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[ATb HepeLWweHHbIX Npobnem HayKu

ApTyp YWImHC
Yapna YuHH

Matb
HepeleHHbIX
npobnem Hayku

AmepHKaHckHe ydennlie Apryp Yurrune u Yapns Yuun
[POCTO, 10APOGHO H C IOMOPOM PACCKa3hIBAIT O KpPyNHed-
IHX Hpo6iIeMax HayKH, Hajl PelieHHeM KoTophiX GuloTes yue-
HBIE BCETo MHpA.

Acrporomus, [louemy Beenlennaa pacimmnpsaercs,

4 CKOPOCTh PACITHPEHHA NOCTOARHO BO3pacTaeT?

Duanka. [louemy o yacTiiel o6najaloT Maccoi,

a ipyruae — ger?

Xumust. Kagne XHMHYeCKHE peakii OATOIKHYIIH aTOMbI
K 00pasoBaHHIo [ePBLIX JKHBLIX CYIIECTB?

Buonorns. KaxkoBo nojHoe yeTpoficTBo H NpelHa3HavYeHHe
nporeomMa?

I'eonorus. Boamoxen JM ToYHBIT JoAroBpeMeHHbill Mpo-
IHO3 [OTOJkI?

Aemopbt SHAKOMAM ¢ COOBIMUINU, NOCMABUSTUUMY DANKHbIE
npolaemei, ofcywdaom cywecmayiouiue meopun, cpedu xo-
Mopbix MEOPUU CHIPYH, XAOCA, 2EHOMA HeA0BEKA W YKAATKU

Geaxos, dalom 603MONCHOCHL HUMANIERIM HPUHAMS YHaACMUE
HT b H e pe m e H H b Ix 8 PAIMBIUACHUAX HAT NPETAOWENHBLNN UTEAMN.
npoonem Hayku il
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IpeauciaoBue

Mg, m1011H, FOTUMCS Ha 0OJIOMKE CKabl IO/ Ha3BaHUEM «IUIAHETay, 0Opallaromeicss BOKpPYT SIepHOTO peakTopa oA
Ha3BaHHEM «3Be37a», KOTOpas BXOAUT B OTPOMHOE coOpaHHe 3Be3[ MoJ HazBaHHeM «[ amakTukay, a Ta B CBOIO OuYepesb
— 4YacThb CKOIUIEHWH TalakTHK, COCTaBIAONMX BceneHHyro. Hame cocTosHue, IMEHyeMOe HaMU JKH3HBIO, MPHUCYIIE
MHOXECTBY HMHBIX OPraHU3MOB Ha JTOH IUIaHETe, HO, MOXO0XE, MBI OJHH O0JaJacM OpyAueM yMa JUIs MOCTHKEHUS
Bcenennoit u Bcero, yeM oHa pacnosnaraeT. CBOM yCHWIMs 1O BBIICHEHHIO NPHPOAbI BceneHHoW MBI MOABOAMM IO
MOHSTHE HayKH. Takoe MOHNMaHUe JaeTcs HENErKo, U MyTh K HeMy Aosor. OQHaKo yCIexy HaJINLO.

JlaHHas KHWTa NOBENAeT YMTATENI O KPYIHEHWIIMX HEPELICHHBIX Npo0JieMax HayKd, HajJ KOTOPHIMH pPabOoTaroT
cerogus yuensele. IIpm BceM H300MIMM SKCHEPUMEHTAIBHBIX JaHHBIX HMX OKAa3bIBAETCS HENOCTATOYHO, YTOOBI
MOATBEPANUTH Ty WM MHYIO TUIOTE3Y. MBI pacCMOTPUM COOBITHSL M OTKPBITHS, IPUBEALINE K 3TUM IpolieMam, a 3aTeM
O3HAaKOMHM Bac C TeM, KaK CErOAHSA MX IBITAIOTCS PELIMTh y4€HblE, HaXo[sdIluecs Ha IepeaHeM Kpae Hayku. CuiaHu
Xappuc, JIydlIMid aMEPUKAHCKUN HIUIFOCTPATOP HAYUYHBIX W3IAHUM, OKUBUT HAIIM PACCYXKIEHUS IMPUCYIIMM €ro
PUCYHKaM IOMOPOM, HE TOJIbKO MOSICHSIS 3aTparuBacMble UJEH, HO U BBICBEUYMBAS UX COBEPILECHHO II0-HOBOMY.

Msl o0cyxaaeM 37ech TakKe HEpEeLIeHHBbIE MPOOJeMbl B OCHOBHBIX OTPAC/ISIX €CTECTBO3HAHMS, PYKOBOJACTBYSCH B
CBOEM BBIOOpE CTEMEHbI0 MX 3HAUMMOCTH, TPYAHOCTH, IIUPOTHI 0XBaTa U MacUITaboM mocieacTBuil. Hapsaay ¢ HUMU MBI

BKJTIOUMJIM B KHUTY KPaTKUid 0030p U HEKOTOPBIX APYTHX MPOOIeM B KaXKIOH M3
5

3aTPOHYTBIX OTpaCJ]eﬁ 3HaHHs, a TaKXKe «Crmcok H,I[eﬁ)), € 4YuTarciib Haﬁ)leT JOIIOJTHUTCIIBHBIC CBEIACHUSA O
MOJIOTIIIEKE HEKOTOPBIX HepeleHHbIX pobieM. Hakonerr, Mbl puBenu «VICTOYHHUKY )i YIITyOJICHHOTO M3YUYCHHS», TS
MepevrCIeHbl HH()OPMAIIMOHHBIC PECYPCHI, MTPU3BAHHBIC TOMOYb OOJIBIIE Y3HAThH O 3AMHTEPECOBABIINX BaC MpeaMeTax.

Ocoboii 6maromaprocTH 3aciyxuBatoT Kelt bpendopn, ctapmmii pemaktop u3naTenbcTBa Wiley, TIepBbIN MO aBIIHMA

MBICJIb O TaKOH KHUTC, 1 HAIll J'IHTGpaTypHLIfI arcHT .HyI/IS.':l KCTL[ 3a €€ HCU3MCHHBIC CJIOBA MOAACPIKKU.
6
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I'maBa 1. Buaenue Hayku

Beab yenoseky 06pa3oBaHHOMY CBOMCTBEHHO A06MBaTbCs TOUHOCTM AN Kaxaoro poAa [npeametos]™ B Toit cTeneHmn, B Kakoii 3To
AonyckaeT npupoja npeameTta. OANHAKOBO [HenenbiM] KaXXeTcs M A0BOIbCTBOBATLCS MPOCTPAHHbIMU PAacCY>XXAEHMAMW MaTeMaTuka, U
TpeboBaTb OT pUTOpa CTPOrMX AOKa3aTeNbCTB.

ApucroTtesib

Hayka # TexHuka

Pa3Be Hayka u TeXHUKA HE OHO U TO Ke? Hem, OHU pa3INdHEL.

XO0Tsl TEXHHKa, OMpEeIomas COBpEMEHHYIO KyJIbTypy, pa3BUBaeTca Onaroaaps MOCTIDKEHHIO Haykoil BceeneHHOH,
TEXHWKA ¥ HayKa PYKOBOJCTBYIOTCS Pa3HBIMH MOOYXICHUSMHU. PaccMOTpHM OCHOBHBIE pasivuds MEKIYy HAyKOH U
TexHUKOU. Ecin 3aHsATUS HAayKOH BBI3BaHBI JKEJAHUEM 4YEJIOBEKA IO3HATh U MOHATH BcCeleHHYr0, TO TEXHUYECKUE
HOBIIIECTBA — CTPEMJICHUEM JIIOJEH M3MECHUTH YCJIOBUS CBOETO CYIIECTBOBaHMs, YTOOBI JOOBITH cebe MpONUTaHuE,
[IOMOYb JPYTUM, & HEPEAKO U COBEPILIUTh HACUINE PAI JIUYHOU BBITOJBI.

Jlronu 3a4acTyro OJHOBPEMEHHO 3aHUMAIOTCS «UHMCTOW» W TPHUKIAJHOW HAyKo, HO B HayKe MOXHO BECTHU
(yHIaMeHTambHBIE HCCIeNOBaHUS 0e3 OIMISAAKM Ha KOHEYHBIH pe3ynbTaT. bpuTaHckuii mpeMbep-MUHHUCTD Y HUIIbSIM
I'magcTon 3ameTnn Kak-To

* 3pech n fanee B KBaApaTHLIX CKOBKax NPUBOAATCS pa3bsSCHEHUS NepesoaymKa.
7
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Maiikny ®apajiero 1o MOBOY €r0 OCHOBOIIOIATAIONINX OTKPBITHH, CBA3ABIINX BOSIUHO JIEKTPUIECTBO M MarHETH3M:
«Bce 310 BecpMa 3aHATHO, HO KakoB B 3TOM mpok?» Dapaneit orsetwin: «Cap, 1 He 3HAIO, HO OJHAXKIBI BBl OT 3TOTO
BEITanaeTey». [loYTH TOMOBHMHY HBIHEITHETO OOTraTcTBa pa3BUTHIM CTpaHaM IIPUHECHTA CBSI3b DJICKTPUYECTBA C
MarHeTU3MOM.

[Ipexxne dem Hay4yHBlE [OCTHXKEHHS CTaHYT JOCTOSHHUEM TEXHHWKH, TpeOyeTrcs NpPHUHATH BO BHHMaHHUE
JIOTIOJTHUTENIBHBIE COOOpaXKEHUS: pa3padOTKa KAKOT0 YCTPOMCTBA 803MOJICHA, ITO OONYCMUMO TIOCTPOUTH (BOMIPOC, IO

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-

MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).
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CyTH, OTHOCSIIMHMCS K OOJacTH D3THKH). OTHKAa JK€ TPUHAUICKAT K COBEPIICHHO WHON 00JIaCTH yMCTBEHHOM
JEATEIHLHOCTA YeJIOBEKa: TYMaHUTapHBIM HaykaM. OCHOBHOE pa3iudMe MEXAY €CTECTBO3HAHMEM U T'yMaHUTapHBIMU
HayKaMH COCTOMT B OOBEKTHBHOCTH. EcTecTBO3HaHHWE CTpEeMHUTCS W3y4aTh TOBeJeHHE BCeleHHOW Mo BO3MOXKHOCTH
O0BEKTHUBHO, TOT/Ia KaK Iepell TYMaHUTAapHBIMH HayKaMW TakoWd menud win TpeboBanus HeT. Ilepedpasupys crmosa
upiaHackoi mwmcarenpHUIBl XIX Beka Mapraper Bond Xanrepdopn, moxHO ckazath: «Kpacora [M uctuHa, U
CIpaBeINBOCTh, U OJIArOPOJCTBO, H...| BUAUTCS BCEMH MO-Pa3HOMY.

Hayxa mamexko He MoHoimMTHa. EcTecTBeHHBIE HAyKH 3aHATHl M3YYCHHEM KaK OKpPY)KAIOMIEH Cpeapl, TaK M CaMUX
Jroziel, MOCKOJNIbKY OHH (PYHKIIMOHAJIBHO ITOJOOHBI WHBIM (QOpMaM JKM3HU. A TyMaHWUTapHbIE HAyKH HCCIEAYIOT
pauroHaIbHOE (AMOLMOHAIBHOE) MOBEACHHE JIOACH M MX YCTAaHOBKM, KOTOpBIE HEOOXOIUMBI UM AJISl COLMAIBHOTO,
MOJIMTUYECKOTO ¥ SKOHOMUYECKOT0 B3anMoiericTBus. Ha puc. 1.1 rpaduuecku npeacraBieHbl 3TH B3aUMOCBSI3H.

Kak OpI HE CIIOCOOCTBOBAJIO TAaKOE CTPOMHOE HM3JIOKEHHE MOHHUMAHHIO CYIIECTBYIOIIMX CBS3CH, MEeHCTBUTEIHHOCTD
BCEr/la OKa3bIBAETCs 3HAYUTEIBHO CIIOKHEE. DTHUKA MIOMOTAET ONpPENEINTh, YTO HCCIEA0BaTh, KaKUe HCCIIe10BaTeNbCKIE
METO/IbI, IPUEMBI UCIIONB30BaTh U KaKHe SKCIEPUMEHTHI HEIOMYCTUMBI BBUAY TasIIEHCsS B HUX YIPO3bl 0JIAarOMOIydrto
monen. [1oMMTIKOHOMUS M TIOMUTONIOTHS TAaK)K€ WTPAIOT OTPOMHYIO POJIb, TIOCKOJBKY HayKa MOXET M3ydaTh JIAIIb TO,

YTO KYJIbTypa CKJIOHHA
9

Puc. 1.1. Cepbl yMCTBEHHOI 1eATEILHOCTH

GmEPbl YMCTBEHHON ,ElEﬂTEJ]bHOCTlfD

C Hayxw

/—’—\ s ~, O0LexTHBHLIE
Havku o npupade Hayxu o weacsere -

5 -« » fymanumapnsie
huauka “ oblgecmee CyGBeKTHBHEIE HAVKU
Xumus fMewxanorus DereTHra
ACTPOHOMMA florurakoHoMHS o6 Fruxa
Teonorua QOMTOHOTM K,) o Pennrus
Buonorns Couvioaorus 3”‘””"'T dunococbust

. HOCTE
[Ipoune Hcropud Mpouue

[pouane l BosacHcToHe
\\__/ \;_// Hil APYTHX \;_,/

f/l‘] PHENAgHLE OTpac.rn;\‘
JHAHMH

Texdonorus
TpoceemieHue
MenuunHa
INpaeo

\[lpo'-mc ‘/

MOOMIPATH KaK OpYIUs TIPOU3BOJICTBA, paboUyIO CHITy MM YTO-TO, OJUTHYECKH IPUEMIIEMOE.

MexaHusm padoTbl HAYKH

Ycnex Hayku B W3y4YeHHH BceleHHOW CcKiaaplBaeTcsl W3 HaONMONEHWH W BHIIBIKEHWs wuaei. Takoro pona

B3aMMOOOMEH UMEHYIOT Ha)uHbiM Memodom (puc. 1.2).
10

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).



AHko Cnasa (Bubnuoteka Fort/Da) || http://yanko.lib.ru 13

Puc. 1.2. Hayunblii meTox

HABTIOAEHWUE OCuryinaeMrric —3 [IEPECMOTPEHHAS
thuaduccKkue IRTEHHA THIIOTE3A
l WAK COOBITHA IIPENCKA3AHUE
JKCNEPUMEHT
IT'AIOTE3A CyxkaecHMe OTHOCHTETBHO
ofuel npHpoak HabnoaaeMoro
J, ABACIHA
TMPEACKA3AHHE Ilpeasuaenue Synyuicro coGpiTHs
B COOTBESTCTBHK C BRIABHHYTO
l runoTesoi

BKCHEPUMEHT [lposeaenne onwita, 9yTobn
¥3HaTh, NPOU30HIET JTH
NpeacKalaHHOe B THIIOTC3E
CODRITHUC

Ecnu pesynsrartei
OTTBITA HE COCAACYIOMCA mumip [TEPECMOTP
Ecnu pesynbrarst C NPEACKA3AHMEM
ONKITA COLAHCYHIN -
CA ¢ TIpEcKaia-
HHMEM, THIIOTEIA
TIOATBEDXIUAETCA

B xome Habaodenus TO WM WHOE SBJICHUE BOCIIPUHUMAETCS] OpraHaMy 9yBCTB MIPU MOMOIIH TPUOOPOB MK 0€3 HHX.
Ecnu B ecTecTBO3HAHMH HAOIOACHHS BEAYTCSA 32 MHOKECTBOM IMOJO00HBIX MPEIMETOB (HapUMEp, aTOMOB YIJIepoa), TO
HAyKH O YelIOBEKE MMEIOT HeI0 C MEHBIIUM YHCIOM Ppas3iNdYHBIX CYOBEKTOB (HApHMep, IIOAeH, IMyCTh Haxe
OJTHOSTATIEBBIX OJM3HEIIOB).

