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IIpenucioBre K TpeTheMy PYCCKOMY H3JaHUIO

Kuura naypeata HoGenescroil nmpemuu, ogHOr0 U3 co3jaTeneil KBaH-
ToBo#M mexaHuru Jpeuna Illpénunrepa «UTo Takoe mU3HBLT» HEBENURA 10
o6bemy. OcHOBaHHaf Ha TPeX JEKIUAX, IPOUUTAHHBIX aBTOPOM B ¢eBpane
1943 r. B ny6nuackom TpuHUTU-RONLIE e, OHA OKa3ala U MPOJ0I#aeT OKa-
3bIBATh CUJIbHOE BIUfIHUE HA Pa3BUTHUE He TONbKO MOJERYJIAPHOHA GUoNOruu
U GUONOTUU, HO U Beell coBpemeHHOoH Hayku B nenom. PegakTop c60pHUKA,
MOCBAIIEHHOTO cToleTHeMy woduleio Illpennarepa, Kunmucrepe ¢ moaHsim
ocHoBaHUeM HasBal «UTo Takoe mU3HL?Y «OMHOU U3 «MAJNBIX KHUTY, ORA3aB-
MIUX BIMAHUHE B UCTOpUU Hayku». W XoTA aBTop cTapaeTcsa NpPeACcTaBUTH
cebAl (HauBHbIM (U3UKOMp, BTOPTUIMMCA B YY#KYIO NPEIMETHYIO 06J1acTh,
yuTaTelb 6e30UG0UHO y3HaeT PYKY MasCTPO, Pa3MbIULIAIOLIET0 HAJl Bamk-
HeAmuMy npo6iemamu 6GUMOJNOTUH, WX, B Gosnee obuem miuaHe, cnenupuru
KUBOTO.

Hpeu J.Illpeaunrepa yclIoBHO MOMHO OTHECTHU K JBYM TJaBHbIM Te-
MaM — (IOPfAACK U3 MOPAAKay U «IOPAAOK U3 Gecrnopagkay.

K nepBomy Kpyry ugeil oTHoCATCA pa3MbIIIJIEHUA aBTopa 0 ToM, Ka-
KUM 006pa3oMm opraHu3msl lepefaoT UHGopMaluio U3 TOKOIEHUA B MOKO-
AeHUe, KaK TeH, UMEoNUil MUKPOCKONMUYECKU Malble pasMmepsl, TPOTUBO-
CTOUT TeNJI0BbIM PIYKTYaNUAM U yAepmUBaEeT HacAeJCTBEHHYIO UHpOopma-
uuio (IpeguHrepoBcKas Mojelb <alepUoJNYecKOro KpHcTallay, B CTPYE-
Type KOTOPOT'0 U30J1MPOBaH (IJIaHy OpraHu3Ma, NePeKINKaeTCo C COBPEMEH-
HbIMH IpeACTaBIeHUAMU 0 mo3aukax IleHpoysa U KBasUKpHCTallax).

IlonBera pa3BuUTUA MONEKYINAPHOH GUONOrUU, HEPABHOBECHOH TepmMoO-
JAHAMUEUA U HEJIUHEHHoH (U3UKU NMOoATBEepAUIU NMPopoYecKUil xapakTep U
niogotBopHocTh uaeil lllpenunrepa, oTHocAmuUxeA K Npo6ieme (IOPAAOK
n3 6ecrnopagkay.

«Yto Taroe musHb?y Jpeuna lllpequnrepa npoaonmaeT urpaTb akTUB-
HYIO POk B coBpemeHHol Hayke. 06 3ToMm CBUIETENLCTBYET KOHbepeHIU,
npoBefieHHasA B ceHTAGpe 1993 r. B ny6inunckom TpUHUTU-KoNIed xe MO CIY-
qalo NATUAECATUIETUA MIpeIUHTepOBCKUX JeKIuil (Ha30BeM JHUIIb HEKO-
TOPBIX U3 U3BECTHBIX HCCieqoBaTelell, MpeAcTaBUBIIUX AoKIaasl: Mand-
pen diiren, Pommep Ilenpoys, Hx. A. CkorT Kenco, I'epman Xaren, Banb-
Tep Tuppunr, Ctioapt A. Raydman), MmHOrOUUCICHHBIE JUCKYCCUU MO TOBO-
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Iy BbICKA3auHBIX B KHUTe Hjeil U MHOTOUUCIEHHLIe Nepenu3iauua mpeaun-
repoOBCKOT0 IejieBpa 3a pybGeskoM (mepBoe m3jganue Belmio B HemGpumswe
B 1944 r.).

Pyccruil nepesoa kuuru Illpegunrepa Brillled B usaaTelncTBe «HAHo-
cTpauuas nuTepaTypa» B 1947 r., a B 1972 r. (AToMu3gaTy npeanpuUHI
BTOpOE U3auiue.

B mpegnaraemom unTaTeN0 TPETHEM U3LAHUU BOCCTAHOBIEHEI BCE Ky-
HIOpbI, CAeNaHHbie 0 TeM WU UHBIM COOGpameHUAM B NpeblAyHIUX U3jia-
HUAX, UCTIPABIEHL] 3aMeUYeHHbIe OMMNGKN 1 HETOYHOCTH U 3aHOBO TepeBe/en
(10. A. JanunoBsimM) «9nuiory, omyiueHHbINH B MepBbIX AByX usganuax. Ta-
KM 00pa3oM, YUTATeNL BIepBuIe 0Iy4YaeT BO3MOMHOCTEL 03HAKOMUTLCA C
HOJHBIM TEKCTOM MalleHnKoro Wefespa Jpsuna lllpegunrepa.

10. A. Januaos
20.06.98, Mocksa



IIpeavicioBue

Homo liber nulla de re minus quam
de morte cogitat; et ejus sapientia
non mortis sed vitae meditatio est.

Spinoza. Ethica, P. IV, Prop. 67.

IpuHATO CYUTATD, YTO YUIEHLIH N0J#EH U3 MePBLIX PYK B COBEPIIEHCT-
Be 3HATD ONpe/elleHHyI0 06J1acTh HAYEM, U IO3TOMY €My He clleyeT HUCaTh
[0 TaKUM BONPOCaM, B KOTOPBIX OH He ABJAETCA 3HATOKOM. JTO paccMmat-
puBaeTca Kak noblesse oblige?. OmHako M MOCTUMEHUs MOel el a1 Xody
0TKa3aThea oT noblesse, U MO3ITOMY TPOITY OCBOGOAUTb MeH#A OT BhITEKAIO-
KX 0TCIONa 06a3aTelbeTB. Moe oTCTymIeHe OT 3TOro IpaBuia o6LACHA-
eTCA CleYIONUM.

Mu1 yunaciieoBaiu oT HallUX IPEJKOB 0OCTPOE CTPeMIIeHHE K [[eIbHOMY,
BceoOGbeMimoneMy 3Hanuio. CaMo HazBaHWe BLICIIMX WHCTUTYTOB MHO3HA-
HUA — YHUBEPCUTEThbl — HAIOMUHAET HAM, YTO C JABHUX IIOP U HA NMPOTA-
JEHUU MHOTHUX CTOJIETUI YHUBepCalbHbI XapakTep 3HAaHUN — eIMHCTBEH-
HOe, K YeMy MO:eT ObITh NojHoe moBepue. Ho pacmupenne u yriyoienue
pasnoobpasHLIX oTpacieil 3naHua B TedeHue nociaeguux 100 ¢ THIIHUM J1eT
MOCTABUIIO HAC Tlepe CTPaHHON guieMMoii. C 0gHOM CTOPOHBI, MBI 9YBCTBY-
eM, 4TO TOJbKO Telepb HAYHHAeM NPUOOpPeTaTh HagemHbId MaTepual Aiia
TOro, 4ToObI CBECTU B eUHOE Ilelioe BCe [0 CUX HOp U3BECTHOe, a C APYToi
CTOPOHBI, CTAHOBUTCA TOUTH HEBO3MOMKHBLIM [JA OOHOTO YMa MOIHOCTHIO
oBjlageThb 60Jiee yeM ogHOl HeGOABIION crenualbHON YacThbIo HAYKHU.

fl He BHmy BBIXOga M3 BTOTO MoJloseHUna (4ToGbI MPU HTOM Halla oc-
HOBHAaf Ie]lb He oKasalach MOTepAHHON HaBcerja), ecld TOJNLKO Koe-KTo U3
HAC He PUCKHET B3ATbCA 38 CUHTe3 (AKTOB U TeOpHUil, XoTA Hallle 3HAHUE
B HEKOTOPLIX 06J1acTAX HEIOJHO U IMOJYYeHO U3 BTOPLIX PYK, U MBI MOKEM
NOABEPrHy TLCA OMACHOCTH HMOKA3aThCA HEBEeMm JaMU.

1YenoBer cBoBOAHEIH HU 0 UeM TaK Malo He AyMaeT, KAk 0 CMEPTH, H ero MyJApOCThb
COCTOUT B PasMBIILIEHUU He 0 CMeEPTH, a o #usHU. Cnunoza. Imura, 4. IV, Teop. 67.

2(BnraroposicTBo o6s3kiBaeT (Ppany.). B naHHOM ciyuae osHayaeT, UTO 3BaHMe yue-
HOro 06A3bIBAET He HapyIlIaTh B3ATHIX Ha ce6A 06A3aTelbCTB — CYAUTh KaK HaCTOALEMY
Y4eHOMY UMb C MOJHBIM 3HaHUeM neaa. — Ilpum. nepes.
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IIycTh 9TO HOCHYKUT MHe U3BUHEHUEM.

Henb3a oT6pacsiBaTh B CTOPOHY U TPYIHOCTHU C A3bIKOM. Poquoil A3bIK
KaI0To fABNAETCA KaK Gbl XOPOIIO IPUTHAHHON OJe# 00, U Helb3f YyBCT-
BOBaTh ce6f BIodHe CBOGOAHO, KOTa He Cpasy MoKelllb MoJ06paTh Hy#K-
HOe CJIOBO M ero MPUXOAUThCA 3aMeHATh ApyruM. fl ouenb 6inarogapen
1-py Unkcrepy (Tpunntu-ronnemsk, Jy6nuu), a-py Ilagpaiir Bpayny (krox-
nen# cB. IlaTpuka, MaiiuyT) u, Hakonen (Ho He MeHblle, YyeM APYTUM),
mucTepy C.HK.PoGeptcy. UM mocTaBuno MHOro 3a60T MOJOTHATH HA MeHA
HOBOe Oflefilule, U ATO yCyTyOIfANOCH ellle TeM, YTO MOPOHl fi He XOTel OT-
Ka3aThCA OT CBOEr0 HEeCKOJbKO (OpUrHHANbHOTOy cTulfd. Ecnu uto-nu6o ot
HEro COXPaHUIOCh, HECMOTPAl Ha CTpPeMIeHUe MOUX Jpy3eil CMArMYUTH MO
CTUIb, TO BTO JIONHHO 6bITh OTHECEHO HA MO, a He HA UX CYeT.

3. 1.



I
HO,Z[XO,Z[ RJaccruyecroro (I)I/I3I/IP{a R IIpeaMeTy

Cogito, ergo sum

Decartes!

JTa HeGonbllag KHUTAa BO3HUKIA U3 Kyp-
1. Oowuii rapaxmep u uyeal cq nyGIMYHBIX  JeKIWil, NOpPOYUTAHHBIX
ucc.1edosanuA (DU3UROM-TEOPETUROM Iepej ayauTopueit
HacuuTeiBawmeil okono 400 yenoBer. AyauTopusa NoYTH He yMeHbIIanach,
XOTH € CaMoro Havana ciyuareau ObLIU NpeJynpekAeHbl, YTO NpeMeT 13-
JO#EHUA TPYAEH U 4YTO JEKIHUU He MOTYT CUMTATbCA MONYIAAPHBIMHU, He-
CMOTpA Ha TO, 4TO HaubGonee cTpauiHoe opyaue ¢usuKa — MaTeMaTUu4ecKan
JNeIYKIUA — 37ech BpAJ 14 6y 1eT ucnonb3oBatbed. 11 He moToMy, uTO mpej-
MeT HacTOJAbKO IIPOCT, YTOOBI €ro MO#HO Ob110 00 BbACHUTL €3 NPUBIEYEHUA
MaTreMaTH4YeCKoro anmnapara, a, ckopee, IOTOMY, YTO OH CJIUIIKOM 3amnyTaH
U He BNOJHE AOCTYIEH AJMA MaTeMaTHyecKoil uHTepnpetanuu. [Ipyroit oco-
OeHHOCThIO NeKIUi, NpUAIOLIeil UM 10 KpaiiHell Mepe BHEIIHUH MOMyJIApU-
3aTOPCKUH XxapakTep, GbLI0 HAMEpEeHUe JeKTopa c/leaTh 0CHOBHYIO UJIEI0,
CBA3AHHYIO U ¢ Ouosorueil u ¢ ¢uU3UKoi, ACHOW KaKk 1A (PU3UKOB, TaK U
14 GUOJIOTOB.

HlelicTBUTENbHO, HECMOTPA Ha pasHooOpasue TeM, PacCMOTPEHHLIX B
KHUTe, B 1IeJIOM OHA [J0J#HA NepefaTb TOJAbKO OAHY MBICIb, TONBKO OJHO
He6o/bII0e MOACHEHUE K GONbIIOMY U BamHOMY Bolpocy. UTo6nl He yHJO-
HUATLCA B CTOPOHY, Oy AeT NMoJe3HO 3apaHee KpaTKO U3J0KUTh Halll 3aMbIce.

Bonbmoii, BamHLIN U 04eHb YacTO 00Cy# AaeMbIil BONPOC 3aKII0YAETCA
B cleyIomeM: Kak (pu3vKa 1 XMMUA CMOTYT 00BbACHUTD Te ABJEHUA 8 NPo-
cmpancmee 1 8peMeHl, KOTOPble NPOUCXOAAT BHYTPU KUBOTO Opranusma’

IIpenBapuTenbHBIM OTBET, KOTOPHIH HocTapaeTcAd AaTb 3Ta HeGolbLIasa
KHUTa, MO#HO cOopMyIUMpOBaTh TakK: ABHAafA HECNOCOOHOCTb COBPEMEHHOH
$U3UKN U XUMUHU OOBACHUTL TAaKHe ABJICHUA COBEpIIeHHO He JaeT OCHOBa-
HUI cOMHEBATbCA B TOM, YTO OHU MOTYT ObITb OGBACHEHBI 3TUMHU Hay KaMH.

IMbicnio, 3HaYMT cymecTBylo. — Jexapm.
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2. Cmamucmuueckaa gusura.  llpeapinymee sameyanue Gb110 ObI BeCh-
OCHOBHoe pasiudue 6 cmpyrmype Ma TpuUBHaJIbHBIM, €CJIH Obl 0OHO UMeEJo

[[eNbI0 TOJbKO CTUMYJIUDPOBATL Halek-
Iy [OCTUTHYThL B OyaylleM Toro, 4To He ObLIO JOCTUTCHYTO B IPOIILJIOM.
OHo, oHaKo, UMeeT Topaso Gosee MONOAKRUTENbHBIN CMbICI, T. €. HECIIOCOO-
HOCTL (PU3UKUA U XUMUU [0 HACTOANIETO BpEMeHHU AaTh OTBET HONHOCTLIO
o6 bAcHUMA.

Brnaropapsa ymenoit paGote 610/0T0B, MaBHLIM 06pa3soM TeHETUKOB, 3a
nocinenquue 30-40 et cTano A0CTATOYHO MHOI'O U3BECTHO O AefCTBUTENDL-
HOH MaTepuanbHOll CTPYKTYpe OPpraHu3MoB, YTOOLI MOHATH, HOYEMY COBpe-
MeHHLIe ¢U3UKa U XUMUA He MOTJIU 00bACHUTH ABJEHUA, NPOUCXOAANINE B
NpoCTpaHCTBe U BpEMEHU BHYTPU KUBOT0 OopraHuszMa.

Pacnonoskenue u BzaumojieiicTBUe aTOMOB B HauboJ/ee BaKHbIX YaCTAX
FUBOr0 OpraHu3Ma KopeHHbIM 00pa3oM O0TIUYAKTCA 0T TOT'0 PACHONOMEHUA
aTOMOB, C KOTOPhIMU (PU3MKU U XUMUKU UMeIUd J0 CUX HOpP /IeN0 B CBOUX
SKCMEPUMEHTANBHBIX U TEOPETUYECKUX UcclenoBaHuAXx. OqHaKo 3To OTiu-
yue, KOTOPOe A TOJNBKO YTO HazBal KOPEHHLIM, JIeTKO MOMET MOKa3aTbCA
HAYTOKRHBIM BCAKOMY, KpoMe ¢U3UKa, ryO0oKo y0emJIeHHOr0 B TOM, 4UTO
3aKOHLI (PUBUKU U XUMUU ABIAKTCA 3aK0OHAMU ctatucTuueckumn?. Mmen-
HO CO CTATUCTUYECKOU TOUYKU 3PEHUA CTPYKTYpAa BamHEANMUX 4JacTel #KU-
BOT0 OpraHu3Ma MONHOCTHIO OTINYAETCA OT CTPYKTYPHI M0G0ro BemecTna,
C KOTOPLIM MbI, PU3UKU U XUMUKU, UMEIU [0 CUX MOp [0 NPAKTUYECKU
B HAIHX J1a6opaTopHAX U TEOPETUYECKH 38 MUChMEHHBIM cTonoM®. Koneu-
HO, TPYIHO NPeICTaBUThL, YTOOLI 3aKOHLI U NpaBui/ia, HAMU OTKDLITHIE, ObI-
JY HEeNmOCPeACTBEHHO NPUJIOMKUMEI K [OBEICHUIO CUCTEM, He UMECIONUX TeX
CTPYKTYP, Ha KOTOPbIX OCHOBAHbLI 3TU 3aKOHLI U [IpaBuUia.

Henbsa omunats, 4To6bI HeU3NK MOT IOHATHL (He TOBOPA yike — olle-
HUTH) BCE Pa3iUyue B CTATUCTUYECKON CTPYHRTYpe, chopMyIupoBaHHOE B
TEPMHUHAX CTOJb abCTPAKTHBIX, KAK TOJbLKO YTO caenan 3To A. YTobbl gaTh
MOEMY YTBEpP:ICHUIO KU3HL U KpPACKU, paspeliuTe MHe NpeJBapUTe/lbHO
00paTUTb BHUMAHUE HA TO, YTO OyA€T JeTalbHo 00bAcHeHO no3aHee. Haubo-
Jlee CYUIeCTBEHHYIO YacTh #MUBOU KIETKU — XPOMOCOMHYIO HUTh — MO#H-
HO ¢ MOJHBIM OCHOBaHUEM HasBaTb anepuoduyeckum rpucmaiion. B puzn-
Ke MbI [0 CUX IIOp UM JeNo TOIbKO C nepuoduveckumu Kpucmaiiamu.

23To yTRepaiAeHHE MOMKET M0KA3aTHLCA HeCKONbKo 06muM. O6cysaeHte JOMMHO OBITL
OTJ03KEeHO 10 KoHLa 3Toii kuuru (em. §§ 68 u 69).

33Ta Toura 3peHuAa Gblla MOAUEPKHYTa B ABYX Haubolee BAOXHOBEHHBIX paBoTax
®.T'. Jouunaua.
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HOnAa ¢usuKa nepuoguyecKrue KpUCTANNbI ABIAIOTCH BeCchbMa UHTEPECHLIMU
U CIOMHBIMHU 06bEKTaMU; OHU COCTABIAIOT OHY U3 Haubolee oyapoBaTelb-
HBIX U CNOMKHBbIX CTPYKTYP, KOTOPHIMU HeoAyllleBIeHHAA NPUPOia IPUBOJUT
B 3aMeIaTeNheTBO UHTENNEKT pusura. OHaKO M0 cpaBHEHUIO ¢ allepUo/Iu-
YecKMMU KpHUCTallaMUd OHU KamyTcH HECHKONbKO 3NeMEeHTAPHBIMU U CHYU-
HbIMU. Pazniuuue B cTPyKType 37ech TaKOe e, Kak Memay OObIUHbIMU
060AMU, HA KOTOPLIX OJIUH U TOT e PUCYHOK IOBTODPHETCA ¢ NMPaBUIbHOMN
HepUOJUYHOCTLIO, U TMeleBPOM BLINIUBKU, cKameM, padasneBckuM rogene-
HOM, KOTOPBIA NOBTOPAET CIORHBIN, N0che0BaTeNbHLIN U NONHBINA 3aMbleia
PUCYHOK, HaUepTaHHLIA BEIUMKUM MacTepOM.

HasbiBas nepuoguyvecKuil KpucTall OAHUM U3 Haubomee clomHbIX 06b-
€KTOB MccleJoBaHUA, A UMel B BUAY coGcTBeHHO ¢usura. Opranudeckas
XUMUA B U3YyUEHUU Bee Golee U Gollee cIO#HBIX MOJEKYH MOA0ILIA ropasio
Onuse K TOMY <anepuoAudYecKOMY KpUCTalnly», KOTODPbIH, HAa MOR B3riAf,
ABIAETCA MaTepualbHbIM HOcUTeNeM :kuU3HU. [lod3ToMy He yAUBUTENHLHO,
YTO XUMUK-OPraHUK y#me caenan OoNbIIol U BamHBLIA BHIaH B pelleHue
Mpo6AeMbI RU3HH, B TO BpeMA Kak (U3MK He BHeC IOYTH HUYero?,

ITocne Toro, KaKk A KpaTKO U3MOMKUI OOLY IO
3. Ilodxod k npedmemy UJel0 Uid, BepHee, OCHOBHYIO MelNb Halle-
¥ nausHozo Pusura ro ucclieoBaHuA, O3BOIbTE MHE ONMUCATh
camMylo JTUHUIO aTaKU.

1 nramepeBaloch cHauana pasBUTh TO, YTO Bbl MOKeTe Ha3BaThb «IIpejl-
CTaBIeHUAMH HauBHOTO ¢U3UKa 06 opraHusMax». ITO Te NpecTaBIeHUA,
KOTOpLIe MOT'YT BO3HUKHYThL Yy ¢U3UKA, KOrjd, U3YyUYUB cBOW (GUBUKY U,
B 4acTHOCTHU, €e cTaTUCTUUYEeCKUe OCHOBbI, OH HAUHET pasMbIIIATL 00 Op-
ranusmax, o6 UX NOBEJAeHUU U KU3HeJeATEeNLHOCTU U 4YeCTHO 3ajgacT ce-
Ge Bonpoc, — CMOET M4 OH UCXOJA U3 CBOMX 3HAHUH, ¢ MO3UIUN cBoei
CPaBHUTENbLHO NMPOCTOH, ACHOI U CKPOMHOH HayKH, cJenaThb cKONL-HUOY b
MONEe3HBIN BKAA] B JaHHYIO Ipobaemy.

BriacHuTed, 4To OH 3TO cjenaTtb MoskeT. CHelyIONUM LIaroM JoMsK-
HO GbITh cpAaBHEHUE TEOPETUYECKUX OKUJAHUN (PU3UKaA ¢ OUONOTUYECKUMU
taxTamu. TyT oGHaApY#UTCH, YTO XOTA B I[€]IOM €ro MpecTaBIeHUA Kamy T-
cA BIONHE pasyMHbIMHU, UX TEM He MeHee HaJ0 3HAYUTENbHO yTOYHUTh.
ITUM MyTeM MbI MOocTeNeHHo MPUOGAU3UMcA K MPaBUIbHOH To4YKe 3peHUA

43a roawl, NpomemUe co BpeMeHY HaMCaHUA KHUTH, QU3UKY BHecT U GobIToil BKIan
B H3yUeHHe MaTepPUHalbHLIX HocHTeldell #u3HU. JocTaTOUHO BCIOOMHUTBL, YTO CTPYKTY-
pa Mmonekynsl [THR 6blna pacmudpoBana ¢usHKaMU Ha 0CHOBe PEHTTeHOCTPYKTYpPHOTO
aHanusa. — IIpum. nepes.
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WUIY, TOBOPA CKPOMHee, K TOI TOUYKe 3pDeHUA, KOTOPYI) f CUMTAI) NpAaBUMIb-
HOML.

HNase eciu A ¥ IpaB, TO He 3HAIO, ABIAETCA N1 MO MyTh AefiCTBUTENb-
Ho ny4muM U npocteiimuM. Ho 3To 6611 Moil co6ecTBeHHbIR Ny Th. «HauBHEIM
¢usury — 3710 A cam. 11 4 He BUmYy nyuiiero u 6onee ACHOTO crocoba 1iad ao-
CTUMEHUA 1/, YeM MOH cOOCTBEHHbBIH, XO0TA ObITb MOKET U U3BUIUCTHIN
OyThb.

Xopomuii cnoco6 pasBUThL NpeACTaBIeHUA HAUBHO-
4. Movemy amomol ro ¢pusuKa — 3TO 3a7aTb eMy CHauyaja CTPAaHHLIH,
mak maavl? [OYTH Hellenblii Bonpoc. [loueMy aroMbl Tak Manbl?
A oHU Bejb JelicTBUTENbHO 0YeHb Manbl. Kam Iblil ManeHbKU KycOouer Be-
IECTBA, K KOTOPOMY MBI eeJHEBHO IPUKAacaeMcH, COJEPHUT OrPOMHOE UX
KonudecTBo. IIpefnomeno MHOTO NPUMEPOB, YTOGRI JOBECTH 3TOT GaKT [0
CO3HAHUA MUPOKOH MYGIUKU U CAMBIM BhIPA3UTENbHBIM U3 HUX GbLI HpU-
Mep, NpuBeeHHbIi nopaom Renbsunom. [IpencraBpTe, UTO BBI CMOTIY TOMe-
TUThH BCE MOJIEKYNLI B CTAKAHE BOJbI, & MOCIE 3TOTO BHUIMIU COAEPHUMOE
CTaKaHa B OKeaH M TIaTelbHO NepeMelland, YTOGhl MeueHble MOJIERYIEI
PaBHOMEDPHO paclpefelWIuch MO BceM MOpAM Mupa. Ecnu B 3aTem 3auep-
NHeTe CTaKaH BOJbI HAyTaj, B TI000M MecTe OKeaHa, TO OGHApYHKUTE B HEM
0K0110 100 MOMeYeHHbIX BAMM MOJNEKY®.

HleficTBUTEeNbHBIE pa3Mepbl aTOMOB® Je;kaT NPUGIU3UTENBHO Merk-
xy 1/5000 u 1/2000 pnuHBI BONHLI cBeTa. JTO cpaBHEHHe HMeeT ocoGoe
3HaueHUe, TaK Kar 1JIUHA BOJHLI MPUGIU3UTENBHO COOTBETCTBYET BelUYU-
He caMoll MalleHbKOI YacTHIIbI, KOTOPYIO ele MO#HO PasIuyiTh oA MUK-
pocromom. Tarkum oGpazom, Mbl BUAUM, UTO Tarad YacTUIA COJEPKUT elle
ThICAYU MUIIAOHOB aTOMOB.

Urak, mouyeMy aTOMbI TaK Malbi?

fcHo, yTO 3TOT BOmMpoC ABIAeTCA 06XOJHBIM, TAK KaK, 3ajaBafd ero,

6

5Koneuno, BbI He HaiineTe Touno 100 Moneryn (nase ecnu 651 3To 6bIN UleaTbHO TOY-
HbIt pe3yabTaT BblUuMcaeHUA). Bbl o6HapymuTe 88 nnu 95, unu 107, unu 112, Ho nparTu-
YecKM HeBepPOATHO, 4ToObl Bel Hamau 50 uan 150 Monekyn. BoaMosHoe oTRIOHEHHE, UIH
daykTyauud, 6yfeT NopAAka KopHA KBaapaTHoro u3 100, T.e. 10. CTaTUCTUYECKU 3To
BHIpakaloT, TOBoPA, UTo BbI HaiifeTe 100+ 10 Monekya. TUM 3aMedaHUeM B JaHHBIH Mo-
MEHT MO3#Ho0 MpeHe6peub, HO MbI K HEMY BepHeMcH Kak K MPUMepy CTaTHCTUYECKOTO /7T
3aKoHa.

6CornacHo coBpeMeHHoO# ToUKe 3peHUA aToM He MMeeT OTUeTIWBLIX I'DaHHUI], TAK UTo
«pasMep» aToMa He ABIAETCA JOCTATOYHO TOYHBIM MOHATHeM. MbI Mo#eM 3aMeHHUThb €ro
paccToAHUAMHU MeJy LeHTpaMM aToMOB B TBePAbIX WU MMUAKMUX TedaX, HOo, KOHEUHO,
He B Ta3o00pa3sHbIX, TJle 3TU PaccTOAHHA IPU HOPMalbHBIX JaBlIeHUU U TeMIepaType,
rpy6o roeopsa, B 10 pas Gonbure.
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MbI HEBOILHO CONOCTABNAEM pasMephbl aTOMOB ¢ pasMepaMU pPasiUuUHBIX Op-
raHu3MOB, B YaCTHOCTHU, Hallero coG6cTBeHHOro Tena. B camom gene, aToMm
Maln, Korja OH CPaBHUBAETCA ¢ UCIONb3yeMOil B MOBCEIHEBHON KU3HU Me-
poil MIVHBI, CKa#eM, ¢ APIOM UIU MeTpoM. B aTomMHoll dusuKe 3a equHUIY
AMUHBI NPUHAT TaK HA3LIBAEMBIH aHI'CTPEM (A), pasueiit 10710 metpa ()
una B gecAtTudnoi samucu 0,0000000001 . TuameTp aTOMOB JNERUT Me:H-
oy lu?2 A. Equnnner e JIMUHBI, 10 CPABHEHUID ¢ KOTOPHIMHU ATOMbI TaK
Manbl, IPAMO CBA3aHbI ¢ pa3MepaMi Hallero Tena.

BriTyeT nereHpa, KoTopaA NpUMUCLIBAET NPOUCXO#iJeHUe ApAa YyB-
CTBY IOMOpa OJHOT'O aHrIuiickoro Kopond. Korja coBeTHUKY COIPOCUIH €ro,
YTO NMPUHATH 38 €UHUNY AJIUHLI, TO OH BHITAHYN PYKY B CTOPOHY U CKasal:
«Bo3pMUTE paccToAHNE OT CepeUHbI MOell TPy Ay 10 KOHYMKOB NalbIeB, 3TO
u GygeT To, YTO Hafo». BbINo Tak Ui HET, HO 3TOT paccKas UMeeT NMPAMOoe
OTHOIllIeHUe K HalleMy Bompocy. EcTecTBeHHO, YTO KOpoib XOTen yKasaThb
AMUHY, CPABHUMYIO C IJIMHOM ero Tena, Tak Kark OH 3HAN, YTO MHAaYe Mepa
O6yneT oyeHb Heyao6Hoil. [Ipu Bcem cBoeM mpucTpacTuu K aHrerpemMam du-
3UK BCe-TaKU NPEeANoYTeT, YT00 eMy CKasaly, YTO Ha €ro HOBbIH KOCTIOM
norpebyeres 6,5 Apaa TBujaa, a He 65 ThICAY MUJLITUOHOB QHTCTPEMOB.

Tarum o6pasom, B [eficTBUTENLHOCTH HAIIl BONPOC KacaeTCA He OJHOTO,
a IByX pasMepoB — Hamlero Teina u atoma. [I[puauman Bo BHUMaHUe HeCo-
MHEHHBIN NPUOPUTET HE3aBUCHUMOTO CyI[eCTBOBAaHUA aToOMa, BONPOC NpO-
3BYUUT TaK: HOYEMY Hallle Telo JON#HO GRITh TAKUM OONHLIIUM MO cpaBHe-
HUIO ¢ aTOMOM?

MHuorue, cTpacTHo usydaimomue GUIUKY UIU XUMUIO, HE pas manenu o
TOM, YTO BCe HallU OpPTaHkl YyBCTB, COCTABIAIOMUE Ooliee UIU MeHee Cy-
1ecTBeHHYIO YacTh Halllero Tella U (IPUHMMAaAg Bo BHUMaHUe 3HAUNTeNLHbIE
pasMephl MPUBEICHHOT0 OTHONMIEHUA ) CAMU COCTaBIeHHbIe U3 6eCUUCICHHOT0
KOJNUYeCTBA aTOMOB, OKa3bIBAIOTCA CIUIIKOM I'py6bIMU, YTOGBI BOCHPUHU-
MaTb yJapbl OTAeNbHOr0 aToMa. MbI He MoOskeM HU BUJETh, HU CHBLIMIATD,
HU YyBCTBOBAThb OTJENbHLIX aToMoOB. Hamu rumoresbl 06 aToMax ganero
OTCTOAT OT HEMOCPEACTBEHHOT0 BOCHIPUATUA HALIUX OPTaHOB YyBCTB, U 3TH
TUNOTE3bl HENb3A NPOBEPUTHL NPAMBIM HaAGMIOJeHUEM.

O6A3aTeNbHO MU HOMAHO ObITh UMeHHO Tak? HMerTcA MU ocHOBaHUA
anAa 3Toro? MoskHO nM 06BACHUTL 3TO NONOMKEHUE KAKUM-TO HPUHIUIOM,
4yToGbl yOEOUTHCA B TOM, UTO HUUYTO OPYToe HECOBMECTHUMO C 3aKOHAMU
npupoas? ITO y#e ABIAETCA TaKol npobiemMoil, ROTOpPYIO GU3UK crocobeH
BBIACHUTH MOMHOCTHIO U HA BCE BONPOCHI MOLYYUThL yTBEp AUTENbHLINA OTBET.
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5. Pa6oma opeanusma mpebyem Ecau Obl geno o0CTOANO He TaK, €CiIU
cobawdenun mounnr gusuveckuxr ObI YeNIOBEUCCKUH OpraHuam ObLd cTONb
30K0H06 YYBCTBATENEH, YTO OTJE/IbHBIA arom

WM Jae HeCKOIbKO aTOMOB Moriau Obl
OKazaTb 3aMeTHOe BOo3/elcTBYe Ha Hallll Opranel 4yBCeTB, — 0, He0o, Ha 4To
6bra Ob1 moxoska Haimma #u3nn! Taxoit opranuam 6e11 661 HABEepHAKA HECITO-
co0eH pa3BUTh YIOPAJOUYEHHYIO MbICIb, KOTOpad, NPOHId CKBO3b JIUHHBIN
pAax Golee paHHUX cTaiUil, HAKOHeL[, IpousBena Obl cpeld MHOTUX OPYTUX
unei u camy unaero o6 atome.

XoTA ™Mbl BeIOMpaeM B KayecTBe UIAMIOCTDPAIUU JUIMb OJUH 3TOT IPU-
Mep, OJJHAaKO Bce nocleaywmye coolfpaskeHud Takmke BHOJHE NPUMEHUMBI
¥ K QYHKIVOHUDOBAHUIO APYTMX OpPTaHOB (a He TOJNbKO MO3ra M OPraHoB
uyBeTB). TeM He MeHee MMeeTcA OJHO M TOJNLKO OQHO, NpefcTaBlIAlolee
oco0blil MHTepec IJMA Hac B HAc caMUX, — 3TO TO, YTO MBI MO#eM 4yBCT-
BOBATb, JyMaTb U NMOHUMATD.

B oTHomenun Tex ¢u3MoIoruYecKUX MpolieccoB, KOTOPhle 0TBETCTBEH-
HBI 3@ HAllX MBICJIU U YyBCTBA, Bce IpyTUE Npollecchl B Opraiu3Me UrparoT
BCIOMOTaTeNbHYIO pOlb, N0 KpailHell Mepe ¢ 4JeloBeYecKOl TOUKM 3peHUd,
ecyii He ¢ TOYKYU 3peHUA o6beRTUBHON Ouonoruu. Bonee Toro, Hama 3agaua
OyneT upes3BbluyaiiHO oOnerveHa, ecid Mbl BblOepeM AJNA UccleJOBaHUA Ta-
KOi1 mporniece, KOTOPBIH colpoBo#kaeTcA cyObeKTUBHBIMU COOBITUAMHU, XOTH
MBI U He 3HaeM McTHUHHOI NMpUpojbl 3Toro napamienusmMa. [leilcTBUTeNbHO,
Ha MOW B3rIAM, IPUPOAA 5TOr0 NapajlielnsMa JIeRUT B cTOpoHe oT obJac-
TU ecTecTBEHHLIX HAYK U, BecbMa BO3MOAKHO, 3a IpeJeaMy 4elloBe4ecKoro
NOHUMAaHHUA.

TakuM obpasomM, BO3HUKAWOT cledylonmue Bonpockl. [loyemy Ham mosr
U cBA3aHHAA ¢ HUM cUcTeMa OpraHoB YyBCTB JOJ#HBI 00A3aTelbHO cOCTO-
ATb U3 Takoro HeoObATHO GOJBIIOr0 KoluvyecTBa aTOMOB, 4ToObl (usno-
JOTUYECKU U3MEHUYUBbIE COCTOAHWA MO3ra MOTJIM HaXOAUTbCHA B TECHOM U
6MM3KOM COOTBETCTBHM ¢ BechMa pas3BUTOH Mbleabio? [lo KarkuM mpuum-
HaM 3TO COOTBETCTBUE HECOBMECTUMO ¢ TAKUM TOHKUM U UyBCTBUTEILHBIM
CTPOEHUEM BeeTo MeXaHn3Ma (MU XOTH Gbl €ro MepudepruecKux dacTeit),
KOTOpoOe€ M03BoMUI0 Obl NPU B3auMOAEHCTBUU ¢ OKpPY:KaIOIell cpemoil pe-
TUcTPUpPOBaTh Bo3jelicTBUe eIMHUYHOIO aToMa U3BHE U pearupobBaTb Ha
Hero.

To, 4To MbI Ha3blBaeEM MbICIbIO, cAMO 0 cefe ecTh HeUTO YIOPAJ0UeH-
HOE€ Y NIPUJO#UMO TOJbKO K aHAJOTMYHOMY MaTepualy, TO €cTh K TO3HAHUIO
WJIU ONBITY, KOTOPhIE TO/AE UMEIOT Ollpe/e]eHHY IO cTelleHb YIOpAL0YeHHOC
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tu. OTclofa BEITEKAIOT ABa cleicTBUA: 1) ¢usnyeckas opraHusanus, YTo6bl
GbITb B TECHOM COOTBETCTBUHU € MBICIbIO (KaK, HAIPUMep, MOH MO3T ¢ MO-
el MbIC/ILIO), foN#HA ObITh OUEHb XOPONIO yMOpAJO4YEeHHOH opraHuzaunueii,
a 3TO 3HAYUT, UYTO COObITUA, IPOUCXOJAIINE B MO3TY, AON#HLI NOAUYUHATLCA
CTPOTUM (PHU3MYECKUM 3aKOHAM, N0 KpaiiHell Mepe ¢ o4eHb HOJBIION cTelne-
HBIO TOUHOCTH; 2) dU3MUeCKUe BIeyaT/IeHUA, IPOU3BeeHHbIC Ha 3Ty hU3u-
4eCKYI0, XOPOIII0 OPTaHU30BaHHYI) CUCTEMY TelaMU U3BHE, COOTBETCTBYIOT
HO3HAHUIO U ONLITY COOTBETCTBYIONIUX MbICIel, 06pa3zyd UX MaTepuall, Kak
A HasBain ero. CleoBaTelbHO, hU3nYecKue B3auMoJeicTBUA MemR Iy Halllel
CUCTEMOR U APYTUMM [JOJKHBI, KAk OpaBujo, camu o0jagaTh U3BECTHON
CTeNeHbl0 PU3NUYecKol yNnopAA0YeHHOCTH, WU, UHAYe TOBODPH, OHU JOM:H-
HbI NOAYUHATLCA CTPOTUM (PUBUYECKUM 3aKOHAM C ONpEe/eHHON cTeNeHbIo
TOYHOCTHU.

Tlouemy ke Bce, U3NOMKEHHOE BHIIIE,
6. @usuueckue 3aKOHBL OCHOBAHDBL HE MOMET ObITh BBIIOIHEHO B CIIy-
HG AMOMHOL cmamucmurke u yae, eclli OpraHu3M COCTOUT TOJNbKO
NO2MMOMY MOALKO NPUOAUSUTMEAbHb.  y3 cpAaBHUTENbHO HEGONBIIONO YHCIa
aTOMOB U YYBCTBUTENEH K BO3JeHCTBUAM OJHOTO UIU HEMHOTUX aTOMOB?
ToroMy 4TO MBI 3HaeM: Bce aTOMLI HAXOJATCA B HePEePLIBHOM XaoTUuec-
KOM TeIlJIOBOM JIBUKEHUU, KOTOpOe, TaK CKa3aTb, MPOTUBOCTOUT UX YIIO-
PANOYEHHOMY IMOBEJEHUI0 U He NO03BOJAET OTHECTU K KakoMy Obl TO HU
OblJI0 Paclio3HABAEMOMY 3aKOHY COOBLITUA, NPOUCXOAAIINE MEMRIAY MalbIM
uycaoM aTomoB. TolbKO IPU HATUYUUA OTPOMHOT0 KOJIMYeCTBa aTOMOB CTa-
TUCTUYECKUE 3aKOHbl HAUMHAIOT [elCTBOBAThH U KOHTDPOJIUPOBATL HoBeje-
Hue 3Tux assemblées ¢ TOYHOCTLIO, Bo3pacTawIell ¢ yBelUYeHUEM 4ucia
aTOMOB, BOBIeUeHHLIX B nponecc. HMeHHo Tak coObITUA o6GpeTaldT AeicT-
BUTEIbLHO 3aKOHOMEDHbIe 4epThl. Bee dusnyeckue U XUMUUYECKUE 3aKOHBEIL,
KOTOpLIE, KaKk U3BECTHO, UTPAIOT BaKHYIO DOJb B ;KU3HU OPraHU3MOB, fAB-
JAIOTCH CMAMUCmMuYeckumu.

Jro6oii apyroil BUJ 3aKOHOMEPHOCTU U YIOPAJOUYEHHOCTHU, KOTOPHIH
MO3KHO ceGe NpeacTaBUThL, HOCTOAHHO HapylllaeTCH U CTAHOBUTCH HeJeHhcT-
BEHHLIM BCIE€ICTBUE HENPEPHLIBHOTO TEIJIOBOTO JBUKEHUA aTOMOB.

PaspemuTe MHe MONBITATLCA NMPOUJI-
7. Tounocms gusuveckux 3axoHo8 JMOCTPUPOBATH CKA3AHHOE BbIMIE He-
OCHOBANG HA OOABULOM KOAUYECTIBE  CcrOILKUMHI IPUMEPAMH, BbIGPAHHBI-
yuacmeyroux amomos MU [0 HEKOTOPOil CTeNeHNU CclyydaiHo
U, BO3MO3KHO, He CaMbIMU JNYUIIUMU, HO KOTOPLIE MOMKHO NPUBECTU UU-
TaTeNlo, BIepBble 3HAKOMAIMIEMYCH € 3TUM [ONOKEHUEeM — MNOJOMKEeHUEM,
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KOTOpOe B COBpPeMeHHOI ¢U3UKe U XUMUU ABIAETCA CTONb #edyHaaMeH-
TalbHbIM, KaK, CKameM, B 6UONOrUU TOT GaKT, YTO OPTAHU3MBI COCTOAT U3
KJIeTOK, UM KAaK HbIOTOHOBCKUE 3aKOHBI B aCTPOHOMMH, WU fazke Kak pAf
HaTypanbHbIX uucen 1, 2,3, 4,5, ... B MaTemaTuke. BriepBble 3HaKOMAINUi-
€l C BOMPOCOM HE JONKEH 0MUAATh, UTO, MPOYUTAB HECKOMLKO CTPAHHUIL,
OH MOJTHOCTBIO MOMMET U OIEHUT MPEeAMET, KOTOPhIH CBA3aH C U3BECTHLIMU
umenamu Jlwogsura Bonbnmana u Yunnapaa ['u66ca u HazbiBaeTcs cmamuc-
muyeckoll mepmoduHaAMUKOLL.

