHOKHCIOTHOH
MOCJIeIOBATEIbHOCTH OCTaeTcsd cBOOOAHOM amuHHas rpynma (—NH2 ), a y HocCIeIHero —
kapOokcuipHas (—COOH ). Tak u roBopsat: N —kxonen u C  — KOHEII MOJUTICTITHIA.

[TonsipHbl M HYKIEHMHOBBIE KUCIOTHI, HO 1o Apyroil nmpuunHe. OcroB kak PHK, tax u JITHK
—MATUWICHHBIC caxapa — IEHTO3bl, CHMThIC ocTaTkamu ¢ocdopHoii KucioTsl (docdoamd pupHbie
cBs3n). UTOOBI pasimyaTh aTOMBI YIJIEPOAA B IISITH yTOJBHUKE MTEHTO3bI, XAMUKH IIPOHYMEPOBAIIN HX,
CUMTast OT TOTO, K KOTOPOMY IPHCOEIMHEHO a30TUCTOe ocHoBaHMe. OKa3aaoch, YTO B MPHUPOIHBIX
HYKIEMHOBBIX KUCIIOTaX (pochoanspupHbIe CBA3M 00pa3yloTCs TOIBKO MEXIY TPETBHUMH M HSATHIMHU
aToMaMH yriiepoja B MEeHTO03aX (COKpallleHHO: 3’ W 5’; UMTaeTCs: «TPU-IUTPUX» U <IIATh- IUTPUX)).
[TosToMy Ha OJIHOM KOHIIE JIF00O0M HYKIEHMHOBOUM KUCIIOTHI caxap MPHCOEINHEH K LIend 3 ’-aTOMOM, Ha
JIpyrom —5’.

A Tenepsb 3a1aJMMCsI BOIIPOCOM : B KAKYyIO0 CTOPOHY «duTaeTcs» red — k 3° mwim 5°? Teneps, korma
TeHHbl€ WHJ)KEHEPbl YBEPEHHO pacum(pOBBIBAIOT HYKICOTHUIHBIE IOCIEIOBATEIbHOCTH U
CHHTE3UPYIOT UX, 3TO BOIIPOC OTHIO/Ib HE MPa3IHbIi.

Brixon mPHK 0 guron nzasey

MPHK

Y 6 v 1.:-;3.,}.‘....

¢ ‘ oes  coopa

NoARNEn T Moy Brned

? - T1PHK D = IMMHOHBEROTS 09 ~ BMHHOBLAR TPHE — [ B

R -~ CMwHICRORAR YACTE N - HHTAGH

Puc. 17. Vnpowennaa cxema nepedauu cenemuyeckou urgopmayuu c¢ JJHK na 6enok. C
Haxoosuyetics 6 siope JJTHK cnumaemcs «pabouas xonusy cena — cemepoeentasn sioepuas PHK (3mom
npoyecc Hasvleaemcs MpaHcKpunyueti). 3uauumenvHas, Kax npasuno, 001bwias ee 4acmv He
KOOupyem amMuHOKUCIOMHBIX NOCIe008ameNbHOCM el U Ompe3aemcs (hepmeHmamy — IHOOHYKIea3amu
u omopacvieaemcs. Toeoa oace evipesaiomcs u «Heyumaemviey ecmasku — unmponvl. Cospesuias
MPHK, nonyuuswas «wanouxyy (cap — anen.) Ha 5 ’-KoHye u noauadeHunro8yo nocied08ameibHoCb
Ha 3’-KoHye, uepes nopy 6 sA0epHOlU 000I0UKe 8bIXO0UM 8 YUMONIAZMY (4acmo 6 8ude KOMHIEKCO8 C
benkom — uHghopmo gep unu UHGOPMOCOM, HA PUCYHKe He NOKA3AHHBIX). B yumonnazme ungopmayus
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cuumsieaemcs ¢ MPHK benokcunmesupyowumu annapamamu Kiemku — pubocomamu (mpancisyus).
Pubocomvr 2ycoxom uoym no mPHK: kaosicowitl pas, koeoa pubocoma cmewaemcs Ha mpu HyKieomuod
K 3™-KoHyy, K pacmyweti nOIUNenmMuoOHOU yenu npudasiaemcs 0OUH AMUHOKUCIOMHBIL OCMAMOK.
Amunokuciomuol docmasnsiomcs k pubocomam moaexyramu mparncnopmuoi PHK (MPHK). Omoas
amunoxucnomy, mMPHK obpazyem cnosa xomnaexc (amunoayun — mPHK) c Opyeoti u cHosa
sosnekaemcss 6 npoyecc. Ilonunenmuonas yenouxa, o000psasuucy Ha  OECCMbICIEHHOM,
mepMuHupyrouem KOoOOHe, C8epMbleaemcs CHeYupuuHblM 00pazom. Imo emopuundas CmpyKmypa
benka, nodoepacusaemas 8000POOHLIMU CEAAMU, OObIYHO MO 0OHOHUMYAMAs CRUPAlL (CRUPAlb
Hlonunea — Kopu). Cnupanv, 6 c6010 ouepedb, CKIAOblBaemcs, 00pasysi mpemuynyro CmpyKmypy.
Haxoney, muoeue berku cocmosm uz Oonee wem 0O0HOU noaunenmuouou yenu. Taxos, nanpumep,
2eMO2NI0OUH, MOJIeKYld KOMOpOo20 COCMOUm U3 uemvipex CyoveOuHuy. Imo uemeepmuuHas

cmpyKmypa.

VYCTaHOBJIEHO, YTO MOJMIENTUIHBIC LIETIH B KIeTKax cuHTesupytorcs or N — konma k C —
KoHITy. 3HauuT, y MaTpuuHoii PHK nauano tam, rne xomupyercs N - koHen. OHO COOTBETCTBYET
5’-xonnty PHK. B noiinoit cnupamu JIHK pazoOpatbest TpynHee. [lenmo B TOM, 4TO ciararoupe ee
HYKJICOTUHBIE LIETIOYKU HAINPABJIEHbI B pa3HbIE CTOPOHBI, KaK TOBOPAT, aHTUIApaJuleabHbl. MHBIMU
CJIOBaMH, Of[HA I1ETh HAaMpaBJjeHa B CTOpOHY 3°—5’, a npyras 5°-3’.

CwmblIcioBass 1emb, B KOTOPOM 3aKOAMPOBAHA AMHWHOKUCIOTHAs —IOCIEA0BATEIbHOCTD
«cuntbiBaercs» (epmentom PHK-mommmepasoit ¢ 3’-konma. O6pasyromiascss mpu stom MPHK,
€CTECTBEHHO, OKAa3blBa€TCs TOYHBIM AaHAJIOIOM KOMILJIEMEHTAapHOM Iienu W OyaeT HauuHaThCes ¢
5’-KOHI1a, € TOT0, C KOTOPOr0 Ha4YMHAETCs TPAHCIIALMS, TO €CTh OSKOBBIN CHHTE3.

Ho Benmp ¢ reHa cHumaercsi He TObKo «paboumii weprex» MPHK. I'en m permunupyercs,
IIEPEaBaAsACh U3 IMOKOJIICHHS B IOKOJIEHUE, OT MATPUYHOU KIETKM K NO04epHUM. OCyILEeCTBISET 3TOT
nporecc — perukanuo — pepment JHK monmmepasa.

Cunraercs, uro mosiekyna JIHK-nonumepassr cagurcs Ha JJHK u nBuxercsa no Heit. [Ipu stom
YABauWBacTCAd U CMBICIOBAs LI€Nb, U KOMIUIEMEHTapHas K Hell. 3HAYUT PEIUMKALUs CMBICIOBON LIEMN
HauMHaeTcs: ¢ 3’-KOHLA, KaK W TPAaHCKPUIILIMA. IJTO aHAJOTMYHO TOMY KaK €cilid Obl MbI
neperneyvaThiBali TEKCT C KOHIIA, a YUTAJIM €r0, KaK U BOJUTCS, ¢ Havyaja. B yueOHuMKaxX U MonyasipHbIX
U3JAaHMSX Ha 3TO, KaK MPaBUIIO, HE 00paIlialoT BHUMaHMUSL.

IlocnenHue roapl O3HAMEHOBAIUCH CEHCALIMOHHBIMU OTKPBITUSIMM B H3YYEHUU IIPOILIECCOB
peruMKauuu U TpaHcasauuu. llpupona momHocuiia HaM CIOPIPU3 KaXKABIM pa3, Korja HauMHaJo
Ka3aThCsl, YTO YK TeHepb Mbl 3HaeM 00 3TUX SIBICHUSX BCE.

BoT HekoTopbIe U3 CeHCAllNi, 32 MOJIOJJOCTHIO HE IOMABIIME B YICOHUKH.

CnpaBennuBa M LeHTpalbHas gorma? Mbl yKe YIOMHHaIM, YTO FeHeTudeckas MHQpopManus
nepenaercst oT [JJHK uepes PHK Ha Genok, HO He B 00paTHYIO CTOPOHY. DTO IOJIOKEHUE Ha3BaIU
[EHTPAIbHON J0rMoi MonekynsipHoit Ouonorun. PHK-comepxkamme BHpYChI €€ HE HapYIIAOT.
[Ipocro y HuxX BeINagaeT HavasbHOE 3BeHO 3ToM e — JIHK. I'enerndeckas nadpopmanus nepenaercs
13 [TIOKOJIEHUS B ITOKOJIEHUE 3aKOAUPOBaHHOM B nocienosarenbHocTsax PHK, ¢ Hux xxe u cunteiBaercs
OeIoK.

B npunnune pazamia mexay JIHK u PHK He tak yx u Benuka. [lento3HodocdaTHBIN OCTOB Y
PHK o6pa3yer apyroil caxap — pubo3a, KOTOPBIH OTIMYAETCS OT JE30KCHPHOO03bl JHIIb HAIUYHEM
rusipokcuiabHoN rpynnel (OH). Habop ocHoBaHul TOT e, 32 TEM UCKIIOYEHHEM, YTO BMECTO TUMHHA
(5-metunypanmna) B PHK coxmepkutcst yparun (TOT K€ THMHH, TOJIBKO HEMETHJIMPOBAHHBINH).
Henapom B mpupoae Bcrpeuatoresi JJHK, B cocTaB KOTOPBIX BXOZST M J1€30KCUPUOO3BI U PHOO3BI.
TakoBa, Hampumep, [IHK Bupyca repmeca, OoT KOTOPOTO Ha Trydax <®BbICHIIAET JIUXOPATKA.
OHeprernueckue (aOpuku KIETOK — MUTOXOHJIPUM — B 3HAYUTEIBHOW CTENEHU TIC€HETUYECKU
aBTOHOMHBI OT SIpa, OHM MMEIOT CBOM TeHOM, Mmoxoxui Ha OakrepuanbHbiii. JJHK storo renoma
TaKKe COJACPKUT pUbOO3y — OT AECATH A0 TPUILATH OCTATKOB HA MOJIEKYIIY.

Bce aTto He Hapymano crpoiiHyro norMmy. Tem Oosiblliee CMATEHHE BBI3BAJIO OTKPHITHE CUHTE3a
JHK na PHK. C. M. I'epmien3on nwucan eme B 1960 rony o BO3MOXHOCTH MMOJOOHOTO IMpOIiecca,
O/IHAaKO JHIIb CPAaBHUTEIbHO HENABHO ObUI TMOIYy4eH B 3HAUYUTENBHBIX KOJMYECTBaX (EpMEHT
peBepraza (oOpaTHas TpPaHCKpPUIITA3a), OCYILECTBIAIONMU 3Ty peakuuto. Termepp 3TOT (epMeHT —
OOBIYHBII HHCTPYMEHT T€HHBIX HHXKEHEPOB. Terepb Mbl MOXEM JONMOIHUTH IIEHTPAIBHYIO I0TMY:
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Hanpumep, PHK-conepsxanmii BUpyC NTHYBETO MUAJI00JIaCTO3a MOXKET B PE3yJIbTaTe 00paTHOU
tpanckpunuun crate JHK-comepkammm, BCTpOMTBCS B T€HOM UBIIJIEHKA W BBI3BATh
3JI0KAYECTBEHHOE mepepoxkaecHue kieTtok. Kakyio pons urpaer cunte3 JHK na mutn PHK B Mupe
BBICIIMX OPTraHU3MOB, HaM 10K €Il HEU3BECTHO.

CwmbicioBasi nenb: oaqHa wid aBe? Kakux-HUOyOb MATH JIET Ha3aJ BCE MBI OBUTH TBEPIIO
yBepeHsl, yto MatpudHas PHK cuHTe3upyercs Tonbko Ha ogHol u3 aByx ueneit JJHK, monyansmen
Ha3BaHME CMBICIIOBOM. BTOpas, koMIuieMeHTapHas e 1enb HykHa Juib it perniukaunu [JHK u
penapanuu — «IOYMHKH» MOBPEXKICHHBIX ydacTKoB. Eciu, Hampumep, *KecTKas paaualusi BhIPBET
KYCOK U3 OJHOM W3 Lierel JBOMHOW chupalv, crelyaibHble (epMEHThl — penapasbl 3alOJIHSIOT
Opelib, MPUCTPOUB Ha €€ MECTE MOCIEeI0BATEIbHOCTh HYKJICOTH/IOB, KOMIIJIEMEHTAPHYIO OCTaBIIICICS.

W tem He MeHee B mociieJHEE BpeMs MOSBUIIUCH JAHHBIE, CBUACTEIBLCTBYIOIIME O TOM, YTO B
reHome apo3oduibl, Hanpumep, cuHTe3 PHK wmoxer umarm nHa obGemx memsx JIHK. Dto Tak
Ha3bIBA€MbIIl CHMMETPUYHBINA CHHTE3. JIFOOOMBITHO, UTO OH HJAET OT OAHOW TOYKU B Pa3HbIE CTOPOHBI:
B KaxaoW 1emu ot 3’ K 5’-koHIy, Tak yTo 00e oOpazyroumecs PHK nHaumnaroTcs ¢ 5’°-KoHIIA.
bruonornueckuii CMbICH 3TOTO SIBJICHUS MBI €LIE HE 3HAEM.
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Puc. 18. Bsepxy — nepsuumas cmpykmypa Oeixa Jusoyuma, paspyulanouje2o 000104Ku
oaxmepuii. Obpamume GHUMAHUE HA Yemblpe CUUBKU YUC — YUC (OUCYIbPUOHbBLE CA3U, KOMOPbLE Mbl
yoice udenu na puc. 3). Buuzy swce ne abcmpakmuas ckyiehmypa, a Mooeib mpemuiHol CKyIbnmypbl
NU0YUMA, NOTYYEHHASL MEMOOOM PACCEUBAHUS PEHM2EHOBCKUX JIyUell.

ITepexpbiBaeTcs u koa? IlepBble TMIOTETUYECKUE MOJETN KOJAA ObUIM MEPEKPHIBAIOIMMHUCS
DTO 3HAYUIIO, YTO IOCIENOBATEIBHOCTh HYKIEOTHIOB MOIJIA KOAUPOBATh Pa3Hble aMUHOKHCIOTHBIE
IIOCJIEZIOBATENPHOCTH, B 3aBUCUMOCTH OT Hayajla CYMTBIBaHUs. Tak, IOCIEI0BaTENbHOCTh
ATTTHATII, ecnm cuuthiBaach Obl ¢ A, komampoBana Obl Tup—Bam—Ana, eciu co BTOPOro
nykieoruaa (T)-Ban—Ana—Mer, u T. 1. [TogoOHBII KOa HakIagbIBad OBl KECTKHE OTPAHUYCHHS Ha
MOCJIEIOBATEIbHOCTh AMUHOKHUCIOT B Oenkax. UM Bce obGnerdeHHo B3noxHynu, koraa C. bpennep
JIoKasay, 410 Kaxabli Ttpumuier HywieotuaoB B JIHK u PHK cumThIBaercs Tosnbko OauH pas
(HEemepEeKPHIBAIOIIUHCS KOJI).

U onsTh Kak TpoM ¢ sicHoro Heba. O Kazanock, YTO Y HEKOTOPHIX (JaroB I'eHbl ePeKpPhIBAIOTCA. Y
dara X174  wmmeercs ABoitHOe mepekpwithe, y ¢gara G4  nmaxke TpoiHOE, TO €CTh C OIHOM
HYKICOTUIHOW  IIOCIENOBATENBHOCTH  CUMTHIBAIOTCS TPU  aMMHOKMCIOTHBIX!  OTO  mpenen
SKOHOMUYHOCTU curHayia. ParaMm XOpollo, a BOT KaKOBO MOJIEKYJSpPHBIM reHeTukam? Kak mmpoko
pacnpocTpaHeH 3ToT (peHOMeH B Mupe BuUpycoB? Bcerpedaercst a1 oH y BbicumMX opraHu3moB? He
3HAEM.

Ho camoe nHTepecHOE U3 HOBBIX OTKPBITHH st prOeper mo 1 KoHell.

Konenn kossmHeapHocTH reHa. J[o mocimegHUX JIET BCE CONIACHO CYHUTAIM, YTO TI€H
KOJUIMHEAapeH TOoMy OelKy, TO4YHee, TOW MOJMMIENTHIHON LEeNH, KOTOpYHo OH KoxupyeT. MHbIMH
cI0oBaMH, Kaxaou Tporike HykieotuaoB B JIHK, ¢ kotopoii cunteiBaercss MPHK, cooTBeTcTBYET 011MH
AMUHOKHUCIIOTUBIN OCTAaTOK B MOJIMMIENTHJIE.

N onsare okazanock He Tak! B cmbicnoBoit nenu JHK, xomupyromed 6er1o0k, oOHapyKeHbI
JIOBOJIBHO JUIMHHBIE BCTAaBKU (MHTPOHBI), HUKAKUX aMUHOKHUCIIOT He Kogupytoume. OHU CUMTBIBAIOTCS
IIPU CHUHTE3¢ IEPBUYHOIO TPAHCKPHUITA, a Jajlee HAaYMHAETCs HEMOHATHBIM Ipouecc. Henyxusle
BCTaBKU BBIPE3aIOTCS CIELMATBHBIMUA (epMEHTaMU M OTOPACBIBAIOTCS, OCTATKH CIIMBAIOTCS. DTOT
IIpollecC Ha3bIBAETCSl CIUIPMCHUHIOM (KajdbKa C aHMIMKCKOro) S1 He 3HaJ 3TOro ClioBa, HO IOHSII
3HAYCHUE Cpa3y, BCIOMHHUB CBOKO JaBHIOIO MOPCKYK) IIPAKTUKY: CIUIECHMBAaTb TPOC — 3HAYUT
CpalMBaTh €ro U3 KyCKOB.

[locne TOro kak BCE HEHYKHOE W3 IEPBUYHOIO TPAHCKPUNTA YAAJI€HO, K 5’-KOHIY
MPUCOEINHSETCS «Iarno4ka» — Tpu GocPaTHBIX OCTaTKa MOAPST U METUIMPOBAHHBIM HYKIEOTHI. A Y
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3’-KOHIIa BBIpAacTaecT [UIMHHBIA TOINHAJCHIIOBBIA «XBOCT» — IIOCIEAOBATEIILHOCTh W3 MHOTHX
OCTaTKOB aJieHuHa. {11 4ero 3Tu J00aBKM — HEAABHO BBICHUIM. BETOKCMHTE3HPYIOLIME CHUCTEMbI
KIETKUA — puOOCOMBI — «y3HatoT CeHbKY MO MAMKE». 5 -KOHEIl, ¢ KOTOPOTO HAYMHAETCS TPaHCIIAIUA,
mo HavdaibHBIM TpeM docdaram. I[lociaemoBarensHocTs monu-A mnpumaer wmarpuunoir PHK
CTaOMIIBHOCTb, OHA HE TaK OBICTPO pa3pylIaeTcs HykieazaMu. DTO ObLIO MOKA3aHO CepHel M3SIHbBIX
onbITOB. Tak Kak TeHETUYECKUH KO €AWH Il BCETO OPTAaHUYECKOTO MUPA, MOKHO BBECTH B KIETKY
gyxepoanyio MPHK u cuHTe3upoBaTh coBceM Apyroi OCIOK. DTUM MyTEeM YIajioCch CHHTE3HP OBaTh B
HEe3pesbIX SHIEKIeTKaX I[IMOPIEBON JATYyIIKA TeMOITIOOMH KpoJMKa, Oelku BUpyca TabadyHOMH
Mo3auku M myenuHoro spa. U kaxapiii pas MPHK, numennas nmonn-A mocienoBaTenbHOCTH, Oblia
HecTabUIIbHOM, pacmaganack ObICTPO.

A BOT U1 yero reHy HHTpoHBI? Ha 3TOT cueT ObLJI0 BBICKAa3aHO HEMaJo COOOpaXKeHUM, BIJIOTh
JI0 caMbIX (PaHTAaCTUYHBIX: OHM HYXKHBI OyATo Obl A1 obecnieuenus nporecca 3Bomonuu (). Ho Hu B
OJIHOM OpraHM3Me€ HET HU OJHOW CTPYKTYpHI, CHEIMaIbHO MpEAHA3HAUYEHHOW I SBoIonuu. Bcee
CTPYKTYpBI TpenHa3HAYeHbl TOJIBKO IS BBDKMBaHHS. EcCiu MBI NpU3HAaeM 3a HWHTPOHAMHU pPOJIb
CBOECOOpa3HBIX OPraHOB JBOJIOIUH, MBI HAJCIHM MPUPOAY CIIOCOOHOCTBIO K MPOTHO3WPOBAHUIO U
BepHeMcsl (PaKTUUYECKH K YUeHHUI0 Apucrorens o Oyayueil npuunHe. Bnopy moIuBUTECA KUBYYECTH
TEJICOJIOTHUECKUX 3a0JTyKICHHH, YK€ TPEThIO THICAUY JIET BOCKPECAIOIMX MO/ pa3HBIMH HMEHAMH.

A TO, YTO MHTPOHBI JUIsl YEro-TO HY)KHBI HE B Oyaylem, a ceiidac, SCHO W3 CJIEIYIOILIEeTOo
npumepa. Bcem Xopomo m3BecTHbIM O€I0K MHCYIMH — OJMH W3 CaMbIX MaJIEHbKUX, B HEM Bcero 50
aAMUHOKHUCIIOT. 3HAYUT, €ro TeH cocTouT u3 150 HykneoTuaoB. Y KpBICHI JBAa TeHAa WHCYJIHMHA,
obo3Hauaembix, kak 4 u B . Oxazanock, uTo B TeHE A  €CTh OJJMH UHTPOH — HEUMTAaeMasi BCTaBKa
B 119 HykneotunoB, a B reHe Bk Hemy mpubaBnsercs apyroii — B 444 nykieotuma! Mz 713
HYKIICOTUJIOB B IPOIIECC TPAHCIISIIUN BOBJIEKAETCS TOIBKO 150 —KOMMEHTapuy U3IHIIHH.

He naiizem 11 MBI Kakoii-TrM00 aHAJOTHH B YEIOBEUECKHX s3bIKax? JICHCTBUTEIIBHO, BO MHOTHX
s3bIKaX op porpadusi CUIBHO OTIAMYACTCS OT MPOU3HOIEHHs. BOT mpruMepbl, 3aMMCTBOBAaHHBIE MHOIO Y
JI. B. Ycnenckoro: 1) anrmiickoe «1oub» numiercs daughter uuraercs — «1ota», 2) upiaHackoe
«mouby» — nuiercs kathudhadh  uurtaercs «kaxwo», 3) QpaHIy3ckoe «BOAa» MHINCTCS YUTACTCS
W1’ oM.

«JInmHrey», HEMPOU3HOCHMBIE OYKBBI B CJIOBAaX — aHAJIOTH WHTPOHOB B T€HAX. DTO OOBACHIETCS
00bIYHO TeM, 4TO oporpadus OTCTaeT OT MPOU3HOINCHHUS M JIOAM MUIIYT TaK, KaKk TOBOPHIIH
HECKOJIbKO BEKOB Hazal. A To u jaecarwietuil: Anatonb ®paHc BcromuHaer 0adyliky, KoTopas
YIIOPHO BBITOBApHBAJIA «KOIIEMap», «OymneBapy. [la, Ho modyemy opgorpadus B OJHUX A3BIKAX OTCTACT
OT TPOU3HOIICHUSI CHJIBHO, a B JPYrHX 3a HUM mocrneBaer? [louemy ¢paHiy3ckoe MmpaBomucaHue
KOHCEpBAaTUBHEH PYCCKOTO (XOTSI MU MbI, OCOOEHHO B OBICTpOM peuH, BBHITOBApUBAEM, HAINPUMED,
«ITanBanbra» Bmecto «llaBen HMBanoBuu»)? KoncepBaTuBHOCTH opdorpadum He ciydaiiHa. OHa
JOCTUTAeT TpefeNna B TeX s3bIKax, IJ€ MHOTO OMOHHMMOB — CIOB C pa3HbIM 3HAYE€HHEM, HO
MPOM3HOCHMBIX OJJMHAKOBO.

Bo ¢paHiy3ckom si3bpIke TaKUX CIIOB OY€Hb MHOTO, OH Kak Obl co3maH ajs kanamoOypos. Ho To,
YTO OXKHBJISIET YCTHYIO pedb, MOXKET CO3/aTh IMOMEXU NPU YTEHUH NMHCbMEHHOTO TeKcTa. Tak 4To He
Oynb Qpanmysckas opdorpadust KOHCEPBATUBHOM, (DpaHITy3aM MPUIUIOCH OBl 3Ty KOHCEPBATUBHOCTH
BBITyMaTh.

U He cnywaiiHO mepornuduueckas MUCbMEHHOCTh yrnopHo Jepxutca Kutae. Kurtaiickuil s3pik
BECh COCTOMT U3 OMOHUMOB. B YCTHOH peur OHU pacro3HAIOTCs 110 TOHY, a KaK ¢ YTeHUEM?

A Temeph BepHEMCS K HalllMM HWHTpPOHaM. PeryiastopHble MexaHHW3Ma OEJIKOBOTO CHHTE3a, K

pasraike KOTOPBIX Mbl TOJILKO celuyac MPHUCTYMaeM JOJDKHBI KaK-TO «YyraJbIBaTby, <<y3HaBaTB>>6
HYXHBIE Te€HBI, 4TOOBI TpaHCckpuOupoBaTh HyxkHYI0 MPHK 1 3arem TpaHciupoBaTh HYXKHBIH OETOK.
HemHoOro monp3pl OpraHu3My, €Clid TeH TeMOTIo0nHa OyleT 3aJeiiCTBOBaH B HEPBHOU KIETKE, a TeH
nerncuHa (MUIEBApUTENbHOTO (epMEHTa) B — MbIIMIaX. ['eHeTndeckasi mporpamMma HeE MPH3HAET
OMOHHMOB, KaJlaMOYpHBI 3[IECh CTpOKal I1le TPOTUBOMOKA3aHbI. SI3bIK TeHOMA KECTKO OJHO3HAYEH, KaK
MaumHuble sBeikk @OPTPAH wmu AJII'OJI, B HeM HeT MecTa HEIOCKa3aHHOCTH Pa3MBITOCTH
3HaYeHUs MeTaOpUYHOCTU — KOPOUYE TeX OCOOCHHOCTEW UEeIOBEUECKHX SI3BIKOB, 0€3 KOTOpBIX OblLia

6B HAy4HOH JIMTEPAType 3TOT IPOLECC HA3BIBAIOT «PEKOZHUYUA » — TO KE «Y3HABAHUE », TOJIKO IO-JAThIHU.
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Obl HEBO3MOXHOW M3fIlHAs CJIOBECHOCTb. XpOMOCOMa BelAeT celsd, KaKk Ta DJICKTPOHHas
BBIYMCIIUTENbHAS MalllMHA KoTopas Obubieiickoe nspedenue «Ilnots Hemomma HO AyX 60ap» epeBerna
¢ anrmiickoro (The spirit is saund, but the flesh is weak ) na pycckuii kax «Boaka kpernkasi, HO
MSICO Pa3MSKION.

[ToaToMy B TeHe [OKHA COJAEPKAThCS HE TOJNBKO HHGopManus 00 aMHUHOKHCIOTHBIX
MIOCJIEZIOBATENBHOCTAX. TaM JTOJIKHBI OBITh YYacTKH, IO KOTOPHIM PErYISTOPHBIE 3JIEMEHTHI KIETKH
€ro y3HaroT SICHO Takke, YTO U3 OKOHYATEIbHON HYKICOTUAHOM nocnenoBarenbHocTd MPHK onu, kKak
C/IeNaBILME CBOE JEJI0, IOJIKHBI OBITh yaleHbl. TaKUMU ydacTKaMU U MOT'YT O0Ka3aThCsl HHTPOHBL. JTO
TOJIBKO THIIOTE3a, HO Ha CETOAHSIIHUMN JIeHb OHA HanOoJiee BEepOsITHA.

W B 3akmoyeHue pacCMOTPUM BaXHBIM Bompoc: gocratoyHo Ju B kinerke JIHK s
KOJIMPOBAHUS BCEX CTPYKTYP CIOXKHOTO (peHOTHIIA?

Ilo sTomy moBoay eme HenaBHO Bemmch auckyccuu. Kasamocs, yto JIHK sBHO He XBaraer.
Opnnako momnpoOyeM ompeneiauTb 00beM TreHeTudyeckod HHpopMmanuu, Kak 31o aenan JxoH ¢oH
Heiiman, B 6utax. Bcmomaum cnoBa Benukoro ¢usnka nopaa Kenssuna: «Ecnu Bel Moxkere u3MepuTh
TO, O YEM TOBOPUTE, U BbIPA3UTh 3TO B UMCIAX, TO Bbl 4T0-TO 3HaeTe 00 3TOM mpeamere; eciu xe Bbl
HE B COCTOSHUM HHU M3MEPHUTh, HU BBIPA3UTH TO B YMCJAX, TO Banm 3HaHuA npenMera CKyAHBI U
HEYIO0BJIETBOPUTEIBHBI.

Bot cxema mpocTeHBKOTO pacueTa, KOraa-To MHOIO IpojenaHHoro. Eciau Obl Bce OCHOBAaHHS B
JIHK BcTpeuanuch B 0JMHAKOBOM KOJIMUYECTBE, BEPOSTHOCTh BCTPEUM KaXI0T0 U3 HUX ObLia ObI 0,25.

Orcrona uadopmalmoHHas IIEHHOCTh KaX/I0T0 M3 OCHOBAaHU I

H =—(4-025log2 0.25)="2 6ura.

Opnnako JIHK B reHome HeomHopomHa MO cocTaBy. [l BBICIIMX OPraHW3MOB, HampuMep
MTO3BOHOYHBIX >KMBOTHBIX, JOJS Hapbl I'yaHUH — LHUTO3MH COCTaBJIIET BCEro 0kojio 40 MpOIEHTOB.
Kpome Toro, B Hell umerorcst (pakuuu, odoramenusie napamu AT u I'Ll. V HekoTopsix kpaOoB B
XpOMOCOMaX BBISIBJIEHBI MOCJIEIOBATEILHOCTA COCTOSANME TOJIBKO W3 JBYX ocHoBaHuid A u T.
HNudopmarimonHas 1eHHOCTh HYKJICOTHAHOTO 3BE€HA B HUX CHH)KAETCS BJIBOE:

H =-(2-025log2 0.25)=1 6ur.

TO €CTh OCHOBAHUE MOXKET OBITh TOJBKO WUIIM aICHUHOM UJIH KE TUMUHOM.

Ouenuts HeogHopoaHocTh JIHK B reHome MOXHO mpocThIM onbiTOM. Ecnu Mbl Oynem
MoBBIIATE TeMiiepaTypy pactBopa /IHK, To Ha kKakoM-TO ypoBHE CpeAHsisi KMHETUYECKash dHEpPIrHs
MOJIEKYJ OKa’KETCs BBIILE SHEPTUU BOJOPOIHBIX CBSI3€M, KOTOPBIMM CKPEILJIEHBI ITOJIOBUHKU JBOWHON
ciupanu. Temmeparypa, MpH KOTOpoW pacmamgaercs (aeHarypupyer) mnonoBuHa Mmonekyn JIHK,
Ha3bIBAETCS TeMIlepaTypoi iaBjieHusa. OHa CHJIBHO 3aBUCUT OT KOHLIEHTPALMM KATHOHOB B PacTBOpE
(mpuMepHO MPSMO MPOTMOPIHUOHANIBHA JIorapu(My ux KoHueHtpauuu). B mape 'Ll Tpu Bogopoanbie
cBs3u, B nape AT tonsko ase. [loatromy wem OGonpme I'Il B JIHK, Tem Oosiee oHa «TyromiaBka.
Otcroza ciaenyert, 4To 1O NIMPUHE UHTEpBaia Temieparyp, B koropoM JIHK niaButcs, MOXHO CyauTh
0 €€ HEOJTHOPOJAHOCTH (T€TEpOr€HHOCTH ) B TEHOME.

Pacuer mam oxomno 1,9 Outa Ha ocHoBaHue naxe mns rereporenHor JIHK mmexonwmTaromero
(TeneHka). A YHCIO HYKICOTHIOB B T€HOME MIIEKOMUTAIOMIETO OKOJIO IBYX-TpPeX MHUIUIUAPAOB (Y
YeloBeKka JiBa MUJUIMApAA, a y OyiiBona Ha 40 mpoIreHTOB OOJbINe; BUIHO, JETI0 HE B KOJHYECTBE).
3HauuT, 3anac uHpopmanuu B JIHK miekonuraromero 4—6 MuiuinapaoB OWT, YTO COOTBETCTBYET
OuOIMOTEKE B MONTOPHI-IBE THICSUYU TOMOB.

He 3a0ynbre, 4To 3TOT 3amac COJEP)KUTCS B SUILEKIETKE WM TOJOBKE CIEPMHS, MMEIOLIEH
MUKpOHHBIE pa3Mepbl. KakoBa cBepTka mH@popmannu! Cka304HBIM HKUHH, BbUIETas U3 OYTHUIKH,
BBIPACTAET BCETO-HABCETO BHIIE (PMHUKOBOW manbMbl. Hackobko ACHCTBUTENBHOCTh (haHTACTUUHEE
BOJIILIEOHOM cKa3ku!

JloctaTouyHO 1M Takoro MaccuBa WHQOpPMAIUU Ui MOCTpoiiku (eHoTuna? 3aJaBUMCh TaKUM
BOIIPOCOM, Y4YCHBIE CIIOXBATHJIMCh: BEIb MbI JK€ HE YMEEM OIEHUTh CJIOXHOCTb (eHOTHUIIA
KOJIMYECTBEHHO. B mnpunHimmne o0yl CTPYKTYpy, B TOM YHCIE CTPYKTYpY OpraHM3Ma, MOXHO
omucaTh C BeChbMa BBICOKOM TOYHOCTBIO (TIpelen 37ech HakIaJblBaeT TaK Ha3bIBaeMas
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KBAaHTOBOMEXaHWYECKAsl HEOMPEIEICHHOCTh, O KOTOPOW Yy HAC pedb MOWAET B CIEAYIOIICH TJIaBe).
[IpencraBuM, 4TO MBI pa3pekeM OpPraHU3M Ha CEPUI0 MOCIEAOBATEIBHBIX UIYIHMX APYT 32 APYroM
cpe3oB. Pacrnoiio)keHHe CTPYKTYp Ha KaKJOM M3 CPE30B MOXKHO OIHCATh B JBYMEPHOHW cHUCTEME
KOOpPJMHAT W BBIPa3uTh 00BbEM 3TOW MHQopManuu B OuTax. JleTalIbHOCTh OMHCAHUS 3aBUCHT OT
TOJIIMHEI cCpe3a.

Jomyctum, TommHa cpe3a y Hac Oymer oauH anrctpeM (10-10M) — 310 BenwumHa, OJIM3Kas K
npeeny pa3pelarlieil cnocoOHOCTH Ty4IIMX COBPEMEHHBIX 3JIEKTPOHHBIX MUKpockonoB. Ho Torna,
CKa)keM, ISl ONMCAaHMs (eHOTUIIA YeIOBEeKa pocToM B 180 caHTUMETPOB MPUIETCS CACTATh U OIUCATh
18 MunnapaoB Takux cpe3on!

SIcHO, YTO TaKUX OMBITOB HUKTO HE MpojenbiBai. Bce momoOHbIE IKCIIEpUMEHTH OCTAaBAIUCh
MbICIeHHBIMU. CTpPYKTYpy TIOMEHBIlE H C MEHBIIMM YPOBHEM pa3pelIeHUs, HarpuMep
OaKkTepHATBHYI0 KIETKY HMJIM MHUTOXOHIPHIO, TaK OMHUCATh MOXKHO. YBEIWYUBAs TOJIMHY CPE30B,
CKa)keM, B CTO WJM THICAYY pa3, Mbl MOXKEM JaTh OINMCAHHS, HO B CTO WM THICAYY pa3 MEHeEe
JeTalbHBIE.

A BemMuYWHAaM, TOJY4EeHHBIM B pPE3YJbTaTe MBICICHHBIX JKCIIEPUMEHTOB WM TPHOIUIKCHHBIX
pacueToB, Kak-TO HE XOYeTcs BepUTh. Bce 93TO TONPOCTYy CPEAHEMOTONIOUYHBbIE LU QPHIL.
@deHOTHITUYECKYI0 WH(OpMaIuio opraHu3Ma yenoBeka omeHuBaid W B 105u B 10256mT. Ta xe
BEJIMYMHA JIs1 OaKTEPHH, 110 TAaHHBIM Pa3HbIX aBTOPOB, Kojiebmercss oT 10410 10126uT!

Ho B Teopun undopmannu cymectByer npasuio (3akoH IllenHoHa): mpu mepeaaye mo aodomy
KaHaTy WHQOpMAms MOXET TOJNBKO TEepPAThCS 3a CYET MOMEX, HO HE YBEIMYMBATHCI. 3HAUWT,
uH@opmalus, norpedHas A ONUCAHUSI CTPYKTYPhl «UEIOBEK», HE JIOJDKHA IMPEBBIIATH YETHIPEX
MUJUTHAPAOB OUT.

Bepuee, oHa 10mKHA OBITH CYIIECTBEHHO MeHbBIE. Eciin B kaHayie mHMOPMAIMKN €CTh TTOMEXH (a
OHU €CTh B JIIOOOM KaHayie), WHQopMAaIUs TEHOTUIIA IO KHA OBbITh M30BITOYHOW, MHOTOKPATHO
MOBTOPSATHCS,, UMETh MEXaHU3Mbl KOPPEKIIMU, YCTpaHEHUS MoMeX. BrepBbie s 3TO O4YeHb HATISIHO
MOHSUI, CIIyIIasi IEPErOBOPBI MO PATUOTENePOHY ABYX CYIOBBIX PAAUCTOB: «AMETHCT, AMETHUCT, 5
4347, 5 4347, kak MeHA CIBIILATE, IpUeM, npuem» — «4347, 4347, 1 AMeTuCT, CIbIITy Bac XOpOIIO,
CJIBIIITY BAC XOPOIIO, MPUEM, TTPHEM.

OTBeT HE COBCEM TOYCH: CIBIMIAIA MBI XOPOIIO, HO M3-3a TPECKa B TMHAMHKE MTOHUMAJITH TIJI0XO.

[TpumepHo Tak obcTouT Aeno u B KaHane uHpopmanuu «oT JJHK k mpusHakaMm opranusma: He
Oynb reHeTndeckass HHGOPMAIUsI BEICOKOM30BITOUHOM, HOBOE MOKOJICHUE M3-3a CIydalHBIX TOMEX B
Pa3BUTHH HE TTOXOAMJIO OBl Ha POJUTENICH, TOTyJalicsi Obl «HE MBIIMIOHOK, HE JISTYIIKa, a HEeBEAOMa
3BEPIOIIIKAY.
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Puc. 19. I[lamepusa oownosiiyesvix Oausneyos (cecmpvi Juonn) 6 Oenv namunemus. Ilo
0COOEHHOCMAM CUMMEMPUU YOALOCh 80CCMAHOBUNMb UX UCTIOPUIO 00 podcOeHus. Onio0omeopenHas
AlyekiemKka pa3oeiunacy Ha 08a Onacmomepd, KOmMopwvle pAasouiuct U Cmanu Oeiumses
camocmosimenvro. M3 o0Hoco nonyuunuce Heonmna u Auma, uz opyeoeo Lleyunus u ewe o0O0uH
oracmomep, Komopuwlil, pazdenusuwiuce, oar Mapuio u Iwunuro. B pezynemame nonyuunocy namo
3apoovliet ¢ AOCONOMHO UOSHMUYHbIMU —2eHemuyecKumu npozpammamu. Hackonvko noano
CX00CmMB0 (DeHOMUNOB NPU MOHCOECHEe 2eHEMUYECKUX NPOSPAMM, bl MoOdceme yYOeoumucs camu,
2051 HA TUYA IMUX 0eB0UEK.

Ho MbI-TO 3HaeMm, KaK yIMBUTEIbHO TOYHO YEPTHl POAUTENEH MPOSABIISIIOTCS B MoToMcTBE. Enie
Ooiee pa3UTENBHBIM TpPUMEpP TOYHOCTH TEpeqadyd TEeHETHYECKOW HWHQOpMAIllMU — OJHOSHIICBHIC
Onmu3Henbl, OpaThs W CECTPBI, Pa3BUBIIMECS W3 OJIHON pa3fAeNUBIICHCS SHLEKIETKH. Y HUX
UJICHTUYHbIE HA0OPBI TEHOB, TOTOMY TOJILKO Y OJIM3HEIOB yIal0TCs Nepecaakd TKaHe U OpraHoB, UX
MYTAIOT JIa)Ke XOPOIIMe 3HAKOMBIE U HE MOTYT Pa3MUYUTh I10 3armaxy CoOaKu.
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Puc. 20. B mupe nem 08yx nrooeti ¢ 00uHaKo8ulMu omnedamrkamu naivyes. Ha smom u ocnosana
bonvuas 06aacms KpUMUHAIUCIMUKY — dakmunockonus. Ho nem npaeun 6e3 uckuouenuil. A oymaio,
oaoice Lllepnok Xonmc ne cmoe 6v1 pasnuuums omneyamxu naivyed oo0Ho suyesvix oausneyos (I u Il na
pucyuke). Kax vl 6udume, oOadce CMOAb, KaA3auiocb Obl, MANIOBANCHAS CMPYKMYPA, Kak
O0aKMUIOCKONUYECKULL V30D, 8eCbMA HCECMKO 0emMePMUHUPOBAHA 2eHEMUYECKU.

3HauuT, UHQOpMaIKs, 3aKTI0UeHHAas] B TeHOTHUIE, N30bITOYHA. OIMH U3 MEXaHU3MOB MbI 3HAEM:
3TO IBOMHON HA0Op XPOMOCOM B OIJIOJJOTBOPEHHOH stiiliexieTke. B mpuHuumne pa3Butie HOPMaJIbHOTO
deHOTHIIAa MOXET OBITh 00€CIeueHO TOJIOBUHHBIM, TaljIOWJHBIM Habopom xpomocoM. Ciyuam
[IapTEHOI€HE3a, PAa3BUTHSI HEOIJIOJOTBOPEHHON SANLIEKIETKH, U3BECTHBI Y MHOIUX >XMBOTHBIX H
pacTeHUN.

Otcrona crneayer, yTo 00beM WH(OpMalMK, 3aKOJUPOBAHHBIM B T'€HOTHIIE, HAJAO0 YMEHbIIMTH
BJIBOC. OTH COOOpakK€HHMs W 3acTaBUJIM MHOTHX HCCIEel0BaTeNel HUCKaTh JpYrue HCTOYHUKU
reHeTrueckoil napopmannn, momumo JJHK.

OmOpuonor X. PaBeH, 0 KOTOpOM MbI YK€ YIIOMHHAIH, BBIIBUHYJI MPEANOJIOXKEHUE, 4YTO,
nomuMmo saepuoit JIHK, xpanunuinem wuHpOpMAnuu MOMKET OBITh MPUIIOBEPXHOCTHBINA, TakK
Ha3bIBAEMbIN KOPTUKAJIBHBIM, CIION SMIEKIeTKH. DTa TUIOTe3a He moarBepauiack. He criemyer
3a0bIBaTh, YTO XPAaHUTEIM HACIEACTBEHHOM HHGOpPMalUM — TEHbl — JIOJDKHBI Pa3MHOMKAThCS,
peIIMIMpoBaThcs. B MpOTHBHOM ciydyae KONMYECTBO MX B KIeTKe OYyJIEeT yMEHbIIATHCSA BJABOE C
KaXJIpIM JieiieHreM. M3 BceX M3BECTHBIX HaM COEIMHEHMI TOJIBKO HYKIEHHOBBIE KUCIOTHI 00J1a0at0T
CIIOCOOHOCTBIO K peIuIUKaluK. Te KIETOYHBIE CTPYKTYPbl, KOTOPbIE MOT'YT Pa3MHOXKAThCs, HaIpUMeEp
HHEPreTHYECKHe CTAaHIUU KIETKU, MUTOXOHJIPUH M XJIOPO(QHIJIOBBIE 3epHA PACTCHHH, XJIOPOIIACTHI,
HMMEIOT CBOM, aBTOHOMHBIE T€HOMBI, OUYEHb ITOXOKHE Ha MPOCThIe OaKTepuaibHble. Sapy OHU TOMOYb
HE MOTYT, XOTh ObI CAMHM BOCIIPOM3BECTUCH C MUHUMAILHOM OMOIIBIO OT S/Apa.

[TonpoOyeM MOJOHTHM K 3TOMY BONPOCY HMHAuye: a MPAaBHJIBHO JIM MbI OLCHWJIH CJIOXKHOCTb
¢denoTuna?
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Puc. 27. Coenacno maubonee pacnpocmpaHeHHOU unomese, MHOZ2OKIeMOYHble JHCUBONHbIE
nApoU3oOWIU OM KOAOHUU 00HOKIemounvix. CeepxopeaHusmMvl 6blCUUe20 NOPAOKA BO3HUKAIOM U3
KOJIOHUU MHO2OKIIEMOYHbIX, 8 KOMOPbIX KANCObLL OP2AHUM BbINOJHSEM ONPeOeieHHYI0 (QYHKYUI.
Taxoswvl KonoOHUANBHBIE KUWeYHONOIOCmHble — cughonopopsl. Ha pucynke nasepxy: cugonogopor usz
epynnel  cugponanm. Bepxuue ocobu HUX npespamuauch 6 nooobue NIABAMENIbHbIX Ny3blpell,
YOEPACUBAIOWUX KOJIOHUIO 8 NIABYYeM COCMOsHUU. [pyeue o0codu 6blnoaHAOmM QYHKYUU OBUINCEHUS,
nuUmManus U 3awumvl  KOIOHUU, 4  4ACMb  NPUCNOCOONeHa Ol PASMHOJICEHUSL.
Cugonoghopwi-ouckonanmol HACMONILKO OANeKO 3awiid NO MOMY RYMU, YMO MHO2UE YYeHbvle
OMKA3ZLIBAIOMCSL CYUMAMb UX KOJOHUEU U OMHOCAM K €OUHUYHbIM SUOPOUOHBIM NOAUNAM. Buu3zy:
npedcmasumens Mol Spynnbl — NAPYCHUK Gelelld (CeKmop mend 6blpe3aH, 4mobbl NoKa3amb
CNIOJICHOEe cmpoeHue). 30ecy makdice Oelicmgyem oOWuUl NPUHYUN — COBOKYNHOCHb OOUHAKOBbIX
INEMEHMO8,  NPeOCmaBIIoOuds  UHOOPMAYUOHHYIO — CUCTEeMYy C  6bICOKOU  U30bIMOYHOCMbIO,
npeepawaemcst 8 60aee CIONACHYIO 34 CHem CHUNCEHUS U30bIMOYHOCTIU.