IMocne c60pa MaHHBIX HANI yM, CTPEMSCHh UX YIOPSIOYMTH, HAUHHAET CTPOUTH 00pasbl WK OOBACHEHHS. B 3TOM U
3aKIIF0YaeTCss paboTa 9ea0BEeUeCKOM MBICIA. JIaHHBIA JTall UMEHYIOT 3TAllOM 6bl0sudicenus 2unomesol. 110CTpoeHHE
o0Ielt TUIOTEe3bl Ha OCHOBE TIOJYYEHHBIX HAOIOACHUH BeETCS MOCPEACTBOM WHAYKTHBHOTO YMO3AKIIIOUCHHUS, KOTOPOE
COJICPIKUT OOOOIIEHHE W TIOATOMY CUHTAETCS CaMbIM HEHAIS)KHBIM BUIOM yMO3akmtoueHus. M kak Obl HU THITAIHCH
HCKYCCTBEHHO CTPOUTDH BBIBOJIBI, B pAMKaX HAYYHOTO METO/a MOJOOHOTO Pojia AEATEIbHOCTh OrpaHUYeHa, TOCKOJIbKY Ha

IMOCIICAYIONIUX dTaax r'urnoTe3a CTAJIKUBACTCA C JIEHCTBUTEIBHOCTBIO.
11

3agacTyro TUIOTE3a LENUKOM WM 0T4acTH (HOpMyIHMpyeTcs Ha S3bIKe, OTIMYAIOIIEMCs OT OOMXOIHOM pedn, sI3bIKe
MaTeMaTtuku. i mpuoOpeTeHHs MaTeMaTH4YeCKMX HaBBIKOB TpeOyeTcsl NPWIOKHUTH OOJbIIKME YCHIIUS, HHa4ye
HECBEAYLIMM B MaTeMaTHUKE JIOASM NpU OOBSCHEHHWH HAYYHBIX TUIOTE3 IOHAZOOMTCS IEpeBOJ MaTeMaTH4eCKUX
MOHSATHH Ha MMOBCEIHEBHBIN S3bIK. K COXaJIEHUIO, TPU 3TOM CMBICI THIIOTE3bI MOXKET CYIIECTBEHHO MOCTPAAATh.

[locne mocTpoeHus! TUIOTE3y MOXKHO HCIONB30BaTh I NPEICKA3aHHsI HEKOTOPBIX COOBITHH, KOTOpBIE IOJDKHBI
MIPOM3ONTH, €CIM TUMOTe3a BepHA. Takoe npedckazanue BBIBOAWTCA W3 THUIOTE3bl IMOCPEACTBOM JAE€AYKTHBHOI'O
yMo3akitoueHust. Hanpumep, BTopoii 3akoH HeloToHa riacut, uro = ma. Ecnu m paBHO 3 enuHULIaM Macchl, a @ — 5
€IMHHNLAM YCKOPEHHMs, TO /' TOJKHA paBHATHCS 15 equHMIaM cuilbl. BeIolHeHne MaTeMaTH4ecKuX pacyeToB Ha JaHHOM
3Tare MOTyT B3STh Ha ce0s BEIUMCINUTENbHbIE MAIIMHEI, paboTaoIne Ha OCHOBE JI€YKTUBHOTO METO/IA.

Crhenyrommii 3Tan — MOPOBEICHHUE ONbimd, YTOOBl BBISICHUTH, MOATBEP)KAACTCS JIM TNpelcKa3aHWe, CAEJIaHHOE Ha
npenpayieM sTane. HekoTopbie ONBITBI INPOBECTH AOBOJBHO IIPOCTO, HO Halle — KpaiiHe 3aTpyaHuTenbHo. Jlaxe
U3TOTOBHUB CJIOKHOE W JOPOTOCTOsIIee HaydyHoe O0OpymoBaHHE IS IOJNyYEeHHS BeCbMa LIEHHBIX JTaHHBIX, HEPEIKO
ObIBaeT HEJerKO HAWTH AEHBIH, a 3aTEM 3allaCTUCh TePIEHNEM, HEOOXOAUMBIM AJIsl 00pabOTKK U OCMBICIICHHSI OTPOMHOTO
MaccuBa 3THX JAaHHbIX. EcrecTBo3HaHMe 00nafgaeT MPEMMYIIECTBOM: 3[eCh MOKHO 000COOUTH M3ydaeMbId HpEAMET,
TOIZla KaK HayKaM O 4YeJIOBEKE M OOIIECTBE MPUXOAUTCS UMETh JI€JI0 C MHOTOYHMCICHHBIMHU [I€PEMEHHBIMU, 3aBUCSIIUMHU
OT Pa3IMYHBIX B3TJISA0B (MIPUCTPACTUI) MHOTHX JIIOJEH.

[locne 3aBepiIeHMS OMBITOB MX PE3YyJbTAThl CBEPSIOTCS ¢ NpeackasanueM. [lockonbKy rumore3a HOCHUT OOLIMiA, a
JKCIEPUMEHTAJIbHbIE JaHHBIE — YacTHBIA XapakTep, TO PE3yibTaT, KOIZa ONbIT COIJAacyeTcs ¢ NpeacKa3aHHeM, He
JOKa3bIBaeT TUIOTE3y, a JIMIIb HoATBepxkiaeT ee. OJHAKO €ciaM UCXOJ OIbITa HE COINIacyercs ¢ IpejcKa3aHUeM,
OlpeseNieHHass CTOpPOHAa THUIOTE3bl  OKa3bIBAaeTCsl JIOKHOM. OTa uepra HAyyHOIO METOJa, HMMEHyemas

(dhanpcudunmpyeMocTsio (OIIpoBEpPraeMoCThIO), HaKIIa-
12

AbIBACT HaA THUIIOTE3bI OIPECACICHHOC KCECTKOC TpC6OBaHI/I€. Kak BBIpa3unJICA AJ'IL6CpT SﬁHMTCﬁH, «(HUKAaKUM
KOJIMYECTBOM OKCICPUMECHTOB HCEJIB3A [OJOKa3aTb TCOPUIO, HO OOCTATOYHO OJHOTO JKCICPUMECHTA, qTOOBI €€

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
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ONPOBEPTHYTHY.

Oxa3zaBuIyIOCsT JIO)KHOW THIOTE3y HEOOXOAMMO KakUM-TO 00pa3oM IMepecMOTpeTb, T. €. Clerka H3MEHUTD,
OCHOBATENFHO TepepaboTaTh WM ke BOBce oTOpocuTh. KpaifHe TpyAaHO OBIBaeT pemnTh, Kakue HW3MEHEHUS 37eCh
yMecTHBI. llepecMOTpeHHBIM THITOTE3aM MPEACTOMT CHOBA IPOJENIATh TOT K€ ITyTh, M JINOO OHHU YCTOST, THOO OT HHX
OTKaXyTcA B XOJI€ JAIbHEHIIINX CONOCTaBICHUH MPeACKa3aHus C OIBITOM.

pyrast cTopoHa Hay4HOTO MeToJa, He TMO3BOJISIIONIas COUThCS ¢ MyTH, — 6ocnpoussedenue. JIrobol HabmOAaTEND C
COOTBETCTBYIOIIEH BBIYYKOH M TOJO0AIONIMM OCHAIIEHHEM JOJDKEH CYMEeTh MOBTOPHUTH OMBITHI WM TpEACKa3zaHUs U
[IOJIy4YUTh CPaBHHUMBIE pe3ynbTaThl. MHadue roBopsi, HayKe CBOWCTBEHHBI IMOCTOSHHBIE NepenpoBepku. Hampumep,
KOJJIGKTUB Y4eHbIX W3 HarnmonaneHoW nabGopatopuu um. Jloypenca Kamugopumiickoro yHuBepcutera B bepriam™
TIBITAJICS TOTYYUTh HOBBIH XUMUYECKHUI 3JIEMEHT, OOCTpEINBAasi CBHHIIOBYIO MHIIIEHh MOIIHBIM JIy9OM HOHOB KPHUIITOHA U
3aTeM H3ydas MoJIydeHHbBIE BemecTBa. B 1999 romy ydeHble 00BSIBIIN O CHHTE3E 3JIEMEHTA C MIOPSAKOBBIM HOMepoMm 118.

CuHTE3 HOBOro 3JeMEHTa — 3TO Bceria BakHoe coObiTHe. B JaHHOM ciydae ero CHHTE3 MOT HOATBEPIUTH
OBITOBABIIINE TIPEACTABICHHS O CTAOMIIBHOCTH TSDKEINbIX dyieMeHTOB. OIHaKO yueHble Apyrux Jadboparopuiit OOmiecTBa mo
M3Y4YeHHIO TsOKeNnblx woHOB (Hapmmranr, ['epmanus), Boibmioro rocyIapCTBEHHOTO YCKOPHTENS TSKENBIX HOHOB
Kaiienckoro ynuBepcutera (®panius) u JlabopaTopuss aToMHOW (Gu3nku DU3HKO-XUMHUYECKOTO HMHCTUTYTa PUKIH
(SInoHus) — He cMOIIM OBTOPUTH CHHTE3 ieMeHTa 118. PacimmpenHslil koiekTHB Jaboparopuu B bepxin

* Crapeiilas HauuoHanbHas nabopatopus M. JloypeHca B Bepk/in, ocHoBaHHasi u3obpeTaTeneM LMKAOTPOHa DpHCToM OpnaHao
NoypeHcoMm B 1931 roay. Haxoantcs B BeaeHnn MuHuctepctea aHepretukn CLUA. — 3geck m gasee ripyumedaHus riepeBogymka.
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MOBTOPUJI ONBIT, HO €My TakKe HE YJAJIOCh BOCIPOM3BECTH IOJyueHHBbIE paHee pe3ynabTathl. B bepkin
MIEPETIPOBEPIIIN UCXOAHBIE DKCIEPUMEHTAIbHBIE JAHHBIE IMOCPEICTBOM IMPOrpaMMBbl ¢ BUJOM3MEHEHHBIM KOJOM M HE
CyMeIIU MOATBEpAUTh Hanuuus snementa 118. [Ipuinocs 0T361BaTh CBOIO 3asBKY. JlaHHBIN Cily4ail CBUAECTENBCTBYET, UTO
Hay4HbIM IOUCK OECKOHEYEH.

[opoii Hapsgy c ombITaMH TEepenpoBepstoTcss U runoTe3bl. B ¢eppane 2001 roga BpykxdsiBeHCKas HallMOHAIbHAS
nab6opatopus B Hplo-Mopke coobmmuma 06 OmbiTe, B KOTOPOM MATHHTHBIi MOMEHT MIOOHA (IIOJOGHO 3IEKTPOHY
OTPHULATENIBHO 3apsXKCHHOW YaCTHLbI, HO 3HA4YUTEJBHO Oojee TSDKENOi) cierka IpeBHILACT BEIWYHHY,
MPEIONPEACICHHYIO CTAaHIAPTHON MOJEIbI0 (DPU3UKU DIIEMEHTAPHBIX yacTHIl (TI0poOHee 00 3TO¥ Moaenu cM. Ti. 2). A
MIOCKOJIBKY MPEATIONOKEHNS CTAHAAPTHON MOJIEN O MHOTHX MHBIX CBOMCTBAaX YacTHIl OYE€Hb XOPOIIO COTJIACOBBIBAINCH C
OMNBITHBIMU JAHHBIMH, TaKO€ PAcXOKIEHHE M0 MOBOXY BEIMYMHBI MAarHUTHOTO MOMEHTa MIOOHA pPa3pyllalo OCHOBY
CTaHJIapTHON MOJIEIIH.

[Ipencka3anne MarHUTHOTO MOMEHTAa Y MIOOHA CTajO CJIEACTBUEM CIOXKHBIX W JIOJTMX pacueToB, HE3aBHUCHUMO
IPOBE/ICHHBIX yueHbIMH B SImonmu u Hero-Hopke B 1995 romy. B HosGpe 2001 roma >TH pacdeThl MOBTOPHIA
¢bpaniy3ckue (U3NKH, KOTOpbIE OOHAPYXKUIM OIIMOOYHBIA OTPULATEIbHBIH 3HAK y OJHOTO M3 YJICHOB YPAaBHEHHSI U
pasMecTiii CBOM pe3yibTraTthl B VHTepHere. B wmrore bpykxosiiBeHckas rpynma mnepenpoBepuiia COOCTBEHHBIE
BBIYUCIICHHS, TPU3HAaJIa OIIMOKY U OMyOIMKOBala HCIIPaBICHHBIE pe3yIbTaThl. B HTOTE yAa10Ch COKpATHTh PACXOKACHUE
MEXIy MpeICKa3aHueM U ONBITHBIMH JaHHBIMH. CTaHZApTHONW MOJAENN BHOBB IPEICTOUT BBIAEP)KATh HCIBITaHUA,
KOTOPBIE €1 TOTOBUT HENIPEKPAIIAOIINIICSI HAYYHBIA ITOUCK.

HayuyHblii MeTO B 1€eCTBUH

PaccMmoTpum miar 3a mrarom KiacCHYecKuil mpuMep padoThl HAyIHOTO METOIA.
14
Haoaronenue.

Ha6maronenune. [Ix. JIx. Tomcon, pykoBonutens KaBenaumickoit mabopatopun (1884—1919) B Anrnum, uzydan
MOBEJICHUE CBETOBOTO JIyda B DJIEKTPOHHO-TY4YeBOU TpyOKe (Mpoodpa3e COBpeMEHHOM npueMHoN TeneBu3nonnoi JJIT).
[Mockonbky my4: 1) OTKIOHSIICS B CTOPOHY MOJIOKHUTEIHHO 3apsDKEHHBIX AJEKTPUYECKUX IDIACTHH U 2) TP yaape o HUX
BBI3BIBAJI BCIIBIIIIKKA CBETA, BHIXOJIUIIO, UYTO OH COCTOSIT M3 OTPULIATENIBHO 3apsKEHHBIX YaCTUI] — 31€KMPOHO8, KaK Ha3Ball
ux upraaackuii pusuk XIX Beka xopmk OUIDKEpabl B CBOMX 3aMEUaHUAX MO MOBOAY omnbita ToMcona. (HasBanue
9/eKMpOH B KA4eCTBE SAMHUIIBI DJIEKTPUIECKOTO 3apsiia MPeNIOKUI IpyTroi upiaanackuit pusuk, Jxopmk CToHH.)
I'mmore3a.