Eciu Bbl HamonHuTe KBapieByo TpYORY KHUCIOPOIOM
8. Ilepgvul npumep y pomecTuTe €€ B MATHUTHOM nose, Bbl OOHADPYRUTE,
(napamaznemuan) 4T0 rasz’ maMarnpuuBaeTcA. Hamarmuunpanue oGy-
CMOBIEHO TeM, YTO MONEKYNIbl KUCIOPOZa ABIAKOTCA KPOXOTHBIMU MATHUTA-
MU U CTPEMATCA PACIONOKUTLCA BIOAb CUMTOBLIX NUHUN MONA, KAK CTpeIKa
romnaca (puc. 1).

—>

Hanpasnenue Mazrimnozo oAk

Puc. 1. [lapamarunetuam

Ho He cregyeT nymaThb, 4T0 6yKBalbHO BCe OHU OYnyT OpPUEHTUDPOBATb-
cA mapanieibHo apyT Apyry. Eciu BbI yniBouTe HampAsKeHHOCTb MONA, TO
B HallleM KUCIOPOJHOM Tele HaMarHU4YeHHOCTh yABOUTCA, U 3Ta NPOIOp-
[UOHANBHOCTL OyIeT co6aaaTbCed 10 Nojel 0YeHb BBICOKO HampAMeHHoC-
TU, — HAMarHU4eHHOCTb OygeT yBeIUUUBATLCA B TOH :Ke CTeNeHU, KaKk U
HalpPAMEHHOCTHb N0JdA, KOTOPYIO BbI NpUiaraere.

JTo ocoGeHHO APKHUIT MPpUMeEP YUCTO CTAaTUCTUYECKOro 3akoHa. Opuen-
Tanuu, KOTOPYI0 CTPEMUTCA BLI3BaTb MarHUTHOe MOJe, HENPEPLIBHO NPO-
TUBOJECTBYET TENJIOBOE fBUMREHUE, 00ycaaBIUBaIOIIee ClyYallHy 0 OpUeH-

"Ta3 BLIGPAH MOTOMY, UTO OH NPOIIE TBEPAOTO Teja Wi MUJKOCTH; (aKT, UTo Hamar-
HUYMBaHUE B 3TOM ciyd4ae KpaiiHe ciaGo, He HapyIlaeT TeOPeTHYECKUX 3aKIIOYeHHU .
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Tanuio MonekyI. PesyiabTaToM 3T0ii 60pbObI ABNAETCA B JeHCTBUTENbHOCTH
TONBKO TO, YTO OCTPhIE YTkl MERKIY OCAMU QUIONEN U HaMpaBleHIEM MOJIA
npeolnagaloT Hag TYNbIMU. XOTH eqUHUYHLIE aTOMBI HENPEePLIBHO U3MeHA-
I0OT CBOIO OpUEHTANUIO, B cpegHeM GrarogapAd UX OrPOMHOMY KOMUYECTBY
NOCTOAHHO NpeoflagaeT OpUeHTANUA B HANpPaBIEHUU IONA M HOPONOPIUO-
HalbHO eMy. JTO OCTPOYMHOe 0GbACHEHUEe NPUHAMIEHKUT (paHIy3CKOMY
¢usury II. Jlan:keBeny. OHO MoskeT GBITH IPOBEPEHO cleqyOMUM 06pasoM.
Ecnu naGmiopatomeeca cnaGoe HaMarHuJyuBaHue nelCTBUTENbHO ABIAETCA
pPe3yNbTATOM [BYX CONMEPHUYAIOIUX TEHAEHIUN — MarHuTHOrO MOIA, KO-
TOpO€e CTPEMUTCA OPUEHTUPOBATH BCE MOJERYJhI NapallenbHo, U TEMI0BO-
T'0 JBUMEHNA, KOTOPOE BRI3LIBAET UX CIyYalHYIO ODUEHTANHUIO, TO, 3HAUUT,
MO#HO YBEIUYUTh HAMarHU4uBaHue, He YCUIUBAA NOJA, a 0clabaAf Tenlno-
BO€ BU;KEHUE, TO €CTh NMOHUMKAA TeMIIeparypy rasa. ITo 6bII0 NOATBEDH-
J€HO HKCIIEPUMEHTOM, KOTOPBI MOKAasal, YTo HAMarHUYUBaHUe BeljecTBa
o6paTHO MPOMOPIUOHAILHO ero aGCoMIOTHOH TeMIepaType, a 3T0 HaXOqUuT-
¢ B KOMMYECTBEHHOM cornacuu ¢ teopueii (saxonom Kwopu). CoBpemenHan
SKCIIepUMeHTAIbHAA TeXHUKA MO3BONAET IyTeM MOHUAKEHNUA TeMIepaTyphl
JOBECTHU TEIIOBOE NBUMKEHUE MONEKYI 10 TAKUX MalbIX PA3MEPOB, UTO OpU-
eHTUPYION[aA TeHJeHIUA MarHuTHOTO MONA MOJKET HPOABUTL ceOA eciu He
HONHOCTLIO, TO B [OCTATOYHOH CTENEHU [NA TOro, YTOOLI MPOU3BECTU CY-
H[eCTBEHHYIO YacTh (IONHOTO HAMAarHUYuBaHufAy». B a3ToM ciyuae mMbr 60nb-
Ile He MOKEM 0KUAATh, UTO danbHelilllee yIBOEHNE HANPAMKEHHOCTU MOJA
YIBOUT U HAMarHUYeHHOCTb. [locnegHAA ¢ yBeluueHUeM HampAKEeHHOCTH
noniA 6yfeT yBenIM4YNBaThCA BCE MeHbIle U MeHbIle, NPUGAUKAACE K TOMY,
YTO HA3bIBAeTCA HACHILjeHUeM. JTO MpeqnoiokeHue TaKkkKe KOIMYECTBEHHO
NOATBEPKIAETCHA SKCIEPUMEHTOM.
3aMeTbTe, UYTO TAKO€e MoBeJeHUE [eNUKOM 3aBUCUT OT HANUYUA OT'POM-
HOT'0 RONUYECTBA MOJNEKYJ, KOTOPbIE COBMECTHO YUaCTBYIOT B CO3/laHUU Ha-
61101a€MOr0 ABNEHUA HaMarHuYuBanuA. B IpOTUBHOM ciyyae HamMar HU4u-
BaHUe He MONYUHANOCH Obl ONpPeAelNeHHOMY 3aKOHY U U3MEHANOCH ObI CO-
BePIIEHHO 6ecCUCTEMHO, CBUAETENbCTBYA 0 IPEBPaTHOCTAX GOPLOBI Meway
BHENIHUM MAarHUTHBIM MOJEM U TENJNOBHIM JBUMEHUEM.
Ecnu Bbl HamomHUTe HUMHIOW 4YacTh 3aKphI-

.
9. Bmopoti npumep TOr0 CTEKJAHHOTO cocyja TYMAaHOM, COCTOA-
(6poynosckoe deuscenue, UM U3 MelNbYalliuX Kamnelek, TO YBUIUTE,
Jugdysus) YTO BEPXHAA TPAHUIE TyMaHa HOCTENeHHO IM0-

HUMaeTCH ¢ COBEPIICHHO onpeﬂeneHHoﬁ CROpPOCThbIO, BHBHCHmeﬁ OT BA3ROC-
TH BO3anyXa, paaMepa U INNIOTHOCTHU RalelleR. Ho ecnu BoI NOCMOTPUTE Ha
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OJHY M3 RalejJer B MHUKDPOCRKOIN, TO YBHUIWUTE, 4YTO OHA OIIyCRaeTCA He C
MOCTOAHHOM CROpPOCTbhIO, @ coBepmaeT BeCbMa 6eCHOpH}10‘IH06, TaKk Ha3bl-

BacMoe 6p0yHOBC}€0€ Beumeuue, KROTOpOE¢ /Wb B CpeJHeM COOTBETCTBYET
OOCTOAHHOMY CHHUMECHUIO.

e

Puc. 2. Ocepatommuit TyMaH Puc. 3. BpoyHoBcKkoe OBU#eHUE

ocellaonieii Ralliau

ITHU KaNeabKU XOTA U He ABIAIOTCHA aTOMaMH, HO yke JOCTAaTOYHO Ma-
abl ¥ 1€TKH, YTOOLI 4yBCTBOBATb TOMYKH € IUHUYHBIX MOAEKY I, KOTOPLIE He-
MpepbIBHO BO3JelCTBYIOT Ha UX NMOBepXHOCTh. TonKkaeMble TakUM 06pasoM
KaNeabKd MOIYT TOAbKO B CpeJHeM NOTYMHATbCA NeHCTBUIO CUABL TAMECTH
(puc. 2 u 3).

JTOT mpuUMep NOKAa3bIBacT, KAKME yJUBUTENbHbIE U (GecmopANOYHbIE
BlleYaT/ICHUA Nolyvanu Obl Mbl, ecli Obl HAIl¥ OpPraHbl YyBCTB GbLLIM BOC-
MPUMMUYUBBI K yIapaM yse HEMHOTUX MOIeKYi.

HwmeroTea GakTepuu U Apyrue 0praHu3Mbl, CTONb Majble, YTO OHH CHIIb-
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HO HOABep;KeHBI 3TOMY ABIeHUIO. UIX MBUeHHe onpegenfeTcaA TEIIOBLIMU
bIyKRTyanuaMH oKpy:;kalolleill cpelpl; OHU He UMelOT mnpasa BeiGopa. Ecau
oHU 061afaiT coGCTBEHHON MOABUKHOCTBIO, TO BCE ke MOTYT epelBU-
raThbcA ¢ 0OgHOTO MecTa Ha JIPyroe, HO TOALKO ¢ GOILIMUM TPYA0M, NOCKOIb-
RY TeIUIOBOe JIBI/KeHHe MIBLIPAET UX, KAK MajleHbLKYIO ToAUOHKY B GyHIyIO-
meM Mope.

Ouenb cxomHO ¢ OpoyHOBCKUM JBU:;keHUeM ABienue duddysuu. lpea-
cTaBbTe cele cocy/l, HANOJHEHHBIN RUIKOCTLIO, CKaMkeM Boloil, ¢ HeGolb-
UM KOIHYECTBOM KaKoTo-HUOYab KpacAijero BellecTBa, pACTBOPEHHOTO B
Hell, HAanpUMep MepMaHTaHaTa Kalud, HO He B pABHOMePHO KOHIIeHTpaIuu,
a cKopee TaK, Kak [IOKa3aHo Ha puc. 4, rle TOURU 03HAYAIOT MOJNERYJIBI pac-
TBOPEHHOTO BellleCTBa U TAe KOHIEeHTpAIUA yMeHbIaeTcA clleBa Haupago.

Puc. 4. luddyaun (caeBa HaIpaBo) B pacTBOPe C HEPABHOMEPHOH KOHIeHTpaLuei

Ecau BB ocTaBUTe 3Ty cUcTeMY B IOKOe, HAUHETCA 0YeHb Me[JIeHHEIN
nponecc guddysuu. [lepmanranaT GyaeT pacuipocTpaHATHCA B HAIPABISHUU
clleBa HaNmpaBo, TO ecTh 0T MecTa (ojlee BbICOKOH KOHIEHTpAalUU K MecTy
6omee HU3KOI KOHI[EHTPaNH, IOKa, HAKOHEI[, He paclpeneluTcA paBHOMep-
Ho Io BceMy 06beMy BOJLI.

B sToMm goBoabHO NpocTOM U, 0UeBHIHO, He ocoGeHHO HHTEpecHOM NPo-
Hecce 3aMeuaTeIbHO TO, UTO OH HU B KAKOH CTelleHU He CBA3aH ¢ KaKOH-1u6o
TeHIeHIell UIu culoli, KoTopasa, KaKk 9To MoOKHO 6b110 6bI HOAYMaTh, Bie-
YyeT MOJeKYIbl NepMaHranara u3 obiacTu, rae o4eHb TecHo, B o6nacTh, Tie
nocBoOogHell, mogo6HO TOMY Kak, HanpuMep, HaceleHWe CTPAHBI Mepece-
ifeTcAd B Ty 4YacThb, rje Goablie mpocTopa. G HAIUMHU MOIeKylaMH Iep-
MaHraHata Huuero nojgo6Horo He npoucxoaut. Kamaas us Hux BepeT cebd
COBePIIEHHO HE3aBIUCUMO OT JPYyTUX MOIERYJI, ¢ KOTOPHIMU OHA BCTpevaeT-
cA BecbMa penko. Rasknas us Hux Kar B o6aacTu Goabieil TeCHOTHI, TaK U B
6onee cBoGOIHOM YacTH UCHLITHIBAET OJHY U Ty ke cyAbGy. Fe HenpeprIBHO
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TOJKAIOT MOIEKYJIbl BOOBI, U, TAKUM 06pa3oM, oHa MOCTENeHHO NPOABUTa-
€TCA B COBEPLIEHHO HelpeJcKa3yeMoM HalpaBlIeHUU: M0 NPAMO B CTOPOHY
unu Gonee BhICOKON Mau Oojee HU3KOH KoOHIeHTpanuu. XapakTep IBUMKe-
HUH, KOTOpbIe OHA BHINMOIHAET, YACTO CPABHUBAIOT C ABUKEHUEM YeloBeKa,
KOTOpOMY 3aBfi3ali rjasza Ha GoJbINOHA IIoMagd U Beleld «IIPOoATHCHY, HO
KOTOpBII He MOKeT HIPUIEPRUBATHCA ONpejeleHHOT0 HaNpaBleHUS U, Ta-
RUM o06pa3oM, HelpepbIBHO U3MEHAET JUHUIO CBOETO OBUMEHHA.

ToT darT, uTo GecnopaAgoYHoe ABUKEHUE MOJIEKYIN NepMaHraHaTa Bee
K€ JOJKHO BBI3BIBATH PEryIAPHBIN TOK B CTOPOHY MeHbIlell ROHIeHTpanuu
U B KOHIl€ KOHIIOB IPUBECTU K BbIPABHHBAHUIO KOHIEHTPAI[Uil, HA NMepBbIii
B3IJIA] KaseTcA HEOHATHBIM, HO TOJbKO Ha NepBrlil B3raaAl. lIpu TmaTens-
HOM paccMOTpPEeHUU Ha puc. 4 TOHKUX CJIOEB IOUTH HOCTOAHHOI KOHIEHTpa-
UM MOKHO IPeAcTaBUTH cefe, KAR MoOJeKYIbl NepMaHraHata, KOTopble B
OAHHBI MOMEHT Comep;kaTcA B olpejeleHHoM cioe, GeclIopAIoUHO ABUTa-
Aick, 6yaAyT ¢ paBHOH BEpPOATHOCTHLIO MEpeMemaThcd U Hamparo, 1 HaJeBo.
Ho umMmenHo BeiefcTBUe 3TOr0 MOBEPXHOCTH paspaela ABYX COCEIHUX CJIOEB
GymeT mepecekaThesA GOMBIIUM KOIUYECTBOM MOJERY, IPUXOAAIAX CIeBa,
a He B 00paTHOM HalpaBlIeHUU. JTO IPOU30HIeT MPOCTO IOTOMY, UTO CJIEBA
Gonbiie GecnopANOYHO ABUKYIIUXCA MOJERYI, YeM cIpaBa, u OO TeX Hop,
noKa 3To Tak, 6ymHeT NPOUCXOJUTh PeryiasapHoe HepeMerieHne cleBa Hampa-
BO, IOKA, HAKOHEI], He HACTYNUT PABHOBECHOe paclpeieieHUe.

Ecau atu coobpameHnus nmepeBecTH Ha MaTeMaTUYeCKUIl A3BIK, TO 0
ayuuM nuddepeHnaibHOe YpaBHeHHEe B YACTHBIX IPOU3BOJHBIX, OUCHIBA-
I0lllee MaTeMaTUYeCKU TOYHO 3aKoH guddysuu

9 _ DV?p.
ot

061 AcHeHeM 3TOT0 3aKoHa A He 6yAY yTpy:KAaTh YATaTedA , XOTA cle-
JaTb 3TO JOoCTaTO4YHO l'IpOCTOS. 0 CTpOFOﬁ «MaTeMaTHUUYeCKOA TOYHOCTHY 3a-
KoHa yIIoMHUHaeTcA 3gechb 4JsA Toro, 9TOOBI NoaA4YepKHYTb, UTO €T o CpI/ISI/I‘{eC-
KaAa CYIIHOCTE JoJ:KHa, TeM He MeHee, [IDoBepAThCA B KaxkJoM KOHKEPeTHOM
cayyae. Byay4u ocHoBaHa Ha clIydyaiHocTH, cnpaBelluBoCTh 3aKkoHa Oy aeT
ToAbKO NpubausuTenbHoil. Eciu nuMeercs, Kak nparuio, 10cTaTOYHO XOPo-
mnmee HpI/IﬁHI/I}ReHI/Ie, TO 3TO TOJbBRO 6Hal“ollapﬂ TOMY O'POMHOMY KOJIHUYECTBY

8KonuenTpalusa B m060i faHHON Touke yBeaMuMBaeTcs (MM yMeHbIIAETCA) CO CKO-
POCTBIO, MPAMO NPOMOPIHOHANLHONW CPAaBHUTENLHOMY H3GLITKY (MM HeIOCTATKY) KOH-
LeHTpauuu B ee GeCKOHEeUHO Ma/joli OKPEeCTHOCTH. 3aKoH Telllolepefaddl UMeeT MEKAy
MPOYUM TOUHO TaKylo ke GOpMYy, ecii «KOHLEHTPAalMIO» 3aMEeHUTDL «TeMIepaTypoiiy.
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MOJIEKY I, KOTOpble IPUHUMAIOT yuacTle B ABIeHUU. YeM MeHblle UX KOJIU-
yecTBO, TeM Oonblie cly4YaiHbIX OTKJIOHeHUH MBI AONHBI ORUAATh, U IPU
GrarolpUATHBIX YCIOBUAX 3TU OTKJIOHEHUA meiicTBUTelbHO HalmogamoTCA.

Ilocneauuii npumep, KOTOPLIA A NIPUBEAY, CXOAeH
10.  Tpemuii npumep  co propeIM, HO MMeeT ocoGblii mHTepec. Jlerkoe
(npedeav mounocmu Telo, MoABElIeHHOe HAa MIUHHON TOHKOM HUTH U
usmepenus) HaxogAlleecs B paBHOBeCUHU, YacTO UCIOAb3yeTcA
(hU3NKaMM AJ1A U3MepeHUA caIabbIX chi, OTKIOHAIONIUX ero 0T 3TOro MoJoKe-
HU#A, TO ecTh AJNA U3MEPEHHUA NeKTPuYeCcKUX, MarHUTHBIX WU FpaBUTAIU-
OHHBIX CHJI, IpUJaraeMblX TaK, YTOOLI IOBEPHYTH €r0 OKOJIO BepTUKAIbHON
ocH (/1A Kampoll KOHKpeTHON nelH, ecTecTBeHHO, cllefyeT BLIGUPATh co-
0TBeTCTBYylOMee JeTKoe Telo). [Ipogonsraiomuecs NonbITRY HOBLICUTE TOY-
HOCTb »TOr0 BEChbMa UacTo UCNOAb3yeMoro BapuaHTa «KPYTHUIbBHBIX BecoBy
CTOJKHYJIUCH ¢ MOGONBITHEIM Ipe/iesloM, KOTOPbIHA UYpe3BbIvyailHo MHTepeceH
caM Io ceGe. BpiGupasn Bce Golee u Golee jJerkue Tela U Golee TOHKYIO U
JAMHHYIO HUTb, YT0ObI clleJaTh Bechbl UyBCTBUTEIbHBIMHU Ko Bce OoJee cia-
ObIM cui1aM, JOCTUTAIOT [Ipeqgena, Korga IoABEIeHHOE TeJl0 CTAHOBUTCA Yike
YyBCTBUTENbHBIM K yJapaMm TeIJIOBOrO JBUKEHUA OKPYAEIONIUX MOJIERYI
U HAaYHMHaeT UCIOJHATDH HellPephIBHLIN «TaHel» OKOJIO CBOEro PaBHOBECHOTO
NOJIOKEHU A — TaHell, BeCbMa CXOAHBIH ¢ IpoxaHueM Kallil, OIMCAaHHbIM BO
BTOPOM IpuMepe. ITO IOBeleHUe He oIpeaendeT elne adcola0THOTO Ipegena
TOYHOCTH U3MepeHUH Ha NoJoGHbIX Becax, 0JJHAKO OHO Bce-TaKy YKa3bIiBaeT
IpaKTU4YecKd Ha Opefea usMepenuii. He nogaaiomuiica kouTpoiuaio adpderT
TellJOBOT0 [JBUMEeHUA KOHKYpHUpyeT ¢ AelicTBMeM ToH CHJbI, KOTOPYIO cle-
qyeT U3MepuTh, U JUllIaeT 3HaUYeHU A eJUHNYHOe HabllogaeMoe OTKIOHEeHHE.
Beo1 gonskHbI IpogenaTh cBoU U3MepeHnA MHOT0 pas, UYTo6bl HeliTpanu3oBaTh
3¢dderT 6poyHOBCKOTO ABUMKEHUA Balllero MHCTPYMeHTa.

JTOT mpuMep, A gyMaio, ABIAeTcA ocoOeHHO HAraAmHBIM, U60 Hamu
opranbl YyBCTB B KOHIle KOHI[OB NpeAcTaBiAl0T co0oll Toke cBoero poga
UHCTPYyMeHT. Mbl MoskeM BUJeTb, KAKUMU Oeclole3HbIMU oHU ObLIN, ecid
OBl cTalIu CAMILKOM YYyBCTBUTEIbLHBIMU.

IIpumepoB npuBeseHo, A ymalio, joctaTouto. o-

11. Ipasuao \/ﬁ 0aBJI0 TolbKO, YTO HEeT HU oJHOr'o 3aKoHa QU3UKHU

U XUMHUU U3 TeX, KOTopble UMelOT OoTHolleHUe K

OPraHu3My WIHU K ero B3aUMoJelcTBUIO ¢ oKpy:katomell cpemoil, KoTopbIi

He Mor GbITh BbIGpaH B KauecTBe npuMepa. O6bAcHeHNe MoOKeT OKa3aThCA
GoJee cI0MHBIM, HO TJI@BHOE Bcerjga ocTaHeTCA TeM #Ke caMbIM.

Ho a xoTen Ol ocTaHOBUThCA enfe Ha OgHOM BaKRHOM KOJINUUYeCTBEHHOM
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NOJOKEHUM, KacallieMca cTelleHd HeTOYHOCTH, KOTOPYIO HaJo oAKUAaTh B
moGoM (PUBHYECKOM 3akoHe. JTO TaK HasblBaeMblil 3akoH +/n. CHauana s
IPONJIIIOCTPUPYIO €r0 IPOCTHIM NpUMepoM, a galblile caenai ofobiieHue.

IIyeTh HeKoTophId ras mpu ompegeieHHBIX NABIEHWH U TeMIepaType
uMeeT ollpeelleHHY10 JIOTHOCTb, TOTAa 1 MOTY 3TO BbIPa3uTh, CKa3aB, YTO
BHYTPU JaHHOTO 06beMa (KOTOpbIA 10 pasMepy NOOXOJUT HJA 3KCIEePUMEH-
Ta) MpU AAHHLIX YCIOBUAX UMeeTCHA N MOJNeKyd rasa. Eciu B Kakoi-To Mo-
MeHT BpeMeHU BbI 3aX0THUTe [IPOBEPUTEL Moe yTBep#aeHUe, TO HaligeTe ero
HEeTOYHBIM: OTKJIOHeHUe OymeT nopagka 1/n. Ciegopatensho, ecau n = 100,
TO OTKJIOHeHue cocTaBUT npubaunsuteanto 10. TakuM o6pasom, oTHOCUTENb-
Has norpeidocTs u3Mepenus pasua 10%. Ho eciu n = 1000000, To, BepoaT-
Ho, OTKHJIoHeHUe OymeT paBHbIM HpuMepHo 1000, a oTHocuTeabHas HoTpel-
HocTh — 0,1%. I'pyGo ToBops, 3TOT cTaTUCTUYECKUI 3aKOH ABIAETCA BeCh-
Ma o0muiM. 3aKoHLI GU3UKU U pU3UYecKol XUMUM HETOUHBI B IIpefeiax Be-
POATHO 0OTHOCHTEILHOH HorpeliHocTH, HMetomel nopagok 1/4/n, roe n —
KOJIMYeCTBO MoOJeKyJ, y4acTBYIOU[UX B NPOABIEHUHN HTOr0 3aKOHA — B €ro
OCYIEeCTRISHUU BHYTPU Toil 061acTu NPOCTpPaHCTBA UMM BpeMeHH (WU u
NpOCTPaHCTBA U BpeMeHH ), KOTopas MomlekUT paccMOTpPeHHUIo.

Takum o6pa3omM, Bbl CHOBA BUAUTE, UTO OPraHu3M [ojdskeH NpeacTap-
aATh co0oli 0THOCUTENIbHO GONBIIYIO0 CTPYKTYPY, COCTOANMYIO U3 MHOKECT-
Ba aTOMOB, YT00bI HacnamaaTheA GaarogeHcTBUEM BIIOJIHe TOUHBIX 38KOHOB
KaK B cBoelfl BHyTpeHHell #U3HU, TaK U [IpU B3auMofAeiicTBUU ¢ BHEIHUM
MupoM. Eciau 6Gb1 KomndecTBo y4acTBYIOMUX YACTUI GLLIO CIUIIKOM Malo,
TO «3aKOHY oKaszajicA 6bI CAUIMKOM HeTouyHbIM. OcoGeHHo BamHBIM Tpebo-
BaHUeM fABJIAeTCH 3aKOH KBagpaTHOT0 KOPHA, MOTOMY 4YTO XOTH MWIIMOH
¥ JocTaTouHo GoJibllloe 4YHclo, ojJHaKo TouHocTh 1 Ha 1000 He ARIAeTcA
ype3MepHO Xopollleil, ecau cyuiecTBO gela IpeTeHayeT Ha TO, YTOGBI GLITH
«3aronom Ilpuponbi».
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MexaHusm HacJeaACTBEHHOCTU

Das Sein ist ewig; denn Gesetze
Bewahren die Lebend’gen Schétze,
Aus welchen sich das All geschmiickt.

Goethe!

Hrar, MBI OpUIUIA K 3aKIOUEHUIO, UTO
12. Buieodu raaccuveckozo opraiuusM co BceMU MpPoTeKalolNUMU B

fusura, 6ydywu darero He HeM 6HoJoTrHUecKUMU IpoleccaMu AoJ:ReH
mpusuaaAbHuMU, UMeTb BecbMa «MHOT0aTOMHYIO» CTPYKTY-
O0KA3bI6AIOMCA HEGEPHULMU py; HeoOXoguMo Taks;ke, YToObl cilyuainble

«OHOATOMHBIE» fABIEHUA He Urpalu B HeM caullKoM Goablioil ponu. Cy-
mecTBeHHo, TOBOPUT HAUBHBIA (GU3UK, UTOOBI B OCHOBE OpraHU3Ma Jeanu
JocTaToYHo ToYHbIe (QU3UUeCKHUe 3aKOHbI, HA OCHOBe KOTOPHIX OH Mor GBI
OPraHU30BaTh CBOIO UCKIIOUUTENbHO PerylApHYIO U Xopolllo yHopAgoyeH-
Hylo pa6oTy. B Kakoll cTelleHU IPUI0KUMBL K pealbHbIM GUOIOTMYECKUM
¢akTaM »TU BLIBOJLI, clellaHHble & priori, T.e. ¢ YucTo pU3UUeCKoHd TOUKHU
3peHudA?

Ha nepBbifi B3rafx MoskeT HoKasaTbefl, UTO BTU BbIBOALI AOBOJbLHO
TpuBHaibHbl. Buoaor, ckamem, jdet 30 Hazag Mol yTBepskAaTh, UTO XOTA
JeKTopy-TollyJ1ApU3aTopy BIo/IHEe yYMeCTHO NogUepPKHYTh 3HaUeHle 3aK0oHOB
cTaTUcTUUeCKod PU3UKN Npu GYHKIIUOHMPOBAHUYU OpraHu3Ma, Kak U J10 00k
JIpyToil cucTeMbl, ogHaKo 3To yTBep:geHHUe, NMoMxkalyil, dyepecuyp uaburan
UCTUHA, U60 meilcTBUTENbHO, He TOJLKO OPraHU3M B3pocioro UHAUBUAYY-
Ma M1060r0 BICOKOPA3BUTOrO CYyIMeCTBa, Ho U KamAaa KIeTKa ero CoJlepRUT
(KOCMHYeCKoey YUCI0 eqUHUYHLIX aToMoB. W ramablil oTAenbHbId du3no-
JorHyecKUil mpoijece, KOTopbI MBI HabllogaeM WIM BHYTPH KIeTKHU, UIU
npu ee B3aUMonelcTBUM ¢ BHellHell cpefofl, KaskeTcA (MIM Kasalochb JeT
30 nasag), BoBIeKaeT TAKoe OCPOMHOE KOJIMYECTBO eJUHUYHBIX aTOMOB U
eIMHUYHBIX aTOMHBIX IIPOI[eCCOB, UYTO TOYHOE BhINOJHEHNEe 3aKOHOB PU3NKU

I BuiTHe BeuHo, H60 CYMECTBYIOT 3aKOHbI, 0XPaHAIONMe COKPOBUIA }U3HH, KOTOPBIMH
yKpamaeT ce6a Bcenennaa. — I'eme.
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U ¢pu3NvYecKol XUMHUU rapaHTHPOBAHO [ame IPU BechMa kecTKOM Tpelbo-
BaHUU CTATUCTUYECKOH GU3UKU B OTHOLIEHUH «OONBITUX YHCENy. ITO Tpe-
GoBanye A TOJLKO UTO MPOW/IIIOCTPUPOBAI HA IPUMeEpE /7.

Teneph Mbl 3HaeM, UTo Takad Touka 3peHUA Oblia Gbl oMUGOUHOI.
Kar MbI cefiuac yBUAUM, HEBEPOATHO MaleHbKUe TPYIIILI @TOMOB, CIUIKOM
Malble, 4ToObl IPOABIATH TOUHbIE cTaTUCTUYEeCKHE 3aKOHbI, UTPAOT ria-
BEHCTBYIONIYIO PoJb B BecbMa yNOPAJOYEHHbIX U 3aKOHOMEPHLIX NpoIec-
cax BHYTPH Kakmoro opranusmMa. OHu ynpaBiAiOT BUJUMBIMU OIpU3HAKaMU
Goabmioro macmtaba, KoTopble opranu3M npuobpeTaeT B TeueHHEe CBOEro
pasBUTUA; OHU ONIpeeldl0T BaskHble oco0eHHOCTH ero QyHKIIMOHUPOBaHUA,
U BO BceM 3TOM NPOABJIAIOTCA BecbMa OTYeTIUBbIe U cTporue Guojoruyec-
KHe 3aKOHBIL.

I mossken HayaTh ¢ KpaTKoro NoABedeHUA UTora JocTHmeHUH GHoJlo-
TUM U, B YaCTHOCTH, F'eHeTUKH; IPYTUMHU CJIOBaMHU, A JOJKeH NMOALITOMUTh
coBpeMeHHoOe COoCTOAHMe 3HaHUN B Toll obiaacTu, rge A — He aBTOPUTET.
JToro Henb3A N30emaTh, 1 NOATOMY A IPUHONTY U3BHHEHUA, ocoOeHHo Ouo-
Jory, 3a fUJIeTaHTCKUIN XapakTep U3Jo:keHUA. f npoily Takme pa3pellieHus
U3JI0KUTH TOCNOACTBYIOIKe IpeacTaBleHud Oolee UWIH MeHee gOrMaTHU-
Ho. OT «GegHoroy GU3NKA-TEOPETHUKA HEIb3A OMUAATh, YTOOGHI OH cpelnaln
yTo-HUOyab nogoGHoe KoMIeTeHTHOMY 0030py 3KcIepHUMeHTalbHbIX HaH-
HBIX, NOJy4YeHHbIX B pe3yibTaTe OoJbIIOr0 KONNYEeCTBA BeJUKOJENHO BbI-
NOJHEHHLIX cepuil BKCIepUMeHTOB N0 CKpelMBaHUIO, 3alyMaHHBIX ¢ Oec-
npelneleHTHBIM OCTPOYMHEM, ¢ OJHOH CTOPOHBI, U NPAMBIX HaONIOgeHUM
Haj :KUBoH KIeTKoil, IpoBegeHHBIX co Beell yTOHUYEeHHOCTHLIO coBpeMeHHoH
MHUEPOCKONNHU, — ¢ ApPYyToil.

PaspemuTe MHe BocHoJb30BaTLCA CIOBOM «IJNaH
13. Hacaedcmeennvltt  (pattern) opranusmay B ToM CMbICHe, B KAKOM Gio-
wugposanvHuill K00 JIOT Ha3blBaeT ero «IJIaHOM B YeThbIpex H3MepeHUu-
(zpomocomot) AXy, Hogpa3yMeBas PU 3TOM He TONLKO CTPYRTY-
Py ¥ GyHKIUOHUpPOBaHUe opraHu3Ma Bo B3POC/]IoM COCTOAHUM WU Ha I0-
0ol gpyroil cTaguu pa3BUTHUA, HO U OopPTaHU3M B ero oHToleHeTHUYeCcKoM
Pa3sBUTUU OT OIIOJOTBOPEHHOH AHNER/IeTKHM Oo cTaguU 3peloCcTH, Koraga
OH HauuHaeT pa3MHo;kaThcA. Telleph HU3BecTHO, YTO 3TOT IJIAH B UeThl-
pex U3MepeHUAX olpenelfeTcA CTPYKTYpPoil Bcero ofHoi KIeTKU, @ UMeH-
Ho CTPYKTYPoil olllomoTBopeHHoro Alina. bolee Toro, Mbl 3HaeM, UTo OH B
OCHOBHOM OIllpefenfAeTcA CTPYKTYPOIH TONbKO 0gHONW HeGonbIoli yacT 3Tol
KIeTRHU, ee Adpos. Taroe Agpo B 0GLIYHOM (HOKOAMEMCHA» COCTOAHUY KIeTRU
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npefcTaBifeTcA KAK ceTKAa TPoMamuia®, panpenelenHoro B BUje My3bIpb-
Ka BHyTpHu KieTKU. Ho Bo BpeM# jKU3HEHHO Ba#HBIX IPOLECCOB KIETOUHOTO
ZeneHus (Mmumosa NI Metio3a, cM. HUKe) BULHO, UTO AAPO COCTOUT U3 Ha-
6opa uacTui, o0bIYHO UMelomUX GopMy HUTell UIu Halouek U Ha3biBaeMbIX
ZpoMOCOMAMU, KOIUYEeCTBO KOTOPbIX &, uau 12, uiay, Kak, HalpumMmep, y de-
noBeka, 48.3 B geiicTBUTeNbHOCTY A JomM#eH ObLT ObI HAMCATD 3TH (B3ATLIE
I1A MpUMepa) uucaa, kak 2 x 4,2 x 6,...,2 x 24, 1 roBopUTh 0 ABYX Habo-
pax, 4ToObl NoNb30BATLCA BbIpaskeHeM B ToM 00bIYHOM 3HAaYeHUU, B KAKOM
oHo ynoTpebiseTca OUoONIOTOM.

XoTAa orgenbHble XPOMOCOMBI MHOTIA OTYETIUBO PA3IUYUMEBI U UHAU-
BUAYyalu3UPOBaHbI o opMe U pa3Mepy, OfHAKO 3TH aBa Habopa XpoMocoM
HouTH moJo6HBI ApyT ApyTY. Rar MbI yBUAUM, oqUH HabGop IPUXOJUT OT Ma-
TepH (AiieKNeTKA) U 0OIMH — OT 0THA (0II0JOTBOPAIONIMH CIIEPMATO30M).
HNMeHnHo T XpoMocoMbl WM, BO3MOKHO, TOIALKO oceBafd WIHM CKeleTHas
HUTb TOT0, UYTO MbI BUAUM O] MUKDPOCKOIOM KaK XPOMOCOMY, COAEp:KAT
B BUje cBoero poja mudpoBaibHoro Koma Bech «Ij1aHy OyAyinero pasBuTusa
MHAMBAIYYMa U ero GYHKIMOHUPOBAHUA B 3peloM cocToaHuu?. Kammblii
HOJHLIA Halop XPOMOCOM cOAep:kUT Bech WHGDP, HOITOMY, KaKk NIPABUIO,
HUMeloTcs IBe KOIUU NocleJHero B olUIOOTBOPeHHOM AliiekIeTKe, KoTopas
InpefcTaBafeT caMylo paHHIOO cTaauio Oymyuero HHgUBUIYyMa.

HasviBas cTpYKTYPY XPOMOCOMHBIX HUTed MUGPoBalbLHBIM KOJOM, MbI
HoJpasyMeBaeM, UTo Bce 0XBaTLIBAIOMUN yM, Bpoae Takoro, KOTopbIii He-
Korga npeactaBiaan cebe Jlanaac u KoTopoMy Kasmjaf NMpUUUHHAA CBA3b
HellocpeACTBEHHO OTKPLITA, Mor Obl, HCXO0Af U3 CTPYKTYPhI XpPOMOCOM, CKa-
3aTb, pa3oBLeTcA MU A0 IpU G1aronpUATHLIX YCIOBUAX B YepPHOT'o IeTyXa
WM B KpanuaTylo Kypuny, B MyXy WIHd pacTeHue Mauca, B poJoJeHPoH,
JKYKa, MBIIIb UM YedoBeKa. K 9TOMY MbI MoKeM NPUOABUTh, YTO «BHENI-
HOCTb» Pa3iUYHLIX AHIleKIeTOK UyacTo ObIBaeT oUeHbL CXOAHOH, U maske ecilu
3TO He Tak (HampuMep, OrPOMHBIE Afna NTUN U PEeNTHIHI), To pasaudne

23To ca0BO 03HAYAET BEMECTBO, KOTOPOE OKPAINIMBAETCA B TPOllECCe OKPANIHBaHMUA,
IMUPOKO TMPUMEHAEMOM B MUKPOCKOTIMYeCKO} TeXHUKe.

3B HacToAmee BpeMA ycTaHOBIeHO, YTO y uenoBeka 46 (2 x 23) xpomocom. — ITpu.a.
nepes.

4 JleitcTBUTENLHO, UCCTeI0BAHUA TOCASTHUX JET MOKA3alM, UTO OCHOBHO (KO HacTe -
cTBeHHOCTHY 3anaioued B HUTH JHR, KoTopad cocTaBineT och XpoMocoMBbI. YcTaHOBIEHO,
uT0 Y MUKPOOPTraHU3MOB eAUHMIelt KoJa ABJIAIOTCA TPU HYKJIeoTHAa, MOCIeJ0BaATEIBEHO
pacnojaraomuxca 1o aaute Modekyas! JJTHR. XpoMocombl BbICIINX OPraHU3MOB TOCTPO-
eHbl 3HaUMTeNbLHO ciosiHee. Ilpollecc cuMTHIBAHUA HacleAcTBeHHOH MHpOpPMAalUM y HUX
He cTodb AceH. Ho, BepoATHO, B 06mux uyepTax oH MojoGeH TOMY, KOTOpPEIH HabaoaalOT
Yy MUKpoopranusMoB. — Ilpux. nepes.
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OKa3bIBaeTCsA He CTONLKO B CYIIECTBYIOMUX CTPYKTYpaX, CKOIbKO B TOM
NUTaTeIbHOM MaTepuale, KOTOPbIH B 3TUX ciaydaax mobaBaseTcs.

Ho tepmun wudposarvuutil kod, KOHEUHO, CAUIKOM y30K. XPOMOCOM-
Hble CTPYKTYPBI CAYHAT B TO e BPeMA U UHCTPYMEHTOM, OCYIeCTBIAIO-
UM pa3BUTHe, KOTOpoe oHU e mpegBemaioT’. OHU ABIAIOTCA U KoJeKcoM
3aKOHOB, U UCHOJIHUTENbHON BAACTHIO WM, YIOTPeGiasaa Apyroe cpaBHeHUe,
OHU fABJIAIOTCA OHOBPEMEHHO U apXUTEKTOPOM, U cTpouTenem. Kak xpomo-
COMBI BeJlyT ce6a B oHToreHese®?

Poct opranusmMa ocyiecTBIgeTcsA mMocle-
14. Pocm opeanusma nymem J0BaTeJbHbIMU KJIETOYHBLIMU [JeleHUAMU.
KAemOuH020 JereHusn (MUMO3) Tagoe KIETOUHOE JejeHHe, Ha3bIBaeMoe
MUMO30M, HE CTOIbL YacToe CoGbITHEe, KAK 3TOr0 MOMKHO OMUAATh, YUUTHI-
Bafg orpoMHoe KOIUYECTBO KIETOK, U3 KOTOPBIX COCTOUT HANl OPraHu3M.
Buavane pocT ujeT GbicTpo, Alll[eKIeTRA IeIUTCA HA J[Be ([oYepHuey, KoTo-
pble 3aTeM JalOT NMOKOJNeHUe U3 YeThIpeX RIeToK, fanxee 8, 16, 32,64, ... n
T. 1. YacToTa feienud He oflMHAKOBA BO BCeX YAaCTAX pacTymero opranus-
Mad, ¥ 9T0 HapyluaeT peryiaapHocTh unced. Ho myTeM mpocToro BhIYUcIeHUA
MOJKHO YCTAaHOBUTh, UTO B cpeHeM focTatouyno 50 uau 60 mociegoBaTeib-
HBIX JeleHuil, YTo6bI 06pa3oBaTh TO KOIMUECTBO KIETOK' , KOTOpOe HMeeT
B3POCJALIN Yel0BeK, U, CKaeM, B JecATh pa3 Goblie, eciu IPUHATE BO
BHUMaHUE CMeHY KJIeTOK B TeueHue kusuu. Takum ofpasoM, KIETKEN MOero
opranusMa B cpejlHeM OKa3bIBAIOTCA TOJbKO MATUAECATHIM WA [IeCTHe-
CATLIM TIOKOJIEeHHeM TOro fiilla, KOTOPLIM A KOrAa-To GbLIS.

5Tpenamonosenue Ilpenunrepa o XpoMocoMaXx kak HOCHTENAX MUBPOBAILHOTO KOAa
BIIOJHe COOTBETCTBYeT JaHHbIM COBPeMeHHOil HaykH, HO NpefcTaBleHMe 0 HUX Kak U
06 MHCTPYMeHTaX, OCYMEeCTBIAIOMUX UHAUBUyalbHOe pa3BUTHe, clopHo. B HacToAmee
BpeMA pAj McclefoBaTellell M3ydaeT poib GeJKOB-THCTOHOB, HaXOAAMUXCA B XPOMOCO-
Max U peryiupylomux Mpouecc cUMTLIBAaHUA HacleJCTBeHHOHl MHMOPMauuu ¢ MOJeKYJ
NHR. Ouenn mepcnekTuBHBI pa6oThl P. H. Caaranuka nmo U3y4YeHUIO perylIHPOBaHUA ak-
TUBHOCTU TeHOB ropMoHamu ¥ pa6oTsl 0. M. OseHoBa NMo KOHTPOJMPOBAHHUIO Tpoliecca
HHAMBUAYalbHOrO Pa3BUTUA BIUTeHeTHUecKUMU dakTopamu. — Ipum. nepes.