Tor xe PaBeH yka3bIBaeT, yTo, HampUMeEp, Yy JIOLAJAM HECKOJIbKO MUJUIMOHOB IE€YEHOUHBIX
KIETOK M BCE OHU IOCTPOEHBI OAMHAKOBO. MOXHO KOHEYHO, OMpeAeIuTh 00beM HHpOopMaIuu,
NOTPEOHBIH IS OMMCAHKS KKION U3 KIETOK, a TOTOM YMHOXXUTb YMCII0 OUT Ha yucio kietok. Ho He
PaBHOCHUJIBHO JIM 3TO YTBEPXKAECHUIO, YTO I MOJHOTO THpaxa cKaxeM, kypHayia «Hayka u xu3Hb»
TpeOyeTcs aBTOPOB, PEIAKTOPOB, KOPPEKTOPOB, XYI0KHHUKOB, (poTorpacdoB U T. A. B TPU MHIMOHA
pas3 0oJIblle, YeM JJIsi CHTHAJIBHOTO SK3eMILIsipa?

3Ha4YNT, CTPYKTYypa (eHOTHUIA Tarke MHQPOPMAIIMOHHO U30BITOYHA, MPHYEM B BEChMa BBICOKOM
cTerneHu. ['eHOTHI MOXET JaTh MOJPOOHOE OMHMCAHME JUIb OAHOW KIETKHU, a 3aTeM yKas3aTh, UTO OHA
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JOJIDKHA ITOBTOPUTHCA COTHU ThICAY U MUJIJIMOHBI pas.
Bot eme XOpOIJ.IHfI npumMep (I)CHOTI/IHI/IIIGCKOI\/’I I/I36LITO‘IHOCTI/I, KOTOpLIfI HaM CIIC NPUTOJUTCA B

OymyIem.
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Puc. 21. J{na nac upessviuauno 6adiceH 6ONpoc, KAKUM NymeMm 6 npoyecce NpocpeccusHoll
960I0YUU NPOUCXOOUM VCIIONHCHEHUe CMPYKMYPbl, Yeeaud eHue Koaudecmeaa ungopmayuu, nompeoHol
ons onucanus opaanusma. Cnedyem nomMHums, 4mo Ho8ask UHGopmayus He osHuraem u3 Huye2o. OHa
B03HUKAeM U3 U3DLIMOYHOU uHpopmayuu npu e3aumoodeicmsuu ¢ wymom. Ha pucynke oea
KOJIbYamblX YepHs: MHO2OUWEMUHKOBbIL 4ep8b NOAUXemda U MATOWemMUHKOBbIN — 00bIYHbLL 00HCOeBol
uepev. Kak 6uoum, mena ux cocmosm u3 npaKmuyecku UOeHMUYHbIX NOSMOPAIOWUX CS UJIeHUKOS, O
ecms ungopmayus genomuna 6 8blcokol cmenenu usdvimouna. Mymayus (wym 6 Kanaie nepeoadu)
USBMEHAIOM (POPMY OMOENbHbIX YNEHUKO8, CHIPOEHUe KOHeYHOCHeU HA HUX U BHYMPEHHUX OpP2aHO8.
Ecnu smu usmenenus oxkaxcymcs npucnocooumenbHvimu, omoop coxpanum ux. M3ovimounocms npu
9MOM CHUSUMCS, HO YCIONCHUMCA CMPYKMypd, U Koaudecmeo ungopmayuu eospacmem. Tax uoem
npO2peccuU8HAst I80NHOYUSL.

Ectb 11OBOJBHO TIPOCTO YCTPOEHHBIE MOPCKHE KOJIbYAThIE MHOTOIICTUHKOBBIE YEPBU —
nonuxetsl. TynoBuie Hauboyiee MPUMHTHBHBIX M3 HUX pa3iesercd Ha JAECATKH, a TO W COTHHU
YIIeHUKOB. W Bce ITH UJIEHUKU YCTPOEHBI MO OJHOMY OOpa3ily, KpoMe MepBOro, Ha KOTOPOM
CKOHIICHTPUPOBAHBI OPTaHbl YYBCTB, BTOPOTO — C POTOBBIM OTBEPCTUEM U MOCJIEIHETO — C aHAJIbHBIM
OTBEpCTHUEM. 3HAYHT, AJIsl OMKCcaHus (PEHOTHUIIA JOCTATOYHO TOJBKO YETHIPEX YJICHUKOB, HO MIPU STOM
HE00X0IMMO TOOABHUTH: TPETUM O CYETY TTOBTOPSETCS CTOIBKO-TO Pa3.
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Puc. 22. Bom ewe npumepvr 6vicokouzouimounou ¢henemuyeckou ungpopmayuu. Buimepuiue
YIeHUCMOHO2UE — MPUTOOUMbL — UMENU KOHEYHOCMU, NPAKMUYecKu 00UHAKo8ble U No gopme, U C80UM
DYHKYUAM: 08UNCEHUSA, 3aX8ama NUWU U ObixaHus. Bce smo onu denanu 00unakoso xopouio (8epHee,
00UHAKOBO NN0X0). ¥ MHO20HOJICEK (Cnpasa) pomosvie uacmu — NPOU3BOOHble KOHEUHOCMeEU — Yice
Ccneyuanu3upo8ansvl, 0OHAKO HO2U 0OUHAKOBLL U MeJlo ewje He 0eIUmcs, KaK Y HACeKOMbIX, Ha epYOHOl
U OPIOUWHOU OmOoebl.
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Puc. 23. Pasnuunvie npeocmagumenu ompsaod 6blCUX PAKOOOpa3Hwix. 30ecb yace meno
nooeneno Ha 20106HOU, 2PYOHOU U OPIOWHOU 0mOoensl, KOmMopble Hecym KOHeUHOCMU PA3HO20

cmpoenus. [la u unenuxu ycmpoeHul no-pasiomy. Cmpykmypa ¢enomuna 6 npoyecce npocpeccugholl
980IOYUU YCIONCHUNACH, U Mpebyemcs bonbuue ungopmayuu O ee ONUCAHUA.

PakooOpa3Hble NpPOM30LUIM OT MPEAKOB, IMOXOXHMX Ha KOJbUaTbIX YepBed. Y BBICHMX
pakooOpas3HbIX, HANPUMEP Yy PEYHOI0 paka, BCE WICHUKA YCTPOEGHBI I10-pa3HOMY, OCOOEHHO
pa3IMyaOTCs KOHEYHOCTH, W KAKIBI YICHHWK MOITOMY INPHAETCS ONMUCHIBaTh OTAENbHO. OOBbeM
uH(opMaIuy NOBBIIACTCS: BeJb 3TO OoJiee CIoKHbIN GeHoTun. M 3Ta HOBast MH GopMaLyst BOZHUKAET
HE M3 HUYEro — U3 U30bITOYHON HHpopManuu GeHoTrna (IIeHOH CHIKEHUS H30BITOYHOCTH ).
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Puc. 24. Ha npedvioywux pucymkax 6vl eudeiu npumepvl uzdbimouyHocmu uHgpopmayuu a
CMpOoeHuUu mena YAeHUCbIX JHCUBOMHLIX — KOIbUAMBbIX Yepeeli, Mpuiooumos, MHO20HOMNCEK. Y
BBICULUX YTEHUCTBIX MOHOMOHHOCMb CMEHAENC S PAZHO00pa3uem, Ho8as UHMOPMAYUs 803HUKAEm 3d
cuem u30bIMOUHOU. Y peuHo20 paxka npakmudecku Kaxicoyio KOHeUHOCHb HA00 ONUCHIBAMb OMOEIbHO,
Ub0 OHU BLINONHAIOM pPA3HblE QYHKYUU U UMEIOM DA3HYIO QopMY: nepeas u 6mopas napa — OpeaHul
yyecmae, ¢ mpemoveli no NAMYI0 — YeaoCmu, ¢ Wecmol nNo 80CbMYI0 — HO20YeIoCmu (nepeoarom nuuy
yenrocmam), ¢ 0egamou no MpuHaAOyamy — X0O0UlbHble, C YemblpHAOYAmou no 80CEMHAOYAMYI0 —
oprowmnsie. Ilocreouss napa oopazyem «x80Cmo8ouy eep: XJAONAs UM, PAK NIblem 3a00M Hanepeo
(nonzaem om, KAK u 8ce NPodUe HCUBOMHbBLE, 20JI0801 8nepeod, d He NAMUMCS).

Ompenensast 00beM HHPOPMALUK TMOTPEOHOW Ui OMHMCAaHUS (PEHETHYECKOH CTPYKTYpHI, HE
cienyer 3a0bIBaTh O CBA3AX MEXAY MpU3HAKaM M OpraHusma. J(omycTMM, HaM HM3BECTHO O HEKOEM
KUBOTHOM TOJIBKO TO, YTO y HETO OJHa jeBas ayra aopTsl. Kaxkercs, 3To oueHb Mano. O nmbaeTech:
OTCIO/Ia OJTHO3HAYHO CJIEYET, YTO CEP/LE Y HEr0 YeThIPEXKAMEPHOE, 3PUTPOLIUTHI O€3 siiep, XOpPOIIo
pPa3sBUTBIA MO3I, IIOCTOSHHAs TEMIIEparypa Tejla. OTO 3HA4YUT, YTO OHO OTHOCUTCS K KIaccy
MJIEKONMTAONMX. Takue cLenIeHus NPU3HAKOB Ha3bIBAIOTCA KOppeIsAlusMU. BriepBble uX MMPOKO
NpUMEHWI OocHoBarenb naneoHtonoruu JKopx KroBee. M3BeCTHO, 4TO OH MO OTAEIBHOM KOCTH
YBEPEHHO ONMCHIBAN OOJMMK XMBOTHOro. CymiecTByeT aHeknoT npo KroBbe: 0OfMH M3 €ro ydeHHKOB
peums HaJ HUM IOALIYTUTh, Hajed Ha ceOs LKypy ¢ poraMud M KOIBITaMHU, MOJOLIEN K YYHUTEINIO
HOYBIO U IIPOPbIYAJ CTPAILHBIM rosocoM: «S1 cheM Teds». KroBbe cripocoHbs TBepAo ckaszan: «Pora u
KOIIBITA — 3HAYUT, Thl TPABOSAJHOE U HE MOKELIb ChEeCTh MEHs». Ciydail, KOHEUHO, BBIMBILUICHHBIN, HO
noruky KroBbe 1€EMOHCTPUPYET XOPOILO.



Bopuc MuxaiijioBnu MeJHHKOB: «AKCHOMBI GHOJIOTHIY 62

Bripouem, ObiBanmm citydau, xorja Jjioruka KroBbe moaBoauia. Boibimol HM30THYTBIM KOTOTH,
HalICHHbIA OTJENBHO OT MPOYMX KOCTEH, OH MmpuInucal MypaBbeny. Ha nene xorote mpuHamiexan
XaJ'II/IKOTepI/IIOZ JKHNJIN HA 3€MJIC 1 JOXKUJIM ITOYTHU O0 ITOSABJICHUA HA HCfI YCJIOBCKA CTpaHHI)Ie 3Bep1/1, 110
BCEM MpPHU3HAKaM KOIIBITHBIC, HO MMEBIIME BMECTO KOMBIT MOIIHBIE HOTTH. TaK YTO KOpPPESAIUs
OTHIOb HE BCerga ObIBAET MOIHOH.
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Puc. 28. B opeanuzme oomna cmpykmypa modicem ¢ OOabuiell Uil MeHbUel HCeCmKOCHbIO
onpedenams 0emanu Cmpoerus Opy2ou. FImeHno 3mo no3601uio Hauiemy 3amMeyamenbHOMy aHAmMoMY,
anmpononoey, apxeonocy u ckyronmopy M. M. I'epacaumosy paspabomams memoo 80cCmano81eHUs
Juya no dyepeny. 30ecv npugeoensvl 08e CXembl. PeKOHCMPYKYUS TUYd HeaHOEepMaibCKO20 MANbYUKA U3
epoma Tewux-Taw u 20106v1 ckughcko2o 6ouna uz 6ocamozo nocpedenus. Jlrobonvimuo, umo, Ko2oa
ObLI U320MOBTIeH €20 CKYIbNMYPHbLIL NOpMpen, UCMOPUKU ONO3HANU e20 o bapenvegham u MoHemam.
Omo oxazanca ckughckuii yapv Crunyp.

Ham 3ameuaTenbHBI aHTpOMOJIOT, aHATOM W cKyaentop M. M. I'epacumoB, PykoBoacTBysiCh
TEMHU e MpUHIMIIaMu 4To U KioBbe pa3paboTan METOIMKY BOCCTAaHOBIICHUS JIUIIA TI0 Yepery, IpruieM
C TOYHOCTBIO, YIOBJIETBOPSIOLICH HE TOJBKO apX€oJIoroB, HO U PaOOTHUKOB YTOJOBHOTO pO3bICKa. A
3TO BO3MOKHO OCYIIECTBUTH TOJILKO B OJHOM CiIydae: KOTJa CTPYKTypa OJHOW 4YacTH OpraHusma

ONPENENSAET CTPYKTYPY IPYIOM.
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Puc.29. Ha wmonexynapuom yposHe CmMpPYKmMypa 6bicuie20 YpOGHs MAaKxice Onpeoesemcs
cmpykmypou nuswezo. Ha pucynxe ceepxy nepsuunas cmpykmypa 6enka — yumoxpoma C,
NepeHoCUUKa NeKMpPOHO8 6 ObIXaMmeNbHbIX yensax (00o3Hauenus me dce, ymo u Ha puc. 16). Buusy:
cxema emopuuHot cmpykmypol — cnupaau Ilonunea — Kopu. Ee noddepaoicusaiom 8000pooubie ces3u
meoncoy epynnamu —CO — u —NH — Ymo obpaszyemcsa uz norunenmuoa co 6mopudHol cmpykmypot,
NOKA3aHO HA CNedyiowem pUucyHke.

OTOT NpUHLMI COOJIOJAEeTCS B NPUPOJE HAUYMHAs C MOJIEKYJIspHOTo ypoBHs. IlepBuunas
CTpyKTypa OENKOBOH MOJIEKYJIbl — 3TO IIOCIEAOBATEIBHOCTh AMHHOKUCIOTHBIX OCTaTKOB B
nonunentuyae. CoceaHue 3BEHbS B MENTHIHOW IEMOYKE COCAUHSIOTCS BOJOPOJHBIMH CBS3IMH,
o0Opa3ys crnupaneoOpasHyl ¢urypy (tak HasbsiBaemas crnupaib [lomunra-Kopu). OT1o BTOpmYHas
ctpykrypa. Ho cnupans Ilonunra Ttarke oOpa3yer TpEeXMEpPHYIO TPETUUYHYIO CTPYKTYPY,
crienuUIHYIO U1 Kakaoro Oenka. HakoHer, oTnenpHBIE OCIKOBBIE TIOOYIBI MOTYT OOBEIUHSITHCS
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IIONApHO U IO 4YeTbIpe, a TO U Ooiblle, 00pa3ys YETBEPTUUHYIO CTPYKTYpy. TakoB, Hampumep,
reMOII00MH.

N Bce 3TU CTPYKTYphl ONpPEAETSIOTCS OAHOM — MEPBUYHOW. 3HAYUT, B TCHOTHIIE HYKHO
KOIMPOBAaTh TOJBKO IIOCIENOBATENBHOCTh AaMHUHOKUCIOT, BCE OCTaJbHOE BO3HUKAET IIpU
COOTBETCTBYIOIIMX YCIOBHUSX CaMO.

Mpl yxe paccMaTpuBaId MPUMEP C BUPYCOM Ta0auyHOW MO3AaMKH, KOTOPBIHA MPH MOJKUCICHUH
cpedpl pacnajgaercss Ha oTnaenbHble Mosekynsl Oenka u PHK. Ilpu noxmenaunBaHuM mpoucxomuT
oOpaTHBIM Tpolecc, MMEeHyeMblil camMocOOpkoil. Bce Bupychl B KIETKaxX XO3sfMHA BO3HHKAIOT B
pe3ylipTare caMOCOOpPKU MOJIEKYN HYKIEMHOBBIX KUCIOT M OEJIKOB, U UX CTPYKTYPbl OJHO3HAUYHO
OIPEEISIIOTCS MOCIEI0BATENIbHOCTBIO AMUHOKHUCIIOT B Oenkax (1, 3HauuT, Hykieotu 108 B JJHK).

W He TonmpKo BUpYCHL. B pe3ynabraTte camMocOOpPKM BO3ZHUKAIOT BCE KIETOYHBIE CTPYKTYPBHI —
puOOCOMBI U KIIeTOUHbIE MEMOpaHbl. A caMu Ki1eTku? Bo3bMeM aist mpuMepa mpocrei iee AKUBOTHOE;
BCEM M3BECTHOI'O NIPECHOBOJHOTO Ioauna — ruipy. @eHoTHI €€ COCTOUT U3 HEMHOTUX THIIOB KIETOK
(oxono necsatH). JJaBHO yxe cTaBsAT 3 PPeKTHBIE OMBITHI, KOT/Ia TUAP PACTUPAIOT HA OTJCIbHBIC KIETKU
U U3 HUX B pe3ylbTaTe Mpoliecca, MOXOXKEro Ha caMOCOOpKY, BO3HMKAET Lieflas Tujpa. 3HA4MT,
CTPYKTYpa (heHOTHUIIA TUJPHI OAHO3HAUYHO ONpPEEIAeTCs CBOMCTBAMU KIIETOK, €0 Cararolmx.

C BbICHMMM OpraHM3MaMH TaKOW OIBIT HE IOCTaBMILb: CIMIIKOM MHOTO THUIIOB KIETOK H
CJIMIIKOM CJIO’KHBIE CTPYKTYphl OHHU 00pa3yroT.

DpoBAWMECH AiiA Nponaca 1%

o o—:-@
Lo -

M pasishabas paaTE

Puc. 31. Cxema nommuenus annogennvix mviwiei. H3 siyeso008 OepemenHbIx Mbludell
uzgnexarom styekiemKy Havasuiue opooumscs. Jlyuue ece2o onvlm yoaemcs nocie mpex OeieHuil
(cmaous socomu Oracmomepos). [na naznaonocmu aiyekiemku 6epymcs y mvluell pasHot MAacmu.
Ecnu obpabomame Oensiwyeecs aiiyo npomasou — Gepmenmom, pacwenisiouwum Oeiku, OHO
pacnadaemcsi Ha omoenvHvlie Oaracmomepvl. Ommvimble om ¢hepmenma Oracmomepvl CHOBA
CIUNAIOMCS, 0adxce eciu OHU OM PA3HbIX NOPOO mbvlulell. «Peaccoyuuposannviiiy 3apoobius MOHCHO
nepecaoums 8 AuYegodvl Opy2oll camru moviuy. PUHAN — RPUEMHAS MAMb U3YMIIEHHO CMOMPUM HA HU
Ha umo He noxooicee nomomcmeo (kax ma Cosa uz «Bunnu-Ilyxa» xomopas no owubke checia
2ycunoe suyo).

Ecnu pacteperh BhICIIEE )KMBOTHOE, CKaXEM KpOJHMKA, B KalMIy, U3 KIETOK OH 3aHOBO He
BOCCTaHOBHUTCH, Ho na PaHHUX CTaAUAX PA3BUTUA HOI[O6HBIC OKCIICPUMCHTHI Y1aBaJINCh. BrI 3HaeTe u3
IOKOJBHOTO KYypcCa, YTO OIIJIOAOTBOPCHHAA HﬁHeK.]'IeTKa MIJICKOIIUTAOMICTO YK€ B HﬁHCBOHaX Ha4YMWHACT
IpoOuThCs, 00pasys 3apozbliL [locie Tpex ApobieHuit 3apoabl I COOTBETCTBEHHO COCTOUT M3 BOCBMHU
KIEeTOK (0s1acTOMEpOB).

3apojplleld MBI Ha 3TOM CTaJu¥ W3BJICKAIW M3 SHIEBOJOB M 00pabaThIBAIM pPacTBOPOM
npoHaspl. OTO (QepMeHT, pacluerysionmii oOenxu. JpoOsm@ascs sileKIeTka pacnajanach Ha
OTHenbHBIe OnmacTomMepbl. MOXXHO cMemarh OJacTOMEpbl pas3HBIX IOPOJ MBIIICH, HampuMmep
pa3IMyarONMXcs MO OKpacKe, OTMBITh OT IPOHA3bl U YBHJAETb, KaK OHU OYIYyT CIMIIAThCA JAPYT C
JPyroM, BHOBb 00pa3ys 3apojblnl. Takoi 3apojbllll MOKHO MEpecajuTh JAPYrod MBIIM U AOPACTHTH
J0 pOXKACHUA U B3POCIIOT0 COCTOSTHU . MBImeﬁ, SBUBIIMXCA Ha CBET B HO}IO6HI)IX OIIbITaX, Ha3bIBAIOT
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aTO(ESHHBIMH.

OHHM — TOTOMKU TpeX, 4eTbipex MU Oojee poauTened (B 3aBUCHMOCTH OT TOTO, CKOJBKO
3apoapbiie Mbl cmewmanu). Ha puc. 31 mokazaHo u3ymjieHue MPUEMHOM MaTepu IpPHU BHJAE CBOETO
MO3aM4HOr0, I10JI0CATOTO MOTOMCTBA.

[TocrennienHo B ymax uccienoBareneil cGopMyaupoBanach HJes, YTO B T€HOME SHILEKIETKU
3aKOJIMpOBaHa JUIIb HHPOpMALIUS O IEPBUYHON CTPYKType OEIKOB M 0YEPEAHOCTH U MHTEHCHUBHOCTU
UX CUHTE3a. 3aKOJMPOBAH, KOPOY€e TOBOPsl, HE caM (PEHOTHII, a CEpUsl MHCTPYKIUI IO €r0 CO3JaHHI0 —
camocOOpKke Ha ypOBHE yacTell KIETKH, caMOCOOpKe Ha YpOBHE KJIETOK, TKAaHEH U OPraHoB.

N tyr oxazanocs, yto JJHK B snpe... yepecuyp mMHOro. Bcero Msel 0kugajd, HO TOJBKO HE
storo! IIpoBepuM INOIYy4EHHBIN OIIETOMISIONMI BBIBOA IPOCTBIM pacueToM. MOJEKynbl pa3HbIX
O€JIKOB Pa3IMYaOTCs MO BEIUYMHE U MOJICKYJSIPHOM Macce, Cpelld HUX €CTh U KPOUIKU, COCTOSIIIME U3
HEMHOTMX JIeCATKOB AaMHHOKHMCIOT, M HacTtosAume TIurantel. Hampumep, MoisekyisipHas wmacca
MOJIEKYJIBl CHHETO [bIXaTEJIbHOTO IMIMEHTAa BHUHOIPAIHOW YIUTKUA IE€MOLIMAHWHA OKOJIO JIE€BSATU
MIJUTHOHOB JanbToH. Ho B pacuerax ymoOHee omepupoBaTh CpeIHUMH BelIWYMHaMHU. «CpemnHuii»
0eNoK, XapaKTepHBIH ISl BCEH KMBOW NpUPOAbI, coaepkuT npuMepHo 300—350 aMHHOKHCIOTHBIX
OCTaTKOB. 3HA4YMT, pa3Mep «CpeIHEero» reHa, KOIUPYOINero O0enok, 6e3 ydera pa3mepa MHTPOHOB,
BCTaBJICHHBIX B HETO, OKOJIO THICSYH HYKIIEOTHIOB.

Otcrona cnenyer, 4To TeHOM MIIEKOMHUTAIOIM X MOXKET COZAep)KaTh MH(QOpPMAIUI0 O CTPYKType
MIIIHOHA U OoJiee OEIKOB, a TeHOM IIJIOJJOBOM MYIIKH -/1p030 (PUIIbl — HE MEHEE CTa ThICSY OENKOoB. Y
HEKOTOPBIX 3eMHOBOJHBIX C 0CO00 OOJBIIMM T€HOMOM — JIECATKA MIUITHOHOB! DTH (paHTacTHueckue
BEJIMYMHBI COBEPILICHHO HE COMIACYIOTCS C JaHHBIMH, ITOTYYEHHBIMU IPYTUMH METOJAMH. Y TOH XkKe
Jp030 (Ul TUTAHTCKME XPOMOCOMBI CIIFOHHBIX JK€JI€3 IMONepPEeYHO MCUYEepPUEHbI, KaK Obl MO/ENEHbl Ha
JOJIU — XpOMOMepHhl. ['eHeTndeckue 3KCIEepUMEHThl Kak OyaTo Obl MOKAa3bIBAIOT, YTO B KaXIOM
XpOMOMEPE COIEPHKUTCS TOJIBKO OJJMH TeH, KOAUP YOI OelNoK. A 4HCI0 XPOMOMEPOB MOJCUUTAHO —
UX OKOJIO msATé Thicsiy. [lo-Bumumomy, GeHOTHI Ipo30(uiibl ONpeAenseTcss CUHTE30M JHIIb ISTH
ThICTY OeNKOB. M 3T0 XOpO1IIo coracyercs ¢ JaHHBIMU, TOTydeHHBIMU MeTogaMu Ouoxumun. A JTHK
B reHoMe B 20 pa3 OoJbIrie.

CKoJIbKO GENTKOB MOT'YT CMHTE3MPOBATh KIETKH MIIEKOMUTAIOIMX, [T0Ka €Ile TOYHO HEU3BECTHO.
Ho npenBaputenbHblie pacueTsl NOKa3bIBaOT: MpUMeEpHO 50 ThICSY U YK HUKaK He O6onbiie 100 Thicsy.
A JIHK xBaTtaeT Ha 3—6 MUJUIMOHOB, OMSATH MOTYYAETCS TOYTH CTOKPATHBIM M30bITOK. 1 ecnu paHbiie
MCCIICZIOBATENI JIOMAJIHM TOJIOBY HaJl TEM, TJE elle MOXKET XPaHUTHhCS TeHeThyeckas HHpopMalius,
nomumo JIHK, To Teneps BcTaeT Bonpoc: a uTo ke Aenaet «imuHss» JJHK?

Hamek Ha oTBET MOKHO HalTH B CIeQyrolled aHanoruu. Mou komiera Brnagumup BacuiibeBuu
MeHIIyTKIH, KpYTHEHIIMKA HaIll CIIeHATUCT 110 MOJICIMPOBAHUIO OMOJIOTHYECKUX MTPOLIECCOB, KaK-TO
penmi cMoJIeupoBaTh Ha ObicTpoaelicTByromer DBM mporecc 3Bomonnu. B ManmHHyIO0 mamsTh
ObUIN BJIOXKEHBI ONMCAHUS MPOCTEHIIMX OPraHU3MOB BPOJE WICHUCTOIO YEPBs MJIM XKe JIAHI[ETHUKA.
[ToguuHsAsACH TPOCTEHIIMM 3aKOHOMEPHOCTSM, BIIO)KEHHBIM B NPOTPaMMy, OHH JIOJKHBI OBLIN
HBOJIOLUOHUPOBATH BIUIOTH 10 CYIIECTB, YK€ IOXOXXKHX Ha IPEIKa 4YeIOBEKa — MHUTEKaHTPOIla, Ha
XyZlOMl KOHell, aBcTpajonuTeka. Ho ManmHa He npueMIIeT YeJIOBEUECKOI0 MHOTOCJIOBUS M ONMCAHHE
BHOBb ITOJIYdCHHBIX (JOPM BBIJIACT B BUJIE KPATKOW CTPOUYKH YCIOBHBIX CUMBOJIOB ¢ MHJIekcamu. Ee
IPUXOAMUIIOCH paclM (poBbIBaTh, NMEPEBOJUTh B CIOBAa W IOJIYYEHHOTO MAaIlMHON 3Beps pHCOBATH
caMOMy.

MeHIIyTKUH pelmI U 3TOT NOCIEAHUHN Tal — PEKOHCTPYKLMIO — BO3JIOXKUTh Ha MAILMHY: MYCTh
OHa, HalpuUMep Ha JKpaHe JUCIIes, camMa M300pa3uT TO >KMBOTHOE, KOTOpoe co3jaya. OIHAKo 3TO
OKa3aJIOCh HEOXKMJAHHO TpyAHbIM. Korma Mbl puCyeM MallMHHOE JKMBOTHOE I10 BBIJAHHOMY
OMMCAHUIO, TO HE IPUPHCOBBIBAEM, HAIIPUMED, XBOCT K T'OJIOBE, a IEPEIHNE HOTH IOMEILIAEM BIEPEIN
3aJHUX, a He HaoOopoT. K mHpopmanuu, BeIJaHHOM ManMHON, Mbl HEIBHO IpPHUOABISEM CBOO, U3
cOOCTBeHHOH ToyioBbl. HO MammHa mpaBUIIBHOTO PACIIOJIOKEHMsI YacTed Tema, YBBI, HE 3HaeT. Ee
MPUXOJUTCSA ATOMY YUUTh — 3aKIaJbIBaTh B MAIMHHYK NaMATh MHCTPYKIHIO IO PACIOJIOKEHUIO U
COOTHOIICHHIO yacTedl. HeoXuaaHHO MOIy4uiIoCh, YTO 00beM HMHQOpPMAILUU, 3aKIIOYEHHBIH B 3TUX
MHCTPYKLIMAX, 3HAYUTENbHO npeBblmaer camo onucaHue! A JIHK yuuTe HekoMy, OHa A0JKHA
BOCIIPOU3BOUTH CIOXKHBIN (PeHOTUI cama, 63 TOMOIIM 00JIe€e CIOKHBIX HH(POPMAI]MOHHBIX CUCTEM.
3naunTt, nomumo JIHK, morpeGHON a5 KoqupoBaHUsl OENKOB, T0JKHA OBITH perynsaTopHas, KoTopas
€Ille HEU3BECTHBIMU HaM IYTSAMH «BKIIOYAET» U «BBIKIIOYAET» HYKHbIE U HEHY)KHbIE TAHHOHN KIIETKE
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TE€HBI.

Ha puc. 25 paHa cxemMa CTaHOBJEHHUSI CIOXHOIO MHOTOKJIETOYHOIO  OpraHu3Ma.
OnnonoTBOpeHHas KiIeTka IpoOuTcss Ha aBa Omactomepa, MOTOM Ha derbipe. Ha »TmX crammsx
6mactoMepsl UAeHTUYHBI. HemnapoM, cinydaiiHO pa3be JMHUBIIMCH, OHU Pa3BUBAIOTCS CAMOCTOSTEIHLHO
W CTaHOBSTCS UJICHTUYHBIMU KOMHMSMH OJHOTO OpraHu3Ma — OJHOsHIeBbIMH Onu3Henamu. Kcraty,
WJICHTUYHBIMU HE COBCEM: 13 OJIHOI MOJOBUHKHN YaCTO Pa3BUBAETCA MPaBIIA, U3 IPYroM — JIEBIIA.
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Puc. 25. Hnousuoyanvrnoe pazeumue opeanuzma (OHmoeene3) Kak Obl NOGmMopsem
960NIOYUOHHBIIL NPOYECC YCA0NCHeHUsl opeanusayuu. AHiyexiemka, Hanpumep, MOPCKO20 excd
opobumcs na baacmomepsl, NEPEOHAUANLHO 00UHaKosvle. Tlomom Kiemku 3apoobiuia U3MEeHsION s,
Kaxcoas. Nno-ceoemy, MNoOYUHSSCH, 2eHemuyeckol npozpamme. H3  uzbvimounou unpopmayuu
O0OUHAKOBLIX OJLACMOMEPOS8 NOJYMACMCSL HOBASL UHPOPMAYUS CREeYUATUZUPOBAHHBIX KIEMOK, d 3amem
mKauelu u opeanos. B pesynbmame obpasyemcs aununka — 3XUHONIYMeEYC, d U3 Hee — G3POCIHblL
mopckotl exc. Cieea 68epxy mom dice ejxc, 6 pazpese no Keamopy, umodwvl Obl10 6UOHO €20 CILONCHOE
BHYMpEHHee cmpoeHue — Jxcesamelvhblil annapam (Apucmomenes honapv — 1), kuweunux (2), wacmu
800HOCOCYyOucmoti cucmemsl (3, 4, 5), nonoswie dcenesvi (6).

Ho yxe mocne TpeThero IpOoOJCHHUS KISTKA 3apoiblllia CTAHOBATCS HEHJICHTHYHBIMH — TIO
pasmepy, HaOOpy CHHTE3MPYeMbIX OCNKOBBIX MOJCKYIl U Oyayied cynsde B oHTOreHese. B
pe3yiibTaTe MojaydacTcs y MICKOIMMTAOIM X OKOJIO COTHU Pa3IMYHBIX TUIIOB KIeTOK. M (akrnyecku
BCE KICTKH, PA3IMYHbIC 11O GopMe M (YHKIUSIM C TEHETHUYECKON TOUKH 3PECHUS, OTIUYAIOTCS TOJIHKO
TEM, YTO B HUX CHHTE3UPYIOTCS pa3HbIe O€NkH, TO ecTh Tpanckpunius PHK waer ¢ pa3HbIX TeHOB.
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Puc. 26. U3 npeovioywezo pucynka evimekaem Jn0b6onvimuoe ciredcmeue. Hempyowno
co0Opazums, Umo yem paHvlle 2eHEeMUYecKdas NPoSpamMma UMeHum ceolcmea oracmomepa, mem
pesue cKadxcemcs 3mo Ha 3apooviude. Bedvb Oiacmomep nomom 0eaumcs 0ecamiu, a mo u COmHu pas,
U 6ce MKAHU U OpPeaHbl, NOIYYUBUIUECS U3 HE20, MAK#Ce HACAeOYIOm 6 O0eCAMKU U COMHU pa3z
PA3MHOJICEHHOe, YCUleHHOe usmeHenue. Tlosmomy pannue uzmeHenusi OIACOMEPOS HEBbL2OOHbL:
Op2aHU3M MOJCEm COUMU C HOPMATbHO20 Nymu pazeumus. Mzmenenus Ha 601ee NO30HUX CMAOUsX He
Max CUNbHO usmensiom paszsumue. Tax, npu 3anycke KOCMUYECKOU paxkemvl OWUOKA 8 MpaeKmopuu Ha
O0HY Y2l08YI0 CEKYHOY y8eoem ee 3a COMHU MblCAY KUIOMEmpo8 Om yeau, Ho MaKds e ouuoKa 6
KOHYe Noiema yice HecyweCmeeHHd, ero MOXCHO npeHedpeys. [1osmomy pannue cmaouu pa3gumus
OPeaHU3MO8 OOJIICHBL ObIMb KOHCEPBAMUBHBIMU, Y CAMBIX OANIEKUX 8UO08 8eCbMa cXodcumu. Bom mwvi
U NpUWIU NYmeM YUCMO JO0SUYEeCKUX pAcCYHCOeHulli K OOHOU U3 meopem Ouonocuu — makx
Ha3zvleaemomy Ouocenemuyeckomy sakony Mwoanepa — I'exkkensa. Pannue cmaouu pazeumus exuonvl u
KeH2Ypy, OJleHsi U KOULKU, MAPMbIUKU U 4el08eKA 8eCbMA CXOOHbL (6epxHuUll psod). A Kak paziuuaomcs
83pocible OpeaHusmbl!..

Benp reHOMBI y HUX, KaK ITPaBHJIO, OCTAIOTCS OJMHAKOBBIMU. V3 3TOrO mpaBmia, KOHEYHO, €CTh
uckimoueHus. Kak yke ynmoMHHAIOCh, SPUTPOLMUTH MIIEKONUTAIOUMX BOOOINE TEpsIOT sapa. Y
OPTaHU3MOB CO CTPOro (PMKCHPOBAHHBIM YHCIOM KICTOK ()EHOTHIA YacTh MarepHallia XpOMOCOM
BbIOpaceiBaeTcs u3 aapa: Ta JJHK, kotopas He HyXHa Ui )KU3HEICITSIBHOCTH CIIEIHATH3HPOBAHHBIM
wieTkaM. OCOOCHHO 3TO HAITISIIHO y aCKapHUIbl: €€ XPOMOCOMBI B IPOILIECCE PA3BUTHUS KaK OBl
O6TpeHI)IBaIOTCSI, TEPSAA 3HAYHUTCIBHBIC KYCKU, HO KICTKH, M3 KOTOPBIX PA3BUBAIOTCA ITOJIOBBIC,
COXPAHSIOT TEHOM B II€JIOCTH.

Ho 370 ncxitoyeHue. A B HoJaBIIsioIEM OOJIBIIMHCTBE CIy4aeB, Kak Obl HU OTIMYaIach KIEeTKa
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OT MCXOJHOM SMIEKIEeTKH, TeHOM ee cTabuiieH. MOXHO MPEANoa0kKUTh, YTO, €CIU Mbl aKTUBUPYEM
crsime, 3a0JI0KUPOBAaHHbBIC TEHBI Spa, MBI 3aCTaBIIsIEM KIETKY Pa3BUBATHCS IO HECBOMCTBEHHOMY e

IIyTH.

Puc. 32. Ilpogheccop Kembpuoccrkoeo ynusepcumema Joc. I'époon npodenan 3amedamenvHblil
onvim. OH 007YYUNL YILMPADUONEMOM UKPUHKU WNOPYEBOU JISAYWKU (MO 3eMHOB0OHOE, CMPO2o
2080psl, He JIA2YUKA, OHA OIU3KA K 3HAMEHUMOU Jicabe-nune, XOpouio pazeoouncs 8 1abopamopusx u
cmana uznooaeHHbIM 00beKmom dImopuonozos). Tem camvim A0pa UKPUHOK ObLIU UHAKMUBUPOBAHDI,
NONPOCMY Youmul. 3amem 8 KaxcOy0 UKPUHKY MUKDOMAHUNYIAMOPOM 88elU A0PA KIeMOK KUUEUHO20
snumenus Opyeou aseywku. [na Ha2iaoHocmu UKPUHKU Opanucs y AsyuKku OUKou 0Oypo-3eneHotl
OKpacku, a s0pa — om 06en10-po308020 anbouHoca. MKpumku nocie nepecaoxu s0ep pa3susdaiich
HOPMANIbHO, U 8Ce NOJYYeHHble MAKUM CHOCODOM NA2yuama oKa3auucs anvounocamu. Ha pucynxe
668EpXYy, Clesa HANPAGo: omey U MAamv JSASYWKY, Y KOMOPOU Opanuce siopa, u OYypo-3eieHviii OOHOP
UKPUHOK. BHu3y: nomomcmaeo (ymecmmuo 3a0ams 860npoc: ube OHO, KO UX omey u mams?)

B srom Hac yOexJal0T MHOTOYHMCIEHHBIE ONBITHI. BOT OJMH M3 HUX, OBITH MOXET, CaMbIi
KpacuBbIil. AHMmMiickuii ydeHwlid JIkx. [€paoH mpu moMomm MHUKpOMaHUMNYIATOpa — Mpubopa,
MO3BOJISIIOIIETO pa3pe3aTh OaKTepUI0 HA JBE PaBHbIC IOJOBUHKU, BBIHYJI U3 KIETKM KHMILEYHOIO
SMUTENUS IITOPLEBOH JIATYIIKH SIIPO U BBEJI €r0 B SIAIEKIETKY APYroM JIATYUIKU (PO SHIEKIeTKU
ObUIO YOUTO YAbTPa(UOJIETOBBIM H3IydyeHHEeM). Uyxkoe sApOo NPHXKHUIOCH, SHIEKIeTKa crana
JpOOUTBCS, U MOJYYUJICS HOPMaJbHBIA TojioBacTUK. JIsArymika, moiayduBIIascs M3 Hero, oOnajana
BCEMH MPU3HAKAMH TOH 0cOo0H, U3 KOTOpoii Opanock sapo. KeraTu, moO0nbITHEIN BOMPOC: KTO MaTh U
KTO OTell MOJYYeHHOW B AKCIEPUMEHTE JIrymku? J[is HamsgHOCTU SApO M3BIEKAIOCh U3 KIETKH
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0€J10-PO30BOM JISATYIIIKU, aIbOMHOCA, U TIEPECAKUBAIIOCH B SHIICKIETKY OOBIYHOM Oypo-3eneHoi. Bcee
MOJIy4€HHbIE TAKMM CIIOCOO0M 0COOM OKa3alMCh albOMHOCAMHU.

SlcHO, 4TO NOHOP SIMLIEKIETKU HE MOXKET ObITh Marephlo. SliilexneTka 31ech — cBO€oOpa3HbIil
nHKyoarop. U orem, u MaTh 3TOr0 (haHTACTHYECKOTO JISTYIIOHKA — POJTUTEIN TOW OCOOH, OT KOTOPOM
ObLIO MO3aMMCTBOBAHO A1po. He nckimoueHa BO3MOXKHOCTB, UTO MpodiieMa KIOHUPOBAHU S, TT0JOOHOM
pEIUTMKAIIIY BCEX KUBOTHBIX U JIIOACH OyleT pellleHa paHbIle, YeM YeIOBEYECTBO TepeiaeT pyoex
JBYXTBICSIMHOTO TOJa.

Urak, npobnema «wmnmei» JJHK xak 6ynro Obl paspemaercs. 3To0 B OCHOBHOM CBOEH 4acTu
perynstopHas JIHK, mukryromas wieTke, keM ei ObiTh. JluddepeHnnpoBaHHbIC KICTKA, B CBOIO
ouepe]ib, B3aUMOJICHCTBYS IPYT C APYTroM, KAK aMUHOKUCJIOTHI B MOJUMENITHAHON 1IeoYke, 00pa3yroT
HOBBIE CTPYKTYpbI. TOJIIBKO CBSI3U 3[€Ch Ipyrue: 3TO TIIaBHBIM 00pa3oM «cuibl Ban-nep-Baansca» — Te
camble, KOTOPBIE YJacTBYIOT B IOCTPOSHHHU MEMOpPaH KIETOK.

HoBblie cTpyKTyphl — TKaHU opranu3Ma. Y U3 HUX BO3HUKAIOT OPraHbl U BECh OPTAHU3M B I[E€JIOM.
MarpuuHblii CHHTE3 U caMOcOOpKa — BOT YTO OIPEJIENISeT B KOHEYHOM CUeTe ITOCTPOSHHUE PeHOTHUTIA.

Ho storo mano. denotun ropa3mo OeaHee T€HOTHUIIA, TPYJAaMHU KOTOPOTO OH TOCTPOeH. MBI
XpaHUM B CBOUX TI€HOTHNAaX MH(POPMALUIO O CTPOEHHM MHOTMX (PEHOTHIIOB CBOMX IPEIKOB — U
HENOCPEJICTBEHHBIX, U TOpa3/io OoJiee TaIeKuX.

PebGenok 4dacTto ObIBaeT MOXOXX HE Ha OTIA WM MaTh, a Ha JACAYIMIKY WM 0aOymiky. ['eHbl,
onpeseNsBIIME TOayO0OH LBET Iva3 AEAYIIKH, HPOSBUINCH B (CHOTUIIE BHYKA, XOTS OTEL M ObLI
KapernassiM. Takue ciydan BechbMa OOBIYHBI, HO OHHM BCET/a MOPAXKAIOT Hallle BOOOpakeHUe, BCETISs
KaKOW-TO CTpax TMepen HEMOHSITHOW CHUJIOW HAaCIEACTBEHHOCTH (BCIOMHHTE XOTs Obl «Colaky
backepBuiieii», rme He TONbKO (PEHOTHUIIMYECKHE YepThl, HO M YepThl Xapakrepa mpamrypa ['yro
backepBuis nposBisitoress y CTAIUITOHA, €r0 OTIAIEHHOTO TTIOTOMKA).

Ho mamsaTe reHoTunma Ha MHOTO MOPSJIKOB BBIIIE MAMATH CAMBIX WMEHHUTBIX IBOPSHCKUX
pPOIOCIOBHBIX. Bce MbI 3HaeMm, 4TO KWTHI JIMIIEHBI 33AHUX KOHeyHocTei. llorepsiin oHM HOTIH,
OUYEBUJHO, €Ile B Hayaje H0lEHAa. TeM He MEHee B CPEJIHEM KaKIbIi JECATHTHICSYHBIA KaIlAIOT
pOKIaeTcs C 3a4aTOYHBIMU 3aJHUMH HOraMu. A 3TO MOXET O3HayaThb OJHO: TEHHBIH Habop,
OTBETCTBEHHBIN 3a MOsBJIEHHE B (DEHOTUIIEC 3aJHUX KOHEUHOCTEH, COXpaHseTCsl B 3a0JI0 KUPOBAHHOM
BHIe 60 MUJUTMOHOB JIET.

Bce MBIl 3HaeM, 4TO BOJIOCSHOW MOKPOB MIIEKOMHUTAIOUMX PAa3BUJICS M3 POTOBBIX YEIIyeK
JPEBHUX PENTWINN. AHAJIOTMYHBIMM YEHIyHKaMU ITOKPBITBI XBOCTBI MbIIEH U Kpblc. JlpeBHUN
MPU3HAK BO3POIMIICS CITYCTSI COTHIO MHJUTHOHOB JIET y MPEICTaBUTENEH Apyroro kiacca!

Wrak, B reHOTUIIax CKpbITa MHGOPMAIUS O CTPYKTypaxX BechbMa ApPEeBHUX MpenkoB. Ho storo
MaJo. BcmoMHUM 0 ciocoOHOCTH OpraHU3MOB K perynsiuu. Hanpumep, 6akrepust KuleqHas Hajtodka
XOpOILO PacTeT Ha CTaHJAPTHBIX CpeJax e UCTOYHUKOM YIIIepoJa SIBJISETCS IIII0KO3a. 3aMEHUM B
cpefie TII0KO3Yy IPYTUM YITIEBOJAOM — MOJIOYHBIM CaxapoM JIaKTo30i. bakTepun HeMeaIeHHO OTBETAT
Ha 3TO BO3JCHCTBHME: HAUHYT CHHTE3MpPOBATh HOBBIH (EPMEHT, TalTaKTO3UIa3y, PacIleTUISIO NN
JIAKTO3Y Ha MPOCThIE caxapa (TIII0KO3Yy U raakro3y). He m106aBb MbI B cpey MOJIOUHBIN caxap, Mbl ObI
U HE IO0JI03pEeBAJIM, YTO B TE€HOME KHIIECYHOI MallOUKH CYLIECTBYET I'€H, YHPaBJIAIOIMHI CHHTE30M
aTOrO (PepMeHTa, — BeIb B (PeHOTHIIE OOBIYHO OH HE BHIPAKACTCHL.

Takux ¢epMEeHTOB, aAANTUBHBIX WU HHIYIIUPYEMbIX, B T€HOMaX OakTepuil 3aKOJAUPOBAHO
HEMaJlo, ¥ OHU IMOMOTAIOT MM BBDKHTH B T€X CIydasiX, KOIZla YCIOBHS Cpelbl PE3KO M3MEHSIOTCS.
Jlunmre Gakreputo annoHa (ochopHoil KUCIOTHI, 6e3 koToporo He nocTpouts HU JJHK, nu PHK, u
OHa cpasy BKIIOYACT TeH, KOAUPYIOIMH Imeaounylo docdaTady. ITo (GepMeHT, pacIIenIIsto i
a¢upsl  gocdopuoit kucnotel. IlpaBna, OGakrepuio MoxHO 0oOMaHyThb. EcTh BemecTBa, KOTOpBIE
WHIYIHPYIOT cuHTe3 (pochaTaspl, HO JaHHBIM (PEPMEHTOM OHU HE PACIICTIISIOTCS, T€H aKTHBUPYETCS
BX0JI0CTYI0. 1 Ha000pOT, HEKOTOPbIE COETMHEHHSI MOTIIA Obl CTaTh MCTOYHMKOM JKEIaHHOTO aHMOHA,
HO MHIYIIUPOBATh CHHTE3 3TOTO (pepMEHTa OHU HE MOTYT.
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Puc. 33. Ilpu usmenenuu 6HewHux ycioguil 8 KI1emKkax opeanu3mo8 Mo2ym «BKII0UAMbCI) 2eHbl
npesicoe 3a610Kkuposantvle. Pezyiomam — usmenenue gneuine2o 001UKa opeanuzma.