I'umote3a. [Tockonbky aToMBbI He 00JIAHarOT 3apsoM (HEHTpanbHbI), 8 TOMCOH OTKPBUI BHYTPH HHUX OTPHUIATCIHHO
3apSKEHHBIE YACTHUIBI, OH 3aKJIIOYWI, YTO aTOM JOJDKEH UMETh M MONOXUTeNbHbIN 3apsa. B 1903 rogy Tomcon cozman
TEOPHUI0, COIJIACHO KOTOPOW IMOJOXKUTENbHBIM 3aps] «pa3MazaH» IO BCEMY aToMy, a OTPHUIATEIbHO 3apsKeHHbIE
SJIEKTPOHBI B BHJE BKPAIUIEHUH HAXOIATCS TIOCPEAM TOJOXKHUTEIBHO 3apsHKEHHOTO BellecTBa. Takas KapTuHA
HaloOMHHAA TPAAWIIMOHHOE OpUTAaHCKOE OO0, MO3TOMY MONyYHiIa Ha3BaHWE «TOMCOHOBCKAas MOJENb aToMa B BHJIE
MyJIMHTa C U3IOMOM.

IIpeacka3zanue.

Ipencka3zanue. DpHCT Pezepdopa ObLT CHEUATUCTOM 10 TOJOKHUTEIBHO 3apsHKEHHBIM YacTHIAM, UMEHYEMBIM 0-
gacturiaMu. B Hadane XX Beka OH Ipeackasaji, 9To OOCTpeNT 3THMH YacTUIIAMH aTOMOB, COCTOSIIUX M3 PEIKOTO U
«pa3Ma3aHHOT0» TOJOXKHUTEIBLHOTO 3apsja, COTIACHO TOMCOHOBCKOM MOJEIM «IIyJUHTa C U3IOMOM» OyIeT HAallOMHUHATh
OpOCKHM OMIBSIPIHBIMY IIapaMU B TyMaH. boJiblllas 4acTh MapoB MPONAET HAMPSIMYIO, U JIUIIb WX TOJHMKA OTKIOHUTCS Ha
KpailHe MaJyro BeJIUYKHY.

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).
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OnsIT.

Omnpit. B 1909 rony I'anc ['efirep u DpHect MapcaeH cranu oO0CcTpenuBaTh 0-9acTHUIIAMH TOHKYIO 30JI0TYIO (OJIBTY.
Pe3ynpTaThl OKa3aJuCh COBEPLIEHHO OTIMYHBIMH OT OXHMIaeMbIX. HeKoTopble 0-uacTHIBl OTKIOHSUIMCH Ha OOJbIINE
BEJIMYMHBI, & OTJCIbHBIE Jake OTCKaKMBaiu o0OpaTHO. Pesepdop 3aMeTHI1, 4TO 3TO «CTOJb e HEMpaBAONOA00HO, KaK
€cIi OBl BBl BBICTPEJIMIIN IATHAALA-

15

TU(PYHTOBBIM CHAPSIIOM B MAIMPOCHYIO OyMary, a CHaps OTCKOYHJI Obl OOpaTHO M YOI BaC CaMux».
IMoBTOP.

IloBTOp. Ha cMeHy TOMCOHOBCKOW MOJIENHM aToMa MpHUIuIa pesepdopmoBckas Moaens mo obpasmy ColHeTHOM
CHCTEMBI, TJI¢ TOJOKUTENBHBIN 3apsia ObUI COCPENOTOYEH B CPaBHUTEIBHO KpPOLICYHOM SApE MOCpPEeIUHE aToMma, a
AJIEKTPOHHI (IMMOO0HO TUTaHEeTaM) OOpallairich 1Mo KPYroBEIM opOuTaMm BOKpyT sipa (rmomodHoro Comairy). B XX Beke,
[0cjIe O4YeperHBbIX MPEACKAa3aHUuil U OMBITOB pe3ep(OpAOBCKYI0 Mozenb atoMa B Buae CONHEYHOM CHCTEMBI CMEHMIIH
vHple Mojenu. Korja OmnbITHBIE JaHHbIE HE COIVIACOBBIBAJIHCH C MPEJCKA3aHUSMHU CYIIECTBOBABIIEH THMIIOTE3HI,
MIPUXOIUIIOCH IEpECMATPUBATh TUIIOTESY.

Tax TonkoBaHue OTKpbHITBIX Mcaakom HpIOTOHOM 3aKOHOB MEXaHMKM M Kiaccuueckux rumore3 J[xeiimca Kiepka
MakcBemsia 0 NPUPOAE IJIEKTPUUECTBA M MarHeTU3Ma IPHUBENIO K 3aMaHYMBOMY IMPENIONIOKEHUI0 00 abCOITIOTHOM
XapakTepe MPOCTPaHCTBA U BPEeMEHH. TeopHsl OTHOCHTENBHOCTH OWHINTEHHA 3aMEHWJIA 3T YAOOHBIE aOCOJIOTHBIC
BEJIMYMHBI IPOTUBOPEYAIIMMH HHTYULMH U priocodcku HeOIaroHaae;KHbIMI OTHOCUTENIBHBIME BeTMYMHAMHU. OCHOBHAS
[IPUYMHA, BBIHYIUBINAS IHPU3HATh CYIIECTBOBAHHE OTHOCHTEIBHOCTH, 3aKII0OYaJaCh B COOTBETCTBUM IIPEACKA3aHUU
JAHHOW TEOPUH OTBITHBIM JaHHBIM.

HecmoTps Ha pacnpocTpaHEHHOCTh TOTO WJIM MHOTO MPEACTABJICHUS, H3BECTHOCTh CTOPOHHUKOB KaKOW-INOO TeopHH,
HETPUBJIEKATEIbHOCTh HOBOW TEOPHUH, IOJUTHYECKHE B3IJISIABI aBTOPOB MICH WM TPYOHOCTh MX IIOHHMMAaHUS,
HE3bI0JIEMBIM OCTAETCSI OJIHO: BEPXOBEHCIEO OAHHBIX ONbIML.

CaoxxHocTH

[IpencraBneHHbI 374€Ch HAYYHBI METOA — palWdOHANbHAs PEKOHCTPYKIUS (YHKIIMOHUPOBAHUS HAYKH B
neiictButenbHOCTH. [lo0OHas Maeanu3anus, eCTECTBEHHO, OTIMYACTCS OT MPOUCXOJISIIETO Ha CaMOM Jielie, Halpumep,
pu OOJIBIIIOM YHUCIIC yUaCT-
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HUKOB, KOrjJa 3Tallbl pa3AacCiigAOTCA MJIUTCIbHBIMHU HPOMEKYTKaMU BPEMCHMU. U Bce xe Y HAaC €CTb BO3MOKHOCTH
MHOTO€ YBUICTb.

3mech HEOOXOIMMO YUYHUTHIBATH psI CIOXHOCTEH. [Ipexkme Bcero, Hayka BBIIBHTAEeT HECKOJIBKO (HHIIOCO(CKUX
MIPEIIOJIOKEHHH, ¢ KOTOPBIMU HE COTJIacHBI HeKoTopble ¢uiocopsl. Hayka nomyckaeT cyiiecTBoBaHHE OOBEKTHBHOM
peaIbHOCTH, HE 3aBUCANICH OT HabOmroxarens. MHade 0e3 Takol OOBEKTUBHOCTU OJIHU U T€ )K€ HAOJIOJCHUS M OIBITHI,
MIOBTOPEHHBIE B Pa3lMYHBIX JTA0OPAaTOPHUAX, MOTIIM OBl Pa3sHHUTHCSA, W TOTJA HCCIENOBATEISIM HEBO3MOXHO OBLTO OBI
TIpUATH K corjacuio. Jlamee, Hayka Imojaraer, 9To BceneHHOW yIpaBISIIOT HEKHWE HE3BIOJIeMbIEe 3aKOHBI, M YEJIOBEK B
COCTOSIHMM TOCTHYb 3TH 3aKoHbL. Ecnm ympapnstoniue BceneHHOW 3aKOHBI JHUINEHBI OMPEICIICHHOCTH WM Mbl HE B
COCTOSIHHH TTOCTUYh MX, BCE YCHIIMSA HAYKH TI0 BBIIBIKEHHIO JIFOOBIX TUITOTE3 OKAXYTCS THIETHBIMUA. Ho MOCKONBKY Hale
[MIOHMMaHWe JTHX 3aKOHOB, MOXOXKE, YTIIyONseTcs, a OCHOBaHHBIE HAa HUX TpEACKa3aHWs HAXOMAT IMOATBEPXKICHHS B
OIIbITaX, TAKUC MPEAIIOJIOKCHUA BBITTIAAAT BIIOJIHEC pa3yMHBIMU.

Hayu4Hble THIIOTE3BI CTPOSATCS B CBSA3H C COOBITUSMU, MPOUCXOISAIIMMU HA MPOTSHKESHUH JTUTSILHOTO MPOMEXKYTKA
BpEMEHH, B TOM YHCIIEé C MUHYBIIUMH, KOTOpBIE HEIB3s MPOBEPUTH OMBITOM. OOBIYHO TaKyl TPYTHOCTH OOXOIST,
BbIABUTAasd MNCPCKPECTHBIC THUIIOTE3bI W3 pPa3JINYHBbIX OTpaCHeﬁ 3HAHUHW B ITIOMCKAaX B3aMMHOIO COTJIacHs. HaHpHMep,
OIICHWBaeMbIii B 0Oonee 4yem 4 MIpI JIET BO3PacT 3eMJIM MOITBEPKAACTCS ACTPOHOMHUYCCKUMHU BBIYUCICHUSMU
comepkaHus rTenwss B Henmpax CoONHIA, TEONOTHYECKHMMH W3MEPEHHSIMH TEKTOHHKH IUIUT W OHOJOTHYECKUMHU
HaOIOICHUSIMH 32 POCTOM KOPaJUIOBBIX OTJIOKEHUH.

[Ipu 00BsICHEHHH ONIPEIENICHHOTO COOBITUSI — OCOOEHHO MPU OTCYTCTBHUH ONBITHBIX JaHHBIX JUIs1 HEKOTOPBIX SIBJICHUH
(HampumMep, 0 AaJIEKOM IPOILIOM, Y KOTOPOTO HE OBLIO JIETOMHCIIEB, MM O HEAOCTYITHBIX Yroikax BeeaeHHoi) — MokeT
BBIBUTAThCSI Cpa3y Heckoimbko Tumore3. lllexornmBoe monokeHWe, KOr/a MHOTO THIIOT€3 HEBO3MOXKHO
9KCIICPUMEHTAIIBHO TOATBEPNTh, pa3peliacTcs Ha OCHOBE NPUHIMIA HAYYHOH OCpeXIMBOCTH [NaT. principium
parsimoniae], ntmeHnyemMoro o0putBoii Oxkama. AHITIHI-
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ckmii punmocod Ymbsim n3 Oxkama [MecTeuka B aHTIHcKoM TpaderBe Cappeit] (1285-1349) Obur dhpaHIBCKaHCKAM
MOHaXOM M YacTO B CBOUX (QHIOCO(CKHX COUYMHEHHUSAX IOJIB30BAJICSl CPEIHEBEKOBBIM mpaBuioM: «CyIHOCTeH He
clieflyeT YMHOXaTh 0e3 HeoOXxomuMmocTu»*. BoeHHbIE Naniu 3TOMY MpaBHIy OoJiee MPOCTOC M HEMOCPEICTBEHHOE

BeIpaskeane — KISS: Keep It Simple, Stupid («He ycnoxusit, 6onsan»), wm Keep It Short

* Okkama 6puTBa — MPWHLMM, COrNacHO KOTOPOMY BCEMy crefyeT MckaTb Haubonee MpocToe UCTONKOBaHWE; uallle BCero 3ToT
npuHumnn dopmynmpyetcs Tak: «be3 HeobxoaMMOCTM He cneayeT yTBepxaaTb MHoroe» (pluralitas non est ponenda sine necessitate)
UNN: «To, YTO MOXHO 06BACHUTbL NOCPEACTBOM MEHbLUEro, He cneayeT BbipaxaTb nocpeacTtBoM 6onbwero» (frustra fit per plura quod
potest fieri per pauciora). O6bl4HO NpuBOAMMas UCTOpPUKaMn Gopmynmposka «CyLLHOCTEN He cneayeT YMHOXaTb 6e3 Heo6x0aMMOoCTU»
(entia non sunt multiplicandasine necessitate) — B counHeHuax Okkama He BcTpe4yaeTcs (3To cnoa [iopaHa u3 CeH-lNypceHa, oK.

1270-1334 — dpaHuy3ckoro 6orocnoBa M AOMMHMKAHCKOINO MOHaxa; O4YeHb CXO0Xee BblpaXeHue BrepBble BCTpe4yaeTcs Yy
dpaHuy3ckoro MoHaxa-dpaHumckaHua Oao Puro, ok. 1205-1275).
18

and Sweet («byzIb KpaTok u MIII»). B 11000M citydae OHO CIIYKUT PYKOBOJICTBOM ITPH OTCYTCTBHUHU ONBITHBIX TaHHBIX.
Ecam ecthb HECKONBKO THUIOTE3 W HEBO3MOXKHO IPOBECTH OMBITHI, KOTOpPHIC OBl TO3BOJIMIN BHIOpATh MEXKIY HUMHU,
OCTAHABJIMBAIOTCSI HA CAMOW MPOCTOM.

OnbIT [OKa3bIBaET MPABIIIBHOCTH Takoro moaxoja. Hanpumep, B 1971 roay kocmudeckuit 3001 Uhur 10 N3MEPEHHIO
PEHTTC€HOBCKOTO U3TYUSHHUS HEOKHUTAHHO BRISIBIJI MOITHBINA IMTOTOK PEHTIEHOBCKUX JIyYEeH CO CTOPOHBI co3Be3aus Jlebens,
o0o3HaueHHbl JleOeapr X-1. BUaMMOro MCTOYHHMKA 3TOTO M3IYYCHHUS, KOTOPOE HCXOIMIO KaK Obl M3 ITyCTOTHI Onm3
3Be3apl-ceepxruranta HDE 226868, ymanennoit ot 3emun Ha 8 THIC. CBETOBBIX JIeT, He Habmonanock. (Pa3bsicHeHne
o6o3nauenuss HDE cm.: Criucok uaeit, 14. CoctaBieHue 3Be3HBIX KaTanoros.) CorinacHO OQHON THIIOTE3E, BCEMY BHHOM
ObUT HeBUAUMBIN cryTHUK 3Be3abl HDE 226868. DToT nmpuspak mputaruBai mMaccy, KOTopyto ucropraia u3 ceds HDE
226868. IIpu BTATMBAaHUU ATOTO BEIIECTBA HEBUIUMBIM CIYTHHKOM €ro TEeMIEpaTypa MOBBIIIANACH 10 TAKOH CTENEHHU,
YTO CIyTHUK HAYWHAN M3JIy4aTh paAHoOBONHBL [Ipyras rumoreza TpeboBana MO MEHBIIEH Mepe OBYX HEBHIMMBIX Tell,
B3auMoelicTByromux ¢ HDE 226868, — HeBuauMyro H3-3a CBOCH OJICSKJIOCTH OOBIYHYIO 3BE3[y W BPAIAIOIILYIOCS
HEUTPOHHYIO 3Be31y (SAPO 3BE3IbI, KOTOpas IOCIE 3aBEPIICHUS OTMYIIEHHOTO € CpoKa CXKUMAECTCS B COCTOAIIUN U3
HEHUTPOHOB IIap), HIMEHYEMYIO IyJbCapoM. DTH TPH Teja, PaCIONOKEHHBIE ONMpeelIeHHbIM 00pa3oM, U MOTJIH OBITh
HUCTOYHUKAMH HAOIIOABIIIETOCS PaInON3TyYCHUS.