S0uTorenes — pasBUTMe MHAMBMAYyyMa B TeUeHHe eTO HM3HU, B OTIMUME OT (GUIOTe-
He3a — pa3sBUTHUA BUOa B TeUeHUe Fe0JOTUYESCKUX [ePHOMOB.

"Becbma rpy6o — 107 uau 1018,

8B HacToAmee BpeMA yCTAaHOBIEHO, UTO coMaTHUeckad KJIeTKa, KAk TMPABUI0, COBEp-
maeT He Gosee 50—-60 mesenuit u mocie sToro TUGHeT. BLicka3biBaeTcA MpeANooMHKeH e,
uto >TUMH 50-60 AeleHMAMM 0GycloBlIeHa CMePTHOCTH MHOTOKIETOUHBIX OPTaHM3MOB.
Ilo MHeHUIO pAfa MccledoBaTedel, AMA KJISTKM BBICIINX OPTraHU3MOB CymMECTBYET JIHMIIL
JBa IMYTH «k GeccMepTHIO»: WIM [IPeBpalieHe B TMOJOBYIO KIETKY € 3aYaTUeM U3 Hee HO-
BOTO OpraHU3Ma, WM NMepeposieHde B 3J0KaYeCTBEHHYIO OIyXoJeBYyIO KiIeTky — Hpus.
nepes.
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15. B mumose raxcdan Rar BeayT ce6sa xpomMocoMbl B mutode? Oun
ZPOMOCOMA YOsaueaemca yaBauBaloTcsA, yABauBaloTea ob6a Habopa, obe

Ronuu mudpa. ITOT mpolecc Ype3BBHIUANHO
UHTepecHLIil, Mo3TOMY ero MHTEeHCHBHO U3y4ald, HO OH CIHUIIKOM CJ0KeH
AMA Toro, YToObI OMUCHIBATDH 31ech ero geranu. OcHoBHoe 3ariiovyaeTcA B
TOM, UTO Kaskaasa U3 ABYyX NOYEePHUX KIETOK NoNydaeT (IIPUAaHOe», COCTOMA-
ee 13 o0oux HabOPOB XPOMOCOM, B TOUHOCTH IOJ00HBIX TeM, Kakue OblIU
Y PogUTelbCKON KJIeTKHU.

Tarum obpasoMm, Bee RIeTKU Tela (comamutieckue KleTku. — Ilpum.
nepes.) coBepIIeHHO MONOGHBI PYT APYTY B OTHOMIEHUH UX XPOMOCOMHOI0O
cokpouma’. Kampan, nase MeHee BaskHas KIeTKa o0A3aTelbHO 061agaeT
nosHoil (BoiiHoll) Konueil mudpoBanbHoro Koga. lak 6bI Mazo MbI HU 3HAIH
06 BToM MexaHU3Me, MLI He Mo:keM, OfHaKO, COMHEBAaTbLCA, UTO 3TOT GakT
Jod:keH UMeTh KaKoe-To BaskHoe OTHollleHUe K KU3HU opTaHusMa.

CaMbIM yaUBUTeNLHLIM IpefcTaBafeTcs coXxpaleHe yABOEHHOTO XPo-
MocoMHoTo HaGopa Ipu BceX MUTOTUYecKUX meldeHuax. To, 4To 3To BamHuasn
oco0eHHOCTh FeHeTHUUeCKOT0 MexaHn3Ma, Haubollee pa3uTelbHO MOATBEPH-
JaeTcA OgHUM-eMUHCTBEHHLIM HCKIIOUeHHeM U3 3TOro NpaBuia, HcKIloye-
HHeM, KOTOpPOe MbI U JOIKRHLI TellepPb PacCcMOTPeTh.

Ouenpb cKoOpoO Mocie Hayama pa3sBUTUA ocobu
16. Pedyryuonnoe deserue oqyq rpyIna KIeTOK pe3epBUpyeTcA 1A 06-
(medios) u onaodomeoperue pasoBaHUA Mo3gHee TaK Ha3bIBAEMBIX T'aMeT,
(cunzamus) TO eCTh CIepMUeB WIN AAIERIeTOR (3aBUCHT
OT IHona 0co6n), HeoGXOMUMBIX NIA PasMHOKeHHA UHAUBUAYYMa 0 JOCTH-
JReHUU 3pelocTH.

«Pe3epBUpyloTcsay — 3T0 03HAUAET, UTO OHU He CIY:;KAT APYTUM IedAM
U OpeTepleBalOT 3HAYHUTEIbHO MeHbllle MUTOTHUecKUX neineHuii. [lpoucxo-
AfAlnlee B HUX HeoObIUHOe peayRIUOHHOEe [eleHue, Ha3LIBaeMoe .Melio3om,
fBIAleTCA TeM flelleHHeM, KOTOPbIM 3aBeplilaeTc pa3BUTUe raMeT y 3penoi
oco6u. ITo JeleHHe, KAK HPaBUIO, MPOUXOJUT JUIIb He3aHoAro A0 CUHTa-
Mmuu. B mefiose nBoliHoll XpoMocoMHELIH Habop pogUTeldbCcKoll KIeTKU Opoc-
To JelUTCA Ha OBa efMHUYHLIX HaGopa, Kaskablil U3 KOTOPBIX UAeT B ogHY
U3 OBYX HOYepPHUX KIeTOK — easem. [[pyruMu cioBaMu, B Melio3e He NPo-
HUCXOOUT MUTOTUYECKOTO YIBOEHU KOIUUeCTBA XPOMOCOM, KOTUUeCTBO UX
ocTaeTcs MOCTOAHHLIM, U, TAKUM o0pa3oM, Ka:aas rameTa HolaydaeT TOldb-

9BI/[O.T[OI" U3BUHUT MEHHA 3a TO, UTO B 3TOM KpPaTKOM HU3JIOMEHUU A He paccMaTpUuBaro
ciiydad MO3alKoOB, ABJIAIOMIErocAd UCKIIOYEeHUEeM.
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KO MOMOBUHY, T.e. TOAbKO OJHY MOMHYIO KOOUIO WKUPOBATLHOTO KOId, a He
IBe, HAIpIMe], Y UeloBeka Todbko 24, a He 48.10

KaeTxu, uMmeiomue TOAbKO OJUH XPOMOCOMHBINA HaGop, HasblBAalOTCA
2anaoudHoimu (0T Tpedeckoro amAovs — eAuHcTBeHHbIH ). Takum o6pasoM,
raMeThl TallIoMgHBI, 8 oObIUHBble KIeTKH Tela JunioudHu (0T T'peyecKoro
demAods — papoiiHoit). HHorga Tamsme BeTpedaloTes HHAMBUAYYMBI ¢ Tpe-
M, YeThIPbM#A WJIH, BooOIle FOBOPSA, ¢ MHOTMMU XPOMOCOMHBIMU HabopaMmu
BO BeexX KJIeTKaX, U oHU TorJa Ha3bIBAIOTCA TPUIIOUAAMU, TeTpalouja-
MH, ..., NOAUNIOUOAMU.

B akTe cunraMun Mysckas ramera (cliepMaTOo301 ) U JReHCKaA raMeTa
(aiino), T.e. ramIoMaHble KIETRU, COEIUHAIOTCSA, YTOOB 06pa3oBaTh OILIO-
IOTBOPEHHYIO AfilleRIeTKY, KoTopas, clejoBaTenblo, fuiliougaa. Oqun us
€e XpPOMOCOMHBIX HafopOB HIPUXOAUT OT MaTepH, a Jpyroil — oT OTIA.

®otorpaduu (puc. 5 u 6) gal0T HAM HEROTOpPOe IpeJcTaBlIeHHe 0 TOM,
KaK BBITIAJAT XPOMOCOMBI og MUKpockomoM. OHU B3ATHI U3 KHUTU JOK-
Topa Jlapaunrtona «Paboma ¢ xpomocomanus'l.

Bocnonb3oBaBiiuck puc. 7, A MONbITAIOCh AaTh cxeMaTUdyecKuil o6-
30p TPeX OCHOBHBIX MPOIECCOB: MUTO3a, Meiio3a u CUHTaMUU Y MaleHbKon
naomoBoii myuwku Drosophila, KoTopasa uMeeT ramioujHoe YUCIO XPOMO-
cOM. JTa MyIIKad KaK 00HeRT IKCIePUMeHTUPOBAHUA ChITpala BhIAAIONY 0
cf poib B cOBpeMeHHO# reteTure. YeThipe pasinyibie XpOMOCOMBI YCIOB-
HO MOMeYeHbI Pa3HbIM IIBETOM: 3eJ1eHbIM, YepHBIM, KpacHbiM u cunuM. Ha
puc. 7a XpOMOCOMHBII HaGop AUMIouJHON KiIeTKH yBeandeH. OH cay:kuUT
TONBKO OJA NOACHEHUA €XeM Ha pHUc. 76-T, KOTOpble HaHBl B YMeHbLINEH-
HOM BUIe U YMCTO cXxeMaTuyecku. Paspelite MHE OYUCTUTh CBOIO COBECTh
npusHaHueM, YTo MPU oNMUCAHUU Meiio3a f, KAk ¥ B MPeJbIAyHIeM clyuae,
JOMyCTHI HEeKOTOpble yIpoIleHWus, KOTopble, ofHAKO, MIA Hallei Helud He
MMeloT 3HaueHuA'2,

OroBopiu TpeGyeT eme ogqHo 06CTOATENLCTBO.
17.  I'anaoudnvie ocou XoTA oHO U He cyIecTBeHHO IJA Hallell e,

0JIHAKO JefCTBUTEIbHO UHTEPECHO, IOCKOIbRY
IOKa3bIBAET, UTO B Ka#A0M eJUHUUHOM Hafope XPOMOCOM COHEPHUTCA CO-
BepIlieHHo MoAHbIN MUubpPoBalbHbIi Kom Beero «janay opranusMa.

10CM. mpum. Ha cTp 27.

11 Q. D. Darlington. The Handling of Chromosomes. Allen and Unwin, 1942.

12B peitcTBUTENLHOCTH Mei03 — He OfIHO flelleHMe Ge3 YIABOGHHMA UMcIa XPOMOCOM, a
ABa TOUTH CAMBAIOLIMXCA JAeNeHMA, HO ¢ OJHUM yABOeHMeM. B pesyinbrare o6pasyroTcd
He [IBe TallloUiHbIe FaMeThI, a YETHIPE.
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Puc. 5. C6nusuBmuecs nonapHo XpoMOCOMBI B MaTE€pUHCKUX RIETKAX MhHLILII
aByx BuaoB Tradescantia: a — ImecTh map XpoMocoM B KiIeTKaX, PUKCUPOBaHHBIX
U OKpAaIleHHBLIX alleTopcerHoM; 6 — JBeHaAllaTh [1ap XpPOMOCOM B 3KHUBOH KiIeTKe,
cpoTorpaduposaunoil B yabraduonetosom csete (x1000)

Puc. 6. Tonogaromue xpomMocoMbl (moapasyMeBaeTcs HYKICUHOBOKUCIOE [ONoja-
HUe, IpUMeHfAeMOoe B [eJIfX MOly YeHus Gollee OKpaLleHHbIX npenapaTtoB. — [Ipus.
nepes.) B NbUIbLEBLIX 3epHax Fritillaria pudica, momyuenunle BozjeiicTBHeM Xomlo-
na. Breanblie momnocbl — UHEPTHbIE CErMEHThI (><1800)
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HwmewTea npumepsl meiiosa, korga oniaoZ0TBOpeHUE OCYLIECTBIAETCA
He cpa3y, a cHavyana rannoujHas kieTka (ramera) nojBepraercsa GonbpUIOMy
KOIMYECTBY MUTOTHYECKUX KIETOUYHBIX AeleHuil, B pe3yibTaTe Uero BO3-
HUKaeT nenad ramaoujHad ocobb. ITo HaGalogaeTcA y caMIlOB myenbl —
TpyTHEN, KOTOpble pa3BUBAIOTCA NapTeHOleHETHYECKH, TO €CTb U3 HEOmIo-
JOTBOpEHHBIX U MO3TOMY TannoOuIHBIX Aur MaTku. TpyTeHs He umeeT oTnal
Bce kaeTku ero Tena raninougHbI.

Ecau xoTute, mMomHO HasBaThb €ro I'UraHT-

CKMM CHepMaTo30ugoM; M [JeHCTBUTEIbHO, W3- Meiioa
BECTHO, YTO (DYHKIAOHHUpPOBATh B 3TOM KavdecT- g?‘%%a)sosa““e

Be — ero eJuHCTBeHHadA }HU3HEeHHaA 3ajaya. O,E[-

Hako, MOeT ObITh, 3TO He cepbe3Has ToYKa 3pe-
- Cnopogur

HuA. U6o Takoil cayuvaili He eguHuyeH. FcTe ce- (aunaona)
MelicTBa pacTeHUi, r'le raniouJHble KIeTKH, KO-
Topble o0pa3yloTcA mpu Meiioze M HazpIBalOTCA - S:gvomope.

cmopamMu, majaloT Ha 3eMal0 Kak cemMeHa U pas-
BUBAIOTCA B HacToAllMe rannouHbIe pacTeHUuA, FameTobHT
CpaBHUMbIE N0 padmepy C AUNIOUIHBIMHA. —« (rannowp)
Ha puc. 8 uzobpameHo pacTeHbune MXa, pac-
npocTpaHeHHor'o B Hamux necax. llokpbiTaa amc-
TOYKAMU HUMKHAA YacTh — ranioufHoe pacTeHue, N
HazblBaeTcA raMeTO(HUTOM, MOTOMY YTO y Hero
HaBepXy pasBHBAaIOTCA MOJOBLIE OpraHel U rame-
TbI, KOTOpBIE MOCIE ONAOJOTBOPEHUA MPOU3BOJAT
o0plYHOe OuTmIONJHOEe pacTeHWe — Touablil cTele-
JIeK ¢ ceMeHHOH kopoGoukoil. ITa yacTh pacTeHUsA HaswiBaeTcA crnopodu-
TOM, TaK KAk NyTeM MeiHo3a oOHa Npou3BOJUT cophl, HaXodAMUecA B Kancy-
ne. Korga rancyna oTk pblBaeTcA, COphl maJaloT HAa 3eMII0 U pa3BUBAIOTCA
B 00nucTBeHHLI cTebenb. ITOT mponecc MeTKO Ha3BaH «UepeJOoBaHUEM TO-
roneHUiiy. BbI moskeTe, ecau XoTuTe, paccMaTpUBaTh YEIOBEKA U RUBOTHBIX
¢ Toil ske Touru 3peHud. Ho rameToduTom 34ecer ABIAETCA, KAK MpaBHUIIO,
BeCbMa KOPOTKOMUBYIIee 0JHOKISTOUYHOE MOKOIeHHe — cnepMaTo30U ] WU
AfinexreTra. Hame Teno cooTBeTcTByeT cnopoduTy. Hamu «cmopsl» — 3To
pe3epBHLIE KIETKHM, U3 KOTOPLIX B Nponecce Meilo3a BO3HHKAET OJHOKIE-
TOYHOE MOKoJeHHe.

Puc. 8. YepenoBauue mo-
KoleHui

Bamuelm u JeiicTBuTenpHO ompeIenAiom UM
18.  3uatenue cyae0y coOpITHEM B TpOnecce BOCHpOHU3Bee-
pedyruuoHHo20 OeneHus HUA MHIMBUIYYMa ABIAETCA He OmI0JOTBOpe-
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uue, a meito3, Ogun nabop XpomMoCcOM NPUXOAUT OT OTIA, OJUH — OT MAaTEPH.
Huraraa cayuafinocTs ne MOMeT NOMEMAaTb 3TOMY.

Kamplil uenoBek'® noiyuaeT poBuo n0JI0BuHY cBoeil Hac/ieICTBeHHOC-
TH OT MaTepu W MOIOBUHY OT oThna. To, UTo ofua nmuuuA KamkeTcA mpeol-
najaloieil, o0bAcuAeTCA JpYTUMH NPUYUHAMH, O KOTOPBIX MBI TOTOBOPUM
no3:ke (mold cam mo cebe, Koneuno, To#e npelcTaBafgeT npocTefMnil npumep
TaKoro npeobiaganusn).

Ho ecnu BB mpocaeguTe 3a npoucxXomaenuem Balleil acieJcTBEHHOC-
T BIJIOTb [JO BalluX JefoB u 0a6or, To Aelo oKameTcd unbiM. Pa3pemute
ofpaTuTh Balle BuuManue Ha Habop XpOMOCOM, mpulleJinX KO MHE OT OT-
14, B 4aCTHOCTH HA OJHY W3 HUX, CKamem, na xpomocomy Ne 5. JTo Oyger
ToynaA KonuA unu ToH Xpomocombl N5, KOTOpYIO Mol OTel moaydua oT
CBO€ETo 0Tna, uam Toil, KOTOPYIo o moay4un oT cBoeil maTepu. lcxon gexna
6bln pemmen (¢ BepoATHOCTHIO 50 K 50) B Melfo3e, npouclieiieM B opranu3me
Moero oTna B noAa6pe 1886 r. u mpousBeflieM TOT cnepMaTo30uJ, KOTOPbIit
HEMHOTMMU JHAMH MO37KE OKa3aincA NPUUMHON MOEro 3aposkaeHul,

Touuo Ta #e ucTopud moriaa 0bl OLITH MOBTOPeHA OTHOCUTENBHO XPO-
mocom Mo 1, 2, 3, ..., 24 moero oTnoBckoro uabopa'® u mutatis mutandis
OTHOCUTENbHO KaM 0N U3 MOMX MATEPUHCKUX XPOMOCOM.

Bonee Toro, Bce 48 pe3yabTaToB ABIAIOTCA COBEPLIEHHO HE3ABUCUMbI-

u'%. Jlaske ecnu ObI 6b110 M3BECTHO, YTO MOS OTHOBCKAA Xpomocoma No 5
npuiiiaa oT moero geaa Hoseda lpeauurepa, To y xpomocombl Ne 7 ere
ocTaBanuch Obl paBuble IIaHchbl MPou3ofTH OT HEro e, uaum OT ero KeHbl
Mapuu, ypospaeuuoit Boruep.

Ho poas cayuaiinocTu B cmelllenuu JeAyIIKu-
19.  Epoccunzosep. Hoil u 6Ga0yIKWHON HACHeJACTBEHHOCTH Y NO-
dorarusayusn ceoticme TOMKOB ellle Gonpllle, 4eM 3TO MOKeT noKa3aTh-
cA u3 npeAplAYNIEro onucanus, KOrla MOIYaIuBo NPeAnonaraioch uim Jamse
NpAMO yTBep:#4anoch, 4TO OnpefeneHHble XPOMOCOMbI MPULLIN KaK nenoe
unu oT 6abyIKku, uan oT AeAyIIKu, IPYTUMHU CI10BaMHu, eIUHHYHLIE XPOMO-
COMBI MPUIIIU Hepa3fieneHubiMu. B HelficTBUTENbHOCTH 3TO HE TAK WIM HE
Bcerfa Tak. llepen Tem, Kak pa3oliTuce nmpu peIyKIMNOHHOM JEIEHUH, CKa-
#eM, Ipu TOM, KOTOPOE POUCXOJUI0 B OTIOBCKOM Opranusme, Kam/ble ABe
(roMOonoTruYHbIey XPOMOCOMBI cOauskalOTCA U nHoria oOMeHuBalOTCA 3HAYN-

13Bo BcAkOM ciyuae mamaan meHmuua., UToOsl u3bemaTh MHOIOCIOBUA, H MCKIIOUYMI
U3 3T0ro 0630pa UPe3BEIYANHO MHTEPECHY O 061acTh ONPEeAcIeHUA N0Ja U CLEIUIEHHBIX C
NoJOM NMPU3HAKOB (HaNpUMep, TaK HasbIBaeMas 1BETOBafA CIENOTa).

14Cm. npum. Ha cTp. 27.

15Cn. mpum. Ha cTp. 27.
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TelbHLIMU CBOMMHU YacTAMHU Takum o0pa3om, kak 3TO Iorazano Ha puc. 9.
Ha murpodotorpadun (puc. 10) BuaHo 3T0 TecHoe cOInHEHNEe XPOMOCOM.

1 1 1 1
)Q
1 1

Puc. 9. Kpoccunrosep. [ Be TOMOIOrMYHLIX XOPOMOCOMEI B KOHTaKTe (cleBa), Ioc-
Te o6MeHa 1 pa3/ieleHUA (crpaBa)

1

Puc. 10. /[Benaanmath map COAU3UBIIMXCA XPOMOCOM B MAaTEPHHCKUX KIeTKaxX
meunbier Fritillaria chitralensis. Touku mepecedeHus meTelh MOKa3bIBAlOT MecTa
KPOCCHHTOBepa Mexay maprHepaMu (x1600)

B pesyabTaTe Taroro mpouecca, Ha3bIBa€MOro EpocciHzosepom (mepe-
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KPecToM), Ba CBONHCTBA, pacnoioskenHble B COOTBETCTBYIONX YacTAX 3TON
Xpomocombl, 0y Ay T pasfeleHbl, i BHYK OKaKeTCA IOX0OHUM OJHUM U3 CBOUX
CBOMCTB Ha JelyUIKY, a IpyTuM Ha 6abymry'S.

fABnenue kpoccuuroBepa, Gyyun He CIMINIKOM PEIKUM, HO U HE CIMII-
KOM 4acTbIM, oGecnieunBaeT Hac neHuelillell uudopmanueil o pacnonosxe-
uum CBOHCTB B XxpomocomaX. UToObI paccMOTPeTh BONPOC MOIHOCTBIO, MBI
JOJ#HBI MCIOJb30BaTh HEKOTOpPble MOHATHA, 0 KOTOPbIX OyJeT pacckasa-
HO TOIbEO B cledyloleii riaBe (Hanpumep, reTepo3uroTHOCTh, JOMHUHAHT-
HOCTH W T.[.), HO Tak Kak 3TO yBeao ObI Hac 3a mpefelbl 3Tofl ManeHbKON
KHWUTH, pajpelinTe MHe IPOCTO YKa3aTh HA caMOe BaikHOE.

Ecau 661 me 6p110 BpoccuHroBepa, TO JBa Npu3HaKa, 38 KOTOpPLIE OT-
BeTCTBEHHA OfHA M Ta /e XpoMocoma, NPUXOAuau Obl K IOTOMKY Bceria
BMecCTe, M HU ofiHa oco0b He moraa Obl NOAYYUTh OAUH U3 HUX, HE [0y YHUB
apyroro. JIBa e cBoiicTBa, onpejeifiemsle IBYMfA Pa3audubIMuU XPOMOCO-
Mamu, 1u6o umenn 6bI BepoATHOCTDH 50:50 okasaTecaA oTAeleHHBIMU IPYT
oT Apyra, iubo Bcerja pacxoguiuck Obl B IOTOMCTBE K pPa3ubIM ocolAM, a
WMEHHO TOTZa, KOrJa 3TH CBOWCTBA paclo/o#eHbl Y Npejka B rOMOJOTHY-
HbIX XpPOMOCOMAaXx, KOTOphle BO Bpemf Meiio3a Bcerja pacXoiATcCAH.

JTu npaBuia u OTHONIeHuA HAPYIIAlOTCA KPOCCHHTOBEPOM, BepOAT-
HOCTh KOTOPOT0 MOKeT ObITh yCTaHOBJEHAa THlaTelbHbIM PErucTPUPOBaHU-
eM pa3auyHbIX koMOuuanuii Npu3HakoB y NMOTOMCTBA B 3KCIIepuMEHTaX Mo
CKpeluBaHuIo, TOCTABIEHHBIX HAlIeRaluM 00pa3oM. AHATU3UpyA pe3yib-
TaThl TAKUX CKPemuBaHuil, npuHUMAaOT yfequTelbHyl0 pabouylo runoTe-
3y, 4TO «CllelllIeHney NBYX CBOHCTB, DacloJoKeHHBIX B 0JHOH XpoMocoMme,
TeM perke HapyllaeTcA KPOCCHHTOBEpPOM, yeM Oauike 3TH CBOICTBa JekaT
ofHO K Apyromy, uGo Torga mexnee BepoATHO, UTO JUHUA Pa3pblBa IpoiaeT
MeR1y HUMH, a CBOHCTBa, pacnojoxeHHble Giu#e K NPOTHUBONOJOHHBEIM
KOHIIAM XPOMOCOMBI, 6YAYT pasjelATscA IpH Ka#IoM kpoccuHrosepe. (To
#e camoe NPUMeHUMO 1 K 00beJuHeHnI0 B 0JHOH XpoMocoMe JBYX CBOICTB
(mpu3nakoB), pacHoNo#eHHbIX padee B TOMOJOTHYHBIX XPOMOCOMaX OJHOTO
u Toro #e Tpefka.) Takum o6pa3om, Ha 0CHOBE (CTATUCTHEM CIETLICHH A
MOKHO COCTaBUTh CBOET0O poja «kapThl MPU3HAKOBY BHYTPH KamJA0H XPo-
MOCOMBI.

16 ABTOp BhIpamAeTCA HETOUHO, TOBOPA 0 PACIOJOMEHHH B XPOMOCOME «CBOMCTBY MM
«npusHakoBy. Kak oH cam Jalee yKa3bnlBaeT, B XPOMOCOME PacTooMEHbl He caMM CBO#-
CTBa, 4 JAUIIb ONpeJeleHHbIe MaTepHalbHble CTPYKTYpPhl (F€Hbl), Pasiuyufi B KOTOPLIX
TMPUBOJAT K BUAOU3IMEHEHUAM OTpPEJEJIeHHBIX CBOHCTB BCEro OpraHuaMa B 1€M0M. ITo
HaJo MOCTOAHHO UMETh B BUAY, 6o [llpennHrep Bce BpeMA NMoJAb3YETCA CIOBOM «CBOMCT-
Bay. — Ilpum. nepes.
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Tmarembuble ucclenoBaHus (TIaBHBIM oOpa3oM xpomocoMm y Droso-
phila, X0TA u He TOIbKO y Hee) IOKa3ald, YTO M3yUeHHble NIPU3HAKK Jeli-
CTBUTENbHO pacHajaloTCA HA TAKOe KOJAWYECTBO OTHeNbHBIX T'PYIIL, Me#-
Ay KOTOPBIMU HeT cllellIeHUs, CKOJbKO MMeeTcs XpoMocoM (4eThIpe y
Drosophila). B mpegenax ka#joli rpynnbl Mo#HO COCTaBHUTh KapTy Mpu-
3HAKOB, KOJIIMYECTBEHHO BRIPAKAIOWIYIO CTeeHb CHEMlenda MemR Iy Kamaon
napoif Ipu3naKoB 3ToH TPYINLI; HOITOMY He MOMeT ObITh OOJBIIUX COMHE-
HUI, YTO OHU JeiCTBUTEIbLHO paclolokeHbl B XpOMocoMe u NIPUTOM JuHel-
HO, KaK 3T0 MOKHO OKUJATh, paccMaTPUBaA XPOMOCOMY MalouroobpasHoit
(popMBI.

Kouneuno, cxeMa naciie[cTBEHHOTO MeXaHu3Ma, KaK OHA olucana 371ech,
eme GecliBeTna U cilerka naunBua. 6o MbI He cKazaiu, 4To clefyeT ogpasy-
MeBaTh Ioj Npu3HaKkoM. PacceraTh na qUCKpPeTHBIE «IPU3HAKUY OPTaHU3M,
KOTOPBIH AIBIAETCA B CYNIHOCTH €JUHBLIM (IeJbIMY, MPeJCTaBIAeTCA Helpa-
BUILHBIM M HEBO3MOMHBIM. B eficTBUTENBHOCTH MbI TOIbKO YTBEp#KIaEM
B KamJOM OT[elIbHOM cilyuae, UTo Iapa MPejKOB pa3iuyaeTcA B ONpee-
JeHHOM, XOpOolO BhIpaeHHOM OTHOlIeHUHM (CKameM, OqUH uMel roxyOble
riasa, a Ipyroff — Kapue) U UTO IOTOMOK CXOji€H B 3TOM OTHONIEHWH MU
¢ OHUM, WK C APYTUM HpegkoM. B xpomocome ke MBI JOKalIu3yeM Mec-
To 3TOro pasiauuua. (MbI Ha3bIBaeM 3T0 MeCTO (JIOKYCOM» UJH, €CIu MEI
AyMaeM 0 TMIOTeTUYECKOH MaTepualbHOH CTPYKTYpe, KoTopas obpa3yer
ero ocuoBy — zerom.) Ha Mol B3riasa, ocHoBHBIM HpencTaBleHUeM CIy-
JKUT CKopee paziduue NPU3HAKOB, YeM Ipu3HaK caM Mo cefe, HECMOTpA Ha
Kamylleecd CIOBECHOe U JOTHYECKOe NPOTHUBOPeYre 3TOro YTBEepmKIeHUu.
Paznuune npusHakoB feficTBUTENbHO JUCKPETHO. DTO BBIABUTCA B CAeIYIO-
el TaaBe, Korga MbI 6y/1eM roBOPUTh 0 My TaluAx U Korja IpecTaBlIeddas
BhIllle cyXasA cXeMma, 1 Hajeloch, IPHOOpPeTeT U #u3Hb, U KPacKwu.

Mpb1 ToabKO YTO BBEIM TEPMUH 2eH NJA TUIOTE-
20. Marcumanvroid THYECKOr0 MaTepHaJbHOIO0 HOCHTENA OIpeeleH-
pasmep 2ena ol HacnengcTBeunoil ocobGeunocTu. [Homuepruem
Teleph ABA MOMeHTA, KOTopble GYyAyT uMeThb Golbllloe 3HAYEHUE [JIA Hallle-
ro ucciaegoBauuf. [lepBriit MoMenT — pasmep, wium, Iydllle cKa3aTh, MaK-
cuMalbHbIM pa3Mep ITOT0 HOCUTENA; APYTHMHU CIoOBaMU, 0 CKOIb MAlIoro
pazMepa Mbl MOKeM IpocieguTh JoKaIu3aluio HacleJCTBEHHbIX IOTeHui.
Bropoit MoMeHT — ycToHUnBOCTDb I'eHa. ITO HPeANoNo}KeHre BLITEKAeT U3
HOCTOAHCTBA (HACIefCTBEHHOTO [IaHay.

Pasmep rema ompepgeneH gByMA cOBeplIeHHO HE3aBUCUMBIMU cHocoba-
Mu. Oun ocHOBaH Ha reHeTUYECKUX TaHHBIX (dKCIepUMeHTRI 10 CKpeluBa-
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HUIO), IPYTOil — Ha [UTOMOTMYeCKUX JaHHBIX (IPAMOE MHKPOCKOINYECKOe
nabniofenne). [lepBrlit cnoco® NpunnMIMaTbHO JOCTATOYHO MPOCT. YcTa-
HOBHMB pPaclo/ojkeHHe Pa3InyHbIX MpusnaxoB (601blIoro macuitaba) BuyT-
pu onpeflellenHoil XpomocoMsl (ckaskem, y mymru Drosophila), Mbl, 4TO6bI
ollpeflenTh pasmep reua, JOMMHbI TOAbKO pa3ieluTh LAUHY HTOH XPOMO-
COMBI HA KOAMYECTBO Npu3nakoB. Koneuno, mMbl paccmaTpuBaem B KauvecT-
Be OTJel1bHbIX NPU3HAKOB TOILKO Takue, KOTOpLle u3pelkra pas3ieldloTcs
KPOCCHHTOBEPOM U He MOTYT ObITH 00ycloBleHsl 0fHOH u To# me (Murpo-
cronuyeckoll uin moneryaapuoil) cTpykTypoit. Copepliienno AcHo, 4YTO IpU
HallleM pacyeTe MbI ONpefeluM TOILKO MakCMMAalbHLIA pa3mep HOCUTEJNA,
IOTOMY YTO KOIMYECTBO NPU3HAKOB, M30IMPOBAHHLIX NPH TeHETUUYECKOM
ananuse, 6yneT "elpepblBHO Bo3pacTaTh IIo Mepe Toro, Kak paboTa GyneT
npoJolKaThCA.
Jlpyras onenra pazmepa resa, XoTf U OCHOBaHHasg HA MUKPOCKOIUYEC-
Kowm HalaioJennu, B AelicTBUTeNIbHOCTH ABIAETCA ropa3fo MeHee MpAMOH.
Onpenenennsle knetku Drosophila (MMeHHO KIETKH CIIOHHBIX Keje3) MHO-
roja oxkas3bpIBalOTCA 10 KAKUM-TO IPUYNHAM TMTAaHTCKU YBEIWYEHHLIMU; 3TO
KacaeTcA U uUX XpoMocoMm. B uuX MoMHO pa3IuyuTh Homepednble TeMHbIE
noNoCKH, Nepecekaromine HuTh (puc. 11). Japauartos mogmeTni, 4To 4ucio
aTux noaocok (2000 B paccmaTpuBaeMoM clydae), XOTA U 3aMeTHO Goiblie,
HO TOTO K€ camoro MopAAka, YTO U YUCIO F'eHOB, JOKAIN30BaHHBIX B TOH #e
XpoMoCOMe U olpefelleHHbIX HA OCHOBAHWM JKCIEPUMEHTOB N0 CKpPEuBa-
uuio. Ou crioHen paccmaTpuBaTh 3T NOJOCKHM Kak JelicTBuTelbuble MeHbl
(nmu rpaHunbl Memay renamu). PasgennB gauny XpoMoCoMbI B HOPMAb-
HOTO pa3mepa KjIeTke Ha 4ucio nonocox (2000), on onpedennt o6bem rena
paBubiM KYOy co cTopouoil B 300 A. YunTnisas rpy6oCcTh pacyeToB, MOMKHO
cYuTaTh, YTO TAKOW #e pazmep umel T'el, onpe/enenublii IepBbIM METOLOM.
[Moapob6uoe o6cyskaenne TOro, KaKoe OTHOIIEHWE UME-
21. Maave wucaa o1 crarmeTuueckasn (hu3uKa KO BCEM H3I0KEHHbLIM
¢darTam, ocielyeT Nossxe. Ho paspeniure mue npu-
BIeYhL Ballle BAMMAHME cefiuac k Tomy 0GCToATeaLCTBY, uTo 300 A — ato
ToJab®O 0Kk0JI0 100 uau 150 aToMuBbIX paccToAHMI B #UJKOCTH WIN TBEPAOM
Tejle, Tak YTO F'eH, HECOMHEHHO, COAEPRUT He Gojee MUIINOHA UIIH HECKO/Ib-
KuX MUWIInoHoB aTromoB. Corlacuo cTaTucTudeckoil husuke, a 3TO 3HAYMT,
coriacuo gusure BooGiie, Takoe YUCI0 CINIIKOM Malo (¢ TOUKH 3peHuf 3a-
Kona /1), 4To0bI 06YCIOBATH YNOPALOUYEHHOE U 38KOHOMEPHOE MOBEeHHue.
Owo 66110 OBI CAMITIEOM Malo, Ja#e eclu Obl Bce 3T aTOMBI OLLIu COBeplllen-
HO OJlMHAKOBbLIMHM, KaK B ra3e wiu B Kaljle jRUJKOCTH, & [€H, HECOMHEHHO,



Mexanusm nacaedcmeennocmu 39

Puc. 11. IloroAmeeca AIpo KIETKU CcIOHHOU xene3nr MymKu Drosophila
melanogaster. I'eHbI TpoIUTH BoceMb LMKIOB YABOEHUS; BHAHA cepus Molleped-
HBIX TOJIOCOK, U3 KOTOPBIX Kaskpaf cogepskut 256 reHoB. KpymHrle reHbr — Gonee
TeMHBble Holockd {x1500)

He ABnfAeTcHA roMorennoll wamneil mugroctu. Ou, BepodaTHO, IPEICTABIAET
coboit Gonbinyio 6enkOBYIO MONEKY Ny, [Ie KamAbli aTOM, Ka# /bl paguKadn,
KaskJ0e TreTepoluKInYeckoe KOIbI0 UrPaeT MHIUBUIYaTbuyIO Poab, onee
uiu MeHee OTIMYHYIO OT pPoiau N0GbIX CXOQHBIX ATOMOB, PAIUKAIOB UIH
rerepoluKkInyYecKkux Koxel'’. DTo BO BCAKOM Crydae TOYKA 3PEHHA TAKHMX
BeJyUIMX FeHETUKOB HAIllero BpeMenu, Kar Xouagelin u JapauHrToH, u MbI

17B macTonmee BpeMA ycTaHOBJIEHO, YTO OCHOBY I'eéHa, ¢ KOTOPOH MPOHCXOAUT CUHTHI-
BaHUe HH(pOPMALIMK, COCTABIAAET He GelKoBad MoJeKyna, a MolleKyna Ae30KCUpUOOHY Kile-
uHoBo#t kucnotel (IHK) u uMHAMBUAYyanbHOCTL ee oNpelelfeTcA MOCIEA0BATENbHOCTLIO
yeThIpeX GENKOBLIX OCHOBAHHUM, PACIIONOMKEHHBLIX IONAPHO: afeHUH—THMHH, I'yaHHH —
uuTosuH. — Ilpum. nepes.
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Jom#ubl Oynem o6paTUThCA K YAUBUTEIbHBIM TeHETUUECKUM YKCIEPUMEH-
TaM, KOTOpPble TOYTH IOKA3LIBAIOT 3TO.

PaccmoTpum Tenephb BTopoii Bechma Baublil BOIpoc:
22. llocmoancmeo  yxawyio cTeleHh NOCTOAHCTBA MbI HAGMONAEM y Ha-

CeICTBEHHbIX IPU3HAKOB U UTO MbI MOITOMY TOMH-
HBI IPUIIACATh T€M MAaTEPUaNbHbIM CTPYKTYpPaM, KOTOPhIe UX HeCyT.

OTBeT Ha TOT BONpOC MO#eT GbITh Jam (e3 waroro-aubo clenualb-

HOT'O uccleloBauud. Pas mbl roBopum o HacleICTBEHHBIX 0COGEHHOCTAX,
3HAYAT Mbl IPU3HaeM 3TO HOCTOAHCTBO N0UTH abcomoTubimM. MBI He mouss-
HbI 3a0bIBAaTh, YTO OT POZuTeNA K peOeHKY IepelaeTcd HE TOAbKO Ta MU
uuad 0co6eHHOCTh: OPANHBIN HOC, KOPOTKHME HANbI[bI, TPeAPACcHONOKEnne K
peBmaTuamy, remoduiusa, guxpomasua u T. 1. Takue ocobeHnocTu ygo6uo
BBbIUIEHATH LA n3yUeHus 3akoHOB macleAcTBeHHocTu. Ho B geficTBuTelb-
HOCTHW W3 NOKOJNeHudA B Hokolenne, Ges 3aMeTHOTO M3MeHeHuA B TeueHue
CTOJeTHI — XOTA ¥ He B TeUeHue IeCATKOB THICAY JleT — lepelaeTcd Bech
(deTbIpexmepubIil) Niaan — @enomun, BeA Buguman u ABHAA IPUPOJA HHIU-
Bugyywma. [lpu 3Tom B ka# oM NOKOJEHNHU Nepejada 0CynecTBAAeTCA maTe-
pUaTbHON CTPYKTYPO# AZep TeX ABYX KJIETOK, KOTOPbIE COSIMHAIOTCA NPH
omnogorBopenun. ITo — uyzno! Umeercd eme Tonbko ogHo Oodbiliee Yy mo,
XOTAl ¥ CBA3AHHOE TECHO C IEPBBIM, HO OTHOCAN[EECA Yike K APYToil cdepe.
fl umeto B Bugy TOT akT, UTO MbI, Ube CYNIECTBOBAHUE [[€INKOM OCHOBAHO
HA YyOUBUTEIbHON UTPe MMEHHO ITOT0 MeXaHW3Mma HacleJCTBEHHOCTH, BCe
ke o61agaeM clocoGHOCTHIO y3HATHh 0 HeM Tak muoro. Mue opeicTaBiafeT-
€A, YTO B OTHOIIIeHWM HepBOro YyJa Halllu 3HaHWA MOTYT IOWTH elBa v He
IO Hoauoro noHnmaHuA. BTopoe, Bo3mo#HO, BooOIIe Ne#uT 3a IpefeiaMu
YelI0BeUeCKOro o3HaHUA.
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Und was in schwankender
Erscheinung schwebt,
Befestiget mit dauernden Gedanken.

Goethe'

OcHoBHbIE haKThI, KOTOpPbIE MbI TOABKO YTO

23. «Craukroolpasnvie» BBIJJBUHYIIU B JOKA3aTelbCTBO yCTOHYUBOC-
mymayuu — noie delicmsus TU, TPUIUCHIBAEMOlN T'eHHON CTPYKTYpe,
ecmecmesenhozo omoopa MO#eT ObITh, XOPOIIO U3BECTHEI, U He MoKa-

MYTCA HaM o4yeHb ybeauTeabHbIMU. Ho Ha 3TOT pa3 moroBopka, YTo UCKIIO-
YeHUA TMOATBep:;AAI0T MpaBuio, AeficTBUTENbHO BepHa. Ecinu 6b1 He 6bLIO
UCKIIOYEeHUH B CXOACTBE ME#AY JEeTbMU U POAUTEIAMU, MbI ObLIU ObI JU-
HIeHbI HE TONbKO MPEKPAacCHbIX JKCIEPUMEHTOB, OTKPbIBIIMX HAM MeXaHU3M
HAacJIe/JCTBEHHOCTH, HO U TPAHAMO3HOI0 3KCIIEPUMEHTA MPUPO/bl, KYIOLIEro
BUJIbI B IIpoliecce ecTeCTBEHHOr o oT6opa Haubonee MpUCIOCOBICHHBIX.

PaspemuTe MHe B3ATH MOCHENHIOI0 BaMHYIO NPOGIEMY OTIPaBHBIM
NYHKTOM AJA TOr0, 4ToObI IPEACTABUTh OTHOCAIINECA ClOfa (PaKThl, ONATH
e ¢ U3BUHEHUEeM U HalloOMUHAHUEeM, UTo 1 He BUoIIor.

Kar MbI Temepb 3HaeM, /lapBuH omubancd, Korjga CUUTal, YTO MaTe-
puanoM, Ha OCHOBE KOTOPOTO [eifiCTByeT ecTeCTBEeHHbINl 0TOOp, ABIAITCA
He6GonbInue HeNpepbiBHbIE, clydaliHble U3MeHeHUsA, 0H6A3aTelbHO BCTpeyda-
oluecsa game B Haubonee ofHOPOAHON MonmynANUU, U60 AOKa3aHo, YTO 3TU
U3MEHEeHUA He HaclenyloTcA. JTOT GakrT JOCTATOYHO BameH, UYTOObI ero
KpaTKO IPOUINIOCTPUPOBaTh. ECIU BbI BO3bMeTe YUCTOCOPTHBIN AYMEHb U
U3MEpUTE Yy KamJ0ro Kojloca ANUHY OcTell, a 3aTeM MONYyYEeHHbIl pe3ylb-
TaT NpeAcTaBUTe rpapuyecKd, To NOAy4YUTEe KOI0KOI00OpasHylo KpPUBYIO.
Ha puc. 12 Ha ocu opAUHAT yKa3aHo KOIUUYECTBO KOJIOCHEB C ollpeeneHHol
INIAHOM ocTell, a Ha ocu abcuuce — anuHa ocTeil. Kark BuaHo, npeo6najgaet
U3BECTHAaA cpe[HAA JIUHA ocTell, a OTKIOHEeHUE B Ty UIU APYTYIO CTOPOHY
HabmnogaeTcs ¢ onpepeneHHoi yacToTolt. Teneps BeiGepuTe rpynny KoIoCh-
eB, 0603HaYEHHYIO Ha PUCYHKE KpAacHbIM, C OCTAMH, 3aMETHO NPEBOCXOIA-
UMY CPEHIO AJUHY, HO TPYINY AOCTATOYHO MHOTOYUCICHHYIO, YTOObI

11 To, 4TO HOCUTCA B TYMaHHBIX OUEPTAHUAX, 3AKPEILIACTCA B NPOUHBIX MBICJIAX. —
l'eme.
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TpU TOCEeBe B [oJie OHA jala HOBbIN yposkait. IlpogenbiBas mogoGHEIM ONBIT,
HNapBuH omujgan 6bl, YTO A HOBOTO YpOad KpUBAA CABUHETCA BIPAaBO.
JpyrumMu ciroBaMu, OH Omujgan Obl, UTO B pe3ynbTaTe oTGOpa YBEIUUUT-
CA YUCIO KONOChEB CO cpejHeit AnuHOM ocTeil. OgHAKO 9TOro HE CIYyUYUTCA,
€CIii UCIOIb30BaTh AeMCTBUTENbHO YUCTOCOPTHLIN AuMeHb. HoBas cTatuc-
TUYeCKasa KpUBafd, NMONYyYeHHadA JId OTOGpaHHOrO ypomas, Gyaer mogobHa
nepBoil, U TO e caMoe MPOU3OU/ET, eClU 1A HoceBa 0TOOpaTh KONOCHA C
oYeHb KOPOTKUMH OCTAMU.