A — 8005101 1TOMUK (N00B0OHbBIE TUCIbsL 2TYOOKO pacceyeHHble, HA080OHbIe YeTlbHble).

b — 6o0Hoe pacmenue cmpenonucm: noo0B0OHbIE NUCbA JIeHMOBUOHbBIE, BbIMAHYMbIE,
niasarouue, NOYKOBUOHbIE, HA0BOOHBLE OEUCHBUMENbHO NOXO0JICU HA HAKOHEYHUKU cmpel. MHOykmop
u3MeHeHuUs, 30ecb He 800a, a c1adas 0ceeweHHOCMb. 3amenume CMpPeLoaUCH, pACMYWULl Ha cyule, Uy
He20 6YOym 803HUKAMb JIeHMOBUOHbLE NOOBOOHbLE TUCTbA.

B — cocna pacmywas 6 oxpyscenuu cebe noooonuvix (1) u omoenvno pacmywas (2) I' — npocmoti
onvim, NOKA3BIEAOWUL, YMO V Kapmogens u3 OOHUX U Mmex Jce 3a4amKo8 HA C8emy B03HUKAIOM
JUCMbS, A 8 MeMHOMme — KIIYOHU (HA 9MOM OCHOB8AH HeXUMPbLU A2pOmeX HUYeCKUll npuem — OKy4ugaHue
nosvlularouee 8blxo0 KiyoHeti)

3HauuT, MHQOpPMAaLIU O MHOTUX MpHU3HaKaxX (eHoTumna y 6akrepuil B TeHOTUIIE 3allaceHa BIPOK,
O0OBIYHO OHA HE MPOSABJIAETCS. A Kak JeNo 0OCTOMT y BhicumMX opraHu3moB? Ilo-Buanmomy, Gonbine
BCEro NMpHU3HAKOB (PEHOTHIA, 3alIACEHHBIX BIIPOK, Y PACTEHHI. DTO M MOHATHO: MPU PE3KOH cMeHe
YCJIOBHM BHEHHEW CpeIbl KMBOTHOE MOXXET YHTH B MecTa, Oojee OJIaronpusTHbIC, a PacTCHUS
JIOJKHBI BCIO )KU3Hb IPOBOJIUTH B T€X MECTAX, Ky/a MOMNAJIM UX CIOPHI U CEMEHA.

CpaBHuTe, HarpuMep, CTPOMHYIO COCHY B COCHOBOM 0OpY, KPSDKHUCTYIO OT/AEIBHO PACTYILYIO U
4axJIyl0 MCKPUBJIEHHYIO COCEHKY Ha c(arHoBOM BEpXOBOM 00J0Te. 37eCh MHIYKTOP, U3MEHSIO I
OOJIMK pacTeHU s, — LIeTbI KOMILJIEKC (pakTopoB BHEHeH cpeabl. Ho MOXkHO mo00paTh mpuMepsl, Ie
MHJYKTOp, Ka3aJoCh Obl, JIETKO BBISBUTb.

Xopouio M3BECTHOE MHOTHM BOJITHOE PACTEHUE CTPEIOIMCT MMEET JUCThS pa3sHON (OPMBI.
Topuanme u3 BOJBI OTIMYAIOTCS JIMCTOBOM INIACTUHKOM, NEHCTBUTENIBHO MOXOXKEH HAa HAKOHEYHUK



Bopuc MuxaiinoBny MeTHHKOB: «KAKCHOMBI OHOJIOTHID 73

CTpeJbl, a MOTPY)KEHHbIE B BOJy — JeHTOBUAHbIEe. Ka3anachk Obl, MHIYKTOp MpU3HAKA (JIEHTOBUIHbBIE
JTUCThs — BoJa. Ha camoM zesne — ypoBeHb OCBeIleHHOCTH. BoIpacTute crpenonuct 6e3 BoJIbl, CHIBHO
MPUTEHSIS €T0, U Y HETO TMOSABSTCS JICHTOBUTHBIC JTUCThS.

A BOT TakoHl OIBIT MOXET MpoAeNaTh Jr000i. Y KapTodenss KIyOHH pa3BHUBAIOTCS M3 TE€X Ke
HCXOJIHBIX CTPYKTYp, UTO U JIUCThS. 3aTCHUTE HU)KHHE JIMCThSI HA KYCTE HEMPO3PaYHBIM DKPAHOM — U
oHH npuodperyT Gopmy KryoHel. 1 3mech HHIYKTOp — OTCYTCTBHUE cBeTa. PacTeHue, kak u OakTepHio,
MOKHO OOMaHyTh, 3aCTaBUB MPU3HAK BOZHUKHYTH BXOJIOCTYIO.

B Mupe XHMBOTHBIX MOAOOHBIC MPHUMEPHI OIMKMCAHBI B IEPBYIO OYepelb y BHUJAOB CHUISYUX H
MaonoABMKHbIX. KopasioBbie MOMMIbl, pacTylllMe B TUXUX BOJAX JIaryHbl, UMEIOT COBCEM JAPYTYIO
dopMy, ueM Te, KOTOpbIE BBIHOCAT MPUOOI HAa HAPY)KHON OTMENH aToiuia. A Belb T€ U APYrue MOTYT
OTHOCUTHCS K ogHOMY Buay! B omuoii ®panHimu ObUM OMMCaHBI MHOTHUE JECATKH «BHUIOB» BCEM
M3BECTHBIX MPECHOBOAHBIX pPaKylIeK-0€33y00K MOKa CHCTEMaTHKH He cooOpa3uiind, yTo Oe33yOka
U3MEHSIET CBOM (DEHOTHII «C JIETKOCThIO HEOOBIYatHOI», YyTh TOJIHKO M3MEHHUTCSI CKOPOCTh TEUCHHS U
XapakTep ITpyHTa B PEKe.

Puc. 30. Mooens mpemuunoti cmpyxmypor yumoxpoma C. KpacHvim 6 yewmpe MoueKyvl
NOKA3aH AKMUBHBIU YEHMP — KOMNJEKC JHcene3d ¢ OP2aHudyecKum coeourenuem nopgupunom. How
Jceneza, nepexoos u3 08yX 6 Mpex8anieHmHOe COCMOSHUe U HA0Oopom, Modcem omoasams U
noayyams 21ekmpon. Manetiwiee usmeHeHue MpeMUdYHOU CMPYKMYPbl UMEHAem aKmMUeHOCMb
yumoxpoma. U eca sma npuuyonusas gopma onpeoensemcsi nocied08amenbHOCmblo AMUHOKUCTIOM —
NEepBUYHOL CIMPYKMYPOTU KOOUPYEMOL 2eHOM.

A aKTuBHBIE, MOJBICKUBAIOLUE ONTHUMAJIbHbIE YCIOBUS OpraHu3mbl? [lpuHnum perynsuuu
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MPU3HAKOB PACIpOCTpaHseTCs U Ha HUX. M camblil TpoCTO# puMep — 3arap, MEJTaHUHOBBIN 3KpaH, HE
HPONYCKAIONMI M30BITOUHBIN ynbTpaduoneT K KIeTKaM Hallero Tela, KOTOPbI BO3HUKAET y Hac
110CJI€ TPOJOHKUTENBHOTO 00y4EHHS COTHIIEM MJIM PTYTHOM JIaMIIOM.

Jymato, mopa MoAbITOXKUTh HAallM paccyxJIeHus. MHe BcerJja HpaBUIoCh CPaBHUBATh (PEHOTHII €
HAJBOJHON YacThiO aiicOepra, KOTOpasi COCTaBJISIET OJHY JECATYIO OO €T0 MOJBOJHOM YacTH — TOM
CTPYKTYpPBI TEHOTHIIA, KOTOpas He moxydmsia B (eHorure mpossieHus. [lonrasBumii aiicOepr c
TPOXOTOM TIEPEBOPAYMBACTCS, OOHAKAsI UCTOUCHHYIO BOAOW, HEOOBIYHON (DOPMBI IMOJIBOTHYIO YaCTh.
Opranusm, nomnajasi B HOBbIE YCIOBHUS, MOXKET BBISIBUTH HOBBIE IPU3HAKU KOTOPBIX Y HETO B (eHOTHIIE
He ObuT0, HO WHQOPMAIUA, KOAWUPYIOIAs WX CTPYKTYPY, M HWHCTPYKIHH TIO HMX H3TOTOBIICHHUIO
HaxXoJWJINCh B TeHoTule. Bce mMmeronmecs no ceil JeHb B apceHalie OMOJIOTMU (AKThl OAHO3HAYHO
CBUJICTEIBCTBYIOT: BCSI MH(OPMAIIHs, OMHUCHIBAIOLIAS CIOKHOCTh (PEHOTHIIA, COACPIKUTCS B TEHOTHIIE
(3TO, pa3zymeercsi, HE OTHOCUTCS K TaKuM IpuU3HAKaM (EHOTUIIA, KAK CHHSK I0J [JIa30M WIIU
aMITyTUPOBAaHHAs HOTA, HO Be/lb 3TH IPU3HAKU HE HACIIEIYIOTCS).

Bropas akcmoma OHMOJOTMM TOCTYAHpPYET IIMPOKOE pPACHPOCTpAaHEHHUE MAaTPUYHOTO
KOIIMPOBAaHMUS B >KM3HEHHBIX mponeccax: HoBas JHK xomupyercs Ha marpune crapoi, MPHK
xonupyercss Ha Martpune JHK u, Hakonen, Ha marpune MPHK, ¢ nepexomom Ha npyroil koj
KOITUPYeTCs MOJIMIIENITUIHAS 1IeNb, 00pa3yromas 6e10K. Best ®HU3Hb — 3TO MAaTpUYHOE KOTIMPOBAHUE C
MOCIEAYIOMEH caMOCOOPKOM KOTIHH.

Ho storo mano. /lo cux mop Mbl TOBOPWJIM O CTaTHKE *XHU3HHU. bynp mpouecc Marpu4HOro
KOITMPOBAHUS HAa CTO MPOLIEHTOB UJEAJbHO COBEPILIEHHBIM, HEBO3MOXKHO ObLIO OBl MOSBIEHUE HA CBET
aBTOpa OSTHX 3allMCOK, HU Hu3JaTered MX, HU yuTaresned. Bce Mbl Haxomunuch Obl Ha cTaauu
IPOTOKJIETOK, MJIABAIOIIMX B TEIUIBIX BOJAX MOpPEH JOKeMOPUICKON 3MOXH.

Ilopa HaMm paccMOTpeTh AMHAMHUKY kH3HU. OHa CBOAUTCA K MpoOieMe: MOTUUHSACH KaKUM
3aKOHOMEPHOCTSIM, U3MEHSIOTCS HACJIECTBEHHBIE MaTPULIbI?

Ota npobaeMa 1 CyTb akcuoMbl 6uonoruu Ne 3.

* k% %

OTta kHUra ObUIa YK€ cllaHa B IeyaTh, KOrZa MOSBWJIMCH COOOLICHUS O pasraike (QyHKIUU
HHTPOHOB I10 KpaiiHel Mepe B OJHOM I'eHe — IeHe HuToxpoma b MuToxoHApHiT apoxokeir. B aTom
reie 6 3K30HOB M 5 MHTPOHOB. OKa3ajaoCh, YTO MHTPOHBI BCE-TAaKd KOJUPYIOT aMUHOKHCIOTHYIO
MIOCJIEZIOBATENbHOCTh. benok «cunThiBaercsa» ¢ nepsuuHoro Tpanckpunrta PHK, u3 kotoporo eme He
BbIpe3aHbl HHTPOHBI. DpaHIly3cKHe ydeHbIe, OMUCcaBIMe ero, Ha3Banu 3ToT Oenok PHK -matropasoii.

PHK-maTiopaza — Oenok-camoyOuiilia, OH pYOMT CYK, Ha KOTOPOM CHAUT. OTO (epMEHT
CIUIPMCUHTA, BBIPE3AIOIIMI UHTPOHBI U3 MEPBUYHOIO TPAHCKPHUIITA, YHUYTOKAOIMN CBOIO MAaTpUILY.
[Tocne TOro Kak MHTPOHBI yAAICHBI, HAYMHACTCSA CHHTE3 nuToxpoma b . Ho Bek depmeHTa B KIeTKe
Henosor. Korga KoHLIEHTpanus MaTiopasbl yIaJaeT 10 ONPENEICHHOIO YPOBHS, CHOBA HAKAIlJIMBACTCS
MEPBUYHBIA TPAHCKPUIIT, U3 KOTOPOIO HE YAAISIOTCS HHTPOHBI, M CHOBAa HAUMHAETCS CHHTE3
PHK-marttopassl. Kopoue, momydaercs ru0kasi cicTeMa aBTOPETYISAIUY 110 TPUHIIHMITY OTPUIATEIbHOU
00paTHOM CBSI3U.

He Bce eme sicHO B 3TOi cxeme. Bce 1 MHTPOHBI YyU4aCTBYIOT B TIOJI00HOM ey WM K€ Y
HUX eCTh U Apyrue QyHkiun? Hackoiapko mmpoko pacmpocTpaneHno 3T1o sisiaerue? [loka He 3naem. Ho
Jen yxe TPOHYACS: Malo KTo ceiluyac OyAeT yTBep)KIaTb, YTO UHTPOHBI B CHHTE3e Oenka He

YYacCTBYIOT.
AKkcunoma TpeTbs

OneyaTrkyn reHeTHYecKHX mporpamm. Penkas xuura oOxonutcs 060e3 omnedarok. B
M3JIATENbCKUX Kpyrax OBITYeT XapaKTepHBIM ucTopuueckuil aneknoT. B 1888 romgy uszBectHOMY
m3natemo A. C. CyBopuHY yHanoch JTOOUTBCS Y IIAPCKOM IIEH3Yphl pa3pellieHUs Ha U3JaHUC
pagumeBckoro «IlyremectBusi u3 IletepOypra B MOCKBY» THPaKOM... B CTO JK3EMILISPOB.
M3natenbckas KyabTypa Obuta y CyBoprHA Ha OOJIbIION BBICOTE, @ B 3TOM HCKIIOUUTEIILHOM Cllydae
OH JIa)Ke 3aKITIOUMII TapH, YTO M3AACT KHHUTY 0e3 enuHoi oredarku. KHura BhINDIA — U Ha OOJOXKKE
crosio: «Counnenune A. W. PanumieBa» (HamoMHIO, 4TO BEIMKOTO JIEMOKpaTa 3Baju AJIEKCaHIpOM
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HukomaeBnuem).

Jis 4ero s pacckasajn 3Ty HCTOpUIO? Mbl yxe yOeauauch, YTO B OCHOBE J>KHU3HH JIEKHT
MaTpUYHOE KOIMPOBAHUE, B IPUHIMIIE AHATIOTUYHOE TOMY € KHUTOIIeYaTaHHI0. SICHO, 4TO B KaHajax
nepenaun uHpopmanuu ot JJHK k mpusnakam opranmsma u ot JIHK pomuteneii k JIHK moromkor
JIOJKEH CYIIECTBOBATH KAKOM-TO LIyM — T€ 5K€ OIEYaTKH, TOJIBKO Ha MOJIEKYIIpHOM ypoBHe. Kananos
0e3 myma He OBIBAET, HHOE JIENO, YTO IIyM MOXET OBITh TIPEHEOPEKUMO MaJIBIM.

Paccmotpum cHauana mymel B kanaiie JIHK — JIHK, npuBoasime Kk U3MEHEHUIO T€HETHYECKUX
nporpaMM. B mepByto ouepesb peub y Hac MOMIET 00 YITakoBKE TeHETHYECKOro Marepuara.

JHK wnun PHK mpocreinmx BHpPYCOB MOKET HPEACTABIIATH JIMIIb LENOYKY HYKICOTHIOB,
HUYEM HE 3alMINEHHYI0 OT BHEUIHHMX BO3JICHCTBUIl (Hampumep, OT JIeHCTBUSA (epMEHTOB HyKIIeas,
pacIlETUISAIO IMX HYKIEMHOBBIE KUCIOTHI). OIHAKO y CIOKHBIX BUPYCOB OHA 3aKIIOYEHA B OCIIKOBBII
3aUTHBIA YE€XO0JI.

JIHK Oakrepuil Taioke eJMHUYHAS MOCIEA0BaTeNbHOCTh. KOHIIBI €e CTBIKYIOTCS, U 00pa3yercs
KOJIbIIO, IIOXOXKee Ha THICAYEKPATHO TMEpeKpydeHHYIo JieHTy MeEOuyca, XOpoIo H3BECTHYIO
JIOOUTENIIM MaTeMaTHKH. SICHO YTO MpU PEIIMKALMHU KOJIBLO 3TO JIOJDKHO pPa3pbIBAaThCS, HHAYE
JIOYEpHSS TOCIIEO0BAaTENIbHOCT, OyleT CcoeAuHeHa ¢ MAaTepuHCKOH, Kak 3BeHbd B uenu. K
6akrepuansHoil JJHK MOTYT TIpriCOCIMHUTHCS MOJIEKYIIBI OETTKOB, HO B OOIIIEM-TO OHA «TOJIasD).

WNHoe neno y BbICUMX OPraHU3MOB C O(OPMIIEHHBIM KIETOYHBIM snapoMm. llpexxne Bcero
reHeTHYecKas MporpaMMa y HUX — MHOTOTOMHOE u3JaHue. Eciu renetndeckas nporpamma Gakrepuu
3akoaMpoBaHa B ogHou Mousekyne JIHK, onHON ABOMHON CIMpalid, TO B sIPE BBICIIMX OPraHU3MOB —
9YKapUOT — UX MOXKET OBbITh HECKOJBKO: OT JIBYX y JIOIIAJAWHON acKapubl 10 HECKOJIbKUX THICSY Y
HEKOTOPBIX OJHOKJIETOYHBIX OPTraHU3MOB — pPaJAMOJSApUNA U psAAa pacTeHuil. Takue Toma Ha3bIBaIOT
xpoMocomamu. CuMTaercs, 4TO Kaxkjaas xpomocoma conepkutT onny monekyny JIHK, Ho kpaiineit
Mepe y KUBOTHBIX. OJTHAKO €CTh CHJIBHBIE OBOABI B ITOJIb3Y TOTO, YTO Y MHOTUX BBICIIM X PACTCHUH B
XpPOMOCOME MOKET OBITh HECKOJIBKO JIECATKOB, @ TO U COTHA MAeHTUYHBIX konuii. JIHK B xpomocomax
Ype3BbIYAIHO XUTPOYMHO YJIOXKEHA B KOMILIEKCE CO CIEIUAIbHBIMU SAEPHBIMU O€JIKAMU TMCTOHAMU.
Muaue Hemnb3sl yIakoBaTh B MUKPOHHBIE 00BEMBI MOJIEKYIIbI JJIMHOM BO MHOTO JIECATKOB CAHTHUMETPOB.

HabGmonast 3a xpoMocoMaMH BO BpeMs JeNIEHUs! KIETOK, MCCIeloBaTear OOHApPYXHJIM MHOTO
(dopM HM3MEHEHUS HACIECTBEHHBIX IPOTPaMM.

YuraTensiM JOKHO OBITH M3BECTHO, YTO MpPH OOpa30BAHUU IOJIOBBIX KIETOK XpPOMOCOMBI HE
JIENIATCSl, a pPacXomiarcsi B JOYEpHUE KIETKH, TaK 4YTO IOJY4aroTCs TaMETbl C IOJOBUHHBIM
(rarmyonAHBIM) HAOOPOM XpPOMOCOM. Y YeloBeKa, HallpuMep, B HOPMAJIbHBIX KIETKaX 46 XpoMocoM, a
B slleKIeTKax U cnepMusx — 23. [lpu ciusHuy raMeT JUIUIONAHBIN HaOOp BOCCTAHABINBAETCSL.

Ho Tak OwiBaer He Bcerma. [lopoil MexaHHW3M, pacTATMBAIOLUMN XPOMOCOMBI IO JOYEPHUM
KIeTKaM, He cpabateiBaeT. OaHa ramera moiydaercs coBceM 0e3 JIHK, a nmpyras ¢ aBoiiHbIM ee
HabopoM. Tak BO3HHMKAIOT MOJIMILJIOM/HBIE KIETKM M OpraHu3Mbl; O 4acTo 3TO Haliojaercs y
pacTeHUN.

MHorga e B OAHY KIETKY IONaJgaeT JIMIIHAA XpPOMOCOMAa, a B JpYyrol oOHapyxHuBaeTcs
HexBaTKa. Takue sIBIEHMS Ha3bIBAIOTCS aHEYIUIOUIUEH.

[Ipu Bcex 3THX HEpeCcTpoiiKax reHeTHuYecKas WH(opMaius, 3aKII0YeHHass B XpOMOCOMaXx, HE
nu3MeHsercs. MeHseTca TOIbKO ee KoInuecTBO. llonunionaHele KIETKM, HallpuMep, MOTYT HUMETh
TPONHOM, UeTBEPHOM U T. 1. — 10 ThICAYU U OoJsiee pa3! — Habop reHoB.

AHEYIUIOUTHBIA TEHOM — 3TO MHOTOTOMHOE, HO pa3po3HEHHOE u3JaHue. B oqHO# KieTke He
XBATaeT «TOMa» MHCTPYKIMH (0OBIYHO TaKME CIIy4au y BBICIIMX OPTaHU3MOB JIETAJIbHbI) B IPYTOH Ba
OMHAKOBBIX. OpraHu3mbl C JIMIIHEH XpOMOCOMOW (TPHCOMMKH) TakKe 4acTo TMOHYT Ha paHHHUX
CTaMsIX Pa3BUTHS WIM K€ PA3BUBAIOTCS C CEPbE3HBIMU JedeKkTaMu. MHOro TakuX CIyd4aeB ONHCAHO
OTHOCHUTENBHO YEJIOBEKA.

WNHorna nepecTpoiika MOXKET MIPUBECTH K TOMY, YTO XpOMOcoMa pacrazaercs Ha yactu. Cyapba
JacTe pas3iuyHa: OHU MOTYT MOTEPSTHCS (IENIelusi), CHOBA BOCCOCAMHUTHCS B COCTaBE MPEKHEH
XpOMOCOMBI (MHOTJ]a B TEPEBEPHYTOM BHJI€ — HHBEPCUS) WJIM K€ MPUCOETUHUTHCS K JApYroi
(Tpancnokanus). Bce mepecTpoiiku, Kak MpaBuIIo, il OpraHu3Ma HeOe3pa3TMyuHBbI.

Bce ynmoMuHaBumecs N3MEHEHHSI XpOMOCOM HAa4MHAKOTCSA € paspbiBa HykineotTuaHou nenu JJHK
— 3HAMEHMTOW JABOWHOHN crmpanu. [losToMy MBI TOKHBI OT TE€X IOCTPOEK, KOTOpPBIE BHUIHBI B
ONTHYECKU A MUKPOCKOIT, TIEPEUTH HA MOJIEKYIISIPHBIN YPOBEHb.
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Hackonpko mpounsl ¢ocdoand pupHbie cBs3u, ckperusiromme noaumepuyro JJHK, u mHackoms ko
YCTOMYMBBI MYPUHOBBIE U MUPUMUIUHOBBIE OcCHOBaHU:A B JIHK k BHEIIHUM BO3A€UCTBUSIM?

OTO yanoch YCTaHOBUTD C JOCTATOYHON TOYHOCTHIO. YTOOBI BbI3BATh €IMHUYHYIO MYTAIIUIO0 —
HACJIEeJICTBEHHOE N3MEHEHHE TeHETUUECKON MPOTrpaMMbl, — TpeOyeTcs MOABECTH KaKUM-TO CIIOCOOOM K
JHK »snepruto B 2,5-3 snexrpoHBoiibTa (3B). DNEKTpOHBOJIBT — €AMHUIA SHEPTUU: TAKYIO SHEPIUIO
pHOOpETaeT IEKTPOH, YCKOPSEMbI HapsHKECHHEM B | BOJIBT.

Muoro 3to ninu Mano? Benp JIHK B kiieTke HaX0auTCsl B OKPY)KEHUM MOJIEKYJ, IBMXKYIAXCS C
BECHbMA BBICOKOI CKOPOCTHIO. O Ka3bIBAETCs, UTO CPEIHSSA SHEPIUS TEIIOBOIO IBM)KEHHS MOJIEKYIT TIPU
TeX TeMIepaTypax, KOrJa >KH3Hb BO3MOXKHA, COCTaBysieT mpuMepHo 1/40 sB. UHpiMu cnoBamu, mipu
¢usnonornueckux temmeparypax JHK okaspiBaercs goctatrouno crabuibHoi. Ho mpobnema sTa
CIIOXKHEE, YEM KaXKETCsl Ha I1EPBbIN B3MIIA.

He cnenyer 3a0biBaTh, YTO CKOPOCTH MOJIEKYJl IpPU XAaOTUYECKOM TEIMJIOBOM JBUKEHUU
HEOJWHAKOBBl. YOenuTbcss B 3TOM HeTpyaHo. B 1827 romy motnannckuit Ootanuk P. BpoyH,
pasmsiipiBasi B MUKPOCKOII KalUIIO BOJBI C TBLIBIOM pacTeHHil, OOHApYyXWJ, 4YTO B3BEIICHHBIE B
KHUJKOCTH TbUIbLIEBbIE 3¢pHA MUKPOHHOIO pa3Mepa He OCTAlOTCs Ha MECTe, a XaOTHYECKU JBHXKYTCS
Kak Obl HEMPEPBIBHO MOATAIKABAaEMble OECTIOPSIOYHBIMHU yAAPAMU Y€ro-TO HEBHAUMOTO.

JocToiiHO ynuBneHUs, yT0 BpOoyHOBO ABMIKEHHE HE TNPUBJIEKATI0O BHUMAHUS (M3UKOB (MOXKET
OBITh, TTOTOMY, YTO OTKpBLI €ro OOTaHWK?) M0 Haudaja HaIleTo BeKa, 0 HccleaoBaHUM AnbOepra
DiiHreiiHa, moabckoro ¢usnka Mapuana CmonyxoBckoro u (paniysckoro ¢usuka JKana [leppena.
A Bellb U3 HET0 HE TOJBKO BBITEKAJIa HENPEIOKHOCTh CYLIECTBOBAHUS MOJIEKYN, HO U BO3MOKHOCTh
OLIEHUTh UX CKOPOCTH U pa3mepsl!

UYro mpoucxoauT ¢ yactuileil mpu OpoyHoBckoM aBukeHUH? Co BCeX CTOPOH OHa MOJBepraercs
yaapaM MoJjekya. Ecnm oHa mMeeT J0CTaToyHO OOJbIIME pa3Mephl, TO YOaphl CO BCEX CTOPOH
OKa3bIBAIOTCSI CKOMIIEHCUPOBAHHBIMU — YacTHLa ocTaercs Ha mecte. Ho ecnu pasmep ee, gomyctum,
10-5cm, TO BecbMa BEpOSATHO, YTO C KAKOH-JIMOO CTOPOHBI CyMMAapHBIH MMITYJbC OyAeT Ooiblie, U
YyacTulla CIIBUHETCS B HEMPEICKa3yeMyl0 CTOPOHY.

Wnade u ObITH HE MOXKET: BEb CKOPOCTH MOJIEKYI pa3Hble U (UIYKTyallid B UX paclpeaeacHUun
Hen30ekHbl. VIMEHHO OT 3TUX (IyKTyaluil 3aBUCUT ToiayOOi LBET SCHOro Heba, TaK KaK Ha HHX
CUJIbHEE PacCeMBAIOTCA CHHUE Jydd. Bynb cKOpocTH BceX MOJEKYN OAMHAKOBBIMM, COJTHEUHBIA CBET
He pacceuBaicsi Obl M COJHIIE CBETUJIIO ObI B Y4epHOM Hebe, Kak B KOCMUYECKOM MPOCTPAHCTBE.

Ot1u ke QUIyKTyalluu KIaayT Mmpeesl YCUJICHUIO CIa0bIX CUTHAIOB B DJIEKTPUYECKUX Iermsx. B
KOHIIE KOHIIOB Mbl CJIBIIIIMM JHMIIb TPECK, PE3YJAbTAT TEIJIOBOTO JBWKEHHS 3JEKTPOHOB B LIEMSX
yeunutens. UYToObl yHTH 3a 3TOT Mpefes, MPUXOMUTCS OXJIaKIATh MPUEMHUK >KUIKHUM a30TOM,
BOJIOPOJIOM, & TO U TEIHEM.

Otcroga OJHO3HAYHO CJEAyeT, YTO B JIIOOOM JOCTaTOYHO OONBIION TOMYJISAIUHA MOJICKYI
Hen30eKHO HalIyTca TaKkue, KOTOpble MOTYT HapyIIMTh CTPYKTYPY T€Ha U BbI3BaTh MyTaluio. SIcHo,
YTO TaKHe M3MEHEHUS TCHETUYECKUX MPOTPaMM JIOJKHBI 00J1a1aTh CISIyIOIIMMHA CBOWCTBAMHU:

1. OHu ciyyailHbI B TOM CMBICIIE, YTO BEPOATHOCTh KAXKAOTO €AUHUYHOTO U3MEHEHHUS HE paBHA
enuHule. bonee cTaOuibHbIE YacTU I'eHAa MYTHUPYIOT C MEHbIIEH 4yacToToH, Oojee nabuiibHBIE — C
Oosbleii, HO Mbl MO>KEM TOBOPUTD JIMIIB O OOJbIIEH MJIM MEHbILEH BEPOATHOCTU MYTaLIUi.

2. OHM HempeacKa3yeMbl, MOCKOJIbKY JJIsl MpeAckazaHusi Kakoi-in0o MyTallud Mbl JOJDKHBI
3HAaTh KOOPJAUHATHI U UMITYIBChl BCEX MOJIEKYJT TaHHOMW KIIETKE.

3. OHU He HampaBJICHBI B TOM CMBICIIE, YTO W3MEHSIOT TeHETHYEEKYI0 MporpaMMmy Oe3 ydera
coJiepKaHUsI CoXpaHsomencs B Held nHpopmaruu. [103ToMy OHH TONBKO CITy4allHO MOTYT OKa3aThCs
aIal TUBHBIMU, TPUCIIOCOOUTELHBIMH.

He onna tremneparypa u3MeHsIET COACPKAHUE TEHETUUECKUX ITPOTPAMM.

[Toxanyii, Gompliiee 3HaUEHWE UMEIOT KBaHThI )KECTKOTO M3Ty4eHHUsl HauuHas ¢ ynbTpaduosera,
OBICTPO IBMIKYIIMECS 3JIEMEHTAPHBIEC YaCTUIIBI, MOJICKYIIbI BEIECTB, ClIocoOHbIe pearupoBats ¢ JJHK
(XMMHUYECKHE MYyTareHsbl).

Haunewm ¢ paananuu. PacTBOpbl YMCTHIX HYKIEHMHOBBIX KHCIOT B BUJUMOM CBETE IPO3PAYHBI.
Omnako u JIHK u PHK cunsHO mommonpior ynbrpaduoner. MakcumMyMm mnoriomieHus Ha 260
HaHOMETpax, KBAHTbl TAaKOW JHEPrMM YK€ MOTYT BbI3bIBaThb M BbI3bIBAIOT MyTauuu. Eme Oonee
3¢ GdEKTUBHBI PEHTICHOBHI Y4 U TaMMa-U3Iy4eHHEe, a Takke OBICTPhIE YaCTUIIBI, BOHUKAIOIME TTPH
SAIEpHBIX pacranax. JleMcTBUe KECTKMX HM3JYy4EHHUM Ha TEHETUUYECKHE MPOrpaMMbl M3YydaeT Lielast
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OTpacib FEeHETHKU paguoreHeruka. O ee JOCTUIKEHUSIX B MONYISPHOM JUTEpaType MHOIO MHUCAIOCH.
OcranoBuMcs mojpoOHee Ha JIpyroM Bompoce. B ciydae, korma MyTaluio BBI3BIBAET KBAHT HIIM
pJIEMEHTapHas YacTUIa, Han0oJee YeTKO MPOCTYIAET MPUHIIUIT HEOOXO0IMMOCTH KBAaHTOBOH MEXaHUKH
JUTSL O CaHU sl MyTareHesa.

Msbl yXe AOTOBOPHJIMCH C CaMOT0 Hadyaja, 4To (DM3MUYECKHE 3aKOHbI, (U3MYECKHE AKCHOMBI
JIOJKHBI OIIPaBJIbIBATHCA U JUIS TEX CIIy4aeB, KOTAA Mbl HMEEM JIEIIO C )KUBOM MaTepUEH.

3HA4YUT, U 3[eCh JOJHKEH JCWCTBOBATh MPHUHIMI KBAHTOBOMEXaHMYECKON HEOIPEAECIEHHOCTH,
KOTOpBIN BriepBbie copmyarpoBan B. I'eiizen6epr B 1927 rony.

Beipaxkaercs 3TOT BEIMKHI TPUHIIHAI Ha BU IIPOCTON GopMyIToit

ApeAx=h

U YTBEP)KIAET, YTO HENb3s OINPEACIUTh OJHOBPEMEHHO KOOPAMHATY U HMIIYIbC (TO €CTh
SHEPTHIO0) dJIEMEHTAPHOMN YacTUIIbl TOYHEE, YEM CIIEIyeT M3 3TOr0 HEpPaBEHCTBA.

[TpousBeneHne MOTPENHOCTH B OMNpPENEIIEHUN KOOpPAMHAThl (AX ) Ha MOIPEeUHOCTh B
onpeseieHu uMyibca (AP ) He MOXKET ObITh MeHbIE mocTosiHHOW [Itanka h , paBHOU 6,626
10-34]I>xec. DTO HUYTOXKHAS BEJIMYMHA, TOATOMY, )KHBS B MAaKpOMHUPE, MBI €€ He 3aMeuaeM. bynp oHa
no0oJpiie, Mbl Obl XKHJIM B MHUpe 0O€3 SCHBIX O4YepTaHWH HpeaIMeTOB U 0e3 YEeTKUX TpaeKTOpuit
nBuxeHus. Ho Benp Myranuum mnpoucxXoisaT B MHKpomupe. Jlisi Bcero reHa HEONpEeeseHHOCTh
npeHedpexxumo Mana. OHaKo YTOObI BBI3BATh MYTAllMIO, HYXHO JIOBECTU ONPEAEICHHOE KOJIMYECTBO
HHEPIUHU 10 yJacTKa I'eHa pazMepoM Bcero juib 10-7cMm (Tak Ha3blBaeMblid paaunyc 3 ddexTnBHOrO
oOmena, BmepBble wu3MepeHHblii H. B. TumodeeBsiM-PecoBckum u K. Lummepom). 3mechk  yxe
IPUHLAIIOM HEOIPENIENIEHHOCTH IpeHeOperate Henb3s. O TOM, YTO JUIsl ONMCAaHUs MyTareHesa
HEOoOXOAMMO HcCIonb30BaTh npuHiun [eiizenbepra, nucanmu eme H. B. Tumodees-PecoBckuit u
[ackyans Mopnan B 40-x romax. B mocienmee Bpems To xe yrBepaaer 1 Mandpexn Diiren. Kopoue,
MBI MOKEM JIMIIb C HEKOTOPOH JoJel BeposTUs Mpelnosararb, 00JagaeT g1 4acTHIa HYXHOW JUls
MYTallMM SHEPrHel U MONaAeT I OHa B 30HY 3(pekTHBHOrO 0OBEMA.

He tonbko mpunnun I'eiizenOepra — yr000e Apyroe mojioKeHUE KBAaHTOBOW MEXaHWKH JENAeT
IpOLIECC MyTareHe3a BepOATHOCTHBIM. BoT eme mapa npumepoB. Kpome cTaOuiIbHBIX aTOMOB
yriepoaa u ¢ocdopa B coctas JIHK Moryt BXoIuTh UX palOaKTUBHBIE H30TOIBI. BeposTHOCTB 3TOrO
BO3pacTaeT ¢ yBEIMUYCHUEM PaJMOaKTHBHOTO ()OHA Halel TuraHeTbl. Mecromoinoxenne atomoB Cl4
u P32 B muTax JHK, pasymeercs, ciaydaifHO. A paauoakTUBHBIN pacmag — TOXKE CIy4dailHbII
Ipoliecc: 3HaTh, KAKOM M3 aTOMOB B JAHHBIM MOMEHT pacnafeTcs U BHI30BET MyTallMI0, HaM HE JaHo, U
3aIlpeT 3TOT NPUHIIUITAAIBHBIM.

Hakoner, ecTh MyTaliuu, He MHAYLUPOBAHHbIE KAKUM-HUOY/Ib BHEIHUM 110 oTHOIIEeHUO K JIHK
arecHTOM, a TaK Ha3bIBa€MbIE CIIOHTaHHbIE. BomopoaHble CBS3M, CKPEIULSIIONME ABOMHYIO CHUpallb
JHK, oOycnoBnensl moHamu Bojopona (mpotoHamu). Ecnu mpu packpyumBanuu crmpanu JIHK,
KOTOpO€ 00S3aTeNIbHO IMPOUCXOIUT INPU €€ pEeIUIMKaLMK, 00a MPOTOHA MepeHayr K OJHOMY U3
OCHOBAaHH, BOBMOKHBI ipyrue komOuHauu, kpome AT u 'Ll A HeBepHOE criapiBaHNe OCHOBAHUHA —
myranus. Ilepexoq MNpoTOHa OT OJHOIO OCHOBAaHMS K JPYIOMY Has3blBa€TCA TYHHEIBHBIM,
ONMUCBIBAETCS] yPAaBHEHUSAMHU KBAHTOBOM MEXAaHUKHU, U BCE, YTO MBI MOXKEM CKa3aTb O HEM, TO, YTO OH
ocymiectBisieTcst ¢ yactoroit 1011...1012B cexynny. BpeMs u MecTo kaxxJ10i eTMHUYHON CIIOHTaHHOU
MyTallu{ HEMPEACKA3yeMO NPUHIIUITHAAIBHO.

A 4TO K€ BELIECTBa, U3MEHSIOLIME CTPYKTYpY TeHa, — MyTareHbsl? Briepesie B 1932—-1934 rogax
cosetckue yueHble B. B. CaxapoB u M. E. Jlo0Oa1ioB He3aBUCUMO APYr OT Apyra NOJYyIHJIM MYyTalluu y
Ipo30¢uibl, IEHCTBYS Ha MylleK HoaoM M psaaoM Jpyrux BemectB. C TOro BpEeMEHM CIIMCOK
MYTareHOB  BO3pOC  THICAYEKPATHO, TEMNEPb KaKJ0€ XUMHUUYECKOE COEAMHEHUE, KOTOpOE
IpearoiaraeTcs BHEAPATh B MPAKTUKY (JIEKapcTBa, KPACUTENH, IIACTMACChl U T. [.), UCIBITHIBACTCS
Ha wyrareHHbI SQdekr. OTkpoiTel — . A. Pamonmoprom u Il AyspGax — Tak Ha3pIBacMble
cylepMyTareHsl, Boi3biBatonme Mmyranui y 100 mporeHToB 00paboTaHHBIX UMM OCOOCH.

MokeT mokazaThbCs, YTO XMMUYECKUE MYTareHbl HE UMEIOT 0CO00ro 3HauY€HHUs B MPUPOJIE, BO
BCSIKOM CJIy4ae J0 MOSBJICHUS XMMUYECKON MPOMBIIUIEHHOCTH. [IpocToil mpuMep CBUIETENBCTBYET,
4TO0 3TO He Tak. Jlake Takoe, ¢ IO3BOJICHHMS CKa3aTh, BEIIECTBO, KAaK HMOH BOJOPOJA, MOXKET



Bopuc Muxaiijiopud MeJHUKOB: «AKCHOMBI OHOJIOTHI 78

WHIYLIUPOBATh MyTallMH.

AKTHBHAs peakuusi Cpeibl M3MepsieTcs, Kak Bbl 3HaeTe, B exuHuuax pH . DTo B3aTHI C
o0paTHBIM 3HAaKOM JioTapu(M KOHIICHTpAIlMKM BOJOPOIHBIX HMOHOB. Hampumep, Korga peakuus
HeWTpansHas, pH paBHO CeMU W KOHIEHTpauusi MoHOB Bojopona 10-7mons. JIHK moBosbHO
YCTOHYMBA K IMOAKUCICHUIO WIM MOJIIETAaYMBaHUIO, OJHAKO Mpd PH  HMXe YeThlpex HayMHaeTcs
OTIICTNIEHUE ITYPUHOBBIX OCHOBAHU — I'yaHWHA | aJICHUHA.

ConepxuMoe KIETKH B OOIEM-TO cuiibHas OydepHas cucrema, mojaepxkuBatom@ass pH B
paiioHe ceMH (3TO HE OTHOCUTCS K CHEIMAIM3MPOBAHHBIM OpraHaM BpOJE JKENyAKa, TN BBICOKA
KOHIIGHTPALHs COJSIHOM KHCJIOTBI, WJIM JK€ CIIOHHBIX JKEJIe3 HEKOTOPBIX YAUTOK, KOTOPBIE MOTYT
BBIICTIATH JIOBOJIBHO KOHILIEHTPHPOBAHHYIO CEpHYIO KucioTy). Ho BcnoMHHMM 0 pa3smepax KIETOK U
00s3aTenbHBIX (nykTyanusx monekyn. O0bem OakrepuanbHON KieTku Bcero 2¢10-12cm3, 3HauwmT,
npu pH =7 B Heil Bcero npumepHo 120 BOJOPOIHBIX HOHOB. A 3TO O3HAUYAET, YTO OYEHb BEPOSITHA
¢uykTyauusi: HMOHBI BOJoOpoJa coOepyTcsi OKOJIO, HalmpuMmep, I'yaHMHa W OTIIENAT €ro oT
neHtozHodocaraoro ocroBa JIHK. [Ilpouwsoiimer wyramus, © ONSITh K€ CIy4ailHBIM,
HETPEeICKa3yeMbIM 00pa3oM.

Ha stom MoXxHO OblIO OBl M 3aKOHUUTH 0030p M3MEHEHHMH TeHeTnuyeckux mnporpamm. Ho
XOTeJIOCHh OBbI paccKazaTh O HEJABHO OTKPBITHIX XPOMOCOMHBIX IMEPECTPONKAX, YAUBUTEIBHBIX U paHee
Ka3aBIIMXCS HEBO3MOXKHBIMH.

CHavana B reHomax OakTepuid, a MOTOM M B T€HOMax BBICIIMX OPTaHU3MOB OOHApPYXHUIU
yauBUTENbHBIE «Kycoukn» JIHK, KoTopble MOTYT mepeMeaThCs ¢ MecTa Ha MEcTo B Xxpomocome. Mx
00pa3HO Ha3BaJIM MPBITAIONMMU, TeHaMU. Pa3nnuaroT JBe KaTEropuu TAKUX IOCIEI0BATEIbHOCTEN.
Ectb xoporkue (500-1500 map HyxneoTHaoB) W AnvHHBIE (Ooiee AByX Thicad). OHM MOTyT
BBIWICHSTHCS W3 EIUHCTBEHHON XpOMOCOMBI OakTepuu (3TOT MPOLECC Ha3bIBaeTCAd JKCLIM3UEH,
BBICTPUIAaHUEM) U BCTPaMBaThCs B Hee B JIpyroM Mecre (MHcepuus). M1 He TOIBKO B XpOMOCOMY,
IpBITAIOIE TeHBl MOTYT BKIIOYATHCS B IIa3Mubl — nocienosarensHoctu JJHK, cymectByronme B
OakTepHaIbHOM KIETKE HE3aBHCUMO. Tak e JIErKO MPBITA0 e TeHbl MOTYT BCTPAUBATHCS B TEHOMBI
OakTepro(aroB. YAUBUTEIBHOTO B 3TOM HMYEIr0o HET: CYLIECTBYET BIOJHE YOEIUTEIbHOE MHEHHUE O
TOM, YTO IJIa3MU/IBl — «TOMAIIHUE», MpUpYydYeHHBIEe OakTepueit daru.

KopoTkre WHCEpUHOHHBIE CETMEHTHI O00JaJafoT MHOTUMH YIUBHTEIBHBIMA CBOWHCTBaMM.
ITouemy-To 00a KOHIIa MX COCTOST M3 OJAMHAKOBBIX IOCIenOBaTeabHOCTEH. MHOTAa ke KOHIIeBBIE
y4acTKU IEepEBEPBYTHI: HA 0JHOM KoHle, Hanpumep, ATI'AL', Ha npyrom — ['TAI'TA. BerpauBasce B
reH, OHM 4YacTO OJIOKMPYIOT MPOIECC TPAaHKPUIIIIMU — TEH TepseT aKkTUBHOCTb. M Haobopor,
BCTPanBasCh B IEPEBEPHYTOM BHUJE, OHM MOIYT TOT K€ I'€H aKTUBHpPOBaTh. MIHBIMU clioBamMM, OHU
BKJTIOYAIOT M BBIKIIOYAIOT TCHBI.

Eme Gonee yauBUTENbHBI AJMHHBIC MPBITAIOLIME 1OCIEJOBATEIBHOCTH TPAHCIIO30HbI. MIMeHHO
OHM, BCTpauBasicCh B (arv, NepeHoCcAT OT OaKTepuu K OAKTEpHH I'eHbl YCTOMYMBOCTU K aHTUOMOTHKAM.
Tak uyTo (arm HE TOJIBKO MOTYT YOHMBATh OakTepu WM OBITh HUX <«TIPUKUBaIbUMKaMu». OHU
IIEPEHOCAT B MHUPE MUKPOOPTaHM3MOB TI'€HETHUYECKy0 HMH@opManuio. Tak, HacekoMble HE TOJIBKO
BpEIAT PACTEHUSM, HO U ONBUIAIOT UX. Beab mepBble IBETKOBBIE pacTeHUs ONbLUIUINCh BeTpoM. Ha nx
NBUIPHUKAaX KOPMHJIOCH MHOTO HAaceKOMBIX. llepemnadkaHHbBIC NBUIBIONW J>KYKA WM TPUMHTHBHEIC
0abouKu InepeneTany ¢ MbIIbHUKA HA MBIIBHUK, U B PE3YJIbTaTe BO3HUKIN TAaKUe Mapbl «pacTeHUuE —
HAaceKoMoe», KOTOpbleé HE MOTryT CYIIecTBOBaTh Jpyr 6e3 apyra. IOkka, Hampumep, HE MOXKET
OTIBUISATHCS] MHAYE KaK C TIOMOIIBIO FOKKOBOM Moui. M MexIy haroM, JTH3UPYIO MM, «TTOKHPAIO M
OakTepuio, (parom-«IpHMKUBAIBIIMKOM» W IPHUHOCAIIECH IOJB3Yy IJIa3MHI0M, KOTOpas MEPEeHOCUT
TPaHCIIO30HbI, €CTh BCE IEPEXOIHBIC CTYIEHHU.

[Ipeiraronpie TeHbl ONUCAHBI My BBICHIM X, S/ICPHBIX OPTAaHU3MOB. Y JIPOXOKEBBI X TPUOKOB OHH,
HalpuMep, B 3aBUCUMOCTH OT IOJIOXEHHUS B XPOMOCOME, ONPEAEIAIOT Mo KIeTku. OOHapy XU ux
Takke y KyKypy3sl U Jpo3o¢dunsl. Bor Ha mocimeaHeM 0OBEKTE XOTENOCh ObI OCTaHOBUTHCS
noapoOHee.