YnanenHocts JleOens X-1 HE MO3BOISET MPOBOJIUTH HEMOCPEICTBEHHYIO NPOBEPKY, TEM OoJiee 4TO CaMO 3TO
M3ITydeHHe MPOUCXOIUIIO 8 ThIC. JIeT Hazaj. Torga Kakas ke M3 CONEepPHHYAIONIMX THIOTe3 crpaBeanuBa? CoriacHo
9KCIIEPUMEHTAIBHBIM JaHHBIM — 00e. Ho, monb3ysice Opuroit OkkaMa, MBI BUAUM, 9TO JIyYIIle BCETO 3/1€Ch MOAXOIUT
Oomee mpocToe OOBICHEHHE, OTPAaHUIHMBAIOIIEECS OMHUM HeOeCHBIM TenoM. Takum obpasom, Jledeas X-1 cram mepBbIM

3apeTUCTPHUPOBAHHBIM NIPUMEPOM HEBUIUMOTO CITYTHHUKA, U3BECTHOI'O KaK YepHdas ()blpa. BHOCHCI[—
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YTTPOWAEMBIA DAHWTERH

CTBUH TIPH CXOXKHX 0OCTOSATENBCTBAX yAAJIOCH O0HAPYX HUTH O60see 30 TaKmX 0ObEKTOB.

[punnun «bpurea OkkaMay» BCTyNaeT B ISHCTBHUE JIUIIb IPU OTCYTCTBHH OINBITHOTO MoaTBepkaAcHus. Ero 3amaya —
MIOMOYb BBIOPATh MPOCTEUIIYIO TUIOTE3Y, COTJACYIONIYIocs ¢ HaOmojaeHusMu. OIHAKO OHA HE MOXET HCKIIIOUUTH
MIpOYHe TUIIOTE3bI, MOATBEPKIaeMbIe JJaske OoJiee CIIOKHBIMU JTAHHBIMU. Besb OHA He criocoOHa 3aMEHUTH TOTydaeMoe B
ombITe MoATBepkaeHUe. EcrecTBenHo, OputBa OkkaMa ycTymaeT OOCTOSTEIbHBIM OIBITHBIM JaHHBIM, HO MOPOH 3TO
€JIMHCTBEHHOE, YTO y HAC €CTh.

HepelweHHble npo6nemsl

Teneps, yACHUB, KaK HayKa BIIMCHIBAETCS B YMCTBEHHYIO JI€ATEIHHOCTh Y€JI0BEKa M Kak OHa (QyHKIIMOHUPYET, MOKHO
BUJICTh, YTO €€ OTKPBITOCTh TMO3BOJISCT PA3IMYHBIMU MYyTAMH HATH K 00J€e MOJHOMY TIOCTIKCHHIO BceleHHOM.
Bo3HUKAOT HOBBIE SBJICHUS, 110 TIOBOAY KOTOPBIX THIIOTE3bl XPAHIT MONYaHHUE, W, YTOOBI HAPYIIUTH €0, BBIABUTAIOTCS
HOBBIE THWIIOTE3Bl, TIONHBIE CBEeXUX wuAed. Ha wmx ocHoBe yTowHSIOTCS mpenckasanus. (Cozmaercs HOBOE
JKCIIepUMEeHTalIbHOe 00opynoBanue. Bes ata nes-
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TETHHOCTh MPHBOJUT K TOSBICHUIO THIIOTE3, 0OJiee TOYHO OTpakaroIux IoBeaeHne Bcemennoi. M Bce 310 pagm
OJTHOM 1€ — TIOHATH BceneHHyo Bo BceM ee MHOT000Opasuu.

HayuHble rumoTe3bl MOKHO paccMaTpUBaTh KaK OTBETHI Ha BOMPOCH 00 ycTpoiicTBe Bcenennoii. Hamra ke 3amaua
COCTOWT B WCCIEAOBAHUM nsamu KpynHeuwux npodiem, HE PEUMISHHBIX 10 HacTosmero BpemeHU. l[lox cioBom
CKpYIHEHIIHE» TOaPa3yMEBAIOTCA MPOOJIEMbl, UMECIOIIUE JAJICKO MIYIIUE TMOCICACTBHS, CaMble BaXKHBIC ISl HAIIETO
JAJTbHEHNIIIer0 TTOHUMAaHWsI, WIKM O0JIaJaroliue HanbojJee BECOMBIM MPUKIATHBIM 3HAYCHUEM. MBI OrpaHUYHUMCS OJHOU
KpyTHEUIel HepemeHHoH MpoOaeMoi, B3ATOW W3 KaKIOW MSATH OTpacield eCTEeCTBO3HAHUS, W IOMBITAeMCS ONKCATh,
KaKiuM 00pa3oM MOXHO yCKOPHUTH UX perieHrne. KoneuHo, Hayku 0 YenoBeke 1 o0IIecTBe, TYMaHUTAPHBIE U MPUKIaTHBIC,
UMEIOT CBOM HEpEIICHHBIC MPOOJIeMbI (HAlpUMep, MPUPOJIa CO3HAHHUS), HO JAaHHBIH BOMPOC BBIXOJIUT 3a PaMKH 3TOH
KHHTH.

Bot oToOpanHBIe HAMU B KaX/I0H W3 IISTH OTpacieil eCTeCTBOIHAHUS KpynHeliuiie HepeuieHHble npodiemsbl U TO, 9eM
MbI PYKOBOJICTBOBAJIMCh B CBOEM BhIOOpE.

Quszuxa. CBI3aHHBIC C JTBUKCHUEM CBOWMCTBA MAcChl Tela (CKOPOCTh, YCKOPEHUE U MOMEHT Hapsy ¢ KHHETUYCCKOU U
MMOTEHIIMAIBHON SHEpruei) HaM XOpOIIO H3BECTHBI. A TIpUpOAa CaMOW Macchl, MPUCYIIeH MHOTHM, HO HE BCEM
3JIeMEHTApHBIM YacThllaM BceneHHoi, HaMm ne ToHATHA. KpynHelias HepenieHHast 3a1a4a (GU3MKU TaKoBa: OYEMY OJIHU
YacTHUILI 00Ja/1al0T MAcCOH [ITOKOs ], a pyrue — HeT?

Xumus. VI3ydeHne XUMUYECKUX PEaKIWii )KUBBIX U HEXHBBIX TEJ BEAETCS IHUPOKO U BechMa ycrenHo. Kpymaeiias
HEepemIeHHas 3a7ada XMMHAY TaKoBa: KaKOTO poJia XMMHYECKHE PEaKIHH IMOATONKHYJIH aTOMBI K 00pa30BaHMIO TEPBBIX
JKUBBIX CYIICCTB?

buonocus. HemaBHO yJamoch MONYYHTh TEHOM, WIH MOJCKYJSPHBIM YEePTEK, MHOTHX JKUBBIX OPraHH3MOB. ['€HOMBI
HecyT HHpOpMAIIo 00 00mMX Oekax, WIH MPOTeOME, JKUBBIX OPTaHM3-
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MoB. KpynHeliiast HepenieHHas 3a/1a4a OMOJIOTHH TaKOBa: KAKOBO CTPOCHHE U MpEAHA3HAUSHHUE ITpoTeoMa?

l'eonocus. Mojenb TEKTOHWKH IUTMT YJIOBJIETBOPUTEIHHO OIMCHIBAET IIOCIEACTBHS B3aMMOACWUCTBUS BEPXHHUX
obomouex 3emummn. Ho atrmocdepHbIE sSBICHHS, OCOOCHHO THIT TOTOMABI, MOXO0XKE, HE TMOMTAIOTCS ITONMBITKAM CO3/1aTh
MOJICJIH, BEAYIIHNE K MOyYCHUIO HAJCKHBIX MPOrHO30B. KpymHeiimas HepeleHHas 3ajja4a reoJIOTHH TaKOBa: BO3MOXKEH
JIU TOYHBIA JOJTOBPEMEHHBII NPOTrHO3 MOr0b1?

Acmponomus. XOTS MHOTHE CTOPOHBI OOITIETO YCTPOHCTBAa BeeaeHHON XOPOIo N3BECTHEI, B €€ Pa3BUTHH €II¢ MHOTO
HesicHOTO. HenaBHee OTKpHITHE, YTO CKOPOCTh paciiupeHus BeeneHHoM Bo3pacTaeT, MPUBOAUT K MBICTH, YTO OHA OyIeT
pacumpsThes 6eckoHeuHo. KpymHeiiiias HepelleHHas 3aja4a aCTPOHOMHHU TaKOBa: moueMy BceneHHas pacimpsieTcs co
Bce OoJIbIIeii CKOPOCTHIO?

MHorue uHbIC 3aHUMATEIIbHBIC BOIIPOCHI, CBSI3aHHBIC C ATUMH 3aja4yaMu, OyayT BO3HHKATh MOMYTHO, 1 HEKOTOPHIC U3
HUX CaMH MOTYT B OyayIlneMm ctarh KpymHedmumu. OO 3TOM HIET peub B 3aKIIOYHMTEIBHOM pasjence KHUrH: «CIHICOK
UIeny.

Yuneam apseii, anrnmmiickuii Bpad XVII Beka, onpeaenuBmuid Ipupoay KpoBooOparieHus], cka3alr: «Bce, 9To MBI
3HaeM, OECKOHEUHO MAaJIO IO CPABHEHHIO C TEM, YTO HaM IOKa HEBEIOMOY» [« AHATOMHYECKOE UCCICAOBAHNUE O JBUKCHUU
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Cepala W KPOBH y KUBOTHBIX», 1628]. 11 3T0 BepHO, MOCKOIBKY BOIPOCHI MHOXKATCS OBICTpEe, YeM Ha HUX YCIIEBAIOT
oTBeTuTh. [10 Mepe paciMpeHns 0CBEIAeMOr0 HAyKOW MPOCTPAHCTBA YBEIIMYMBACTCS U OOCTYNAIOIIUN €r0 MpaK.
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I'naBa 2. ®uszuka. [louemy ogHM YacTHIBI 00J1a1AK0T MACCOM, a IPyrue HeT?

..04epTaHbsl rPO3Hble cobbITUI, HaM nNpeacTosWmX. ..
Y. Ulekcnup. Tpoun n Kpeccuda
Mep. T. THeany

du3nka 3aHUMAETCS H3YYCHHEM CBOMCTB MOKOSIICHCS W JBIKYIIEHCS MaTepud W PAa3IUYHBIX BHUAOB JHEPIUH.
Cpsi3aHHBIE C JBIDKEHHUEM CBOWCTBA (CKOPOCTh, YCKOPEHHE W MOMEHT Hapsly C KWHETHYECKOW W IOTCHIHATBHOU
SHEprruel) HaM XOpOIIO M3BECTHHI. A TPHpPOAa CaMOW MAacChl, IPHUCYIEH OOIBIMMHCTBY (opM MaTepww, HemoHsATHA. 1
JEeHCTBUTENBHO, MPOUCXOXKIEHUE MacChl — KpYTHEHIIas HepelleHHas 3aa4a (PU3HKH.

Macca

Bcem HaM 3HakOMa mMacca. T0 HEYTO camo co0oil pazymeroreecss. MbI Bce o0mamaeM TOW WM WHOW Maccoid. Macca
— BHHOBHHMIIA TOTO, YTO JIETYE BBITAIINTH 3aCTPSBIINNA aBTOMOOMIIb, HEXEIIN ACTCKYIO KOJISCKY. briarogaps macce cuiia

TATOTCHUA YACPIKUBACT HAC HA 3emue.
23

Tonbko HESICHO npoucxodcoenue Macchl. MHOTHM, HO HE BCEM dJIEMEHTApHBIM YacTUIaM BceeneHHOH npucyina Macca
[mokos]. [Touemy omHU 00ManaroT exo, a Apyrue — Her? UTo «mpuaaer» Maccy TeM win WHbIM dactuiiam? [louemy macca
gacTull paznuyaetcsi? OTCYTCTBYeT JM YTO-TO y 0O€3MAacCOBBIX YacTHI] TIOMHMO Macchi? OTBETHI Ha 3TH BOIPOCHI,
BO3MOXKHO, HaXOJATCS B TaK Ha3bIBAEMBIX XUTTCOBBIX IOJISIX, HO MPEXKAE YeM YSCHHTH CMBICT HEYJIOBUMBIX XHITCOBBIX
noJieii, He0OXOANMBI KO€-KaKue MpeaBapUTeIbHbIC CBEACHUS.

Haunewm c Toro, 4yto Macca Tena cBsi3aHa ¢ KOJIMYECTBOM COJEPIKaIlerocsi B HEM BELIECTBA, @ BCEM XOPOILIO U3BECTHO,
YTO COCTaBIISIET BEIIECTBO: 3TO HaOOp M coueTaHue aToMoB. Ho uTo oOpa3yer aToMbI? ATOMBI COCTOSIT U3 3JEKTPOHOB,
MPOTOHOB U HEHTPOHOB. DJIEKTPOHBI — BJIEMEHTApHbIE YacTUIIbl (HE COCTaBHBIC), YETO HENb3s cKa3aTb O MPOTOHAX M
HeiitpoHax. OHM 00pa3oBaHbl U3 KBapKOB, U, MOX0XKE, HMEHHO KBAapKH M JIEKTPOHBI U €CTh UCTUHHO 3JEMEHTapHBIC

YaCTHIIBI.
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Puc. 2.1. Kupnu4yuku, coCcTaBJISIIONIAE MATEPHUIO
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VYaeauueHue

Kaapx

[Ipexne yem OOpaTHTHCS K HEMOHATHOM MPUPOAE MACChl, HOCMOTPUM, OTKyAa MOSBISIIOTCS KBapku (puc. 2.1). Ilo
Mepe O3HAKOMJIEHHS C IPYTHMMHM 3JIEMEHTApHBIMU YaCTHIIAMU MBI YBHIUM, YTO OoJiee 3J€MEHTAapHBIMH 0 CPAaBHEHHUIO C
YacTUIIAMH OKa3bIBAIOTCS ITIOJIS, W M3YyYUM CaMyl0 NPU3HAHHYIO B (DU3MKE TEOPHIO IIOJIs, UMEHYEMYIO CTaHIapTHOU
MOJEINBIO. 3aTeM PacCMOTPUM HEAOUYETHl CTAaHAAPTHOM MOIENU: OHAa HE OMpeAesieT MCTOYHMK Macchl M OOXOOUT
CTOPOHOI1 Bonpoc TsiroreHust. HakoHen, Mbl HccielyeM TeOpuH, BEIXOISIIHIE 32 PAMKH CTAaHIAPTHON MOJEINH, I'ie MOT Obl

OBITh pelIeH BOIPOC O MPOUCXOKICHUH MACCHI.
25

UYroObl pa3obparbesi € KBapKaMu, clenyeT oOpaTHTbcs K atomam. M3yuenwe OpnHctoMm Pesepdoprom a-gactui
mpuBelo B Hadane XX BeKa K OTKPHITHIO siipa (CM. TIL. 1). DKcIiepruMeHTaNbHBIE U TEOPETHIEeCKHE M3BICKaHUS (PU3UKOB
TTO3BOJIMIIA TIPOABHHYTHCS BIIIyOb TEX KHUPIIMUYUKOB, UTO JekaT B ocHOBe Bceemennoit. K 1920 roxy ompeaenuauchk co
CTPOEHMEM aTOMa, OH OKa3ajcs COCTOSALIUM M3 sipa C IMOJOXKHUTEIbHO 3apsyKEHHBIMU MPOTOHAMHU U HEHTpPaJIbHBIMHU
HEHTpoHaMH (XOTS B OMBITAaX eIle He ObUIO MOATBEPKACHO CYIIECTBOBAHHE HEWTPOHOB B TO BPEMS), BOKPYT KOTOPOTO
00parmanarch AMEKTPOHBI.