A ——

—

Puc. 12. CraTucTHRa AIUHBI O0cTeil YMCTOCOPTHOTO AUMeHA. UepHas rpynna qoms-
Ha GbITb 0TOOpaHa AuA noceBa (daHHbIe HOJOGPAHbI TONBKO IJIA WIMIOCTPALY)

OT6op He gaeT pe3ynbTaTd, MIOTOMY YTO Malble, HETPEPbIBHbIE Pa3Iiiu-
ynA He Hacleaytorca. OHU, oueBUIHO, HEe OGYCIOBNEHbI CTPOEHUEM Haclen-
CTBEHHOTO BelllecTBa, OHU ciaydaiiHbl. Ho okono 40 net Hazajg roanasjen
nae ®pu3 OTKPLIN, YTO B TIOTOMCTBE Jlame COBEPINEHHO YUCTOCOPTHBIX JU-
HUi MOABIAETCA OYeHb HEOOIbIIOE YUCIO 0cobeil — CKameM, Be WU Tpu
Ha IeCATKU THICAY — C HEGOMbIIUMU, HO CKAYKOOOPa3HbIMU U3MeHEHUAMU.
Bripamenue craukoofpasHeie o3HaYaeT B DTOM clyvyae HE TO, YTO U3MeHe-
HUfl OYEHb 3HAYUTENbHbI, 8 TONbKEO (aKT MPEPHIBUCTOCTU, TAK KAK MEHTY
HeU3MEeHEeHHBIMU 0COGAMU U HEMHOTMMHU U3MEHEHHBIMHU HET MPOMEeHYTOU-
HbIx GopM. e ®@pus mazpan 3To mymayueil. 31ech CylUleCTBEHHA UMEHHO
IpephrIBUCTOCTh. PUBNKY OHA HAMOMUHEET KBAHTOBYIO TEOPUIO — Tam TO-
#e He HabloaeTCA TPOMEHKYTOUHBIX CTYIEHel Me#/y ABYMSA COCeJHUMU
SHepreTUYEeCKUMU YpoBHAMU aroMma. Dusuk Obil Obl CKIOHEH MYTAalUoH-
HyIo Teopuio 1e Ppusza ¢purypanbHo Ha3BaTh KBAHTOBOHN Teopueii GUOIOruu.
Ilo3#e Mb1 YBUAMM, UTO HTO 3HAYUTENBHO 60IbIIe, YeM QUTypaIbHOE BhIpa-
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#eHue. CBOUM mpoucxomIeHUEM MYTalUd HefcTBUTENLHO 06A3aHbl «KBaH-
TOBLIM CKa4KaMy» B reHHOi Moneryie. Ho KBaHTOBO# Teopuu GbLIO TONBKO
IBa roga oT poay, korga ge ®pu3 BmepBble ONMyOGIUKOBaN CBOE OTHEDBITHE
(8 1902 r). HeynuBuTenbHo, 4To NOTpeHoBaNach #UIHL ENOr0 MOKOIEHUH,
YTOBbI YCTAHOBUThL TECHYIO CBfizh Memay HuMu!

MyTanuu HacneayooTcA TaK e XOPOIIOo,

.
24, Onu delicmeumeavHo KaK mepBoHavalbHble HeM3MEeHEeHHbIEe TPU-
pasmuodxcaomea, mo ecms ot gpaku. Hanpumep, B IepBoM yposae AiuMe-
noAnocmeio Haciedyiomes Hf, pacCMOTPEHHOM BLIIlle, MOTJI0 OKa3aTh-

cfl HECKONILKO KOJIOCLEB ¢ pa3MepoM OcTel, Jaleko BhIXOAAMUM 34 Tpeensl
U3MEeHUNBOCTHU, CKameM, coBceM Ge3 ocTeit (cM. puc. 12). OHu Mormnu mpen-
CTaBIATH Ae(DPU30BCKYI0 MYTalnuio U cTalu Obl MOITOMY PasMHOMKATLCH,
TO €CTh Bce UX MOTOMKU ObLIU Obl TaKkke 6e3 ocTe.

CnegoBaTenbHo, ¢ OAHON CTOPOHBI, MYTaNuA OlpelelleHHO fIBAAIETCA U3-
MEeHEeHUEeM B HacleqcTBEHHOM Garae U obyclaBiIuBaeTCA KAKUM-TO U3MEHe-
HUeM HaclleCTBeHHoHl cybeTaHnmuu. B caMoM pmelne, GONLITUMHCTBO BAMHbIX
SKCIEePUMEHTOB, OTKPBLIBIIUX HAM MEXaHU3M HacleJCTBEHHOCTHU, COCTOf-
JI0 B TH[AaTeILHOM aHalu3e MOTOMCTBA, MOJIYYEHHOro MyTeM CKpemUBaHuA
MYTHpPOBaBIMUX (a4 BO MHOTUX CIy4YafX [ae MHOMKECTBEHHO MYTUPOBaB-
X ) UHAUBUAYYMOB ¢ HeMyTUpoBaBmuMu. C gpyroil cTopoHbl, Grarogapsa
CBOHCTBY AeHCTBUTENLHO NepenaBaTheA MOTOMKAM, MYTAallUU CIYy:KaT Tak-
e MOAXOJALIUM MaTepualoM U OJf eCTeCTBeHHOro oTHopa, KOTOPhIH Mo-
KeT paboTaThb Hajg HUMHU U TIPOU3BOAUTD BU/IbI, KaK 3TO onucaHo JapBUHOM,
SIUMUHUDPYA HENPUCIOCOOICHHbIX U COXpaHAA Haubolee IPpUCIocobIeHHbIX.

Heo6xonuMo TONLKEO B MapBUHOBCKOR TeOpUU ero «HeGonblune canyydaii-
Hble U3MEHeHUfly 3aMEHUTb MyTanuAMU (coBceM Kak B KBaHTOBOHN Teo-
pPUU «KBAHTOBBIN Nepexoy 3aMeHAeT coboil «HelpepbIBHOE U3MEHEHUe 3Hep-
rumy). Bo Beex apyrux oTHomeHusAx B Teopuu [JapBuHa okazanuch Heobxo-
JUMBIMUA JIHUIIbL OYEHb HeBONbINME U3MEHEHUfl, BO BCAKOM clyvae, ecliu f
NpaBUILHO MOHUMAIO0 TOUYKY 3pEHUA, KOTOpO¥ NpuUuaepmxuBaeTcA HONbIINH-

CTBO 610JI0TOB2.

2Illupoko oficysaanca BOMPoc 0 TOM, He MOMOTAaeT N1 eCTeCTBEHHOMY 0T6opy (eciu He
38MEHAIET €ro) TeHAEHIUA TPOABICHUA MOJE3HBIX WIH BBITOOHBIX MyTaiuii. Moa nuunas
TOYKa 3PEHMA [0 3TOMY BOIpPOCY He uMmeeT 3HaueHua. Ho Heo6xoauMo oroBopuTb, 4TO
BO3MOMHOCTB «HaTpaBIeHHBIX MyTalluii» He MPUHUMAaETCA Bo BHUMaHUe B JalbHelimem
nsnoxenuu. Boaee Toro, A He Mory obcy:kaaTb BzauMoOJelcTBHE T'eHOB — «MoAndHKa-
TOPOB» M «IIOJUMEPHBIX» T€HOB, KAKUM Obl BajKHbIM HHU OGbIIO 3TO 0GCTOATENBCTBO A
nefiCTBUTENBHOT0 MeXaHu3Ma oT6opa U 3BOJIOIMH.



44 Mymauyuu

25. Joraausauua. Tenepb Mbl JOMMKHBL pacCMOTPETL HEKOTODbIE Bajk-
Peyeccusnocms u Heftmue GakThbl U NpeJCcTaBleHUsA, Kacaloluecd My-
domunanmuocms Tanuil, ONATL-TAKU B HECKOILKO [JOCMaTUyYecKOi
¢opMe, He TIOKa3bIBafd, Kak 3TH (PaKkThbl U NpeACTaABICHUS BO3HUKIU OJUH
3a IPYTUM U3 dKCIMEPUMEHTANLHbIX JaHHBIX.

Pﬁ

P<

J U

Puc. 13. I'eTeposuroTHeiit MyTanT. KpecToM 0TMeueH MYTHpOBaBIIMi1 TeH.

Mp1 gon#HBI 6614 GBI O¥UAATD, YTO ONpeJeNeHHAA MY Tal[UA BLI3bIBa-
eTcfl U3MEeHeHUeM B olpeJeleHHoH 061acTu OJHON U3 XPOMOCOM. JTO TaK
U ecTh. Ba#Ho KOHCTAaTUPOBATDb, 4TO 3TO U3MEHEHWEe TTPOUCXOAUT TOALKO B
OJJHOII XpOMOCOMe€ U HEe BO3HUKAET OJHOBPEMEHHO B COOTBETCTBYIOILEM JO-
Kyce rOMOJoruuHoi xpomocombl. CxeMaTHUyecKHd 3TO MOKa3aHo Ha puc. 13,
rle KpecToM OTMeYeH MYTUPOBaBIIUit NoKyc. DaKT, YTO 3aTPOHYTA TOIBKO
0flHa XpOMoCoMa, 0GHapyHUBaeTcA, Korla My THUpoBaBIas ocobb (JacTo Ha-
3bIBaeMafl MYMmanmon) CKpemuaeTcs ¢ HeMyTuposaBmeii. [Ipu aToM poBHO
MOJNOBUHA NMOTOMCTBA OGHApY:KUBaeT MyTaHTHLIN MPU3HAK, a8 MOJOBUHE —
HOpMalbHblH#. 3TO U eCTh UMEHHO TO, Yero CleyeT O#UIaTh B pe3yabTaTe
pacxokIeHUsa y MyTaHTa [JBYX XPOMOCOM B Mei{0o3e U UTO MOKa3aHO BeChb-
Ma cxeMaTuy4Ho Ha puc. 14. Ha sToM pucyHKe nmpuBejeHa poaocioBHas, rie
Kam/Iblil UHIUBUIYYM (TpPeX NOCHIeI0BATelbHBIX IOKONCHUH) peacTaBlIeH
npocto napoit xpoMmocoM. Ilomanyitcra, yutute, 4To ecau Gbl obe XpOMO-
COMBbI MyTaHTa ObIIM WU3MEHEHbl, TO BCe AETU UMeNu Obl OJHY U Ty Ke
(cMelaHHYI0) HacKeJCTBEHHOCTb, OTAUYHYIO OT HACIEICTBEHHOCTU Ka#I0-
ro poguTend.

Ho skcnmepuMeHTUpoOBaTh B 3TOH 06JacTH HE TAK NPOCTO, KAK MOTIO
NoKAa3aThCAl u3 BblmecKazaHHoro. [lefno yclnomHAeTCA BTOPbIM BaMHbIM 06-
CTOATENbCTBOM, @ UMEHHO T€M, YTO My TalUuu BecbMa 4acTo GbIBAIOT CKPbI-
ThIMU. YTO 3TO 3HAUUT?
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Puc. 14. HacnenoBanue myTtanuu. OfuHapHble JUHUH YKa3blBalOT Mepelady HOP-
MaJlbHOH XPOMOCOMEI, a IBOMHble — Mepeaatuy MyTHpOBaBlIeil XpOMOCOMBI. Xpo-
MOCOMBI TPEThero HMOKONeHUA, MPOUCXOseHHe KOTOPhIX He yKa3aHO, MPUXOJAAT
HeBKJIIOYEHHBIMH B CXeMY CYIPYTOB ocobeit BToporo nokonenus. [Ipennonaraeres,
YTO 3TU CYNPYTH He POJCTBEHHBI H CBOGOJHEI OT MY TalHit

¥ MyTtaHTHO# 0cobu aBe «Komuu Mu@pPoBanLHOro Koxay He OJlMHAKOBEI;
OHH NMPENCTABIAIOT IBA PA3IMUYHBIX «TONKOBAHUAY UIH ABE «BEPCHM», BO BCA-
KOM clydae B TOM MECTE, e npou3oluia myranuf. MoseT GbITh, mOIE3HO
yKasaThb cpasy, 4YTO XOTA 3TO u coBIa3HuTEelNbHO, HO ObLIO 6bl COBEPHIEHHO
HEBEpHO paccMaTpPUBAaTh NEPBOHAUAILHYIO BEPCHIO KAK «OPTOAOKCAIBHYIO),
a MyTaHTHYIO BEPCUIO KaK «epeTuuecKyoy. MBI HoM#HBI paccMaTpuBaTh uxX
B NIPUHI[MIE KAaK paBHonmpaBHble, n60 U HOpMAaILHBIE NPU3HAKH B CBOE BpeMA
BO3HHUKIM MyTEeM MYTaluii.

JeficTBuTENLHO, NPU3HAKKM MY TAHTHOTO MHAMBHIYYMa, Kak obllee npa-
BHJIO, COOTBETCTBYIOT MJIHM TOi, UIu OPYTOH Bepcuu, npuyeM 3ta Bepcuf
MOMKeT ObIThL KaKk HopManbHoil, Tak u MmyTauntuoil. Bepcus, Koropoit cnepy-
er 0co0b, Ha3bIBaETCA JOMUHAHMHOL, 8 NPOTUBONONONHAA — PeyeccusgHoll;
JpYyruMu CI0BaMu, MyTallufl Ha3pIBaeTCA AOMHMHAHTHONH HJH DPeleCcCUBHOI
B 3@8BUCHMOCTH OT TOrO, NPOABJIAET N1 OHA CBOH 3P PeKT cpasy unm HET.

PeneccuBubie Myranuu game Golee 4acThl, YeM JOMUHAHTHBIE, U ObI-
BalOT BechbMa BaKHbIMHU, XOTfl OHU U HE cpa3y obHapykuBaloTcA. YToObI u3s-
MEHHuTL CBoICTBa opraHmu3Ma, OHu JOIMKHBI NPUCYTCTBOBAThL B o6eux xpo-
MocoMax (puc. 15). Takue uHAMBUAYYMBI MOTYT GbITL NMONYYEHBI, KOI'Aa
JBa OMMHAKOBBIX PENEeCCHBHBIX MYTaHTa CKPENMUBAIOTCA MEKIY coboll nuiun
Korga MyTaHT cKpeluBaercs caM ¢ coboit. [locnenHee Bo3aMomHO y repmad-
POAMTHBIX pacteHuit u mpoucxoaut camonpou3ssoilbHo. [Ipoctoe paccyse-
HHE NMOKAa3bIBaeT, uTO B ITHUX CIy4YafAX OKOJIO 4eTBEePTH mOToMCTBa 6yaer
HMETh BHEHNIHOCTh MYTaHTA.
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26. Besedenue nerxomopulx Nna Goabeil ACHOCTU 3Jech cledyeT 00Db-
CneyuaLbHbly mepmunos AAICHUTE HEKOTOpELIE clienrualibHbBIE TePMUWHBI.
To, uTo £ Ha3bpIBaIO sepcuell WUPPOsaALLHO-
20 Ko0a, 6y1b OHa HOPMalbHOM WIM MYTaHTHOMH, IPUHATO 0603HAYATL Tep-
MHHOM a.a.iedb. Korga BepcuM pasnuyHbl, KAk 3TO MOKazaHo Ha puc. 13,
0co0b Ha3LIBAETCA 2emepo3u20mHoLl 10 OTHOWEHWIO K 3TOMY nokycy. Rorma
OHH OJMHAKOBLI, KaK, HallpuMep, y HeMYTUPOBaBIMIKUX ocobeil Uau B cly yae,
u306paxeHHoM Ha puc. 15, oHU HasblBalOTcA 2omosuzomueimi. TakuMm o6-
pasoM, penieccUBHLIE ajlyeld BAUAIOT Ha IPU3HAKYA TONbKO B TOMO3UTOTHOM
COCTOfIHUU, TOTrAa Kak NOMHUHAHTHLIC ajjenyd MPOU3BOAAT OOUH U TOT e
NPU3HAK KaKk B TOMO3UTOTHOM, TaK U B [€TEPO3UTOTHOM COCTOAHUU.

M ()
slls

Puc. 15. I'omo3uroTsiit My TaHT, IoIy4eHHbIl B 0IHOI1 YeTBep-
THU MOTOMCTBA IIPU caMOOILIOAOTBOPeHUH I'eTepo3Ur OTHBIX MY-
TaHTOB (CM. pHc. 13) MIM IpH CKpPeIUBaHUU UX MemKIy cofoil

O U

IlBeT oueHbL YacTo AOMUHUPYET Haj ero OTCYTCTBUeM (Unu Gemoil
okpackoit). HanpuMep, ropox 6yneT 1BecTH GeNbIMU [[BETaMH TOILKO TOT-
Ja, KOT/la OH UMeeT peyeccusHblil aiieas, omeemcmeentslil 3a Geavlll ysem
B 06€MX COOTBETCTBYIOLIUX XPOMOCOMAaX, TO €CTh KOrJa OH 20Moe3uzomen
no Geiomy, B 9TOM clydae oH GyJeT JaBaTb YUCTOE MOTOMCTBO — BCE€ €ro
noToMkn 6yayT Genpimu. Ho yme oaun kpacuulii asieas (B TO BpeMA Kak
ApyToit Genblit — zemeposuzomudas 0co0b) clenaeT UBETOK KPAacHBIM U cO-
BEpIIEHHO TAaKUM e clelaloT ero U JBa KPacHbIX alnens (20M03uz0mHan
ocobb). Paznuune mocnegHux ABYX clIyuaeB CTaHeT BBIABIATLCA TONLKO B
MOTOMCTBE, KOrJa reTepo3uroTHele KpacHsle 6YAYyT NPOU3BOAUTE HEKOTO-
poe Kolu4decTBOo GeNbIX MOTOMKOB, 8 TOMO3UTOTHEIE KpacHble 6YAYT AaBaTh
YHCTOE MOTOMCTBO.

To, uTo ABe 0cobu MOTYT GbITL COBEPIIEHHO MOJOGHBIMHU O BHEIIHOC-
TU U, ONHAKO, Pa3Iu4aThcA HacleJCTBEHHO, CTONb BAMKHO, UTO #eaaTelbHO
JaTh 5TOMY TOUHYIO GopMynupoBRY. ['eHETUK roBOpUT, UTO y ocobeil OfuH
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U TOT me eHomun, HO pasnuuHblil eeromun. ComepmaHue MpeAbIIYLINX
naparpadoB MoeT ObITb, TAKUM 006pasoM, CYMMHUDPOBAaHO B KDPATKOM, HO
OUEHb CHelUalbHOM BBIPAMKEHUU: peyeccusHulll aaiedd saudem Ha @deHo-
mun, moavKko Ko20a 2eHOmMun 20Mo3u20meH.

M&1 6ynem mpuGeraTh BpeMd OT BpeMeHU K 3TUM cliel[HalbHbIM BhIpa-
MEHUAM, HAIOMUHAA YUTATENI0 UX 3HAYeHUe, ROrja 9T0 HeoOGXOIUMO.

PeneccuBHble MyTanuu, mokKa OHU TeTePO-
27. Bpednoe delicmeue 3UTOTHBI, HE CIy#aT, KOHEYHO, MaTepua-
podcmeennozo CKpeuwusanu JOM [JJiA ecTecTBeHHoro ot6opa. Eciu my-
Taluu BpeJHbl, KaK 9TO YacTo GbIBAET, OHU He 0TGpacLIBalOTCA, IOTOMY YTO
CEPBITHL

OTcioga cinegyeT, 9YTO oYeHb GONbINOE KOIUUYECTBO HEGIATONPUATHLIX
MyTalnuii MoKkeT HaKalnIuBaTLCA U He IPUYNHATL HENoCpeACTBEHHOT O Bpe-
na. Ho onu, KoHeuHo, epemaloTca MONOBUHE TOTOMCTBA, U 3TO HabI0AaeT
KaK y 4eloBeKa, TaK U Y #UBOTHLIX, 0OCOGEHHO MOMAIIHUX, Xoporiie Guan-
JecKUe KavyecTBa KOTOPLIX UMEIOT Oia HAC GONblIoe 3HAUEHUE.

Ha puc. 14 npeamonaraercs, 4To My#CKOH UHAUBUAYYM (CRa#eM, 1A
KOHKDETHOCTH, A caM) HeceT TAKYIO DEeleCCUBHYIO BPeJHYIO MyTamuio B
reTepO3UroTHOM COCTOAHUU, KOTOpana He mpoaBiaeTca. Ilpeamonomsum, 4to
Mon skeHa He uMeeT ee. Torga monosuHa Hamux fAeTeil (cM. BTOpoit pan)
6yJeT Take HEeCTU ee, U NMPUTOM ONATL B TeTEPOSUTOTHOM COCTOAHUM,
eCclii BCe OHU BCTYTAT B Gpak ¢ HEMyTaHTHBLIMU IapTHepamH (Ha pUCYHKe
ONYIEeHbl, YTOGbl U36€kaTh MyTaHWIbl), YeTBEpTan YacTh HAIINX BHYKOB
B cpe/lHeM OyAeT HECTHU 3Ty MyTalulo.

Huraroit omacHOCTU BpeJHbIX TPOABNEHU He BOZHUKHET [0 TeX MHOp,
OKA Takue UHAUBUAYYMEI He MepemeHATcA. Torga, Kak MoKasblBaeT npoc-
Tolt pacueT, YeTBepTana YacThb UX jleTell oKamKeTCa FTOMO3UTOTHON U IPOABUT
BpeIHYIO MYTanuio. 3a UCKIIOYEeHUEM CaMOOILIOI0TBOPEH!A (BO3MOKHOI0
TONLKO y repMadbpOIUTHBIX PACTEHU), HANGOMbIIYIO OACHOCTDL NpeCTaB-
1Al 661 6paK MexIy MOUM CLIHOM U Moeit mouepbio. Ramablii U3 HUX UMeeT
OMUHAKOBbIE IIIAHCHI GLITH B CKPbITOM BUJE UIU 3aTPOHYTHIM, UIU HE 3aTPO-
HYTLIM MyTaiueli, 1 MOTOMY oJHa YeTBepTasa 4acTh KPOBOCMECUTENLHBIX
C01030B Gblia 61 ONacHoM, MOCKOILKY YeTBepTana 4acTh AeTeil oT Takux 6pa-
KOB TpoABJaAia 661 BpegHblil mpusHak. OmacHOCTD A KamI0ro OTAENBLHOTO
pebGeHEKa, pomIEHHOTO IPU KPOBOCMENIEHUY, paBHa, TakuM o6pasoM, 1:16.

[logoGHbIE paccy#/eHNA MOKa3bIBAIOT, YTO OMACHOCTL AJiA MOTOMCTBA
B cIy4ae Gpaka MOUX BHYKOB, KOTODEIE B TO #€ BPEMA ABIAIOTCA IBOIODOJ-
HbIMU GpaToM U cecTpoil, paBua 1:64. ITo yme He KameTca TAKUM CTpail-
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HBIM, U OEWCTBUTENLHO, NOCAEeAHUN cliy4yail Opaka OObIKHOBEHHO CUUTAETCA
TepnuMbIM. Ho He Hamo 3abbIBaTh, YTO MbI aHANU3WUPOBAIN MOCIEACTBUA
TOJBKO OJHOTO CKPLITOTrO MOBPE#ICHUA Y OJHOrO lapTHepa U3 napkl npe-
KOB (fl U Mofl meHa). B felicTBUTeNbHOCTH e 06a OHU, BeCbMa BO3MOHHO,
HecyT B ce6e Gojee yeM OfWH CKpPBITHIM HefgocTaTok. Eciu BLI 3Haete, 4To
HOCUTE OlNpeAeIeHHbId CKPBLITHII HEZOCTaTOK, TO [JOMMHLI MpEeANoJararh ¢
BEPOATHOCTBIO 1:8, YTO Bamu ABOIOPOAHLIE GPATHA U CECTPhI TaK#e pasje-
JAIOT ero ¢ Bamu!

JKCIEPUMEHTHI C PACTEHUAMU U #UBOTHBIMU, MO-BUIUMOMY, YKa3bIBa-
IOT, YTO KPOME CPaBHUTENLHO peIKUX Cepbe3HLIX Je(PeKTOB UMeeTCA Macca
MENKUX, Cly4YyaWHble KOMOUHAUU KOTOPBIX YXYAWAIT B [[€JI0M MOTOMCTBO
OoT poacTBeHHbIX ckpemuBanuil. [lockonbKky MbI Gollee He CHIOHHBI U36aB-
JIATbLCA OT HEeyJAa4HbIX NMOTOMKOB TEM KECTOKUM NyTeM, KaKUM MO0Ib30-
Bamich cHapTaHIbI®, Mbl TOMKHLL 06pallaTh BeCchbMa cepbe3Hoe BHUMAaHUe
Ha OIU3KOPOACTBEHHbIE Gpaku y 4YeloBeKa, OJfl KOTOPOro eCTeCTBEeHHBIR
oTH6op Haubonee MPUCNOCOBICHHbIX OrpaHU4YeH U gasxe, 6osiee TOro, obpa-
MEH B CBOIO MPOTUBOMONO#HOCTE. AHTUCENEKTUBHOE OeficTBUE COBpPEeMEH-
HbIX MAaccOBbLIX YOUICTB 3J0POBLIX IOHOIIEH BCeX HAaUOHAalIbHOCTEH BpAng
1 ONpaBabIBaEeTCA COOOpasKeHUAMU, YTO B GoJiee MEepPBOOBITHLIX YCIOBUAX
BOIiHA MOTJ1a [IOJ0AKUTEIBHO BIUATE Ha OTOOD, 1aBafd BO3MOM#HOCTE BBIHUTD
HauboJsee MPUCTOCOOICHHBIM IIEMEHaM.

IIpeacTaBnfieTcas yauBUTENLHBIM, YTO pelec-
28.  Odwue 3amevanus CHUBHBIE alIeNl B reTePO3UTOTHOM COCTOSHUU
MOJAHOCTHIO TMOAABIAITCA JOMUHAHTHBIMU U COBEPIICHHO HE NMPOU3BOLAT
BUAUMOTO AeiicTBuA. Hago, Bo BCAKOM cryyae yIOMAHYThL, YTO UMEIOTCA U
uckmovyeHuAa. Korga roMo3auroTHLIA GeNbli TbBUHBIH 3€B CKPEI[UBAaeTCA C
FOMO3UTOTHBIM MAalUHOBLIM, BCE HETNOCPEACTBEHHbIE NOTOMKU OKa3bIBAIOT-
cfl IPOMEKYTOUHBIMU 110 OKPacKe, TO €CTb PO3OBLIMU (@ He MalHOBBIMHU,
KaK MOMKHO OLIIO OMUAATE).

Bonee BasHbIll cayuait AByx aineneil, BbIABIAIONINX CBoe nelicTBUe
OIHOBpEMEHHO, HabI0aeTcd B rpynnax KpoBu, HO MbI HE Mo#eM BAaBaThCA
3echk B MogpobHocTH.  He 6bIM Obl yAUBIEH, €CId Obl B KOHII€ KOHIIOB
0Ka3aloCh, UTO PELECCUBHOCTbL MOMET ObITh Pa3AUYHON CTENEeHU U 4YTO ee
OoOHapy#eHue 3aBUCUT OT YYBCTBUTEIbHOCTU MPUEMOB, IPUMEHAEMbIX PU

U3ydyeHuu CI)EEHOTI/II'[84.

3Cnaburx uam YPOAAUBBIX AeTell cOHpachiBalM CO CKalbl, YTOOLI N36ABUTLCA OT Caa6bIX
1 60AbLHBLIX NoToMKoB. — IIpum. nepes.
4TloMcKH UYBCTBUTENLHBIX METOJ0B BhIABICHHA PELECCHBHBIX alienell B 0praHE3Me
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3mech, MOeT ObITh, CeJyeT CKa3aTh HECKOILKO CIOB 06 UCTOPUU Te-
HeTUKU. OTHpBITHEM 3aKOHOB Nepefauyu MOCIeYIOMUM MOKONeHUAM MpU-
3HAKOB, KOTODPLIMU DAa3NUYalucCh POJUTENU, U, B YACTHOCTU, OTKPLITUEM
pelecCUBHLIX U AOMUHAHTHBLIX TIPU3HAKOB MbI 006fA3aHbI BCEMUPHO U3BECT-
HOMY aBrycTHHCKOMY abbaty ['peropy Meugenio (1822-1884 rr.). Mengens
HUYero He 3HalI 0 MyTanufx U xpoMocoMax. B cBoeM MoHacThIpcKOM camy
B Bpionne (BpHo) oH BhIpamuBan cagoBblil ropollek, Ky ILTUBUPY S pa3iny-
HbIE COPTA, CKPENUBadA UxX U HabI0AaA MOTOMCTBO B 1,2, 3-M ... TOKOIEHU-
Ax. Bbl MomeTe cKazaTh, UTO OH HKCIEPUMEHTUPOBAN ¢ MyTaHTaMU, Haii1d
UX yKe TOTOBBIMHU B mpupoge. PesynpTaThl oH ony6nukoBan eme B 1866 r.
B «Naturforshender Verein in Briinny. HukTo, kasanoch, He uaTepecoBanca
3aHATUAMU ab6aTa U HUKTO, KOHEYHO, He UMeN HU Maleiiimero npeacTasie-
HUA 0 TOM, uTo B XX CTOJEeTUU eT0 OTKPBITHE CTAHET MYyTEBOAHON 3Be310i
COBepIIEHHO HOBOI HayKM, BO3MO#HO, Haubolee MHTEPECHO# B HAMIM JHU.
Ero paGoTa 6b1na coBepiieHHO 3a0bITa, U €e CHOBA OTKPBIIU TONbKO B 1900 T.
OJHOBPEeMeHHO U He3aBUCHUMo apyT oT apyra Koppehc, me @pus u Uepmak.
Ilo cux mop MbI obpamand BHUMaHUE Ha

29. HeobGzodumo, umobul BpeAHLIle MyTalid, KOTOpbIe, MOMET ObITh,
mymayuy oviau pedrum 6onee MHOTOUUCIEHHLI; OMHAKO CIeIYeT OT-
cobvimuem METUTb, YTO Mbl BCTpeYaeMcfl U C MOoJe3-

HBIMU MyTapufaMu. Eciu caMonponsBONbHAA MyTanud MpeacTaBlideT CO-
60l HeHGONbIIYIO CTYNEHbKY B pa3BUTUU BUJAA, TO CO3JaeTCA BIeyaTieHue,
YTO 3TO U3MEHEHUE «UCIBLIThIBAeTCAy BCIENYIO, ¢ PUCKOM, UYTO OHO MOKeT
OKasaThbes BpeoHbIM U B 3TOM cly4dae 6yAeT aBTOMAaTU4YEeCKU HUCKIIOUYEHO.
OTciona BeITEKaeT OJUH OYeHbL BaHbBIM BHIBOJ.

YTo6LI 6bITH NOAXOAAMIUM MaTepUanoM A paboThl €CTECTBEHHOIO OT-
fopa, MyTalUu JOJNMKHBI OBITL JOCTATOYHO PEeIKUM COGBITUEM, KAKUMU OHU
B JeHCTBUTENLHOCTHU U OKasbiBaloTcA. Eciu 661 MyTanuu GbLITUM HACTOILKO
4acTbIMH, YTO Cyll[eCTBOBala Obl H0MbIasg BEPOATHOCTL NOABICHUN Y OJHOIA
0coOU, CKamkeM, [I0KUHBI Pa3IUYHbIX MyTalui, To BpeHble, Kak NpaBuio,
npeobdaagany 6bI Hag MONEe3HbIMU, U BUALI, BMECTO TOI'0 YTOGBI YIy4IIaTheA
oyTeM OoTGopa, ocTaBanuch Gbl HEyAy4MeHHbIMUA uild norudand. CpaBHU-
TeNbHbIH KOHCEepBAaTU3M, ABIAIONUACA Pe3yIbTaToM BBICOKOH ycToluuBoOC-
TU F€HOB, HMeET OUeHb CYI[eCTBEHHOE 3HAUeHUe. AHANOTUIO DTOMY MOMHO

uyesJoBeKa MPeACTABAAIOT OAHY M3 BakHeHImux mpo6leM MeaMI[MHCKON reHeTuku. Pas-
pa6oTKa ®THX MeTO[JOB MO3BOAUT BBIABUTb CKPBIThIE HOCHTeaM MHOTHX 3afoneBaHuii,
Hacaeaylomueca To0 PellecCUBHOMY THUIY, YTO 3HAUMTedbHo 06J4erduT 6opbly ¢ Haciaen-
CTBeHHBIMY 60one3HAMHU. Ha 5ToM myTH yixe nocTUrHyTHI nepBble yenexu — IIpus. nepes.
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YCMOTpEeTb, HAIpUMep, B paboTe CIO#HOT0 060py10BaHUA HAa KAKOM-HUGY 1b
3aBoje. [lna ynayuieHud ero paboThl He06X0JUMO BBOUTD pa3IuYHbIe HOB-
HIeCTBa, [ame HelpoBepeHHble paHbiile. Ho 4TOObI BLIACHUTH, KAK BIUAIOT
OHU Ha KauecTBO NPOTyKINU, BA#HO BBOJUTb UX MO OJHOMY, OCTaBIAA 6Ge3
HU3MEeHEHUA ocTalbHOE 0GOPYI0BaHUE.

Mep1 Tenmepb HONMHBI PAcCMOTPETh CEPHUIO
30. Mymayuu, evizeantsie Ype3BLIYAHHO OCTPOYMHBIX T'€HETUUYECKUX
PeRMzeHo6CKUMU AyHanU UcclIeqoBaHul, KOTopble OKamkyTCA HauGo-

Jee CyIIeCTBEHHBIMU JUIA HAIIEro aHANu3a.

Yacmomy mymayuil B 10TOMCTBe — TaK Ha3bIBAeMbI TEMIT MY THDPOBa-
HUA — MOMHO YBEIUYUTh BO MHOT'O pas [0 CPAaBHEHUIO C eCTECTBEHHBIM MY-
TAMOHHBIM TEeMIIOM, eClId TOABEPTHYTh poguTenell PeHTTeHOBCKOMY WU
y-061yuenuto. MyTanuu, BbIsBaHHbIE TAKUM Iy TeM, HU4YeM (38 UCKIIOUeHU-
eM Golnbmieil YacTOThI) He OTIAUYAIOTCA 0T BOZHUKAIOMIX CAMOIPOU3BOIBHO,
U cO3JaeTCA BlleyaTIeHNe, YTO Kam#1afA ecTeCTBEHHAA MY Tal[UA MOMKET ObITh
TaK:Ke BbI3BAHA PEHTTEHOBCKUMU JIyyaMu.

B o6mupHbix KynbTypax Drosophila MHOTME MyTanuu HEOAHOKPATHO
MOBTOPAIOTCA; OHU TOKATU3YIOTCA B XPOMOCOMeE, KaK 3To omucaHo B § 16, u
Jazke TONYUYUIN clenuanbHble HasBaHuA. Beinu o6Hapy#eHbI Tak HasblBae-
Mble MHOMECTBEHHbIE allIeNt, TO €CTh ABe (HIn 60lee) pasTuYHbIE «BEPCHNY
UIU JBa «4TeHUuf» (B fobaBleHUe K HOPMalbHOH, HEMyTHpOBaBlIei) B TOM
e MeCcTe XPOMOCOMHOT0 Kojia. ITo 03HAYAeT, YTO UMEIOTCA He TOIbKO JBa,
HO TPHU U GoNbIne U3MEHEHU B JaHHOM JOKyce, IpUYeM Kamble JBa U3 HUX
HaxoAATCA OfIUH K APYTOMY B OTHOIIEHUHN JOMUHAHTHOCTHU-PELECCUBHOCTH,
KOT'/la OHU OKasbIBAIOTCA OJHOBPEMEHHO HA CBOUX COOTBETCTBYIOLINX Mec-
Tax B JByX FOMOJOTHYHEIX XpOMocoMax®.

IKCNepUMEHTHI ¢ MYTalUAMU, BLI3BAHHBIMU PEHTTEHOBCKUMU Jyua-
MU, CO3JAIOT BlleUyaTIeHUe, UTO Ka#Ablil OTIE/bHbI «epexoy, CKameM, OT
HOpPMalbHOTO UHJUBUAYYMA K MYTaHTY WJIU HaoGOpOT, UMeeT CBOi MHaU-
BUJYalbHBIH «K03()DUIUEHT), XapaKRTepUsyONMUil YUCI0 TOTOMEOB, KOTO-
pble OKa3bIBAIOTCA MyTHPOBABHINMU B JaHHOM HAaNpaBleHWU, eClU Hepef
3apoMIeHUEM 3TUX TTOTOMKOB POAUTENN MOy YUIH eJUHUYHYIO J03y PEeHT-
FEHOBCKUX Iyueil.

5310 He coBceM TouHo. OTMeUeHO, YTO 3a HCKIAIOUEHHEM «AMKOIO» (06BLIUHOrO) al-
n1ejoMopda ocTalbHble uame BeAyYT ce6A He Kak JOMMHAHTHbIE M B cCoUeTaHUU [AlOT
TIpoMesky ToUHble ¢popMmbl. — [pum. nepes.
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31. Ilepewtil 3axoH. Bonee Toro, sakoHbI, ympaBiAIOUIUEe YaCTO-
Mymayus — edunudnoe TOIl IpPOABIEHUA UHIYIUPOBAHHBIX MYyTaluii,
cofivimue Kpaiine npocThl. fl ciegyio 3gech Kiaaccudura-

nuu H. B. Tumodeera-PecoBekoro [«Biological
Reviews» (vol. 9, 1934)]. B sHauuTennHoil cTemeHU OHA OCHOBLIBAETCA Ha
nperpacHoil paGoTe 3TOro aBTopa.

Jacmoma mymayuil npamo nponopyuonaibHa doze obayieHus, — ria-
CUT NIepBLIH 3aKoH, — MAK wMo MOXMCHO Pakmuyecku zoeopums (Kar fl 3To
U Jenan) o rkodgduyuenme yseauterus.

Mbp1 Tak IPUBBIKIN K OPAMOI IPONOPUUOHAIBHOCTH, UTO CKIOHHBI He-
JIOOLEHNBATh Jaleko UAYHIUE NOCIeACTBUA 3Toro 3akoHa. UToOBI OUeHUTH
UX, JaBaliTe BCIOMHHIM, YTO CTOUMOCThL ToBapa, HaIpuMep, He Bcerja sa-
BUCUT OT ero KoaudectBa. CKameM, Bbl KYIWIU TOJMIOKRUHEBL allelhCUHOR,
1aBOYHUK ObLI 0O6pajoBaH, U, €ClU BLI IOTOM Pellluiu B3fTh y Hero JI0KU-
HY, OH, Bo3MO#KHO, oTAacT ee BaM BABoe JelieBle. B Heyposkaiinbie rofbl
MoKeT CIYUYUTbCA coBceM obGpaTHoe.

B nameM caydae MBI 3aRIIOUaeM, UYTo IepBad NOJOBUHA 03Bl U3NYUe-
HUf, BbI3BaB, cKameM, oJHY MyTauuio Ha 1000 noToMKOB, B TO ke BpeMs
COBCEM He IIOBIUANA HA OCTAIBHBIX NOTOMKOB HU B CTOPOHY Hpeapacrolio-
#EHUA UX K MyTalufaM, HA B CTOPOHY UMMYHU3aUUU OPOTUB MyTanuii. B
IPOTUBHOM ClIydYae BTopaf HOJOBUHA [03bI He BhI3Bana Obl CHOBA UMEHHO
onHoll myTanuu Ha 1000. MyTtanus, TakuMm o6pasoM, He ABIfAeTCA HAKOIJIeH-
HbIM pe3yibTaToM IocilefoBaTelLHOro 00JyUeHUs B MalbIX J03aX, KOTopble
ycunuBaau Obl ogHa gpyrylo. MyTanua — eIUHUYHoe fBJEHUE, IPOUCXO-
AAllee B XpOMOCOMe o[ Bo3felicTBUEM PeHTreHOBcKuX aydeil. Uto #e 3TO
3a ABneHue?

Ha sTo oTBeuaeT BTOpoil 3aKoH.
32. Bmopot saron. Ecau evt usmensieme kaiecmso peHmazeHoecKo-
Moxarusayus cobbumus 20 usayienus (OAUHY 804HBL) 6 WUPOKUL npe-
deaaxr om OAUHHOB0AH08020 J0 J0BOALHO KOPOMKOB0OAH08020, KOdPPuyuenm
ocmaemcs NOCMOAHHBM NPU Ycaouu, wimo 0o3a obay+ienus (B eJUHUNAX
penmaeen) ocmdemcs HeuaMeHHOU.

HHaue rorops, Ko3QpPUINEHT He U3MEHAETCA, €ClIU Bbl U3MepAeTe 103y
061y YeHUsA YUCIOM UOHOB, oOpasylomuxcs B eJUHUIE oOheMa DoJX0AAMero
CTaHJaPTHOTO BElIECTRA B TeUeHUe BPeMeHHU, Kor'Ja PogUTelu MoIBEpPTraloT-
cA o0nyueHUIO.