['eHeTHKOB 1aBHO 3aHUMAJIM CJIy4au, KOT/a I'eHbl B MOMY/SALMAX I1JI0JI0B O MYIIKH-PO30 (UIIbI
BIIPYr TEpsUTM CTAOMIBHOCTH M YacTOTa MYTAallMi Bo3pacTtaia BO MHOro pas. Oxazanoch, 4TO
HECTaOMJIBHOCTh TOTO WJIM WHOTO TeHa OOYCIOBIMBAETCS BCTPOMBIIMMCS B HETr0 HMHCEPIIMOHHBIM
CerMEHTOM. B HEKOTOpBIX clydasX ylaloch MPOCIEIUTh, KaK MPHITafo il TeH B T€YEHHUE HECKOIbKHU X
JIET KO4yeT OT OJHOIO y4acTKa XpOMOCOMBI K APYIOMY U OT OJHOW XPOMOCOMBI K JPYTOM, Ka<Ibli



Bopuc Muxaiijiopud MeJHUKOB: «AKCHOMBI OHOJIOTHI 79

pa3 BbI3bIBasg HOBYIO Myranuio. [lIBenckue ydenwie I'. Ucunr m K. Pamens npocieaunu 1o copoka
MPBDKKOB OJTHOM Takol mHcepuu. Pe3ynpraTom Oblia UK MOTHAS WHAKT MBAIlUs T€HA, MPUBOIAIIAS K
CMEpTH (JIeTajbHask MyTalus), WIK K€ MyTalluU «PO30BBIE IJ1a3a», «TpyOble I1a3a» (C HENpaBUIbHBIM
pacrnoioxxeHueM GaceToK) W LEIbIN Ps IPYTUX.

Takue QeHOMEHBI HaOMIOJANNCh HE TONBKO B OKCIEPUMEHTATBHBIX, PACCAKEHHBIX IO
MpoOUpKaM TOMYISIUSX Ap030(HIIbI, HO W B TpUpoje. V3BECTHBI TaK HAa3bIBACMBIE «MOIHBIC)
Mytanuu. Ha3BaHWe HECKOJIbKO HEOXHMIaHHOe, HO ymadyHoe. Hampumep, B 30-Xx romax yacrora
MYTaIii, BBI3BIBAIOIIMX JKEITYIO OKpPacKy Teia U Oelyro OKpacKy Iiia3, BO3pociia B COTHU pas, M 3Ta
«voma» uiack 10 40-x rogos. B 1968 roay y apo3odui Bo3HHMKIA «MOaa» Ha MyTaiuio abnormal

abdomen (OprommHo# oTnen ypoIMBOM (OpMBI), KOTOpas MpOJOoDKalach MATh JIET U Oblia
BBITECHEHA JINIIh MYTAllHEeH «OMaIeHHBIC MCTHHKN.
[To-BuaguMoMy, TpHYMHA «MOJHBIX» MYTAllMd — BHUPYCHL. VI3BECTHO, YTO BUPYCHI MOTYT

BCTPAaUBaThCS B XPOMOCOMBI HE TOJIbKO OaKTepuil, HO U AAECPHBIX OPTaHU3MOB (3TO JIOKA3aHO VIS
aJICHOBUPYCOB, BHpYyca Trepreca M OIYXOJEPOJHBIX MEPEPOXKIAIMX HOPMAIBHYIO KIETKY B
370Ka4ecTBeHHYI0). MHcepuus Bupyca B T€HOM BBI3BIBA€T MYTALMI0 TOTO T€Ha, B KOTOPbIM OH
BCTPOMJICS.

IIpumeuaTenbHO, YTO €CTh SIBHOE CXOJICTBO MEXAY HMHTPOHAMM, O KOTOPBIX TOBOPHUJIOCH B
IIPOLUION IIaBE€, U UHCEPLUOHHBIMUA CETMEHTAMHU. 1€ M Apyrne MOTYT pa3JelsiTb CMBICIOBYIO 4acTh
reHa, He HaXOJiT OTPaXXeHHs] B aMUHOKUCIOTHON MOCIIeI0BAaTEIbHOCTH KOJIMPYEMOTO TeHOM Oellka H,
M10-BUAUMOMY, MOTYT BKJIIOUATh U BBIKIIIOYATh T'€HBI.

A YTO 3HAYUT: BKIIOYATh U BBIKIIOYATh?

[To-BuauMoMy, 3TO BBINIAOUT TaK: PETYIATOPHBIE AJIEMEHTHI KIETKM MOIYT Y3HaBaTb U HE
y3HaBaThb BCTPOEHHBIM B T€H HWHTPOH (MHCEPLUMOHHBIA CerMeHT). B mepBoM ciydqae wuaet
Tpanckpunus npeamecreenHuka MPHK, Bo BTopom — HeT. B KoHIIE KOHIIOB, 3TO HAXOAUT OTPaKEHUE
B U3MEHEHMSIX NPU3HAKOB (eHOTHHA. M ecnmu MHTPOH NHEpelphIrHET B JPYroil reH, TO OH Oyzder
aKTMBUPOBATh €TI0, a HE TOT, U3 KOTOPOTO OH YILEII.

Tperbss axkcuoma. Temepp mopa NOABITOXKUTH BCE, YTO MBI 3HAEM O HACJIEICTBEHHBIX
M3MEHEHUX FTeHETHUECKUX MPOorpamMM U chopMyIupoBaTh akcuomy Ouosoruu Ne 3.

IIpexxne Bcero, ’TM W3MEHEHHMS CIlydallHbl M HEHANpaBJICHHBI. X MOYKHO CpaBHMTH C IIyM B
KaHaje WHQoOpManuu OT pojuTenedl K MOTOMKaM. Eciau MyTranus HOJHOCTBIO MCKAa3UT CMBICI
nepeaBaeMoi Mo LNy MOKOJICHUH MHCTPYKUHUH, OHA Oy/IeT CMepTeNbHOU (JeTanbHoil). DTo ObIBaer,
KOTJIa B pe3yJIbTaTe MyTalllu OJOKUPYETCsl CHHTE3 )KU3HEHHO BAKHOTO (lepMEHTA.

HaoGoport, yacTsl ciyyan, KOrja MyTamus He CKa3bIBaeTcs Ha MpU3Hakax (geHoTuna. BcmoMuum,
YTO TEHETUYECKUM KOJ| BBIPOXKIEH U OJHA M Ta XK€ aMMHOKHUCIOTA KOAUPYETCS HECKOJIbKUMH
konoHamu. Ecinu B pesynbrare Myrauuu OAMH KOAOH 3aMEHHUTCS JPYTUMM, HO CMHOHUMHUYHBIM, B
MOJIMIIEN TUHYIO LIeTIb BKIIIOYMTCS Ta )K€ aMUHOKHUCIIOTa U U3MEHEHUs (peHOTHIIAa Mbl HE OOHAPYKU M.

Mexay STUMH J[BYMs IIOJIIOCAMH JIEKHT OrPOMHasi OOJIaCTh MyTalMii, TaKk WU HHaue
U3MEHAINMX (PEeHOTHI. B KakMx-TO KOHKPETHBIX YCIOBHUSIX OHHM MOTYT OKa3aThCsl IOJIE3HBIMH,
HOCUTENH UX C OOJIbILeil BEPOSITHOCTHIO OCTaBAT MOTOMCTBO U IEepeJasyT UX IOTOMCTBY.

OTO M €ecTh JapBUHOBCKas HEONpEIENIEHHAas W3MEHYMBOCTb — HCXOJHBIM Marepuanl ais
HBOJIOLUH.

Axcruomy Ouonoruu Ne3 Mbl MokeM c(hOpMYIIUPOBAThH TaK:

B nmnpomecce mnepegaunm U3 NOKOJEHHS B TNOKOJeHHE TeHeTHYECKHE NPOrpaMMbl B
pe3yJibTaTe MHOTHUX NMPUYMH U3MEHSIIOTCH CIYy4YaiiHO M HeHANpaBJIeHHO, H JINIIb CJYYailHO 3TH
M3MeHeHHsI 0Ka3bIBAIOTCS MPUCIOCOONTETbHBIMHU.

TpeTbst akcMoMa BBITEKAET W3 BAXKHEHIMX (U3MYECKUX TMOCTYIATOB — U3 MPAKTHUYECKOH
HEBO3MOXKHOCTH 3HAaTh KOOPAMHATBl M HUMIIYJIBCBI BCEX MOJIEKYJI B KIETKE, W3 YEro Cieayer
paclpenelieHue HHEprud MoJIeKylnl 1o MakcBemly, W M3 NPUHUUMIMAJIBHON HEBO3MOXHOCTH
JIOCTaTOYHO TOYHO OMNPENENIUTh KOOPAMHATBI M HMITYJIbChl YACTHI], aTaKyHOUMX T€Hbl (IPUHLMII
['eiizenGepra).

A Tak Kak M IepepaclpeieicHue SHEPruid B COBOKYIIHOCTHM MOJIEKYN, W B3aUMOJEHCTBHUE
MOJIEKY]I B XMUMHYECKHX PEAKIUSIX B KOHIE KOHIIOB MOXKHO CBECTH K KBAaHTOBOMEXAHUYECKUM
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MPOIeccaM, TO | TOIydaeTcs, 4To akcuoma Ne3 — clie/ICTBHE KBAHTOBOW MEXaHHKH.

Janeko He BceM 3T0 HpaBUTCA. M. DHreH B KHUIE, HA KOTOPYIO s YK€ CChUIAJICS, 110 3TOMY
MOBOJly BCIOMHHaET DiHITeiHa. B muceMe ot 4 nexadpst 1926 roga Ditnmrreiin nucan Maxkcy bopny:
«KBaHTOBas MeXaHUKa BHYyIIaeT OoibI0oe mouTeHrne. Ho BHYTpeHHHUI rojoc TOBOPUT MHE, UTO 3TO HE
ucTHHBIN MakoB. Teopust gaeT MHOTo, HO €7Ba JIM OHA MOJBOAUT Hac Ommke Kk TaiiHe Crapuka. Bo
BCSKOM ciIydae, st YOK/ICH, YTO OH HE UTPAET B KOCTH...»

Crapuxk — 310 60r, He cnengyer cunrtare DiiHITEHA penurno3HbiM. [loknorauk CniuHO3bI, OH
Ha3bIBAJI 00TOM PEANBbHO CYIIECTBYIOLIYIO TTPUPOTY.

C tex mop mpouuio 6onee 50 ner: KBaHTOBass MeXxaHMKa MHOTOKpPaTHO IIOKa3aja CBOIO
HEMPOTUBOPEUYUBOCTh MPUPOJIE, U BPSA KM JOaxe ODWHIITEHH ceiiyac BBICTymal Obl MPOTUB HEE.
Opnako B OMOJIOTMM J0 CHX IOp €CTh aBTOPbI, HE IMPHU3HAIOIME HEHAIPaBJICHHOW CIydaiiHOH
M3MEHUYMBOCTH 110 /lapBuHY.

B KOHEUHOM cyeTe OHU CKIOHSIOTCS K TOUKE 3pEHHUs], BBICKA3aHHOM 3a moJiBeka A0 JlapBuHa B
1809 rony Bemukum QpaHiy3ckuM HatypamuctoMm Jlamapkom. CormacHo Jlamapky, OopraHu3Mbl B
mpolecce HBOMIOIMHM  M3MEHSIIOTCS, HO M3MEHEHUs OTH MaccoBble, HalpaBJCHHbIE U
npucnocooutensupie. Co Bpemenu Jlamapka UX Ha3plBaIM  IO-Pa3HOMY: HacleJ0BaHUEM
OmaronproOpeTeHHBIX CBOWCTB, ACCUMUIISAIIMEH YCIIOBUI BHEUIHEH Cpeibl U T. 1. U T. [I.

B nameit nutepatype Hanbosee OCHOBATEIbHO 3Ty TOUKY 3p€HHUS OTCTauBaJl KPyIHBINH UXTHOJIOT
u reorpa¢ JI. C. bepr. On, nmpaBja, Ha3pIBaJl CBOM BO33pPEHUsI HE JAMapKU3MOM, a HOMOTEHE30M
(3BOMIOLIMEN HA OCHOBE 3aKOHOMEPHOCTEN, TO €CTh 3aKOHOMEPHBIX, & HE CIIydailHbIX u3MeHeHui). Ho
XOTA B CBOEW KHUTE, BhieAmen B 1922 rony, bepr penmTenbHO OTpEKCs OT JamapKu3Ma, HUKOTO 3TO
He oOMaHyno. YXe TOorna OMNIMOHEHTHl bepra MOHSIM, Y4TO JaMapKU3M U HOMOTEHE3 pa3luyaroTcs
JIUIIb TEPMUHOJIOTHEMN.

N60, no bepry, HaciaeacTBEHHBIC N3MEHEHHUS 3aXBAaTHIBAIOT MACChI 0CO0EH, UTYT HAITPABICHHO U
JIOJDKHBI OBITh M3HAYAIIBHO 11e7IeCO00pa3HbIMH, TpUcnocoOuTensHbIMU. bepr, kak u Jlamapk, BooO1e
CUMTAJI IPUCIIOCOOUTENBHBIE PEAKIIMY U3HAYAJIbHBIM CBOMCTBOM KMBOTO.

CoBpeMeHHbIe HOMOTEHETUKU KaK-TO CTHIAJIMBO 00XONAT MmocieqHuii tesuc bepra, npeamounras
TOBOPUTH JIMIIb O HAIPAaBJIEHHOCTH HACIEICTBEHHBIX M3MEHEHMH, a He 0 1erecoodpazHocty ux. Ho
HaIlpaBJICHHbIE MYTAllMU JOJDKHBI ObITh MPUCIIOCOOUTEIBHBIMU — BE/lb BCE OPraHHU3Mbl Ha 3emile K
KaKHM-TO YCIIOBUSIM MPUCIOCOOJICHBI.

MHe nOBOAMIJIOCH CIBIIIATH BBICTYIUIEHHWE (M3KMKa, B KOTOPOM BBIJBUTANACH TaKas HJEs.
Myranuu camu 1o ceGe BpeIHbI WM HEHTPaIbHBI U 00ECIICUYUTH SBOJIIOIMIO MAaTEPUAJIOM HE MOTYT.
JIBM>KyIIast criia 3BONIOIUU — MPUCIOCOOUTENbHBIE H3MEHEHHU S, KOTOPBIE TPOUCXOAT KpaiiHE PenKo
(Hampumep, pa3 B Thicsiuy JieT). M3-3a MX peaKOCTH MBI UX OOHApYKUTh HE MOXKEM, IIO3TOMY BCe
OIBITHI, OIPOBEPraroIe MPUCIOCOOUTEIPHOE W3MEHEHUE TeHETHMYECKHX MPOrpaMM, OKAa3bIBAOTCS
0e3/10Ka3aTeIbHBIMU.

Ho ¢u3uk momkeH Obu1 Obl MOHSATH, YTO HOMOTCHE3, HJIM JIAMapKW3M, — Ha3bIBalTe, KAk
XOTHTE, — OCHOBAH Ha HapyIIEHUH MpUHIMNA NpuuuHHOCTH. CieacTBue (MpucnocodIeHHOCTh) B HEM
onpezensieT NPUYMHY (M3MEHEHUE TeHETHYecKol mporpammsel). M omste Mbl BO3Bpam@aemcs K
ApHCTOTEINI0 C €r0 KOHEYHOM MPUYMHOM U LIEJIbI0 OJHOBPEMEHHO. Takue B3MIsAbl Ha 3BOJIIOLUIO,
HAa3bIBAKOTCS TEJIEOJOTUYECKUMU.

JInst MEHsI IPEACTaBIIETCSl COBEPIIEHHO HEMOCTUKUMBIM, YTO B HAIM JTHU HAXOZATCS BIIOJIHE
Cepbe3HbIEe YyY€HbIE, HE IMOHHMMAIOIME TOTO, YTO ObLJIO MPENENBHO SICHO €IIe B IMPOLUIOM BEKe
I'epueny. Beciomaute ero «bbiioe u 1ymbD»:

«ECTeCTBOMCIIBITATEIH, XBACTAIOIIME CBOMM MAarepHali3MOM, TOJKYIOT O KAKHX-TO
BIEpE]] 33JYMaHHbIX IUIAHAX MPUPOABI, O €€ LEJSIX U JIOBKOM WM30paHUU CPEACTB... OTO —
¢dartamm3M B TpeThel CTENeHHW, B KyOe; Ha TEpPBOM KUIMT KpoBb SHyapwsi, Ha BTOpOU
OpOLLIAIOTCS TNOJNSA JIOKAEM II0 MOJIMTBE, HAa TPETHEH OTKPBIBAOTCS TAalHBIE 3aMBICIIbI
XUMHUYECKOrO TMpOIECCa, XBAJSTCS HSKOHOMHMYECKHE CIOCOOHOCTH IKW3HEHHOM CHIIbI,
3arOTOBJISIOLLIEH KEJITKH JJIS 3aPOABIIICH U T. L.

CkazaHo kak OyATO MpO HAIMX COBPEMEHHBIX HOMOTEHETHUKOB. S yxke mnwucanm o0 3ToM
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nospobHee B APYroi cBoeit kunre’. 3xech, MOKanyid, OyJeT JOBOJIbHO HECKOJIBKUX IMPUMEPOB TOTO,
KaK HalpaBJICHHas MPUCIOCOOUTENbHAsT M3MEHYMBOCTh BCTYIA€T B IPOTHUBOPEYUE C MPUHLUIIOM
IIPUYMHHOCTH.

JlomycTHM CyIIeCTBOBAaHUE HEKUX aKTOB INPUCIOCOOJCHHS, YPE3BBIYANHO PEIKHX U TOTOMY
HeHaOmonaembix. Hetr mpoue npuema caenath ux HaOmonaembiMud. Hano nunb yBeTUYUTH 4MCIIO
Habmonenuii. [Ipumep u3 To# xe PU3NKKU: HEUTPUHO B3aUMOJICHCTBYET C BEIECTBOM C YPE3BBIYAIHO
HHU3KOM BEPOATHOCTBIO, 3Ta JJIEMEHTAapHas 4YacTULA MOXET IIPOHMU3aTh HACKBO3b 3€MHOW AP, U
BEPOSATHOCTh TOTO, YTO OHA BCTYIUT B PEAKIHIO C KAKUM-JIMOO SAPOM, COBEpPIIEHHO HMYTOKHA. Ho
(U3 KM YBEPEHHO JAETEKTUPYIOT HEMTPUHO U aHTUHEUTPUHO. J[eTeKTop 3/1ech — OOIbIIOe KOJIMYECTBO
aTOMOB xjopa (OObBIYHO B COCTaB€ TOW JKUJKOCTH, KOTOpas IPUMEHSETCS B XUMYHUCTKE —
TETPAXJIOPITHIICHA). A MCTOYHHK MCKOMOM YaCTUIIBI — SICPHBIA pPEaKTOp, MCIYCKAO MU MOIHBIS
INOTOKUA HEUTPUHO.

Puc. 36. Cynpyeu Jledepbepeu svipawusanu 6 wawkax Ilempu na nosepxnocmu azapa mvicsayu
KOJIOHULl 6axmepuil, a 3amem CMepUlbHbIM OAPXAMHLIM WIMAMNOM NEPEHOCUNU UX C COXPAHEeHUeM
npedcHe20 NOJNONCEHUs. 8 Opyeue Yauiku, 20e cpeda Cco0epicald CMepmenbHylo 003y aHmMuOUOmMuKa.
Ecnu uucno nepecesaemvlx Kononuii 66110 00CMamoyHo GelUKo, 8ce20d HAX00UIACh Xoms Obl 00HA,
yemouuueas k aumudbuomuxy. Ilpu smom HempyoHo ObL10 YOeOUmbcsa, umo MamepuHcKas KOJOHUS
Maxce COCMoum u3z ycmoudugblx 6axmepuil, Xoms ¢ AaHMuOUOMUKAMU OHU U He 8CMPedalUCh.

Awmepukanckue wuccrnenoBarenn JPxomrya u Octep Jlemepbepru wuccrnenoBanu  mpoiiecc
MpHUCIIOCOOIeHHs OaKTepHil K aHTUOMOTHKAM. DTOT ()EHOMEH — MPOKIIATHE COBPEMEHHON MEININHBL
ITpocnaByieHHbIE EHUIUIUIMH, CTPEITOMHULIMH, OJICAHIOMULIUH OBICTPO TEPSIOT CB OO 3 PPEeKTUBHOCTH
HyxHO cka3aTh, 4TO MOMOTaroT MHKpoOaM B JIaHHOM ClIydae M Bpadd cO ciaaboil OMOJOTHYECKOU
noArotToBkoii. OHU TPONMCHIBAIOT OOJIHBIM HEIOCTATOYHBIE J03bI (U3 OOSI3HU «KakK Obl 4ero He
BBIIUIO»), TO €CTh (aKTHUeCKu BeayT B MONYIAUUAX Oakrepuil oTOOpP Ha YCTOMUHUBOCTH K
aHTUOMOTUKY. Mnm >xe, HaoOOpOT, BMAAAlOT B JPYryl0 KpalHOCTh M 3aKapMJIMBAIOT MallleHTa
aHTUOMOTHKAMU NpPH IMYCTSIKOBOM MPOCTyAE, a B pe3ylbTaTe TOT >X€ aHTUOMOTHK OKaXKETCS
HEJCUCTBEHHBIM IIPH JBYCTODOHHEM BOCIHAJCHUM JIETKHUX. BcnomMHUTE O nIepeHocax TEHOB
miasMuamMu U Oakrepuodaramu! I'eH, ompenensronmii, HampuMep, YCTOWYMBOCTb OakTepuu K
CTPENITOMHUIIMHY, JIETKO MOKET OBbITh IepesaH Jaxe OakrepusiM apyroro Buia. B mocnennee Bpems
BO3HUKIJIA Cephe3Hasi IpobieMa ¢ THOEPOIHBIMU 30JIOTUCTBIMU CTA(QUIOKOKKAMH — COBPEMEHHBIH Bpay
C HabOpOM aHTHOMOTHMKOB OKAa3ajlCs B IOJIOKEHWU XHPypra MpPOIUIOTO BEKa, OECCHIIBHOTO Tepen
MOCJICONIEPAlMOHHBIMU  OCJIO)KHEHUSIMU. BbIXxog B oJHOM — Bce BpeMs OOHOBISATh apceHall

7 MemnukoB b. Jlapsuausm B XX Beke. M., Cosetckast Poccus, 1975.
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aHTHOMOTHUKOB, TIO BOBMOXXHOCTH OOTOHSISI OaKTepUid.

Ho Bepuemcs k Jlenepbepram. OHu B3sIH HECKOJIBKO COT ydaiek [leTpu ¢ muTaTenbHbIM arapom
U IOCEsUIM Ha HUX KylIbTypy OakTepuii, 4yBCTBUTEIbHBIX K aHTMOMOTUKY. Ha Tex mecrax, rae Ha
MOBEPXHOCTh MUTATEILHOTO CTY/AHS MoNafanu OaKTepruu, 3TU OaKTepUH HAUMHAIM PAacTH, AETUTHCS, U
Yyepe3 HEKOTOPOE BpeMsi arap MOKPHIBAIICS KOJOHUSIMU, CKOTLIEHUSIMUA OaKTepHii, BRIPOCIIA X U3 O THOM
KJICTKU-POJIOHAYAIIbHUIIBI. VccenoBanu cpa3dy COTHH M THICSYM KOJIOHWH, YTO YBEIMYUBAJIO MIAHCHI
Ha OOHapyKeHHE peako HalmogaemMoro d¢dexra.

3arem JlemepOepru 3amaciuch HECKOJIBKAMH COTHSIMA IITAMIIOB — KPY)KKOB, PaBHBIX IO
nuametpy vaie Ilerpu u o0TaHyThIX OapxaToMm. Lllrammbl cTepuin3oBalnuch B aBTOKIABE, YTOObI HE
3aHECTH B KYJIBTYpPhl Yero-HuOyAb JUIIHEro. 3aTeM CTEPHJIbHBIA IITaMI MPUKIAIBIBAICI K
MOBEPXHOCTHU arapa; B KO KOJIOHWH YacTh OakTepuil mpriinmaia K BOpCUHKaM Oapxara. A 3arem
IITaMI TPUKITABIBAJICS K TOBEPXHOCTH arapa B APYroi Yallke.

Ho a1oT arap yxe comepxall aHTHOMOTHUK, IPUYEM B KOHI[EHTPAIMH, CMEPTEIbHON IS TaHHBIX
Oakrepuii.

N «oTmramMnoBaHHBIe» Ha €r0 MOBEPXHOCTH KOJIOHWM OaKTepHil IMepecTaiy pa3BHBAThCS U
noru6mu. Ho Obla moaMedeHa THOOOMBITHAS 3aKOHOMEPHOCTh: €CIM KOJOHUN JOCTaTOYHO MHOTO,
cpeau HUX 00s3aTelbHO HaWJeTCs XOTs Obl OJJHA, KOTOpasi MPHKUBETCS Ha SIOBUTOM arape u Oyner
paspacraThcsl, Kak HU B YeM He ObIBaJIo.

Kazanoce Obl, sICHO: MPOU30IIIO HalpaBJIEHHOE Iiefiecoo0pa3Hoe u3MeHenue no Jlamapky uinu
xe bepry. IlpaBna, HescHO, moUeMy NMpUCIOCOOUTIACH JH L OJJHA KOJOHHS M3 MHOTUX, HO 3TO YXKe
JIeTalb.

Ho xojoHuM mepeHoCHiMCch Ha arap ¢ aHTUOMOTHUKOM IITaMIaMH C COXpPaHEHUEM IIpeKHEro
IIOJIOKCHU A. HOBTOMY MBI BCEraa MOXEM HalTH MAaTCPUHCKYIO KOJIOHHUIO U Y6€)II/ITI)C$[, YTO OHA TaKXKeE
COCTOUT M3 OaKTepuii, yCTOMUYMBBHIX K aHTHOMOTHKY! IlprcmocoOnenne BO3HUKIO 10 TOTO, KaK Ha
HNOMYJSUI0  MoAelcTBoBan  (akTop— aHTUOMOTMK Hamuio sBHOe HapylleHHEe MPUHIUIA
npuurHHOCTU. CneacTBue NpeamecTByeT npuunHe. Ho eciin Mbl mpuMeM, 4TO 1OJ00HbIE H3MEHEHU S
TeHETUYECKU X MPOrpaMM BO3HHMKAIOT B PE3Yy/bTaTe YHUCTO CIy4alHBIX MPOIECCOB U B HEKOTOPBIX
CITydasiX OKa3bIBAIOTCS TIOJIE3HBIMU, HUKAaKOTO HapyieHus He Oyner. Ho 9T0 yxe He mamapKku3M WU
HOMOT€EHE3, a 0TOOp CiydalHbIX MyTanuii o /lapsuny.
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Puc. 37. Koecoa 6 Amenuu ons 060pvbObl ¢ Kpbicamu cmany NPUMEHAMb AHMUKOASYISAHM
eapghapun, ouenb CKOpO NOABUNUCL YCMOUYUBbIE K HeMYy NONYIAYUU «CYNepKpuicy. Oma kapma
onybnukoeana 6 1970 200y. UYepez o0sa e2oda npuwiiocy 0Obl 3a1UMb KPACHbIM YBEMOM BCIO
meppumoputo Benuxoopumanuu. Takoeo mo2yuecmeo omoopa, nycme 6ecco3HamenbHoz2o.

Bropoii mpumep kacaercsi yxe BbICIIMX opraHu3moB. Korja B mpakTuky G0pbObI € Kpblcamu
BOLUIM aHTUKOATY/SIHTBI, J€PAaTU3aTOPaM, TO €CTh KPbICOJIOBAM, [10Ka3aJ0Ch, YTO HACTYIAET 30J10TOM
BEK. Y KpbIC, MOEBIMX MPUMaHKU C Bap(papuHOM, KPOBb II€pecTaBajla CBEPThIBAThCS, U JKUBOTHBIC
norudanu OT MuUJIEHINeH IapaluHbI, HApUMEp M3-3a MECYMHKH, 3aJeBIIed CTEHKY KUIIeYHHKa. U
BJIpYT' Be3Jle, IJie MPUMEHSUTM KOATyJsHTHI, MOSIBUIMCh MOMYJISILIMU KPbIC, KOTOPbIE HA 3TOM OTpaBe
OnarogeHcTBoBaNU. VX Ha3Banu CynepKpblCaMH.

[lpucnocobnenne mno Jlamapky wumm or6op wMmyrauuu mno JapBuny? I'enetnku ObIcTpo
YCTAaHOBUJIM, 4YTO TE€HbI, JAIONME HOCUTENI0 YCTOMYMBOCTh K AHTHUKOATYJISIHTaM, HMEJINCh B
HNOMYJALUAX KPbIC 3370JIT0 10 MUX BHEIPEHUs, OHM BCTpEYaroTcs M TaM, Iie BapQapuHa M MPOYUX
o100HBIX MPENapaToB HUKOT/AA He MpuMeHsuid. Ho BeTpedaeMocTh X KpaifHe HU3KA: Y TaKUX KPBIC
MOBBIIIEHA CIOCOOHOCTh KPOBU CBEPTHIBATHCS, M OHM 4YacTO THOHYT OT TpOMOOB, 3aKyHMOpPKU
KPOBEHOCHBIX cOCy/10B. [I[puMeHeHre aHTUKOAryJITHTOB IPOU3BENIO CPEIN KPBIC MOJIHYIO EPEOLICHKY
IEHHOCTEH: MPapOIUTENAMH CYIIEPKPBIC CTaJld HEMHOTOYHCIIEHHBIE 0COOM — HOCHUTENH 3THX MPEXKIIe
HEBBITOJJHBIX T€HOB.

W3 sTtoro mpumepa, KCTaTH, CTAHOBUTCA SICHBIM, YTO IIMPOKO PACIHpOCTPAHEHHOE MHEHHUE O
BpPEAHOCTU MyTalluii, HEHANPaBJIEHHBIX U3MEHEHUI T'€HETUUYECKUX ITPOTrpaMM, IOIpocTy HeBepHO. Het
MyTalliii BO BCEX YCIOBUSIX BpEIHBIX, KaK HET U 0e3ycIOBHO TMOJe3HbIX. Bce mombITku
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packiaccuuIUpoBaTh MyTallMi 0e3 yueTa JaHHBIX KOHKPETHBIX YCIOBHM 0OpeueHbl Ha MPOBaJl.

Bot eme npumepsl ¢ HapylleHHEM NpUHIMNA IpuYMHHOCTU. Ha ceBepe mpecmbikaronmecs, B
YaCTHOCTH 3MeH, peaku. Y Hac [1oaspHBINA Kpyr MepexoauT TOIBKO OOBIKHOBEHHAS Ta/ifoka Oiraroapst
CHEUAIBHOMY MPUCIOCOONEHHNIO. Y CEBEpHBIX IaloK pa3BUTHE SUI] HAYMHAETCA €lle B sAiIeBoaXx,
TaK YTO OHU POXIAIOT YyXKe BIOJHE CGHOPMUPOBAHHBIX 3MEEHBIIIEH. A BOT a(pHKaHCKHE
NPUMUTUBHBIE TaJIOKM OTKIaapiBaloT silna. Camas KpymHas Hallla rajloka — Top3a — Takke
KUBOPOJSILAS], HO B I0’KHBIX pailoHax CpeaHen A3uu OTKIIAIbIBAET Silia.

Hamuio sBHOe mNpUCHIOCOOJICHHE, TMOBBIIIAIOIIEE CKOPOCTh pPa3BUTHS SUIl B YCIOBUSX
MPOXJIAJHOTO KIMMAaTa C PEe3KUMHU CYTOUYHBIMH H3MEHEHUSIMU TeMIeparypbl. bepemMeHHas ramaioka
OOJIBILIYIO YacTh JHS IPOBOAUT IAe-HUOYIb B 3alMINEHHOM OT BETpa MECTE Ha IpPHUIIEKE, OTYEero
TeMIIepaTypa ee Tejla MOJHUMAaeTcs 10 28°, a Ha HOYb CKPBIBAETCS B KAKOM-HUOYIb pacIleIMHe WM
1oj KopHsMH JAepeBbeB. DakTuuecku oHa mpeBpauaercs B uHKyoarop. HecomunenHo, mis Oynynmx
rajroyar 3TOT MPHU3HAK I0JIe3eH. A BOT MOJIe3eH JIU OH caMoil rajtoke? [103BOIUTENEHO YCOMHUTBCS :
BEJb OHA JISKUT HA OTKPHITOM MECTE, TaK YTO €€ MOXET CXBATUTh JIIOOOW KaHIOK WM auCT, Ja U
00MEH y «pa30rpeToii» 3MeH UJIeT Kyaa ObicTpee, Tak 4To TpedyeTcst OoJblle MUIM. DHEPreTUYECKH
3TO HEBBITOJHO.

Kak u Bce npu3HaKu, MOBBIIAIOLIE BEPOATHOCTh BBIKMBAHUS Y TIOTOMCTBA, HO O€CIoJIe3HbIe U
Jla)ke BpEIHbIE Ul POJUTENeH, 3TO CBOWCTBO TaJlOKW HEOOBSICHUMO C TOYKM 3pEHHS MIPAMOTO
npucrnocoOsienus. Pa3Be uTO HepoauBIIMECS 3MEEHBIIM [epelalT MO0 KAKOMY-TO KaHaly
uHpopmaruu cBoeil Oyaymeit mame: «Mama, 4TOOBI MBI BBDKHIIM, HE CHEIIM OTKIaAbIBaTh SHIA, B
KOTOpBIX MBI pa3BuBaeMcs». llo-BuaumMoMy, neno oOCTOMT mpole: Liel oTOOp Ha 3aKpeluieHue B
HOMYJSALMY 3TOT0 MPHU3HAKA, BO3HUKILETO CIIy4aifHo.

Eme 6onee HamIaqHBl IPpUMEPBI U3 KU3HU pacTeHuid. Kak Bbl 3HaeTe U3 IKOJBHOTO Kypca, JUis
BBICIIIMX PACTCHUH XapaKTEpHO 4YepeoBaHUE IMOKOJICHUU. Pa3MmHokarommiics crmopamMud crnopoduT
MOPOKAAET pacTeHue, MPOIYLHUpPYIOIlee TIOJOBble KIETKH — ramersl (ramerodut). Ecmu y
MAaNOPOTHUKOB W IUIAYHOB TaMETO(UT CaMOCTOSATEIFHOE, XOTS W PEOYLHHPOBAHHOE pPACTEHHE, Yy
IIBETKOBBIX OH IMapa3suTHpyeT Ha cropodure. To, 4T0 MBI BUUM y 1y0a U (HAIKH, COCHBI M KaKTyca,
3TO Bce CHOPO(UT. A ramMero(uT — 3TO YaCTH IIBETKA: 3aBs3b M IMbUIbIEBbIE 3epHA. MyXKCKOM
raMeTo(UT — MbUIbLIEBOE 36PHO — COCTOUT BCETO-TO U3 TPEX KIETOK!

A Temepp NMOCMOTPUTE Ha LIBETOK JIIOTHKA. JlemecTku ero, mpuHaaiexalme cropo@uTHOMY
MOKOJICHUIO, 00pa3yloT ujaeanbHO (opMbl peduieKTop, KOHUEHTPUPYIOIMHA COJHEYHBbIE JTy4d Ha
NBUIFHUKAX M 3aBsI3H, 9TOOBI ObICTpee pa3BHBANICSA raMeTo PuT. ONATh MPUCITOCOOUTEIBHBIN TTPU3HAK,
HNPUTOJHBINA JUIs OyIYIIETro, HEKOe «BOCIOMMHAHUE O OyaylieM» U HEOOBSCHUMBINA C TOYKH 3PEHHUS
IPsIMOTO TIpHcriocoOsieHus. Pa3Be yTo Mbl Ha/IeUM [IBETOK CIIOCOOHOCTBIO MPEABUACTH U COTUIHBIMU
3HAHUSAMH ONTUKU U PU3UUECKON XUMUHU.

[TogbiToxkuM Bce ckazaHHoe. CoydaiiHble, HEHApaBJIEHHbIE W HENPHUCIIOCOOUTEIbHbIE
M3MEHEHHUS! TEHETUYECKUX IMpOorpamMMm (MyTallli) — HENPeToKHBIH (aKT, JOKa3aHHBIA THICSYAMH
pasHbIX c11oco00B. Ternepb Mbl 3Ha€M MX MOJIEKYISPHBIC MEXaHU3MbI U YBEPEHHO IOBBIIIAEM YaCTOTY
UX BO3HUKHOBeHHUs. He MokeM i OJHOrO — BBI3bIBATh HAIPABJICHHYIO HYXHYIO HaM MYTalHUIo.
Ho, kak MBI JOJDKHBI ObUTH OBl YOGAUTHCS, 3TO HEBO3MOXHO JIO TEX TOP, MOKa MBI HE 3HAEM CTPYKTYP
U (QYHKIMM BCEX I'€HOB B KIETKE M HE HaydMMCS M3MEHATh OAMH TI'e€H, HE M3MEHssA OCTalbHBIX. B
npupojie 63 BMEIATeNTbCTBA YEI0BEKA ITO HEBO3MOXKHO IPUHIUITHATIBHO.

[TouemMy >ke 10 CUX TIOP €CTh JIFOIH, IPOCTHO OOPIOLIMECS C HEOTTPOBEPKUMBIMH (DaKTaMu?

BeposiTHO, 110 TOW NPOCTOM MPUYMHE, YTO HE MOTYT NPHUHATH UJACH CIYYalHBIX H3MEHEHUN
(«CTapuk HE UTPaeT B KOCTUM!).

U no Toli ke mpu4YMHE HOMOTEHE3 (B CMITYEHHOM, PETYUIMPOBAHHOM, HO COXpPaHUBILEM BCHO
CBOIO CYLIHOCTh BH/JIE) IOJIEPKUBAETCS HEKOTOPBIMHM HCCIIE0BATENAMM 10 Haumx gHel. «Hayka —
Bpar ciaydyaiHOCTe», BCe JIOJKHO ObITh 3aKOHOMEPHO. A TO, YTO TaKue MOJXOAbI, MSTKO TOBOPS,
¢unocopcku OecrOMOIIHBI, HOMOI€HETUKOB HE BOJIHYeT. Jlummb Obl HE NPUHATH B KauecTBE
HCTOYHMKA MaTepuana Juid 3BOJIOLNUU ciaydailHelii mpouecc. OT Teopuu Tpebyercs, 4TOoObl OHa
00BsCHSIIA, TOYEMY Ha 3eMJIE JTOJKHBI OBITh KOUIKM M MBI ¥ ITOYEMY MBIIIM JIOJKHBI TPATATHCS OT
KOILIEK B HOPBI.

O mnomoOHBIX B3MIAAAX HMPOHUYHO MHcaln OHrensC («/uanekTnka MpPUPOIBI», OUYEpK
«CnyqallHOCTb U HEOOXOAMMOCTH»): «Eciu TOT ¢akT, 4To onpeieneHHbIi CTPYYOK 3aKI04aeT B cebe
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IIECTh TOPOUIMH, a HE MATh UM CEMb, NPEACTABIISIET COOO0 SBJIEHHE TOTO XK€ MOPsIKA, KaK 3aKOH
JBU)KEHUSI COJHEYHOW CHCTEMBI MJIM 3aKOH COXPAHEHUsI DHEPIMM, TO Ha JeJ€ HE CIYy4allHOCTh
MOJHUMAETCS 10 YPOBHSI HEOOXOAMMOCTH, 2 HEOOXOTUMOCTh CHHIKACTCS 10 YPOBHSI CIYy4allHOCTH.
[To GonpIIOMY CYETY IBOIIONMHU HaIM4YME Ha 3eMJle KOIIEK U MBIIIEH CTOJb e ClydailHOe COObITHE,
KaK HaJM4Me B CTPYYKE INECTH WJIM CEMU TOPOIIMH, U OECCMBICICHHO BBIBOJUTH €r0 M3 CBOWCTB
MPOTOIIAHETHONW TYMaHHOCTH.

MyTtanun: MHOro uMx Wi Majao? He Tak JaBHO Ka3aucs CYIIECTBEHHBIM BOIPOC: MHOTO HJIN
MaJI0 MYTallMil U3MEHSET TeHeTUUecKre nporpammbl? Pu3MK Dip3accep IoJiarai, 4To UX Yepecuyp
MHOTO0, HacToJbKO, 4T JJHK mpocTo He MoXkeT ObITh XpaHUTENEM HACIEACTBEHHON HHpopMauu. ITy
POJIb OH OTBOJIUJI HEKUM HEMaTepUaTIbHBIM «OM OTOHUYECKUM 3aKOHAM.

Koneuno, 10Kka3aTh MyTaluio B pe3yibTare JACHCTBUS HEMaTepHaIbHOrO (akropa TPYAHO, HO
elie TpyJHee JoKa3aTh camoe ero cyuiecrsoBanue. Ilostomy mepeBec OblI Ha CTOpPOHE Jpyroi
TUIIOTE3bl: MYTALUH CIMIIKOM Majo 4TOObl OHM MOIVIM OOECHEYUThH JOJDKHYIO CKOPOCTb Ipolecca
ABOJIIOIUH.

JleiicTBUTENBHO, MyTallUsl KaXKIOTO OTIEIBHO B3ATOrO I'eHa MPOUCXOIUT C JIOBOJIBHO HU3KOMN
gactoToi (10-4...10-8). MHOTHX K TOMY € YIWBJISUT OJIMH HEMOHATHBIA (AKT: y MUKPOOPTaHHU3MOB
MyTalluyi OTMEYAINCh PEXE, UeM y BBICIIMX Oopranu3MoB. Ho neno B ToM, 4To y Gakrepuil ¥ reHoM
MeHblie. Jlerue HaOpath 0€3 OIEYaTOK ra3eTy, 4YeM KHHUTY J0CTaTo4HO Oonbpioro oovema. Korma
IIEpECUNTAIN YacTOTy MyTauuil Ha exnuHuny coxepkanust [JHK B reHome, ckopocTu MmyrareHesa y
BCEX 36MHBIX OPTaHNU3MOB IPAKTUYECKU COBIAIH.

[lpencraBnenue o0 TOM, YTO MyTallMil HEAOCTaTOYHO Uil OOBACHEHMS] TEMIIOB 3BOJIIOLMHY,
Ka)KETCSl OYEHBb IPUBJICKATEIbHBIM JJIsl BPAroB «BCAYECKUX ClydalHOCTEH». OHO MPOHHUKIO JaXe B
Hay4YHO-(aHTAaCTUUECKYIO JIUTEPATYpPy: B OJHOM (HE U3 JIydIlMX) paccKase JIF0JIU JaJIeKoro OyayIero
YCEpIHO ITOMOTalT JBOJIOLMHM Ha JPYIUX ILIAaHETaX — BeOb HNPUPOJHBIX MyTallMi HEJOCTAaTOYHO!
ABTOp HE BeJaJl, 4YTO IPEJICTaBICHUE, KOTOPOE OH IIPUHSJI 3a HAYYHYIO HCTHHY, Camoe
(haHTaCTHYECKOE B €0 pacckase.

PaccmoTpumM stoT Bompoc nojpodHee. [la, Myraniun HaOlIOAAI0TCsl B IPUPOJIE JOBOJIBHO PEJKO.
YToOBI MOBBICUTH UX YACTOTY, CEIECKIIMOHEPH! MPUMEHSIOT MyTareHsl, 1ydu PeHTreHa u kobanbTOBbIE
nymky. M Bce-Taku BCIIOMHUM JJIMHHBIN cricok ¢gakropoB, noBpexnaroumx JIHK, npuBenenHslii B
Hayajle 3TOW IIaBbl. ECiIM NpPHUHATH, YTO M3MEHEHMS MAYT TOJBKO B pE3yNbTaTe OTIICIUICHUS
IIYPUHOBBIX OCHOBAHWI, MpPU CIydallHbIX M3MEHEHUsX TeMmeparypel u PH , To mpocroil pacuer
MTOKa3bIBAET: IAXKe MPHU 3TOM KIETKU Ka)JI0TO ueroBeKa Tepsuid Obl 50 ThICSY HYKICOTHIOB B CYTKH!
3a 70 ner ku3HU yenoBeK nmorepsin 0bl 40 MPOLEHTOB BCeX MYPUHOBBIX OCHOBaHMH. S CHO, 4TO MBI
npuiwin K adcypnay. Ilpu takom Temiie oH mpocTto He A0Xua 061 g0 70 net, a morud eme B yrpooe
Mmatepu. Ha nene mroau mopodl BIBOE NEPEKPBIBAIOT JTOT BO3pPACT M YMHUPAKOT OTHIOAb HE H3-32
HEJI0CTaTKa IIypUHOB.

Crnenyer npuiTH K BBIBOJY, YTO T€HETHYECKHE IPOTPAMMBI 3aJ0XKEHHBIE B KaKJOM M3 Hac,
YpE3BBIYANHO TOMEX0YCTOHUYNBBI. CTaOWMIBHOCTh WX ONPEACTSAETCS OTHIOAh HE XUMHUYECKOU
MHEPTHOCTBIO, a LEJbIM PSAIOM OCOOCHHOCTEH CTPYKTYphl M CHELUAIbHBIMH CHCTEMaMH, KOTOpbIE
OTQUIBTPOBBIBAIOT MOMEXU WJIM KOPPEKTHPYIOT ONEYaTKHM — KaK BaM YroJHO — Ha KaXKIOM HOBOM
ITOKOJICHU U KIIETOK.

I[TepBbIif U3 MexaHU3MOB OOpPBHOBI C TOMEXaMH, CaMblii IPOCTOM, HO HE caMblil 3P PeKTUBHBIH, —
MOBTOpPEHHUE, AyIIUKalus. BcnoMHUM, 4TO y KaXXA0TO M3 Hac B KIETKaX IO JiBa T€HHbIX Habopa, OT
OTIIa U OT MaTepH.

Ecau B 01HOM M3 HUX IPOU301IUIAa MYTalUs 10 BA)KHOMY I'€HY, Mbl MOKEM 3TOTO U HE 3aMETUTb:
reH BTOPOTo Ha0Opa KOMIIEHCHPYET MYTAIMIO U OHAa B (DEHOTHIIE HE MPOSBHUTCS, HO TOJBKO JO TEX
nop, Ioka 00a OJMHAKOBO IOBPEKICHHBIX TI'€HAa HE BCTPETATCS B OJHOM OIUIOJAOTBOPEHHOMN
SULICKIETKE. BeposTHOCTh 3TOTO MOBBIMIACTCS TMPU OIM3KOPOJCTBEHHOM CKpenmmBanuu. Hemapom
3aKOHOJATEJILCTBA BCEX CTPaH 3allpeIlaoT Opaku Mexay OJU3KUMHU POJCTBEHHUKAMU.

VY IOJMILIONI0B TEHOM HAIIOMHHAET TOT Pa3roBOP JIBYX CYAOBBIX PaJUCTOB, O KOTOPOM S YK€
BcriomMuHal. OJHAKO STOT MEXaHM3M OYEHb YXK NPAMOJIMHECH M BeleT K OONpIMM 3aTpaTaM H
ocnoxkHeHusM. [IpakTuunee n1yonupoBaTh HE BECh T€HOM, a JIMIIb HanOoJiee BaXKHbIE €ro yacTH. Tak
OHO U €CTb, BakHelme nociaenosarenbHocty JIHK mpeacrasiens! y BBICIIMX OpTaHU3MOB MHOTUMU
JIeCATKaMH, a TO U COTHAMH KOIIMM, HallpUMep T€ T€HBI, B KOTOPHIX KOAUPYIOTCS siiEpHbIe OCNKH —
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ructonbl. IlpuMeudaTenbHO, YTO MHOTOKPATHO AYOIMpPOBaHbl B OCHOBHOM HE€ CTPYKTYPHBIE I'€HBI,
KoJUpyroume Oenku, a peryasropuble. CTpyKTypHbIE TE€HbI B OCHOBHOM CBOEH Macce YHUKaJIbHbI. DTO
UMeeT TITyOOKHI CMBICI: U3MEHEHHE KaXJI0ro Oelka MMEEeT IIAHC NPOSBUTHCS B (peHOTHIIE, YTOOBI
IIPOMTH OLIEHKY Ha MOJIE3HOCTh B TOPHUJIE HBOJIFOLIMOHHBIX MPOLIECCOB. A BOT PETYJIATOPHBIE CUCTEMBI
00s13aTeNbHO JOJDKHBI cpaboTaTh, MPENOCTaBUTh ATOT IMIAHC CTPYKTYpHOMY reHy. [losTomy oHu
JIOJDKHBI OBITH MHOTOKPATHO JTyOJTMPOBAHBI.