LlerocTHOCTE 3TOM KapTHHBI BCKOpe Hapymuiach. [ oObsACHEHUS U3TyuyeHHUs] CBETa HarpeThIMU TeJlaMU HEMEIKUi
¢u3uk Maxkc [Tmank B 1900 romy BBIIBMHYN NPEAINONOXKEHHE, YTO CBETOBas DHEPTHs NepenacTcs B BUAE MOPLUH,
Ha3BaHHBIX KBaHTaMH, a HE JIOOBIM KOJIMYECTBOM, KaK AyMaiHu paHee (BpoIe 3BEHBEB, a HE CIUIOMIHOHN JIeHTHI). [lo
mHeHuto I[lnanka, 370 OBUIO BCEro JUIIb MaTeMaTHYeCKOH orepariyiel, Mo3BOJIMBIICH PEUINTh BO3HHUKIINE TPYIHOCTH.
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Omnako B 1905 romy Ansbept DWHIMTEHH oTHeccs K uaee [lmanka wHade. OH MMOKa3all, YTO €CJIM CBET JCHCTBHTEIHLHO
MMEET KBAaHTOBYIO TIPUPOJIY, TO 3TUM OOBIICHIETCS 3arajika (hOTOAIEKTpruIecKoro 3ddekTa.

®doroanexTpudeckuii 3QpPEeKT MPOSBISIETCA MPH MAJSHUH CBETa HA METAllI, YTO BBI3BIBACT BBIXOJ DJIEKTPOHOB W3
Metaiia. OHAKO HMCITyCKaHUE JJIEKTPOHOB MPEKpaIIaeTcsi MPH CBETE CO CIWIIKOM Majlod 4acTOTOW HE3aBHCHMO OT
MOIITHOCTH MCTOYHHKA CBETA. DUHINTEHH 3aKIIOUUI, YTO CBET JACUCTBYET MOJOOHO YACTHUIIE, TepeaBas CBOIO DHEPIHIO
AJICKTPOHY U TEM CaMbIM BBICBOOOXkas ero. Kpome Toro, otHomenue [lnaHka, CBSI3pIBaBIlIEE 3HEPTHUI0 C YACTOTOM,
OOBSCHSIIO OTCYTCTBHE DJIEKTPOHOB NPW HHU3KOW YacToTe majaromiero cBera. CBeTOBBIM (POTOHAM IPOCTO HE XBATAIO
SHEPruu Iyl 00pa3oBaHus CBOOOIHBIX AIEKTPOHOB. JleficTBUS cBeTa OO0JIbIlle HATIOMUHAIHN MTOBEACHIE YaCTULIBI, HEXXEITH
BOJIHBL.

26

PacnpocTpanenue mpeicTaBieHHs O KBaHTax Ha aTrombl B 1920-x Tojmax mnOpuBENO K CO3IaHHI0 KBAaHTOBO-
MEXaHUYEeCKOM Mojaenu aToma. B JaHHOW TEOpUHU SJCKTPOHAM KaK YaCTUIAM MPUIHMCHIBATIUCH BOJHOBBIC CBOMCTBA.
KBanTOBO-MeXxaHWYEeCKHE TPEACKa3aHus OTHOCHUTEIHHO I[BETAa CBETa, HCIIYCKaeMOro BO30YKICHHBIMH aTOMAaMH,
COTJIaCOBBIBAJIUCH C JAHHBIMU CIEKTPOCKOIHH, TaK YTO TEOPHS BBIIEp)Kalia OMBITHYIO MPOBEpKy. Temepsr cCuMMETpHs
Obuta 1OJIHOM. CBET MOT MPOSIBIIATHCSA B BHJIC BOJHBI WM YACTHIIBI, a 3JCKTPOH (MPOTOH WM HEWTPOH) — B BHUJC
YACTHUI[bl WU BOJIHBI, B 3aBUCUMOCTH OT IPOBOAUMBIX OIBITOB.

OmHuM W3 CJICACTBHA KBAaHTOBOW MEXaHWKH CTaj IPHUHIMII HeompeneraeHHocTH [ ei3enbepra, coriiacCHO KOTOPOMY
CYIIECTBYET Tpened MPOU3BEACHHS HEOMPEACICHHOCTH TOJOKCHUS YaCTHUIBI M HEOIMPEICICHHOCTH €€ HMITyJIhca U
COOTBETCTBYIOIIUI MIpeaes NPOU3BENCHUS HEONPEAEICHHOCTA SHEPTUU U HEOTIPEACIICHHOCTH BPEMEHH.

IIpuHUUI 3TOT O3HAYaeT: YeM TOYHEE YCTAaHOBJIEHO MECTOIOJIOKECHHE 3JIEKTPOHA, TEM MEHEe TOYHO MOXKHO Y3HATh
ero mMmmyinesc, u HaobopoT. [lpexen kpaitHe Man, U €ro NEeHCTBHE TOYTH HE OTPAXKACTCS HA MU3MEPEHUSX OOBEKTOB
0OBIUHBIX pa3mepoB. OqHako (uiIoco(CKUE TMOCICACTBUS BEIUKU: Cyuecmeyem npedel Hawum 3Hanusm. MHorue
y4eHbIe, BKIItouasi AnpOepTa DWHINTEHA, HE MOTJIM IPUMHUPUTHCS C TAKUM TIpEAIonokeHneM. M Bce ke OHO CllefyeT u3
YIOCTOBEPSIEMO TMITOTE3bI, KOTOPYIO MPUXOAUTCS IPUHSATB.

Jlayiee, KBaHTOBYIO MEXaHUKY MOTPEOOBANIOCh OOBECIUHUTH C JAPYroi PEBOJIOIMOHHON uaeel Haudama XX Beka —
CHeNManbHON TeopHel OTHOCHTeNbHOCTH DiiHmTelHa. B 1928 rony sto cneman Opuranckmii ¢pusuk [loms upak. Ero
HOBasi TEOpHWs OKa3alach He TOJIbKO MCUEpPIBIBAIONICH, OHA MPUBOAWIIA K JIIOOOMBITHOMY CIEICTBHIO: IpeACKa3biBajia
CyIIIECTBOBAaHNE HOBOW YACTHUIIBI, TIOJJOOHOHN 3JIEKTPOHY, HO TMOJIOKHUTEIHHO 3apsHKEHHOM, KOTOpas MOIy4YniIa Ha3BaHHE

AHTUDJICKTPOHA, NI MO3UTPOHA (HOJ'IO)KI/ITCJ'ILHOFO BHGKTpOHa).
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ChnacurtejibHbIe KOCMHUYECKHe Jyun

Maio npezacka3aTh CyIIECTBOBAaHHE HOBBIX YAaCTHII, HYXKHO MOJTBEPIUTH 3TO B OMBITaX. A MOCKOJIBKY HH y KOTO HE
OBIJIO CBUICTENBCTB CYIIECTBOBAHHUS ITO3UTPOHA, OHO IIPEICTaBISIIOCH COMHHUTENBbHBIM. B Hagame 1930-x TomoB
amepukaHckuii Gu3uk Kapn AHIEpCOH NpUBIEK IS M3y4YSHHs] MaTepUu HOBOE CPEICTBO — KOocMUYeckue Jiyun. OHU
COCTOSIT B OCHOBHOM U3 IIPOTOHOB, 0.-9aCTHI] (CBSI3aHHBIE JIBa IPOTOHA U JIBa HEUTPOHA; OJTHUM CIIOBOM, S/Ipa T'eNHs), I
CBETa Pa3IUYHON YaCTOTHI. DTH YACTHIIBI 00JIAAAIOT IMIHPOKUM CIICKTPOM SHEPTUH W 00MOApIupyroT 3eMIII0 MTOBCIONY,
majgasi Ha HEe C YacTOTOW OfHa JacTuia B CeKyHAY. OCHOBHOM HCTOYHUK KOCMHYECKHX Jydue — CoHIe, 0JHAKO
HaOJOJJaeMble B KOCMHUYECKHX JIy4aX YacTHIBI C HaumOoJee BBICOKOM OSHEprueil MopokIaeHbl 0ojiee MOIHBIMU
MIPOIIECCAMH TI0 CPABHEHHIO C TEMH, YTO MpoucxoaiT Ha CouHIIe.

Kocmuueckne Jydd HCBUIUMBI, U HUX BO3Z[eI\/’ICTBI/Ie Ha MaTCpUuro CIUIIKOM Mallo, 9TOOBI €ro 3aMETHUTh. I[JISI
oOHapyXeHUsT dYacTWll AHACPCOH HCIOJIB30BAN JIBA YCTPOHCTBA: CO3JAMONIEE CHJIBHOC MArHUTHOE TMOJNEe |
KOHJICHCAI[MOHHYI0 Kamepy BuibcoHa. MarHWTHOE TIOJ€ WCKPHBISUIO TPACKTOPHIO 3apsHKEHHBIX YacTHUI] BHYTPHU
KOHJICHCAIlMOHHON KaMephbl, COAeprKalllel HACBIIEHHBIM BOJASHBIMHU MapaMu YUCTHIM BO3yX. YacTulibl, mpojeras yepes
KaM€py, HOHU3UPOBAJIN MOJICKYJIBI BO3AyXa, U TC CTAHOBUJIMCh TOUKaMU OCCAaHUA I1apoB, o6pa3y51 B UTOI'C KaIlJIU BOJBbI.
OTH Kaliv TMO3BOJSUTA HaONIOATh TPACKTOPHH YaCTHIl, TIOJOOHO TOMY KakK 3eMHas aTMocdepa JaeT BO3MOXHOCTH
YBUIETH CIIE]] OT BBICOKO JIETSIIETO CAMOJIETa, XOTS €r0 CaMOTO ¥ HE BUIHO.

AnziepcoH npoBoaui ombIThl B Kojopano, rae Oonblnas BEICOTa CYIIECTBEHHO yMEHBINANA 3aTCHSIOIIEE JeHCTBUE
3eMHOI1 aTMOC(ephl Ha Nalatolie KocMuieckue ay4ud. OJUH U3 ero CHUMKOB 3arieuaTiie] TPACKTOPHIO, OTKIIOHUBIIYIOCS
B TIPOTHBOIIOJIOKHOM OT TPACKTOPUHU 3JIEKTPOHA HAIpaBIEeHHUH. DTO OBLIO CBUAETEIHCTBOM CYIIECTBOBAHHS MO3UTPOHA.
OKa3LIBaeTCH, IIOYTH BCEM HacTULlaM COOTBETCTBYIOT aHTHUYAaCTHUIIbI, OTJIMYArONIUC-
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s DIICKTPUYECKHM 3apsIOM U MHBIMH, 00JIee TOHKHMH cBoicTBaMH (cM.: Criuicok muei, 1. AHTHBEIIECTBO).

Tak kak B rumote3e [lupaka MpeacKa3bIBAIOCh CYIIECTBOBAaHHE IMO3UTPOHA, €r0 OOHApY)KEHHE ITOATBEPIKIAIO
WCTUHHOCTh PEISTHBUCTCKON KBAaHTOBOW MEXaHWKH (KBAaHTOBas MEXaHWKAa, BUIOW3MEHEHHAs C YUYETOM CHCIHaTbHOU
TEOPUH OTHOCHTEIBHOCTH). OHAKO JApyroe OTKpBHITHE AHAEpCOHAa OKazajloch Ooliee obeckypaxuBaromuM. OH
00HApY XM TPAaeKTOPUHU JABYX HOBBIX YaCTHI[ — MIOOHOB, Macca KOTOpbIX B 200 ¢ NWITHWM pa3 MpeBbIIIajIa Maccy
anekrpona. OnHAa WMeNa TOJIOKHUTENBHBIN 3apsj, a Japyras — OTpUIaTelbHBIA. WX CyliecTBOBaHHE U CBOMCTBA
MIPUBOJIMIIN B 3aMEMIaTEIhCTBO, TOCKOJIBKY MIOOHAM HE HAaXOIMIIOCh MECTa B CTPOCHUH BeliecTBa. Henoymenue pu3nkoB
BBIpa3n-
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nock B orBere HobGenerckoro maypeara U. A. Pabu, KOTOpBIi, ycibIiaB 00 OTKPBITHH MIOOHA, cripocwr: «Kto mx
3aKa3bIBaI?»

YeTbipe cHIIbI

CnoBHO Majno OBUIO XJIONOT ¢ HOBBIMHU YacTHIIaMH, B Te ke 1930-¢ ro/pl ObUIA OTKPBITHI €lie U HOBbIC most. K yxe
M3BECTHOMY TATOTEHHIO M 3JIEKTPOMArHETU3MY JOOABHITUCH CUIbl 0EPHO20 83AUMOOCUCTEUs, Y IESPKUBAIOIIIE IPOTOHBI
U HEUTPOHBI B SAPE, U Cuibl C1a6020 83aumooelicmaus, BbI3BIBAIONINE HEKOTOPBIE MPOILIECCHl PalnOaKTUBHOTO paciajia.
JIroO6ombITHO, YTO clla00e M CHIBHOE B3aUMOJCHCTBHUS JIOCTUTAIM CBOCH MAaKCUMAIBbHON CHIBI Ha OYCHb MajoM
paccTosHUY, MPUYEM UX CHJIa TMajana A0 HyJs, CTOMIO YacTHIIaM YAATUThCS Ha PACcCTOSIHHE, MPEBHIIIAONIEe pa3Mephl
aapa. Bot moueMy MbI UX HEe BUAMM: OHH JEHCTBYIOT Ha PACCTOSHHH, HEOCTYITHOM HAIlIMM OpPTaHaM YyBCTB.

B 1930-¢ roasr Oupuxo ®epmMu BBIIBUHYJ TEOPHIO CIa00T0 B3aUMOJAEHCTBUS, MPEICKAa3aBIIyI0 CYIIECTBOBAHUE €Ille
OJTHOM HOBOW 4YacTHUIbL. DTa BIIEKTPUUSCKU HEHTpalbHas 4acTulla Hy»KHa ObLla JJIs ydeTa HEJOCTAIONIeH SHEPrUM B
HaOmogaeMoM [Oera-]pacmane. @epmu Ha3Bad ee netimpuro. HERTPUHO OKa3aloCh 9yTh W HE YaCTHIICH-TIPU3PAKOM,
CTOJIb PEIIKO B3aMMOJICHCTBYIONIEH ¢ OOBIKHOBEHHBIM BEIIECTBOM, UTO JIJISi OCTAHOBKH ITOJIOBUHEI MAIAIONINX HEUTPUHO
MMoHaIO0MIack OBl CBHMHIIOBas IJIACTHHA TOJIIMHOW B BOCEMb CBETOBBIX JIeT (IIPEBBINIANONICH Oojiee yeM B 2 pasa
paccrossaue ot ConHma mo Ommkaimiei 3Be3nsl). M Bce ke HEUTpHHO [TOYHEe, aHTUHEUTPUHO| OBUTH OOHAPYIKEHBI
OTIBITHBIM TTyTeM amepukanckumu ¢m3ukamu Dpenepukom Pefinecom u Kmaitmom Koysnom, HO smms B 1953-1956
rojgax. 9To u TpebOBAIOCH PUNKE — JAPYTas YACTHIIA.