B KauecTBe cTaHAAPTHOrO BemecTBa BEIOUPAIOT BO3JYX He TONBKO 1A
yao06cTBa, HO U NOTOMY, YTO TKAHU OPraHU3MOB COCTOAT U3 3IeMeHTOB
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TOT0 e cpeJHero aTOMHOro Beca, Kak U Bo3gyX. HumHuUil npepen uduciaa
VOHU3aLUIl WIN CONPOBOK IAIOMHUX UX mporeccoB® (BozOymienuil) B Tha-
HAX HOIY4YaloT YMHOMEHHeM uuclla MOHU3anuil B Bo3yXe Ha OTHOIIEHUe
ux mioTHocTeil. Takum ob6pazoM, coBepllieHHo ACHO (M 3To NoJTBePHKJal0T
Golee JeTanbHble MccleqoBaHusA), UTo ABJeHUe, BhI3bIBalOllee eUHUYHYIO
MYTaluio, 3T0 U ecTh Kak pa3 MOHU3auuA (UM Kakoi-To APYToi npouecce),
IPOUCXOAAIMAA BHYTPU HEKOTOPOTO (KPpUTUUeCKOro» oGheMa 3apo/IbINeBoil
KreTKU. RakoB ke 3ToT KpuTuueckuil o6veM? OH MoKeT GLITH yCTAHOB-
JleH Ha ocHOBe HabaioJaomeiicA YacTOThI MYTUPOBAHUA IYTEM CIeIYIONero
paccyskgenusn. Eeau npu gosze 50000 uoHoB Ha 1 c#4® BepoATHOCTh MYy TalUU
InA Kak[0# oT[IeldbHOH raMeThl, HaXofAmelicA B 06IydyaeMoM IPOCTPAHCT-
Be, paBHa 1:1000, To kpuTHUeckuil o6hLeM — «MUlIeHbLy, B KOTOPYIO Halo
«IIolacThy UOHU3UpYIOliell yacTune, 4To6bl BO3HUKJIA 3Ta MyTanus, 6ymeT
Toabko 1/1000 ot 1/50000 c#®, To ecTh, MHAaUe TOBOpPSA, ofHA NATHAECATH-
MUJLIMOHHAA fqoifl Ky6udeckoro canTumMmetrpa. /laHHble 30ech He TOYHBL, U
fl UX NIpUBeI TolbKo A uimoctpanuu. B pelicTBuTenbHOCTHU NpHU pacueTe
Mbl caegyeM M. Jlean6piory (coBmectHan paGora ero c¢ H. B. Tumodeena-
Pecobcrum u K.T. lummepom)”. DTa me paGoTa MOCIy#HUT OCHOBHBIM HC-
TOYHUKOM TIPU U3BJI0MKEHUN TeOpHH B clefylomux AByX riaabax. llo Jean6-
pIOKy 5ToT o6beM paBeH moutu 10 cpeJHUM aTOMHBIM PAaCCTOAHUAM, B3f-
THIM B Ky0e, U coflepUT, TakuM obGpasoM, Toabko okoiao 1000 aTomog.
IIpocTeiinee ucTonKoBaHue 3Toro pesyibTaTa CBOAUTCA K TOMY, UTO UMe-
eTcs JocTaTouHasa BEPOATHOCTh BO3HUKHOBEHUS JaHHON MYTaIUU, eclIu Uo-
HusanuA (Uau BosOyJeHUe) MPOMCXONUT He Jalee, UeM Ha PacCTOAHUU
orono 10 aToOMOB OT olpesgeleHHOr 0 MecTa B XpoMocoMe (6olee geTalLbHO
MBI 3T0 0fCYAUM Jalee).

B pa6ote H. B. Tumodeera-PecoBckoro coflepUTes IpakTUUeCcKUR Ha-
MeK, 0 KOTOPOM f He MOr'Y 3[1ech He YIOMAHYThb, XOTA OH, KOHeYHO, He
UMeeT OTHOIEHUA K HACTOAWmEMY HcclefloBaHulo. B Hamu JHU y ueloBeka
MHOT'0 BO3MOMHOCTeH NoABReprHyTheA 06/1YUeHUIO PeHTIeHOBCKUMU Tyda-
Mu. OnacHOCTb UX AelCTBUA XOpOIIo BceM U3BecTHA. MeqMIIMHCKYE CeCTPhI
U Bpayu-pPeHTreHOJNOrH, NOCTOAHHO UMEIOIIUe Jel0 ¢ PeHTTeHOBCKUMU JTy-
yaMu, ofecHeyBalOTCA clequalbHON 3amUTol B BUIe CBUHI[OBBIX IIUPM,
dapTykoB U T.a. /ledo, ogHako, B ToM, YT0 fga#e [IpU YCIeNHOM OTpae-
HUU 3Toil HeusOexHOH olaCHOCTU, I'posfllell UHAUBUOAYYMY, CyMeECTByeT

SHusmuuit npenen, NoToMy YTo STH ApyTHe MPOIlECCHl HE YUUTHIBAIOTCA TIPH U3Mepe-
HHUJ WOHH3aIMK, HO MOTYT HMeTh 3HaueHHe IPY BLISHIBAHUM MyTaluii.
"Nachr. a. d. Biologie d. Ges. d. Wiss. Géttingen, 1, 189 (1935).
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KOCBeHHafl OMacHOCTh BO3HUKHOBEHUA HeOoAbIIUX BPeIHBIX My Taluil B 3a-
YATKOBBIX KIeTKaX, MyTalluil TakUX #e, Kak U Te, ¢ KOTOPhIMU MBI BCTpe-
yanuch, Korjga peub IIa 0 HeGIaronpUATHBIX PE3yNbTATaX POJCTBEHHOIrO
ckpemuBaHuf. ['oBops Goiee iCHO, XOTA, BO3MOH#HO, 3TO 3BYYUT U HEMHOI'O
HauBHO, ONIACHOCThL GpaKka Mekay JBOIOPOAHLIMU G6PaToM U CecTPoil MomeT
ObITb 3HAUUTENBHO yBeNHUeHa TeM, uTo uUXx GalyliKka B TeueHUe JOITOrO
BpeMeHU paloTana MejcecTpoil B PeHTTeHOBCKOM KaGuHeTe. 3To He [JON#-
Ho GbITb HoBoaoM s GeclokoiicTBa oTaelbHoro yenoBeka. Ho Beskas Bos-
MOMKHOCTb HOCTENEeHHOT0 3apameHUsa UeloBeUecKOTo poja HerkelaTelbHbI-
MU CKPBITHIMU MYTAIUAMU [ONH#HA UHTEPECOBATh UeNoBeuecKoe obmecT-

BOS.

80mnacHocTu yeusieHna MyTalMOHHOrO AaBieHuA MiA OyAyIIEro uejoBevecTBa Bejel-
CcTBHe MOBBLIINEHVA paaualuoHHoro ¢oHa, ocoGeHHO Mocle Co3AaHUuA U UCOLITaHUA Afep-
HOTO OPYMHUA U UCMOJb30BaHUA Bce GOJbIIEr0 KOJMYECTBA XUMUUYECKUX BellECTB B IO-
BceJHeBHol KU3HU, B HacToAlllee BpeMA ynendeTcd Gonbmoe BHuManue. PaGoTamu co-
BETCKHMX YUYEHBIX MOKa3aHo, YTO HET reHeTHUYecKU Ge3BpeqHol no3bl paauauuu. — pus.
nepes.



IV
I[aHHBIe KBaHTOBOI MeXaHUKU

Und deines Geistes héchster Feuerflug
Hat schon am Gleichnis, hat am Bild genug.

Goethe'

Tarum oGpazoM, IpU IOMOIIU YAUBUTEIbL-

33.  Iocmosncmeo, He HO TOHKOI'0O UHCTPYMEHTa, KakUM fABJIAIOT-
00BACHUMOE KAACCULECKOU cfl PeHTreHOBCKME Jy4d (OHM Jald BO3-
Pusurot MO’KHOCThL, KaKk NOMHUT ¢usuk, 30 jJeT Ha-

3a] OTKPBITL CTPYKTYDPY KpHcTalloB), GHoloraM U ¢pU3MKaM yaaloch yBU-
JeTh Gojlee TOHKUE CTPYKTYPhl, OTBETCTBEHHbLIE 3a ollpefielleHHbLIe UH TUBU-
JyamlbHble IPU3HAKU, To €CTh yaaloch oNpeaeluTh pazMep IreHoB Golee Tou-
Ho, YeM MeToJaMu, onucaHHbIMU B § 20. Mbl Teneph cephe3Ho cTOUM mepej
BOIPOCOM: KaKk MOMRHO C TOUKU 3PEHUSA cTaTUCTUUeCKoll (DU3UKU NPUMU-
PUThL To, UTO I'eHHafl CTPYKTYypa, No-BUJUMOMY, BKIIOYaeT B ceOf TOAbLKO
cpaBHUTelhbHO Majoe 4ucio aToMoB (Hopaaka 1000, a BosMo#HoO, Topasio
MeHbIIe) U BCe e NMPOABIAET BechbMa PerylfApHYIO U 3aKOHOMEpHYIO aK-
TUBHOCThL U TaKkoe NOCTOAHCTBO, Kakoe TPAHUYUT ¢ Uy JOM.

PaspemuTe MHe NOACHUThL NIPUMEPOM 3TO AeHCTBUTEILHO YAUBUTEIND-
Hoe INoJoeHue. Y HeCKOIAbKUX UJeHOB raGecOyprckoil JUHACTUU HUIMKHAA
ry6a umena ocoGyio dopMmy («raGeyprekas ry6ay). Hacmeposanue sToro
Ipu3HaKa 6blJo U3YUeHo OUYeHb TuATeldhHO, U Pe3yAbTaThl olyGIUKOBAHLI
Umnepatopckoit arageMueil B Bene. [Ipusnax oxasanca HacTOAMUM MeHfe-
JeBCKUM alllelleM IIo OTHOIEHUIO K HopManbHol ry6e. [lpucMoTpeBuiuch
noptperaM 4jieHoB ceMbU uBmux B X VI-XIX cTonetusx, Mbl Mo#eM yBe-
peHHo 3afBUTH, UTO MaTepualbHaf FeHHafd CTPYKTYpa, OTBeTCTBeHHaf 3a
5Ty HeHopMalbHYIO 4epTy, llepeapaliach U3 MOKOJIEHUS B IOKoJIeHUE B Te-
YeHUe CTOJETUH U B TOUHOCTU BOCIPOU3BOAUIACH B KamaoM U3 HEMHOTUX
KJIeTOUHBLIX [eleHUi, KoTopble NPOUCXOJUIN B 3TOT Nepuof. Bodee Toro,
YUCJI0 aTOMOB, 3aRJII0UAIONIUXCA B COOTBETCTBYIONMEH I'eHHOIl CTPYKRTYpe,

'Y niamenHElii DojeT TBoEro AyXa A0OBOJIBCTBYETCA H306PaMEHHAMMU H MOJOOHAME, —
Teme.
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BEPOATHO, NOMMKHO OBITH TOTO e MOPAAKA, KAK U B caydafX, IPOBepeH-
HBIX ¢ IOMOLIbIO PEHTTeHOBCKUX dyueil. Bee 3To BpeMA red HaXoguicd Ipu
Temnepatype okoio 36° C. Rak moHATH, YTO OH OCTalCA HEU3MEHHBIM B
TeueHUe CTOJAeTUN, HECMOTPA Ha TEeHAEHIUIO TEllJIOBOro JBUKEHUA K Hapy-
MIeHUIO TopAJKA B CTPYKRTYype?

Du3UK KOH[A MPOIIOro CTOJAeTUSA, OCHOBHIBAsACh HA TeX 3aKOHaX IpU-
pOAbI, KOTOPBIE OH TOTAa Mor' 0ObACHUTD U KOTOpBIe OH JeHCTBUTENbLHO MO~
HUMaJ, He Hamiel 6bI OTBeTa Ha 3ToT Bompoc. [IpaBga, MoskeT GbITh, HocCle
KOPOTKOT'0 pa3MBIIIIEHNA 0 CTATUCTUYECKOH IpUpoe 3aK0HOB, OH Obl OTBE-
THI (KaK MBI YBUAUM, NPaBUILHO): STUMHI MaTepUalbHLIMU CTPYKTYpaMu
MOTYT ObITh TOJALKO MOJEKYIbl. XMMUA yike UMela B TO BPEMA JOCTATOUHOE
IpeAcTaBIeHNE 0 CYIECTBOBAHUY 3TUX accolyaniii aToMoB U 00 UX UHorAa
OUeHb BLICOKOH cTaGUIbHOCTHU.

Ho »To 3HaHUe 6110 yncTO sMIupudeckuM. lIpupoga Moleryn He Gbliaa
HOHATA — CUJbHBIE B3alIMOCBA3U aTOMOB, coXpaHAwmue GopMy MoIeKy-
JbI, ObLIU AJA BeeX ModHo# 3aragkoil. /leficTBUTeNbHO, OTBET oKaszajicA Obl
OpaBUILHBEIM, HO I[[EHHOCThH €ro HecKOJbKO OUpaHHueHa, NMOCKOILKY 3ara-
JouyHad GuoloruyecKkas YCTOHUMBOCTb CBOJUJACH K CTONb jKe 3aragouHoit
XUMUUecKoil yeToitunBocTd. Jio6oe IpegcTaBieHue o TOM, UTo aBe ocobeH-
HOCTH, CXOJHbIE II0 IPOABIEHUIO, OCHOBAHBI HA OJHOM U TOM e IPUHIIUIE,
Bcerja HeHaJeKHO 10 TeX 0P, OKA HeM3BEeCTeH caM IPUHIUIL.

B maHHOM ciayyae 3ToT OTBET Ha 3TOT Bo-
34.  O0vacnumo keanmosoll  ypoc paer KBaHToBas Teopus. B cBete co-
meopueti BpeMeHHLIX 3HAHUH MeXaHU3M HacleJcT-
BEHHOCTH TEeCHO CBfi3aH ¢ caMoll OCHOBOH KBaHTOBOIl Teopuu u, gaske 6o-
lee Toro, onupaeTcA Ha Hee. JTa Teopud Oblida chopMyiaupoBaHa Maxcom
IInankoMm B 1900 r. CoBpeMeHHaf reHeTUKRA HAUUHAETCA C «OTKPLITUA»Y MeH-
meneBckoll pabotel ge @pusom, Kopperncom u Yepmakrom (1900 r.) u ¢ pa-
Gotel ge Ppusa o mytamuax (1901-1903 rr.). Taxum obpasoM, BpeMA poik-
JeHUA ABYX BeIUKUX TeOpHUil NOUTU cOBHNAgaeT, U He YAUBUTEILHO, YTO
ofe ToMX#HBI ObLIN JOCTUTHYTH OIpefeleHHON CTeleHU 3PelocTH, Ipeme
YeM MekJy HUMU Morja Bo3HUKHYThL cBA3b. [l1A KBaHTOBOIH Teopuu mo-
TpeboBaioch Goibille YeTBepTU Beka, koraa B 1926-1927 rr. B.laliTaep u
@. JloHgoH chopMyIUPOBAIA OCHOBHLIE MOMOKEHUA KBAHTOBOI TEOpUU XU-
MHUYeCKUX cBAsell. [afiTmep-ToHgoHOBCcKaA TeopUf BKIIOYAET B cebf Hau-
fojee TOHKUE U CI0HbIE HOHATUA 03 AHellllell KBAHTOBOH TeopuUu, Ha3bI-
BaeMoll KeaHMOeol MexaHukroll, UM oAH0eol MmeraHukol. U3nomxeHnue ee
6e3 MpUMeHeHU A BhICHIell MaTeMaTURU TOUTH HEBO3MOKHO UM NoTpeGoBa-
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10 6bl, o KpaiiHeit Mepe, HeGoaboil kauru. Ho Tenepb, kKorga Bea pabota

y#e BBINOJIHEHA, CTAHOBUTCA BO3MOKHBIM YCTaHOBUTh CBA3b MeH /1y KBaH-

TOBBIMHU IepexojaMd U MYy TaluAMHU. ITO MEI U NMocTapaeMcA cllelaTh.
Benuuaiiniiee oTKpbITUE KBaHTOBOH Teo-

35. Heanmoeas meopus — pun — obHapysKkeHHe JUCKPeTHOCTU B KHH-
duckpemmvle COCTMOAHUA — re NpUpojLl, B KOHTEKCTE KOTOPOI, ¢ Ipes-
Keanmosble nepexodsi Hell TOUKM 3pEeHUs, Kasaloch HeleloCThblO

BCe, KpOMe HellpepeIBHOCTH. B neprylo oue-
peAb 3To KacaeTcA 3Heprud. Teno Gonbimoro MacliTaba U3MeHAET CBOIO
SHepruio HenpepbieHo. Hanpumep, HauaBmuil KauaTbeA MagTHUK OCTENEH-
HO 3aMejlfieT CBOe ABU:KeHUe BCIeJCTBUe CONPOTHURIEHUA Bo3gyXxa. XoTd
5TO JOBOJILHO CTPAHHO, HO HPUXOAUTCA HNPUHATH, YTO CHCTEMA aTOMHOIO
nopAgka BefieT ceGA uHave. MBI JOM#HBI IPU3HATDL, UTO Manas cucTeMa B
CUIy CBoell coGCTBEHHOIN NPUPObI MOKET HAXOAUTLCA B COCTOAHUAX, pas-
AUYAIOMIUXCA TONbKO JUCKPEeTHBIMU KOTHUYECTBAMH SHEPrUU, KOTOpble Ha-
3bIBAIOTCA ee SHePreTUUeCKUMU ypoBHAMU. [lepexos oT ogHOro cocTofAHUA
K ApyroMy NmpeicTaBifeT co00l HECKONBKO TAUHCTBEHHOE ARJIeHUEe, 0OBIUHO
Ha3bIBAEMOE KGUAHINOBbLM TNeperodoM.

Ho sHeprua — He elUHCTBeHHad XapaKkTepUCTUKa cUcTeMbI. BosbMem
CHOBA Halll MAATHUK — TAMKENBIM Map, KOTOPLII HoABellleH Ha IMHYpe U
KOTODPBIH MOKeT BLINONHATH pasluuHble ABUMeHUA. Ero MoKHO 3aCTaBUTH
KayaThCcfAl C ceBepa Ha 10T, C BOCTOKA Ha 3amai, UId B Ni0GoM ApyroM Ha-
IpaBleHUU, UIU Mo KPyry, uiau no sanuncy. Ho ecnu TUXoHBKO OyTh Ha
map ¢ IoMOoIbI0 MEXOB, TO MOKHO 3aCTAaBUThb €r0 MOCTEIeHHO NePEXOIUTh
OT OJHOT'0 BUJA ABUKEHUA K JPYToMY.

llnsa cuctem Manoro Macumra6a GolbIIMHCTBO 3TUX WUIU MOoJ00HBIX Xa-
paKTepUCTUR (Mbl He Mo#eM BXOJUTL B JeTall) U3MeHAeTCA IPEPLIBUCTO.
OHU «KBaHTYIOTCA» COBepIlleHHO TaK e, Kak U sHeprud. [loaTomy, eciu
HEKOTOpOe UUCI0 aTOMHBIX fiiep, BKIOYasA U opOuTanbHbIe 3IEKTPOHbI, Ha-
XoaATcA GIU3KO APYT K ApPYry U oOpasyloT (CUCTeMY», TO OHU yike cIo-
COOGHBI IPUHUMATDL JaleKo He Bce Te NMPOU3BOIbHBIE KOHDUTYpaluu, KaKue
MBI Mo#eM cefe npeacTaBuThb. x coGcTBeHHAA IpHpoga 0CTARBIAET UM 1A
BBIGOPA, XOTA U BeChbMa MHOIOUUCIEHHYI0, HO HPEPBIBUCTYIO CEPUIO «COCTO-
aaniiy?. Mbl 06bIYHO Ha3bIBaeM 5TH COCTOAHUA BHepreTHUecKUMH yDPOBHSA-
MU, TaKk KaK DHepPruf CoCTABIAET BechMa BaMHYlO XapakTepucTURy. Ho

ZH NpuHUMar ToJNKOBaHUe, KoOTopoe 06bIYHO aeTcA B NnonyJmAPHBIX KHUTaX U KoTopoe
YA0BJIeTBOPUTEILHO U OJA Hamefi Loelu, HO A caM Bcerja ocy:;aar TeX, KTO 3aKpelnnseT
yﬂOﬁHyIO OLHP[ﬁHy. HceTunnan KapTvuHa 3Ha4YUTeEJ/ILHO Cl0oM{Hee, TaK KaK OHa BRIAIOYaeT B
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HaJIo IOHATH, YTO [IOJHOE ONUcaHue CoNepKUT 3HaUUTelNbHO (olbllle Xapak-
TEePUCTUK, UeM TonbKo 3Hepruio. Ilo cymecTBy paBuibHee NpeAcTaBIATh
cefe cocTofiHUE KaKr ollpefeleHHyI0 KOHpUTrYypauulo Beex yactul. llepexon
U3 oflHON KoH(UTYypaluu B IpYrylo — 3To KBaHTOBLIF «ckadoky. Eeau BTO-
poil KOHUTYPALMK COOTBETCTBYET OOAbIIAA sHeprus (Golee BEICORUIT ypo-
BeHb), TO JJIf Nepexofa cUCTeMbl Ha 3TOT YPOBEHb OHA JON:KHA U3BHE I0-
IYy4YUTh DHEPrUlo, KOTopas He MeHee Pa3HOCTHU DHEPTUi, COOTBETCTBY IOMIUX
5TUM cocTofgHUAM. Ha Golee HU3KUK yPOBeHL cUcTeMa MoskeT IepelTu ca-
MOIPOU3BOJIBHO, UCIYCTUB U30BITOK SHEPIUU B BUJe U3MYUYEHHUS.
CuctemMa aTOMOB MOReT HaXOQUThCA B He-
CHOIBKUX AUCKPeTHLIX cocTofHuAX. Ilpu
COCTOAHUU ¢ Haubollee HU3KUM 3HepreTU4YecKUM YPoBHeEM figpa Mor'yT cOau-
3UThCA HacToldbKo, UTo ofpasyeTcs Moldekryna. CienyeT MoJUepKHYTh, UTO
MolleKyaa offAsaTenbHo OygeT UMeTh olpefeleHHYI0 YCToHunBoCcTb. KoH-
¢urypanusa ee He MOKET U3MEHATHLCA 0 KpaiiHell Mepe go TeX Iop, NoKa
OHa U3BHE He MOJYUUT TaKYlO 3Heprulo, KoTopad HeoOXoguMa Ajdfd (IoAb-
eMa» MONeRyILl Ha Golee BLICOKUR >HepreTuuyeckuil ypoBeHb. Tarum o6-
pa3oM, YCTOHUMBOCTb MOIEKYJbl KOJIUYeCTBEHHO OlleHHUBaeTCA Pa3HOCThIO
DHEePTrUU IBYX KoHUrypauuil MoleKyJbl, KOoTopaf, Kak Mbl YBUJUM, fB-
J1AeTCA COBEpIIEHHO olpefeleHHOl BenUUUHOH. JTOT (aKT TecHO CBA3aH
¢ caMoif OCHOBOH KBaHTOBOH TeOpWUM, a UMEHHO C [[ACKPETHOCTBbIO CXEMBbI
3HepreTUYeCKUX ypoBHeil.

fI nonkeH NIpocUTh UNTATelNd IPUHATH Ha Bepy, UTO 3Ta cucTeMa ujgeit
Obliia MOAHOCTHIO NOATBEPHA/eHa JaHHBIMA XUMHUU, U oHA GJecTAIle ol paB-
jgana ceGa npu o6GbACHEHUN BaleHTHOCTA WU MHOTHX JAPYTUX jeTalel, Ka-
calomuxcsa CTPYKRTYPbl MolleKyl, 3Hepruu uX cBfizedl, UX ycCToluuBOCTU
OpU pasIuyHbIX TeMmOepaTypaX U T.d. fl roBopio o6 usBecTHoil raiiTiep-
JTOH/IOHOBCKOH TeopuHu, KoTopas, KaKk f cKasal, He MomeT ObITh U3/0/4eHa
3[echb geTalbHO.

36. Moueryant

MBI foa#HLI OrPaHUYUTBLCA PacCMOTpPEHU-
37. Hx ycmotivusocm eM fiBleHUA, HauOojlee UHTEPECHOr 0 C TOY-
sasucum om memnepamypul KU 3peHus 6UoJoTUU, a UMeHHOo: NTIpoaHalu-

3UpoBaTh YCTOMUUBOCTb MOIEKY IPU pas-
HBIX TeMIlepaTypax. [Ipumem ans Hadana, uTo Halla cucTeMa aTOMOB IefcT-
BUTEILHO HAXOAUTCA B Haubolee HU3KOZHEPreTUUECKOM cocToAHUU. DU3UK
HazBal Obl ee MOJeKYyNoil Ipu TeMmIepaTrype, paBHOH a0COMIOTHOMY HYJIO.

cebn cnyqai/‘my[o WHACTEPMHUHAHTHOCThL B OTHOLICHHUUN COCTOAHWA, B KOTOPOM HaXoAWUTCH
cucTeMa.
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Uto6n1 TOAHATH ee Ha Gaumaiiiuil 6olee BLICOKUI ypOBeHb, HeoGXoguMo
cHabIUTh ee olpegeleHHBIM KoauuecTBoM sHepruu. llpome Beero sto cpe-
JIaTh, eClU «HATPeThy MOIeKyay. Bbl moMemaeTe ee B yciaoBua Gomnee BbI-
coKoil TeMIepaTyphl (TelmIoByl0 GaHIO), N03BOIAA TaKUM 06pasoM Apyrum
cucTeMaM (aToMaM, MoJleKyJIaM) yIapAThCA o Hee.

U3-3a monHoll Xa0TUYHOCTU TENJIOBOTO NBU#EHUA HelIb3f TOYHO YKa-
3aTh TeMIepaTypy, IpU KOTOPOl HeNpeMeHHO W HeMemleHHO Hpousoiger
qmepexofy MoleKyibl B ipyroe cocTofinue. BepHee, npu BcAKoll TeMnepaTy-
pe (BbllIe abcoMOTHOrO HYJIA) UMeeTeA ollpejeNeHHas, 60abIIan UId MeHb-
mas, BepOATHOCTh NMOJbEMA €e Ha HOBBIM yPOBeHb, NPUUYEM 3Ta BepOAT-
HOCTh, KOHEYHO, YBelIUUUBAaeTCA ¢ HOBbINIeHUeM TeMiepaTypbl. Hammayu-
muil cnoco® BHIPASUTH 3TY BEPOATHOCTh — yKaszaTh cpejHee BpPeMA, Ko-
TOpOe CleyeT BhIHIaTh, IOKa IPOU30HJeT STOT HogheM, To eCTh YKasaTh
«BpeMsA 0RUJAHUAY.

Mo naunpivM M. lonannu u E. Buraepa®, Bpemsa osuganua 3aBUCUT Tpe-
UMYIIECTBEHHO OT OTHoIleHUA ABYX 5Hepruil. OgHa U3 HUX — Ta pasHoOCTh
SHepruii, KoTopad HeobxoguMa 114 HogheMa MoJIeKyJIbl Ha cleqyouuil ypo-
BeHb (HazoBeM ee W), a npyraf xapakTepH3yeT UHTEHCUBHOCTL TEIJIOBOrO
JBU:KeHUA NPU JaHHON TeMIepaType (o6o3Ha4uM abCOMOTHYIO TeMIepaTy-
py Gyrsoit T,a 5Ty xapautepuctury — k7T)%. IloHATHO, UTO BepoATHOCTD
noghbeMa MoJeRYJIbl Ha HOBLIN YPOBeHb TE€M MeHbllle U, 3HAUUT, BpeMA OHU-
pgaHuAa TeM Oojbllle, YeM BHIIle caM YPOBeHb IO CPaBHEHUIO Co cpenHeil
TellJoBoi sHeprueil, uHaue roBops, 4eM Bbillle oTHolieHue W : kT. Camoe
YIUBUTEILHOE 3TO TO, UTO BPeMA OUAAHUA CUIBHO 3aBUCUT OT CpaBHU-
TelbHO MalblX U3MeHeHUI! oTHomeHua W : kT . Hanpumep (o /lern6piory),
011 W, kotopoe B 30 pas 6oabie w1, Bpema oskupanuda 6yaet Beero 0,1 ce-
KYHJLI, HO oHo NoBblllaeTes go 16 MecAnes, korga W B 50 pas 6oabiie kT,
u go 30000 net, xorga W B 60 pas Goanime k7!

Ilo-BupguMoMy, UMeeT CMBIC] BRIPA3UTH Ha Ma-
38. Mamemamuveckoe TeMaTUYecKoM f3bIKe (/1A TeX unTareleil, Ko-
omcmyn.aenue My 3T0 AOCTYNHO) IPHUUHY TaKoil orpoMHoi
YYBCTBUTEILHOCTU K U3MeHEHUAM B YPOBHAX UM TeMIEpaType U ClelaTh
HECKOJbKO (pU3UUecKUX zaMevaHuil. [IppunHa YyBCTBUTENIbHOCTH B TOM,
YTo BpeMf o:RUJaHUfA, Ha3oBeM ero t, 3aBUcUT oT oTHouienusa W : kT rar
SKCIIOHeHIMaTbHaA GpyHRIUA, To ecTh t = 7e"V/FT,

3Zeitschrift fiir Physik, Chemie (A), Haber-Band, S. 439, 1928,
4k — nocrosunan BoablMana, BeJMuMHA KOTOPOH H3BECTHa; 3/2 kT — cpenunana kKu-
HeTHYeCKaA PHEPTUA aToMa rasa Ipu Temneparype 7.
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Ilpu sToM T — HeKoTopaa Malag KoHcTaHTa mopsagxa 107'% uau
10~ cerxyngrr. Tar BOT, 5Ta BKCIOHeHNMaNLHaA GYHKUUA He clydaiiHasm
BeauuuHa. OHa MHOTOKpPATHO BecTpeuaeTcsl B CTaTUCTUUECKON Teopuu Tep-
MOAUHAMUKHU, o6pasyd Kak 6Gbl ee COUHHOH XpeGeT. ITo — Mepa HeBepo-
ATHOCTU TOr0, UTO KOJAUUeCTBO 3HepTruu, paBHoe W, MoskeT ciayuaiiHo cKo-
NUThCA B HEKOTOPOH oNpe/leleHHON YacTHA CUCTEMbl, U UMEHHO 3Ta HEBEPO-
ATHOCTh Bo3pacTaeT TaKk CUJILHO, UTO TpeOyeTcA MHOIOKpaTHOe NpeBbIlle-
HHue cpegHeii sHepruu KT.°

HletictBuTentno, W = 30 kT (nmpuMep, npuBeeHHLIH BLIle) — KpafiHe
penruii cayudail. To, UTO 3TO He BelleT K OUeHL I0JICOMY BpeMeHU ORUJaHUusA
(Toabko 0,1 cekyHjbl B HalleM NpHMepe), 0OBACHAETCA, KOHEUHO, Maloi
BelIUUMHOI MHOMKUTENA T.

JTOT MHOMKUTENb UMeeT pusuieckuil cMbicia. Ero BemmunHa cooTBeT-

CTBYeT NMOPAAKY Iepuoja KojdebOaHUil, BCe BpeMsfA NMPOUCXOAAUIUX B CUCTe-
Me. Byl morau 6b1, Boobuie roBops, ckazaTh: 3TOT MHOMKUTeIL o0o3HaUaeT,
YTo BepOATHOCTL HaKolllleHUA TpebyeMoil Beltuuunbl W, XoTA U oueHb Ma-
Jia, TOBTOPAETCA ¢HOBA U ¢HOBA (IPU KamkJOM KojleGaHUUY, T.e. okojo 1013
um 10'% pas B Teuenue ramjoil ceRyH/BI.
IIpennaras 3Tu cooGpaseHud Kak TeOPUIO YCTOM-
YUBOCTHA MOJIEKYJ, Mbl MOJUYaIWBO IPUHAINA, YTO
KBaHTOBLINA Ilepexo/i, Ha3bIBaeMblii HAMHU NOJHEMOM, BeJleT eciId He K NOJ-
HOMHl ucconuanuu, To, Mo KpaliHell Mepe, K CylleCTBeHHO HHOH KoHQUTrypa-
AU TeX e aTOMOB — K H30MepHo# MolleKylle, Kak cKazal Obl XUMUK, TO
eCTh K MolleKyle, cocToAlllell U3 TeX #e aTOMOB, HO CBfI3aHHLIX B APYIoM
nopsjike (B NpUjoeHUU K GUOJOTUHU DTO MO#eT GbITh HOBHIN allelb TOr0
Ke JIOKyca, a KBAHTOBLIN NepeXoj GYAeT COOTBeTCTBOBATL MyTaluH).

UTo6kl coriaacuTbeA ¢ Takoll UHTeplpeTanyell, B HalleM H3JI0#eHUU
clejyeT UCIpaBUTh [JBa MOMEHTAa, KOTOpPble A HaMEePeHHO YIPOCTUI, #e-
Jas cgeiaTh UsnoxeHne 6oee noHATHRIM. Ha ocHOBaHNU cRa3aHHOTO BhIIE
Mo3#Ho ObLiIo GBI MOgYMAaTh, UTO TOJbLKO B CaMOM HU3KOM 3HepreTUUYeCKOM
COCTOAHUU TIpyINia aToMoB o0pa3yeT To, UYTo MbI Ha3zblBaeM MoJleKyJoil, U
Jake 6iauskaiiiee Gojlee BLICOKOE COCTOfAAHUE Ve ABIAETCA YeM-TO JPYTUM.
Ho 3To He Tax. B geficTBUTeNLHOCTU 3a caMbIM HU3KUM HHepreTUUeCKUM
3JIeKTPOHHLIM YDOBHeM cllefyeT cepufl YPoBHell, He CBA3AHHBIX C KaKUM-
aubo 3aMeTHBIM HU3MeHeHUeM KoH(pUrypalnuu B 1ed0M, HO COOTBETCTBYIO-
[IUX TeM He3HauuTelbHbLIM KojeGaHUAM aTOMOB, O KOTOPbIX Mbl YIIOMAHYIU
B § 38. Oun (5TH KojneOaHUA) TaKKe (KBAHTYIOTCA», HO pasjiuuie B dHep-

39. lIlepeoe ymounenue

5410681 mpeogonets nopor W. — Hpux. nepes.
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TUU 3TUX ypoBHel HeBenuko. ClieloBaTelbHO, yAaphbl YacTUI] TENJIOBOH 6aHu
MOT'YT ObITh [JOCTATOYHBIMHU, YTOOBI IEPEBOIUTH MOJIEKYJIY Ha 3TU yPOBHU
yike NIPU OOBOJIBHO HU3KOHM TeMmnepaTrype. Eciu Moiexyia npegcTaBafeT
cofoil pacTAHYTYIO CTPYKTYPY, BBl MoikeTe NpeNcTaBUTh 3TU KolebOaHUA
B BHUJIe BBEICOKOYACTOTHLIX 3BYKOBBIX BOJH, NlepeceKalomuX MoJeKyly, He
NpUYMNHAA eli Bpeja.
Tarum obpasoM, IepBoe yToUHeHUe He 0COOEHHO cepbe3Ho. MBI JOk-
HBI IpeHeOpeub «TOHKOW KojebGaTelbHoil CTPYKTYypoil» B cXeMe YypOBHeH.
Tepmun «caegyiomuii, 6oee BHICOKUNA yPOBeHby HaA0 IOHUMATh Kak cle-
JYIOmUil ypoBeHb, COOTBETCTBYIONMAI U3BECTHOMY HU3MEHEHUIO KOHQUIY-
paiuu.
BTopoe yTouHeHUe OOBACHUTL 3HAUUTEIbHO
TpyAHee IOTOMY, UTO OHO KacaeTCs HEKOTOPBIX
BecbMa BajkHBIX, HO JOBOJLHO CJIOMHLIX oCoOEHHOCTEeH cXeMLI UHTepecy-
IOIMUX Hac pa3iuyHbIX YpoBHell. CBoGoJHLIA Hepexom OT OgHOTO U3 HUX
K JpYyroMy Mo#eT ObITh 3aTpPyMHEH CoBeplleHHo He3aBUCHMoO OT Tpely-
lomeiica gonoaHuTenbHOll sHepruu. B gelicTBUTenbHOCTH 3aTpydHeHUe He
UCKJIIOYaeTcA Jae NpU Iepexoje oT Oolee
]

‘ ‘ BLICOKOTO K GoJjlee HU3KOMY YPOBHIO.
H (‘j C— (‘j 0 H MURY HU3BeCTHO, UTO OogHa M Ta e TI'pPyll-
H H

40. Bmopoe ymouHneHue

Haunem ¢ smmupuyeckux gaxtoB. Xu-

’ [1a aToOMOB NIpU o0pa3oBaHUU MoJIeKY ] MOKET
H 00beqUHATBCA Oojlee 4eM OJHUM CIOCOOOM.
Tarue MoJeRyIbl Ha3bIBAIOTCA UIOMEPHBLMU

i (cOCTOAMUMU U3 Tex #e YacTell; taos — TOT

H (g H e, pepos — uacTh). Usomepusa He HCRIIo-
é é é YeHue, oHa ABIAETCA HpaBuioM. Yem 6olb-

H 1le MoJlekyla, TeM G0Jblile OKa3bIBaeTCA BO3-

‘ ‘ MoO:#HBIX u3oMepoB. Ha puc. 16 nokasan ogus
U3 HpocTedmuX clIydaeB: Kamjgbld U3 OBYX
U30MEPOB NPONUIOBOTO CIUPT COCTOMT U3
Tpex aToMoB yriaepoaa C, BOCEMH aTOMOB Bo-
gopoaa H u ogHoro atoma xuciaopoga O. ATom
Kuclopoja Mo#eT GbITh pacloiloseH (BCTaBleH) Meway JMIOGBIM aToMoM
BoIOpOfia U COCEAHUM aToMoM yriaepoga. Ho Tonbko B gBYX ciayuaax, Ioka-
3aHHBIX Ha pUCYHKe, 00pa3yioTca pasHble BemecTBa. U oHU geficTBUTENbHO
pa3Hble. Bee ux pusnyeckue u xuMuieckie CBORCTBA UeTKO pa3iIUyvaloTCA.
Tanr e pa3AuuHbl U UX DHEPIrUU — OHU IPe[cTABIAIOT CO00il «pa3inyvHble
YPOBHUY.

Puc. 16. [IBa usoMepa npomnu-
JIOBOT'0 ANKOrOJA
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3aMeuaTelleH TOT (akT, UTO o6e MoJeKylbl BecbMa ycToH4YuBLI. OHH
BelyT ceGA Tak, Kak ecidu Obl OHU OBLTU HIKHUMU ypoBHAMM». CaMonpo-
M3BOILHLIX [1€PeX0J0B U3 OJHOI0 COCTOAHUA B Jpyroe He IPOUCXOLUT.

IIpuunna 3mech Ta, 4To obe KoH-
¢urypainuu He ABIAIOTCA COCETHUMU. .
Ilepexoa oT oaHo#t K Apyroii Mo;keT ]
IPOUCXOAUTL TOALKO dYepe3 IpoMe-
#yTouHble KOH(GUIypalud, COOTBET-
CTByIOlLlMle YPOBHAM c¢ Oollee BLICO-

KO 3Heprueil, ueM y KamIo¥ U3 3TUX

aByx. 'oBopa rpy6o, Kuciopon non-

#eH ObITh U3BIeUeH U3 oJHOr'o II0No-

#eHHUA U BCTaBleH B Apyroe (HoBoe).
Ilo-BuguMOMYy, He cylecTByeT cloco-

f6a cienaTh 3To, MUHYA KoHDUI'ypa- 1

UM co 3HAUUTelbHo Gojlee BLICOKU-

MHI 9HepreTHvYecKNMH ypoBHaMu. 1o Luc. 17. Morenuunanpupiii Gapep 3
noJNoMeHe MOMHO HarlIaAfHO U3obpa- MEHRAY HSOMEPHBIMU ypOBHAMU lm2.
3UTH IpadUUecKU TaK, Kak Ha puc. 17, Crpemin YHRASBIBAIOT MUHIMYM SHEp-
rge nuppamu 1 u 2 obo3HaueHbI ABa ruu, TPeOYIOWeHCs AiA nepexosa
COCTOAHUA UIU JBa U30Mepa, MUGPoOl 3 — «loTeHIIUANLHEIN 6apbepy Mek-
oy HUMHU, JiBe CTPeNKRU NoRA3LIBAIOT OJheMbl, TO ecTh 3HaUeHUA 3Hepruu,
HeoGXoduMoll M4 Toro, YTo6bl OpoH3ollien Hepexo] oT cocToAHuA 1 K co-
CTOAHUIO 2 UIU OT COCTOAHUA 2 K cocToAHUIO 1.

Teneps MLI MoeM cllelaTbh BTOpoe yTOUHeHHe, CBOAANEeCA K TOMY,
YTo B IpUMeHeHUU K GUoloruu Hac OyLyT UHTepecoBaTh llepexoJbl TOIbLKO
TaKkoro U3oMepHoro Tuna. UMeHnto ux MBI U HoJpaszyMeBanu, korga oonac-
HATN cocTofHune ycTouuBocTd B § 36—-38. KBanToBbIl nepexoj, KOTOpPLIit
MbI UMelll B BUALY, — 3TO [lepexo] oT 0JHOoH OTHOCHTEeIbHO yCTONUNBOI MO-
JTeRyIAPHOI KoHGUTIypaluu K Apyroil. JHeprud, HeoGXoiuMas 1A Hepexo-
Ja (o6o3HaveHHad HaMu W), B JeHicTBUTeILHOCTH ABNAETCA He Pa3HOCTHIO
3Hepruil ypoBHeil, a cTyneHbKoil 0T UCXOJHOTO YPOBHA /o HoTeHIIHAaNLHOIO
Gapbepa (cM. cTpenkn Ha puc. 17).

Ilepexoan: 6e3 mpeofoleHnd NoTeHNIUalbHolo Gapbepa Meway HCXol-
HBIM U KOHEUYHBLIM COCTOAHUAMU COBepIleHHO He MPeACTaBIAIOT HHTepeca U
He TOJILKO IPUMeHUTeNbHO k 6uonoruu. OHK abcolioTHO HUYero He MeHAIOT
B XUMUYecKoit ycToitunBocTu Moneryi. [louemy? OHU He JAIOT MPOJOTHU-
TenbHOTO 3¢ dekrTa U ocTaloTCA He3aMeUueHHBIMU, 100 Korja Takoll lepexoj
OPOUCXOAUT, TO 38 HUM NOUTHU HeMe[IeHHO clelyeT Bo3BpallleHHe B UCXO[-
Hoe cocToAHMe, NOCKONbRY HUUTO He NPeNATCTBYeT 3TOMY.




v
O6cyskaeHre U npoBepka moaeiau [deab6proka

Sane sicut lux seipsam et tenebras
manifestat, sic veritas norma sui
et falsi est.

Spinoza, Ethica, P. II, Prop. 43.1

Bce usznomentoe BLIIIe JaeT OUYeHb IIPocC-

41. O6was rkapmuna TOil OTBeT Ha BONPOC O TOM, CIIOCOOHBI Nn
CMPOeHUs HACACICMBEHHO20 CTPYKTYPBl T€HOB, COCTOAININE U3 CPaBHU-
seujecmea TeJlbHO HEMHOTHUX aTOMOB, B TeUeHue Npo-

JoN#uTelbHOro BpeMeHH IIPOTUBOCTOATL HapylamwlieMy [IOPAJOK BO3AeH-
CTBHIO TellloBoro ABuskeHuA. llpeanonoskum, 4To No cBoeil CTPYKType TeH
ABJAETCA TUFaHTCKOM Molleryloil, koTopas cliocobHa TOJBKO K [JUCKPeT-
HBIM H3MeHeHHuAM, CBOJALIUMCA K IlepecTaHOBKe aToMOB ¢ ofpazoBaHueM
M30MepHoii? MoneKyIbl.

IlepecTanoBra Mo#eT KOCHYTbCA HeGONBINOH YacTu TeHa; BO3MOMHO
OTPOMHO€ KOMHMUECTBO TakuX Pa3lIuyHLIX HepecTaHoBok. [loTeHUmanbHble
6apbepnl, pasieldolnine Bo3MoM#HbIe n3oMepHble KOHQUTypanuu, JOJTAHEI
GBLITH A0CTATOUHO BEICOKMMH (0 cpaBHEHUIO co cpelHell TelnoBolt sHepruei
aroma), UToGbI C/lellaTh epexofbl PeKUM COObITHEM. JTH PeKue COOLITUA
MBI 6yZleM OTO#JeCTBIATEL €O CIOHTAHHBIMU MyTalluAMH.