MyTauma
ynetpa-Bar

X pomocoma
B ydacTee Bar

Hopmanexsii MyTalun MyTauun
rnas Bar yneTpa-Bar

Puc. 34. Hasepxy — nekomopbie Mymayuu 21a3 nio0o8ot Mywku opo3ogunel. I enemuxam oueHs
noee3no, umo y Hee, KAk u Opyeux OBYKDLLIbIX 6 KIeMKAX CIIOHHbIX Jicelie3 UMEHMCs SUSAHMCKUE
xpomocomul. OHu nonepeuno ucuepuenvl, Kaxcoas NojocKa 8 Nepeom NPUOIUNCEHUU COOMBEN CMEYem
00HOMY 2eHy. Yoanocy noxkazamv, umo mymayus Bae, bonee yem 8060e CHUMICAIOWAs YUCTO pacemoK
6 2nazy, 0bycnosiena yosoeHuem, Oynaukayuell 00Ho2o eeHa. Ecau dce een ympausaemcs (Mymayust
yaempa-Baz) acemru npaxmuuecku pedyyupyromcsi.

Ortoro mano. Ha 3ape 3Bomtonnu, B 310Xy CTAHOBJIEHUS IeHEeTHYecKoro koxaa, tpumiersl JJHK
KOAUPOBAJIM AMUHOKHCIIOTHI, [0 BCEW BEPOATHOCTH, HE CTOJIb JKECTKO Kak ceruac. B pesynprare
BO3HMK BECbMa IIOMEXOYCTOMYMBBIA MEXaHU3M KOJWPOBAHU I AMUHOKUCIIOT TPOMKaMH HyKIEOTHIOB,
OCOOEHHOCTH KOTOPOTO OITMCaHbl COBETCKUM Oumodusnkom M. B. BonbkeHmreitHoM. MOXHO
CPaBHUTbH IPUHILIMIIBI IOCTPOEHUS TEHETUUYECKOTO Koja ¢ nuurye manmukoid Ocrana bennepa. Kax
Bbl, KOHEYHO, IOMHHUTE, MalllMHKa KOHTOPHI 110 3arOTOBKE POrOB M KOIBIT UMeJa KaBKA3CKUM AKIIEHT:
y Hee He ObLIO OYKBBI «€», U €€ MPHUILIOCh 3aMEHATh OYKBOM «@» (...NMPUI0KIHUA. b33 npunoxsuuit).
[Touemy >xe BEIMKHI KOMOWHATOp 3aMEHHII «€» OYKBOU «3», a HE Kakoi— nubo npyroit? D10 BceM
MOHSTHO: TToA0upanack OykBa, Hanbosee Ou3Kas 1Mo 3By4aHuto. J[pyras Obl MCKakaja CMBICI CJIOBa.

Heuto nogobHoe NpOMCXOAUT IPHU MYTALUSIX CTPYKTYPHBIX T€HOB. ['€eHeTHYEeCKUI KO/l YCTPOEH



Bopuc Muxaiijiopud MeJHUKOB: «AKCHOMBI OHOJIOTHI 87

TakuM 00pa3oM, YTO BO MHOTUX CIIy4asX CMbICI TpUILIETa HE HU3MEHseTcsd (KOOUpYeTcs Ta JKe
AMMHOKHCJIOTa) WM W3MEHSETCS HE3HAYMTENIbHO. A 4YT0 3HAYUT — He3HauuTenpbHo? CHoBa
rpaMMmaTiyeckas aHajorus. bykebl ObIBAIOT IVIACHBIE U COTJIACHBIE. AMHUHOKHCIIOTBI U OCTaTKHU HX,
ciararonme OenKu, NeNATCS Ha MOJIIpHbIE U HEMOJISIPHBIE.

OTan4aroTcst OHU 110 B3aUMOJEHUCTBUIO C MOJIEKYJIAMHU BOJbBI — IIOJIIPHBIE AaMUHOKHUCIIOTHI, TAKKE,
KaK JM3UH, TUCTHIUH, QpTUHUH U JIpyrue, NpUTIrUBaoT Moiekynsl H20 | «cmaumBaroTcs» BOAOIO.
Henonsipaple aMUHOKHUCIIOTBHI, TaKde, KaKk TJIWIUH WA JK€ aJlaHuH, Ooyiee TUApO(PoOHBI, OHH
OTTAJIKMBAIOT MOJIEKYJIBI BOJbI M OXOTHEE B3aUMOJEHCTBYIOT APYT C APYTOM.

YepenoBaHueM MOJISIPHBIX U HETIOISIPHBIX aMHHOKUCIIOT B OEJKE ONpeAeNsieTCs] €r0 TpeTHIHas
CTpyKTypa. HemomsipHble OCTaTKu CIUMAOTCS APYr C APYTOM MOJISPHBIE B3aUMOACHCTBYIOT C BOJOH U
B pe3ynpTare  oOpa3yercst  CIOXHas dopma,  mOpoil = HAMOMHUHAMOIQ@S  TBOPEHHE
cKyabnTopa-adbcrpakuuonucta. C TOM ML pa3sHULEH, YTO OHa cojepXkareiabHa: CTPOro
COOTBETCTBYET BBIMOIHAEMOM 3TUM OEJIKOM (PYHKIIUU.

A 4yro Oymer, eciu B pe3ylbTaTe MYTallMd TOJSAPHBIM OCTaTOK B O€lIke CMEHUTCS Ha
HEeMoJSIpHbIA (M Haobopot)? dopMa MOJIEKYJIbI MOKET HW3MEHHUTBhCS HACTOJBKO, 4TO OENoK He
CMOXET BBINOJHATE CBOIO (yHKUIMIO. ['eMornoOuH He OyaeT CBA3BIBaTH KUCIOPOX, (EPMEHT He
CMOJKET YCKOPSTh XMMHUYECKYI0 PEAaKIMI0, U OpPraHu3M, HOCUTEIb JTAHHOW MYyTalliH, CKOpEE BCETO,
MOTUOHET.

Tem, 4YTO 3TO NPOMCXOAUT OTHOCHUTEIBHO PEIKO, MbI 00s3aHBI XUTPOYMHOMY YCTPOMCTBY
TeHeTHYEeCKOTO Ko1a. Eme Toraa, korna Mex 1y aMIHOKUCIIOTaMU B OelTke M TPOWKaMU HYKICOTH/IOB B
HYKJIEMHOBOM KHCIIOTE HE OBLIO KECTKOro cOoOTBETCTBHS (opdorpadus eme He ycTaHOBHIIACH!),
HBONIONMS OTOOpana Hauboyiee MOMEXOYCTOWYUBBIA BapuaHT. [Ipoune KOHKypeHIIMM C HHM He
BBIJIEPKAIN U COLUIN C )KU3HEHHOH apeHBbl.

Kak cmpaBnsercs ¢ momexamu TeHETHYeCKHil koa? Bo3pMmeM mjisi mpumepa KaKyro-HUOYIb
aMHHOKHCIIOTY. AnanuH B MatpuuHoit PHK MokeT KoaupoBaTbes 4eThIPhMSI CHMBOJIAMH :

'y, r'ar, 'HA, T'il'. Herpyaao coobpa3utk, 9To Jito0as 3aMeHa TPEThel «OYKBBI» B KOJOHE
HE M3MEHUT €ro CMbICia, B OEJOK BKIIOYUTCS TOT ke anaHuH. Ho ecTb W Japyrue aMHHOKHUCIIOTHI,
KOJMpPYeMble MEHBIIIMM YHCIOM TPHUIUIETOB (HampuMmep, acmapariHoBas. W TIyTaMUHOBAs).
Okazanoch, 4YTO 3a HUCKIIOYEHHEM TeX CJydaeB, KOTJAAa B pe3ylbTare MYTallUM BO3HUKAET
OecCMBICIIEHHBIN KOJIOH, MOJSIPHOCTh aMUHOKHCIIOTHOTO OCTaTKa HE MEHSeTCs. 3HAUUT, HE U3MEHUTCS
CyHIecTBEHHO U (opMa OENKOBOM MOJIEKYJabl, M €€ MPHUTOJHOCTh Ui BBIIOTHEHUS (DPYHKIUU.
HecmoTtps Ha onmoOKy, «@IpodyecTb» MHCTPYKIHUIO MOKHO. Yem He manmmHka Octana bennepa?

B o6mieM, 13 526 BO3MOKHBIX 3aMEIIeHUH (OMATH Jk€ He cunTasi 6eCCMBICICHHBIX, OOPBIBAIOIIM X
cuHTe3 Oernka), 364, 6oyiee yeM JIBe TPETH, HE MEHSIOT MOJISIPHOCTh aMHHOKHUCIIOTHOTO OCTaTKa. XYKe,
€CJIM MYTallMs 3aXBaThIBAET HE OJUH, a /IBA, a TO U TPU HYKIEOTHA, HO BEPOSITHOCTh TAaKUX M yTallli
MHOTO MEHBbIIE.

Ho camoe umHTepecHOe 5, KaKk OOBIYHO, OCTaBMJ TOJ KOHEl. Benp W pe3epBHbIC TeHBI, U
0COOEHHOCTH KOJAMPOBAHUS, CHUKatoMMe 3 (Hh(HeKT MyTaluy, B KOHEUHOM CUYETEe — TACCUBHBIC CPEICTBA
00pbObI ¢ TOMeXaMU. Y T€HETHYECKUX IPOrpaMM BCEX OPTaHM3MOB, HauMHas ¢ OaKkTepuil U KOHUas
YeJI0BEKOM, €CTh BEChbMa JCHCTBEHHbIE MEXaHU3MbI AKTUBHOM 3allMThl. TaKue MpoIecchl Ha3bIBAIOTCS
penapalnoOHHBIMU.

Penapanus [IHK aktuBHO 3anMIaeT I€HETUYECKYK NPOIrpaMMy KIETKA OT IOBPEXACHHIL
PaccmoTpuM ouH U3 ee MEXaHM3MOB Ha KOHKPETHOM IPUMEpE.

VYnprpaduonaeToBrie JIydd — MOINHBIM MyTareHHbIA (aktop. Hambosee yacTo OHHM BBI3BIBAIOT
XapaKTepHbIE MYTAallUM — CIIMBKM JBYX COCEOHUX NMUPUMHAMHOBBIX ocHOBaHUW (LI m T). Takue
CIIMTBIE OCHOBaHUS HE MOT'YT ObITh TpaHckpuOupoansl B MPHK, u nponecc aynnukanuu JIHK Ha
HUX TaKKe KOHYAETCHL.
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Puc 35. Opeanusm axmusno 3awuwjaem ceou ceHemuyeckue npocpamMmvl OM GHEUIHUX
so30eticmauti. [lonycmum, na yuvacmre JJHK (1) soznuxno nogpesxcoenue. Keanm ynompaghuonema,
NPOHUKHYS 8 A0PO, 8bI36AJl CULUBKY 08YX COCEOHUX NUPUMUOUHOBBIX OCHOBAHUU, BOZHUK OUMEp MUMUHA
(2). IHK ¢ maxum oeghexmom He modcem pabomams, cunmesuposams ceos uiu PHK. Monexynvl
depmenmos JJTHK— u PHK-noaumepas, 00tios 00 cuugKu, 3acCmpsHym Ha Hell, KaK 3acmpesaenm 3aMOK
3aCmenHCKU-«MONIHUUY, eclu 6 Hee nonana Humka. Ho ne 6ce nomepsno, Ha nomowp npuxoosm
Gepmenmoi-penapasvi. FHOOHYKILeaA3a «omcmpuzaemy nogpexncoeHuvlll yuacmox (3—4), a opeww 6
0gotiHoll  cnupanu Odocmpausaemcs opyeum Gepmenmonm, JHK-nonumepasot, no ocmasguetics
KoMnjieMeHmapHou  Humu-mampuye.  JlocmpoenHvlil  ompe3oK — npumiueaemcs K - cmapou
nocne0o8amenbHOCMu pepMeHmom aueasol. Imom npoyecc maxdice aKmueupyemcsi cemom, Ho
bonee Onunnogonnosvim (300—600 Hnanomempos). Tax umo, eciu Xxomume COXPAHUMb CEOU




Bopuc Muxaiijiopud MeJHUKOB: «AKCHOMBI OHOJIOTHI 89

2eHemuyecKue npocpammbl 6 YeloCmu, He 3azopatme Ha nasaice, a 2peumecs )y KAMUuHa.

Penapasvr  «pemonmupyromy yuacmku JHK, K KomopvlmM NpucoeouHumucy MoaeKxyibl
Mymazeno8, paspviévl Humell u owudOKu chnapuéanus. B nopme ocmaiomcsa auwb 0onu npoyenma
BO3HUKATOWUX MYMAYull, HO U 3M020 00CMAMOYHO, YMobbl 0Oecneuums Mamepuaiom 380aI0YUIO.

U Torna Ha MOMOTIIE MPUXOIAT (hepMEHTHI-pernapas3bl. OHU BBICTPUTAIOT KYCOK C TIOBPEXKICHUEM,
u B gasornHoi HuTH JIHK oOpasyercss Opembs. Marpuiieid sl 3allOJHEHHS Opemm CIIYXHUT
COXPAaHUBIIMICS KYCOK KOMIUIEMEHTAPHOU IOCIIEI0BATEIBHOCTH, MO HEM CTPOUTCS Yy4aCTOK B3aMEH
MOBPEKJICHHOTO M MPUIIMBACTCS K CTApOH HUTH O0COOBIM epMeHTOM-Tura3oi. JIto0ombITHO, YTO ATa
TOHKasi TOPTHsOKHAs paboTa akTHUBUPYETCS CBETOM, HO He yinbTpaduoieToBblM, a Ooiee
JUIMHHOBOJHOBBIM M3JIyd€HHEM, BILIOTH 10 HUH{(pakpacHoro (s denoBeka — 300-600 HaHoMeTpoB).
Tak 4TO ¢ TOUKM 3pEHUsI OXPaHbl TEHETUYECKUX IPOrpaMM IOpas3zio MoJe3Hee IPeThesl Y KAMUHA, YeM
3aropath Ha IJISHKE

Penaparus neunt tawke mecrta, rae u3 JHK dmyxryanusmu temmepatypsl u PH  BhIpBaHbI
MYPUHBI Y4aCTKU MOCIEA0BATEIbHOCTEH, pOopearnpoBaBie ¢ MyrareHaMu, OIMOOYHO CapeHHbIe
Hutu JIHK, a Tak jxe 0JHOHUTEBbIE pa3pbIBbI, 00YCIOBICHHBIE )KECTKOM paanaluen.

A eciu MOBpeXXACHUE 3aXBaTUIIO0 00e HUTHU? 311eCh paboTa ClIOKHEee, HO penaparius CrpaBJsieTcst
u ¢ takumu Jedexramu. OmucaHbl clydad pernapamuu, Mo KpailHed Mepe, 4YacTH JIBYHHUTEBBIX
pa3pbIBOB U nornepeyHsIx cimBok HuTer JJHK.

[To-BuauMoMy, penapupyrolMe CHUCTEMbl HCIPABIAIOT HE MeHee 99 mpoleHTOB Bcex
BO3HMKAIOIIM X MYyTallMii, Aesas ®HU3Hb BOOOIEe BO3MOXKHOI. TeM caMbIM BOIIPOC O HEAOCTATOYHOCTH
MyTaui JUisi 00bsSCHEHUs SBOJIOIMOHHOTO MPOIEcca CHUMAETCS: MYTallMii HE MHOTO U HE Mallo, a
POBHO CTOJIBKO, CKOJIBKO MX IPOITYCKAeT pernapalioHHbIN Oapbep.

[Touemy >xe pemapasbl WHOTZIA He cpadarbiBaioT? Bo-TepBBIX, TEHBI KOAUPYIOIHME WX CHHTES3,
TaKoKe MOJABEPKEHbI MyTallUsIM. B TakuX ciydasx pe3ko BO3pacTaeT CKOPOCTh BCEX MPOUYUX MYTAIUH,
0COOEHHO XPOMOCOMHBIX pPa3pbhIBOB («CHHIPOM JIOMKOCTH XpOMOCOM»). Bo-BTOpBIX, HH OfHa
cucTeMa, MoJ00HO HAa0OpUMKAM U KOPPEKTOpaM CYBOPHHCKOTO HM3ATEbCTBA, HE MOXKET paboTaTh
a0co/1ioTHO Oe30mmO04HO . B-TpeThux, cucrema penapas paccuMTaHa Ha HEKUW CpelHUN YpOBEHb
MOMEX, HO BeIb HEKOTOPHIE IMOMEXH MOJIBEPKEHBI (WIYKTyaIl[MsiM M 4acTh OpPTAaHU3MOB HEHM30€KHO
momnazaeT B YCIOBHSA, KOTAa pemapamus He chpasisercs. K cokaneHuio, B HAIlMX COBPEMEHHBIX
YCIIOBHUSAX, KOTZIa PE3KO BO3POC PaAMallMOHHBIA (OH, a BO3/YyX, BOJA U MHILA HACHIIEHBl MyTareHaMu
cuctema penapauuii paboraer Ha npenene. Camoe CTpalHOE, YTO MOMKET 0XHAATh (M CclenaTh C
co00if) yenoBeuecTBO — ATO TepMosaepHas BoliHa. Ee Hamm penapaliioHHbIE CHCTEMbI, BHE BCAKOTO
COMHEHUSsI, HE BblepKar. W momxurarenn BOMHBI, €CIM HE 3aXOTAT 00peub ce0s Ha MOXU3HEHHOEe
3aKTI0OYEHHUE B aTOMOYOSXKH IIAX OYIyT BRIHYXKACHBI BRINTH B 0OpEUYCHHBI HA THOETh MUD, TAC JaXKe
KPBICBHI Oy/IyT OTpaBJICHBI.

B Teuenue Oonee uYeM TpeX MIULIMAPJOB JIET IPOLECC SBOJIONUU CO3/1aBajl YyJICCHBIN
MEXaHU3M, CIIOCOOHBIN MOAIEPKUBATh CBOIO CTPYKTYPY U II€pe/laBaTh €€ U3 MOKOJICHHS B ITOKOJICHHE.
bbuto Obl YyTOBHIIHBIM MPECTYIJICHHEM Iepel CaMOM JKU3HBIO YHUUYTOXHTb €r0 B CUMTaHHBIC
MUHYTHI SIIEPHOTO KaTaKIN3Ma.

B koHeyHOM cyeTe MpUMEHEHHE SJIEPHOrO OpYKUsS — BOWHA MPOTHUB OyIyHnMX, ele He
MOSIBUBIIMXCSI Ha CBET IMOKOJEHWH. W He Tonbko simepHOro opyxus. BcnmomMHMM oHY W3 caMbIxX
ITO30PHBIX CTPAaHMI] AMEPUKAHCKOW BOMHBI BO BbeTHame. [lox mpemioroM yHWYTOXEHHUS JUKYHIVIEH
KaKk yOexuIla MmapTH3aH aMepUKaHCKas BOCHIMHA cOpOCHJIa Ha MHOTOCTPaJalbHYI0 BHETHAMCKYIO
3eMJII0 OKOJI0 80 MUJUIMOHOB JTUTPOB SI0B.

51 He 3Hat0 (OopMyYNBI ATOTO s/1a; M3BECTHO TOJIBKO €T0 YCJIOBHOE Ha3BaHHE — OPAH)KEBBIN,
«OpPUHDK» — IO LBETy KOHTeiHepoB. Ho, mo-BuAMMOMY, 3TO CHUJBHEHIMN MyTareH W3 paspsaa
CYIlepMyTareHoOB — TUIIa HUTPO303THIMOUYEBHHBI UJIH YK€ MPOU3BOIAHBIX UIIpUTA. Jl0 CHUX MOpP THICAYU
KIJIOMETPOB BBETHAMCKOM 3€MJIM OCTAlOTCS MEPTBBIMH, Ha HHX BBIPACTAIOT JIMIIb YPOIIHBBHIC,
Hens30exHo morudaronme aepeBbs. B Toil unm uHOIM Mepe s moraia B OpraHu3Mbl He MEHee JeCATH
MPOIIEHTOB HaceleHus BbeTHama, COTHM THICAY JKCHIMH OECIUIONHBI WIHM K€ POXIAIOT Ha CBET
OOJIbHBIX JeTel ¢ aHOMaIusAMHU pa3BUTUS. «OpHUHIK», KaK OyMepaHr, yaapuil U IO arpeccopam: y
ThICAY OBIBIIMX aMEPUKAHCKMX U aBCTPAIMHUCKUX CONJAT J0 CHX MOp pOXKIaroTcsa AeTH-yponsl. Ilo
BCell BEpOATHOCTH, MyTareH BBI3BIBAET MHOKECTBEHHBIE abeppaIiui, MOJIOMKU XPOMOCOM.
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OTta MpauHasi OblIb XOpPOLIO WILTIOCTPUPYET MPOOJIEeMY: «MHOTO MyTauui uim mano». Kak Bbl
BHJIUTE, MaJieiilliee TPEBBIIICHHE MYTAllHOHHOTO (DOHA TSHKENIO CKA3bIBACTCS HA CYAbOAX MOIMYISIUMA .
[ToMeX0ycTOHUYMBOCTh T'€HETUUYECKMX MpOrpaMM He OecnpesesibHa: OHA JocTUIa onTuMyma (0e3
MONPAaBKU HA YENIOBEUECKUE ACTHUS).

B 3axroueHue paccMOTPUM HECKOJIBKO THIOTETHYECKH X MOJOKEHUH U3 paspsiga: «Urto ObLIo
Ob1, ecmu Obl...» Tak BOT, 4TOo OBUIO OBI, €cmTu OBl TCHETHYECKHE IPOTPaMMBbI 00JaTaTH
CTOIPOIIEHTHON CTaOMJIBHOCTBIO M HHKakue (HaKTOphl, KaK BHEIIHHE, TaK U BHYTPEHHHE, HE MOTIHU
HapylUTh CTPYKTYypY I'€HOB?

SlcHO, YTO PBOJIOLMS B TAaKOM Cllydae HE MoOIJa Obl HAyaThCs: OHA HE uMMena Obl s ce0s
MaTtepuana. I Mbl 10 cux mop mpeObiBaiu Obl Ha CTaJUU MPOCTEHIMX OpraHu3MoB. boiee Toro,
COMHUTEJIBHO, YTOOBI MBI JIakKe JOIUIM A0 3TOi cTaguu. EcTh Bce ocHOBaHUA moJiaraThb, 4YTO OTOOP
CIIy4ailHbIX U3MEHEHU N — HE TOJIBKO JBUTATENb IBOIIOLUHU KU3HU, HO U IPUYMHA €€ CTaHOoBJIeHUs. be3
MyTanuit oTobop 6eccuseH.

DTO, KCTaTH, CYIIECTBEHHBIN JIOBOJ MPOTHUB BO3MOXHOCTH CYIIECTBOBaHHUs BO BceneHHoM
KaKuX-IM0O0 KPEMHUEBBIX WM MeTajuindeckux ¢opm xu3Hu. CydcTpar Juisi Hee JOJDKEH ObITh
JIOCTaTOYHO JIaOUJIeH, )KU3Hb BCET/Ia UJIET 110 JIE3BUIO OPUTBHI.

A ecnu Obl BCe MYTAallMM TNPEKPATHIIUCh ceiiyac M BCE I'€HETUYECKUE MPOTpaMMbl CTalU Obl
ctabuipHBIMI? OCTaHOBUIIACH OBl TOTIA DBOJIFOLIHS?

He cnenmre ¢ orBeToM. Jleno B TOM, YTO BCE BBICIIME OPraHM3MbBI B HOPME MMEIOT JIBOMHOU
HaboOp XpOMOCOM, JIBOHHOW Habop reHoB. MyTanuu OOBIYHO MPOSBISIOTCS B NMpHU3HAKaxX (EHOTHUIIA
JUIIH B TOM CIy4ae, €Cii YHAcleA0BaHbl U OT OTIa M OT MaTepH.

COBOKYITHOCTH TE€HOTHIIOB MOMYISIUNA BCEX OPraHMW3MOB, Pa3MHOKAIOLMXCS MOJOBBIM MyTEM
(reno poHIBI), XpaHAT OTPOMHBIN 3arlac MYTHPOBABIIMX TOTJA-TO TEHOB. ET0 XBaTHUT el Ha THICTIH
MOKOJICHUH, J1a)Ke €ClIi TeHETUYECKUE CTPYKTYphl He OyIyT O0bIe U3MEHAThCA. Tak YTO 3BOJIOLUS
BBICIIIMX OPTaHU3MOB HE OCTAHOBUTCS.

A OGakrepun? Y HHUX TOJBKO OJUH HAaOOp T'€HOB, HET 3allacOB «TeHETHYecKo mamstu». Ho,
oOMEeHHUBasCh JPYr C JAPYroM T'eHaMH 4Yepe3 IUIa3MUJIbl U BUPYCH, OHU TaKKE MOTYT YCIEIIHO
MPOJOJDKATh CBOIO CTPAHHYIO 3BOIOIHIO — MMpUCIIocobeHme 06e3 mporpecca.

A Ttenepb nepeizieM K ocineaHeN, 4eTBEPTOl akCHOMe OMOJIOTHH.

Akcunoma yeTBepTasda U nocrieaHAA

W3 BTOpOTO Havana TEPMOAMHAMHUKH, O KOTOPOM T'OBOPUJIOCH B Hauajie 3TUX OYEPKOB, BBHITEKAET
Ype3BbIUAaiHO Ba)KHOE CJIEJICTBUE: HENb3SI MOJYYUTh YHEPTHIO TOJIBKO OTHHMAs y KaKoro-iumbo tena
teno. IIpu 3ToM HYXHO HarpeBaTh Kakoe-TO JPyroe Telo.

[ToMHI0, KaK BOJIM3H YKBATOpPA MBI MOJHUMATHN C KAJIOMETPOBOM TTYOUMHBI OOJNBINON OaToMeTp:
W3 HEro NOTeKIa JieAsiHas BOJIa, a Ha MOBEPXHOCTU TeMIleparyp a Obuia 3a Tpuauare. [locie BaxTol s Ha
JI0CyTe CTaj U300peTaTh HeKuil renepatop sHeprun. COCTOATh OH JOJKEH ObLI, HACKOJIBKO TOMHIO, U3
JBYX paJiiaToOpOB, COCTUHEHHBIX JABYMS TPyOaMH KHJIOMETPOBOW JIMHBI. JIerkoKumsmas KuaKoCTh,
Harnozo0ue ¢peoHa, BCKUMAlla B BEPXHEM, IJIABAIOLIEM Ha MOBEPXHOCTU MOpS, paguaTope; mapsl ee,
MPOKPYTUB 1O J0OpOre TypOMHY, KOHICHCHPOBAJINCh B HUXHEM. Takoil TeHepaTop oxiaxjaan Obl
MOBEPXHOCTHYIO BOAY M MpOrpeBall T1yOnHHYy0. He Oyap conHIa, OH, KOHEYHO, OCTaHOBUJICS OBbI, KaK
TOJIBKO TEeMIIepaTypbl HaBepXy U BHU3Y cpaBHsUIMCh. CucTema mpuipria Obl B paBHOBECHOE, CaMoOe
BEPOSITHOE COCTOSIHUE. TEeIIoTa caMONpon3BOIbHO HE MOYKET MEPEXOAUTD OT XOJIOJHOIO Tela K MEHEE
xonogHomy. HaoGopoT — moxkanyiicra.

Ho rtemnora — 3TO KMHETHYECKas SHEPTUS XAOTUUYECKH ABMXKyHMXCS Mojekyn. Cucrema
«T1apOBOM KOTEN — XOJOIUIBHUK» C pa3HULIEW TEMIIEpaTyp MEHEE BEPOSITHA, UEM CHUCTEMA, BO BCEX
q4acTAX KOTOPOM CpelHsAs KUHETHYeCKasi SHEprus Cllaralollx ee MOJIEKYJa oJuHakoBa. Bo BTopom
ClIydyae MaKCUMyMa JOCTHUIAET S3HTPOIMS — TaK HA3bIBAIOT OMEPTBIECHHYIO SHEPIUI0, KOTOPYIO HEJb3s
PEBPaTUTh B paboTy. A SHTPONUIO (U3UKU OMPEACISIIOT Kak Jorapu(M BEpOSTHOCTH COCTOSIHUS
CUCTEMBI. Xa0C BEpOSATHEE CTPYKTYPhl — JIIOJIM MOHUMAJIM 3TO Bcerna. VIMEHHO SICHBIM CO3HaHHEM
TOTO, YTO TOPSIOK HE MOKET BO3HHUKHYTh M3 Oecropsika, OOBSICHSIETCS CTOJb paHHEE CTaHOBJICHUE
JBYX TMPOTUBOOOPCTBYIOLMX TEOPU pa3BUTUs — NpedopMu3Ma M JMHUTeHe3a (CMOTPH aKCHOMY
nepByro). Ho, moxanyi, muups Benukuit ¢usuk Jlronsur bonbliMaH B MpPOIUIOM BEKe BBIPa3Uil 3TO
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KOJIMYECTBEHHO.

M HEeBO3MOXXHOCTb CO3/1aHUsI BEYHOIO JBUTATENI BTOPOTro poja, Npu paboTe KOTOPOro
BO3HUKACT, a HC BLIPABHUBACTCA PA3HOCTHL TCEMIICPATYP (I/IJII/I HaBHCHHﬁ, WM SJICKTPHUUYCCKHUX
MOTEHIIMAJIOB), CTaja yXKe CIeACTBHEM OoJiee 00IIero 3aKkoHa CaMOIPOM3BOJIEHOTO TIEPeXo/ia MopsiaKa
B OECTIOpSIOK.

Bce MBI 3HACM, 4YTO MJIA HABCIACHUA MOPAAKA B KBAPTHUPC HIIN XOTA Obl Ha MHUCBMEHHOM CTOJIE
TpeOyeTcsl 3aTpaTUTh KaKylO-TO JOJI0 3HEPTUU. A BOT OecropsaoK BO3HUKAET CaM, €ro CIEeLHAIbHO
CO3JaBaTh HE HY)KHO.

UYroObl MOCTPOUTH JKUJUIE — OT MNEPBOOBITHOM XWKHHBI JO BBICOTHOIO JOMa, — JIIOJIU
3aTpauyuBalld YHMy SHEpruu. A cyap0a uX TBOPEHUH, €ClU UX IPeI0CTaBUTh caMUM cebe (TO ecTh He
TPAaTUTh SHEPTUU HA MOAJCPKAHUE CTPYKTYPHI), ObLIa OAMHAKOBOW : OHU PACCHINIAINCH, IPEBPALASICH
B OecopmMeHHbIe, HO 3aTO 00Jiee BEPOSTHBIE C TOUKH 3pEHUS TEPMOJIUHAMUKU TPYIbl CTPOUTEIBHBIX
MaTepHajioB. DHEpIus, 3aTpauyeHHas Ha UX COOPYKEHHUE, B KOHIIE KOHI[OB MEpeXOiuJia B 3HEPIUIO
TCIIJIOBOTO ABUXKCHU A MOJICKYJI, OMCPTBJIAIACH.

A camu cTpyKTypbl Hanmx Ten? He HaumHaioT nu OHU B cpenHeM mocie 50 JIeT mocTeneHHO
pacragarbCs, yCTymas HENpEJIoXHOMY pOCTy dHTponuu? B KOHEYHOM cyeTre BCe YCIeXu
TEPOHTOJIOTUH JIMIIb YYTh-4yTh 3aTOPMa)KMBAaKOT 3TOT mporecc. OO0 3ToM xopomo ckasan Owmap
XanaMm:

B osmom mupe mot myopuim crvigeuib?

Hy uumo?

Bcem npumep u cosem nodaeuv?

Hy uumo?

Jlo cma nem mol HamepeHr npoxcums?
Llonycxkato.

Moowcem 6b1mvb, 00 08YXCOM NPOAHCUBEULD.
Hy uumo?

EcTb, 10 MeHbIIRH Mepe, T00pasi COTHS THIOTe3 (IT0 HEKOTOPBIM TOJICUeTaM, KX OoJiee IBYXCOT)
OOBACHAIOIMX, YTO TAKO€ CTAPOCTh U KaK C HE0 OOpOThCA. S ¢ TpyIOM yAep)KHMBaKOCh OT KEJIaHUs
N00aBUTh K HUM CTO IEPBYIO, KOTOpas KakeTcsi MHe Haubosiee obocHoBaHHOW. Ho ceifyac He 31O
ABIISICTCS. Halled 3agadeil. MBI JOJDKHBI TOHSTH, YTO BTOPOE HAYall0 TEPMOJMHAMUKU TpeOyeT
MOCTENEHHOTO pa3pyIleHUsl TeHeTHYECKUX MporpaMM Haumx KieTok. CinydaiiHble, HeMpeaAcKa3yeMble
M PAaBHOAYIHBIE K CyabOaM OpraHM3MOB M3MEHEHHS TIE€HETHMUYECKUX MpOrpaMM HPUBOIAT K
HapyIICHUIO CTPOMHOTO MOPsIJIKa moaaepkanus eHOTUIIOB. «OKuTh 3HaunT ymupathy (O. DHrenbe).

Ho »storo mano. Beap wieTku — nmpenmiecTBEHHUKU raMeT (SHLEKIETOK U CHEPMHUEB) — TaKKe
MOJIBEP)KEHBI MYTallMsM, KOTOpBIE, Oy[e 3TO CIY4UTCs, MEPEeUayT B ClIEAylollee MmokoieHue. Jletu
nepeagyT uX BHyKaM J100aBJIEHMEM HOBBIX (BCIIOMUHAKOTCS JPEBHEPUMCKHE CTUXH: «OTIbI ObLIN
XyXKe, 4YeM Jie/ibl — HaC HEroJHBIX BbIpacTHiIN»). [lomyyaercs, 4To Urpa B UCHOPUYEHHBIH TenedoH OT
MOKOJICHUS K TIOKOJICHWIO B KOHIIE KOHIIOB IPHUBEAET K IMOJHOMY Pa3pyIICHUIO CTPYKTYp HAIIMX
OpPraHU3MOB, TOPXKECTBY SHTPOIHUH.

Wrak, Mbl IpUIUIH KaK OyJTO K IeYaJbHOMY BBIBOJY: XaocC MoOexaaeT cTpykrypy. CinydaiiHble,
HEHAIpaBJIECHHbIE W3MEHEHUs TeHETHUYECKUX IPOTpaMM JOJDKHBI, HAKAIUTMBASCHh W3 TOKOJCHHS B
IIOKOJIEHUE, paspyliaTb M caMH IpOrpamMMmbl, U Te (EHOTHIBI, KOTOpPblE€ 3TUMH HpOrpaMMamMH
KOJPYIOTCSL.

Ecmu Ovr BBIBOI OBLT TONBKO TedaneH. Ho Beap oH m HeBepeH! Bce MBI OTIMYHO 3HaeM, 4TO
CTPYKTYpBI JKUBBIX OPIaHU3MOB COXPaHSIOTCS OT IOKOJEHMS K MOKoleHUo. bonee Toro, Mbl 3HaeMm,
YTO B XO/I€ IBOJIIOIMH IUTO HEMIPEPBIBHOE YCIOKHEHHUE CTPYKTYp. JBa Muimuapaa jget Hazaa Ha 3emiie
oOuTanu Juib 6akTepuu U cuHeseneHbie Bogopociu. Kakux-uubyas 200-300 MUILITHOHOB JIET CIIYCTS
HOSIBJIAIOTCS.  OPraHu3Mbl C O(OPMIIEHHBIM SIpOM, IIOKAa €Ile HpPOCTEeHIIME OJHOKIETOYHBIE,
NPUMHUTUBHBIE TPUOKH. A Nanblle — KU IICYHOMOJIOCTHBIC, YePBH, MOJUTIOCKUA. 500 MUIITMOHOB JIET
Ha3a/] Ha CIICHY XU3HU BBIXOIST XOpJOBBIC. «Bek prIO» CMEHSETCS «BEKOM 3€MHOBOJHBIX», 3aTeM
«BEKOM PEeNTHIIMI» U, HAKOHEIl, Ha BBICIIME CTYMEHH B OMocdepe BBIXOAAT MICKONUTAIONME, 3aTeM
yenoBek. I'1ie ke 3aech nmodena sHTponuu?
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Ja v nogunHseTcs Jin )KMBasi NpUpoa BTOpOMYy Hadary?

Jemon MakcBesia. UYroObl penmTh 3Ty npoOineMy, BepHeMmcs Haszai. B mpormiom Beke
BeNUMKUNA (U3MKk MakcBemn Npeyiokusl IOCTaBUTh MBICIEHHBbIM skcnepuMeHT. IlpencraBsre cele,
roBopmiI MakcBen, TpyOKy, 3allOJIHEHHYIO pa3peXeHHbIM ra3oMm. TpyOka mocpennmHe paszeseHa
neperopojkoi. B meperopoake ectb 3acioHka, asepua. JlomycTuM, 4TO y ITOH 3aCIIOHKUA CHUAMT
HEKOTOPOE CYILECTBO (MJM YCTPOWCTBO), pasluyaroliee MoOJIeKyldsl 1o ckopoctsaMm. Ilycte 3To
CYLIECTBO (IEMOH) OTKpBIBA€T 3aCIOHKY Iiepell OBICTPhIMH MOJIEKYIaMH M 3aKpbIBAeT IeEpen
MEAJIEHHBIMH, TO €CTh COPTUPYET UX IO SHEPTUSIM.

B pesynaprare oTOOpa, MPOM3BOJMMOIO JIEMOHOM, OBICTpPbIE MOJIEKYNIBI COOEpPYTCS B OJHOM
IIOJIOBUHE TPYOKH, a MEJUIEHHbIE B Ipyroil. OIMH KOHel| yCTpoicTBa pa3orpeercs, Apyroi oxyiaauTes.
OOwmas sHeprusi yCTpoHCTBA OCTaHETCs MPEXHEW, Tak 4TO MepBOEe HAa4Yajlo TEPMOJMHAMUKH (3aKOH
coXpaHeHus »Hepruu) Mbl He HapyumM. Ho cucrtema mepeunuia oT 0ojiee BEPOATHOTO COCTOSIHUS K
MEHee BEpOATHOMY. [IeMOH MOIy4dHsl pa3sHOCTb TEMIEPaTyp, MMO3BOJIAIONIYI0 COBEPLIMTH PaboOTy, B
00X0J1 BTOpPOro Havaaa TepMOJMHAMHKH.

Ha pucyHke mokazaHa cxeMa, MO3BOJISIFOIIAS BOCCO3aTh MapaioKe

M,uunn

Makcpemna. CoOepute dJIEKTPHYECKYI0 Ienb ¢ JUOJ0M (WJIM WHBIM  BBIIPIMHTEIIEM),
MPOITYCKAIO MM TOK TOJIBKO B OJTHOM HarpaBiieHuH. CBOOOAHbIE 3JIEKTPOHBI B METAJIJIE HAXOAATCS B
COCTOSIHUM XaOTHYECKOIO TEIJIOBOIO JIBMKEHHS (AJIEKTpPOHHBINA ra3). Kak m Bo BCAKOM rase, B HEM
BO3ZHUKAIOT (WIYKTyallMy Mbl X HE BUJUM, HO CIIBIIIMM KaK IIMIEHUE U OTPECKUBAHNUE B TMHAMUKE
MpUEeMHUKa (TaM OHU YCHJIMBAIOTCS, U OHHU-TO Kak pa3 SBJISAIOTCS MOMeXol ciaboro curHana). Juon
JIOJDKEH ChITpaTh pPOJIb JIEMOHA: IMPOIYCKasi 3JEKTPOHBI B OJHY CTOPOHY, OH CO3[aeT pPa3HOCTh
MIOTEHIMAJIOB, 32 CUET KOTOPOH MOKHO BBIIIOJIHUTH padoTYy.

CoOpaTh Takyl0 CxXeMy B IIKOJBHOM KaOuHeTe (U3MKH — MHHYTHOE 7eno. Eme ObicTpee Mbl
yoeaumcsi, 4To MO He XkKeaeT ObITh IEMOHOM — TOK B cXeMe He Bo3HHKaeT. [Ipuunna? BepHemcs k
pUMEPY C Pa3peKEHHBIM Ta30M B TpyOKe. 3a HEMMEHUEM JeMOHa CHAOAUM 3acCIIOHKY KaKoii-HHUOYIb
NPYKHUHOM, KOTOpas MO3BOJIUT JBEpPLE OTKPBIBATHCS TOJBKO IOCIE yAapa OBICTPO ABMIXKY LIEHCA
MOJIEKYJIbI ¢ BBICOKOM »Hepruei. J[Bepia oTKpoercs, 4ToObl MPONYCTUTh MOJEKYAY, HO IPH 3TOM
OTHHMET y HEE JHEPruio0 Ha aedopmanuio npykuHbel! B cinydae ¢ sneKTpoHaMH pOib TP YKHAHBI
BBIIIOJIHSET COMPOTUBIIEHUE TUOJIA.

A ecnu y Hac Bce-TakM €cTh AeMOH? J[omycTUM €ro cymecTBOBaHHUE, BEJb SKCIIEPUMEHT y Hac
MBICJIEHHBIA. MOXXHO JIOMYCTUTh JaXXe€ M TO, YTO Ha OTKPbIBAHUE 3aCJIOHKHU SHEPTUsl HE PACXO/yeTcsl.
Ho xaxum 00pa3oM Halll IpUBpPAaTHUK y3HAET, KAKYI0 MOJIEKYNY Ha/l0 IPONYCTUTh, a Kakyto HeT? OH
JOJDKEH 3HaTh CKOPOCTh MOJEKYJ, HEMPEephIBHO IMOIy4aTh MHGOpMAIMI0 00 MX KOOpJAMHATaX B
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KaXIpIi MOMEHT BpemMeHu. Ho nadopmarus e nqaercs mapom: JI. BpuiirosH mokasan, 4To 3aTparhl Ha
pa3MueHUE MOJIEKYN C JUXBOM KOMIIEHCUPYIOT BO3MOJXKHBIN NpupocT 3Hepruu. Kak HEe BCIIOMHUTH
LIyTJIMBOE 3aMEYaHHWE O TOM, 4YTO IEPBOE HAYaJO TEPMOAMHAMHUKU YTBEPXKIAET, YTO B HUIPE C
IPUPOJON HENb3d BBIUIPAaTh, a BTOPOE — YTO HEIb3s JaXKE OCTaTbCsd «@IpH cBoux». Ha
aTOMHO-MOJIEKYJISIPHOM YPOBHE OTOOp OKa3bIBAETCSI HEBO3MOKHBIM.

A B xuBoi npupone? Tyr Bcrymaer B aelictBue npuHmmi, kotoperidi H. B. TumodeeB HaszBan
OpUHOUNOM ycunutensd. [IpaBuibHee Ha3pIBaTh €r0 IPUHIUIIOM YCHUJICHHSA TaK KaK IOJ CIOBOM
«YCHJIUTENb» OOBIYHO MOJPA3yMEBAIOT KaKoe-IHOO YCTPOHCTBO, CIEIHAIBHO CO3JAaHHOE JUIS 3TON
uenu. [loHsaThs ero aelicTBUe MOXHO U3 mpumepa, npuBoaumoro B. A. PatHepom. [lomyctum, mbl
UMEEeM  OIUIOZIOTBOPEHHYIO SIMIIEKIETKY — HOCUTEJIBHUIY MYyTallMM Kakoro-HUOyIb TeHa,
KOJUPYIOIIEr0 Ba)KHBIN Ui )KU3HU (epMeHT. B mporiecce pocta u pa3sBUTHsI OpraHu3Ma sidieKieTka
MpeBpaTHiach B MIJUIMOH MuJutHapAoB ki1eTok (1015). CooTBEeTCTBEHHO YMHOKUIUCH IeHbl. Kaxapii
reH npoayuupyer, gonycrum, cro moiekyn MPHK n na xaxnoin monexyne MPHK cuntesupyercs B
cpeaHeM cTo MoJiekyn ¢epMeHTa. HakoHen, kakmaas Mojekyna (epMeHTa B MUHYTY OCYIIECTBIISET,
ckaxkeM, 10 000 akroB kakoi-mrO0 peaknwu. Mrak, 1015¢102¢102°104= 1023. Bam, D0/KHO OBITH,
M3BECTHO YHUCI0 ABOTaspo: KOJIMYECTBO MOJIEKYI B MOJE€ IpUMEPHO paBHO 6 * 1023. BoT HacKonbko
YCUJIMBAIOTCSI PE3YJBTaThl OJHOI0-€JMHCTBEHHOTO KBAHTOBOI'O CKayKa OJTHON MyTanuu!

DTO yXe OIIYyTUMbIE KOJMYECTBA, C KOTOPBHIMH MOXKET paborarh neMoH. WM Takod aemMoH
CYLIECTBYET — 3TO €CTECTBEHHBIH 0TOOp, «IeMOH J[apBMHa» , KaK yJayHO €ro Ha3Bajl M3BECTHBIHA
OMOXMMHUK, TOMYIsipu3aTop U ¢aHTacT Aiizek A3uMoB. VIMEHHO OTOOp MpOMYyCKaeT B CIEnyroIIee
ITOKOJICHUE OPTaHM3MBI CO CTPYKTYpOH, HE CIMIIKOM CHJIBHO HM3MCHEHHOH, WM C M3MEHEHHEM,
JAIO 1M TOBBIIICHHBIE IAHCHI Ha BBDKMBAHME M JalbHEHINEE pa3MHOXKEeHME. Eciin nmpenmyiuecTBo
o0ecrieunBaeTCs yCI0KHEHUEM OpraHu3alliyd — 4To ke, 1eMOH /lapBuHa oTOepeT U MpOMyCTUT Yepes
CBOIO <GaclIOHKY» B Oyayllee upe3BbIYaHO peIKUe BapUaHThl, TaKHe, KOTOpbIE PpEAKd, Kak
CBEpXOBICTpbIE MOJEKYNbI B rase. Tak WIeT NporpeccuBHAst SBOIOIHSL.

3HAUUT JIM 3TO, YTO >KU3Hb HE MOJYMHSETCS BTOPOMY Hadady TEPMOAMHAMHKH, YTO OHA HE
MOBBINIACT, a TOHWKAeT AHTponuio? Breickazamuchk n Takue MHeHUs. Ho 3T1o 3abmyxnenue. Kus3Hb
HapyIlaeT BTOPOE Hayajo He OojbIlel Mepe, 4YeM paJuonpHeMHUK. Bce Mbl 1O meyalbHOMY OIBITY
3HaeM, 4TO OaHaJIbHBIN TPAH3UCTOP, IPUHSAB HEBOOOPA3UMO CIIA0bI CHUTHAJ, MOXET €ro YCUIIUTH 0
TaKOM CTENEHH, YTO BO3HMKHET OIacCHOCTh Ul OapaGaHHBIX mepenoHok coceneil. Ho nHa 3TO
3aTpaunBaeTcsi cBoOOMHas ’Heprusi Oarapeek. OHa pacxonyeTcs, B YaCTHOCTH, Ha IPEOJOJICHHE
COMPOTHUBJIEHUS] JAMOJOB U MPOYUX BJIEMEHTOB, IPEBPAIAACH B TEIJIO — XaOTHYECKOE JBHKEHHE
MoJieKyll. M3-3a yria cHOBa BBINVIAABIBACT YXMBUISIONASACS HTPOIUSL.