Ockoukn yacTuu, uiu TpyaHoe pa3geseHue

Y4eHbple OTYasTHHO HYXJAJHCh B ammapaType Uit H3yYeHHs 3TUX HOBBIX YaCTHIl, HO KOCMHYECKHE Jy4YH OKa3aJHCh
CIHII-30

KOM YK HEHaJIe)KHBIMH W3-32 CTOJb IIMPOKUX TEPENagoB X JHEPTUH, 1a U HEH3BECTHO OBbLIO, OTKYyJa HX KIaTh. B
Hauvane 1930-x ro/ioB MOSIBUJIMCH HOBBIE YCTPOWMCTBA JJIA CUCTEMATHYECKUX ONBITOB — C HCIOJIB30BAaHUEM ITyYKOB
YaCTHI[ C 33/JIaHHON dHEpruei. YCTpoWCTBa, HA3BAHHBIC YCKOPUMENIMU YACUY, CTAId OCHOBHBIM OpyAHEeM (HU3UKU
BBICOKHX 3HEPTUH, HTPast Ty ke POJIb, YTO MUKPOCKON B OMOJIOTUH H TEJIECKON B ACTPOHOMHMU.

Brinn co3anbl J1Ba pa3iMuHbIX BUJIa YCKOPUTEIIEH: IMHEMHBIN U KPYTOBOM, UM LIUKJIOTPOH. B TMHEWHOM ycKopUTee
SJIEKTPOHBI YCKOPSIOTCS DJCKTPUUCCKUM TIOJIEM BIOJb JUIMHHOTO BaKyyMHOTO KaHana (Moaenb CTIH(OPIACKOTro
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YHHBEPCUTETa UMEET MPOTSHKEHHOCTh 2 MUJIHM) W OTKJIOHSIOTCS MarHUTaMU JUIsS CTOJKHOBEHHS C MHIICHBIO. JlaTduku
PETUCTPUPOBATH MPOYKTHI pacna/ia U CHHTE3a IPU CTOJIKHOBECHUU.

B 1UKIOTpOHE 3apsHKEHHBIC YaCTHIIBI YCKOPSAIOTCS B 3a30p€ MEXIY MBYMs TOJOBHHAMH IUKIOTPOHA (MMEHYEMBIMU
nyanTaMu — D-00pasHbIME K3-3a CBOETO BHJA), M UX TPACKTOPHS MCKPUBIIETCS MArHUTHBIM IOJIeM BHYTpHU nyaHT. C
YBCINYCHUEM ODHEPTHUU YaCTUIBl JABUTAalOTCA IIO BCE OoJbIIeH Ayre, u Koraa HaKOHEI AJOCTUTaroT MaKCHUMaJILHOM
SHEPTUM, BBIBOJATCS W3 IUKIOTPOHA W HANPABIISIOTCS HA MUIICHB, TJIC POUCXOIUT CTOJIKHOBEHUE, a Pa3JICTArOIIACCs
OCKOJIKH perucTpupytorcs natankamu. (Cm.: Crimcok uneid, 2. Y ckoputenn.) U3o0perarens mukimoTpoHa JpHecT JIopeHc
TPYyAWJICHd HaJl CO3JaHUEM BCC OOJIBIINX UKIJIIOTPOHOB, KOTOPBIC HAa3bIBaJl IIPOTOHHBIMU KapyCEIAMHU, HO HATOJIKHYJICA Ha
MIPETSTCTBUS, PUBEAIINE K OCTAHOBKE €r0 KapyCelu.

BMemaTeabCTBO NOJUTHKH

1930-e roas! mpuHECHIH APYTroe HecyacThe: BTOpyro MUPOBYIO BOMHY.

[TomMuMoO coOKpaleHHs: OTIYCKaeMbIX Ha MCCIEIOBAHUSI CPEICTB BOCHHBIE HYXIBI OTBJICKIH OTPOMHOE MHOKECTBO
(u3ukoB, BEIHYAUB UX ¢ 1941 roga 3aHuMaTbhcss MaHX3TTCHCKAM MPOCKTOM. V3HAYaNbHO LENBI0 3TOrO MPOEKTa OBLIO
H3y4YcHHe
31

9HEPTUH, BEICBOOOKIAEMOM MTPH PACHICTUICHHUH SJIep TSDKENBIX METAIUIOB BPOJIE YPaHa, YTOOBI ONPEACTUTh, MOXKHO JIH
HCIOJIB30BAaTh 3TY SHCPIUIO IJIA CO3JaHUA OPYIKUA U B ClIydac YTBEPAUTCIBHOI'O OTBETA CACIATh 3TO PaHbIIC HEMCUKUX
(bM3HUKOB, KOTOpBIC, KaK CYUTANIOCh, paboranmu Haj cxoxkuM 3ambiciioM. ([Tbeca «Komenrarenm» Maiikia ®paiina
MOBECTBYET O TJIAHAX HEMIICB W COIO3HHMKOB MO CO3J[aHWI0 ATOMHON OOMOBI Ha TPUMEpE B3aUMOOTHOIICHUH (H3HUKOB
Hunsca bopa u Bepaepa ['efizenbepra.)

3az[alla (bI/I3I/IKI/I COCTOdJIa B ITOCTUKCHHNUN YCTpOﬁCTBa AApa, TEXHUKW — B MPETBOPCHUU 3TOTO 3HAHHA BO B3PBIBHOC
ycTpoiicTBo. O6 3THYECKO# CTOPOHE Jesa 3ayMaIHCh Mocie MoOeabl HaJl HEMIIAMH, XOTS T¢ HE 3aHUMAJHCh CO3/IaHHUEeM
atomHor OomObI. [locnme xamurymsmum ['epmanmu B mae 1945 roma mekoropblie ¢us3mku B CoemmHeHHBIX IllTarax
AMepuKHU BBIIUTH M3 MaHX3TTeHCKOro npoekrta. OcTaBiIrecs CO3/Iald aTOMHYIO U BOJOPOIHYIO OOMOBI, IMOCIEICTBHS
Yero Mbl OIIYIIAeM J0 CHX IOp.

dusuka BO3BpPaIlllacTCA K MNOBCCIHECBHbBIM 3a00Tam

Ilocne oxoH4YaHMsS BOWHBI TOTOHS 32 HOBBIMH YacTHI[AMH BO300HOBHJIACh, W BeAyIas POJb 3/1€Ch OTBOJHMIIACH
yckopuTento. YacTulpl CTaJKMBAaIM C MHILIEHBIO, MOCJIE Yero TUIAaTEeIbHO H3ydyalM ModydaBIuuecs OcKosku. Ilpu
OTHOCUTENIBHO MaJbIX 3HEPrHsiX, NOCTYNHBIX B Ty IOpPYy, HPOTOHBI 3acTpeBalId B OOJBIIMX sApax, 0Opa3oBbIBas
KOPOTKOXKUBYIIME Ooiiee KpymHbIe siapa. Hekotopeie U3 3THX sigep ObLIM pPaJHOaKTHBHBIMH W pacrafalliich Ha sjpa
MOMeHbIIIe U Apyrue yacTuubl. [lomydaBmmecs 6ojee KpynHbIe siapa momoyHsun [lepuoanveckyio Tabnuiy, K pajocTH
XMMUKOB, a (PM3UKH OCTaBAJIUCh O€3 HOBBIX YACTHII.

TeMm BpeMeHEM CTPOWIHCH BCe Ooyiee KPyIHbIE IMKIOTPOHBI, ITOJIyYaBIINE YaCTHIBI CO BCe OOJbIIEH SHEpPruei.
BBu/Ty SKBHBAJICHTHOCTH MACChl M HEPIMH (COITIACHO 3HAMEHHTOM (opMyie DiinmTeiina £ = mc’) CTONKHOBEHHUS TIpH

OONBIINX OHCPrusiaX MNO3BOJIAIIN MMOJTYyYaTh Oolee TSKENbIE qaCTHUIbI. n BCKOpC
32
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(hu3uKOB, pabOTABIIMX HA YCKOpHTENe, *kaaln ycneX. CHUMKA W3 KaMephl BMiibcoHa yKazaau Ha CJCAbl, WIH TPEKH,
HEBUJIAHHBIX TPEXKJC YACTHII: 3apsDKCHHBIX MUOHOB (T, T), Win nu-mMe30HOoB, u kaoHoB (K', K'), mnm K-me30HOB,
HEUTpaNbHBIX MMHOHA W KAOHOB, JSAMOJa-4aCTHIIBI, CHTMa-4acTUIBI U Tp. W XOTA dYacTuisl ObUIM HeCTaOWIIBHBI,
pacnagaiuch BCKope Ha 0oJiee MPUBBITHBIC YaCTHUIIBI, BCE 3TO CBUACTEIILCTBOBAJIO O TOM, YTO MaTEpHs TauT B ceOe ere
MHOT'O HEOKHJAHHOTO.

l'onka 3a yactunamu mupmiIack. YMcio MUKIOTPOHOB POCIIO, @ UX YCTPOMCTBO COBEPIICHCTBOBaNIOCh. B mpubope,
AMEHYEMOM CHHXPOTPOHOM, VCKOPSIOIIEE II0JIe CHHXPOHU3MPOBAIOCH I OOCCICUCHHUS IOCTOSHHOTO paamyca
TpaeKkTOpuHu y Mmydka dactull. Ha cMeHy kamepe BunbcoHa npuiiia my3sIpbKoBasi Kamepa, rie o0pa3oBaHue MTy3bIPHKOB B
MEePErpeToM >KUJIKOM BOJIOPOAE MO3BOJISIIO BUACTH CIEbI YacTUll. Bce 3TO MOXOAMIO HA UCCIENOBAaHUE Pa3METaHHOTO
B3PBIBOM CTOTa CEHa B TIOMCKaX KOPOTKOXHMBYIIMX HWTOJIOK. Tak, OMHOMY acmHpaHTy s AUCCEPTAlldU TMPHUIILIOCH
n3y4uTh 240 ThIC. CHUMKOB M3 ITy3bIPEKOBOM KaMephI.
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Htorom Bcex 3THUX yCWJIHMH CTal HACTOSIIMH OyM 4acTWI WX ObUIO HaiineHo cBwimie cta. HoOeneBckuii nmaypear

Onpuko @epmu 3amernn cBoemy cryaeHty Jleony Jlemepmany (BmocienctBum Toxe HoOeneBckoMmy naypeary):
«Monozo# yenoBek, eciiy Obl 1 MOT YIIOMHUTh Ha3BaHHUS BCEX 3JIEMEHTAPHBIX YACTHIL, 51 OBl CTal OOTAHUKOM.

[TosiBjIeHUE KBAPKOB

Pazpocieecst ckonuiie YacTull co34alo B GU3MKE MOJIOKEHNUE, CXOJHOE C TEM, UTO MEPeXHBajla XMMHUS A0 TOSBICHUS
[Mepuoamueckoit Tabmuiel MenneneeBa B 1869 rogy. B ux ocHOBe JOKHO JieKaTh HEYTO OOIIEe, TONBKO BOT YTO?
OU3NKH, UCXO U3 TEOPETHUECKUX COOOPAKEHHH, MBITAIHNCH MT0-PA3HOMY TPYNIIHPOBATH YACTHIBI B IMOMCKaX HEKOETO
nopsiaka. TspKenbie U cpelHUe 10 Macce YacTUIIBl ObUTH Ha3BaHBI aApOHAMM, a B JalbHEHIIEM HX pa30ouian Ha OapHOHBI U
Me30HBI. Bce ampons!

34

YyYacTBOBAJIM B CHJIBHOM B3aMMOJCHCTBUH. MeHee TsDKeNble YacTHIbl, HAa3BaHHBIE JIEITOHAMH, Y4YacTBOBAIU B
ANIEKTPOMATHUTHOM U ci1aboM B3aumo/eiicTBun. Ho mojo0HO TOMY Kak 3JIEKTPOHEI, POTOHBI U HEHTPOHBI HYKHBI OBLIH
IUIE OOBSCHEHHS] TPUPOABI OOBSIBUBIIETOCS CKOMHUINA YaCTHI[, YTOOBI OOBACHUTH NPUPOAY BCEX OITHUX YACTHIL,
TpeOoBasoch HEYTO OoJIee OCHOBATEIHHOE.

B 1964 rony amepuxanckue ¢puzukun Mappu ['enn-Man u Jxopmk L{Belir HezaBUCHMO OpyT OT Apyra MpeioKuiIn
HOBBIN ToaxoA. Bee anponbl, Oka3pIBaeTCs, COCTOST U3 TPeX 00Jiee MEITKUX YaCTHIl U COOTBETCTBYIONINX UM aHTUYACTHII.
I'enn-Man Ha3Ban 3TU HOBBIE 3JIEMEHTApPHBIE YACTHULIBI KGapKamiu, 3aMMCTBOBAB Ha3BaHHWE U3 poMaHa JDkeimca JIxolica
«[lomuukn o @uUHHETAHY», TAE TEPOI0 B CHAX YAacTO CIBIIAIUCH CIIOBA O TAMHCTBEHHBIX TpeX KBapkax. JTH (TepBbIC)
TPHU KBapKa, MOJNyYWBIINE Ha3BaHWUA BEPXHUH (u — OT aHTI. up), HWKHUH (d — down) m cTpaHHBIA (s — strange),
0071a1a10T JPOOHBIM DIEKTPUYECKUM 3apsmoM +7/3, -'/3 U -'/; COOTBETCTBEHHO, 4 y WX AHTHKBAPKOB STH 3apsbl
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IIPOTUBOIIOIOXKHBI.

CormnacHo AaHHOW MOJENU MPOTOHBI U HEUTPOHBI COCTABJICHBI U3 TpeX KBapkoB: uud ¥ udd cooTBETCTBEHHO, TOTAA
Kak OOIMpHas Tpynma BHOBb OTKPBITHIX ME30HOB COCTOMT M3 Mapbl KBapK—aHTUKBapK. Hampumep, oTpuLaTeIbHBIN
IIMOH IpeACTaBiIseT cO00il coueTaHne HIPKHETO KBapKa M BEPXHEro aHTUKBapka. KBapku mpeanaraiuch B KauecTBe
paboueil TUNOTE3bl, W, XOTS OHU TMO3BOJSUIM PEIINTH BOIPOC C YIOPSAOYMBAHHUEM OOIIMPHOTO COOpaHUS YacTHIl C
MaTeMaTHYeCKOM TOUKU 3pEHMS], X CYIECTBOBAHNE HE BHYIIAJO AOBEPHSI U3-32 OTCYTCTBHSI OIBITHBIX JTAHHBIX.