Ilocnegytouine wacTu 3Toit rnaBbl 6y Iy T DOCBALIEHB IPOBEPKe 06Ieit
KapTWHBI TeHa u MyTanuu (pazpaboTaHHoll, raBHEIM 06pa3oM, HEMelkuM
duzunrom M. JensGpioroM) myTeM AeTalbHoOTO cpaBHeHMA 3Toil kapTuUHBI ¢
reHeTudeckuMu paxTamMu. OfHarxo cHadana MLl cjlellaeM HeKoTopble 3aMe-
yaHud 1o NOBOAY OCHOB u 00Ilero XapakTepa 3Toil Teopuu.

1 leiicTBUTeNBHO, KAK CBEeT OGHAPYHMBAET U CAMOTO ce6A, M OKPYMAIOMYIO ThMY, TaK
M UCTHHA eCThb MepPUIO U caMoil cebA, u mwmu. — Cnunosa, Imura, 4. I1, Teop. 43.

2lIna yno6cTBa A MPOJOMAI0 HA3BIBATL 9TO H30MEPHEIM MePEeX0J0M, XOTA GBLIO GbI
HEJIENoCThIO UCKIKYAaTh BO3MOKHOCTh KAaKOro-1u60 o6MeHa ¢ OKpyawmed cpeaoi.
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42. YHuraavHocms amotl Tar nu yk 6bl10 Heo6XOAMMO [JIA pellle-
KapmuHst HUA GUONOTUUECKOT0 Bolipoca JOKalblBaTb-

cA Jo rayGouaimux KopHeil 1 060CHOBBI-
BaTh KapTHHY KBaHToBoil MexaHukoii? IlpeamonomeHnue, 4To TeH — 3TO

MolleKyna, ABIAeTCA CerofHA, CMel0 cKasaThb, OOIeNpU3HAHHBIM (aKTOM.
Tonbko HeMHOTHe GHOIOTH, KAK 3HAKOMBIE, TaKk U HE3HAKOMbIE ¢ KBaHTO-
Boit Teopueit, He cornacuiuck 6b1 ¢ 3TuM. B § 33 MBI oTBamuINCh BIOMKUTD
Takoe OPeNoNodeHne B yeTa JOKBAHTOBOTo GU3MKa Kak e JMHCTBeHHoe 06-
OCHOBaHHOe HCTONKOBaHIe Habnrofatomeroca moctogHeTsa. locnenyomue
coobpameHNA OTHOCUTENbLHO H30MEpUH, MoTeHHanbHoro fapbepa, Ba#Heit-
mweit ponu otHoweHud W : k1" B onpedeneH BePOATHOCTU U30MEPHLIX Ie-
PEeXo/I0B — BCe 3TO MOMHO ObIIO BEIHKONENHO BBECTHU YUCTO IMIOUPUYEC-
KU UJIU, BO BCAKOM cilydae, 6e3 NMpUBIeYeHUA KBaHToBol Teopuu. llouemy
e A TAK YNOPHO HacTaWBal Ha ToUKe 3peHHUA KBAHTOBOI MeXaHUKH, XOTH
(pakTUYeCKU U He OLLT B COCTOAHUU U3NOMUTEL ee ACHO B 3Toil MaleHbKoil
KHUTE?

KpanToBasg MexaHuKa npejcTaBifeT cofoii NepBoe TeopeTUYeCKOe I0-
cTpoeHHe, 0GLACHAIOIIEE HA OCHOBE UCXOAHBIX MPUHIUNIOB BCe BUABI 00b-
eIUHeHU# aToMOB, (aKTHUYecKH BeTpevalomuecAa B npupope. [aitTinep-
JOHAOHOBCKOE MpeJcTaBleHHe 0 CBA3U COCTaBIAET eIUHCTBEHHYIO B CBOEM
pofle, cBoeoOpa3HyIo OCHOBY TEOPHH, OTHIOAb He BBRIIYMaHHYIO ANA oGhAC-
HEeHUA XUMUUECKOTO CPOoACTBa. JTo NMpelcTaBleHHe BhITEKaeT caMo coboii
ype3BbIYaiiHO MHTEPECHBIM U yAUBUTEIbLHBEIM 06pasoM, U BRIHY#JAIOT HAC
K HeMy COBepLIeHHO UHBIe coobpamenuda. OKasblBaeTcA, OHO TOUHO COOT-
BeTCTBYeT ¢dakTaM, HaOMIOJaeMbIM B XUMHH, U, Kak fA cKa3al, COCTAaBIA-
€T HACTOJNbKO YHHKAIbHYIO U OPUTOM XOPOIIO NMOHATHYIO TE€OPeTHUECKYIO
OCHOBY, YT0 MOKHO C AOCTATOUHOH YBEPEHHOCTLIO yTBEPKIATh, UTO 3TO
npejcTaBleHle eABa 14u OyAeT 3aMeHEHO JPYTUM B Xojie JalbHelllero pas-
BUTHUA KBAHTOBOI TeOpUU.

CrnenoBaTenbHO, MBI MOKEM CIIOKOIHO MPU3HATE, YTO HET APyToit Bo3-
MOMHOCTH, KPOMe MOIEKYJIAPHOTO NMpeACTaBIeHUA 0 HacleJCTBEHHOM Be-
mecTBe. Ecinu 6b1 npeactaBnenne /lenb6pioKa oKasanoch HecoCTOATENbHEIM,
HaM NPULLITOCH Obl OTKA3ATHCA 0T JalbHeHIIHUX HONBITOK. JTO MEPBoOE MOlo-
KReHUe, KoTopoe i X0Uy OTMeTUTh.

Ho peticTBuTenbHO U, KPoMe MoJeKy 1, HET
43. Hexomopsie IPYTUX YCTONYUBLIX CTPYKTYP, COCTOAMIMX
MpaduyUoOHHbLE 3A0AYHOIEHUR  y3 aToMoB? Pa3zpe, Hampumep, 30m0Tadg Mo-
HeTa, 3aXOpPOHEeHHAaA HECKONLKO ThIcAUYeNeTHil Hasaj, He coxpaHAeT uzobpa-
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JHEeHUA, BEIUYeKaHeHHOTo Ha Heit? MoHeTa COCTOUT U3 OTPOMHOT0 KONUUECT-
Ba aTOMOB, HO, KOHEUHO, MbI He CKJIOHHLI B JaHHOM cliydyae IPUINCHIBATH
npocToe coxpaHeHue GopMbl cTaTUCTUKe GONBIINX YHCE.

JTo BakHOe 3aMevaHHe NMPUMEHUMO U K HCKYCHO ChOPMHUPOBAHHBIM
KPUCTaINUUecKUM arperatamM, KOTopble MBI BCTpeUaeM B BUJe BRIIOUEHUNH
B T'OpPHBIX MOpoOjaX, T'le OHa coXpaHAIOTcA Ge3 M3MeHeHUA B TeueHUe He-
CKOJBKUX Te0JOTHYeCKHX NMEPUOOB.

JTo OPUBOAUT HAC KO BTOPOMY IOJ0KEHHIO, KOTOPoe A X0uy oGBhAc-
HUTEL. MoJeRy Bl TBEPAOr0 Tela 1 KpUCTaNla o CyTH HUUYeM JIpYyT OT Apyra
He oTanyaloTcA. B cBeTe coBpeMeHHBIX 3HAHUN OHU COBEPINEHHO OJUHAKO-
Bbl. K comarneHnio, B IIKONLHBIX yUeOHUKaX U3I0MeHHe 3TOro BOIpoca HO-
CUT TPaJUIIOHHBIN XapaKTep, Teleph Ve yCcTapeBHIUI U 3aTPyIHAIONIN T
HoHUMaHUe [eficTBUTENbHOTO HOMOMKEHUA Beletl.

B camoMm nene, To, 4To MBI YUUIH B NIKONE OTHOCUTEIbHO MOTEKY, He
JaeT NpejAcTaBleHUA 0 TOM, UTo OHHU T'opa3zjio Holee cPOJHU TBEPIOMY COCTO-
AHUIO, UeM KUJKOMY U rasoobpastHomy. HanpoTus, Hac y4Uunu TiaTeibHo
IPOBOAUTH pa3nuuue MewIy (U3NUYecKUMU NpeBpaijeHuAMU, M0100HbIMU
IaBIeHUIO UMM HellapeHuIo, B KOTOPBIX Bee MOIEKYJbl coXpaHfloTed (Ha-
IpUMep, IPOMUIOBLIA CIUPT HE3ABUCUMO OT TOTO, TBED[ JIU OH, KUIOK UIU
razoo6pazeH, Becerga cocTouT ua Moneryn CoHgO), n xuMuueckumu usme-
HeHUAMH, HAIPUMeD, cropaHueM CIUpPTa

C2HgO + 302 = 2C0; + 3H»0,

rle MoleKyla cIUpTa U TPU MoNeRYJIbl KUCIopoda HoJBepraioTcH Hepe-
cTpoiike, 06pa3yA IBe MOJERYIbl YTIEKUCIOro ra3a 1 TPU MONEKY bl BOJbI.

Hac yunnu, uTo KpucTaniabsl o6pa3yloT TPeXMepPHYIO HepPUOJUYECKYIO
pemieTKy. 9Ta NpocTpaHCTBeHHAad pelieTKa HHOTJa MoKeT ObITh pacuieHe-
Ha Ha COCTABIAIOIINE ee AUYEHKU eJUHUYHLIX MOJEKYJI, Kak, HalpuUMep, B
clnyuae cOUPTa U1 MHOTUX APYTUX OPraHUYecKUX COeIUHEHUIA.

B apyrux wkpucramnax, HampuMep B KpHCTaanaX KaMeHHO#l co-
au (NaCl), moneryner NaCl He MoryT GBITH BBIUIEHEHBI, IOTOMY YTO Kam-
IBIif aTOM HATPUA CUMMETPUYHO OKDY:eH LIeCThI0 aTOMaMM XJiopa U Ha-
0060pOT, TAK UTO CTAHOBUTCA IOYUTH YCIOBHOCTHIO NIONBITKA PacCMaTPUBAaTh
OT/elbHLIE TAPEI ATOMOB B KaueCcTBe COCTABIAIONIUX OJHY MONERYIY.

HakroHen, Hac y4uay, 4To TBePJoe TeNo MOKeT ObITh N0 KPUCTAaIU-
yecKHUM, 1U60o aMop(HBIM.
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44. Pasauunsle cocmoaHus f1I, npaBga, He cTan Obl TOBOPUTL, UTO Bee
Mmamepuu 3TU yTBep:KAeHUA U olpejelleHUA COBep-

IIeHHO HeBepHbL. [Inf IpakTHYecKux Iernei
ouu nHorja monesusl. Ho B oTHolleHU NCTUHHON CTPYKTYPBI MaTepuu rpa-
HHUI[bI JOTAHLI GLIThH IPOBe/IeHbI coBePIeHHO HHBIM o6pa3oM. OcHoBHoe pas-
IUUde JeHMUT MeKIY ABYMSA CTPOURAMU clelylolleil cXeMbl «y paBHeHU Iy:

Monekyna = TBepjoe Telo = KPUCTAII
lNaz = smugKocTh = aMopdHoe Teno.

Mb1 gomskHBI KpaTKO MOACHUTL 3TU YTBepsijeHUA. Tak HazbiBaeMble
aMop®HBIe TBep/ble Tejla B JefiCTBUTEJILHOCTH oKa3bIBalOTcA NUG0 He Hc-
THUHHO aMop()HBIMHU, 160 He UCTUHHO TBePALIMU. B «<aMop GHLIX» BoloKkHaX
JpeBecHoTo yIJlA ¢ NMOMoI[bI0 PeHTreHOBCKUX Jyueil o6Hapy#eHLI pynu-
MeHTapHble cTPYKTYPBI KpucTannoB rpadpurta. Takum obpasoMm, ApeBecHBIH
yrolb oKa3blBaeTcA TBepPJLIM TeloM, Ho B To ke BpeMd U KpucTapioM. Ee-
I1 B KaKOM-TO Telle Mbl He HaXxoJUM KpHUCTalIW4YecKOll CTPYKTYpPHI, MbI
JOJMHBI paccMaTpPUBAaTh ero Kak KUJKOCTh ¢ OUeHb BBLICOKONH BA3KOCTLIO
(uyTpennuM TpeHueM). Ilo oTeyTeTBulo y Takoro BemjecTBa olpedeleH-
Holl TeMIlepaTyphI IJIaBIeHUA U CKPBEITON TeINoTHI IJaBleHusa Jerko obHa-
PY#UTDH, YTO OHO He ABNAETCA UCTHUHHO TBepAbIM TeloM. lIpu HarpeBaHuu
OHO MocCTelNleHHo pazMAruyaercA U 6e3 pe3koro Iepexofa IpeBpalmfaeTca B
#uakocTh. (1 BemoMuHalo, UTo B KoHIle NepBoit MUPOBOIt BOIHEI HaM B Ka-
YecTBe 3aMeHUTeNA Kode BbllaBall BelljecTBo, NoXo#ee Ha achanbT. OHo
Ob110 HacTOABKO TBePABLIM, UTO TpebBoBaloch J0NOTO WIM TOIOPHUK, YTOOLI
pa3ipobUTh ero Ha KyCKH, U Torja o0Hapy#uBaicA TNAHIEBUTHIN pa3ioM.
Ho ¢ TeuenueM BpeMeHU 3To BellecTBO Bello ce6f Kak #UJROCTD, NIOTHO 3a-
NOJNHAA HUMHIOIO YacThb cOCy/la, ecld Bbl UMelld HEOCTOPO#HOCTh OCTaBUTh
ero TaM Ha HECKOJbKO JHeil.

HenpepriBHocTL razooGpasHoro U 3KUAKOT0 COCTOAHUN — Xopolllo U3-
BecTHLIH ¢arT. Bbl MoskeTe IpeBpaTUTL B #UJKOCTL 1106011 ra3 6e3 peakoro
nepexopa, u3bpan MyTh «B 00Xo[y Tak Ha3bIBaeMol KPUTUYecKoil TOUKU.

Mg1 paso6panu B cxeMme Bce, KpoMe TIiaB-

45.  Pasauuue, xomopoe HoT'0, a TIaBHOe 3aKJI0YaeTcA B TOM, UTO
y

Jeticmeume.sHo MBI XOTHM paccMaTpPUBaTh MOJERyJIy Kak

CYyULecmeenno TBepJoe Telo—KpUCTalll.

OcuoBanneM IJIA 3TOro CAYH#UT TO, UTO aTOMbI, obpazylolue Moje-
’ s
Kyly, 6y11eT I UX MHOI'O MJIW Majlo, CBA3aHbl CHJaMMU TOYHO Takoy ke
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NPUPOJLI, KAK U MHOTOUHC/IEeHHBIE aTOMBbI, U3 KOTOPBLIX NOCTPOEHO UCTUHHO
TBepjoe Telo—KpucTail.

Moneryna, uMelomniad OpaBUibHOe NepUoAUUecKOe paclioloeHue co-
CTaBNAIOMIUX ee YacTUll, ABIAeTcHA KpucTanlioM. BenoMHuTe, uTo U3 3Toro
e NpejacTaBleHUA O MPAaBUIBHOCTH MBI UCXOAUM NpU 06BACHEHUH NOCTO-
AHCTBa reHal

B cTpykType MmaTepuun geficTBUTENbLHO BamHO, CBA3AHLI 11 MEMAY CO-
6oil aToMBI raflTlep-lToHJOHOBCKUMHU CHUJIaMHU, olpegelAlnuMi cTabulb-
HOCTL KpUCTaNIudeckoil cTPYKTYphl, U1U HeT. B TBeppoMm Tele U B Mo-
JeKyJe OHU CBA3aHbl, B ra3e, COCTOAIEM U3 OTJeNbHLIX aTOMOB (HallpUMep,
B mapax pTyTu), HeT. B rase, cOCTOAIEM U3 MOJERY!, aTOMBI NOJOGHBIM
o6pa3oM CBA3aHbI TOJALKO BHYTPU MoOJNeRy.

He6onbmyio Molekyl1ly Mo#Ho Ha3BaTh «3apo-
46. Anepuoduuecroe IBIEM TBepjoro Tenay. Mexoad us Takoro Ma-
meepdoe meao JeHbKOTO TBepP/0ro 3apo/blila, OYeBUIHO, BO3-
MO#HO IpeacTaBUTh cebe [Ba pa3lNUHbIX NYTU NOCTPOEHUA BCe GONBIIUX
U Gonbmux acconuanuit. OquH — 3TO cpaBHUTeNLHO OgHOOGpa3HLIil MyTh
NOBTOPEHUA CHOBA U CHOBA OJHOIl U TOil #e CTPYKTYpPhI B TPEX HalpaBle-
HuAx. Tak pacter kpuctami. Eciu mepuoguuHoCTh yeTaHOBUNACh, TO Yike
HeT ompejelleHHOro pejena 118 pa3Mepa Takoro arperata. JIpyroit nyts —
nocTpoeHue Bee Gonee U Holiee yBelUuuBalolerocd arperara 6e3 cKy4Horo
MeXaHH3Ma NMOBTOPeHUA. JITo clydall Bce Golee U Gollee CIOKHOM opranu-
yecKoH MoJleRyJbl, B KOTOPOi Kam/blil aToM, Ka#gad rpynia aToMoB Urpa-
eT UH/UBUYalbHYIO PONb, HE BIOJHEe PABHO3HAUHYIO DOJIU APYTUX aTOMOB
U rpynm aToMoB. MBI MozkeM cOBepIlleHHO TOUHO Ha3BaTb 3TO o6pa3oBaHue
anepuoUUYeCcKM KpUCTalIoM AN TBEPBIM TeJlIOM U BBIPa3UTh HaUly TUIO-
Te3y cJIoBaMHU: MBI llonaraeM, 4To TeH UM, BO3MO#HO, Ilellagd XpPoMocoMHad
HUTL® mpejcTaBIAeT coboil amepuoguyeckoe TBepgoe Tello.

YacTo 3ama0T BoNpoc, Kak Takad KpollleYHaA

47.  PasnooGpasnoe JacTH4Ka BelllecTBa — AP0 ONI0A0TBOPEeHHO-
codepacanue, cxcamoe do ro fAlilla — MoeT BMECTUTh CIOMHBIN MHbpo-
MUHUAIMIOPHO20 K0da BalbHBIHM KoJi, BRIIOYAOMUK B cebA Bce Dymy-

mee pazpuTHe opranusMa? Xopolio ynopAjgoueHHad acconania aToMoB, Ha-
JejleHHafA nocTaToYHOH yeToHUMBOCTEIO AJIA AIUTEJILHOIO COXPAHeHUd CBO-
el ynopAgoYyeHHOCTU, NpeacTaBideTcd eNUHCTBEHHO MEBICIUMoOR MaTepu-
albHol cTPYKTYpoil, B KOTOpOlt pa3Hoo6pa3yue BO3MOMHLIX («M30MEPHBIX)

3To, 4To oHa OTAMYAETCA BhICOKOH THOGKOCTBLIO, He MOMET CIyHUTh BO3pameHUeM;
TakoBa U TOHKAaA MeJHaf OPOBOJOKA.
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RoMOUHANMI JoCTaTOUHO BeJNUKO, YTOOLI 3akIi0daTh B cebe CloMHYIO cuc-
TeMy JleTepMUHAIUU B Npejlelax MUHIMAaNILHOTO IPOCTPaAHCTRA.

JeiicTBUTENBHO, He HaJO0 0COOEHHO HONBIIOTO KOTUYECTBA ATOMOB B Ta-
Kol CTPYKTYpe, UToObl o6ecneuuTh MoUTH Ge3rpaHUyYHOoe UUCIO0 BO3MOMi-
HBIX koM6GuHanuil. nga npuMepa BcnoMHuTe 06 azdyke Mopse. ABa paznuu-
HLIX 3HaKa (TOYKa U THUPe), paclolo:eHHble B ONpeleleHHol MoclefoBa-
TeNLHOCTH U cOCTaBIAIONIMEe IPYNNLL ¢ YUCIOM 3HAKOB He Oolee ueThIpex,
Ho3BoJAI0T o6pa3oBaTh 30 pa3nuuHbIX 6YKB. Ecnu 6bI MBI K Touke U TUpe
Jo6GaBUNU TpeTHl 3HAKR U B3ANU IPYNNLL, BRIlOualomue He Gonee 10 3Ha-
KOB, TO MOI1H 6bl o6pa3oBaTh 29524 pa3snuuHBIX «GYKBBIY; ¢ ATHIO 3HAKA-
MU U JBaANaTUNATU3HAUHLIMYU FPyNIaMU KOIUYeCTBO «BYKBy COCTaBUIO ObI
372529 029 846 191 405.

Mosito 6blno 6bI Bo3pa3uTh, YTo 3To cPaBHeHUe HeTOYHo, Tak Kak a3-
6ykra Mop3e cocToMT U3 Pa3NMUHBEIX KoMGUHaNUI Touek U THpe (HaNpUMep,
-— — U --— ) U TakuM o6pa3oM, CIyAUT MloXoll aHanoruelt H3oMepuu.

YTo6LI yeTpaHUTL 3TOT HeqocTaToK, BhbIfepeM U3 TpeThero npuMepa
TONLKO KoMOUHAIUU, BRIIOUAIONIEe TOUHO 25 3HAKOB U POBHO NATL 3HAKOB
Kam0ro HaMeueHHOro TUna (NATh TOUek, MATh TUPe U T. I.). I'pyGslit mox-
cueT JaeT uucno komOunanuit, pasHoe 62 330 000 000 000, rae B npaBoit
yacTH CTOAT HYyIW BMecTo udp, KOTopble A He fan ceGe Tpyda BLIYUCIUTD.

KoneuHo, B AeiicTBUTEILHOCTH JalleKo He KakJad KOMOUHAIUA TPYIIILI
aToMOB OyneT NpeacTaBIATh BO3MOMKHYIO MolleRyny; Golee TOTo, He MOKET
OBITH U pedu 0 TOM, YTOObI Koj GBI BeIGpaH NPOU3BONLHO, TAK Kak MUGpO-
BaNbHBIM Koj fofl#eH ABIATLCA OfHOBPeMeHHO (GaKkTopoM, BLI3LIBAIOMIUM
pa3BUTHe.

Ho BbIGpanHOEe B npuMepe KOIHYECTBO «aToMoOBy (23) Bee-TakH eimle
OUeHbL Malo, U 3To JUIIL MpocTelflliuil ciydail pacnollo:keHUA UX B OqHY
TUHUIO. ITUM MBI XOTeNU MPOUIIIOCTPUPOBATh, YTO, IPEeJCTABUB I'eH B BU-
Jle MOJIeKyJbl, Mbl He MOKkeM cUUTaTh HEMLICIUMLIM TOUHOE COOTBETCTBUE
MHUHHATIOpHOr0 mudpoBalbHoro Kojga dpe3BhluaiiHo cloHoMY, clenudu-
yeckKoMY NNaHy pa3BUTUA opraHuszma. MLI He MomeM Tak#e cUUTAThL He-
MBICIHMELIM U coflep;kaHie B HeM (akTopoB, pealu3yIONIuX 3TOT IiaH.

Teneps, HakoHel, Mbl NepeiileM K cpaBHe-
48. Cpasnenue c gaxmamu: gy TeopeTUUYecKoll KapTUHBI ¢ GHOJOTH-
cmenens yemouiueocmu; JyeckUMU pakTaMu. MoeT 11 3Ta kapTUHA
npepulelcmocms mymauuil JeMCTBUTENbHO OOBACHUTHL HabniogaeMylo
HaMU BBICORYIO cTeleHb noctoAgHcTBa? IlpueMmineMsbl nu moporoenle 3Haue-
HUA TpebyeMoil BennUNHLl — MHOI'OKpaTHbIe NPOU3BeJeHUA cpeHell Ten-
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noBoit sHepruu kT, HAXOAATCA MU OHU B TIpeflellaX U3BECTHHIX U3 0OBLIUHOM
xumMuu? JTo TpUBHANbHbIe Bompockl. Ha HUX MOMHO OTBETHUTH YTBepIu-
TenbHo. BpeMA 3kU3HU MoneRyn nio6oro BemecTBa, KOTOPOe XUMUK CIOCO-
6eH BBIJENUTHL IPU JaHHON TeMIlepaType, HOJNMHO U3MepATLCA No KpariHel
Mepe MUHyTaMH. (To eme ckazaHo MATKo; Kak NPaBUI0, UX BPeMH KU3-
HU ropasjo Gonbime.) Takum o6pa3zoM, MOPOroBble 3HAUEHUA, ¢ KOTOPHIMU
cTalKkUBaeTcA XUMUR, Hen30e:kHO UMeIOT UMeHHO TOT MOPANOK BeIWUUHEDL,
KOTOpPBLIN Hy#eH, 4ToObl 0OBACHUTL NPAKTHYeCKU JI006YI0 cTeleHb [ocTo-
AHCTBA, ¢ KAKOIl MOMET CTONKHYTheA Guomor. U3 § 37 MbI 3HaeM, 4To mo-
poroBaf 3Hepruf, BelnunHa KOTopoil BappupyeT oT 1 10 2 31eKTPOHBOILT,
MoieT obecneduThb BpPeMA #U3HU OT Aoleil ceRyHILI A0 JeCATKOB TLICAY
1eT.

3uauenud oTHouienua W : kT, ynoMAaHyTble TaM [id [puMepa u
paBubie 30; 50; 60, obycnapnuBaioT BpeMA xu3Hu 0,1 cex, 16 MecHres,
30000 net, uTo Npu KoMHATHoOIl TeMIlepaType COOTBETCTBYeT HOPOT'OBLIM
3HaueHuAM sHepruu 0,9; 1,5; 1,8 31eKTPOHBONLT.

Enununa uaMepeHUA DHEPrUU «IIEKTPOHBONLTY ynoOHA and Qu3MKa,
IOTOMY YTO OHAa oueHb HarifagHa. Hanpumep, 1,8 aneKkTpoHBOILTA 03HAYAET,
YTO 31eKTPOH, YCKOPAeMbIH pa3HOCTLIO NOTEHIIUANOB OKOIO0 2 BONLT, UMeeT
Kak pa3 JocTaTOUYHYIO 3Hepruio, 4ToObl BbI3BaThL yZapoM Nepexoj OmHom
CTPYKTYDBI B pyryio. (JlnA cpaBHeHUA cKasky, 4To GaTaped KapMaHHOTO
¢boHapHuKka UMeeT HaOpH#eHNe 3 BOIbLTA.)

ITH coobpameHUA Aelal0T NOHATHLIM TOT (GaKT, UTo U30MepHOe U3Me-
HeHUe KoHQUrypanuu B olpefeleHHoll yacTU Hallell MoleRybl, IpOU3Be-
JeHHoe chnydaiinoli ¢payrTyanuell KonebaTenbHoll 3Hepruu, MokeT AelcT-
BUTENLHO GLITh AOCTATOUHO PeJKUM coGbITHeM, UTo6LI HCTONKOBLIBATLCA
Kak caMollpousBoibHad MyTanud. TaruMm o6GpasoM, ¢ DOMoIbIO OPUHIIU-
IIOB KBaHTOBOR MeXaHUKHU MbI 00hAcHAeM Haubolee yIUBUTENbHYIO 0coDeH-
HOCTBb MyTanuii — ocoGeHHOCTh, BIepBLIe NPUBIEKITYIO BHUMaHUe qe Opu-
3a, a UMeHHO To, UTO OHU OKa3bIBalOTCA ckauKkooOpa3HbLIMU MU3MeHeHUAMU,
OpPOUCXOAANUMU Ge3 MPOMeKyTOUHBIX COCTOAHUI.

YeTaHoBHUB, UTo ecTecTBeHHAsA YacToTa My-

.

49.  Yemotinusocms zenos, Tanuit yBennuuBaeTcd Mof feficTBUeM pas-
.

npouLeduLUT ecmecmeeHHbll JNUYHLIX BHOB HOHU3UDYIOMUX H3Nyde-

omoop HUI, MOHO OblIo Gbl HpeamonaraTb, UTO

dTa ecTeCTBeHHadA YacToTa MyTaHI/Iﬁ omnpenelifdeTcA paguOaKTHBHOCTBHIO
IIOYBLI U BOo3[yXa, Taki#e HHTEHCUBHOCTbIO KOCMUYECKOTI'0 U3JyUeHU .
OﬂHaRO KoJIndYeCTBeHHOe CpaBHeHHe ¢ pe3dyJibTaTaMU neicTBUA peHTTre-
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HOBCKUX Jyueil I0Ka3bIBaeT, UTO ecTeCTBEHHOe U3/IyUeHHe CAUIIKOM crabo
U MOeT ObITh OTBETCTBEHHO TOJbKO 3a HeGOIbIIYIO YacTh ecTecTBeHHOI
yacTOThl MYyTal[MOHHOT O IIpolecca.

Ecnu naMm npuxoguTes o6HACHATEL PeikUe ecTecTBeHHbIe My TallUU CIy-
yaHbIMHU GIYyKTyaluAMHU TellJIOBOr0 IBU#eHNU A, TO Mbl He JONAHbI 0COOEH-
HO yAUBIATLeA, uTo llpupoaa cymena nmpoBecTH TOHKUI BbIGOp MOPOTOBLIX
3HaueHUl dHepruu, HeobXOAUMBIX, UTOOBI clelaTh MyTalUl PeJKUMHU CO-
OLITUAMU. Yike pPaHbllle MBI NPUMIIK K 3aRJII0UeHUIO, YTO YacThble MyTaluu
ObL1u OBl mary6HLL 1716 3Bodionuu. HHAMBUAYYMEI, Nonydaloliie NyTeM My-
TalU¥ TeHHble KOH(QUTypalnul HeJOCTaTOYHOM yCcTOMUNBOCTH, UMEIOT Malo
1aHCcOB Ha To, YT00bI UX «yJAbTpapajuKalbHoey», OLICTPO MYTHUpYlOIIee Mo~
TOMCTBO NIpocylecTBoBalo oueHs Joiro. B npoiecce ecTecTBeHHoro oTHopa
BUJ 6yZeT ocBoboxJaThbed oT HUX U, TAKUM obpaszoM, HaKallIUBaTh ycToll-
YUBLIE T'€HbI.

Y Hac, KoHeuHo, HeT ocHOBaHUIl oUJATh,
50. Hnozda mymanmot UTo MYTAaHTHI, MOABIAIONINECH B dKCIEPU-
MeHee ycmotiiugt MeHTaX M0 CKpPeIMBaHUI0 U oTOUpaeMble
1A U3yUeHUA UX NOTOMCTBa, Bce OyAyT NPOABIATH TAKYlO #e€ BBICOKYIO
cTabuiIbHOCTh, 60 OHM ele He OBIIM «UCOBITAHbIY, a eclid U ObLIH, TO B
JUKNX NONYJANUAX OKa3aluch «OTBEPTHYTHIMU» U3-3a CIUILIKOM BBICOKOH
MyTabenbHocTU. Bo BeAKoM ciiyuae Hac coBceM He YAUBNAET, UTO HEKOTO-
pble U3 ®TUX MYTaHTOB o6HapymUBalOT Gojee BBICOKYIO MYyTadelbHOCTh,
yeM HopManbHbIE (MKHe)» T'eHbl.

JTo OaeT HaM BO3MOMHOCTH INIPOBEPUTH

ol. Temnefamypa sausem Hamy ¢opMyily MyTabelbHoCTH, KoTopas
Ha Heycmoliuugsle 2eHsl FMeeT BI
MeHblle, YeM Ha Ycmoliuuesie t = reW/ET,

(Hamomunaio, uTo £ — 3T0 BpeMA OMUJAHAA MYTAIUN ¢ IIOPOTOM JHep-
ruu W.) CnpamuBaercd, Kak 6yfeT U3MeHATbeA ¢ B 3aBUCHMOCTH OT TeMIle-
paTypbl. U3 npeasiayieii GopMynbl ¢ XOpPOUTUM NPUGIUHEHUEM MBI JIET'KO
HaXoAUM OTHomleHWe 3HaueHud { npu temnepatype T + 10 B 3Hauenuio ¢
npu Temmepatype T

trt10 _ e—lOW/kT2'
tr

IlockonbRy TMoKazaTeNb cTeNEHU B 3TOH (GopMylie oTpUllaTENEH, OTHO-
lieHle, eCTECTBEHHO, OKa3bIBaeTCA MeHbIlle eJUHUIbI. BpemAa omujaHusd
YMeHbINaeTcA ¢ MOBBINIEHUEM TeMIepaTyphbl, a MyTabelbHOCTh Bo3pacTa-
eT. Ho 3To M0o#HO NpOBEPUTH U /IefiCTBUTEIbHO OBIIO MPOBEPEHO HA MYTII-
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ke Drosophila B npegenax TeMmmepaTyphbl, KOTOPYIO BLIAEpHHBaeT 3TO Ha-
cexoMmoe. Pe3ynbrar GbIn1 Ha NmepBLIM B3rnAA yAMBUTeNbHLIM. Husras My-
TabelbHOCTh AUKUX F'eHOB OTUYETIMBO BoO3pocia, a CPABHUTEJBHO 8blCOKAA
MyTabelbHoCTh, HaGl0faoManAcd y HEKOTOPBIX y#ie My THUPOBaBIIUX FeHOB,
BooOille He W3MeHAJach WM yBeludyuBajsach He3HAUMTelIbHo. ITO Kak pas
TO, 4ero Mbl OiMaeM NPU cpaBHeHUM HamuX ABYX ¢opMmyn. Bonbmaa Be-
nuuuHa W : kT, HeoGxonuMas coriacHo nepBoii ¢jopMy e, 4TOOLI clenatsh |
GONLIMUM (yCTOHUMBLIl I'eH), 00yCIOBIMBAET MalyIO BelHUHHY OTHOIIEHUA,
BBIUHCIAEMOro 1o BTopoit ¢opMyle, To ecThb, HHaue T'OBOPA, olpejenfeT
cymecTBeHHoe yBellueHHe MyTabelbHOCTU ¢ NOBbIIIEHHEM TeMIlepaTyphl
(zeffcTBHTENbHOE 3HAUCHHE OTHOIIEHNA JeHUT NPUOGNU3UTEIbHO My 1/2
u 1/5). O6paTnere BenuuuHe! (2 ¥ 5), B 0GLIYHON XUMHYECKOH peakIuu MBI
Ha3bIBaeM ko3dddunuenToMm Bant-T'odda.

OGpaTumcd Tellepb K YacToTe MyTalUil Tog

52.  Kaxum oGpasom BIMAHUEM PeHTreHOBcKoro uanydennd. Ha

penmeenoeckoe usayienue OCHOBE 3KCIIEPUMEHTOB M0 CKDPeIUBaHUIO
o

svi3vieaem Mymayuio: MBI IPUILIA K BEIBOAY, UTO, BO-IePBLIX (U3

npAMoit 3aBUCHMOCTH MYTAaIMOHHOTO TeMMa OT [03bl), MY TallUIO BbI3bIBaeT
HEKOTOpOe eJUHNYHOe cOOLITHE; BO-BTOPLIX (M3 KOIMYeCTBEHHBIX JaHHBIX
U U3 Toro (arTa, YTO MyTAalMOHHLIII TeMN onpejeideTcd obulell MI0THOC-
TBbIO MOHM3aUM U He 3aBUCHT OT AIMHLI BOJHEI), 3TO eIMHUYHOE COBBI-
THe JoN#Ho ObITHL MoHU3allMell UMW KaKUM-To OPYTUM IpolleccoM. UToOHI
BbI3BaTh chenuduueckyo MyTalUlo, 3TOT Hpolecc A0I#AEH IIPOUCXOJUTh
BHYTPU oNpefeneHHoro o6hbeMa pa3MepoM okono 10 aToOMHBIX paccToAHUH,
B3ATLIX B Ky0e.

CornachHo HallleMy IipejicTaBleHUIO, 3HepruA A1d NPeojoleHuA NOTeH-
quanbHoro 6apbepa Jold#Ha GbITH Noly4deHAa U3 3ToOro B3PBEIBONOJOOHOTO
npollecca MOHU3aNMUU UNK Bo30y#ijeHUA. fI Ha3bIBalo ero B3pLIBOMOJOOHLIM,
MOTOMY YTO BHeprus, 3aTpaueHHasd B OJHOM aKTe HOHM3aNUH (TOUHee, BTO-
PHUYHBIM 3JEeKTPOHOM, 00pa3oBaBIMMCA DU B3auMoJeHCTBUN U3y YeHUA ¢
BeIleCTBOM ), XOPOIIo U3BECTHA U CPABHUTEILHO BellUKa: oHa paBHa 30 anex-
TPOHBOJIbTaM.

JTa »HepPrufd JoN#HA NPEBPATUTLCA B UPE3BhIUANHO yCUIeHHOe Tello-
Boe JIBU#€EHNUe BOKPYT TOUKH, I[le Npou3olliel B3PLIB, U paclpocTPpaHUThCA
oTcioja B ¢opMe «TelJoBoOl BONHBIY, TO €CTh BOJHBI UHTEHCUBHBIX Koleba-
Huit atoMoB. To, 4To 3Ta TenjoBasA BoNHA ellle clocobHA NepegaTh He00X0-
JUMYIO OPOTOBYIO 3Hepruio oT 1 70 2 3MeKTPOHBONLT Ha cpeJHUIl «paauyc
JeficTBUA» — oKoJI0 10 aTOMHBIX paccTOAHUIL, ABIAETCA BHOJHe AONYCTH-
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MbIM, XOTA HelpeRaybemaeHHbIH GU3NK, MomeT ObITh, U NpeacKkasal Obl He-
CKOJILKO MeHBIIUN paguyc AeiicTBUA.

Bo mMHorux ciyuyadax pesynpTaT B3pblBa IPUBedeT He K YIOPAZOUEHHO-
MY U30MepHOMY Ilepexoly, a K IoBpe:RJIeHHI0 XPOMOCOMbI — K IOBpe/e-
HHUIO, KOTOPOe cTaHeT cMepTeNLHLIM A opraHusMa, eclid UCKYCHBIM CKpe-
LUBAHUEM YOAIUTH HENMOBPe;IeHHOro napTHepa (COOTBETCTBYIOWYIO XPo-
MOCOMY BTOpOro Habopa) U 3aMeHHUTL ero mapTHepoM (XpPoMocoMoil e),
0 KOTOPOM U3BeCTHO, YTO COOTBETCTRYIONNI I'eH y Hero Takse BLI3LIBAET
cMepTenbHbl 3¢ derT. BesycnoBHo, 3TOro Hago ouUmaTh, U 3TO AelicTBU-
TelbHO HabnionaeTcA.

Ipyrue ocoGeHHOCTH, €CIM U He MOIYyT

53. Hr eausnue He 306UCUM  GpiTy, MpefcKAa3aHbl HA OCHOBE IPUBEJEHHOM
0Mm CAMONPOUIBOALHOU BbIllle KAPTHUHbBI, TO UX BCe e MOKHO Jer-
MymadesbHoCmU Ko NoHATL. HanpuMmep, HeycToRUUBLIN MY-
TaHT B cpefHeM He oGHapymuBaeT Golee BLICOKOI'0 MYTaloOHHOTO TeMIa
Hoj BAUAHNEM PeHTreHOBCKOT0 U3y YeHusd, YyeM ycTottuuBrlil. [loaTomy, ec-
JIU [IpU B3pLiBe BhblfendeTcA 3Heprus, pasHaa 30 31eKTPOHBOILTAM, TO He
uMeeT GonbLIioro 3HaueHus, 6ymeT nu TpebyeMas Hoporopas >Hepruf He-
MHorum Gonbllle UM HEMHOTUM MeHbllle, ckaseM, 1 uau 1-3 BoabTa.
B HeroTOpBIX clyuyaAax mepexop U3yvalu B
TOM U OpPyroM HalpaBleHUU, CKameM, OT
«IUKOro» T'eHa K ollpeflelleHHOMY MyTaHTHOMY reHy U o6paTHo, OT MyTaHT-
HoT'o K JUKOMY. B 3TUX ciyuasx ecTecTBeHHas YacTOTa MYTalUil MHOTAA
IOYTH ogHa U Ta e, a UHOIAa BecbMa pasiauyHa. Ha mepBriit Baraag sTo
npencTaBifAeTcA CTPAHHBIM, IOTOMY 4YTO [IOTeHIUANLHLIHM 6apbep, KOTOPBI
Hajo IpeofoneTh, B ofoUX cilyudaaX, Kasanoch Gbl, onguHd u ToT ske. Ho,
KOHeYHOo, TaKkoe NoloeHHe Hellb3f CUUTATh 06A3aTeNbHLIM, IOTOMY 4TO
HoTeHIHaNbHLIH Gapbep AONMeH H3MepPATLCA OT 3HepreTUYecKoro YPOBHA
ucxogHoil KoHpUTypallui, a TOT yPOBeHL MOkeT ObITh Pa3inyHbIM 1A AU-
KOr'0 1 MYTaHTHoro reHoB (cM. puc. 17, rue nubpa 1 xapakTepusyeT gUKH
reH, a 2 — MYTaHTHBLIN, MeHbLIaA ycToMUMBOCTL KoToporo usobpaskaeTcs
Gosee KOPOTKOil CTPeNKOi).

B nenom, a gymato, Mogens Jenb6pioka 1ocTaATOUHO XOPOIIO BbIAEPHU-
BaeT NIPoBepRY, U ee UcIoJIb30BaHue B JalbHelNINX paccy:IeHUAX BIoJNHe
olipaBjaHo.

54. O6pamumsie mymayuu



VI
yHOpH,Z[O‘-IeHHOCTb, HEYIIOPAJOYEHHOCTb U
IHTPOIIUA

Nec corpus mentem ad cogitandum,

nec mens corpus ad motum, neque ad

quietem nec ad aliquid (si quid est)
aliud determinare potest.

Spinoza,

Ethica. P. 111, Prop. 2.

Paspeniute MHe BepHyTbhcA K HoCIeTHUM
55.  Jamexamenrvunill o0uUL  gpazam § 47. Tam A neiTancAa o6HLACHUTD,
661600 uz modeau JeavOpioka  yg MolleKynfipHasA TeopUA TreHa cpelana
BIIOJIHE JONMYCTUMBIM To, YTO MUHHMATIOPHBIA Kog TOYHO COOTBETCTBYeT
BecbMa CJI0KHOMY U chelluduyecKoMy NJaHy Pa3BUTUA U KaKUM-TO 00-
pazoM comep:RUT (GaKkTopbl, pealusyiomue 5ToT miaH. Ho Kak oH penaer
ato? Kak mepeitTu oT mpegnolomeHua K efic TBUTENbHOMY MOHUMAHUIO?
Monerynsapuaa mogens Henb6pioka B ee coBeplleHHO obmieil hopMe He
COOep:RUT, BUAUMO, HAMEKOB Ha To, Kak JelicTByeT Haclle[cTBeHHoe Be-
mecTBo. U B camoM fielle, A He o:kUIAI0, UYTOOLI 0T GU3UKOB B GiMskaliiiemM
6ymyimeM Mol ObITh NOJNYUYeHbl CKOJNbKO-HUOYAb NompoOHBIe CBemeHUA.
OnpepnesnienHble yclexu B pellleHUU 3Toil Npo6ieMbl yike ecTh U, A yBepeH,
4To OHHU eme 6yayT, Ho B oBl1acT GMOXUMHUHU, 0COOEHHO B CBA3U C €e Npo-
HUKHOBeHUEM B 06/1aCcTh (GU3UOJIOTUU U FeHEeTUKHU.
Hurakux geTanbHBIX JAHHBIX 0 GYHKIUOHUPOBAHUU F'€HHOIO MEXaHU3-
Ma Hellb3f U3BJleUb U3 CTo/lb 061Iero oIUCcaHuA ero CTPYKTYPhI, KaKkoe 1aHo
Bolime. JTo ficdo. U TeMm He MeHee, Kak 5To HU cTpaHHo, UMeeTcA ofHO obiee
[pencTaBleHue, BEITeRalOmee U3 Hero, U oHo-To, IPU3HAIOCh, GbII0 egUHCT-
BeHHoll NpUYUHON, NoBy UBIIell MeHA HalUcaTh 3Ty HeBOoNbUIYI0O KHUTY.
W3 obmieft kapTUHLL HacaeqcTBeHHOI'0 BelllecTBa, HapucoBanHot! /lens6-
PIOKOM, cllefyeT, UTo [JeATeJbHOCTh :KUBOW MaTepuH, XoTA U oCHoOBaHa

1Hu Teno He MoeT NoGyaaTh AYIIYy K MBIILIEHUIO, HU AyIIa He MOMeT Moby#HJaTh
TeI0 HU K JBUKEHUIO, HU K MOKOIO, HH K 4YeMy-1u60 Apyromy (eciu TONbKO €CTb YTO-
Hubyab Takoe). — Cnuwnosa. Imura, 4. IIL, Teop. 2.
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Ha 3aKOHAX (U3UKHN, YCTAHOBIEHHBIX K HACTOAMIEMY BpeMeHH, HO, MO-
BUIUMOMY, NOAUUHAETCA A0 CUX NIOP HEU3BECTHBIM APYTUM 3aKoHaM ¢Gu-
3UKH, KOTOpble, OJHAKO, KAK TOJILKO OHU OYOYT OTKPBITHI, HOJKHBI GYIyT
COCTABUTH TARYIO jKe HEOT'heMIeMYI0 YacTh 3Toll HAayKU, Kak U NepBBIe.
JTa [AOBONBHO TOHKAA I[elb paccyaeHUu

56. Ynopadovennocmy, TpYyOHA 0Jid TOHUMaHUA BO MHOT'UX OTHOIIIEHH-
OCHOBAHHAA HA AX, 1 Bce MOC/enyIone cTPaHUIlLI MOCBAIE-
«(ynopadoieHHocmuy HBI TOMY, 4ToObl cuenaTh ee AcHoil. IIpenpa-

puTelNbHO, Fpy60, HO He COBCEM HeBEPHO OHA MO3KeT ObIThH U3J0KeHa cleqy-
oM obpazoM.