B sxu3Hu TO ke camoe. PacTeHus yTunu3upyroT JIM b HEMHOIME NIPOLEHTHI NaJalo el Ha HUX
COJIHEYHOM »Heprum (He Ooisiee ABYX HPOLEHTOB) PacTUTenbHOAHBIE KMBOTHBIC YCBAaMBAKOT HE
Oosibie 10 MPOLIEHTOB HEPTUU MU, XUIIHUKHY, HAXOAAIMECs Ha KOHIIaX MU IIEBBIX 1IeMel, — U TOro
menbie. Koadduunent monesnoro aercTBus xu3Hu cymectBeHHO Menblie KI1J[ mepBoIx mapoBo3oB
Credencona. Huduero He monenaens — Ha ycujieHue Tpedyercs sHeprus. JKu3Hb BOOOIIE U YETIOBEK B
IIEPBYIO OuYepelb B TOH K€ MEpe CHUKAET SHTpomui0 COJHEYHOM CHCTEMbI, B KaKOW KapMaHHBIN
BOPHIIIKA TTOBBIIAET HAlMOHAJIBHBIN Jox0A. OUH nepepacipeaesseT S HTPONUIO, P yroil — IeHbIU B
CBOIO ITOJIB3Y, @ B OKPYXKAIOIIEH X Cpeie KOJIMYECTBO SHTPOIIUH COOTBETCTBEHHO BO3PACTAET, 4 ACHET
— YMEHBIIAETCSL.

BaxxHo mnoguepkHyTbh, 4TO OTOOp JEHCTBYeT HE MpsSMO Ha H3MEHEHHBbIE TEHETHYECKue
IpOrpaMMbl, a Ha (PEHOTUIIBI, B KOTOPBIX KaXJ0€ W3MEHEHHE B MIIJIMAapAbl MHJUMApJOB pa3
YCUJIMBAETCS.

Bot MBI 1 mogouuu K GopMyJIHpOBKE YETBEPTOI aKCHOMBI.

Cay4aiiHple HM3MEHEHHs] TeHeTHYECKHMX IMPOrpaMM IIpH CTaHOBJIeHMH (peHOTHIIOB
MHOTOKPATHO YCWJIMBAIOTCS M NMO/ABEPraloTcs 0T00py yCJIOBUSAMM BHellIHel cpe/bl.

demon JlapBuHa. BaxxHO TOMYEpPKHYTh, YTO €CTECTBEHHBI OTOOp, TakK XKe Kak
MCKYCCTBEHHBIH, IJIe POJIb YCIOBUIl BHEIIHEN cpe/ibl BRIIOJIHSIOT TpeOOBaHUS YeI0BeKa, — HE MPOCTO
YHUYTOXKEHHE OJHMUX OcCoOel B MONYISIIMM W COXpaHEHHE JApYruX. OTo JuddepeHnnanbHoe
pasMHOXKEHHE, OOJbIIAs BEPOSTHOCTh OCTABUTH MOTOMCTBO. BOT MpoCTO#l mpuMep: JOMYCTUM, MBI
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OTIPAaBWIM B TPYAHOE MYyTEUIECTBHE Yepe3 ropbl M MYCTHIHUM KapaBaH U3 JIOINAJCH, OCIIOB M HX
IIOMECENW — MYJIOB, IPUYEM BCE )KMBOTHBIE HABBIOYEHBI 10 IIpeiena Bo3MoxkHocTel. Ckopee BCero, 110
e TOWIYT JIMIIb MYJIBI, COUYETAIONIME BHIHOCIUBOCTh OCNIA U CUITy Jiomanu. Ho oHu GecriiomHsl,
OCTaBHUTh IOTOMCTBO HE MOTYT. DTO HE 0TOOP.

OuH BecbMa yBakaeMblii MHOIO (PM3MK SMOIIMOHAIIBHO OTpUIIaJ] 3HaueHue oroopa. Cpeau ero
JIOBOZIOB OBLIT M TaKOH: YHUUTOXast Xynmme (HEHOTHUIIBI, 0TOOp He yimydmaeT monyisuto. Hampumep,
y MEHSl B KapMaHE€ €CThb 30JI0Thle, cepeOpsHble U MeqHble MOHEeThl. Eciau s BeIOpolly Bce MenHbIe
MOHETBI, CTaHy JIu 51 6oraue?

MacTtuTslii QU3UK HE y4en OJHOTO MPHU3HAKa, OTIMYAIOMIETO MOHETHI OT JKUBBIX OPTAHU3MOB.
MoHeTbl HE pPa3MHOXAIOTCS B KapMmaHaX (B CBOUX £, HampuMmep, HaOIOgal TOJIBKO OOpaTHBIN
nporecc). Ho monmyctum, 4To OHM Pa3sMHOXKAIOTCS JeJICHUEM, KaK OaKTepuH, XOTs Obl pa3 B CYTKH.
Ecnn xapMaH mMeeT HEOrpaHMUYEHHYIO BMECTUMOCTH (O€3I0OHHBIN), TO HUYETro, KpOME pa3pacTaHHs
Halle «aomynsuu MOHET» He npou3oiaer. Ho 6e3M0HHBIX KapMaHOB He ObIBAeT, Kak Ha 3eMJye He
ObIBaeT OECKOHEUHBIX MPOCTPAHCTB Ui pacceleHus: BunoB. Korna kapMaH MepernogHuTCs, JUIHNE
MOHETHI OY/IyT BBICBITIATHCS, POCT MOMYIISAINU cTa0umm3upyetcs. Bemem dakrop orbopa BeIOpocHM
menskd, OcBoOonuBILEECs] MECTO 3aliMyT 30JI0Thle U cepeOpsiHble MOHETHl. BriOpocum u cepedpo.
Uepe3 nBa-Tpu JelieHUs] KapMaH OymeT HaOWUT 30JI0TOM: BCE-TaKU MBI CTallu Oorade, XoTs Obl U B
MBICIUMOM 3KcriepuMeHTe. Eme u eme pa3 mnoauepkHeM: OTOOp HE YHHYTOXEHHE, a
mddepeHnaIbHOe pa3MHOXKEHHE!

Bo3paxkeHre Moero OIMOHEHTa M3 TeX, YTO FOPUCTHI HasbBaroT argumentum ad hominem
(amenmsyst K 9yBCTBaM). Benb KakIoMy M3 HAC JKaJIKo BBIOPOCUTH XOTS OBI TISATaK.

Ectp 1 Gosee cnoxkHble, borato cHaOkeHHbIEe (opMynamu Bo3pakeHHs. bepercs kakas-HUOYIb
MaTeMaTH4YecKasi MoJieNb. B Hee MoacTaBisiIoT OOBIYHO B3ATHIE C MOTOJKA KO3 (PUIIMEHTH 0TOOpa
(Tak Kak BC€ MOMBITKA OSKCIEPUMEHTAIBHO HMX OINPEACTUTh MOXKHO MEpecyuTaTh IO Majblam),
MPOU3BOAST COOTBETCTBYIOIIME PACUEThl — U TTOOEIHO 3aKITI0YAIOT, YTO OTOOP HE MOXKET 00eCIeunuTh
ABOJIIOIMIO, IEMOH J{apBHUHA uepecuyp MEUIUTENICH.

Urto MOXHO cKa3aTh HO MoBony 3TuX Mozenei? Jluddepennnanpapie ypaBHEHUS B HUX BEPHBI B
OTJIMYME OT UCXOJHBIX MOJIOKEHUI. bea B TOM, YTO KpUTHKH JapBHHU3MA M1EPEOLEHUBAIOT 3HAYCHHE
cBoux mozenei. Henb3s 0TOXIECTBIIATh MOAETb U I€HCTBUTENBHOCTD, IOPTPET Beeraga Oyaer OenHee
OpHUTHHAA.

Puckys HaBiieub Ha ce0si THEB IEHUTENEH MpeKpacHOro, Ha30By BeHepy MHIIOCCKYIO MOJENBIO
YEJIOBEUECKOT0 opTraHu3M a (1o upeciia u 6e3 pyk). Eciu ciydauTcs HemonmpaBUMOE M YEJIOBEYECTBO
MCYE3HEeT C Jula 3eMJIu, MHOIUIAHETHBIM MpHILeNel, HailAs B paAuoakTUBHBIX pa3BanuHax JlyBpa
3HaMEHHUTYIO CTAaTYI0, MOXXET [0 3TOW MOJEIHM BOCCO3[aTh OONMK yenoBeka. Ho ecnu on Oyner
YTBEPK/1aTh, YTO JIOAM COCTOSUIA U3 OJHOPOAHON MacChl U HE UMENIU HU CEep/lla, HU KUIIEYHHKA, OH
COBEPIIMUT TY K€ OIMOKY, KOTOPYIO JIENal0T COBPEMEHHBIE «MOJICIbEPHI» IBOIOIUU.

Kak npaBuio, 3T0 IpOMCXOAUT C TEMHU, KOTOPBIE IBITAIOTCS OMUCATH JIOCTATOUYHO CIIOKHBIM
Ounosornueckuii mporecc cucreMoil auddepeHnuanbHbIX ypaBHEeHUM. UeMm ciokHee mpoiecc, TeM
TpyZHEE 3TO clenarb KoppekTHo. Ha KkakomM-TO ypOBHE TO MNPUBOAUT K CO3AAHUIO CHCTEMBI
HEJIMHEHHBIX YPaBHEHUM, B IPUHLMIIE HEpEWAEMbIX OJHO3HA4HO. IIpuxomurtes ynpom@ares 3anady,
KaKle-TO TEepeMEHHbIe BEIUYMHBI MOJIaraTh MOCTOSHHBIMU M KAaKWe-TO CBSI3M MEXAy HUMHU —
HECYIIECTBEHHBIMH. OTO OMNACHbI NyTh: HJAS IO HEMy, NPHUXOAMIIb IOPOH K pe3yinbTaram,
JTUaMETpaIbHO MPOTUBOMOJIOKHBIM e cTBUTENbHOCTH. Ka3anock Obl, ciieyeT Ipu3HaTh, YTO MOJAEIH
HeaZiekBaTHA >KU3HU. Ho KpUTHKM JapBUHU3MA BepsIT B OOpaTHOE U YIOPCTBYIOT B CBOEM
3a0myX/1eHuU. M yrmopcTBYIOT OHM Yallle BCETO TOJBKO IMOTOMY, YTO HE JKENAIOT NMPHU3HATH POJIb
ciyyaiiHoro B 3Bomonuu. [louemy sxe DHreabcy HUCKOJIBKO HE IPETUIIO MTPU3HAHKUE TOTO MJIM MHOTO
SIBJICHUSI UJTK TIpo1lecca CiydaiHbIM?

[Moxxanyit, iydie Bcero ckazaa 00 3TOM M3BECTHBIM BeHTrepckuil MaTreMaTuk Anbdpen Penbu,
npumicaB cBou Mbichu [lackamo B Omectsiment ctunusanuu «[lucema o BepositHocTu» (Mup, 1970):
«...s1 HaTkH yncs «Pa3MblnpieHus» Mapka ABpenus U cllydailHO OTKPBLI Ty CTPaHUILY, TA€ OH MUIIET O
JIBYX BO3MOXXHOCTSAX: JTUOO MHUD SIBJISETCS OTPOMHBIM XaocCOM, JTMOO B HEM LAPCTBYET MOPSAIOK
3aKOHOMEPHOCTb... W XOTH s y)Ke MHOIO pa3 YMTaJl 3TU CTPOKH, HO TENEepb BIIEPBbIE 3a1yMAJICS HaJ
TeM, a IoyemMy, co0CcTBeHHO, Mapk ABpenuii cuuTall, YTO B MUpPE TOCMOJCTBYIOT JIMOO CIy4aifHOCTb,
1160 TOpANOK U 3aKkoHOMepHOCTh? [loyeMy OH Jyman, 4To 3TH JB€ BO3MOXHOCTU MCKIIOYAIOT APYT



Bopuc Muxaiijiopud MeJHUKOB: «AKCHOMBI OHOJIOTHI 95

npyra?.. B Mupe rocnoActByeT ciydyail MU OJHOBPEMEHHO ACHCTBYIOT MOPSAOK U 3aKOHOMEPHOCTb,
KOTOpbIe (OPMHUPYIOTCS U3 MACChI CTy9allHOCTEH, COITIaCHO 3aKOHAM CITy4aiiHOTOY.

JIro0o¥i napBUHUCT MOANMMILETCA MOJ 3TUMU CIOBAaMM, YTO Ha3blBaeTcs, o0eMMu pykamu. B
OBOJIIOIIMM  YYaCTBYIOT W CIydallHBIA, CTOXaCTHYECKMH MYTAI[MOHHBIM TIporecc (M3MEHEHHe
TeHEeTHYECKUX IpOorpaMM) M YIOPSAOYEHHBIH mpouecc oTdopa (PEHOTHIOB IO COOTBETCTBHIO
YCTIOBUSIM BHEIHEH cpebl. Beerna mu aTu mportecchl uayT pyka 00 pyky?

Msb1  yke paccMarpuBaid TpPUMEpPhl ObicTporo u  A(PPEKTUBHOTO JACUCTBUS OTOOpa B
NpeabIAyIei rmaBe (MUKPOObl M aHTHOMOTHKH, KPBICKI W AHTUKOAryIsSHTHI). PaccMoTpum Temephb
oOparHeie mpumepbl. Yto Oyaer ¢ KakoW-immuOO CTPYKTYpOH OpraHmu3Mma, eciau OTOop 1Mo Hel
IepecTaHeT AeCTBOBATh?

MosxHOo mpeamnoyiaratb, YTO B TEHETHYECKMX HPOrpaMMax, KOJUPYIOUMX I[OCTPOCHUE 3TOU
CTPYKTYphl, OYyIYT HaKaIllJIMBaThCsl HEKOHTPOJUpYEMble MYyTauuH. B pe3ynbrare mpu3HaK CTaHET
M3MEHSTHCS CAaMBIM CIy4allHBIM 00pa3oM, MPEBPATUTCS B PYAUMEHT M, HAKOHEI, TOMPOCTY UCUE3HET.

BoT HeckoIpKO TPUMEPOB JIeHCTBUS 0TOOpA Ha Pa3HBIX YPOBHSIX HAUMHAS C MOJICKYSPHOTO.

N3BectHbIi nccnenoBarens Cost CrmrenMaH MOCTaBUII 3aMeYaTENbHBIN OIBIT — OH MOJETUPOBAT
JTApBUHOBCKYIO 3BOJIIOIIMIO B TPOOUPKE.

Ecte moBonbHO mipoctoit Oakrepuodar Qf  (umraercs: «ky-Oerta»). ['eHeTndeckol marpuiien
ero sisiercs kopoTkast HUTH PHK (3600 nykineotnaabix 3BeHbeB). [lomanas B 6akrepnio-xo3s1uHa, OH
HaYMHaeT CUHTE3UPOBATh OCNKWM, U B TMEPBYIO odepenb (EepMEHT, KaTaTu3UPYIOIMH MaTpUYHBIA
cunte3 BupycHoit PHK. Crnurenman BbIJENINII JOCTATOYHOE KOJIMYECTBO 3TOTO (hepMEHTA PEILIMKA3BI.
C momompio perinkassl MOxHO cuHTesupoBaTh PHK Qf B mpoOupke, 10CcTaToOuyHO CHAOAUTH €€
UCXOIHBIM MaTepuaioM — HyKIeoTuarpudocdaTaMu, 3BEHBIMH Oyaylied Lenu U MaTpuled —
ouneHHoi PHK.

Korma monexymst PHK pasmHOXaTcss B TpoOHMpKe, 4YacTh MaTpUIl MOXKHO TIEPEHECTH B
cieayronryto. M tak 1o 6eckoHeuHocTu. OKa3anoch, €CIM MEPEHOCH JETaroTcs J0CTaTOYHO 4YacTo,
yepe3 15 MuHyT, TO B MONYISILIMM MOJIEKYJA BEIETCS CaMblii HAcTOSIIMH OTOOp Ha CKOPOCTh
penmukanuu. Yepes 74 nepenoca PHK cunaTe3npoBanace B 15 pa3 OpicTpee, mOTOMY 4TO cTayia B 7 pa3
kopoue. EcrectBenno, Takas PHK moxker cymiecTBoBaTh NUIL B TEIUIMYHBIX YCIOBHU X TPOOHPKH,
OHa YK€ He MOXET 3apa3uTh OakTepuio. Tak M OOJOHKA HE MOXKET 3arpbI3Th OJEHS B OTIUYHE OT
CBOEro mpapoauTenss — BoJKa. HeHykHble 3BeHbS HYKICOTHJHOW Ienmd ObUIM TMOTEPSHBI 3a
BOCEMHA/ILIATh C MMOJOBUHOM YacoB.

A ecnu Bectu 0TOOp Ha yUIMHEHHE LEnu? DTO MOXKHO CHeNaTh, €CIU IPOOUPKY, 1€ UJET
CHUHTE3, IOTPYXaTh KyCOUKH HUTpoIeTtono3bl. Yem mnuHHee monekyina PHK, Tem Oonee npodno ona
copbupyetcsi. HUTpoLemirono3y ¢ NprIMIIMI MOJICKYTTaMH TIEPEHOCUM B JPYT'YIO MPOOUPKY — U, B
KOHIIe KOHIIOB, moiyduM ymmHenune PHK. Dtoro mano: myrem otbopa mMoxkHo momyunth PHK,
YCTOMUYMBYIO K aHTUOMOTHUKAM, OOBIYHO OJIOKMPYIOIIMM €€ CUHTE3.
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Puc. 38. Bom npumep, kocoa ombop He mewiaem 6mopomy HAYary mepmMoOUHAMUKU. Y MOPCKUX
CBUHOK UMeemcs cepusi Mymayuil, npueoosauias K yacmudnou (1—4) u noumu noanoi pedyxyuu yepena
U 8ce2o 201061020 omoena. Ecmecmeenno, y Mopckux c6uUHOK makue Mymayuu iemaivHul. Kugommoie
¢ maxkumu Oeekmamu HeHCUIHeCnocobHvl. A 6om 'y 08YCMBOPHUAMbBIX MOJIIOCKO8 HAUENO
omcymemeyem 207108d, U 9Mo UxX He becnokoum (6HU3y. paspes uepesz 06e33y0Ky, KUUeYyHUK, HA4UuHas ¢
POMOB020 omeepcmusl, 3aumpuxoean). B camom oene, 3auem 6e33yoke unu ycmpuye 2onoga? Ilomeps
207108bl MAKHCE He NPUHECId MOIIIOCKAM 0co001U Nob3blL (pazee umo OHU He CMpaoaron MUSpeHsIMu).
Ho omb6op, ne cneoun sa ee coxpannocmuvio, u NOCMENeHHO HAKANIUBAIOWUECS MyMAayuu npuseiu K
NOJHOU PeOYKYUU 20108HO20 OMOed.

Tax xe, kak PHK c¢ara Qf  TepseT HEHyXHBbIE y4acTKM MOCIEAOBATEIbHOCTEH, MHOTHE
OpraHu3Mbl TEPSIFOT HEHYKHBIE UM JIETAIM CBOMX CTPYKTYp. TepsroT Imasa nemepHsle, MOA3EMHBIE U
ITTyOOKOBOJHBIC JKUBOTHBIC; TOTEPSUIM TEMOTIOOMH aHTApKTUUYECKuE OCIOKpOBHBIE PBIOBI (B
XOJIOIHOM BOJIE Ta3bl PacTBOPSIIOTCS JIydlle, a OOMEH BeIecTB 3aTopMoxeH). M nmeno 3mech He B
VIpaKHEHUH OpraHoB, KaK TOBOpAT cTopoHHHMKM Jlamapka. OTOOp mepecTaeT CclemuTh 3a
dopMHpOBaHHEM CTPYKTYPBI, H JTOTO0 JOcTaTo4HO. OcTalbHOE JelNaeT BTOPOE Havaio
TEPMOAMHAMUKH.
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Puc. 39. V opxuoeu Oghpuc ysemoi noxoosicu Ha camox 0OUHOYHBIX NYel U WMelell U NAXHYM MaK
ace. Camybl MUX HACEKOMbIX CAOAMCS HA YBEMbl, NLIMAACH C HUMU CNAPUMbCA, U 8 pe3yibmame
onvisiom. Ecmecmeenno, Henoxooicue Ha camox yeemvl ONbLIAMbCA He OyOym u nomomcmed He
ocmasam. Ho eom ooun u3z euooé Oghpuca 6 Amenuu npespamuics 6 caAMOORbLIUMEN, OMOOP
nepecma ciedums 3a Popmou ysemos, U OHU OKA3AIUCH PAZHOOOPAZHBIMU NO OKpAcKe U gopme.

BHyTpeHHUE mapa3uThl TEPSIOT OpraHbl YYBCTB, B IMEPBYIO OdYepenb Ivia3a, 3aTeM Yy HUX [0
mpesiena yYIpoL@eTcs HEpBHAas CcHUCTeMa, HAaKOHEl, KaK Yy JIEHTOYHBIX YepBed, Hcye3aeT Hu
NUIIeBapUTENbHAs. 3a4eM COJIMTEPY KUINEYHHK, KOTJa OH MOJXKET BCAChIBATh YK€ IepeBapeHHYIO
MUY BCEH MOBEPXHOCTHIO Tena? Ho Te cTpyKTyphl, KOTOpPBIE TIOIEPKUBACT OTOOP, COXPAHSIOTCS U
Pa3BUBAIOTCS, HATPUMEP OPTaHbl MPUKPEIICHHUS K CTEHKE KHIIEYHUKA — MPUCOCKU, KPIOUbs U MIPOYHUE
XUTPOYMHBIE TPUCIIOCOOJICHUSI.

JIt000mBITHO, YTO y JUYMHOYHBIX CTAIWM, €CIU OHW OOMTAIOT Ha CBOOOJIE, TaKkue OpraHbI
BO3HHMKAIOT, YTOOBI TOTOM MCYE3HYTh. Y Tapa3uTa KpaboB CaKKyIHMHBI M3 SHLa BBIXOAUT
CcBOOOIHOTIIABAIONIAS JTMYMHKA — HAYIUINYC (OHA TaK MOX0)Ka Ha JMYNHOK YCOHOTHX PAKOB, YTO CpPa3y
BBIJIAET [TPOUCXOXKICHUE CAKKYIIUHBI).

VY Haynimyca ecTh Iia3, KOHEUHOCTH — BCE, YTO HY)KHO JMUMHKE pakooOpa3Horo. A B3pocinas
CaKKy/JMHa HE TOX0Ka HE TOJIKO Ha CBOIO JMYMHKY, HO M BOOOIIE Ha paka — 3T0 OecopMeHHBIH
MEIIOK, HAOMTHIN MOJOBBIMU IMPOAYKTAMH H ITPOPACTAIOIMI B TKAaHH Kpaba (Cak, CaKKyC — MEIIOK).

Wrak, 3BONIOIUS UIIET HE MO OTOOPY CIOXKHBIX, a IO OTOOPY MPUCITOCOOICHHBIX OPTaHU3MOB.
WNuorna none3Ha OoJiee BbICOKAs CTENEHb OpraHu3aluu, a uHorna u Haooopot. H. K. Konbuios nucan
enie B 1933 rogy, 4To «OTrpOMHOE 3HAUYEHUE PErPECCUBHBIX MPOIECCOB B ABOJIOIUM HE JOJIKHO
YVAMBJISATH Hac, TaK KaK 3TO SBJCHHE BBITEKAET M3 NMPUMEHEHUS BTOPOTO 3aKOHA TEPMOJAWHAMHUKI.
JleliCTBUTENHHO, B CITydae PETPECCHBHOTO Pa3BHTHS OTOOpP HE MEIIAET BO3PACTAHUIO DHTPOIIHH.

I[lo xakoMy OCHOBHOMY NpuHIWMIY pabortaer aemoH Jlapsuna? buodusuk C. D. IlIHonb
MOJIaraeT, YTO BBDKUBAIOT MaTPHUUHbIE MOJIEKYIIBI, CIIOCOOHBIE K OoJiee ObICTpOMY pasMHOXKeHHUI0. Tak
ObIBaeT 4acTo, HO Bcerga. CioBa «boiee OBICTpOE pa3MHOKEHHE» HE CIEAYeT MOHUMATh OyKBAIIBHO.
Tume emeum — npanbiie Oyaenb. MHorma mpeAnoyTeHHe OTHaeTcs He OBICTPOTE, a HaAeKHOCTU
pasMHOXKeHHUs. Bupyc, craBumii «@puKUBaJIbIIMKOM) KIETKU, HE YOMBAET €¢ CBOMM CTPEMHUTEIbHBIM
Pa3MHOKEHHUEM, OH IIPUHOPABIMBAET TEMII CBOEH PEIIMKALIMN K CKOPOCTH JIEJICHHS XO35MHA. A eciu
Obl OH ee yOuWBaj, BIOJIHE ObLIM Obl BO3MOXHBI CIy4ad, KOTZa BUPYC YHUUTOXKAET MOMYISAIHUIO, a
3aTeM THOHET caM. DTO MOATBEPKAAIOT Heyaaul (aroBoi Tepanmuu MHOTUX Oone3Hei. daru, mpexie
yOMBaBIME JAW3CHTEPUIHYIO OAallMIUTy WJIM XOJEPHBIM BUOPHOH, B KOHIIE KOHIIOB MEPEXOISIT Ha
VOK/IMBEHUE XO35€B, JaKe€ CTAHOBATCA MM IOJIE3HBIMHU, MPEBpAIAACh B MiasMuel. W ciydaiiHo s
«KOMaHJIHBIE TIOCTBI» B OHocepe 3aHsIIM KPYIHBIC, MEIICHHO Pa3MHOXAIOIMECs XHBOTHBIE?
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CnoHuxa HOCHUT ILJIOJ JOJIT0, HO 3aTO OHA POXKAAET CIIOHA.

Jleno B TOM, 4YTO Menkue, OBICTPO pPa3MHOXKAIOUIMECS OpraHuU3Mbl Ooyiee CTpPajaloT oOT
HEn30upaTebHOTO0 YHUUYTOXKEHUS. Pa3nuB pexu uiin JIeCHOM MOoKap YHUUYTOXKUT M JYHIIMX U XYM X
MpeACTaBUTENICH MBIIIMHOTO poja, a Ooyee OBICTphIN M 0oJiee CUIIBHBIA OJIEHb OT TaKOW HAamacTh
MOXET W y0exaTb, TOrjJa KakK MeUIeHHbII U cnabblii mormOHer. KpymHble, MeIeHHO
pasMHOXKAIONMECS W MEIJICHHO pacTyllde OpPTaHU3MBI IPOXOAST HauOoJee IMOJHYI0 anpoOaruio
€CTECTBEHHBIM OTOOpPOM, W ATO NMPUUYMHA WX OBICTPOH MPOTPECCHBHON BONIONMHA. Menkue ObICTPO
NPHUCIIOCa0IMBAIOTCS, HO CPABHUTEIBHO PEIKO MOBBIIIAIOT CBOM YPOBEHb OPraHU3aIIHH.

Jymaro, paccMOTpEHHBIX MPUMEPOB JIOCTATOYHO, YTOOBI IOKa3aTh, KAaKUM IIyTe€M >KUBas
npupoja u3deraer, MOBBILMICHUS YHTPONUU M JIaXKe MOHMXKAET ee: IEHOW IMOBBIIIECHUS YHTPOIUH B
OKpyXarollel cpene. Hapynmth 3ak0H IpUPOBI MOXKHO, TOJIBKO MOTUUHSACH EMY.

[lpuHnun cenekuuu LOMpe AAPBUHOBCKOM Teopuu HBomouud. Ha HeM ocHoBaH mro0oi
TBOpPYECKUH Tpoliecc (BIJIOTh A0 YMCTBEHHOW NESATETbHOCTH 4YeNOBEKa), BEAYIMI K MOHUKEHUIO
SHTpONHU. B moaco3Hannm ueT HempepbIBHBIN M HEOLIyIIaeMblii HAMH CaMHMH 11epe0op BapuaHTOB,
a B pe3yibTaTe BO3HMKAaeT HOBas ujaesd. Bce apyrue oObsiCHEHHS 3TOro mpoliecca, IpaBo, HUUYTh He
Jy4dlle CTAPOJABHETO <TOCIOAb HAJOYMHUID).

N no cux nop copaseanussl cioBa H. K. Konbsrnosa, nanucannusie B 1929 rogy: «/[ns Hac,
BEpSAIMX B HEM3MEHHOCTh 3aKOHA MOCTOSHCTBA YHEPTHU, TEPMUH «TBOPUTH» MOKET MUMETh TOJIBKO
OJIHO 3HAYEeHME: U3 MHOTMX KOMOWMHAUMH BBIOMpaTh TONBKO OJHY. IloaTomMy s cumTaro, 4yTO MBI U
Tenepb, kak 50 JieT Ha3aa, UMEEM NPaBO CIIOKOMHO YTBEPK/IATh: «ECTECTBEHHBIH OTOOP TBOPUT HOBBIE
hopMBI».

Ham npencrout paccMoTpeTh eliie JBa acrekra aesteabHocTy AeMoHa [lapsuna. Hemonumanue
WJIM UTHOPUPOBAHUE UX IPUBOMIIO U IPUBOJIUT K CEPE3HBIM OIIMOKaM.

Bcecuaen sim or60p? Han stum cnexyer mogymats. Bo Bcex u cimydasx 6e30Tka3HO paboTaeT
nemoH JlapBuna? EctecTBeHHO, OH OeccuiieH, KOTAa He M3 Yero BbIOMpaTh, KOTJa HET XOTh MajoTo
KOJIMYECTBA OTKJIOHMBIIMXCSI OT HOPMbI F€HETUUYECKU X MporpaMM. Takue momynsinuu ObIBalOT — 3TO
YHUCThIE JJUHUN OPTaHU3MOB, MOJTY4EHHBIE TPU MOMOIIM OJIM3KOPOIACTBEHHOTO CKPEIMBAHUS WUITU Ke
pa3MHOKaeMble BereTaTuBHO. Ho MyTanMOHHBIM Ipolecc MOCIENMT AOCTaBUTh MaTepuai, U 4epes
HECKOJIBKO JIECSITKOB MOKOJIEHUH JTMHUS YTPaTUT YUCTOTY.

I'opazno TpymHee napyras mpoOmema. S yxe ymomuHan o pacuere MaHdpena DiireHa:
KOJIMYECTBO BApUAHTOB MOJIEKYJ HUTOXpomMa C  HACTOJIBKO BEIHKO, YTO JJIsl €r0 pealu3aluH He
XBaTUT Macchl BeeneHHoil. A peanbHbIi TuTOXpoM C  OTHIOJb HE CTOJIb U3MEHYHB. DTO HEOOIBIIOH
0emoK, coaep Kamil 4yTh 60Jiee COTHU aMUHOKUCIOTHBIX OCTaTKoOB. OKa3aioch, 4To 16 KOJIOHOB TeHa
LIUTOXpOMAa MYTUPYIOT C BBICOKOM CKOpPOCTBIO, 65 — cO cKOpoCThiO B 3,2 pa3za MeHbIeH, a 32 He
MYTHUPYIOT COBCEM. SICHO, YTO MyTallud B HUX BCE-TaKu IPOUCXOMAST, HO TOrja OEJIOK IMepecTaer
BBIMIOJHATh CBOIO (PYHKUIMIO OBITh MEPEHOCYHMKOM JJIEKTPOHA B IMKIAX OKHUCIEHUS U OpPraHu3M —
HOCHTEJIb MyTAallMM — ITOTU0AET OT YIyIIbS.

Heyxenu ke 3Ta nmociaenoBaTebHOCTh B 32 aMUHOKUCIOTHI — €AMHCTBEHHAsI U HEIIOBTOpUMAsi?
JymMaTh TaK — 3HAYUT IPU3HABaTh CYIIECTBOBAHUE Yy MCTOKOB XM3HHU HEKOEIO Pa3yMHOIO TBOPIIA,
130paBIIETO U3 HEU3MEPHUMOTO MHOYKECTBA CJ1y4allHbIX BApUAHTOB CTa0MIIbHOE s1po LuToxpoma. Moo
0oTOOpY Ha 3TO BPEMEHHM SIBHO HE XBATHUT. SICHO, 4TO cpeau MoYTH OECKOHEYHOIo 4YKciia BApUAHTOB
IIUTOXPOMOB €CTh CTOJIb € OECKOHEYHOE KOJMYECTBO CIIOCOOHBIX BBIINOJHATH CBOK (PYHKIIHIO,
npuueM, OBITH MOXKET, Jydllle, 4YeM peanu3oBaHHas mpupoaor. I[louemy xe o1OOp 31ech
OCTaHaBJINBAETCA?

Hauynem m3nanexa. OnHO BpeMsi, MMOMHIO, Obljla MOMYyJsipHA Takas UIpa: MpeBpaliTh MyXy B
ciona. bepercst kakoe-HHOyIb CIIOBO M IyTeM M3MEHEHHUS OyKB B HEM IPEBpAIlaeTCs 32 HECKOJbKO
3TanoB B jApyroe. [IpaBuia mpocThl: HY)KHO Ka)IbIi pa3 U3MEHAThH TOJIBKO OJIHY OYKBY M KaXIbIH pa3
II0JIy4aTh CJIIOBO CO CMBICIOM (CYIIECTBUTENIBHOE B €JMHCTBEHHOM UYHCJIE U UMEHUTEIBHOM IAJIEKeE).
Hanpumep, ci10BO «IncT» NpEBpaIAeTCs B «PO3y» TAKUM ITYTEM: JIUCT — JIMCa — KUca — Koca — poca —
po3a.

WrpaBume B TaKyl0 WUIpY MOMHST, YTO AAJIEKO HE BCE MOJOOHBIC MPEBPALICHUS BO3MOXHBI.
[Topoit ¢ mocamoit yOoexmaembesi, 9TO MyTh JIGKUT Yepe3 OCCCMBICIEHHOE OYKBOCOUETAHHE WM e
HY)KHO U3MEHHUTb HE OJTHY OYKBY 3a OJIMH 3Tall, a O0JIbILE.

[IpuMmepHO Takue k€ TPYIHOCTH MCIIBITHIBACT M ABOTIOIMS. UTOOBI MOMYYUTh JTy4IMii BapUaHT,
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HYXHO CHayaJla IpOBECTU Ha CJIENYIO M 3Tan OECCMBICIIEHHYIO MTOCIIEI0BATENbHOCTD, @ TOT0 OTOOP
He 1omycTHUT. [IpuxoauTCs OCTaBIATh CTAPYIO, BEMb XOTS Obl OHA CIpaBsieTcs. BeIXOAUT, 4TO JeMOH
JlapBuHa TONBKO IOTOMY HE BCECHJIEH, YTO uepecuyp petuB. llpaBma, B OJZHOM TeHE MOTyT
BO3HHMKHYTH Cpa3y JBe, a TO M 0Oojee MYyTalHil, HO BEpOATHOCTb 3TOoro mana. Ecnm, Hampumep,
BEpPOSITHOCTh ONHOM Mytaruu B redHe 10-5 To aByx: 10-5 <10-5= 10-10. Takue HHYTOXHBIC
BEPOSATHOCTH HE CTOJIb YAaCTO PEATTM3YIOTCS.

I'enetuk C. PaliT mpenctaBui 3TOT MapaJokC B BUJE OYCHb HATIAAHON KapTHHBI. BooOpazum
pasHbIe CTENMEHU MPHUCIOCOOICHHOCTH K BHEUIHUM YCJIOBHSM B BHJIE XOJIMHCTOrO JaHamadra, riae
BBICOTAa XOJIMa (AAaNTUBHOTO IIMKA) COOTBETCTBYET CTemeHW mnpucnocobnenus. Ilomymsius,
MNOAHSBIIASICA HAa MAJICHbKUH TIMK, HE MOXET CMEHUTh €ro Ha OoJbloii, craTh Ooisee
IPHUCIIOCOOJIEHHOM, N0 MpU CMEHE MUKOB OTOOP MOMAET MPOTUB YPOBHS MpHCHOcOoOiIeHHOCTH. Tak,
KOIIIKa BO BpPEMs HABOJHEHHMS, CIIacasich Ha HU3KOM 3a00pe, MOXKET YTOHYTh, XOTsI ObI PsIOM OBLI
BBICOKMI J0M. B KOHEYHOM cueTe Bce BBIMEPIIME TPYINbl (HAaHUHUPHBIE PBHIOBI U JMHO3ABPBHI,
cabne3y0Obie TUTPBI U MAMOHTHI) ITOBUHHBI TIEPE]T IBOJIOIUEH JIMIIh B TOM, YTO BBEIOpAIH HEyJauHEIE,
HEBBICOKHE a/IallTUBHBIC THKH. HaM, mprmaram, OB €370, OJJHAKO HAJI0 TOMHHTb, YTO W HAIll MUK HE
OECKOHEYHO BBICOK.

Heyxenu jxe Her cmoco0a OOOWTH BBISBICHHBIM HaMH 3alpeT, IMEPEXUTPUTH Yepecuyp
npsiMoJinHerHoro AemoHa? Ilpexie Bcero HamoOMHHUM, YTO YCJIOBHSI BHEIIHEW CPEbl MEHAIOTCSA U TO,
YTO paHbIlEe CYUTAIOCH HEAJAaNTUBHBIM, OECCMBICICHHBIM, MOKET OKa3aThCS MPHUCIOCOOUTENbHBIM.
Tak 1 B Halell Urpe B CIIOBAa — COYETaHHS OYKB, MPEXKIEC HE UMEBIIME CMBICIA, BXOAAT B SI3BIK (B
JIETCTBE sI, HAlpUMep, HE CMOr Obl KCIOJB30BaTh B JTOM HWIPE CJIOBA «paJap» HWIIU «Ia3epy).
BcnoMHUM 0 TOM CHHMIKAIOIIEM >KHM3HECIIOCOOHOCTh T'eHEe, KOTOPBIN OKa3ajcs MPUYUHOMN MOSBICHUS
CYIIEpKPBIC KaK TOJILKO BOIIUIM B MPAKTUKY aHTUKOATYISHTHI. A BOT emle 0oJiee HATNISAHBIN pUMeEp.
benok, cmararonmii cokpamaronmecs HUTH, KOTOPBIE pACTSITUBAIOT XPOMOCOMBI IO Pa3HbIM
MOJIOBHHAM JCTISIICHCS KISTKU, YyIOBUIIHO KOHCEPBATUBEH. B OCHOBHBIX CBOMX YepTaxX OH €UH s
BCEX SJIEPHBIX OPraHMW3MOB (3HAYUT, BO3HUK HEe mo3xke 1,8 mumimapna et Hazan). O6 3TOM MOXKHO
CYyIUTh O TOMY, YTO Ha KJIETKM BCEX YXUBOTHBIX U PACTEHHH AECWCTBYET KOJIXHIIMH — BEIIECTBO,
BBIETISIEMOE U3 JIMJIEHHOro pacTeHus Oe3BpeMeHHHKa. KoaxuuuH OJ0KupyeT cOoKpallleHue HUTEH, u
BCE XPOMOCOMBI OCTAlOTCS B OJHOW KIeTke (Ha STOM OCHOBaH OJUH W3 METOJOB MOJNy4eHUs
noaurIon1oB). Ho 4ToOBI MONMyduTh Takol 3(QeKT Ha KIeTKaX CHPUKUCKOTO (MU 30JIOTHCTOTO)
XOMSTYKa, TpeOyeTcss KOHILIEHTpAaIus KONXUIMHA Ha JBa MOpsaka Ooibimas. A Jem0 B TOM, YTO
CHUPHUICKUN XOMSIOK C(HOPMUPOBAJICS KaK BUJ B OECILIONHOM MYCThIHE, T €AMHCTBEHHON TUIICH TS
HEro Mopoii ObLT OE3BpEMEHHUK.

Ho Bo Bcex 3TuxX mpuMepax peumrolee ciIoBo umeeT otOop. EcTh nu Takue cuTyanuu, rae
neMoH JlapBuHa 3akpbiBaeT niaza? BcmoMHHUM, YTO y BBICHIMX OPraHW3MOB KIETKH MUMEIOT JBOMHOMN
Habop XpoMOcOM, ABOWHOW Habop reHoB. OHHM TUIIOUMIHBI. 3HAYUT, OAWH TeH U3 JIBYX MOXET
U3MEHUTHCS B HEMPUCIIOCOOUTENBHYIO CTOPOHY U OTOOp ATOTO HE 3aMETUT. A B JaJlbHEHIeM, MpH
M3MEHEHHH YCIOBHI1, ’TO U3MEHEHHUE MOXKET U IPUTOAUTHCSL.

51 yke HarlOMUHAJ, YTO BBICIIME PACTCHUS HMEIOT B CBOEM IIMKIIE JBA MOKOJICHHS : CLIOPO PUTHOE
(mumionHOE) W rameToguTHOE (TalJIOMJHOE, C OJHUM HAOOpOM TEHOB) Y IMOJABJISIIOIICTO
OOJBIIMHCTBA UX TaMETO (PUT pPeyLUPOBaH, a TO U Mapa3uTUPYET Ha CIOPO PUTE, CTAB YACTHIO I[BETKA.
Bce npeBpaTHOCTH CyAbOBI HCTIBITHIBACT AUTIOMIHBIN CIOPOPUT A BOT MXU — pacTeHUS Ha000poT. Y
HUX CIIOPO(GUT pa3BUBAETCS HA TaIllJIONTHOM TaMeTo puTe, KayKaas MyTalus cpa3y uJeT Ha arnpoOaIiio
€CTECTBEHHBIM 0TOOpOoM. BOT BceM M3BECTHBIN MOX — KYKYIIKUH JIeH. Y HETO Ha BEpXYIIKe JKEHCKOTO
raMeTo(uTa BhIpAcTaeT cropoduT, KOCO HAKIOHEHHAas KOpoOOYKa Ha [UTMHHON HOXKE, MOJIYJaro Imiast
MUTaHUE OT rameToduTa.

U xors w™Mxu, 0COOEHHO c(arHoBble, UYPE3BBIYANHO PACIPOCTPAHUIUCH 1O OOJBIIMM
TEPPUTOPUSIM CO CHEeUUPUISCKUMHU yCcIoBUsAMHU (0oNoTa, JiecHas MOACTUIKA W T. 1.), OCOOBIX
TEHJCHIMI K MPOTPECCHBHOM ABONIIOIUHU y HUX He HaOmomaercs. [lemon JlapBuHa orOmpaer cpenu

rameTouToB 0cobeil ¢ ogHMM HabOpOM TeHOB. bakrepunm W CHHE3EJICHBIE BOI[OpOCJII/I8 TOXE BeEJlb

8 CuHeseneHble, CTPOTO TOBOPS, HE BOJAOPOCIH. DTO OJHa U3 BeTBeil Oaktepuil. Jlydmie Ha3Bath MxX 1uanopuramu. Ho
CTapoe Ha3BaHME €lle IIMPOKO PacIpOCTPAHEHO, 0COOCHHO B NOIYJIIPHBIX N3/IaHUSIX.
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rarouiHbl. OOpa3HO BhIpaXkasch, Y HUX HET pe3epBa I'€HETUYECKOM NaMsATH, OHM HE IOMHST
MPOIIIIOTO U HE TOTOBATCSA K OyayiieMy (pa3ymeercs, 3TO BBIPAKEHHE HE HAJI0 TOHUMATh OYKBaJIbHO).
[loroMy OHM M OCTaJIMCh TEMU K€, KAKUMH OBbLIA M B JOKEeMOPHHU, KOTJIa OHU CO3/IaBAJIH KEJIE3HBIE
pyasl Kypckoit MarHuTHOW aHoManuu. Bce, 0 yeM Mbl TOBOPHIJIM paHee, MOKHO BBIPA3UTh MHAYE:
Oyayiiee B DBOJIOIMOHHON Cyap0e KakoW-JTHMOO TPYIIbl B 3HAYUTEIBHON Mepe Ompenersiercs ee
MPOUUIBIM, TO €CTh YHACJIEAOBAHHON OT MPEIKOB CTPYKTYPOH.

A HeT u cnocoba Kak-HUOYIs U30€KaTh ATOTO MPUHIMIIA, CXOJHOTO C OMONIeHCKUM («3a Tpexu
poauTeNnel MOTOMKH OTBe4aroT»)? OKa3pIBaeTCsl, TAKOK CIIOCOO €CTh U HAa3bIBACTCS OH HEOTCHUEH.

ANNeHEMK Y RARWHA

TiMsHHOS D ROPA0BLE

(

Puc. 40. Cuumaemca, umo oOwum npeoKom USIOKONCUX U XOPOOBbIX Obll CUOAYUU UL0E0
O00OKeMOPUUCKOU 3NOXU, PAOUANLHO CUMMEMPUYHbIL, HO UMESWUN 68 CB0eM pa3eUumuu cmaouio
08YX CIOPOHHECUMMEMPUUHOU c60000HONIABAIOWeN TUYUHKU. VIenoKodcue — MOpCKue Ui, MOpCKue
36€30bl, MOPCKUE ediCU, 20JIOMYPUU — MAaKk U He COWIU € 2mo20 nymu. M xomsa mMHo2ue u3 Hux cmanu
NOOBUICHBIMU, OHU 6CE-MAKU OKA3ANUCL IBONIOYUOHHBIM MYNUKOM. Taxdce Huue2o NymHoz2o He
NOJYYUTIOCH U3 KPBLIOAHCADEPHBIX, NOYXOPOOSIX U JUYUHOYHOXOPO08bIX. Jluwb O1uzkue Kk acyuousim
AnneHOUKyOApUuY Nomepsiyu Cmaouro 83pOCi020 CUOAYE20 OP2AHUZMA U CMAIU PASMHONCAMbCA,
CcOXpaHus wepmoul c60000HONIA8arOwel audunku. Ho naubonvuwuil ycnex vlnani Ha 0010 XOPOOBbIX.
Hx paszmmuodcarowasics IuvuHKa 6 00Wux 4epmax, no-6UOUMOMY, HANOMUHANA HbIHE JICUBYULE2O0
JlaHyemHuKa. 3amem oHuU 0Openu XpAaweeou yepen 0Jia 3aujumsl nepeoHe20 KOHYa HePE8HOLL CUCeMbI,
oyoyweco mozea. Ho nuwb Kocoa nepedHsiss napa HcabepHulx 0Oye Npespamuiiac 6 OpeaH Ois
AKMUBHO20 3aX6aAMA NUWU — YeTIOCMU, HAYALCS MPUYMPATbHBIIL MAPUL YeTHOCMHbIX XOPOOBbIX.: Om
NPUMUMUBHBIX XPAUJEBBIX PblO 00 HAC C BAMU.

[lpy HeoTeHMM HE pa3BUBACTCsA OKOHYATENbHAs, ACQUHUTHUBHAS CTpyKTypa (QeHoTHma.
CrmocoOHOCTh K PAa3MHOXKEHHUIO TPHOOpETaeT IHYMHOYHAS (GopMma, a B JAIbHEHUIIEM OHAa MOXET
Pa3BHUBATKCS 11O COBEPIIICHHO HOBOMY ITyTH.