B ombiTax mpoTOHBI C HEUTPOHAMHU IPEACTABISUIN COOOI pa3MbIThe KyCOYKH BEIIECTBA, IOJOOHBIE aTOMY COIJIACHO
TOMCOHOBOM MOJIENIN «ITyAWHTa ¢ U3IOMOM». OJHAKO 3TH YaCTHIIbI ObUTH 3HAYUTEIHHO MEHBIIIE aTOMa, TaK YTO UX HEIb3S
ObUTO TpoiynaTh, oOcTpenuBas aib(a-4acTHLAMH, Kak mpozgenan Pesepdopa ¢ aromamu. Anbda-dacTHUubl ObUIH

CJIMIIKOM KPYITHBIMHU, U BBIBEAATh 4TO-IHOO0 ¢ UX MMOMOIIIBIO OKA3bIBAJIOCh HCBO3MOXXHBIM.
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KomnexruB ydensix CTaHGOpACKOro OTHENeHHsT MaccayyceTcKOro TeXHOJIOTHYEeCKOTO HHCTHTYTa Ha JIMHEHHOM
YCKOpHTEIIE 3aHUMAJICS U3YUCHUEM sipa, 0OCTpenBasi 3JIEKTPOHAMHU BOJIOPOJ M ACHTEpHi (TSDKENIBI H30TOI BOAOPOIA,
SIIPO KOTOPOTO CONEPKUT OJUH MPOTOH M OAUH HEHTPoH). OHU U3MEPSIIH YIOJl U SHEPTHIO PACCESHUS 3JIEKTPOHOB MOCIIe
CTONKHOBeHHMs. [Ipy ManbIx SHEpPTUsSX 3JIEKTPOHOB paccesHble MPOTOHBI ¢ HEUTPOHAMHU BelH ce0sl KaK «OJHOPOIHBIC
YacTHUIBI, CJIETKa OTKJIOHSS 3MeKTpoHbl. Ho B ciywyae C 3JIEKTPOHHBIMHM IIy4YKaMud OOJBIIOW 3HEPrHH OTACIbHBIC
JIEKTPOHBI TEPSUIM 3HAYMTENbHYIO 4acTh CBOEH HAYalIbHOW 3HEPIHM, pacceuBascCh Ha OOJbIINE YIVIbl. AMEPUKAaHCKHUE
¢usuku Pruapn @eitnman u Jxxelimc beépken, kak u Pesepdopa B pabore 1Mo BBISIBICHHIO CTPOSHHUS sipa € MIOMOIIBIO
anb(ha-yacTUL, UCTOJKOBAIN AAHHBIE [10 PACCESIHUIO 3JICKTPOHOB KaK CBHICTEIHCTBO COCTABHOI'O YCTPOMCTBA MPOTOHOB
M HEWTPOHOB, a MMEHHO: B BHJE IPEICKAa3aHHBIX paHee KBapKOB. Temepp NMPUXOMWIOCH CUUTATHCA C THUIOTE30U
CyILIECTBOBAaHUSI KBAPKOB.

Teopust HAHOCUT OTBETHBIN yAap: 00beIMHEHUE

®U3MKU Bcerjaa CTpEMUIIMCh YIIPOIIaTh BOZHUKAIOLIKME BOMPOCHI coUYeTaHWEM pa3iaudHbix Teopuil. Ha ucxone XIX
Beka J[xeiimc Kiiepk MakcBesT 0CO3HAJ, YTO AJIEKTPHUECTBO M MarHeTH3M BbIpa)XaroT COOOW J1Be CTOPOHBI OJHOTO U
TOTO € SBJICHUS, ¥ 5TO MO3BOIMUIO OOBEIMHUTH UX, a CAMO SIBJICHHE MTOMYYHIIO Ha3BaHHE dieKTpomarnetuszma. B 1950-¢
rogel amepukanckue ¢usuku Puwuapn @eitaman, [[xymmyc IlBunrep m smoHckuii gusmk Tomonara CUHBHTHPO
COCIMHUIIA TEOPHUIO JJICKTPOMAarHeTh3Ma C KBAaHTOBOM MEXaHHUKOW, co3maB keanmogyio snekmpoounamuxy (KO]1).
CormacHo 5TOH TEOpPHM 3JIEKTPOHBI B3aMMOIEHCTBYIOT MOCPEACTBOM OOMEeHa CBETOBBIMH (oToHamMH. Camu (QOTOHBI
Ha0II01aTh HEBO3MOXKHO, IOCKOJIBKY JIEKTPOHBI HCIIYCKAIOT M MOIJIOLIAIOT UX B Ipe/enax, NOANaJaoliX oA JeiCTBIE
TIpUHITUTIA HeoTlpeAaeleHHOoCTH [ efizenbOepra. M3-3a cBoeit
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HEHa0JII0JaeMOCTH OHM MOJIYYHIN Ha3BaHUE BUPTYAIBHBIX (DOTOHOB.

Korga B xon1e 1960-X ONBITHBIM IIyTeM YAAJIOCh BHIIBUTH KBapKH, OblIa BBEIABHHYTA JIPyTras MOAETs OOBEIMHCHUS,
BKJTIOYAIOLIAs JIBa U3 YeThlpeXx B3aumozencTeuid. Ctus BaitnOepr u lllennon ['mamoy B AMepuke ¥ MaKUCTaHCKUH QU3HK
Abnyc Canam B Tpuecte (Mtanus) He3aBUCUMO IpyT OT ApPYra BBIIBUHYJIH TEOPHIO, OObEANHSIOIIYIO 3J€KTPOMarHUTHOE
n cmaboe B3aUMOJEHUCTBHS B OIHO, 3JIEKTpociiaboe B3ammonelicTBue. IlomMuMo 0OBSCHEHHS YK€ HAOIFOMaBIIUXCS
sIBIICHUH B OoJiee oOIIell cBs3HM 3Ta HOBasi TEOpHs JOOABIsUIA K CIIUCKY WMEFOIIUXCS YacTHUI] MPeJICKa3bIBaeMble HOBBIE!
HelTpanbHy0, c1ab0 B3aMMOIEHCTBYIONTYIO (HEIHE HMEHyeMyIo Z), W', W ¥ TAXKeNylo 4acTHIly, HA3BAHHYIO XHITCOBOIL
(mompoOHee cM. manee).

B 1973 rogy Obima mpeanioeHa emie OJHAa TEOpHs: KBAHTOBAas TEOPUs CHIBHOTO B3aWMOJCHCTBHSI, KOTOPYIO
BoIBUHYIM Mappu [enn-Man u  Hemeukud ¢usuk Xapansn @purom. [lomyuwmBmias Ha3BaHUE KEaHMOGOU
xXpomoounamuxu, 3ta Teopus moxomwna Ha KO/ m B Toi W B JApPYyroil TEOpUHM OCHOBHBIE YaCTHIIBI, KBapKH,
B3aMMOJCHCTBOBAIM B IIpolecce OOMeHa BHUPTYalbHbIMU (B Ipenenax ACHCTBHA IPUHLIMIA HEOIPEIEeICHHOCTH)
YacTULAMH, HMEHYEMbIMH TJIIOOHAMH. A TIOCKOJIbKY HHKTO He BHJEJN TJIOO0HA, TpeOOoBajJoCh MOATBEPXKACHUE
CYILLIECTBOBAHUS €I€ OJHON YaCTHIIBI.

CTalmaanaﬂ MO €EJIb

K cepenune 1970-x Bce TeopeTHUecKWe M OMNBITHBIE HapaOoTku CJIMJMCh B e€AMHYI0 TEOpHI0, HA3BaHHYIO
CTaHJIAPTHOW MOZENbI0. B ee 0cHOBe j1e)kaT MaTeMaTH4eCKHe BHIKIIAIKH, HE SBISIOIINECS TIPEIMETOM HACTOSIIECH KHHUTH,
TaK 4TO HE CJIIyeT 3a0bIBAaTh, YTO MOJEIH OMUPAETCS Ha MOIIHBII MaTeMaTHYECKUil anmapar.

OCHOBOW CTaHIAPTHOH MOJIENIM CTAJI0 TpEACTaBJIICHHE, YTO KHUPNUYMKAMH BCeNeHHOW BBICTYMAOT TOJA, a He
yactuupl. [lepBoHavanbHO MO TOHATOOMIUCH IJIs pelieH s TPOOIeMbl Aajlb-
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HojelicTBus. Kakum o0pazoM OmHO Teno crmocoOHO BO3JCHCTBOBAaTH Ha JAPYroe, eciy o0a OHU HaXOoIsITcs Ha
HEKOTOPOM DAacCTOSHHM JAPYT OT JApyra M MEXAy HUMH HET HUYero MarepuasbHoro? HBIOTOH OTBETHI, YTO OHHM
BO3JIEHCTBYIOT JPYT HA JIpyra NOCPeICTBOM HEKON CHUJIBI.

Juist ysicHeHUsI IOHSTHS TIOJISL HaM CJIeyeT NOWTH ellle Aajblle B CBOMX OTBJICUEHHBIX PACCYKICHUSAX. Y AaJHM OIHO
Teno. Temepp MpeacTaBUM oOCTaBLIEeCs, CHOCOOHOE BO3ACHCTBOBaTH Ha Jr000€ MPOXOASIIEe PAJOM Telo. ITO
BO3JICHCTBHE M COCTABISIET MOJIE, MPOSABIIEMOE MaHHBIM TenoM. IIpum TakoM MoOAXome none ecmv BO3MONCHOCHL
nposignenus cuivl. HanpuMep, mose TATOTEHHS 4acTo M300pakaeTcs B BUJE CTPETOK, OOPAIIEHHBIX B CTOPOHY MAacCHI,
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Kak Ha puc. 2.2. OT0 BOBce He (pr3muecKre JIMHUHM WM CTPENIKH B MPOCTPAHCTBE, a JIMIIb YKa3aHWEe Ha TO, UTO JIF000e,
MTOMEIIEHHOE B JIFOOYIO TOYKY TEJIO OyJIET OIIYIIATh ASHCTBUE HEKOW CHIIBI B HANIPABJICHUH, YKa3aHHOM CTPEJIKAMH.

CxomHBIM 00pa3oM IJIMHUHM JJIEKTPUYECKOTO IOJISA OKpPY)KAIOT 3apsij, a JIMHAW MAarHUTHOTO TIIOJII — MAarHHTEHI.
[TockombKy kee3HbIe OMMIKK 001a1at0T SPKO BRIPAKEHHBIMU MarHUTHBIMU CBOMCTBAaMH, Ha TIOMEIIAEMBIX B yUeOHHKaX
KapTUHKaX BUJHO,

Puc 2.2. U300pa:xkenne CUIbI TATOTEHUSA

38
KaK 3TU OMMUWJIKU PACTIPECACIIAIOTCA BOKPYT MOJIFOCOB MarnvuTa U J€Jar0T KaK OBl 3pUMBIM CaMO MAarHuTHOC IT10JIC.

Brauane moso 0TBOIMIOCE MECTO Cyry00 MOHITHHHOTO CPENICTBA, HO HBIHE OHO MTPAeT KIFOUYEBYIO POIIb B (PHU3HKE.
CortacHO CTaHIapTHOW MOJICIIH:

— UCXOJHBIMH KUPIINYHKaMU BceneHHOM SBISIOTCS MO,

— KpOILIEYHBIE CTYCTKM SHEPrur (KBapKH WIH JIEOTOHBI) MPOSIBISIOTCS MPU MEPEHECCHWH KBAHTOBBIX 3aKOHOB Ha
TTOJIA,

— YacTUIBl B3aUMOJICHCTBYIOT MEXAy CO0OH IMocpelcTBOM OOMEHa JAPYTHMMH CTyCTKamMHu SHepruu (0030Hamwu),
KOTOpPbIC HEBO3MOKHO HaOMI0AaTh BBUAY OrpaHUYCHUH, HAKJIAABIBAEMBIX IPHHLIUIIOM HEONPEISICHHOCTH.

Wrak, xmaccuveckas KapTHHA NaTbHOACHCTBYIONINX CHJI MEXKIy YacTUI[aMH CMEHHIIACh B3aMMOJIeiCTBHEM, OOMEHOM
BHPTYaJIbHBIMH CTYCTKaMH JHEPTHUU (IIPEXJe BOJHAMH) MEXAYy KBAHTOBAHHBIMH JKTyTaMH SHEPTHH MO (Tpexnie
YacTUIaMH). 30ech HaOII0JaeTCsl MOHBIN pa3phlB ¢ IPEXKHUMH MPEACTABICHUSIMH.

CranmapTHast MOJIeJh BKITFOUAET JIBa BUA B3aMOICHCTBHUS: CHIIBHOE U DIIEKTpOociIadoe.

1. CuiabHOe B3auMoOaelicTBHE:
1. Cunvnoe 83aumooericmsue; 4aCTHLBI, TOSBISIIOIINECS B COOTBETCTBUH C 3aKOHAMH KBaHTOBAaHUS psa IOJIEH,

Ha3bIBarOTCS KBapkaMu. CeroJHs W3BECTHO IIECTh KBAPKOB (M CBS3aHHBIX C HUMH aHTHKBApKOB), BXOJSIIUX B TPH

ceMelicTBa [MITH ITOKOJICHHS |, KaK TTOKa3aHo Ha puc. 2.3. Bot ux Ha3BaHUS:

ceMelcTBO 1: BepXHUIl U HUXKHUK;
CEMEMCTBO 2: 0OYapOBaHHBIN U CTPAHHBIN;
ceMeicTBO 3: BepXHUIl U HIKHUH.

KBapku B3anMOIEHCTBYIOT OpPYr C JPyroM depe3 CHIbHOE B3aMMOJeicTBHE, OOMEHUBAsCh BHUPTYaJIbHBIMHU
JacTuaM, UMCHYCMbIMHU I'TTFOOHAMMU.
2. JnekrTpociadoe B3auMojaelcTBIe:
2. 3.flelcmp0am6oe g3aumooeticmeue: YaCTHULBI, MOABIAOIINECA B COOTBETCTBHU C 3aKOHAMHW KBAaHTOBAHUA pAda
Io-
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Jiel, Ha3bIBaroTCs JenToHaMu. CyIecTBYeT IIECTh JIENTOHOB (M CBSI3aHHBIX C HUMU aHTWJICHTOHOB), BXOASLINX B
TpH ceMeiicTBa, Kak IMoKa3aHo Ha puc. 2.4. BOT nx Ha3BaHHUA:

CEMEHUCTBO 1: 3JIEKTPOH U ANEKTPOHHOE HEUTPHUHO;
CEeMEHCTBO 2: MIOOH U MIOOHHOE HEUTPHHO;
ceMeMcTBO 3: Tay U Tay-HEHTPUHO.

JlenTOHBI B3aUMOJIEHCTBYIOT, OOMEHUBASCH BUPTYaJbHBIMH YacTHIAMU: (OTOHOM, OBYMS //-0030HAMH M OTHHM
Z-0030HOM.

Ha 0600mennoM puc. 2.5 nmpeactaBieHbl OCHOBHBIE 3JIEMEHTapHBIC YaCTUIIBl M IEPEHOCUNKHU UX B3aUMOJCHCTBUI.

B Tabn. 1 mepeyucieHbl YacTUIBI ¢ MX CIIMHOM, 3apsjioM U Maccoi. [lopakaeT orpomHbIi pa3dpoc Macc — HO 00
3TOM peub IOUJET Aaiee.