B rnaBe I MBI yraszanu, uTo 3aKOHBI PU3UKHU, KAK MBI UX 3HaeM, —
3T0 cTaTHCTHUECKUe 3akoHbI?. OHU CBA3aHBLI ¢ ecTecTBeHHoM TeHpeHIueil
MaTepuu MepexoJuTh K HeyNnopAgoYeHHOCTH.

Ho 4To6LI NpUMUPUTE BLICORYIO ycToHUMBOCTEH HocuTelell HaclencT-
BEHHOCTHU ¢ UX MalbIMU pasMepaMHu U oboilTH TeHAeHIUI0 K HeylopAno-
YeHHOCTU, HAM IpHUIlIioch «U300pecTU» MoleRyly — HeoObIUuHO GOIBIIYIO
MOJIeRYNy, KoTopad cTana o6pas3ioM BbIcoKoauddepeHIIMPOBaHHOH ylIopsa-
JOUEeHHOCTH, oXpaHAeMoll BolleGHol Malouykoll KBAaHTOBOH Teopuu. 3aKo-
HBI CIY4YallHOCTH He yMalAlTCA 3TUM «U300peTeHueMy, HO U3MeHAeTCA UX
npossienue. DU3NK XOpPOILIO 3HAeT, YTO Kjlaccuueckre 3aKOHLI GU3UKU 3a-
MeHAIOTCA KBaHTOBOI TeopHell, ocobeHHO IpU HU3KOH TemnepaType. IToMY
HMeeTcA MHOTO MpUMepoB. FAU3HE pecTaBIAeTCA 0JHIM U3 HUX, 0COGEH-
HO yOUBUTEIbHBIM.

MAusHp — 3To ymopAmoOYeHHOe U 3aKOHOMEpPHOE IOBeJeHUe MaTepull,
OCHOBaHHOe He TOJbKO Ha OAHON TeHAEHIUU NepPeXoAUTh OT YNOpAAOUeH-
HOCTHU K HeylNopAgoYeHHOCTH, Ho U YacTUUYHO HA cylecTBOBAHUU YIOPA#O-
YeHHOCTHU, KoTopad Noadep:;ruBaeTcA Bee BpeM.

Ilna ¢usura (U TOMBKO AJIA HEro) A HAZEIOCH MOACHUTH CBOIO TOURY
3peHNA TaKUMU CJI0BaMM: KUBOIl OpraHu3M IpeacTaBlAeTCcA MaKPOCKOIU-
YecKoll cHUcTeMoll, yacTUUYHo Npubiukaiomerca B cBoUX IDOABIEHUAX K
4YHCcTo MeXaHu4ueckoMy (10 KOHTPACTy ¢ TepMoJHHAMIYeCcKIM ) IOBeIeHUIO,
K KOTOPOMY cTpeMATcA Bce cUcTeMBbl, Korjga TeMIlepaTypa Npubiu:kaerca
K abCcolIOTHOMY HYIIO U MoJleRylApHaA HeYIopAJAoUeHHOCTh CHUMaeTcA.

Ho nedusury TpynHo DoBepUThb, YTo 0ObIUHLIE 3aKOHLI GU3NKU, KOTO-
pble oH paccMaTpUBaeT Kak obpaszer] HepylUIUMoil TOUHOCTH, HOJKHBI 0CHO-
BbIBaThCA HA CTATUCTUYECKON TeHIEeHIMU MaTepuu NepexoguTh K HeylopsA-

2Takoe coBeplIeHHO 06llee yTBep:/leHHe O 3aKOHaX (QU3MKMU, BO3MOMKHO, OKAKETCA
BecbMa COMHUTeNbHBIM, HO PUUMHAa 3Toro 6yaeT o6bAcHeHa B raase VII.
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noyeHHocTH. Takue npuMeps! A npuBeda B raaee 1. O6muM IpUHIAIOM 35ecCh
ABIAIETCA 3HAMEHUTOe BTOPOEe HAYAIO TepMOJUHAMUKH (3aKOH SHTPONUMU)
U €ro CTONb ke 3HAMEHUTOEe cTaTUcTU4YecKoe obocHoBaHue. B §§ 57-61 a1
[ONBLITAI0Ch KPATKO U3I0RUThL IPUHIUN 3HTPONUN B IPUIOKEHUH K OCHOB-
HBLIM IPOABIEHUAM RUBOr0 OpraHu3Ma, 3a6bliB Ha BpeMsd Bce, UTO U3BECTHO
0 XpoMocoMax, HacleACTBEeHHOCTHU U T. .

Yto ABaseTcA XapaKTepHOH OCOGEHHOCTBIO FKU3-
57. /Ruean mamepus  gy? Korpa Mbl cCaUTaeM MaTeputo kuBoii? Torpa,
usbezaem nepexoda Korja oHa NpojonAkaeT «gelaTh 4To-a1uboy, ABU-
pasrosecuio raTbcf, y4acTBOBaTb B 0OMeHe BelecTB C OKpPY-
sRatomelt cpenolt U T. 1., — BCe 3TO B TedeHHe Gollee NIUTEIbHOI0 OTPe3Ka
BpeMeHHU, YeM, 1o HalluM omUJaHUuAM, Moria Obl feaaTh HeopylleBleHHas
MaTepus B NOMOGHLIX ycaoBUAX. Eclu HekUBYIO cUcTeMy U30J1UPOBaTh UIU
[IOMEeCTUTDb B OTHOPOJHLIE YCI0BUSA, BCAKOe JBUKeHNUe 00LIYHO 0UeHb CKOPO
IpekpamaeTca B pe3ylbTaTe Pa3iuydHoro poja TPpeHusd; pasHoCTh 3J1eKTPU-
YecKUX WIM XUMHUYeCKUX [0TeHI[MaloB BLIpAaBHUBaeTCA; BelllecTBa, KOTO-
pble UMeIOT TeHAeHNUIO 06pa3oBLIBATL XUMUUecKkHe coemuHeHUsA, obpasy-
I0T UX; TeMIepaTypa BBIpaBHUBaeTCA BCIeACTBUE TEILIONIPOBOTHOCTH. 3a-
TeM cUcTeMa B 11eJIOM yracaeT, IpeBpamjaeTesa B MepTBYI0 HHEPTHYIO Maccy
MaTepuu. JocTuraerca cocTogHue, IPU KOTOPOM He MPOUCXOOAUT HUKAKUX
3aMeTHBIX coObITHH. DU3UK HA3BLIBAET 3TO COCTOAHUE MepMOJUHAMULECKUM
pasHosecuem, UIU cocToAHNEM MakcuMalbHOH 3HTPOINUMU.

IIparTuyecku Taroe cocToAHUe OGLIYHO AOCTUTaeTcA BechMa GLICTPO.
TeopeTuuecku odeHb 4YacTo 3TO COCTOAHUE elfe He UCTUHHOE paBHoBecHe,
emnje He meiicTBUTeNbHLIH MakcuMyM 3HTponuud. OKoHUaTelbHOE yCTAHOB-
JleHue paBHOBeCUA NPOUCXOAUT oueHb MemneHHo. OHo MoskeT noTpe6GoBaThb
HecKoIbKO 4YacoB, J1eT, cToleTuil ... IlpuBegeM npumep, Korjga OpudIuske-
HUe K paBHOBeCHIO IPOUCXOOUT Bce ke mocTaTouHo GoicTpo. Ecau crakran,
HaIlOJHEHHBI 4ucTOll Bomoil, U Apyroli, HAOJHCHHBIN HopgcilameHHoll Bo-
Jofi, HOMECTUTb B repMeTUYecKU 3aKPLITLI AMUK OPU NOCTOAHHONI TeM-
nepaType, To cHayana Kak 6yaTo HUYero He MPOUCXOJUT, BO3HUKaeT BIle-
yaTjieHUe HodHoro paBHoBecud. Ho uepes geHb cTaHoOBUTCA 3aMeTHLIM, Kak
yucTafg Boja BelencTBUe Gojlee BLICOKOrO JaBleHUA ee NapoB MocTeNeHHo
ucnapseTcsa U KoHJeHcUpyeTcA Ha MOBEPXHOCTH pacTBopa caxapa; mocie-
HUIl NepeiuBaeTcA 4Yepe3 Kpail cTakaHa. ToabKo Hoclle Toro Kak 4yucTasg
BoJa UcIapUTcA NOIHOCTLIO, caxap paBHOMeEpPHO pacopegeluTcA 0 BeeMy
JOCTYIHOMY eMy o0beMy.

JTH KOHeYHLle 3Talbl MejleHHOro NpUOAN;KeHUA K paBHOBECHIO HU-
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KOoTJa He MOT'YT GBbITh IIPUHATHI 3a KU3Hb, U MBI MOKeM IpeHeOpedb UMU
3pech. fl ynmoMuHawo o HUX, YTOOBI OrpaguTh cebGA OT OOBUHEHUA B HETOY-
HOCTH.

HMmenno notoMy, uTo opranusmM usberaeT OGbLICTPOTO

58. [Mumanue nepexoga B HHEPTHOE COCTOAHUE «PABHOBECUA», OH U
o
fompuuyamenbHou KaskeTcA 3aragounniM. HacTonbko 3aragoudbIM, 4TO
y
nmponueur ¢ JpeBHeMIINX BpeMeH 4YeloBeuecKkad MBICIL JOMYcC-

Kajla gelicTBUe B opraHusMe ocoboll, Kakol-To He puU3NUecKoli, a cBepXbec-
TeCTBEHHOI cuibl (vis viva, SHTeNexns).

HKar ke uBoit opranusMm usberaeT nepexojga kK paBHoBecuio? OTBeT
JOCTATOYHO HPOCT: HIarogapsa ToMY, YTO OH MUTaeTed, IbIMUT U (B ciydae
pacTenuit) accuMmunupyet. [lus Bcero 3Toro ecTh clelldalbHbI TepMUH —
meTabonusM. (I'peveckoe cioBo peTafdAAetv osnauaeT o6MeH.) O6MeH ue-
ro? IlepponauansHo, Ge3 coMHeHNA, MoJpasyMeBanca o6MeH BemlecTs (Ha-
npuMep, MeTaGoausM, no-Hemenku Stoffwechsel?). Ho npencrapaserca ne-
JeNlocThio, YToObI IIaBHLIM GbL1 UMeHHo oOMeH BemiecTB. Jlio6oit aToMm azo-
Ta, KUCIOPO/a, cepbl U T.II. TAK ke XOpOIll, Kak 1060l apyroii atrom Toro
ske sneMeHTa. UTo ke gocTuraetca ux oé6mMeHoMm? OgHo BpeMA Halle Ti060-
OBITCTBO YIOBIETBOPANOCH YTBeP:KIEHIEM, UTO MbI MUTaeMcA 3Heprueit. B
pecTopaHax HEKOTODPBIX CTpPaH Bbl Moriau 6b1 HaHTH KapTOYKU-MeHIO, yKa-
3bIBAlONMeE [[eHY Kas[oTo Giioa U cojiepskaHue B HeM SHepruu (Kanopuit).
Heuero 1 roBopUTh, 4T0 3T0 HENENOCTh, 60 BO B3pOCIOM OpTaHu3Me cofiep-
JKaHUe DHePTUU TaR e MOCTOAHHO, KaK U cojep:;kanue mMaTepuu. Kampasa
KanopusA, KOHeYHO, UMeeT Ty ke [eHHOCTh, YTo U Ja06ad apyras, o3ToMY
Hellb3A NOHATh, YeMY MOKET IIOMOYb [IPOCTOi 0OMeH 3TUX Kalopuil.

UTo ke Torja cocTaBIAeT To APArolleHHOe HeUTo, cojepiKaileecs B Ha-
meil mume, YTo OpejoXxpaHAeT Hac oT cMepTu? Ha 3To nerko oTBETUTS.
Kasmnprit nponece, Abnenue, cofpiTue (Ha30BUTe 5TO, KAK XOTUTE), KOpPoUe
ropopf, Bce, uTo npoucxoauT B [Ipupone, o3HavyaeT yBennveHue SHTPONUHU
B Toil uacTu Bcenennoii, rge 3To umMeer MecTo. Tak U KUBoOH opraHHU3M
HellpepbIBHO YBENUYUBaeT CBOIO BHTPONUIO, WIU, UHAYe, IPOU3BOJUT IIO-
JOAUTENbHYIO DHTPONUIO M, TAKUM o6pasoM, NpUONUKaeTCA K OllacHOMY
COCTOAHUIO MaKcUMalbHoOH DHTPONMUU, NpeacTaBiaAlIeMy coGol cMepThb.
OH MoskeT U36emaTh 3TOTO COCTOAHUA, TO €CTh 0CTaBAaTLCA HUBLIM, TO!b-
KO NOCTOAHHO U3BJeKad U3 oKpy#aromell ero cpejabl oTpUIaTeNbHYIO 3H-
TPONHIO, KoTopad NpejcTabBideT coboll HeUTo BecbMa NOJ0MKUTEIbHOE, KaK
MbI cefiuac yBuaum. OTpumarenbHasa 3HTPOIUA — 3TO TO, UeM OpPraHu3M

3ByxBannuo — o6men BemecTB. — IIpum. nepes.
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nutaeTcd. Mau, 4To6bl BLIPA3UTL 9TO MeHee MapagoKkcalbHo, CYIeCTBEHHO
B MeTaboiusMe TO, YTO OPraHU3My yIaeTcA OCBOGOMIATLCA OT Beell Tol
SHTPOHUHU, KOTOPYIO OH BLIHYsKIEH IPOU3BOIUTL, IOKA #UB.

PaspemuTte cHayana noguepKHyTh, YTO 3TO
He TyMaHHoe NpeicTaBlIeHUe UIU UaedA, a
usMepuMana ¢usHuecKad BeIMUMHA, COBEPIIEHHO TaKkad e, Kak IJIHHA
CTep:kHA, TeMilepaTypa JI060ii TOUKU Tela, CKPLITAA TEIJIOTa ILIaBIeHUA
JaHHOTO KpUCTalla WIH yaelbHaA TelIOEMKOCTD Ji0o6oro BemecTBa. [Ipu
TemnepaType abconoTHoro Hyada (rpy6o —273°C) suTpomus nwoboro Be-
mecTBa paBHa Hymo. Eciu Bul 6ygere MemJeHHO MEPEBOAUTL BEMECTBO B
no60e Ipyroe cocToAHMue 06paTUMBIMU HeOOIbIIMMHI 3TanaMy (game ecin
IPU 3TOM BeljecTBO U3MEHUT CBoIO0 PU3MYECKYIO I XUMUYECKYIO IPUPO-
1y, pacnageTcd Ha ABe WIK Golbillee YN0 YacTell ¢ pasiuyHbiMU pusuyec-
KUMH MM XUMUYECKHMH XapaKTepUCTUKaMU), To SHTPOIUA BO3pacTeT Ha
BEIUYUHY, KOTopad olpefeldeTcd AeleHUeM Kammoil Malofl MOpIUU Temlna,
3aTpauynBaeMoil Bo BpeMfl 3Toll olepanuu, Ha abCcolllOTHYIO TeMIepaTypy,
IPU KOTOPOI 3TO TEILIO 3aTpadeHo, U 3aTeM CYyMMUPOBaHUeM BCeX MOy YeH-
upIx Benuund. Hampumep, Korga Bl paciiiiaBiifeTe TBepAOe Telo, SHTPOMUA
BO3pacTaeT Ha BEJIHUHHY TEIUIOTLI IUIABJIEHUA, JeJeHHON Ha TeMIepaTrypy
npu Touke miaeiennd. Takum o6pasoMm, BLI BUAUTE, 4YTO €NUHHUIA U3MeEpPe-
HUA SHTPOIUU eCTh Kalnopuda Ha rpagyc (COBepHIeHHO Tak e, KAk Kalopus
ecTh eJUHUIIA U3MepeHuA Telllla WIN CAHTUMEeTpP eCTh eJUHUIa U3MepeHus
IJIMHBI).

59. UYmo mawroe sumponua?

fl mpuBen sTo cHenuanbHoe oHpenelNeHUe
60. Cmamucmueckoe IJ1A TOro, 4ToOLI 0CBOGOAUTEL SHTPOMUIO OT
JHaeHue SHmponuu Toli aTMocdepbl TyMaHHoH 3aragodHOCTH,
KOTOpoll ee yacTo okpy:kaloT. ['opasfo Gollee BasHa mld HAC CBA3b SHTPO-
OUU CO CTATUCTHYECKON KOHIENUel YIOpAZOUeHHOCTH U HeyYNopAaodyeH-
HOCTH, — CBA3b, OTKpbITag BoabpMmanoMm u I'm6GcoM Ha ocHOBe HaHHBIX
cTaTucTUYecKoil pusuru. OHa Takmke ABIAETCA TOYHOU KOIUYECTBEHHO
CBA3BIO U U €€ MOJKHO BBIPA3UTh

dutponusa = klg D,

rge k — Tak HasbiBaeMas IOCTOSHHas BolblMaHa, paBHas 3,2983 - 10724
ranopuit na rpagyc Ilenbcusn; D — wonuuyecTBeHHAA Mepa HeyHOpAZOYEH-
HOCTU aTOMOB B paccMaTpuBaeMoM Telne. JlaTh TouHoe obbAcHEHUe Belnun-
HbI D B KpaTKUX U HeclmeNUalbHBIX TepMUHAX I0UTU HeBosMoxkHo. Heymo-
PAZOYEHHOCTH, KOTOPYIO OHA BbIPAMKAET, OTYACTHU 3aKII0UAETCA B TEILIOBOM
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OBUKEHHUU, OTYACTHU B TOM, UTO aTOMBI U MOJIEKYJIbl Pa3HOI0O cOpTa CMeIlu-
BaIOTCA YUCTO CAYYailHO BMECTO TOro, YToGbI GBITH HONHOCTBIO pasfeleH-
HBIMU, KaK B HeJaBHO IPUBEJIEHHOM IPHUMepe MONeKYIbl caxapa U BOJbL
YpaBHeHue BoabsiMaHa Xopolllo HIIIOCTpUpyeTcd STUM npuMepoM. I[locTe-
HeHHOe «paclpocTpaHeHUey caXapa Mo BceMy 00BheMY BoJbl yBelUUHBAET
HeymopaApoYeHHocTh D, 1 mo3ToMy (Hockonbky norapudm I BospacTaeT ¢
yBeaudenneMm D) BospacTaer u suTponua. CoBepIIeHHO ACHO, YTO BCARUN
IPUTOR Tella U3BHe YBEIUUMBAeT MHTEHCUBHOCTH TENJIOBOTO JBUKEHUA,
TO eCTh, UHAaUe, YBeIUUUBaeT D) u TakuM o6pasoM HOBBINIAET SHTPOMUIO.
YTo 3TO UMEHHO TaK U eCTh, 0COOEHHO HATIANHO IPOABIAETCA TOT[a, KOT[a
BbI pacniaapnfgeTe Kpuctami. [Ipu 3ToM HapylnaeTca U3AMHOE U YCTOUUNBOE
paclono;eHyue aTOMOB UJIU MOJERYI U KPUCTANINUECKAA PellleTKa IpeBpa-
maeTcA B HENPepPLIBHO MeHAOIeecA cilyvaiiHoe pacipeeneHie aToMoB.
UsomupoBanHan cucTeMa UMM cHCTeMa B OZHOPOIHBIX ycloBuAX (mas
HallUX paccy:;kOeHUN ee Mydllle YUUTBIBATH KaK YacTh paccMaTpUBaeMoi
CHCTeMBbI) yBelUUlBaeT CBOI DHTPOMUIO U Golee UIM MeHee GLICTPO MPH-
OauskaeTcA K UHEPTHOMY COCTOAHUIO MaKCUMalbHol sHTponuu. MbI y3HaeMm
Tellepb B 5TOM OCHOBHOM 3aKoHe (PU3HMKU ecTeCTBEHHOE CTpeMieHUe MaTe-
pUM IPUGIUARATECA K Xa0TUUECKOMY COCTOAHUIO, eClIH MBI He IPEeNATCTBY-
eM 3TOMY.
Kark B TepMuHaX CTATUCTUYECKOU TeOPHUH BBI-

61. Opeanusayus, pasUTL Ty YIUBUTEJILHYIO CIOCODHOCTL sKUBOIO
noddepocucaemas opranusma, ¢ HoMolblo KOoTopoil oH 3ajgep:uBa-
ussreienuem eT nepexof K TEPMOJUHAMUYECKOMY pPaBHOBECHIO
YnopadoeHHOCIUY U3 (cMeptn)? Belme MbI ckasanu: «OH IHTaeTeA OT-
okpyarcaiouetl cpedvi punaTelbHold 3HTpolHely, Kak Obl NPUBJeKada Ha

ce6s ee OTOK, YT0GbI KOMIEHCHPOBATL 3TUM yBellueHUe 3HTPONUHU, NIPO-
H3BOJUMOe UM B Ipollecce KU3HU, U TAKUM 006pa3oM HOAlep:RUBaTh cebA
Ha MOCTOAHHOM M JOCTATOYHO HU3KOM yPOBHEe SHTPOIUHU.

Ecmu D — Mepa HeymopAgoueHHOCTH, To ofpaTHy0 BeauuuHy 1/D
MosKHO paccMaTpuBaTh Rak NpAMYIO Mepy ynopamodeHHocTU. [lockoabry
norapudm 1/D ecTs To ke, 4To U OTPUNATEABHBII Jorapudm D, MbI MozkeM
HanucaTh ypaBHeHUe BoabumaHa TakuM o6pasom:

—(3urponus) = klg(1/D).

Teneps HeyKIIOMKee BLIpameHUe OMpUUAMEAbHAA SHMPONUA MOKHO 3aMe-
HUTB Gollee U3ANIHBIM: dHMPONUA, 83AMAA ¢ OMPUYAMEALHBIM 3HAKOM, eCMb
cama no ce6e mepa ynopadoiennocmu. TakuM oGpaszoM, cpencTBoO, IPU N0~
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MO KOTOPOro OpPraHusM MIogmep:kuBaeT cebf MOCTOAHHO HAa AOCTATOYHO
BBICOKOM YPOBHE YIOPAROUEHHOCTH (pPaBHO Ha HOCTATOYHO HU3KOM YPOB-
He BHTPONUU), B JeHCTBUTEIBLHOCTH COCTOUT B HENPEPHIBHOM U3BIeUYEHNH
YIOPAIOUEHHOCTH U3 OKPY:KAIONIell ero cpeabl. ITo 3aKIOUeHHe MeHee Na-
pamoKcalbHo, YeM KameTcd Ha NepBblil B3riAg. CKopee, 0HO TPUBHAIBHO.
B camom gene, y BBICHIMX UBOTHBIX MBI JOCTATOYHO XOPOIIO 3HAeM TOT
BUJ YHOPAJOUYEHHOCTH, KOTOPBIM OHU MUTAIOTCA, 8 UMEHHO: KpaiiHe XOp olIo
YIOpPAIOUEHHOE COCTOAHUE MaTephil B Gollee WM MeHee CIOKHBIX opraHu-
YeCKUX COegUHEHUAX cnymaT UM numeil. [locne necnonb3oBanua #MIUBOTHBIE
BO3BpAaI[al0T 3TU BeljecTBa B OYeHb HerpagupoBaHHO (opMe, ogHaKO He
BIOJHE J€rPagipoOBaHHOM, Tak Kak UX elle MOT'yT YHOTPeGIATh pacTeHUA.
(Ina pacTeHu#l MoMHBIM UCTOYHUKOM «OTpPHIATENbHOM SHTPOIUUY ABIAET-
cA, KoHe4Ho, COJHeUHbIi CBeT.)



VII
OcHoBaHa /14 KU3Hb HA 3aKOHaX QU3UKU?

Si un hombre nunca se contradice,
serd porque nunca dice nada.

Miguel de Unamuno®.

B sToit mocnenneit riaage A xouy HoKasaTh,
62, Jan opeanusma ciedyem gro pee mzBecTHOE HAM O CTPYKTYpe KU-
03UdAMb HOBYLT 3AKOHOE BOIl MaTepuu 3acTaBisAeT 0KUJATH, UTO Jle-
ATEIbHOCTH KUBOTO OpPTaHH3Ma Helb3A CBECTU K IPOABIEHUIO OOGLIUHBLIX
3aKoHOB ¢usuku. U He moToMy, uTo UMeeTcA Kakad-HUGYIbh «HOBafg cUlIay
WM 4To-1U6O0 elle, YIpaBiAioliee NoBeJeHUeM OTAeIbHBIX aTOMOB BHYTpPU
JKUBOTO OPraHu3Ma, a IOTOMY, UTO €ro CTPYKTYpa OTIANYaeTCAd OT BCero U3-
YUeHHOTo HaMHU [[0 CUX Iop B pusuideckoit nabopatopuu. I'pydo roBopa, us-
sKeHep, 3HAKOMBIH paHee TOJILKO ¢ MApPOCHIOBLIMU YCTAHOBKAMU, OCMOTPER
3MeKTPOMOTOP, 6y IeT TOTOB HPU3HATE, YTO MY ellle He HOHATHRI I PUHITUITEI
ero pa6oThl. OH 06HAPYKUT MeJ[b, KOTOPYIO 3HAET [0 IPUMEHEHHUIO B KOTIaX
U KOTOPYIO 37ech UCHOAB3YIOT B opMe NIMHHON-NpeJIUHHON TPOBOIOKH,
HaMOTAHHOH Ha RATYIIKU, #ele30, 3HAKOMOe eMy [0 pbluaraM U MapoBbIM
HWIMHApPAM, a 3Jlech 3aloNHAIoNee CepAleBUHY KaTyMKH U3 MegHO mpo-
Bosokd. OH IPUJET K 3aKIIOUEHHIO, UTO 3TO TAa e Megb U TO Ke Kele3o,
HOIYUHAIOIIUECA TeM e 3aKOHaM IpUpobl, U 6yaeT npas. Ho ogHoro pas-
IUYUA B KOHCTPYRIUU 6YIeT HEJOCTATOUHO, UTOOHl OMUJATH COBEPIIEHHO
Ipyroro npuHiuna paboTel. OH He cTaHET MOJO3PEBATH, UTO HIEKTPOMOTOD
OPUBOAUTCA B JBUKEHIE JYXOM, TOIBKO HOTOMY, UTO €r0 MOKHO 3aCTaBUTh
BpamaThcA 6e3 KoTaa U Iapa IPOCThIM MOBOPOTOM BBLIKIIOYATENA.

PasBepThiBaHue COGLITUH B KU3SHEHHOM
63.  0030p noaoxcenus & [MKJIe opraHusama oOHapy:uBaeT YIUBH-
uoaozuu TeIbHYIO pPeryjApHOCTL U YIOPALOUYEH-
HOCTb, He UMeEIomUX cebe PaBHLIX CPefU BCEro, ¢ 4YeM Mbl BCTpedaeMcA
B HeOYIIERIEHHLIX NpeaMeTax. OpranusM KOHTPONUPYETCA B BhicIieit cTe-
HeHU XOPOIIo YIOPAN0UeHHOI IPYIIO aTOMOB, KOTOPAA COCTABIAET TOIbBKO

1Ye0oBer HUKOra He IPOTUBOPEUHT cebe, ecild OH BOOOIe HUKOTAA HAYEr0 He FOBO-
put. — Mueysav de Yunamyno.
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OUYeHb He3HAUUTENbHYIO UacTh obuieil Macchl Rammoil kaeTku. Bonee Toro,
Ha OCHOB@HUU co3faslielicA y Hac TOUKH 3peHUA Ha MeXaHU3M MyTaluil Mbl
IPUXOAUM K 3aK/JII0UYEHUIO, UYTO [lepeMelieHHe BCero JUIb HEMHOTMX aTOMOB
BHYTPHY I'PyNNblL «yIPaBIAOIIAX aTOMOBY» 3apoJbIlIeBOil KIeTKU J0CTaTOYHO
IOJA Toro, 4ToObl BBI3BAaTh BecbMa olipeieJleHHOE U3MeHeHUe HacjelCTBEH-
HBIX [IPU3HAKOB OoJblIOr0o MacuiTada.

JTo, BepoATHO, Haubojlee UHTepecHble (PaKTHI U3 TeX, KOTOpLle Hay-
Ka OTKpbLIA B Hamy aHU. MBI CKIOHHBI OPU3HATH UX B KOHIE€ KOHI[OB He
CTONL YiKe HeBO3MOMKHLIMU. YOUBUTeJbHaA cIOcOGHOCTL opraHu3mMa KoH-
[eHTPUPOBaTh Ha cebe «IIOTOK NopAAKay, usberasg TaruM oOpasoM Hepexo-
Ja K aTOMHOMY Xaocy, — CIOCOBHOCTB «IIUTh YNOPANOUYEHHOCTb) U3 IO-
xogdAmell cpeabl, No-BUAUMOMY, CBfA3aHa € IPUCYTCTBUEM «alepuoauvec-
RUX TBepObIX Tel» — XPOMocOMHBIX Molekyl. Ilociaennue, 6e3 comHeHu,
NpeacTaBAAT HAaUBBICHIYIO CTeleHb YHOPAJOUEHHOCTH Cpeau M3BEeCTHBIX
HaM accollHanuit aToMoB (Golee BLICOKY1O, YeM Yy OGBIYHBIX MepUOAHYECKUX
KPHUCTAIOB) U3-3a Toll HHAMBHAYaTbHON POMH Kamgoro aToMa U KaskIoro
pagrKkana, KOTOPYIO OHU 3€ch UrPaloT.

Kopoue roBopa, MBI BHAUM, UTO CYIECTBYIONAA YIOPAZOUEHHOCTD
npoAsiAeT clocOOHOCTh HMoAMepANBaTh cama ceba U NPOU3BOAUThL yIOPA-
JOoueHHble AIBIEHUA. JTO 3BYUUT AOCTATOUHO yOeguTeldbHO, XOTH, cUUTAasA
3T0 ybenuTelbHBIM, Mbl HECOMHEHHO MCXOIUM M3 ABJIEHUll, ONKPaOIUXcA
Ha akTHUBHOCTL opranusMoB. [lo3ToMy MoskeT MoKaszaThCsA, YTo HoJdydaeTcs
HeYTo, Nogo6Hoe IOPOUYHOMY KPYTy.

RKar 6b1 To HU 6bli0, clefyeT CHOBa U CHOBa I0A-
64.  O03op noaoncenusn YePKHYTb, UTO JUIA PU3UKA TaKoe MOJOMEeHNe el
6 gusuke KaeTcA He TONbKO HEeBepPOATHLIM, HO U UpPe3BbI-
yaifHO BOJNHYIONIUM, IOCKOJIbKY OHO He UMeeT npenegeHTa. Bonpeku oGbIu-
HBIM IIpefcTaBleHUAM, peryjiApHoe TeueHUe cOObITUIl, yIpaBiAeMoe 3aK0o-
HaM¥ (U3UKM, HUKOrga He ObIBaeT cleJcTBUeM OJHOH, XOPOILIO YNOPANO-
YyeHHo! I'pyNnsl aToMoB (MoleKylbl), eclId, KoHeYHo, 3Ta Ipylla aToMoB
He NOBTopAeTcA orpoMHoe YHUCI0 pas, Kak B NepHoaduyecKoM KpucTalie,
WY KaK B RUJKOCTH, UJIH, HAKOHEI[, B raze, KOTOPbIe COCTOAT U3 DOJbIIOrO
KOJIMYeCcTBa O HAKOBBIX MOJERYII.

Taske rorga XUMHURK MMeeT feJo ¢ oUeHb clIoHo Mojderynoll in vitro,
OH Bcerjia cTalKMBaeTCA ¢ OFPOMHBIM KOJAUYECTBOM OJUHAKOBBIX MOJNEKYI.
K HuM nmpunomumsel ero sakoHbl. OH MoKeT cKaszaThb BaM, HalpuUMep, UTO
yepe3s MUHYTY IToclie TOro, Kak HauHeTCA olpeJeeHHaA peaKIUA, NOJIOBU-
Ha BcexX MoJleKyJ [Ipopearupyer, a uyepes [Be MUHYTHI 3TO e [Ipou3oiigeT
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¢ Tpemsa 4eTBepTAMH Monekyl. Ho GymeT nu onpegenennas Moieryna (ec-
NU OPEANONONKUTh, YTO BBl MOMETe 3a Heil IPOCcIeSUTh) HAXOAUTECA CPean
TeX, KOTOpble IpopearupoBaii, UIH cpelyu TeX, KOTOPble OCTAIUCh HETPO-
HYTBIMU, 3TOT'0 OH He IpefcKaxeT. ITO BOIPoC UYUCTON clIydalHOCTH.

N 3To He TonbKko TeopeTuueckoe paccysiaeHue. MHorga Mbl MomeM
HabnogaTh cyab0y oTlelLHOI MalneHLKOH IpyINbl aTOMOB WU Jaie elu-
HUuHoro aroMa. Ho BeARUl pa3, Korjga Mbl 3TO JenaeM, Mbl BCTpedaeMcs
¢ NMOJHOH HeyNOpAJOYeHHOCTBHIO, KOoTopasA ToJbKO B cpeJHeM U3 GoJbIIOro
yycna clyyaeB IPUBOJUT K 3aKOHOMEPHOCTH.

Tarue npuMepsl MBI paccMaTpuBanu B riase I. BpoyHoBckoe nBuskeHue
Maloil yacTulbl, B3BelIeHHON B MUJKOCTH, coBepllieHHo Gecnopagouro. Ho
ecly NMoJoGHBIX YacTUIl MHOT0, TO OHA CBOMM XaoTUYHBIM ABUMEHUEM NalOT
HayaJo 3aKoHOMepHoMYy Hponeccy Auddy3uu.

Pacnag emuHuuHoro paguoakTUBHOTo aToMa NoagaeTcA HaGMIOAeHUIO
(ero gBUHEHHe BbI3bIBAaeT BUAUMble BCHBINKN Ha ¢IyopeclHeHTHOM 5Kpa-
He). Ho ecnu umeeTcs eqMHUYHBIA pagdoaKTHBHBIA aToM, TO BepPOATHBIN
Hepuo/ ero }U3HU MeHee olpejelleH, YeM CPOK KU3HU 3[0POBOTO BOPOGbAL.
HlelicTBUTENbHO, B OTHOMIEHUU HTOTO HepPUOfa MOMHO CKa3aTb TOILKO TO,
4TO BCce BpeMsf, [IOKa aTOM CYIecTBYeT (a 3TO MOMeT NpPOJoN#aTbCA Thl-
CAYU JeT), BepOATHOCTL ero pacnaja B CIelYIOIYIO CeKyHIY, BelUKa OHa
UM Malla, ocTaeTcsl Beerja Toil #e caMoil. ITo o4eBUJHOe OTCYTCTBUE UH-
JUBUAYyalbHOH ollpemeleHHOCTH TeM He MeHee NOAUUHAETCSA TOYHOMY DKC-
NOHeHIIMaNLHOMY 3aKoHY pacnaja GonblIoro KoJuuyecTBa paJuoaKTUBHBIX
aTOMOB OJHOTO U TOrO e BUjA.

B 6uonoruu Mbl BeTpeyaeMceA ¢ cOBEPIIEHHO HHBIM
65. Ilopasumenvroul noloxeHueM. EjpnHuuynasg rpymnna aToMoB, cy-
Konmpacm mecTByOUWAas TolbKO B 0JHOM 3K3eMIlIApe, BbI-
3bIBaeT 3aKOHOMepHble fBIeHUf, KOTOPble HAXOAATCA B TeCHOH cBA3U MesK-
oy coboil U ¢ oKpyRarolleil BHelTHell cpefoii. fI ckazan — cyuecTByOLIasA
TOJIBKO B 0JJHOM 3K3eMIlifApe, U60 B KOHIle KOHI[OB MbI UMeeM IpuMep fAila
U OJHOKJETOYHOT'0 opraHusma. ITo BepHo, YTo Ha HocleylomUX cTaiufax
Pa3BUTUA Y BLICHIUX OPTaHU3MOB KONIHYecTBO 3TUX SK3eMINAPOB YBeludu-
paetcA. Ho B karoii ctenenu? Uto-uu6yan 10'* y Bapocioro MiaekonuTam-
wero, Kak f cebe npegctapifio. Hy u uto me! 3To TolbRo ofHA MUTHOHHASA
Jolfl TOTO KoluuyecTBa MoNeKyJ, KOTopoe cofepAUTcA B 0JHOM Kyouuec-
KOM A10fiMe Bo3[gyXa. X0TA CPaBHUTENbHO U Oonbllue, HO BCe BMeCTe BTU
IPYNNBL aTOMOB oOpa3oBanu Gbl TONBKO KPOIIEUHYI Kamnw mujroctu. 1
HOCMOTPUTE, KAKUM 00pa3oM oHU pacnpefensAwTca. Ramaaa kneTka gaet
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NPUIOT NHUMb OJHOM U3 HUX (MAM ABYM, ecid Mbl GyJeM HMeTb B BULY
aumnonaui). llocKonbRy MBI 3HAaEM CUILY 9TOr0 KPONIEYHOr0 EHTPANBHOr0
annapaTa B U30JIMPOBaHHOH KIeTKe, He HAIOMHUHAIOT U OHU HaM OTJelbHbIe
NYIbThI yNpaBleHus, pasbpocaHHble 1o BCeMY opraHU3My U ocyIlecTBIfA-
IOIMe CBA3b MexAY coboil 6narogapsa obmeMy Anfd HUX Kogy?

JTo, KOHeuHo, daHTacTUUecKoe olllcaHue, MoMeT ObITh, Holee MOAX0-
JAlee D03TY, 4eM yueHoMy. OJHAKO He HY#HO NO3TUYECKOr0 BOOGpameHy,
Hazlo TOIBKO ICHO U TPe3Bo Mopa3MbICIUTh, UYToObI YACHUTE cefe, UTo 3/[ech
MBI BcTpedaeMced ¢ ABIEHUAMHU, PerylfpHoe U 3aKOHOMepHOe pa3BepThIBa-
HUe KOTOpPHIX ollpefienfeTcA «MeXaHU3MOMy, IIOJHOCTHIO OTAMYaONUMEA 0T
(MexaHu3Ma BeposTHocTU» B pusukre. U6o 3To npocTo HabnogaeMblil dhakT,
4YTo B Kam/Joil RIeTKe pyKoBoJdlllee Havyauo 3aKkI04YeHo B e JUHUYHOH IpyIm-
ne aToMoB, cyllecTBYIOMe!l TolbKo B 0JHOM BK3eMIUlApe (UMM MHOrJa B
IBYX), U TaKoil e ¢aKkT, YT0 0HO YIpaBiAeT coGbITUAMHU, CIYMHALIUMHI 06~
pasnoM yhopfgodeHHocTU. HalijeM 11 Mbl yIUBUTENbHBIM UIU COBepIIEHHO
ecTecTBeHHBIM, UT0 MalleHbKas, Ho BRICOKOOPTraHu3oBaHHasA CpyIna aToMoB
crnocobHa [elicTBOBAaTbH TaKUM o6pa3oM, NONOMeHUe ocTaeTcH OJAUHAKOBO
HecnpenegeHTHEIM. OHO XapaKkTepHO TOIBKO [JJA KUBoH MaTepuu. Dusuk u
XUMUK, UccleJyf HeUBYIO MaTepHUlO, HUKOTJa He BeTpevand ()eHOMEHOB,
ROTOpLIe UM NpUXoAUNoch ObI UHTepIpeTUpoBaTh NoAoOHBIM o6pa3oM. Ta-
KOro ciayyas eile He HabGliojalu, U II03TOMY Teopus He oObACHAET ero —
Hallla IpekpacHasa cTaTUCTUYecKasa TeopUs, KOTopoil MBI clipaBedlIuBo rop-
OANHCh, TAK KaKk oOHa I03BOJUJA HaM 3arifHyTh 3a KyJIuchl U yBUOEThH,
YTO0 MOTylllecTBEHHbIH NOPAJOK TOYHBIX (U3MYeCKUX 3aKOHOB BO3HHKAaeT
U3 aTOMHOH U MoOJeRKYIApPHO! HeyNopAJOYEeHHOCTH; TeOpUA, OTKpLIBLIAA,
4yTo Haubollee BamHBIil, Haubolee obUUI U BeceoXBAThIBAIOUUI 3aK0H BO3-
pacTaHUA 3HTPOIUU MoeT ObITh MOHAT 6e3 clenuanbHoro JolylleHud, ubo
SHTpPONUA — ITO caMa MojleKyJfApHasA HeyNopAJ0o4eHHOCTh.

YnopagoueHHoCTb, HaGniJaemMas B pa3BepThIBAHUU

66. Jdea nymu HUU3HEHHLIX MpolleccoB, poUcTeKaeT U3 Pa3luYHbIX
603HUKHOGEeHUA ucTouHuKoB. OKasbIBaeTcf, CYMECTBYIOT [Ba pas-
ynopadoienrocmu JUYHBIX (MeXaHU3May, KOTOpble MOT'YT IPOU3BOIUTH

yHopsiioyeHHbIe fBIeHUA: cCTaTUCTUYECKUN MeXaHU3M, co3Jaloluii «mops-
IOK U3 GeclopsAfkay, U HOBbIA MeXaHU3M, NPOU3BOAAIINNA «IOPAJOK U3 IO-
pankay. JIns HelpeaB3AToro yMa BTopoiil IpUHNUT KaxeTes Golee IPOCTHIM,
Honee BepoATHHIM. Be3 comHeHu, Tak oHO U ecTh. IMeHHO NoaTOMY (PU3UKU
6BIM TOp/BI ycTaHOBNeHHWeM NlepBoro MpUHUUNAa (MOpAAOK U3 BecrmopAjka),
KoTopoMy darkTudeckd cnenyeT llpupoga M KoTopblil oiUH faeT oGbACHE-
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HUe OTPOMHOMY MHOMECTBY MPUPOJHBIX ABIEHUN U, B MEPBYIO 0Yepedb, UX
HeoO6paTUMOCTH.