BeITh MOKET, HEOTEHHUsI MMPOU30IIIa B HAYale HAIICTO IMYTH — OT MPUMHUTUBHBIX KUBOTHBIX K
gyenoBeKy. EcTh Xopomo paspaboTaHHash THIIOTE3a O TOM, YTO XOPJOBBIC MPOHM3ONUIH OT CHASYUX
WJIOE/IOB JIOKeMOpuiicKoii amoxu. B nx pa3sutuu Obuta paza cBoOoaHOIIIaBatOmEH THUYUHKA. Ha aTOM
YPOBHE HAXOASTCS JO CHX IMOpP XUBYIME B MOPSIX OOOJOYHUKM aACHUINU. Y HEKOTOPHIX M3 HHX
BBIMIaJla W3 JKU3HEHHOTO IUKIA CTaaus CHISYEro, B3pPOCIOTO OpTaHW3Ma, IUYUHKA CTalld
pasMHOXKAThCsl caMu (Ha OTOW CTaJAWM HAXOIATCS TaKKe OJAroJICHCTBYIOIME B  MOPSIX
anmeHIUKYIIpUU, OHU OYCHB MOXOXKU Ha JIMYMHOK acuuauil). VI3 HUX-TO ¥ BO3HUKIN MPUMHUTHBHBIE
XOpAOBBIC (M 3[IECh MBI MOKEM HAWTH HBIHE KHBYIIYIO aHAJIOTHIO — BCEM HM3BECTHOTO JIAHIICTHUKA).
Otcroma yxxe mpsMO TyTh K pbIO00OpPa3HBIM CyIecTBaM (TTOKa eIe O€3 YeIIoCTel) AMOXH KOHIIA
keMOpuss u opJoBuKa. JlanpHeWmias »SBOMIONMS BIUIOTH JO YEJIOBEKA YAOBIECTBOPUTEIHHO
BOCCTAaHABJIMBACTCS 110 HCKOMAEMBIM OCTAaTKaM. A BOT UIJIOKOXKHE, TOXXE HAalM POJCTBEHHUKH,
u30pau ropaz o MeHee NEepCHeKTHBHBIM TyTh. 31ech JeMOH J[lapBHHA MOMBITAJCS CO3IaTh W3
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B3pOCJIOTO CHIMYETO MiioeAa (Bpojie MOPCKOM JIMJIMHM) KHUBOTHOE, CIIOCOOHOE K IEPEIBHKCHUIO.
Henp3sa cka3arh, 4ToObl 3Ta NOMBITKA HE yaaidack. MoOpCKHe 3Be3/lbl, MOPCKHE €KHU U TOJIOTYpUHU
JIOLIM 10 HalllMX JHEW W BbIMUpaTh He cobuparorcs. Ho 3zmeck sBomtonust momsiTajgach cO3/1aTh
HOBYIO JIMHHIO Ha 0asze B3pocioil (OpMBI, ¢ paadaibHOW CHUMMETPHUEH, XOTS JTUYUHKH HTIIOKOKH X
MOCTPOEHBl MO TUMy Oosiee ONMM3KOH HaM OHJIaTepalbHOM CHUMMETpUM (TIpUMEp paIuaIbHON
CUMMETPUH — CHEe)XHHKA, OMJIaTepaibHOM — CTpena).

Jnst cupsuero opraHu3ma pajauaibHas CHUMMETpus yaoOHee, HelapoM OHa TaK MIMPOKO
pacripocTpaneHa B Mupe pacteHuil. Ho npu nepexose k moaBHKHOMY 00pa3y >KU3HH OHA OKazaslach
cymel o0y30H, M HINIOKOXKHE, B KOHIIE KOHIIOB, CTajld OHBOJIIOLUOHHBIM TYNHKOM. llombiTku
n30aBUTHCA OT HEE HAa OCHOBE IIJIaHA CTPOCHHS B3POCIIOr0 OpraHu3Ma IPUBEIH JIUIIb K MOSBICHUIO HA
CBET CTPaHHOH (POPMBI TOJOTYPHI U «HENPABHIBHBIX» MOPCKU X eXeil. Henb3st BaMBaTh HOBOE BUHO B
CTapble MEXH.

Puc. 41. Yenosex — nonosospenviii 3apooviut 06e3vsanbl. Imo 36yuum napadokcom. Ho cpasnume
yepena 83pocioll copulivl (cresa) u ee oemenviuia. He npasoa nu, yepen monoooii eopuinst bonvue
noxo0dic Ha yenogeyeckuu? Buusy eonoewt 3apooviuteti yenoseka (1), eopunnvl (2) u wumnanze (3).

Wrax, HeoTeHust Obljla B Havyaie MYyTH, KOTOPBIKA Bell K 4eiaoBeKy. Ho oHa Oblia M B KOHIIE €ro.
YenoBek OoibIIe MOXOXK Ha IUIOJ YENOBEKOOOPa3HOW 0OE3bSHBI, YeM Ha B3POCIYI0 TOPWILTY HIIH
nmMnanse. V3BecTHBIN aHTpormosor Bonbk BRIpasuil 3TO HECKOIBKO MapaJoKCalbHO: YEIOBEK — 3TO

MOJIOBO3PEJIbIA 3aPO/IbIIII 06e3bstHbL.d

9 Bripouem, He Bce aHTPOJIOJIATH PA3ZEISIOT €ro B3IV,
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EcTh emie HeCKONbKO CHOCOOOB, Tak HAa3bIBAEMBIX MOJYCOB 3BOJIOLUM, KOTOPHIE IIPHUIAIOT
OPUHLUIY 0TOOpa YIMBUTEIbHYIO TMOKOCTb, MO3BOJISIONIYIO co3qaBaTh HOBbIE (opMbl. Ho Mbl He
OyZeM OCTaHaBJIMBATHCS HA HUX, TaK KaK 3TO, 00pa3HO BhIpa)asich, TEOPEMbI OMOJIOTHH, a HE AKCHOMBI
ee. [lepeiiieM Kk OJTHOMY acClEeKTy YETBEPTOM aKCMOMBI, OTPAHUYMBAIOIIEMY BO3MOKHOCTH YEJIOBEKA, a
IIOTOMY JUISI MHOTUX OJMO3HOMY.

Kpax HauBHoro aerepmunusma. Ham ¢ BaMu yxe TpyAHO NpPENCTaBUTh, KAKOE BIIEYATIICHUE
IIpOM3BEIa Ha COBPEMEHHUKOB HBIOTOHOBCKAas TEOPHS BCEMHUPHOIO TATOTEHHMs. B TO Bpems Bce
Ka3aJl0Ch BO3MOKHBIM, BILIOTH /IO TNpejacka3aHus Oynymero Bcenennoil. B camom nene, ecnu Mbl
MOKEM PpacCUMTHIBATH JBM)KEHUS IJIAHET, MOYeMy Obl HE JOMYCTUTb, XOTSI Obl MBICIEHHO, TaKylO
CUTYallMI0: HEKUH YHMBEPCAJIbHBI yM 3HaeT KOOPAUHATBl U CKOPOCTHM BCeX Tel BO BceneHHOM.
3HAYUT, OH MOXKET PACCUUTATh UX MECTOIOJIOKEHUE U CKOPOCTH Ha JII000H MOMeHT Oymymiero! DTo
IIPEAEIIbHBIA BBIBOJI MUPOBO33PEHUS, Ha3bIBAEMOTO MEXaHUYECKUM JETEPMUHU3MOM.

[lpu sTom 3albiBajiu, UYTO JAaXe pEIICHHE 3aadyd O B3aUMHOM MPHUTSDKEHUH Tpex Tel
HaTaJIKWBAETCsl Ha YyJOBHIIHbIE TpyaHOCTH. Haxonucp Hama 3eMist B cucteMe ABOMHOM 3Be3fbl, €e
opbuTa ObUTa Obl HACTOJIBKO 3alyTaHHOW, 4TO HBIOTOH MpPOCTO HE cMOT ObI OTKPBITH CBOETO 3aKOHA.
Tax 4YTO NpPUTSI3aHMSA  MEXAHUYECKOTO  JETEPMUHHU3MA Ha  BCEBEIEHHUE  OKa3bIBAKOTCS
HECOCTOSITEIIbHBIMUA. TeM He MeHee Ha MAaKpOYpPOBHE BCE IPOLIECCHI JETEPMUHUPOBAHBI, U 3aKOHBI
HetoToHa X0Ts OBl NPUHIMNUAIBHO MO3BOJSIOT MPEACKa3blBaTh Oyayllee ¢ MPeAeIbHON TOUHOCTBIO
(MHOE J1eN10, UTO MPAKTUYECKU ITO OBIBAET HEBO3MOXKHO).

OnyctuMcs Ha ypoBEHb HUXKE — K MOJEKYIaM M aTOMaM. 3JeCh MaTeMaTH4YeCKOE OMUCaHUue
COBOKYITHOCTH MOJIEKYJ XOTsl Obl B 00beMe HamepcTka HeBO3MOXKHO. OJHAKO MMEHHO U3-3a 00JIbIIOTO
quciia 3JIEMEHTOB CHUCTEMBbI MpPEJCKa3aHue ee MOBEAECHUs BO3MOXKHO. BMecTo Toro 4robsl cinequTs 3a
M3MEHSIIOIIMMHUCS CIIYYallHBIM M HENPEICKa3yeMbIM 00pa3oM KOOpAMHATaMH M SHEpPrued Kakaou
OTIIENIBHOM MOJIEKYJIBI, MBI MOXEM OLICHUTB CPEIHEE 3HAYCHUE [TAPAMETPOB CUCTEMBI — TEMIIEPATYPBI
U fAaBieHds. VM OLEHUTHh C BBICOKOW TOYHOCTBIO: BeAb (WIYKTyallMH, OTKIOHEHUS OT CpPEIHEro
3HA4YEeHHUsI OOpaTHO MPONMOPIMOHAIBHBI KOPHIO KBajpaTHOMY M3 cpeaHero. Ecam B oObeme rasa
comepxutcs 1020MoyeKkyn, OTHOCHTENbHAs OmmMOKa OyaeT paBHAa OJHOW JCCATHMUJLIMAPIHON
(10-10). Tak uYro B NUpPHUHIMIIE MOXHO pACCUUTBHIBATH HSHEPIUI0 M OSHTPOINUIO CHUCTEMBI H
Ipe/CcKa3bIBaTh ee Oynyllee ¢ BeCbMa BBICOKOM TOYHOCTBIO, KaK TOJBKO Mbl Oy/leM ONepupoBaTh C
JIOCTaTOYHO OOJIBIIMM KOJIMYECTBOM MoJieKyid. Ho omsTh e TOIbKO B NPUHIMIIE.

Bor npumep, Omuskuii kaxaomy. IIporHo3 moroxmel, CTpPOro TroBOps, THIUYHAS
TepMOJMHAMUUECKas 3a1ada. He NmpuxoauTCcs roBOPUTH O BAXKHOCTH IIPOTHO3WPOBAHUS ITOTOABI U
OTPOMHBIX YCHJIMSIX, KOTOpPbIE BKJIQ/bIBAIOTCS B HEro. A BOT BCErJa JM 3TH MPOTHO3bI CObIBAIOTCS?
[TpuunHa Ta Xe: HEBO3MOXKHO IMPAKTHYECKH Y4eCTh BCE (PAKTOPHI M MPOBECTH PACUEThl B 0003pHMBIE
CpOKU. JIETEpMUHH3M OISTh OKa3bIBACTCA OTPAHWYEHHBIM CIY4aHHOCTBIO, 3TO TaK Ha3bIBaCMbIU
CTOXaCTUYECKUU JETEPMUHHU3M.

W coBceM apyroe IMoJoOKE€HHWE B IOMNBITKAX IMPOTHO3UPOBATH Pa3BUTUE KUBOW mnpuponsl. B
o0beMe ra3a ciaydaiHble (UIYKTyallUM KOMIIEHCHPYIOT ApYr JApyra, Ha IEpBbIi IJIaH BBICTYIAET
CpelHee 3HaueHHWe. B momymsuuu >KMBBIX OPraHU3MOB CIy4alHOE, HEINpEeNCKa3yeMOoe H3MEHEHHE
TEHETUYECKOM IPOrpaMMbl, YCHIIMBASACh B MUJUIMApAbl MHJLIAAPIOB pa3, U3MEHSET COCTOSHHUE BCEU
cucrtembl. BeciomuuTe o mpunimne ycunenus! Eme ogun 3 ddexrnpiii ero mpumep. B Havane 1918
roza rae-to Bo OpaHuuu KBaHT yIbTPa(uOIETOBOIO M3MYydeHHs MOMal Ha B3BEUICHHYIO B BO3IyXe
BUPYCHYIO YacTHIly — BUPUOH rpumma. Tak, a MOXeT ObITh, U MHA4e, POMU30LUIa MYyTalUs, BOSHUK
HOBBII IITaMM BHpYCa, MPOTHUB KOTOPOTro OBLIM OECCHIIBHBI 3alTHBIE CHCTEMBI YEJIOBEYECKOIo
opranusMa. BembixHyna snunemusi, ObICTpO MepeKuHyBIascs Ha Mcmanuio, OTTyna, 1Moj Ha3BaHUEM
«icnaHku» — Ha Bech Mup. CmepTtHOCTh nocturana 30 MpOLEHTOB, U B pE3yJbTaTe BCEMHUpPHAs
snuaeMus (manaemust) ynecia 20 MUJJIMOHOB Y€JIOBEK — MHOTO OOJIbIlie, YeM IepBasi MUPOBasi BOWHA.

B manpemun rpunma 1972-1973 romoB cMepTHOCTb, K CYaCThio, Oblla HE Tak Benuka. Ho
nepe0oJieno Ha 3eMyie B TO BpeMs OKOJIO ABYX C MOJOBUHON MUJUTMAp0B Jitosei. Hapyienue MHOTH X
IIJJAHOB, OTPULATEIIBHOE BO3ICHCTBUE HAa JKOHOMHMKY BCEM IUIAHETBI, MU BCE 3TO — CIEICTBUE
OJIHOTO-E€IMHCTBEHHOI'O KBAHTOBOI'O CKAYKa.

BeiBoa mpoct: u3-3a ycusieHust B (peHOTHUIIAX CAydallHbIX U3MEHEHUM I'€HEeTHYECKUX MporpamMm
ABOJIIOLMS JKMBOW IIPUPOJIbl IPUHIUIINAIBHO Helpeackazyema. HauBHBIN JETEpMUHU3M 3/1€Ch TEPITUT
MOJHbI KpaX. M Bce, 4TO MBI MOKEM IIpeACKa3arb, — 3TO TO, YTO AEMOH /JlapBHHA Pa3MHOXHUT B
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OyIyIM X TTIOKOJICHUSIX TTOTOMKOB T€X 0CO0eH, KOTOpbIe HAWIYydIIMM 00pa3oM OyayT MPHUCIIOCOOTICHBI
K OKPYKAIOIIMM HUX YCIOBHMSIM A BOT KaK OHU OyAyT MPUCIIOCOOJEHBI, 00 TOM MbI MOKEM TOJIbKO
rajarb.

Janexko He BceM 3TO HpaBHUTCS. [IpUX0oAMUTCS CNBIIIATE U TaKue BHICKA3bIBAHMS: COBpEMEHHAs
TEOpHS SBOJIONMU, OOBEAMHSIONR@S TAPBUHU3M U T€HETHKY, HECOCTOsTEeNbHa, 00 OHa MOXKET BCe
OOBSICHUTH 33JHUM UYHCIIOM, HO HUYErO HE MOXKET MpeacKa3aTh. byas co3naHa Teopus HallpaBJIeHHOM,
HOMOTEHETUYECKOW HBOJIIOIIMM, 3TH HENOCTaTKu ObIM Obl ycTpaHeHbl. Ha wmo# B3mian, 3To
PaBHOCHUJIBHO YTBEPXKIEHUIO: OyIb OTKPHIT BEYHBIA BHUTATENh, C TOTUIMBHBIM KPHU3UCOM OBLIO OBI
ITOKOHYEHO.

Tax 4yTO, ecnu MBI HE JKeJlaeM OTIY4YUTh OHOJOTHI0O OT (PU3MKU, MBI JIOJDKHBI TPHU3HATH
IPUHIUITHAIBHYIO HETIPEICKa3yeMOCTh 3BOIIOLMOHHBIX IIpoleccoB. Koe-uTo MoXHO Ipeayragarh, HO
3TO OyZIeT 1OCTaTOYHO TPUBHUAIBHBIN IPOTHO3.

Buenpsis B mpakTuKy MEIUIIMHBI HOBBI aHTHOUOTUK, MBI C JOCTATOYHOW JOJIeH YBEPEHHOCTH
MOXEM IPOTHO3UPOBATh, YTO OH TOT/AA-TO MOTEpseT >PPeKTUBHOCTh, MHUKPOOPTaHU3MBI, MPOTHB
KOTOPBIX OH HAaNpaBlIeH, KOorja-HUOyAb K HEMY MPUCIOCOOATCS, TO €CThb OYIYT NEpPEeHOCUTh €ro
KOHILIEHTpAllMH, Ipexae abcoMoTHO Ul HUX cMepTenbHble. Ho BoT korna u kxak? IIpucnocoGnenue
MOXET BO3HHMKHYTh pasHbIMH TyTAMH. OauH U3 (epMEHTOB OaKTEpPUHM OKAKETCS CHOCOOHBIM K
TUJIPOJIN3Y AaHTHUOMOTHKA, TTOBBICUTCS HEMPOHUIIAEMOCTh 000JIOUYKM OakTepuu — 3TO HaM 3HATh HE
JTaHO, MO0 ATO PABHOCUJIBHO 3HAHUIO, KOTZIA M B KAKOM MECTe MPOM30UJET cOObITHE Ha KBAaHTOBOM
YPOBHE.

Wnu xe npyras BakHast mpobiema — BpeaHble HaceKoMmble W MHCekTuIuabl. [erictBys I/ T na
HKCTIIEPUMEHTAIFHYIO TOMYISILIHIO MYX, JIETKO BBIBECTH JIMHUIO, IEPEHOCSIIYI0 O6e3 yiepOa Asis ceOs B
CTO pa3 OoNbIIYI0 KOHLIEHTpauio saa. Ho B ogHoM nmuHuM 310 ipon3oiiaet, moromy uto AT Oyxer
00e3BpeXMBATHCA B MYIIMHOM OpraHM3ME, B JIPYToMl — MOBBICUTCS HEMPOHUIIAEMOCTh XUTHHOBOIO
OKpoBa. MOKHO, HAaKOHEL, BBIBECTH MyX C 0O€3yCIOBHBIM peduekcoM H30eraHusi OTPaBICHHBIX
ITIOBEPXHOCTEH.
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Puc. 46. JKrwonv-6eprosckuii kanuman Hemo npudan ceoemy « Haymunycy» cueapoobpasnyio
gopmy, nHaubonee onmumanbHyro 0asi 6bicmpo2o 0sudiceHus 8 goode. IIpupooa ucnonv3osana 3mom
NpUHYUN MHO20 paHvute. 1 — akyna,

2— uxmuo3sasp,

3, 4 — pasusie 6u0blL OenbduHos.

Xpawesasn pviba, npecmvlkarowjeecs u MieKonumarouue, 6MoOpuyHoO BepHYsuiUecs 6 600Y,
obpenu opmy, oauskyro K cueapoobpasnou. Ecmecmeennviii omoop xak Ovl cmecan 6ce 8blCHMYNbl
meina, mopmo3uuiue 08UNCEHUe.

WuHorna »HBONIONUS KaKETCs HANpPaBJICHHOH, JKECTKO JETEpMUHHUPOBAHHOWU. JlenbQuH,
BBIMEPIIIMIA MXTHO33aBp U aKylla OYeHb MOXO0XH MO (opMe APYT HA Apyra U KaKAbIA U3 HUX — Ha
noaBoaHYro Joaky. Ho 3amamumMcs BoripocoMm: a kakas emie Gopma Oyner oroOpana neMoHoM JlapBuHa
Uit ObICTpOTO MBHMKEHUs B Boje? Ha HekoTophlie 3a1a4u, TOCTABJICHHBIE MEPE]] IBOIIOIUEH, MOKET
OBITH JJaH TOJIBKO OJIMH OTBET.

3HauYNT, BCE-TaKU Pe3yJbTATHl OTH MpelnckazyeMbl? He criemmre ¢ OTBETOM: MPENCKa3yeMOCTh
OTHIOJIb HE CTOMPOIIEHTHAs. BOT mpumMep, KOTOpbIit MOXKHO Obl Ha3BaTh: «Icce 00 aKylIbeM XBOCTEY.
Ha xBocToBOM cTebne akyn (M Apyrux OBICTPBIX pbIO) MO OOKaM pPACHOSIOKEHBI KHIIM, OTYEro B
CEYCHUU OHM UMEIOT o0TekaeMyro (popmy. Takue e KuJii €CTh U Ha XBOCTOBOM CTeOJIe enbruHa, HO
He Mo OOKaM, a cBepXy M CHH3Y. [IOHATHO mMoueMy: y pbIi0 XBOCTOBBIE JIOMACTH PACTOIOKEHBI
BEPTHKAIBHO, a Y KATOB — TOPU30HTAIBHO. DTOTO MajoO: y aKyJd Ha HUIXKHEH CTOPOHE XBOCTOBOTO
cTeOJIs ecTh mornepevyHas 1oxxounka. [[ns gero ona, Hesicno. Typ Xeiiepaan nucai, 9To OHA IS TOTO,
4TOOBI aKy1y MOKHO ObLIO yJJOOHEe CXBAaTHTh 3a XBOCT. DTO, KOHEYHO, LIyTka. HaBepHoe, 10)x01HKa
KaK-TO YJIydIIaeT TUIPOJAMHAMUYECKUE CBOICTBa XBOcTa. Takue ke J0KOMHKU €CTh U Y JeTb(pUHOB,
HO 10 O0KaM XBOCTOBOTO cTebiis. Tak BOT, MOXKHO JIM MpeAcKa3aTh, KaK PaclojoKaTcsi XBOCTOBBIE
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JIOTIACTH Y KUBOTHOI'O, MOTOMKHA KOTOPOTO HEpeHayT K ObICTpOMY IJIaBaHUIO: BEPTHKAJIBHO, KaK y

PBIO U MXTHO3aBPOB UJIH K€ TOPU3OHTAIBHO, KaK Y KUTOOOPA3HbIX?
Hakonen, y axyn mociaegJHUM OTAEN IO3BOHOYHUKA IPOJOKAETCA B BEPXHIOK JIONACTb

XBOCTOBOTO TUIABHMKA, & Y UXTHO03aBPOB — B HUXKHIOHO.
Cwmornu Obl BBI, OKa3aBUIMCh B CHIIYPHICKOM Mepuojie, MPOTHO3UPOBATh 3TOT pe3ynbrar? Tak

qTO JaXE€ €CJIN OTBET OJHWH, MOI[I/I(bI/IKaIII/Iﬁ €ro MOXKET OBITh MHOI0, CTOJIBKO K€, CKOJIbKO pa3s
pfiajiachk B 3BOJJIOLMH 3Ta 3aa4a.
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Puc. 42. Kax xonvimuomy Hcugomuomy 000pamscsi 00 JUCbE8 HA BbICOKUX Oepesbsix? B
npoyecce 3600YUU PA3HBIE HCUBOMHbIE pewdny dmy npodnemy no-pasiomy. Camvlii npOCMOo, HO He
Camulii  8bI20OHBILL NYMb  U3DpaIU eueaumckue 6espocue HOCOpoSU MpPemudHo20 nepuooa —
unopuxomepuil, oOenyodcumepuii u oauskue ¢hopmwi. Ha pucymnke pexoncmpykyusi unOpuxomepus
(Unopuk-36eps, yaps 36epetl cmapopycckux npeodanull) u 0as Macumada — co8pemMenHblll UHOULIC KULL
Hocopoe. Taxas maxuna mocna jnecko OOMSAHYMbCA 00 BbICOKO PACHONONCEHHBIX BEMOK, HO U
npoxkopmums ee 6vii0 mpyono. Ilosmomy eucanmckue HOCOpoO2U camvle KpPYnHble HA3eMHble

Miexkonumarouiue — 6blmepu, He ocmaeus nomomcmaeda.

NHorna e 0TBETOB HECKOJIBKO, TPUYEM OHHM OTHIO/Ib HE PABHOIIEHHBI. BOT xopoumii mpumep.
[IpencraBpTe pa3peKEHHBIM JiIeC WM CAaBaHHY, [€ TpaBa BBDKUIACTCS COJMHUEM. Y KpPYIHBIX
KOIIBITHBIX B 3TOM 30HE €CTh XOPOUMW HCTOYHUK NMUTAHUS — JIUCTBA JepeBbeB. Ho kak 1m0 Hee
noOpatbesi? CaMblil psIMON OTBET — OTOOP Ha yBeIUWYeHHE pa3MmepoB Tena. [lo aToMy myru mounuiu
TUTaHTCKUE Oe3porre HOCOPOTH OJIUTOLIEHA — UHApUKOoTepun. Hemb3s ckazaTh, 4TOOBI pelieHrne ObLIo
ylauyHbIM. Benp ecnu pocT yBEIMYMBAETCS, TO BEC TAKXKE BO3PACTACT IMPOMOPUMOHAIBHO TPEThEN
creneHu pocta. PazMepbl BO3pociu BJIBOE, @ pacXobl HAa MUTAHNE — B BOCEMb Pa3s.
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Puc. 45. A eom ewe ooun cnocob odobpamuvcsa 0o aucmves Ha Oepesvsix. I ueawmckue
H0XICHO-AMEPUKAHCKUE NeHUHYbl NOOHUMANUCL HA OblObl U NoO2udanu 0epego, 0X8amvleéds CMEON
nepeoHUMU 1anamu ¢ MOwHvIMU Koemsamu. Ha pucynke cxkenrem nieHUHYa — MUiIO0OHA, PACKONAHHUbLLL 6
Apeenmune ewe Yapnzom Jlapsunom, cnpasa (2) ckenem coeépemenno2o nenunya. I1o-euoumomy, mak
JHce enu cebsl Xanukomepuu, 0 KOmopvix YNOMUHATIOCH 8blule 8 853U ¢ ouubkol Krosve.

Jpyrue >xUBOTHBIE BCTAaBaJIM Ha 3aHUE HOTU, a IEPEIHUMHU (HEPEIKO C MOIIHBIMU 3aTHYTHIMU
KOTTSIMH) MOATHOANU BETKU C JHCThSIMU U TIoJaMH. Tak Bemu ceOsi, OUYEBHIHO, XaTMKOTEPUU, O
KOTOPBIX YK€ YITOMUHAIOCK. [Ipesen 3Toil TeHAeHIIMN — TUTaHTCKUE JICHUBIIbI, METaTEPU U, BEIMEPIIHE
B IOxHOI AMeprKe CpaBHUTEIBHO HEAABHO, MOKET OBITh, HE 06€3 COJIeHCTBUS YeIOBEKa.
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Puc. 43. Kakx mwul yoice 6uodenu, nponopyuoHAIbHOE YEeludeHue pasmepos mena 0Jsi moeo,
umobbl dOCMAmMb JUCHbS C BbICOKUX 0€pedbes, IHepeemudecku HesvleoOHo. bonvuwiezo ycnexa 6
HCUSHEHHOU OOpbOe 00CmueIu HCUBOMHbBIE CO CHEYUATUUPOSAHHbIMU npucnocobnenusmu. Crou
domszusaemcs 00 8emoK X000mom (3mo nPoOyKm paspacmanus HOCa U eepx Heti 2yovl), y cupagol
VOnuHsomces wesi, Hoeu u s3vik. Iepenyk (oma oce ocupaghosas eazenv, uiu anmuiona Yasiiepa)
makaice 000upaemcsi 00 TUCMbes HA 8bICOKUX KVCMAPHUKAX ¢ NOMOWbIO ONUHHOU Wieu U Ho2, K momy
JHce OHA OMIAUYHO CIOUM HA 3A0HUX HO2AX, OANAHCUPYS NepeOHUMU.

VY croHa mosBIISETCS JUTMHHBIA X000T, C TOMOIIBI0 KOTOPOTO OH JIOTSTHBAETCS 0 JIMCTBEL. Ho,
M0-BUIMMOMY, HamOojee MEepCHeKTUBHBIM OTBET — YJIMHEHUE IeH. Y BCEeM H3BECTHOH >Kupadbl
JUIMHHas1 IIed WU AJIMHHBIC HOITHW, YTO ITO3BOJACT e Oﬁ’bCI[aTB JIMCTBY Ha BBICOTC, JIA APYIUX
KOITBITHBIX HEeAOCTYIMHOU. K 3TOMYy e g00aBisiercss [JUIMHHEHIN T 361K (Gkupada U ee poJJICTBCHHUIIA
OKamy MOryT 0oOJM3bIBATH ce0e yIIm).



Bopuc MuxaiiioBuu MeTHHKOB: KAKCHOMbBI GHOIOTHN» 108

5

SE
e ;
el |

Puc. 44. Brewmnuii 6uo ocupagol useecmen xaxcoomy. Ho ne kadxcovui 3naem, umo 8
muoyenoeom nepuooe 6 Cesepnou Amepuxe obumanu dHcupagonooobHvie 6epboobl  —
ANLIMUKAMENIOCHl (HA PUCYHKEe PEeKOHCMPYKYUsi HeutHe2o euda). Ilo-eudumomy, icupa@onododHulil
MUn CMpOEeHUsl OKA3AACS OYeHb YOAYHOU IBONIOYUOHHOU HAXOOKOU, eCiu NOSMOPSIC NO MeHbulell

Mmepe 06a pasa. M, oonako, anemukamerioc oCmaics 6eponioooM, HA HCUpPagy OH NOXO0XHC MOTbKO
BHEUHe.

OTOT ymauyHBI TUIN CTPOCHHUs ObLI HMCIOJB30BAH HBOJIOLMENH HE OJUH pa3. B MuoueHoBoM
nepuosne B CeBepHOll Amepuke oOWTamu KUpadomomoOHBIE BEpOIOIBI — albTHKAMEIIOCH. A B
Comanu, B caMbIX KapKMX M OECIJIOTHBIX MECTHOCTSX, U ceiiuac OJIaroJleHCTBYET yAMBHUTEIbHAS
xupagoBas razenb (OHa K€ FepeHyK, WM aHTHiIona Yajuiepa). Y Hee JIMHHAs 1es ¥ HOTH; KpoMe
TOTO, TEPEHYK MOKET 00bEIaTh JIUCThS HAa BHICOKOM KyCTapHHMKE, CTOSI Ha 3aJJHUX HOTAaX.
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Puc. 48. Kueommuvie, obumarowue Ha Oepesvbsix, makxdce 0awOmM HAM SpKUe HpUMepbl
koHneepeenyuu. Cx00HblU 00pA3 HCUZHU NPUBOOUNM K BO3HUKHOBEHUTO CXO0O0HbIX npucnocoodnenuil. Cnesa
— XameneoH, cmpasa — YeUIoHCKas opegoaazawas swepuya azama. Hx cesazvieaem 6ecoma
omaoaneHHoe poocmeo, HO BHEWHUL 8UO CX00eH. DmMo2o Mano. MHo2ue 0emaiu CmpyKmypol, Hanpumep
0X8aMbLBAIOUASL 6EMBb KOHEUHOCMb, BO3HUKAIOM U ) NPECMbIKAIOWUXCSL U Y MAEKONUMAroWux (6HU3y
cKenlem KOHEeYHOCMU XaMeNeoHd U 1ana Kyc-Kyca — OpegoNazaujeco CymMuyamozo, ooumanoueo Ha
Hoeoii I'sunee). Ecmb u nseywku ¢ no0oOHbIMU 1ANAMU.

Bot Takue npumepbl KOHBEPI€HTHOTO, HE3aBUCUMOI0 BO3HUKHOBEHUSI CXOJHBIX MPU3HAKOB 10
CUX TOp MHOTMM KaXyTcsi yOeOUTEeNbHBIM JI0Ka3aTeIbCTBOM HAIMPABIEHHOCTH HBOJIOLHOHHOTO
npoiiecca. [IpudeM HampaBiIeHHBIM CYMTAETCS JaXe He JIEHCTBHE 0TOOpa, C YeM MOYKHO COTJIACHTBCS,
a cama U3MEHYUBOCTb.

Campble mocienoBaTeNbHbIE U3 CTOPOHHHKOB TaKOTO TOJKOBAHMS IOJAraroT, YTO aOCOIIOTHO
UJCHTUYHBIE OPMBI MOTYT BO3HUKAThH M3 HECXOJHBIX, UTO OJIMH BHJ MOKET UMETh IBYX, a TO U Ooee
MPEeAKOB. DTO PaBHOCHIBHO YTBEP)KICHHUIO, YTO IMEPBOHAYAIIBHO HECXOJHbIE MOCIEI0BATEIbHOCTU
JHK B pe3ynbrare HaKkoIUIEHUs MYTAllMHd CTaHYT WJCHTUYHBIMU WU NPUBEAYT K BO3HUKHOBEHUIO
UJICHTUYHBIX (eHOTHIIOB. B cBeTe Hammx ceroaHsmHuX 3HaHU o crpykrype JJHK u Mexanusme ee
TeHETHYECKHA X U3MEHEHH I MTO00HAas JEKIIapaIiyis He 3aCiIy’KUBAET OMpPOBEpKeHus. BeposTHOCTH TOTO,
YTO JIBa POMAHHUCTa M3 Pa3HbIX CTPaH HE3aBUCUMO JApPYyr OT Jpyra HamUIIyT OJMHAKOBBIE M0
MOCJIEIHEW 3aTON POMaHBbI, KyJla BbILIE BEPOATHOCTH KOHBEPIEHTHOTO BOSHUKHOBEHU S BUIOB.
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Puc. 47. Ooun u3 nonyaapuetiwux npumepos KoHmeepeeHyuu — 2ana3 ocoMunoca (A) u enasz
yenogexa (b). Oounaxosvimu yugpamu noxaszaunvl ananrocuunvle wacmu. Kasanoce 6Ovl, cxodcmeo
uoeanbHoe (y OCbMUHO2A XPYCMAAUK Oojlee OKpYevlll U3-3a Moo, 4mo Yy 600bl OO0nbluUll
Koa(hpuyuenm npenomnenus, udem y 6o3z0yxa). Ho enaz ocomumnoeca «Hasooumcs Ha @OKyC»
npubnudceHuemM Ui yoanieHuem Xpycmanuka om cemuyamku, Kak obvekmue ¢pomoannapama. Y
yenoseka (HOKYCHOe paccmosHue UMeHsAemcs nymem UMeHeHUs KPUBU3HbL CaMOo20 XpPYCMAanuKd.
Hecmomps na eneuwinee cxo0cmeo, npunyunvl pabomvl SMux ONMUYECKUX NPUOOPO8 COBEPULEHHO

pas3iudHbl.

Eme oxHo ciencTsue, BhITEKAIOIEE U3 YEThIPEX HAIIMX aKCHOM: KOHBEPTEHTHBIMU MOTYT OBITh
TOJIBKO TPU3HAKH, YaCTH CTPYKTYp, HO HE LIeJble CTPYKTYpHI, a TeM Oojee He caMHU OpPTaHU3MBL
MHoro nunryt 00 yIMBUTEIbHOM KOHBEPIEHTHOM CXOJCTBE IJla3a 4yelloBeKa M OCbMHUHOTA. BHelmHe
OHM JEUCTBUTEIBHO IOXOXH, BIUIOTH 10 BbIpakeHHs. Ho mnpuHIMIBI JOeHCTBUS COBEPIIEHHO
pasnuyHbl. [71a3 ocbMHHOTa, Kak 0OBEKTHB (hoTOammapara, «HaBOJUTCA Ha (POKYC» MPUOTMIKEHHEM
WM yJAJICHUEM K ceT4aTKe. Y uesoBeKa (OKYCHOE PACCTOSIHUE PETYIUPYETCsl H3MEHEHUEM KPUBU3HbI
CaMoro XpycTajuka (IpeIcTaBbTe ONTHYECKUI MPHOOp C 3IaCTUUHOM JMH30H, (POKYyCHOE paccTosHUE
KOTOPOM H3MEHSIETCS, HApPUMEp, NPU HAaKayke B JIMH3Y JKUAKOCTH, CHUJIBHO NPEIOMIISIOILEH CBET;
HACKOJIbKO I 3Haro, MOJOOHBIM MPUHIMI B TEXHUKE HE ObLI MCMNOib30BaH). CyMmMyaThlii KpOT,
oOuTaronmMii B ABCTpajHd, YIMBHUTEIbHO MOX0K Ha HAILEr0 KpOTa, HO y HEro MMeEeTcs CyMKa JUls
BBIHAIIIMBAHUS JICTEHBINICH M 3aJHUE KOHIIBI HUXHEH YeNOCTH, KaK y BCEX CYMYAThIX, 3arHyThI
BHYTPb. DTO BIIOJIHE ITOHATHO: OTOOP MPUBOJUT K KOHBEPIEHTHOMY CXOZCTBY I10 IIPU3HAKAM, KOTOpbIE
MOJIE3HBl B KOHKPETHBIX YCIOBHSAX (HampuMep, K MOJ3eMHOMY 00pa3y >KHM3HM), HO OCTaBISeT Te,
KOTOpbI€ MOTYT OBITh pa3HbIMU Oe3 HapymeHus! ux QyHkuuil. [TosTtomy Ha 3emie HET ABYX BUJIOB C
OJIMHAKOBBIMHU I'€HETUUECKUMHU ITPOrpaMMaMH.
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Puc. 49. Konsepeenyus modicem cvicpamuv 31y10 wymky ¢ uccieoosamenem. dmo uzoopasiceno

Ha smom pucynke? Kpomuwi, ckasceme vt u 6yodeme npaswvi. Tonvko 3mo He Hauiu 0ObIYHbIE KPOMbL:

88epxy uzobpaxcen sznamokpom u3 FOoxcnou Agpuxu, mooice HACeKOMOsOHOe, HO U3 Opy2020

cemelicmea, a 6HU3Y cymuyamsli aecmpanutickuti kpom. Ewe paz nooduepknem: koHeepzeHmMHble
Gopmbl — 5mMo KHULU PA3HO20 COOEPIAHCAHUSL 8 OOUHAKOBHIX Nepeniemax.

DTOro Majo: MOKHO YTBEPKAATh, UTO KaXK]IbIM BUJI YHUKAJICH U, pa3 UCUE3HYB C JIUIa 3€MJIU, HE
BO3HMKaeT BHOBb. Henb3s Bocco3naTh 3aHOBO MaMoOHTa U CTeJIepOBY KOPOBY, CpEAHEa3UaTCKOTO
TUTPA U Terapja, BEIMEPIIMX B MOCHEeAHNE 1ok, [laxke Kor/ia Mbl Ha yYUMCSI CAMH CO3/IaBaTh HOBBIE
BHJIbI, MBI MOKEM CJieJaTh WX JydIlle BHIMEPUIMX, HO MJICHTHUYHBIX He moiyduM. [loTeps Kakaoro
BH1a 0€3BO3BpAaTHA.

Bo3MoXHOCTH YelloBeKa YHUUYTOKHUTH JIFO00M BU, BKIIOYAst ce0sl, Oe3rpaHUIHBI, BO3MOKHOCTH
UCIIPaBUTh COJICIHHOE paBHBI HYMIO. 1 670 TyT He B OTpaHMYEHHOCTH HAIMX 3HAHUU, a OISITh )K€ BO
BTOPOM Hayajie TEPMOJUHAMUKH, 3AMPELIAIOIIEM BOCCO3/1aTh YTEPSHHYIO T€HETUUYECKYIO MTPOrpaMMy.
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Puc. 50. Ewe pa3 HanomHum: KOHBEPeHMHbIMU MO2Ym OblMb JUlb Oemdalu CMmpoeHus
OpeaHu3Ma, HO He camu opeaHusmsl. 30ecb U300padiceHvl mazogvle Kocmu Ounozaspa (1),
amepukauckou nmuyvl muuamy (II) u amepuxanckoco cmpayca wnandy (III). Cxoocmeo
OelicmsumenvHo boavuioe. Ho oadice camoeo nmuyenodobHo2o0 OUHO3a8pa CMpPYymuomMumyca (camo
Ha36aHUe €20 — NOOPadNCaowull CMmpaycy) Heib3s CHymamby Hu ¢ MUHAMY, HU co cmpaycom. Tak dce
pasnuualomcs muHamy u Hanoy. Ooun u mom dxce 601m moxcem 6blMb UCNONL306AH U 8 caMoleme U 8
asmomobuie, Ho SMu CMPYKMYpul 1e2KO PaA3IUudaromcs.

OOpaTHOE TIOJIOKEHHE W3 ATOTO TEe3UCa: €CIIM B TEHOMAaX JBYX BHJIOB HaWIeTCs XOTS OBl OJHA
HYKICOTUHAS MOCJIEI0BATENIbHOCTh TOCTaTOYHOUM (Oonee 50 HYKICOTHAHBIX Map) MPOTHKEHHOCTH,
OHM CBSI3aHBI POACTBOM, BEAYT HAYAIO OT OJHOTO mpeaka. 00 BepOosSTHOCTh, BOSHUKHOBEHHS OJTHON
MOCJIEIOBATENILHOCTH M3 JBYX NMEPBOHAYAIBLHO HECXOJHBIX CIWIIKOM Maja, 4TOObl €€ MOKHO OBLJIo
npuHUMaTh BO BHUMaHue. C Oomblleld BEpOSTHOCTHIO BOJA, BBIIUJIECHYTAas W3 CTaKaHa, caMma,
CaMOIIPOM3BOJIBHO COOEPETCS B HETO.

Ha stoM mnpuHIMne OCHOBaHAa HOBAas OTPACIb CHCTEMATHMKH — T€HOCHCTEMAaTHKAa, OCHOBBI
KoTOpoil 3anoxun akagemMuk A. H. benosepckuii. M He Toiibko TeHOCHMcTeMaTrKa. PUCKHY BBICKa3aTh
YIBEP)KJEHUE, YTO T€HOCUCTEMATHKA, TEOPUS IBOJIIOIMU T€HOMOB M T. /1. B KOHIIE KOHIIOB OKaXYTCs
JIUIIb YaCThI0 OOIIEH TEOPUH YBOJIOIUH MOCIIECIOBATEIBHO PEILUIUIIAPYIOIIUXCS CHCTEM.

Takoil Teopuu eme Het. OHAKO U ceiiuac MOKHO IOJaraTh, 4YTO BCE CUCTEMBI, MEpEaro ecs
13 TIOKOJICHHS B TIOKOJICHWE C HAKOTUICHHEM ONMMOOK PETUIMKAIINU, MO KOHTPOJIEM BHEIIHEH CpPeIbl
W3MEHSIOTCSI, MOIYMHSSACH CXOIHBIM 3aKOHOMEPHOCTSIM.

[log STy kaTeropuro MOMAJalOT HE TOJBKO OOBEKThl OHOJOTHYECKOW HBOIIOIUU, HO H,
HallpuMep, 4eJOBEYECKUE S3bIKU, OObluau, oOpsAnbl, MUGbI (BKIHOYAs PEIUTHH), CKa3KU U MHOIOe
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npyroe. Korna-HuOynp s Hanuiry 1 00 3TOM.

3aknvyeHue

Her Huuero tpynHee, yem 3aBepiueHue KHUTH. C KaXA0N cTpaHUIleH, MpUOIMKaroe K KOHILY,
YMHOJKAIOTCSl COMHEHUs: 000 BCEM JIM Hamucall U Tak JiM, Kak HYXHO. Bouctuny, no cnosam I'ére:
«Alles war gesagt, doch alles bleibt zu sagen!» — «Bce OblJI0 CKa3aHO, TUIIb BCE CKa3aTh OCTaeTCs!»
K cuacTtbto, Ha celi pa3 nonoxeHue iaydite. Bapuant kaurm B 1980 romy Obu1 omyOnmMKoBaH
HNONYISIPHBIM XKypHaloM «Hayka M XKHM3HB»; KaK BOAWUTCA, B PENAKUUIO MOLUIM MUCbMa MMEIO X
JOCYT 4YHMTaTeNed, U Temeph SICHO, U4TO s Hexoyden B pabore. Pazymeercs, najeko He Bce MUChbMa
MoIY OBITh UCIIOJIB30BAaHbL. Pefakuus npeamnouwia cama oTBeYaTh Ha T€ MUCbMa, KOTOpPBIE HE Co/lepKa
M HU4Yero, kpome Opanu. OJIHAKO M Cpeiu TeX, YTO ObLIM MHE HAIpaBJIECHbI JUIsl O3HAKOMIICHUS,
HaxOJUJIUCh TaKUE, KOTOPBIE 10 CUX I1OP MEHSI CTaBAT B TYIHUK.

buonorust Hapsay ¢ Haykamu, SBISIOUIMMUCS €€ MPaKTUYECKUM MPUIIOKEHUEM (METULIMHOMN,
arpoOuoJIoTHel U T. 1.), B IPEJACTaBICHNA MHOTUX MOUX KOPPECIOHAEHTOB Ka)KETCsI MPUHIIUITHAIBHO
WHOM OTpacibl0 3HaHWUs, Y€M, CKaKeM, MAIIMHOCTPOEHHUE WM TEOpUsl aTOMHOIo sijapa. Bpsa nu
KOMY-HUOYb IIPUJIET B TOJIOBY YCOMHUTBCA B (PAKTAaX M BBIBOJIAX, U3JI0KEHHBIX, K IPUMEPY, B CTaThe
00 yIpaByiieMOM TEPMOSIEPHOM CHHTe3€. A BOT OMOJIOTHS, OCOOCHHO O0IAst — 3/1€Ch «KaXAbIH MHUT
cebst ctpareroM, Bus 00i1 co cTOpoHBI». M BOT OeaHsra-aBTOp, pUCKHYBIIMKA CTYIUTh Ha TPYIH yIO
CTE310 MOMYJISpU3aIiH, OJyJaeT MUCbMa 00 YCTAaHOBJIEHUU CBS3U C «KOCMMYECKOM IIMBMIM3ALUEH
Opunana TynoHa DJICUIIOH», 0 «BCEOOBEMITIOIIEM 3aKOHE SHEPIHH Pa3HOCTH MOTEHIIMAIOB» U T. A. U
T.A. B osnurerax KOppeCHOHAEGHTHI HE CTECHSIOTCS, CJIOBA <WJCAIU3M», «HEIOMBICIHEY,
«0€3rpaMOTHOCThY, «y3Kas Inesb Mupo3peHus» (tak! — b. M.) Ha obmeM ¢QoHe 3Bydar 4yTh Jn
KOMIINMEHTaMH.

He ckaxy, 4To0bl TOAOOHBIE THChMAa OBIIO MPUATHO unMTaTh. OJHAKO U W3 HUX MOXKHO
IIOYEPIIHYTh IIOJIE3HOE, YTOOBl e€Ile pPa3 OCTAaHOBUTbCA HA TEX BOIPOCAX, O KOTOPBIX MOHU
KOpPPECIIOHIEHTHI UMEIOT JIO)KHOE IIPEJICTaBIICHUE.

JIx000MBITHO, YTO YUTATENEH, HACKOJIBKO MOTY CYAUTbh, B MIEPBYI0 OYepEeab HHTEPECYIOT UMEHHO
¢unocodckue npoOiIeMbl, KOTOpPblE BO3HMKAIOT INPU MOMBITKAX AKCHOMATU3UPOBaTh OMOJIOTHIO.
MHoro roBopuTcsi, HampuMep, O 3aKOHE MNpUYMHHOCTU. Ilo-BHMAMMOMY, BCE JIOBOJIBHO JIETKO
COIIaCHJIMCh C T€M, 4TO ydeHue Jlamapka 3TOT 3aKOH HapylIlaeT U Mbl JOJKHBI CIIeNaTh BBIOOp: WU
MUPaX HalpaBJIEHHON MPUCITIOCOOUTEIBHON N3MEHYUBOCTH, UM K€ COXPaHEHHE OIHOTO U3 OCHOBHBIX
IPUHIUIIOB COBPEMEHHOIO €cTeCTBO3HAHMSA. OJHAKO [ HEKOTOPbIX MHUpPaX OKa3bIBaeTCs
MPEeANOYTUTENbHEE 3aKOHA TPUYUHHOCTH.