Ho mb1 He MoeM 0MUmATh, YTOObI ¢3aKOHBI (HUBUKUY, OCHOBAHHbIE HA
3TOM HPUHI[UIE, OKA3AIUCh HOCTATOUHBIMU AJf 06HACHEHUA T0BEIeHUA HH-
Boll MaTepuu, Haubolee yAUBUTeIbHble 0COBEHHOCTA KOTopoil, BUAUMO, B
3HAYUTENbHON CTelleH!d OCHOBAHbI HA MPUHIUIE (TTOPAJOK U3 HopAaKay. Be
Be/[b He cTaHeTe OMMUTATh, YTO ABA COBEPIIEHHO PA3NUYHBIX MEXaHU3Ma Mo-
r'yT o6yCNOBUTh OOUH U TOT e 3aK0H, Kak U He GyjleTe oMUAAThH, YTO BAIl
KJII0Y OT ABepU 06fi3aTenbHO NORONHIET K ABEPH Balllero coceja.

Hac He mommHbl mosTOMY o6ecKypauBaTh TPYAHOCTH 0ODACHEHUS
MU3HU ¢ OpPUBJIeYeHUeM OBLIKHOBEHHBLIX 3aKoHOB ¢dusuku. U6o 3To umeH-
HO To0, Yero cleiyeT OUAaTb, UCXOAA U3 HAMUX 3HAHUNA OTHOCUTENbHO
CTPYRTYPbHI #UB0H MaTepuu. Mbl BpaBe mpefnonaraTh, 4To KUBaf Ma-
Tepusf MogYUHAETCA HOBOMY TUMY dusuuecKkoro 3akoHa. VI Mbl JOTH{HBI
Ha3BaTh ero HeuU3UUYECKUM, YTOOLI He CKA3aTh: CBePX(PUIUUYECKUM 3aKO0-
HoM?

Het. fI e gymato storo. HoBblii mpuHiun — 3To
67. Hosvul npunyun HOMIMHHO (PU3UUeCKUH 3aKOH: HAa MO B3TJAMd, OH
He wyiicd Pusuke He 4YTO UHOe, KaK ONATh-TAKU MPUHIUI KBaHTOBOH
Teopuu. [lna o6bACHEHUA 3TOTO MbI JOMMHBI MOUTH HECKONbRO gajbilie U
BBECTH yTouHeHHe (UTOObI He cKa3aTh — YNydlleHUe) B Halle NpexHee
yTBep#aeHue, 4To Bee ¢pU3UUecKUe 3aKOHbI 0CHOBAHBI HA CTATUCTHUKE.
dTo yTBep#geHUe, HoBTOPABIIeeCH CHOBA U CHOBA, He MOTJI0 He MpU-
BECTU K MPOTUBOPEUUIO, HHo OeficTBUTENbHO UMEITCA ABIGHUA, OTIUYU-
TellbHble 0COGEHHOCTH KOTOPLIX IBHO OCHOBAHBI HA MPUHITUIE (TOPAJOK U3
MopAIkay U HUYero, KameTc, He UMET OBLIero co CTATUCTHKRON UIH Mo-
NeRYIAPHON HEYTOPAL0YEHHOCTHIO.

Conneunas cucTeMa, [BHMEHNE TaHET CYMECTBYIOT GeCKOHEeUHO JaB-
Ho. Co3Besue, KOTOpoe Mbl BUAUM, HADIIOAAIY JIOAU, #UBIIHe BO BpeMeHa
eruneTckux mupamuj. Korga 66114 BEIYUCIEHbI AThl CONHEUHBIX 3aTMEHUIA,
HUMeBIIUX MeCTO0 MHOI'0 JeT Hasald, TO 0Kasaloch, YTO OHU COOTBETCTBYIOT
UCTOPUYECKUM 3aMUCAM, a B HEKOTOPbIX CIy4daaX pe3yibTaThl BEIUUCIEHUSA
MOCTYUMN OCHOBAHUEM [l UCIPABNEHUA XPoHONOTUYecKol 3amucu. ITU
pacueThl O0CHOBLIBAIUCH He HA CTATHCTUEKE, 8 UCKIIOYUTENbHO HA HBIOTO-
HOBCKOM 3aKoHe BCEMUPHOI'0 TATOTEHUA.

lIBuseHre MafTHUKA XOPOMIO OTPEryiUpOBAHHBIX YacoB UIU OGO
ro nogoGHOro MexaHusma, OYEBUOHO, TAKMe He HMeeT HUYero o6mero
co cTaTucTuroil. lopoue roBops, Bee 4ucTo MexaHUYecKUe fIBNEHUS, MMO-
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BUAUMOMY, AIBHO CIEAYVIOT MPUHIUNY «MOPAAOK U3 mopAakay. U ecanm mbl
TOBOPUM «MeXaHWYecKHey, TO HTOT TEPMHUH HAJ0 MOHUMATh B IUPOKOM
cMbiciie. PaGoTa odeHb paclpocTpaHeHHOTO BHa 4acoB, Kak Bbl 3HaeTe,
OCHOBaHA Ha peryifgpHoM MpHeMe DIeKTPUYeCKUX UMITYIbCOB.

fI moMHIO MHTepecHyIO HeGonbmylo padoTy Makca [lnanka «/lunamu-
YecKHUil U cTATUCTUYECKUIH THUM 3akoHay?. B Heli OH MPOBOAUT TOYHO TaKoe
e pasiuydde, KAKOe MBI 3[6Ch HA3BAIH «OPAAKOM U3 MOPAAKAy U (HOPA[-
KoM U3 Becropaakar.

Ienr »Toii paboThl MoOKasaTh, KAK UHTEPECHbIH CTATUCTUYECKUI THUI
3aK0HA, KOHTPOIUPYIOIHUI cOBLITUA 6OIBIIOr0 MaclTaba, co3aeTcA U3 Ju-
HAMUYeCKUX 3aKOHOB, KOTOPbIE, 10-BUAUMOMY, YIPABIAT COBLITUAMU Ma-
Joro MacuitTaba — B3aMMojeficTBUeM eIUHUYHBIX aToMoB U Monekyl. Ilo-
cllefHUH TUM 3aKoHA WIUIOCTPUPYETCA MEeXaHUUYeCKUMHU ABIEHUAMU 60Jb-
Moro MacmiTaba, Kak, HampuMep, ABUKeHUe IIaHeT, YacoB U T. II.

Taxum o6pasoM, oKa3bIBAETCA, YTO (HOBBIA TPUHIUIY — MPUHIAI (0=
PAMOK U3 MOpPAJKAy, KOTOPBIA MbI MPOBO3TIACUIN ¢ GOJbII0H TOPHECTBeH-
HOCTBIO B KauecTBe eficTBUTENIbHOr0 KIH0Ya K IOHUMAHUIO #U3HU, COBCEM
He HOB 1A pusuru. [InaHK Jaxe BoccTaHABIMBAET ero MpuopuTeT. Mbl, Ka-
MmeTeA, NpubIuxaeMcA K CMeXO0TBOPHOMY BhIBOLY, O6yATO 6bl KIHOY K HOHU-
MaHHUIO HMU3HU 3aRIIOYAETCA B TOM, UTO OHA UMeeT UHCTO MeXaHW4ecKuil
XapakTep U OCHOBaHa Ha MPUHIJUIE (4acOBOT0 MeXaHHW3May B TOM CMbICIe,
KOTOpBI MpUgaeT 3ToMy BhipaseHuto [lnaHk.

JToT BBIBoJ He MPeAcTABIAeTCA HellelbIM U, Ha Moii B3TJIA, He CoOBCeM
olTMBoYeH, XOTA ero U clelyeT MPUHUMATh ¢ GONbIIONR 0CTOPOMHOCTHIO.

lapaiiTe TmaTelbHO NpoAHATU3UPYEM [BUHEHHUE
68.  Aeumenue wacos peanbHbBIX YacoB. To He YHCTO MeXaHUUYeCKUil de-
HomeH. YucTo MexaHWuyecKUe dachl He HyMJanuch 6bI HU B NpyUHE, HU
B 3aBojle. Pa3 mymiennsle B X0, OHU ABUTaIKMch Obl GeckoHeuHO. PealbHble
yackl 663 NPYMUHbLl OCTAHABIUBAIOTCA IOCHEe HECKOJNbKMX JBHMEHUI Ma-
ATHUKA, ero MeXaHudeckas sHepruA MpeBpariaeTcs B Telllo. A 3To Gecko-
HeUYHo CIOMHBIA, aTOMUCTHYeCKHH Tpolecce. O6mee MpejcTaBieHe o HeM,
KoTopoe CRIAjbIBaeTCA y (PU3MKA, BRIHYMJaeT NMPU3HATHL, YTo oBpaTHBINA
mpollece Take BIoJNHe BO3MOAEH: Yachl 663 MPYMUHLI MOT'YT HeoMUIaHHOo
HauyaTh JBUTAThCA BCISACTBYE 3aTPAThl TEII0BO 3HEPIUU CBOUX CoBCTRBEH-
HBIX 3y6YaThIX Kolec U okpy#alolleii cpeabl. B 3ToM ciyyae Gpusuk gonxeH
ObLT ObI CKA3aTh: Yachl UCIILITHIBAIOT UCKIIOYMTENbHO MHTEHCUBHBIN Map oK~
cHU3M GPOYHOBCKOIO BUKEHHA.

2 Dynamische und statistische Gesetzmdssigkeit.
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B rnaBe I (§ 7) MbI Bumenu, uTo ¢ BecbhMa UYyBCTBUTENIbHBIMU KPY-
TUIBbHBIMU BecaMy (3MeKTPOMeTp UM TalbBaHOMETp) TaKoro poja ABJIeHUs
OPOUCXOAAT Bee BpeMA. [JnA yacor 3To 6eCKOHEUYHO MAalOBEPOATHO.

Byznem 11 MBI 0THOCUTBH ABUMEHUEe UYacoB K AUMHaAMUUYecKoOMY WU K
cTaTUCTUUECKOMY TUIY 3aKOHOMEpPHBIX ABIeHUil (yHoTpe6nasa BhIpameHUs
[Inanka), 3aBucUT 0T Hamell Touku 3peHud. HasbiBas 3To gBUMEHHe 14~
HaMHW4YecKUM, MBI oOpaliaeM BHUMaHWe Ha ero peryiapHocThb, KOTopad Mo-
#eT GbITh ofecledeHa cpaBHUTeNbHo claboil NpyMUHoi, NpeooieBaomei
He3HauUTeNbHble HAPYIIEHUA TelJIOBOr0 ABUKEeHUA, KOTOPBIMU MBI MOMeEM
npeHebpeub. Ho ecnu Mbl BemoMHUM, 4ToO Ge3 NPYRUHBI Yachl BCNECTBUE
TpeHUA NOCTelleHHO OCTAHOBATCA, TO M0MIMeM, UTO 3TOT Ipollecc MOMKeT
ObITb MUCTOJIKOBaH TOJBKO KaK cTaTUCTHYecKoe fIBIEHUE.

KaruMm 6b1 mpakTUYecKUd He3HAUNUTENBHBIM HU ObLIO TPpeHUe U Harpe-
BaHMe B yacaX, Bce #e He MoieT ObITb COMHEHHsdA, YTo BTopaf TouKa 3pe-
HUA, KoTopad He NpeHeOperaeT UMHU, Dolee ocHoBaTelbHa, Ja#ie eclId MbI
uMeeM JeNlo ¢ peryiApHBIM ABHUKEeHHEM YacoB, IPUBOAUMBIX B JelicTBUe
npysuHoii. U60 He cnegyeT AyMaTb, YTO JBUMeHHe MeXaHU3Ma B caMOM
Jielle TONHOCTBIO UCKIIYAeT CTATUCTUUYECKYIO CTOpoHY nponecca. Hetus-
HasA ¢usndeckasd KapTHHa He HUCKJIIOYaeT TOro, YTO Jame TOYHO UAYIIUe
yachkl MOryT HEO#UJAHHO IIOBEPHYTH CBO€ [BHAEHHe BCIATb U 3aBeCTU
CBOIO cOOCTBEHHYIO NPYKHUHY 3a c4eT NMOTePU Telllla OKpy#awomeil cpeaoil.
JTo coObITUe HEMHOTUM MeHee BepoATHO, UYeM GPOYHOBCRUN MapoKCcU3M 1A
4JacoB, COBCEM He MMeIOIUX 3aBOJHOT0 MeXaHHW3Ma.

JaBaiiTe Tellepb paccMoOTpPUM co3jaBiiie-

69. Paboma 1acosozo ecfl nmonomeHnue. «IlIpocToily cnyuail, KoTo-
METAHUIME 6 KOHEUHOM pbIfl MBI IpoaHaIU3UPOBAIU, CIYHUT TU-
cyeme umeem OUYHBIM OPUMepoM MHOTHUX JPYTUX, 0 Cy-

cmamucmuyeckut rapakmep [IeCTBY BceX, KOTOpble Ha MepBbIi B3TIAN
He NonajarmoT NoJ feficTBHe BceoXBaThLIBAaOIero NMpUHIIANA MoMeKyIAPHOH
cTaTUcTUKU. Yackl, clenaHHble U3 peanbHod dusvueckoil MaTepuu (B oT-
inuMe oT BooGpamaeMbIX), He GyAYT «pealbHbIM UacOBbIM MeXaHHU3MOMb.
JneMeHT cliydallHocTU MosKeT ObITh GoJlee UNU MeHee CHUKEH: BePOATHOCTD
TOro, YTO Yachl HEOMUAAHHO NOMAYT U NOWAYT coBEpPIIeHHO HellpaBUIBLHO,
MoeT GbIThb GecKkoHe4Ho Manoll, Ho B ocHoBe oHa Bcerja GyaeT. TpeHue
U TelllloBoe BIUfIHUE CONMPOBOMAAIOT Jaske ABUMeHUe HeGecHbIX Tel. Tak,
BpamieHue 3eMIIM DOCTeNeHHO 3aMe/IAeTCA IPUIUNBHBIM TPeHUEeM U BMecTe
¢ 9TuM JlyHa mocTeneHHo yaanfeTca oT 3eMiy, Yero He ClyUUIoch Obl, ecnu
Ob1 3eMuiA Oblna COBEPUIEHHO TBeP/bIM BpaIlaromUMesA TapoM.
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Tem He MeHee ocTaeTcA (pakTOM, UTO (pealbHble yacoBble MeXaHU3-

MBI» AICHO NPOABIAIOT BecbMa BbIpa#eHHble YepPThl «OpPAJKa U3 NOpAJKay,
TO eCTh TaKue, KOTOpble B3BOJNHOBaNU ObI hU3HUKa, eciy ObI OH CTOJIKHYJICA C
HUMHU B opraHusMe. KasmeTcA BepoATHBIM, YTO 06a clydasa B KOHIle KOHIIOB
UMeloT HeuTo obmee. OcTaeTca paccMoTpeTh, B UeM 3aKI0YaeTcA 9To 06-
Iee 1 OJJHOBpPEMEHHO Nopa3uTelbHOe pa3inuue, KOToOpoe JejaeT Opraiusm
B KOHEYHOM cyeTe GeclpelneqeHTHbIM.
Korga me ¢usuueckas cucteMa — no6oi
BH/] accolAaiy aToMOB — clleflyeT «JUHa-
MHUYeCcKOMY 3aKOHY» (B TOM 3Ha4YeHUH, KoTopoe mpuaasail eMy llnaHk) nnu
o0HapyHUBaeT «YepPThl YacoBoro MexanusMay?! Ha »ToT Bompoc KBaHTOBas
TeopuA gaeT KPaTKUN 0TBeT: OpU TeMmepaType abconoTHoro Hynd. llpu
NpUOIHUKEeHUH K 3Tol TeMIlepaType MolleKylfApHad HeylopAAoYeHHOCTh ITe-
pecTaeT BIUAThL Ha (pu3UUeckUe fABIeHUA. ITo GblNo, MeMIY MPOUUM, 06-
Hapy#eHo IpU HMcclefoBaHUM XMMHUYeCKHUX peaKlUi B IIMPOKUX Temmepa-
TYPHBIX TpaHUllaX U IIpU Nocleylouled dKCTpanolAluy pe3ylbTaToB Ha
(parkTHUYECKU HeJOCTUMUMYIO TeMIlepaTypy, paBHYIO abCONIOTHOMY HYIIO;
9TO U ecTh 3HaAMeHHUTad TepMojuHaMUyecKkas TeopeMa BanbTepa Hephe-
Ta, KOTOPYIO MHOrja, U He 6e3 OCHOBaHWA, Ha3bIBAIOT TPeTbUM HavaloM
TepPMOJMHAMUEH (epBoe — 3aKOH cOXPaHeHHUf dHepPTUHU, BTOpOe — 3aKOH
SHTPONUN).

KeaHToBas Teopus gaeT o60cHOBaHUe 3MOUpUUecKoMy 3akoHy HepHe-
Ta U NMo3BoJAeT oNpeneldTh, Kak 6JMU3Ko JaHHaAA cUcTeMa JolAHa NoJoidTu
K abCcoMIOTHOMY HYIIO, YT0ObI BBIABUTHL 4YepPThl (JUHaAMUYeCKOr oy NoBeje-
HuA. Kakasg me TeMmmepaTypa B RamjOM OTAeNbHOM cliydyae NMpakTUYecKU
SKBUBAJIeHTHa HYMO?

Takr BoT, He clelyeT AyMaTh, YTO 3To JoN#HA ObIThL Beerja oueHb HU3-
Kafd TeMmmnepatypa. [lelicTBuTensHo, oTkphiTUe HepHeTa Oblo mojcka3aHo
TeM (akToM, UTO Jake NPU KOMHATHOH TeMmepaType 3HTpPOIUA WUrpaer
YAABUTENLHO He3HAUYUTENbHYIO PojJb BO MHOTUX XUMHUYECKUX peaKlUAX.
(HamomH!I0, 4To HTpONUA ABIAeTCA NPAMOH Mepoil MolekylIApHoi Heylo-
PAN0YEHHOCTH, a UMeHHo ee JorapupMoM. )

Ina MasATHUKOBBIX 4YacoB KOMHaTHaf TeM-

70. Teopema Heprncma

71. Maamuuxosvie tacol nepaTypa NpakTHYeCKH PKBUBaJleHTHA HY-

Faxmunecrku naxodamea npu o, Jro OpUYMHA TOT0, YTO OHU paboTarT
.

Hyiesou memnepamype «auHaMuueckny. OHH BYOYT MPOJOIMATD

HITH, eclid UX OXJamjaTh (KOHe4Ho, IPH YCIOBHH, YTO yjaleHa cMa3ka),
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HO OCTAHOBATCA, €ClI UX HarpeBaThb BhIllle KOMHATHOH TeMOepaTypbl, UG0
B KOHIe KOHI[OB OHU paclnaBATCA.
To, uto 6yJeT ckazaHO HUKe, XOTA U KameTcd

72. Czodcmeo medxncdy BecbMa TpPUBUAaNbHBIM, HO, f IyMaro, JOCTUT-
HACOGLIM METAHUIMOM U HeT 1end. Yachl cioco6HbI QYHRIUOHUPOBATh
Op2anu3mom «IMHaMHU4ecKU», TaK KaKk OHU COCTOAT U3 TBep-

IbIX Tel, popMa KOTOPLIX yAep#UBaeTcA ralTiep-ITOHAOHOBCKUMU cUIaMU
JocTaToO4YHO NPOYHO, YTOoObI U3beaTh TeHJeHIUU TellJoBOro ABUMMEHUA K
HapyllleHUIO MopfAgKka Npu o6bIYHON TeMmepaType.

Tenepb, A gymaw, Hao HEMHOI'O CJOB, YTOGHLI ONpeAeIUuThb CXOACTBO
MeM Iy YacoBbIM MeXaHU3MOM U opranuamom. OHO TpocTo U UCKIIOYU-
TelbHO CBOAUTCA K TOMY, UTO B OCHOBe IoCJe[Hero JNeKUT TBephoe Te-
Jo — anepuoJUuecKUl KpUucTaill, o6pa3yonuil HaclelcTBeHHoe BelllecTBO,
He IoJIBepieHHoe Bo3/elicTBUIO GeclopAA0YHOro TelJI0BOI0 ABUMEHUSA.

Ho, moxanyiicta, He cTaBbTe MHE B BUHY, UT0 A 6YATO Obl Ha3bIBAKO
XpoMoCOMHbIe HUTH «3y6ilaMU opraHvvyecKoil MalllUHbIy, [0 KpaliHell Mepe
He flenaiiTe 3Toro 6e3 ccLUIKY Ha Te TIybfokue ¢pu3ndeckue Teopuu, Ha KOTO-
PBIX 0cHOBaHO cX0AcTBO. IloToMy 4To, AeficTBUTENbHO, HE HY#HO GOILIIOr0
KpacHopeuus, YTOObI HAMIOMHUThL OCHOBHOE pa3nuuue Me;Jy HUMU U ol paB-
JaTh 1A 6MoNoTUYecKOTo clayyvas 3IUTeThl — HOBLIA U GecnpeneaeHTHBINA.

HauGonee mopasuTenbHLIMU pa3iuuYUuAMU ABIAIOTCA, BO-NEPBLIX, CBOE-
ofpasHoe paclipejielleHHe (3y610B» B MHOTOKIETOYHOM OpPraHu3Me (f MOry
HaNOMHHUTH HecKoJIbKO NMo3THYecKoe olUcaHde § 65) U, Bo-BTOPBIX, TO, UTO
OTAelbHbIN 3y6enr — 3To He rpyboe delloBeuecKoe U3jende, a IpekpacHeii-
WA 1lefeBp, Korga-n1ubo co3JaHHBIA N0 MUJIOCTU TOcHOJHell KBaHTOBOU
MeXaHUKHU.



JdnuJor.
O nerepmMuHHN3Me U cBO60OIe BOJIU

B Harpagy 3a Tpyng Ho U3NOMEHUIO YHCTO HAYYHOI CTOPOHBI Halleil
npobieMsl sine ira el studio' A mpouly Tellepb paspelllMTh MHe BhICKA3aTh
coO6CTBeHHEIN, Hen3bexHo CyObeKTUBHBIN B3TIA Ha (puUlocodCKoe 3HaAUe-
HUe BolOpoca.

N3 Toro, 4To 6bl10 U3N0#eEHO Bblllie, ACHO, UTO NpoTeKaloniue B Tele
JMUBOTO CylIecTBa IPoCTPaHCTBEHHO-BpeMeHHbIe NPoIeCChl, KOTopkle CO0T-
BETCTBYIOT ero MbINUIEHUIO, CAMOCO3HAHUIO UNU NI06Go0H apyroil geATenb-
HOCTH (Jase eClM Yy4YeCTh UX CIOMKHOCTL U COBPEMeHHOe CTATUCTHYeCKOe
06bACHeHUEe QUBUKO-XUMUH ), €CIU He BIIOIHE CTPOro JeTepMHUHUPOBAHLI, TO
BO BCAKOM cCly4Yae CTATUCTUYECKU AeTepMUHUpoBaHbl. [na ¢usukra a xouy
HoJ4YepPKHYTh, YTO BONPEKU MHEHUIO HEKOTOPBIX IPYTUX y4YeHbIX KBaHTO-
Baf HeollpeleNeHHOCTh, 10 MOeMy MHeHHIO, He MMeeT NPUHIANUANILHOTO
3HaueHUA AiA OUoNOruYeckUX mporeccoB. OHa MoMeT TONbKO MOBBIMIATH
ponb clnyvaifHOCTH B TaKUX AIBIeHUAX, KaKk Melio3, ecTeCTBEHHbIEe U UCKYC-
CTBEHHO BbI3BaHHbIE PEHTTeHOBCKUMH Jy4aMu MyTalUu U T. [., YTO BIIOJHE
NOHATHO U J0CTATOYHO XOPOIIO U3BECTHO.

s neneil nanbHeiinero o6cysaAeHUA HHTepecyIONEel MeHA Opo6IeMbl
paspellluTe cunTaTh 3To Joka3zaHHLIM. Tagr, Mo MoeMy y6emIeHUIO, HOCTY-
nun Obl Kaxplli HenpeaybesqeHHBINH Ouonor, eciu Obl, KaK 3TO HepegKo
ObIBaeT, eMy He ObLIO HEIPUATHO yTBepjeHUe, UTO «caM OH B CYIIHOCTU
TONLKO UUCTHIA MeXaHU3M». ITO HelpUATHOe UYBCTBO BO3HUKAET IIOTOMY,
4YTo IPUHATO AyMaTh, YT TaKkoe [IpejicTaBleHle HaX0UTCA B IPOTUBOpe-
YuU co cBoGOA0H BOIH, CyllleCTBOBAaHUE KOTOPOH Mo TBep# JaeTCA PAMbBIM
camMoHabII0JeHAeM.

Ho HemocpencTBeHHble BOCHPUATUA, KAKUMU ObI Pa3nUUYHbIMU U He-
CPaBHUMBIMU OHU HHU ObLIM, caMHU Io cebe He MOy T JoTHYeCKHd NPoTUBOpe-
YUTh APYT ApPYTY.

IloaTomy mocMoOTpUM, He CMOMEM U MBI HOITYYUThH MPABUNLHOE U He-
NPOTUBOpEUNBOe 3aKNI0UYeHUe, UCX0AA U3 CleJYIOMUX ABYX IPeANoChlIIOR:

1llat. — Ges ruesa u mpuctpacTua. — [pun. nepes.
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1. Moe Teno ¢pyHRIIUOHUPYET KAk YUCTHIA MeXaHU3M, MOAUUHAACH BCe-
0OIIM 3aKoHaM HPUPObL.

2. OgHaKo U3 HEONMPOBEPHUMOT0, HeNOCPeJACTBEHHOrO ONbITA A 3HAI,
YTo fl YIpaBifAlo AeficTBUAMU cBoero Tela U NPeABUMY Pe3ylbTaTbl 3TUX
JeficTBUH. ITU pe3ynbTaThl MOT'yT UMeTh OTPOMHoe 3HadeHue B olpejele-
HUU Moeil cyabp0bl, ¥ B TAKOM clydae i YyBCTBYIO U cO3HATelNbHO Oepy Ha
ceGA NOMHYIO OTBETCTBEHHOCTDH 3a CBOU JelcTBUA.

Mue gymaeTcfl, 4To U3 3TUX ABYX NPeANOCHIIOK MOMHO BbIBECTU TOJNb-
KO OJIHO 3aRiI0UeHUe, a UMeHHO, UTO «fly, B3ATOe B caMOM LIMPOKOM 3Ha-
YeHUU HTOTO CJI0BA — TO eCTh Kakjblil co3HATENbHBLINR pa3dyM, Korga-1u6o
TOBOPUBIIMI UMM UYBCTBOBABIIUI ¢fly, — NpejcTaBiAeT coboll He UTO UHOE,
Rak cy6LeKT, MOTYIIUA YIPaBIATh «IBUMEHUEeM aTOMOB) corjlacHo 3aKoHaM
OpUPOALI.

OnpegenenHble mpejcTaBNeHUs, KOTOpble Yy APYTUX HAPOIOB HMeIH
Korga-To Gollee MUPoKoe 3HaUeHUe (a Y HEKOTOPbIX COXPAHAIOT ero ¥ MOHbI-
He), B cOBPeMeHHOIl KyJIbTypHoil cpefe (Kulturkreis) mogsepriauch orpaHu-
YeHUIO U crmenuanusaguu. llosToMy y Hac MosKeT MOKa3aThCA HeCIbIXaHHOMN
Jep30cThi0 MpAMas ¢opMyIUPOBKa TOI'0 BbIBOJA, K KOTOPOMY Mbl HPULLIA
Bbille. 1A XpucTHaHUHA ClOBA «3HAYUT, i — BCEMOT'YIIUIL Gory 3BydYaT U
HoroxynbHo, u 6e3ymuo. Ho A mpomy uuTaTens Ha BpeMfl 0TKa3aThCA OT
STUX NMPUBXOAAMUX coobpazeHUl U paccMOTpPeTh IO CYMECTBY, He fBIA-
eTcfl U NpUBeleHHoe HaMU 3aRJIOUYeHUe HauOoIbIMIUM U3 TOTro, YTO MOMKET
JaThb 6UoJIOT, ODbITAIUANCA OMHUM YJapoM JoKas3aThb U cylecTBoBaHUe Hora
u HeccMepTHe IYIIU.

CaMmo mo cebe »To mpejcTaBieHde He HoBo. HacKonbKko MHe H3BeCTHO,
HauGollee paHHUe YIOMUHAHUA 0 HEM HacUUTHIBAIOT y:ie [0 KpaiiHeil Mepe
2500 neT, ecu He Gosbine. Haunnas ¢ gpeBHUX BeTMKUX YIaHUmAag®, mpei-
cTaBlleHde 0 TOM, UTo ATMaH=BpaxMaH (To ecTb, TMUHasA UHIUBU Iy albHas
Aylla paBHa Be3jecymieil, BcellocTUTaOmel, BeUHOH aylle), He TOIbBKO He
paccMmaTpuBanoch B UHAUMCKOH duiocoduu Kar GoroxyilbHoe, Ho cUUTa-
JToch KBUHTICCeHIUelN TiayGodaiilllero Ipo3peHUs B To, UTO NPOUCXOAUT B
mupe. O6ImUM cTpeMiIeHHeM BeeX YueHbIX BeganTbI® 6bIo He TONbKO Ha-
YUUTbeA NMPOU3HOCUTL yeTaMU, HO U AeficTBUTeNbHO BOCHPUHAThL CBOUM
YMOM 5Ty Benuuailiylo U3 BceX Mblcieil. O ToM e, yacTo He3aBUCHUMO
OUH OT [Pyroro, Ho B MOJHOM COrJacudl Me#y co6oio (YTo 0 HeKoTopol
CTeIlleHU CXOJHO ¢ MOBeeHueM YacTHI[ H/iealbHOro ra3a), FOBOPAT U MUCTHU-

2Ynauumansl — peauruosHo-unocodckue KHury apepHeit Humuu. — dpum. nepee.
3Benanta — oaHa us dunocodckux mkon Gpaxmanuama. — Ilpus. nepes.
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KU Ha OPOTAMEHUU MHOTUX cToNeTUll, KoTAa, Kaablil U3 HUX oNUChIBaeT
JIUYHLIA ONBIT CBOeH U3HU B BHIpayKeHUAX, KOTOpble MOT'yT ObITh KPaTKO
nepesanel cnosamu: «Deus factus sumy (8 cTan 6orom).

Nna 3anagHoil ¢unocoduu 3Ta Mbicib ocTaBanach, OMHAKO, UYHIO0MH,
HecMoTps Ha ee nponoBegb [llomenrayspom u apyrumu, 3amumiaBuiuMu ee,
U HecMOTpA Ha IpUMep TeX UCTUHHBIX JTIO00BHUKOB, KOTOpbIE, TIALL APYT
JIpYTy B riasa, YyBCTBYIOT, UYTO UX MbICIb U UX PaJOCTh He TONbKO CXOIHBI
UNU UAeHTUYHBI, HO U YucleHHo equHbl. OgHaKo, Kak OpaBuUio, THOGOBHU-
KU CIMIIKOM MNOTJOIIeHbl CBOUMHU 3MOIUAMU, YTOObI CHU30HTU 10 fICHOTO
paccy/leH!s, U B 3TOM OTHOIIeHUU OHU OUYeHb HAOMUHAIOT MUCTHUKOB.

PaspemuTte MHe clenaTh HeMHOrHe fanbHeline noAacHenusa. Co3HaHue
HUKOT[a He [lepeBaeTCA Kak MHOMEeCTBeHHOe, a Bcerja ToNbKO Kak eJJu-
HU4Hoe. /lajke B Tex maTojoruvecKux cilydasax, Korga, HallpuMep, UMeeTcs
paciienjeHre co3HaHUA WUIHA pa3JBoeHHe JUYHOCTU, OTU [Be JUYHOCTU Ue-
pemyroTcA ogHa ¢ APYTroil, Ho HUKOT A He NpofABIAKTCcA BMecTe. Bo cHe MbI,
npasja, UHOrJa UCIOJNHAEeM HeCKONbKO poleil B 0IHO U ToO Ke BpeMs, Ho Uc-
HoJHAeM I0o-pPa3HoOMYy: MBI BOIJIONaeMcA NPeUMYIeCcTBEHHO TONbKO B OAHY
U3 HUX, U B 3TON ponu MbI U JeficTByeM U FOBOPUM HPAMO; B TO e BpeMs
yacTo ObIBaeT, YTO Mbl CTPACTHO JeM O0TBeTa UJIU OTKIUKA JPYyroro aei-
CTBYIOIIEro 1uija, He 3Hasg TOr0, UYTO €ro AeHCcTBUAMU U peyublo yIpaBifeM
MbI caMu.

HKar me BooGIe MoTIo BO3HUKHYTH IIPe/iIcTaBlIeHe 0 MHOMEeCTBEHHOC-
TU co3HaHuil (MIPOTUB KOTOPOTO Tak HacTOHYMBO BRICTYMAOT aBTophl Yna-
Humax)? Co3sHaHMe HHTUMHO CBA3AHO U 3aBUCHUT 0T $U3UUECKOTO COCTOAHNA
onpejfleleHHON YacTH MaTepudl — OT Tela (BCIOMHUTE pa3fNMuHBIe TYIleB-
Hble U3MeHeHUA, POUCXOAIINe BO BpeMf Pa3BUTHA opraHu3Ma, HallpuMep,
IpU co3peBaHUU, cTapeHun, cTapuyecKoM c1aboyMUH U T. [I., WIU HacTylaro-
mye 0o AelficTBUeM NUXOpaJKu, OTpaBleHUs, HapKo3a, TOBpe#JeHUuA Mo3Tra
1 up.). Ho rakux wemoBeueckux Ten uMmeerca MHomecTBo. Eciu HexoauThb
U3 3TOro, NpeficTaBleHde 0 MHOMECTBEeHHOCTHY CO3HAHUN MU UHTENNeKTOB
KameTcA BecbMa yGeauTenbHoll runoTe3oii. BepoATHo, Bece mpocThle, He-
NpUTA3aTeNbHble NIOU, TaKk #e Kak U OorpoMHo€ DOJbIIMHCTBO 3alagHbIX
¢unocodoB, cuuTalOT ee BepHOIL.

[IpuHATHe 5Toll TUMOTE3b! MOYTH HeMUHYeMo NPUBOAUT B JalbHeli-
1meM K NMPU3HAHUIO OV, CTONb e MHOTOYMCJEHHBIX, Kak U Tenla, U 3aTeM
K BoNpocy, TaKk e I CMepTHBI 3TU AYIIU, KaKk Tena, UIU, HA060POT, OHU
feccMepTHBI U MOT'YT CYIIECTBOBATH COBepIIeHHO caMocToATenbHo. [lepras
MbIc/Ib NPOU3BOJUT Ha BCAKOrO YelOBeKa KpaliHe HellpUATHOe BliedaTie-
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HUe, TOTJa KaKk HoCIeIHAA OTKPOBEHHO 3a0bIBAET, UTHOPUPYET U AaKe BOBCE
OTpULAET UMEHHO Te MPeANOCBIIKY, Ha KOTOPBIX OCHOBaHA caMa I'HIoTesa
MHOKEeCTBeHHOCTH. IHOr1a cTaBUINCEH Aake elle Golee Helelble BONMPOCHI,
HanpuMep — ecTh U Ayla y KUBOTHBIX? 3agaBaicd gase BONPOC, UMEIOT
IU AyIMY #eHLUMHBI WIH oHa CBOHCTBeHHa Tolbko MysuuHam? [logoGHbie
HanpaBleHUA B PA3BUTHUU TUIOTe3bl MHOMECTBEHHOCTH CO3HAHUN HOCUNH,
npaBja, XapakTep ABHO HeyAauHBIX MONbITOK. OfHAKO OHU Bee e JONMKHBI
BHYIINThL HAM U3BECTHbIE COMHEHHS B MPABUIBHOCTU 3TOH TOUKH 3peHUA,
KOTopasd CBOHCTBeHHa BceM o(UIUANbHBIM 3alafHbIM BepoBaHuaM. Ho He
CKJIOHAEMCA U MBI K ele Gonblineil HelemocTH, ecli, 0TGpackIBas upesMep-
Hble CyeBepHUsA TaKUX BepOBaHHUIl, MbI COXpaHAEM UX HAUBHYIO U0 MHO-
JKECTBEHHOCTH VI, <UCIPABIAAY €€ YTRepHASHUEM, UTO 3TH AYIIH TIEHHBI
U yHHUYTOMAIOTCA BMECTe ¢ TellaMu?

EguHCTBeHHOE, YTO HAM 0CTaeTCA, — 3T0 NPUAEPKIUBATLCA JAHHBIX,
HONYYeHHBIX U3 HEeloCPeACTBEHHOTO ONbITa, 8 UMEHHO, UTO CO3HAHUE Npej-
cTaBifAeT coboll ABIeHUe, 0 CAMOMY CBOEMY CYMIECTBY eJUHUYHOE, A
KOTOPOr0 MHOKeCTBEHHOCTH He U3BECTHA; UTO CYMIECTBYeT TONbLKO eIu-
HHUYHOE, a TO, YTO KaMKEeTCA MHOMKECTBEHHOCTBIO, ABIAETCA UMb PALOM
Pa3NUYHBIX ACHEKTOB 3TOT0 €IMHUYHOTO, KOTOpble HAM cO3JaeT HUIITI03UA
(unpniickan Maiisn). Takan me WLIO3UA BOSHUKAET B ralepee 3epKal, U B
cuny atoit unmosuu [aypusankap u IBepecT oKaszaluch OOHUM U TeM ke
MIKOM, TONbKO PAcCMaTPUBAEMEIM U3 PasHbIX AomuH?.

HKoneuHo, pasiuuHble MyIpeHble POCCKA3HU 0 HPH3paKax-UINIO3UAX,
IPOYHO 3aKpPedUINch B HANIUX yMax M OPedATCTBYIOT NPUHATHUIO IIPOC-
TOT0 UCTUHHOT'O MOHUMaHuA JeficTBuTenbHocTu. Hanmpumep, yTBepsaanu,
YTO eclHd 33 MOUM OKHOM CTOUT [[epeBo U fl TIAMKY Ha Hero, To B Jeli-
CTBUTENBHOCTH fl BCe JKe He BUIKY BTOTo JepeBa. biaromapsa HeKoTopoMy
«XUTPOYMHOMY» MeXaHU3MY BOCHPHUATUA, Y KOTOPOro UCCIETOBAHBI JTUIIb
nepBble, OTHOCUTEILHO IPOCThIE CTYIEHH, pealbHOe JePeB0 BhIZBIBAET CBOE
oTobpaskeHe B MoeM CO3HAHHU, U UMeHHO TONBKO 3T0 0ToOpaskeHUe Aepe-
Ba A U ysHalo. Ecau Bbl BcTaHeTe PAJOM €O MHOH U ToKe MOCMOTPUTE Ha
BTO JepeBo, TO OHO BBIZOBET CRBoe oToOpaieHue U B Bameli gyme. 1 xo-
T f BUJRY CBOe JepeBo, a Bbl — CBoe (3aMevaTelbHo IOXoKee Ha Moe),
MBI BCe ke He 3HaeM, YTo HpelcTaBnfeT coboli JepeBo caMo mo cebe. 3a
TaKkoe PKCTpaBaraHTHOe MOCTpoeHUe oTBeTcTBeHeH KauT. B Tofl cucreme

43mech IllpemuHrep ToMycKaeT ABHYIO OFOBOPKY, M6O Ha camMoM fefe I'aypusaHmap
n IdBepecT, paHee cYMTaBIIHecA OJHON BepIINMHON, Ha caMOM [ele OKa3allCh Pa3HbIMHU
nukamu. — [Ipum. nepes.
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ujeit, KoTopas paccMaTpUBaeT co3HaHMe Kak singulare tantum®, aTa sxcT-
paBaraHTHOCTH JlerKo 3aMeHfAeTcA yTBep#AJeHUeM, YT0, 04eBUJHO, IMeeTC
TOJNBKO OZHO JePeB0, a BCE PACCYKAEHUA OTHOCUTENbHO 0ToOpaskeHUH pes-
CTaBIAIOT cob60il TOIBKO UCTOPHUIO ¢ NIPU3PAKAMHU.

OnHako y KamJA0ro U3 Hac eCTh HEOCIOPUMOe NPeACTaBIeHUe, YTO 06-
maf cymma ero cobcTBeHHBIX [lepekUBaHUN U BocloMUHaHu# obpasyeT He-
KOTOPYIO0 €JUHULY, ACHO OTIUYaIoIIYIOCA OT TaKoH ke eIWHULBI J060ro
apyroro uyenoBeka. OH cchinaeTcA Ha Hee, Kak Ha cBoe «A». UTo ke Takoe
3TO «fA»7

Ecnu BBl 6ymeTe nmpucTanbHO aHATU3UPOBATH 3TO «fAy, TO A IyMalo, BEI
NpuzeTe K 3aKJIIOUEHHUIO, YTO OHO NpefcTaBifeT coboii Bce s#e HeYTO DOMb-
mee, 4yeM IIpocToil HaBop OTOeNbHLIX BOCIPUATUA U BOCIOMHUHAHUN, U CIIy-
JRUT MMeHHo Toif KaHBoit, Ha KoTopoll oHu HarolaAoTcA. [Ipu BHUMaTenb-
HOM CaMoHabI0/leHUU Bbl HeMUHYeMo NpUJieTe K BbIBOAY, YTO TO, YUTO BEI
pealbHo IPUHUMANH 33 «fy, — 3TO U €CTh OCHOBA, HA KOTopoii cobupatoTces
Bce 3THU NepesuBanud. Bl MoskeTe yexaTh B ApYyrylo cTpaHy, llepecTaThb
BUJeTh BceX CBOUX Jpy3eli, MoeTe NOYTH 3a0bITh UX; BBl IpuobpeTeTe HO-
BBIX Apy3eli, 6yJeTe HHTEHCUBHO y4acTBOBATh B 0011ell KU3HU C HUMH, KaK
Korjga-To co cTapbiMu. Bce MeHee u MeHee BasRHLBIM OygeT A Bac TO, YTO
BbI, RUBf HOBOIi 3KU3HBIO, IPOJOJKRaeTe ellle BCIOMUHATEL cTapylo. Bel, Mo-
#eT ObITh, CKaKeTe 0 CBOeM IPOIIJIOM B TpeTheM JHUIle: «I0HOINa, KOTOPbIM
A1 6611y, [epoll yuTaeMoro BaMu poMaHa MosKeT cTaTh 6IUKe BallleMy cep/l-
Iy 4 3HAYUTENbHO Goliee ;RUBBIM U 3HAKOMBIM, 4eM 3TOT loHoma. OnHako
37ech He ObLIO MPOMERYTOYHOT'O IepelioMa, He 6b110 cMepTu. U mame ec-
11 UCKYCHBIH TMIIHOTHU3€ep CyMeeT COBCEM BBIUEPKHYTH U3 Balllero CO3HAHUA
BCe Ballll paHHUe BOCIIOMUHAHUA, TO U Torjia Bbl He 6yeTe cUUTaTh, UTO OH
y6un Bac. Hu B KakoM ciydae 3lech HET IOTepd IMYHOTO cylllecTBOBaHUA,
KOTOPYIO Hajo ONNaKuBaTh.

N nuwrorga ue 6ymet!

5HaT. — €AMHCTBCHHOE TOJLHKO. — Hpu./n nepes.