B HEKOTOpBIX NHUCbMAX KATETOPUYHO YTBEP)KIAACTCS: 3aKOH NPUUYMHHOCTU YCTapell Kak AJis
JKUBOW TNPUPOABI, TaK U U1 HEeXUBOH. OJUH MOH KOpPPECIIOHJEHT YIIOMHUHAET TaXUOHBI, KOTOpPbIE
OyATo OBl JBUIKYTCS CO CBEPXCBETOBOM CKOPOCTBIO, M HACTOSATEIBHO PEKOMEHJAYeT MHE IPOYeCTh
nomyJsipHble Opounopsl Ha 3Ty TeMy. (HeBonbHO Bennomunaetcs dapaneeBckoe: «llomynsipHble KHUTH
HHUYEMY HaydyuTh He MOTYT». HaumHaTe MOXKHO C HUX, HO 3aBeplIaTh O0ydeHUE, ECIIU JIEJI0 KacaeTcs
(du3n K1, HaIpUMep, JIydllle BCe-Taku By30BCKUM KypcoM Jlanaay u Jlupumuna.) Taxuonsl — gacTUIbl
TUIIOTETUYECKUE, DKCIEPUMEHTAIBHO OHM HE OOHapyXKEeHbl, peajlbHOE CYIIECTBOBaHHE HX HE
JI0Ka3aHO, U TO3TOMY OIPOBEPraTh C HUX MOMOIIBIO MPUHLHUI MPUUYUHHOCTH, MSTKO BBIPAXKasCh,

npexaespemerHo. 10

He wMenbiee paszapakeHue BBI3BAJIO Yy psAa 4YMTaTelded TO, YTO S IOJUEPKUBAIO Be3Je
(byHKIIMOHABHYIO TIOJIOTIJIEKY aKCHOM, HE CBS3bIBAs KHU3Hb C KAKUM-THM00 XMMHUYECKUM BEIECTBOM.
B »TOM ycmarpuBanm wupeanu3sM Hu «OOTOCIOBHYIO MHUCTHKY». OJHAaKO BBIHYKICH e€Ile pas
IOMYEPKHYTh: 14, B KOHKPETHBIX YCIOBUSAX Halllell 3eMJIM MaTepUaJIbHBIM CyOCTPaTOM IEHETUYECKU X
IpPOrpaMM OKa3aluCh HYKIEMHOBBIE KHCIOTBHI, a (YHKIHMOHAIBHBIM, 3(P(eKTopHbBIM cyOCTpaToM —

10 He MOTy HE HPOIMTHPOBAaTh OJHO U3 muceM: «CKOpOCTh CBeTa, OOBSABICHHAS O0ECHPUYHHHO KOHEYHOII CKOPOCTHIO
pacnpocTpaHeHHs B3aUMOCHC TBHH B MaT. MUPE — 3 TO HUUTO HHOE, KaK HEO XPHCTHAHCTBO B MaTepuaymsMe» (opdorpadus
U MyHKTyanus nojuuHHbIe). [To-BuauMoMy, aBTOp 3TOTO MUChMA UCKPEHHE YOexkIeH, YTO ecliM MOKpemde o0pyrath, To U
JIOBOJIOB HE HY’KHO. BripoueM, He OH OJHH. ..
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oenku. Ho 13 3TOTO OTHIOAB HE CIEAYET, YTO Be3ae BO BeenmeHnHoi nemo o6cTouT TOUHO Tak xke. Jlaxe
B YCJIOBUSIX, MPUOIIMKAOIMMXCS K 36MHBIM, B TOM HMHTEpBAJIC JaBICHUN U TEeMIEpaTyp, B KOTOPOM
CYLIECTBYET >KMJKas BOJa, BO3MOXHBI MaTepHalibHble CYOCTpaThl >KM3HHU, KOTOpbIe HaM ceifdac
Moka3aluch Obl HEBEpOATHBIMH. Tem Oojiee 3TO OTHOCHTCS K IUIaHETaM, IOKPBITHIM MOPSIMHU,
HarpuMep, U3 KUJKOTO METaHa W aMMHaKa, Jake M3 KUJAKoM cephl. Kak Obl HaM HU Ka3aJloch
HEBO3MOXKHBIM IOSIBJIEHUE U 3BOJIIOLMS JKU3HU B TAKUX yCIOBUSX, BEPOSTHOCTH 3TOro Bo BeenenHol
HeJb3sl OTpUIATh ¢ mopora. CMoXXeM JIU MbI y3HATh H3Hb, CTOJb HEMOXOXKYIO0 Ha 3€MHYIO, HJIU K€
OymeM HCKaTh B KOCMOCE TOJBKO COOCTBEHHOE oTpaxkeHue? He mpuumercs nu HaMm TOrja HCKaTh
CJIMILKOM A0JAro?

Korma xocmoHaBTBI Oynyiero oOHapyxKar rie-to Bo BceerneHHOM cTpykTypy, MycTh Jir00OTO,
camMoro (aHTaCTHMYECKOTO BHUJA M CTPOCHHS, €CIU dTa CTPYKTypa MOJKET MOIICPKHBATH CBOIO
LEJOCTHOCTh M BOCHPOU3BOAUTH ceOe MOJOOHBIX COIVIACHO BIIOXKEHHOW B HEe Iporpamme,
PEIUIMIMPYIOIICHCST MAaTPUYHBIM CIIOCOOOM, OHM JOJKHBI MPHU3HATH ee JKuBOul. Jleno naxke He B
OyaynmX KOCMOHABTaX, — MOHSTh, YTO TaKO€ >KU3Hb, MBI JOJDKHBI yxe ceifuac. 6o 3T0 o3Hauaer
MO3HAaHHE CaMoro cedsl.

[Toxanyii, Hanbonbliee pasHOOOpa3ue MOXKHO OBIJIO OOHAPYKUTH B OINPEACTEHUSX MOHSITHUS
KU3HBY. Kakux Tonbko GOpMYITHpPOBOK HE MpEIaraloT B IUCKyccusx M B nmucbhMax! Kak mpasuio,
OHH HE BBIACPKUBAIOT KPUTUKHU, MATKO CKa)X €M, U3-3a HEI0CTATOUHON WH(POPMUPOBAHHOCTHU aBTOPOB.
[lpuBeny nuimb OAWH TPUMEP, U3 CaMBIX XapaKTepHbIX. OIUH aBTOpP Ype3BBIUYAHO arpecCUBHO
OTCTaMBAIONIMN CBOIO TOUKY 3PEHUS, I0KA3bIBAET, YTO B MOHSTHE KU3HU JOJIKEH BXOAUTH aKTUBHBIN
MOMCK U 3aXBaT MCTOYHUKOB 3Hepruu. [lo ero MHeHHIO, KU3Hb HAUMHAETCS C aMeObl: Belb OHa
aKTUBHO 3aXBaThIBAET MUIIEBbIC YACTUIIBI. A BOT OaKTepuu, TpuOBbI, 1a U paCTCHUS — HEXKUBBIC.

SlcHO, aBTOp HE TMOJO3peBal O CYIIECTBOBAHMM XOTS Obl Oakrepuu OJeITOBHOPHOH
OakrepuoBOpyC (YTO: O3HA4YaeT NHUSIBKOOOPA3HBIM BHOPHOH, TOXUpAOUMK Oakrepuii). ITOT
MaJICHbKW BUOPUOH HalalaeT Ha APYTUX OaKTepwil, MPUYEM JBUKETCS C OTPOMHON CKOPOCTBIO — JI0
CTa CBOMX JUIMH B cekyHay! Eciu Obl 4emoBeKk B CBOMX MacIira0ax MOT JIBHTaThCsS TakK OBICTPO, OH
npoberasl ObI CTOMETPOBKY 3a JIOJIO CeKYHbl. biemnoBuOproH ynapseT 0akTepuro-KePTBY ¢ TaKOM
CHUJIOH, YTO OHA MO MHEPLMHU MPOXOJUT HEMAJIOE PACCTOSTHUE. A KPOUICUHbIA XU IHUK TEM BPEMEHEM
CTPEMHUTEIBHO TMPOCBEPJIMBACT KIETOUYHYIO CTEHKY JKEpTBBI (CKOPOCTh BpalllEHUsI CBBIIE CTa
000pOTOB B CEKyHIY), 3a HECKOJIbKO CEKYHJ MPOHUKAET B MPOCTPAHCTBO MEXKIY CTEHKOW U
MeMOpaHOW, U Yepe3 YeThIpe Yaca M3 «ChEACHHOW» M3HYTPU OAKTEPUH BBHIXOJSIT HOBBIC, MOJOJIBIC
BUOPHUOHBI.

Ecan yx 3TO He akTUBHBIM TMOMCK HCTOYHHMKA SHepruu... Kcratu, OOenIoBHOPUOHBI — HE
eIMHUYHBII Kallpu3 IpUpobl. XUIHbIE OaKTePHH — MOLHBIN (PaKTOp oYM IIEHUS BObl. He cipixuBan
MO OINIMOHEHT U O XUIIHBIX Tprbax, 0OUTAIONM X B TOUBE, MULIEIIUNA KOTOPBIX, TIEPEroi3as ¢ MecTa Ha
MECTO, 3aXBaThIBAECT MEJIKU X )KUBOTHBIX; TOBOPAT yXkKe 00 UX IPUMEHEHUU 11 O0PHOBI ¢ TOYBEHHBIMU
HEMaTOJJaMH — BPEIUTENISIMU CEIbCKOTO X035HCTBA.

Ho neyxenu Mol ONMOHEHT HUYEro HE 3HAJI O HACEKOMOSIHBIX PACTEHMSX, XOTs ObI O BCEM
M3BECTHOU POCSHKE, KOTOpYIo n3yuud eue Yapnp3 lapsun? Wnu o yacTo BCTpeyaronieicss B Halll X
BOJIOEMAX Iy3bIpYaTKE: JOCTATOYHO MEJIKOMY J>KHBOTHOMY IPUKOCHYTbCS K YYBCTBUTEIBHOMY
«BOJIOCKY», 3aIOpBI JJOBUETO MY3bIphKa PE3KO OTKPHIBAIOTCS, M TOK BOJIBI 3aTSATUBAET KEPTBY BHYTPb,
rae oHa M nepeapuBaetcs. [I[puMepHO Tak ke 3aXBaThIBAET JOOBIUY pbiOa — MOPCKOW YepT.

OT pacTeHuWil, MUTAIONMXCS KaK >KHUBOTHBIC, TMEPEHIEM K >KUBOTHBIM, MUTAIONMMCSI Kak
pactenusi. CUMOMOTHYECKHME OIHOKIETOYHBIE BOJOPOCIM — 300XJIOPEUIBI U 300KCAHTEIbl —
CHHTE3UPYIOT YIJEBOJAbI B KIETKaX KOPHEHOXKEK U TUJp, T'YOOK M KOPaJUIOB, IJIOCKUX 4YepBEH M
MoOJuTIOCKOB. O TOM, YTO TakoW crmoco0d mutanus (0e3 aKTMBHOTO TOMCKA M 3axXBaTa IMHUIIM) BEChMa
3¢ deKTUBEH, CBUICTEILCTBYIOT XOTS Obl MPOTSIH YBIIMECS HA THICSYN KHJIOMETPOB KOPAJLJIOBBIE PH (bI.
OrpaHuyumMcs IByMs IPUMEpPaMH.

OcpbIxaromasi BO BpeMs OTJIMBA [MOBEPXHOCTh MeCUaHbIX MIIshKel CeBepHOro Mops MOKPbIBAETCA
OJIMBKOBO-3€JICHBIMU MSTHAMHU. OJTO BBHIION3AI0T HA TOBEPXHOCTh TECKA, MOJA COJIHEYHBIC IIy4H
MaJIeHbKUE TJIOCKUE YEPBU — KOHBOJIIOTHI. TeJI0 X 3al0JIHEHO CUMOUOTUYECKUMH OHOKIETOYHBIMU
BOJIOPOCISIMM — 300XJIOpe/ulaMd. 3a BpeMs OTJIMBa CHUMOMOHTHI YCIIEBAalOT HACHUHTE3UPOBATh
VITIEBOJIOB U AJIs ce0si, U sl IepeBapUBAIOIIETo UX YepHs. PacTeHne 3To Ui )KUBOTHOE?

['MranTCKMil NBYCTBOPYATHI MOJITIOCK KOPAIOBBIX pH(OB — TpHUJIAKHA, €CIH HHUKEM He
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MOTPEBOKEHA, OTKPHIBAET CBOM CTBOPKM W BBIBOPAYMBACT HABCTPEUy COJHEYHBIM JIydam
ONIMBKOBO-Oypyro MaHTHIO. [loBepXHOCTh MaHTMU Kak Obl ImarpeHeBas. OHa TOKPBITA THICSYAMHU
MEJIKUX BBICTYNIOB, 3aKaHYMBAIOUMXCS JIMH30MOJOOHBIMH  CTPYKTYpaMH U3  IPO3payHBbIX,
XpAMENOA00HBIX (THAIMHOBBIX) KIeTOK. Kakapli Takoii Oyropok — HACTOSIIMH CBETOBO/I,
coOMparonmMii CONIHEYHBIE JIYIH U MEepeAaloMidi UX BHYTPb TKaHHU, K CKOIUJICHUSM CUMOMOTHYECKH X
BOJIOPOCTICH — 300KCaHTEII. Y TPUIAKHBI HEIOpa3BUTa MHUICBAPUTEIIbHAS CHCTEMa, OHA >KHBET
IJIaBHBIM 00pa3oM 3a CYeT CBOMX CHMOMOHTOB, MOTPEOsEeMBbIX KiIeTkamu-(aronutamu. Besne, rue
AKTUBHOC IIHTAHUC MOXHO 3aMCHUTH ITACCUBHBIM, 3a CUCT ymnmaul/m 3Hepm1/1 COJIHCYHBIX ﬂyqeﬁ,
KUBOTHBIC OXOTHO JENaroT 3To. Y Ha000poT, Tam, ryie B MOYBE MAJO a30Ta, PACTCHUS IMPHOOPETaIoT
CIIOCOOHOCTD K XUITHUYECTBY.

Mb1 BUAMM, 4YTO NIOCTPOEHMS HAIIEro aBTOPa, CTPOIOro XYJIUTENI JAapBUHOBCKOM TEOpHUU
9BOJIOIMM W COBPEMCHHOM TEHETHUKH, PACCHIITAIOTCS KAK KAapTOYHBIA JIOMHK IPU MaJleHIeM
CONPUKOCHOBEHUU ¢ (akramu. OO 3TO MOpOXKACHHS — HE IOCTECHSAEMCS PE3KOro cioBa —
BJIGMCHTapHOI‘O HCBCXKECTBA. Bpﬂﬂ JIN UMECJI0 61)1 CMBICJI OCTAHABJIMBATHCA HaA SABJICHUAX HOI[O6HOFO
pona, eciu Obl 9TO HEBEXKECTBO HE ObUIO BOMHCTBYIOIMM. CJIOB HET, HEIOCTATOK HWHQOpMAIUU
HUKOTJ]a HE TPUHOCUI TOJIB3bI, OJHAKO BOWHCTBYIOIEE HEBEXKECTBO MOXET MPUHECTU OTPOMHBIN
Bpen, quy MBI BUAUM HEMAJIO HpI/IMepOB B HpOH_UIOM. BCI[L TOT XK€ aBTOp 1 €ro CAMHOMBIIITICHHHU KA
rojocioBHo oTpunatotr poib JIHK B sBienusix HacmenctseHHoctH. M 310 celiyac, korga ycrnexu
TeHHOW WHXXEHEPHUH YOeTUTENBbHO MOKA3bIBAIOT, YTO JIO HIMPOKOTO BHEIPEHHS B MPAKTUKY METOAOB
HaHpaBHeHHOFO N3MCHCHU S HACIICACTBECHHOCTHU OCTAOTCA CHUTAHHBIC I'OAbI.

['enHass WHXEHEPUS MOXKET IMPOM3BECTH TMOJJIUHHYIO PEBOJIOIMI0O B MEIUIIMHE U CEIBCKOM
XO03HCTBE, MPOMBIIINIEHHOCTH U oXpaHe mpupojsl. (B To ke Bpems He OyaeMm 3akpblBaTh IJa3a: B
pyKax HEeIOOPOCOBECTHBIX JIOACH OHAa MOXKET OBITh HE MCHEE CTPANIHOM, YeM SICPHOE OpYXKHE.)
3adepkuBaTh JTOCTHIKEHHUSI OMOJIOTUHM TOCIETHUX JIET — BCE PAaBHO YTO OTPHIIATh CYIIECTBOBAHHUE

aTOMOB B Hayaje aBrycra 1945 ronall. U camoe Majioe, 4TO MBI MOJKEM CHIEJIaTh, IJIS TOTO YTOOBI HE
OTCTaBaTh B Pa3BUTUM OMOJOTMH, — PEIIMTENBHO MPECcCeKaTh BCE MOMBITKM MOJOOHOI0, KaK MUcAIn
Uned u IleTpoB, «TOJTOBOTANCTBA CO B3IOMOM.

Ho noBompHO 00 »TOM. Emme pa3 mepeunciio BBIABUHYTHIE B OTOW KHUTE B KayeCTBE
AKCMOMAaTHUYECKUX ITOJIOKEHU, JIEKAIME B OCHOBE KHU3HH.

Nmenno:

1) »KuBBIC OPraHU3MBI COCTOST U3 (EHOTHUIIA U TEHOTHIIA, TO €CTh TCHETUYECKOH MPOrPaMMBbl;

2) TEHETUYECKHIE TIPOrpaMMBbl HE BO3HHKAIOT 3aHOBO, & PETUTUIIUPYIOTCS MATPUYHBIM CIIOCOOOM;

3) B Tmpomecce peIUMKAIMM HEW30eKHBI OMMOKA Ha MHKPOYPOBHE, CIIydallHBIE U
Helpe/cKazyeMble N3MEHEHU S TeHETUYECKUX TTPOrpamm;

4) B mpoliecce MOCTPOiKA (eHOTHIIA STH U3MEHEHUsI MHOTOKPATHO YCHJIMBAIOTCS, YTO JETaeT
BO3MOXKHBIM CEJIEKIMIO €IMHUYHbBIX KBAHTOBBIX COOBITHI Ha MAKPOYPOBHE.

OcMmentoch YTBEpXkKAaTh, YTO OTHUX IOJIOKEHHH [OOCTaTOYHO (KaK TOBOPAT MaTEMAaTUKU:
HEOOXOAMMO U JIOCTaTOYHO) it OOBSICHEHUSI BCeX (EHOMEHOB KMBOW MPUPOBI — OT BOSHUKHOBEHHS
MIEPBOT0 COKPATUMOTO BOJIOKHA MJIU MIEPBOIl MOJIEKY/bl ()epMEHTA IO CTAHOBJICHUS MBICIIAIIETO MO3Ta.
S mpenBUKy XOp BO3MYIICHHBIX TOJIOCOB, OCHOBHBIM JIEUTMOTHUBOM KOoToporo Oymer: «Hemnb3s
CBOJIUTH OMOJIOTHIO K (DM3UKE U XUMHUH !»

Ho pa3Be paccMoTpeHHBIE B 3TUX OYepKaX aKCHOMBI XapaKTepHBI JUIsl HEXXUBOM npuponsl? I'ne
ke Tyr cBeaeHue? IlosBMIOCH yXKe XIECTKOE OIpEeAeieHUE «PEAYKIIMOHU3M» TaK Ha3bIBAIOT
HaIpaBJieHHEe, KOTOpoe He npuderaer Ais OOBSICHEHUs CYIIHOCTH JKM3HM K aHAJOTaM <CKU3HEHHOMN
cuibl». Ho, Kak s y)xe mucas BHavyajie, Mbl HE CBOAUM OHOJIOTHIO K XUMHUHM U (u3nuke. Mbl BIBOJUM
OMOJIOTHUIO U3 XUMUU U (U3HKH. DTO HE PEIYKIMOHU3M, a ACTYKIMOHU3M (pa3nudne B OJIHOI OykBe U
BO BCEM CMBICJIE TEPMHUHA).

Ecau y»x roBOpUTh O peyKIIMOHU3ME, TO TOJBKO B TOM CMbICJIE, YTO BCE ATH MOJIOKEHUSI TPSAMO
BBITEKAIOT U3 TIOJIOKEHU I (PU3UKH U XUMUH U TOJIBKO B ’TOM MOHUMAaHUH «CBOJATCS» K HUM. MO0 4TO
3HAYUT — OOBSICHUTH? DTO M €CTh CBECTH CIIO)KHOE sIBIIEHME K OoJjiee MPOCTBIM, Ui HAc YyxKe

6uo aBrycta 1945 roma aMmepukaHIbl, KaK M3BECTHO, COPOCHIIM Ha SIIOHCKHE ropoja Xupocumy u Haracaku
aToMHbIe 00MOBI, BEI3BaB HUYEM HE OIIPABIAHHBIC )KEPTBBI M pa3pyIlEeHUs.
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MOHATHBIM, OOBSICHEHHBIM. Y TBEPXKICHHUE, YTO 3TO-JI€ OTPULIACT «CIEeUN(UKY KU3HEHHBIX SIBJICHUN,
II0 CYTH Jiela, IOBTOPSET aHEKIOTHUYECKOE OIPEACICHUE XU3HHU, LUTUPOBAHHOE MHOM paHbILe
(«oKMBO€ COCTOUT M3 JKUBBIX O0BEKTOB, HEKMBOE — U3 HEXKUBBIX»). EcTecTBOMCHIBITATEND B HAILM JTHU
00s13aH OBITH PEIYKITMOHUCTOM, HHAYE OH PUCKYET OCTaThCS MPOCTO OOJITYHOM.

Bor, Hanpumep, 4TO NUIIET O peAyKIHOHU3Me coBeTckuil guiocod P. C. KapnuHckas: «...ecnu
BOIIPOC O PEAYKIHOHU3ME pacCMaTpuBaTh B METOJOJOTHYECKOM IUIAHE, TO CYHUIHOCTBIO «CBEJIECHUS»
CJIOHBIX OMOJIOTHYECKUX IMPOIIECCOB K 00Jiee MPOCThIM SABJIAETCS OOHApY)KEHHE Ha MOJEKYISIPHOM
(umum wHOM, OOJiee MPOCTOM IO OTHOUICHHIO K H3y4aeMOMY) YPOBHE TakMX (DyHJAaMEHTAJIbHBIX
XapaKTepUCTUK, KOTOPBIE MPU HX TCOPETUUSCKOM OOOOMICHWUU TO3BOJIAT CHOPMYIUPOBATH HEKHE
abCTpaKkTHbIE MOHSTHS, BBICTYNAIONME HAYalbHBIM ITYHKTOM ABWKEHUS MO3HAHHS «BBEPX», KO BCE
OoJiee CIIO)KHBIM YPOBHSIM OMOJIOTHYECKOM OpraHU3aLUU. Dmu HOHAMUSL OONHNCHbI pabomamv Ha
BCEX VPOBHAX, HANOIHAACL 8Ce OOjlee KOHKDemHbIM, 6ce bonee bocamvim codepoicanuem » (KypCUB
Moii. — b. M.).

IIpoury w3BMHEHHS y 4YMTaTelNed 3a JUIMHHYHO LUTaTy: Ha MOW B3INIAJ, B HEH YIA4HO
MOAYEPKUBACTCSI HEOOXOAMMOCTh HEKHMX aOCTparpoOBaHHBIX 3aKIIOYEHUN (KOTOpble S Ha3Baj
aKCMOMaMH, HO HE B CJIOBE CYTh: Ha30BUTE MX IOCTyJaTaMH, NPUHIMIIAMHU, [TOJIOKEHUSIMHU, B KOHIIE
KOHIIOB, PYCCKUH SsI3BIK JocTaToyHO Oorar). Kpome TOro, ¢GopMymupyroTcsi ycClOBHUs, KOTOPBIM
JIOJI’KHBI COOTBETCTBOBATH HAIIM AKCHOMBI.

1. Xots oHU (aKCHOMBI) BHIBOAATCSI HA MOJIEKYJISIPHOM YPOBHE (JIeJIeHHUE OpraHM3Ma Ha TeHOTUII
¥ (eHOTHUII, MATPUIIUPOBAHHE T€HOTHIIA, OIIMOKY MAaTPULIMPOBAHUS, YCHIIEHUE OLIMOOK, AeTaoIee HX
JIOCTYITHBIM OTOOpPY), ¢ MX TMOMOIIBIO MOXXHO IO3HATh OO0Jee CIIOKHBIE YPOBHH OHMOJIOTMYECKOMN
OpraHH3aINH.

2. OHU KOKHBI OBITH BCEOOIMMH, TTPOSIBIIATHCS HAa BCEX YPOBHSX U BO BCeX cirydasx. YacTHbie
3aKOHOMEPHOCTHU JIOJKHBI BBIBOJUTHCS M3 HUX, KaK TEOpPEeMbl U3 akcuoM. M BKIIOUEHHE B CHCTEMY
aKCUOM <«IMIIHEW», He paldoTalollell Ha BCEX YPOBHSX, TakKas e, €Cld He Xy[las, ommOKa, Kak
BKJTIOUEHHE HEBEPHOH, HE 000CHOBAaHHOMW (JaKTaMH M TPOTHBOPEYAIICH MPUHIIUTIAM (DU3UKA U XUMHUH.

C 3TOii TOUKM 3pEHHS] PACCMOTPUM BOIPOC: I0CTATOYHA JIM HAIllA CUCTEMa aKCHOM, HE CielyeT
71 4yero-iau6o 106aBuTh K Hel? [Ipu3Haroch, 4TO I MEHS 3TOT BOIPOC MPOKIIATHIN, S IOMal TOJI0BY
HaJ HUM rogamMu. OCTaHOBIIOCH JJISl IpUMeEpPa Ha MOJIOKEHUH, KOTOPOE YyTh OBIJIO HE CTajlo MATOU
akcoMoil. Ero MoxHo ObL10 ObI BBIPa3UTh JBYMS CJIOBaMH: TeHETUUECKasi peKOMOUHAIIHSI.

['eneTnueckass pekoMOMHANMsI — OOMEH 4YacTAMH TE€HETHYECKUX IpPOrpaMM — BO3HHUKIA,
MO-BUJMMOMY, Ha YpPE3BBIYAWHO pPaHHEW CTAJAMMA CTAHOBJIEHUS >KU3HHA. Y CaMbIX MNPOCTEHIIMX
OpraHu3MoB — OakTepro(aroB — onucaH cioxHbIHN mporecc oomeHa kyckamu JIHK. Tlocne 3apaxenus
OakTepuasibHOM KiIeTku (arom B Hel oOpasyerca 30—50 xomuit monexyn JJHK, pennunupoBaHHBIX C
MaTEePUHCKON MOJICKYJIbI, BIIPBHICHYTON B OAKTEPHIO.

JlouepHrie MOJEKYIIbI MOTYT CIapUBAThCs, COMUKATHCA TOMOJOTMYHBIMU YACTSIMH; 3aTeM B
30HAaX cHapuBaHus mpoucxomar paspbiBel HuTed JIHK, oOMeH CKpemieHHBIMH y4acTKaMu |
nocieayion@s cumMBka. Bce 3TO OyeHb HAMOMMHAET XOPOLIO M3BECTHBIM Te€HETUKAaM IepeKpecT
XpOMOCOM Y BBICIIMX OpPraHHU3MOB — KPOCCHHIOBEp, NPU KOTOPOM XPOMOCOMBI OOMEHMBAIOTCS
TOMOJIOTUYHBIMU YacTAMH. B pesynprate, ecin B ognon mosiekyne JIHK nmpousonma ogna myranus, a
B JIPYroi — ipyrasi, OHM MOT'YT 00bEeIMHUTHCS B TEHETHYECKOM MporpaMmme (ara 1 COBMECTHO MOMAacTh
noJ aeicTBue oToopa.

Cxopee Bcero, MeXaHU3M STOT Pa3BWICS M3 penapanuu, O KOTOPOW Mbl 371€Ch TOBOPHUIIU.
Penapanimonnbie epMEHTHI — JIMra3bl — CUIMBAIOT Pa30pBAHHBIE JKECTKUM HM3ITY4EHHEM HIJIM HUHBIM
myrareHoM HUTH JIHK, BoccTaHaBiMBarOT LIETOCTHOCTH T€HETHMYECKOM NpPOTrpaMMbl. A Tak Kak B
OJIHOM KIJIeTKEe HeCKoJIbKo necsTkoB ¢aroBbix JJHK, To BhiCOKa BepOsSTHOCTH OOBEIMHEHUS YaCTEH
pasHbIX MoJeKyll. PekoMOuHanus okaszanach BBHITOAHOMW, OMYCKAIOIIEH 00beAMHEHNE TeHETUUECKIX
M3MEHEHMH y pa3HbIX OPraHU3MOB.

VY Oakrepuii MEpPEeHOC TEHETUYECKOW HHQPOPMALMU OCYIIECTBIACTCS OT KIETKH K KIETKe
HenocpencrseHno Kyckamu JIHK (Tpancdopmarius), B pe3yabraTe U3ydeHHs 3TOro mpoliecca u Oblia
nokazana poib JJHK kxak cyOcrpara HacimeacTBeHHOCTH. YacTo Te€HBI MEPEHOCATCS OT OaKTepuu K
Oakrepun paramu, gar moxkeT npuxsaruth Kycok JIHK xo3suHa u nepenath ero B HOBOM IOKOJIEHHUU
JpyroMy. OTOT Hpolecc Has3bIBaeTcsl TpaHcAyKuuend. OOBIYHO €€ OCYIIECTBIISIIOT IJIa3MH/IbI,
«pyuHble» (aru, craBmme CUMOMOHTaMH OakTepuil W He YOMBAaIOUME XO3MHA HWHTEHCHUBHBIM
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pasMHOKEeHHEM. M3 mogoOHBIX MEXaHU3MOB y OaKTepuil B KOHII€ KOHI[OB PAa3BUJICS OPUTMHAIbHbIA
MOJIOBOW Tmpolecc KoHbroranus. [Ipy HeM KIETKM CONpUKAcaloTCs, MEXIy HUMHU oOpaszyer
UTOILIA3MAaTHYECKUil MOCTUK 1o KotopoMmy HUThH JIHK meperexaer u3 omgHoil OakTrepuu B APYTYIO.
JIroO6onbITHO, YTO I NepeJadyd TeHHOro Marepuana OakTepHus IO0JKHA MMETh BHEXPOMOCOMHBIH
TeHETHYECKUI 3JeMEHT, Ha3BaHHBIM (akropoM F , KOTOpHIHA, BO3MOXKHO, MOTOMOK Ijiazmuabl. He
uMetonpe ero mrammsl (F — ) Mmoryr Tonbko npunuMath uyxyro JIHK (ananorus mexay camkamu u
CaMIlaMH Yy BBICIIM X )KUBOTHBIX; KCTaTH, «CaMIIOB» TO €CTh UMEIOIMX (akrop F , 10BOJIBHO Majo: y
KU IIEYHOM MaJIOUKU UX B JIECATH pa3 MEHbIIE, UEM «caMOK»). IlnazMuaa, Benyas NpoucXokAeHHUE OT
(ara, MOXKET BOOOIIE CTaTh YacThiO OAKTEpUATbHONW XPOMOCOMBI, TOTJ]a OHA HAa3bIBAETCS MM COMOIL.
Tawke u F — ¢axrop, BKIIOYAsACh B FeHOM OaKTepHil, MOBBIIIAET UX CIOCOOHOCTh K KOHBIOIAllUU B
TBICSIUY pa3s.

W3 nikosnbHOrO Kypca oO1eit OMoi0ruu Bbl JOJHKHBI 3HATh, YTO TEHETHYECKash peKOMOUHAIUS Y
BBICIIIMX OPTaHM3MOB ropasfo cioxkHee. M y Hux ects kpoccunroep. Ho B ormmuune ot Gakrepuit

T€HOM Y HUX HACTOJIBKO BEJIHK, YTO HE MOXKET ObITh 00BETMHEH B OJTHON XpOMOCOME. 12

SnepHble OpraHU3MBI — SYKAPUOTHI — UMEIOT B KIETKaX OT ABYX (y MaISApUIHOTO TMIa3MOIUs U
JIOIAIMHON acKapu/ibl) A0 ThICAYM M OOJee XpOMOCOM, «TOMOB» TeHeTHdeckux mporpamm. Ilepen
KOXJIBIM JIeJICHUEM KIETKM TeHETHYeCKHe Mporpammbl peruiupyrorcs. OaHako Tak ObIBaeT He
Bcerna. Ilepen HacTymiieHMEM IOJIOBOTO IMpoIEcca MPOUMCXOJUT MEH03 — PENyKIMOHHOE JEICHUE.
XpOMOCOMBI TIpH HEM HE JEJSTCS, a PACXOIATCs IO KIETKaM, W3 KOTOPBIX MOTOM (opMHUpPYIOTCS
nosioBble. Tak, y uernoBeka B HopMe 46 XpOMOCOM U3 HUX JIBE MOJIOBbIE, OCTalbHbIC 44 HJACHTHYHBI Y
000HX TOJIOB (2yTOCOMBI). 23 XpOMOCOMBI YEJIOBEK MOJy4aeT OT OTma, 23 — OT Marepu, a KakoBO
COYeTaHUE OTLIOBCKMX M MATEPUHCKUX XPOMOCOM B SIMIIEKIETKE MJIM CIIEPMUU — 3TO JAEJO0 Cilydas.
UYucno coueTaHuit 37eCh paBHO JIBYM B CTETIEHH N — YUCITY XpoMocoM B ramete. OTcrofa cieayer,
4TO, HAIIPUMED, Y APO30QHIIBI C €€ YETHIPbMSI XPOMOCOMaMH B TaMeTe YMCJIO BapUaHTOB ramer 24 =
16, y kpomuka 222 = 4 385 000. IIpegocTaBisio YATATEISIM CaMUM IPUKAHYTH YHCIIO BaphaHTOB
raMeT y IMamnopoTHHKAa (KOIu4ecTBO xpomMocoM B ramere 630). CnusHUE TMONOBBIX KIETOK
BOCCTAHABJIMBAET INPEXHEE KOJUYECTBO XPOMOCOM BO3HHMKAET HOBAas TeHETHYECKas Iporpammax ¢
KOTOPOM OpraHu3M BXOAMT B KU3Hb. [Ipu cMeHe MOKOJIEHUM ATH MPOrpaMMbl PACCHINTAIOTCS YTOOBI
3aHOBO BO3HUKIM Jpyrue. ['eHeTnueckass pekOMOHMHAIMs HEMPEphIBHO TacyeT WX, KaK KapThl,
MOCTaBJIsisl OTOOPY MOWCTHHE HEUCUepraeMblii MaTepHall. 37ech eCTh M OTpHIaTeNIbHas CTOPOHA:
Kakasg-HUOyIb CBepXydauHas KOMOMHAIUS XpOMOCOM OecclelHO McYe3aeT B HOBOM IOKOJIEHHH, Y
TeHUANBHBIX POJUTENEH MOSBISIOTCS 3aypsAHbIC ETH.

[To-BumMMOMYy, PTOT BEIHMKHHA IO NMPOCTOTE MEXaHW3M PEKOMOMHAIIMM BO3HHK B IpOIEcCe
HBOJIIOIMH TOJBKO OJUH pa3. Y yeloBeKa U COCHBI, MH (Py30pUH U IPOXKKEBOTO TprOKa MOJOBBIE Apa,
CJIMBAIOIMECS] BIIOCIEJCTBHH, BO3HUKAIOT OJWHAKOBBIM HYyTeM: SIPO C HOPMAIbHBIM HaboOpoM
XPOMOCOM HE pa3eNsisiCh PEIUTMIIMPYET MX, TaK 4YTO 00Opa3yercss YeThipe Habopa TeHETHYECKH X
nporpamm. 3aTeM KIeTKa (WM TOJIBKO AApo Y UH(Y30pU) ABAXKIbl NEIUTCA, MOIYyYalOTCS YEThIpe
KIETKH C MOJIOBHHHBIM, TallJIOMJAHBIM Habopom. YacTo, ocoOeHHO mpu (GOPMUPOBAHUU SIIECKIICTOK,
TPH W3 HUX PaACCACBIBAIOTCA, NAIbHEHINEe pPa3BUTHE CYXKICHO TOJbKO OXHOW. JIWImb HemMHOrHe
MaHIUPHBIE KIYTUKOBBIE UMEIOT OJIHOCTYIIEHYATOE PEAYKIIMOHHOE JIENIEHUE; Y HUX 3TO, CKOpee BCETo,
BTOPUYHOE YIIPOIIECHHUE.

Tak, MOXeT ObITh, OOBSIBHM TEHETHYECKYIO PEKOMOMHAIIMIO HEMPETOKHBIM 3aKOHOM KHBOTO,
nATON akCHOMOi? YBBI, 1€10 0OCTOUT HE CTOJIb MPOCTO. MHOIME OpraHu3Mbl MOTEPSUIA CIOCOOHOCTD
K TeHETUYEeCKOH pPEeKOMOWHAIMU M OJarofeHCTBYIOT, Mbl HE MMEEM IpaBa MCKIIOYATh UX U3 MHUpPA
KUBOTO. TakoBBI BCEM H3BECTHBIC amMeObl M WHQY30pHH TOTEPSBIIME CIOCOOHOCTH OOPa30BHIBATH
MOJIOBOE S7IPO, Bce (JOPMBI, pa3MHOXKAIOIIMECS TapTEHOTeHETUYECKUM IyTeM, O€3 OIIO0TBOPEHHS (a
UX MHOTHE TBICSYM — OT MPOCTEHIMX JI0 HEKOTOPBIX MOpoja MHAeeK). HakoHel, Tak Ha3pIBacMble
arlOMUKTUYECKHE PAacTEHUsl, 00pa3ylolye ceMeHa U3 HOPMaJbHbIX, TUIIONTHBIX KIETOK C JTBOHHBIM
HabOpOM XpOMOCOM, XOTsI Obl OJyBaHUMKH, KaXKJIYI0 BECHY 30JO0THIM IOTOINOM 3JIMBAIOIME HaIlM

12 EcTp, BIpoueM, MCKIIOYEHHUSI U3 DTOTO NMpaBuUia. Y HEKOTOPHIX PAaCTeHUWH (PHOTEpa) M >KUBOTHBIX (CKOPIHOHBI)
XPOMOCOMBI, COSMHSACH IPYT C IPYTOM KOHLAMH, 00pa3yIoT KOJIbIIO, IIepe Jarolieecs 10 HACJeACTBY KaK €JMHOe LEeJIoe.
Ho y ayKapHOTHBIX OpPraHM3MOB 3TO BTOPUYHOE HUCKIIOYCHHE.
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razoHbl. Mnu ke pacTeHus B MpUHLUIIE CIOCOOHBIE K peKOMOMHALIMU, HO Pa3MHOXaeMble YepeHKaMU
KI1yOHAMH, OTBOAKaMH (kapTodenb OaHaHbl U T.A. M T.1.). KpoccuHroBep, kazajnoch Obl, IMpe
pacmpocTpaHeH, YeM MOJIOBOH MPOIIECC, HO, HAlPUMEP, CaMITbl IP030(HII K HEMY HE CITIOCOOHBI.

Orcrona aenaeM BBIBOJ: HATUUYNE TCHETHUYECKOM PEKOMOMHAIIMN — HE OE3YCIIOBHBIN KPUTEPHIA
JKUBOTO. DTO HE YCIOBUE XKU3HU, a4 €€ 3aBOEBaHUE, HE aKCHOMa, a TeopeMa (IpaBJa, OJHa U3 CaMbIX
OCHOBHBIX).

Moii kosutera Anekceit BimagumupoBud S16J10k0B, 03HAKOMHUBIIMCH C PYKOITUCHIO, TTPEIJIONKHIIT B
KayeCcTBE IMSITOM AaKCMOMBI TaK HA3bIBAEMOE <«JIABJICHUE MXU3HUY», T'€OMETPUUECKYIO MPOTPECCHIO
pasMHOXeHus. PaccMoTpum 3TOT BOmpoc.

Eme JlapBuH yka3piBas, 4TO TaKOW BaXKHBIA (hAaKTOP IBOJIIOIKH, KaKk O0ph0a 3a CyIIECTBOBaHUE,
BBITEKACT U3 <«OBICTPOM TPOrpEecCMH, B KOTOPOM BCE OPTaHMYECKHE CYINECTBA CTPEMSTCS
Pa3MHOXHUTBCA». 31€Ch TOT XK€ MPUHIMI, KAKOH IMOJOKUJI B OCHOBY CBOETO TOHOpapa JIETeHIapHBII
n300peTaTenp MAaXMar: Ha MEePBYI0 KIETKY JOCKH MOJOKUTh OJJHO 3€PHBIIIKO I IIEHUIIBI, HA BTOPYIO 2,
Ha TpPeTblo 4 U T. ., BIUIOTh 7O 264 Ha mocineaHed KieTke. MaTeMaTWKu Ha3BaJId TaKOM pOCT
reoMeTpuYecKoi mporpeccueii. M3BecTHO, 4TO B TAKOM Cllydae IPUPOCT UJIET JIABUHOOOPA3HO, HA HEM
¥ OCHOBAH POCT JIENAIMXCSl aTOMOB ypaHa B sifiepHoil 6omOe. Takux mprumMepoB OUOIOTH MPUBOIUIN
MHOTO. JI[apBUH MHCAN, YTO «CJIOH TUIOAUTCS MEAJICHHEE BCEX M3BECTHBIX KUBOTHBIX», HO 3a 740—750
JIET TTOTOMCTBO OJITHOM IMapbl COCTaBWJIO ObI OKOJIO 19 MUIMOHOB ocoOeit. Ecnm ke Mbl BO3bMeEM
opraHu3mMbl ¢ Oosiee OBICTPBIM TEMIIOM pPa3MHOMKEHHUS, BEIMYMHBI MOJY4aroTCs OYKBalbHO
acTpoHOMHUYeckue. MHOTOKpPAaTHO YIMOMHHABIIASCA HAMH ILIOJOBasi MYIIIKA Jpo30Quia 3a OJAUH TOJ
Jana Obl CTONBKO MOTOMCTBA, YTO OHO TOKPBIJIO OBl 3eMJII0 CJIIOEM B MHUJUIMOH MUJIb (!) TOJNIMHOMN,
mapa BOpoObeB 3a JAECATh JIET pacriioamnack Obl 70 257 716 983 636 ocobeii. Kaxapli u3 moduTenei
MaTeMaTUKH, UMEsI TI0J] PYKOW JaHHBIC O IIOJOBUTOCTH U MPOAOKUTEIFHOCTH YKU3HH KaKH X-JTH00
OpraHHU3MOB, Ha J0Cyre MOKET MOJy4UTh HU(pPbI HE MeHee mopa3uTenbHbie. OCOOEHHO eciu pacyer
OTHOCHUTCS K OaKTepHusiM, KOTOPbIE B OJIATONPUSATHBIX YCIOBUSAX ACTATCS, YABAUBAIOT CBOIO OMOMACCY
JIBa pasa B yac.

MoHO cKa3zaTh, YTO 3TO BCE TEOPETHYECKHE BBIKIAJKA, HUYEro MOJ0OHOrO B MPUPOJE HE
ObiBaeT. He coBceM Tak: ecnu BUJ MOMajgaeT B ONarompusiTHBIE YCIOBHUS, HE OTPAaHUYMBACTCS
MUIIEBBIMU PECYpCaMy U HE UMEET BparoB, YUCIEHHOCTh €ro Bo3pacTaeT (paHtactudecku. Tak OypHO
paspoccsi ynomMuHaBumiicss JlapBUHOM 4epTOmoyioX B ApPreHTHHE, TaK pa3MHOXKAIUCh €BPOIEHCKUE
KPOJIMKA M aMEPUKAHCKUE KAKTYChI-OMYyHIMH B ABCTpaIMM M aMepUKaHCKas Tiisg (rUiokcepa Ha
€BpPOMEHCKUX BUHOTPAIHBIX J03aX. MHUKPOOPTaHU3MBI, KUBOTHBIC M PACTCHHS, OCTABUBIIME IOCTE
celOs 3alIexu pya, LeNble MIACThl M3BECTHSKOBBIX MOPOJ, BCE 3amachl yrisg M Hedru, momaaas B
OnarompusITHBIE YCIOBUS, IEPECTPAUBAIOT OOJMK BCel HAIlleH TITAHETHI.

JKu3Hb Kak ObI HCTIONB3YET JTH000M pecypc, 00y BO3MOKHOCTD ISl pa3MHOXKEHHUS. DTO U €CTh
«IaBlieHHE >KU3HM». Ho gaxe ecnu 4YHCIEHHOCTh OpPraHW3MOB KaKoro-iumbo BHAA OCTaeTcs
CTaOUITLHOM, TOTEHITNAII €T0 Pa3MHOXKCHUS — MOIIHBIA Pe3epB, MOCTABJISAIONMN MaTeprual 0TOOpY.

Axcrnoma »3t10 mam Her? Bce ke — HET, 3TO CIEACTBHE, BHITEKAIOIEE aBTOMATHYCCKA H3
MPUHLMIIA MATPUYHOTO BOCIPOU3BEIACHUS. DTO TOXKE HE aKCMOMa, a TeopeMa, M TOXKE OJHA U3
IJIABHBIX, Ha KOTOPOH OCHOBaHa BCSI COBPEMEHHast OMOJIOTHSI.

U tem He MeHee s He Mory Oe3ale/UISILIMOHHO YTBEP)KAAaTh YTO M3 MAacChl MOJIOKEHHI,
chopMynupoBaHHbIX Ouonoramu 3a mocneauue 150 net, s u3bpan B KadyecTBE aKCMOM HMEHHO Te,
KOTOPBIE 3TOTO HAa3BAHUS 3aCTYKUBAIOT. M 4TO MX UMEHHO CTOJIBKO, CKOJIBKO HYXKHO JIJIs1 OOBSICHEHUS
JKH3HEHHEBIX SBJIEHUH — HU OIHOM OOJbIIe W HHM OJHOM MeHbIIe. MIHBIMU ClI0BaMH, OTBEYAET JU OTa
CUCTEMA IBYM TPEOOBAHUSM — MOJIHOTE U HE3aBUCUMOCTH, KK TOBOPSIT MAaTEMATHUKH.

Ho, xak s y)xe mucai B IpeIMCIIOBUH, 3T KHUTA HE YICOHUK, a MPUTIIALICHUE K Pa3TyMbsM.

Bropouem, MoM TONBITKM BBIBECTH M3 aKCUOM MHOTHE OJMIIMPHUYECKUE 3aKOHOMEPHOCTU
OKa3bIBAIMCh yIAYHBIMH. TaK MOJYYUIOCH C MOJYCaMHU SBOJIONHMHM WU OMOTCHETHYECKUM 3aKOHOM
Miromnepa — ['ekkensi, 3akoHoM J{osuto, rmacsiumM o HeoOOpaTUMOCTH SBOJIIOIMOHHBIX WU3MEHEHUH, U
HeabiM psoM Ipyrux. OaHako 4ToObl MPEACTaBUTH XOTSA Obl OCHOBHBIE JOCTHIKEHHUS OHOJOTHU B
aKCMOMAaTU3MPOBAHHOM BHUJE, TNoTpedoBanmach Obl KHUTAa pa3 B JecATh OOBEMHCTEH, 4YeM JTa.
[Ipencrout pabota HE I OJHOTO YETIOBEKAa U HE HA OJUH TOJ. BBITh MOXET, 51 MPOJOIIKY ITY TEMY
nanbire. Ckaxy Ooliee, IMEHHO 3THUM s Ceii4ac 1Mo Mepe CBOMX BO3ZMOKHOCTEH U 3aHUMAIOCh.

A TOKa, ecaM 3TH OYepKH XOTS OBl BBIPAOOTAOT y UMTATENsS MOA0OME WMMYHUTETa K
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BBICOKOIIAPHBIM YTBEPXKICHUSAM O KaUeCTBEHHBIX OTIMYHUSX )KUBOTO OT HEXUBOTO (6€3 pacum GpoBKH,
YTO K€ ITO 3a OTIMUMA!), — O HECBOAUMOCTH OMOJIOTHYECKUX 3aKOHOMEpHOCTEeH K (u3nueckum (6e3
GOpMYyIMpPOBKM caMHUX OHOJIOTHUECKHX 3aKOHOMEPHOCTEi!), aBTOp cOdYTeT CBOKO  33jady
BBINOJIHEHHOM.
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