CornacHo CTaHJAPTHOW MOJIENH 3/IECh MPOCIIEKUBACTCS MEXaHU3M (YHKIIMOHUPOBaHMs aroMa. [IpoTOHBI 1 HEUTPOHEI
yaepxu-40
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Puc. 2.5. OcHoBHBIE YaCTHIIBI

JlenToHbI

bo3ousl

JNeKTPOH-
HeATpUuHO

Miwoousnoe

HEHTPHHO

HeHTPHHO

HOe Doton

Tay-

W*-0030n

Z.-0030H

bo3on
Xwurrca
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Bac€T B ApC oOmeH BUPTYAJIbHBIMU T'NIFOOHAMH MEXKY COCTABJIAIOMIMMU 3TU YaCTHUILBI KBapKaMU. CBs3b OJICKTPOHOB C
MPOTOHaMHU B siipe oOeclieunBaeTcss OOMEHOM BHPTYyalbHBIMH (OTOHAMH. 3aMETHUM, YTO TPH CEMEHCTBa KBapKOB B
TOYHOCTH COOTHOCSTCS C TPEeMs CEeMEWCTBAMH JIEITOHOB. BOT TONBKO HEHW3BECTHO, MOuYeMy UX poBHO Tpu. Ilepmoe
CEMECTBO KBApKOB W JIENTOHOB CTaOWMIBHO W COCTaBISiET BCIO MaTepwio BOKpyr Hac. [[pyrme nBa cemeiicTBa
HeCTaOMJIbHBI, paclaaasch 4epe3 KOpoTKoe BpeMsl Ha OoJiee YCTOHUUBBIX coOpaTheB. Ecim ke TOBOPUTH O BOZMOKHOCTH
CYIIIECTBOBaHUS OOJBIIETO YMCIIa CEMEWCTB KBapKOB M JISITOHOB, UMEETCS JIBa 3KCIIEPUMEHTAIbHBIX TOJITBEPKICHUS,
YTO TaKUX ceMeicTB Tpu. OIHO MOATBEpPXkACHHE MOaydeHO B 1998 romy Ha ycunmrene MpH pacraje HEeHTPaTbHOTO
nsMOa-TuIiepona [JIIMO1a-HONb-THIIEpOHa]| ¢ 00pa30BaHUEM HEHTPUHO, a IPYroe — M3 aCTPOHOMHYECKHX HAOIIIOJCHUI

(moapoOHee cMm. cien. maparpad).

Bce mepeunciieHHbIe YacTHIBI, 32 HCKIIOUYEHHEM I0OHa W (poToHa, obOnamaror maccodd. HyneBas macca ¢oToHa
00yCIOBNIMBAET OONBIIYI0 AaTBHOCTH JJIECKTPOMATHUTHOTO B3aMMOCHCTBHUS, ITOCKOJNBKY €ro MEPEHOCUYHK MOXKET

nepeMeuaTbCda Co CKOPOCTHIO CBETA. Cnaboe B3aUMOJCHCTBUE UMECT 3HAUUTEIHLHO Ooiee
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Taoauna 1. OcHOBHBIE YaCTHIBLI H MX MACChI

Yactuubl Mpu6nusurenbHan
macca, MB¥

depMHNOHbI
BepxHuit KBapk 5x10°
HuxHW kKBapK 9x10>
DNeKTPOoH 0,51 x10°
DNEKTPOHHOE HENTPUHO < 7,2x10”
OyapoBaHHbIN KBapK 1,35
CTpaHHbIl KBapK 0,175
MOOH 0,106
MIOOHHOE HEeWTPUHO < 2,7x107"
MCTUHHBIN KBapkK 174
Kpacusbl KBapK 4,5
Tay 1,78
Tay-HelTpuHo < 3x10”
bo030HbI
®oTOH 0
W w 80,2
z 91,2
'nooH 0
Xurrca yactmua (HeT noka 63-800

OMbITHOrO MOATBEPXKAEHUS)

* Macca JAacTCsd B €AMHHLAX SHCEPIruu, FBT, PaBHBIX MWJUIMAPAAM 3JICKTPOH-BOJIBT COTJIACHO SUHIITEHHOBCKOM (bopMyne

2
OKBUBAJICHTHOCTHU MAaCChl 1 DHEPTHUH, E=mc".

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-

MPECC, 2005. — 304 c: vn. —

(Hayka & XXu3Hb).



AHko Cnasa (Bubnuoteka Fort/Da) || http://yanko.lib.ru 29

KOPOTKHHU pajiyC JIEHCTBUS BBUIY OOJNBINONW MacChl €ro MepEeHOCUYUKOB, UYTO HE MO3BOJSET UM JBHUTAThCS CTOND XKE
OBICTpPO, KaK (OTOHBI. Bce KBapKu M JIENTOHBI MOAYUHSIIOTCS PSAY CTAaTHCTUYECKUX MPaBUJ, YCTAHOBICHHBIX DepMu U
JlupakoM, U OOOOIIEHHO HMEHYIOTCS (GepMUOHAMH. [IepEHOCYMKH B3aUMOJICHCTBUS MOMUHMHSIOTCS JPYroMy DSy
TIpaBWJj, BEIABUHYTHIX WHAMMCKAM ¢usnkom lllateeHnpanaroM bo3e m DiHmITEITHOM, M Ha3pIBaroTCsS 0030HAMH. (CM.:

Crncok uneit, 3. @epMHOHBI 1 OO30HBI. )
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[IpoBepka cTaHAAPTHOM MOAEJIH

CrangapTHasi MOJICTb BIIEpBBIE NpeyiockeHa B 1974 roxy. B Ty nopy erie He ObIIIO OTKPBITO CEMb MPEACKa3aHHBIX CHO
gactull. B mocnenyrormme 20 ser Omaromaps TpPOBENCHUIO OMBITOB Ha 0oJiee MOIIHBIX YCKOPHUTENSX BCE OHHU OBLIH
OTKPBITHI, 32 HCKIIIOYeHHEM 0030Ha XHUTTCa.

[Momumo HaONrOAEHWI CaMHUX YACTHI[ ONBITHBIM ITYTEM IPOBEPSUIMCh MHOTHE CBOMCTBAa YacTHIl, MPEICKa3aHHbBIC
CTaHIIAPTHOW MOZENbI0. B pesynbraTe BBIACHWIOCH, YTO TNPEACKa3aHHBIE M IKCIEPUMEHTAIBHO IONyYeHHBIC TaHHBIE
MIPEKPacCHO COTJIACOBBIBATUCH APYTr C ApyroM. [IpmMepoM MOXET CIyXUTh JIMOOBCkMi caBur. B 1947 ronmy
amepukanckuil ¢puznk Ywnmc JIsMO M3MepHil 9acTOTHBIN CIBUT B M3JIyYEHHH, MOTJIOMAEMOM HIIM HCITyCKaeMOM IpH
IepexoJe aroMa BOAOPOJa U3 OAHOIO SHEPreTUYECKOTO COCTOSHUS B JPYro€ C BBIPOXKACHHBIMU DHEPTETUUYECCKUMU
YPOBHSAMH. 3HAUMTEIBHO TO3KE CTaHAApPTHAs MOJETH Jaja Il YacTOThl HM3JIy4aeMOro TPH 3TOM Tepexoie CBeTa
Benmuuny 1057,860+/—0,009 MI'n, Torna kak usmepenHoe JIamOom 3nauenue pausuioch 1057,65 +/—0,009 MI'u. O6e
BEJIMYMHBI PA3/IHYarOTCs BCEro HAa /10p oop. C y4ETOM IOTPEIIHOCTH OKas3anoch, YTO MPEJCKA3aHHOE M MONYdYEHHOE
3HaueHus (PaKTUYECKH COBMANU. Takoe yIWBUTEIEHOE COOTBETCTBHE TEOPUU IKCIIEPUMEHTa HAOIFOMaIoCch BO MHOTHX
CIIy4asx, YTO CIY>KHJIO eIlle OOJIBIINM OATBEPKACHUEM BEPHOCTH JTaHHOW MOJIEIIH.

ITouck Goree TsHKENBIX YacTHIl TpeOOBaT M 00Jiee MOIMHBIX YCKOPHUTENCH, a TI0 IKOHOMHYECKHM COOOpPaKEHUSIM
(m3nKa HyXKIamach HE B CTONb 3aTpaTHOM cpeiacTBe m3bickanuii. [lomoOHo Kapiy AHIepcoHy, BOCIOIB30BaBIIEMYCS
MIPUPOIHBIMA KOCMHYECKAMH JTydaMU B KaueCTBE MCTOYHMKA YaCTHI] BRICOKOW DHEPTUH, (PU3UKU MPUHSIIACH 32 TIOUCKU
IpUPOJHBIX SIBJICHUH C y4acTuEM 4acCTull, IMpeACKa3aHHbBIX CTaHI[apTHOfI MOJCJIBIO. EI[HHCTBGHHblﬁ nepnoa, Kkorga Morin
CYIIIECTBOBATh TAKHE YACTHIIBI, TPUXOWICS Ha TEPBbIE MICHOBEHHUS «OOJBIIOTO B3pPhIBA», KOTJ/IA BEIECTBO U SHEPTHS

3aIlOJIHAIN BceneHHon. B TNEPBBIC MOMCHTHI BCIIBIIIKHY ITOCJIC «OOJIBIIOTO B3pbIBa» OIyIla-
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JUCh HEBUIAHHBIA *ap W IUIOTHOCTh. HanmuecTBOBaIM BCce CEMEWCTBA 3JEMEHTAPHBIX YaCTHUI], TaK YTO IEPBHIC
MTHOBEHHUSI «OOJBIIIOTO B3pHIBA» OBUIM KaKk OBl OTPOMHOHN JabopaTopueil uisi TPOBEpKH CTaHmapTHOW Momenu. U
HECMOTpsA Ha HEAOCTYIIHOCTHL TOT'O CO6LITI/IH, MOXHO [J€J1aThb IpE€ACKa3daHusd O CYIECTBYIOHNIUX HBIHE YCJIOBUAX H
CPaBHUBATH UX C ONBITHEIMH JJAHHBIMHU.

Actpodusuk [asun IllpamMM dvacto mOBTOpsuT ciioBa coBeTckoro ¢msmka SkoBa 3empmouua: «Bcenenmnas —
YCKOPHUTENb IS OCITHBIX. DKCIIEPUMEHTHI HE HYXIAIOTCSA B (PMHAHCHUPOBAHWUHU, OT HAC TPeOyeTCs JIUITb COOp OMBITHBIX
JAaHHBIX W BEPHOE MX TOJKOBaHWE». Hampumep, €cinu CyIIECTBYET uemblpe CEMEWCTBAa JIIEMEHTAPHBIX YaCTHII,
KOJIMYECTBO TeJusi, 00Opa30BaHHOTO B TEPBBIE MHHYTHI TOCJIE «OOJBIIOrO B3PhIBa», OJDKHO COCTaBIATH CBEIME 26%
[BemecTBa] HEIHEmHEH BceemeHHo#. Tpu ke ceMeicTBa 3JIEMEHTApHBIX YACTHIl NMPUBETH OBl K CO3MAaHUIO0 JIAMEL 25%
renust. A IMOCKOJIBKY BBIABJICHO HMMCHHO TaKOC€ KOJIMYCCTBO TICJIMA, OIpaHUYCHHUC CTaHIlapTHOﬁ MO€CIn TpeMsd
ceMeHCTBaMHU KBapKOB H JICITOHOB HAXOJIUT TEM CaMbIM yOEAUTEILHOE ONBITHOE MOATBEPKICHHE.

CoBMmecTHas paboTa (GU3UKOB BBICOKHX SHEPTHHA M acTPO(DHU3UKOB B M3YUEHUH MEPBBIX MTHOBEHUH TIOCTIE «OOIBIIIOTO
B3pBIBA» TPUBOJUT K MHOTHM IIOJIE3HBIM pe3yibTaTtaMm. Hampumep, coderas mo-pasHoMy TpH (yHIaMEHTaIbHBIX
(¢u3NUeCKUX TOCTOSHHBIX (mMocTosHHYI0 [lnaHka, CKOPOCTh CBeTa W TMOCTOSIHHYIO TSTOTEHHS), MBI IOJIydaeM
MUHUMAIIbHBIE 3HAYEHUS TaKWX OCHOBOITOJIATAIOIINX BEIMYHMH, KaK Bpems, macca W dHeprus. OHHM Ha3bIBAIOTCA
IJIAHKOBCKUMH MaciiTadamMu (FIH pa3MEPHOCTSIMH):

spemsi: 107 ¢, namma: 107° m, sueprus: 10° Tak.

Ecmu snepruro [1nanka cocpeorounTs B 00beMe KyOa co CTOpOHOH, paBHOM JynHEe [ltaHka, To SKBUBaJIeHTHAs Macca
(E = mc”) B 5TOM KPOXOTHOM IPOCTPAHCTBE ObLIA GbI CTONB IUIOTHOI, YTO CBET HE MOT Obl €r0 MOKHHYTh, OKA3aBIIHCH
OTpe3aHHBIM OT OcTajbHOW BcemenHoi, — uepHas apipa. TakuM 00pa3oMm, pacCcTOSIHUA MEHbIIE IIAHKOBCKOW JITMHBI

TEPSIOT
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CMBICJI, TaK YTO HUKE 3TOr'0 YPOBHS IPOCTPAHCTBO U BPEMS MPEACTAIOT «KBAHTOBOM IEHON», TJI€ YXKE HE IECHCTBYIOT
HUKaKue (HU3NIecKue 3aKOHBI.

Hcxons w3 IUIAaHKOBCKHMX MAaciuTabOB, MOXHO IIPEACTaBUTh BO3MOXKHYIO KapTHHY Hadajga BceneHHOH.
CyOMUKpOCKOTTUeCcKasi KBAaHTOBas (IIYKTyalusi POXOANUT CTAJIUI0 Pa3yBaHUs C OUYEHb OBICTPHIM pacIIMpEHHEM, KOT/a
o0 Mepe NaJeHHus TeMIIEPaTyphl IPOUCXOAUT «BBIMOPAKMBAHHE)» YETHIPEX OCHOBHBIX B3aMMOJACHCTBHH, MOJ0OHO TOMY
KaK JKUAKas BoJa MNpeBpamaercd B yeld. Ecnu B3amMopelcTBHE ¢ MOMAMH XWITCAa ONpEAETseT Maccy 4YacTHll, 3Ta
BEIIMYMHA MOKET NPUHUMATh COBEPIICHHO CIIy4alHOE 3HA4Y€HHE, B 3aBHCHMOCTH OT TOTO, KaKk MIET ocThiBaHME. lIpn
TaKOM TOBOPOTE COOBITHH BO3MOXXHO BO3HHKHOBEHHE PAa3JIMYHBIX BCEIICHHBIX CO CJIETKA Pa3IMYarOlIMMUCS 3HAUCHUSIMH
MaccC 3JIEMEHTAPHBIX YaCTHUILI.
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TeHneBas CTOpoHa CTallﬂapTIIOﬁ MoaeJIn

Ilo moBooy cTaHHApTHOM MOJENH CYLIECTBYET psAl Bo3paxkeHui. llepBoe — wmaremaruueckoe. Ilpu peuenun
YpPaBHEHUI CTaHIAPTHOW MOJENH, KACAIOIIUXCS CBOMCTB YaCTHUL, YacTO MCIOJIb3YyETCS MaTeMaTHUYECKUH MpueM,
OCHOBAaHHBI HA TEOPUH BO3MYIICHWH. 3HAUCHHWE HEKOW BEIUYMHBI ONPEACIICTCS HUCXOAS W3 TPeOyeMoW TOYHOCTH
BKJIFOUCHHEM BCE OOJIBIIETO YHCIIA YICHOB PSJIOB PA3JIOKEHUS [0 CTEIICHSAM HEKOH BEJIMYMHBI, UMCHYEMOW MapaMeTpoM.
[Ipu manoM mapameTpe MocCnenOBaTENbHBIC WICHBI Psiia YMEHBIIAIOTCS MO0 BEIMYUHE, TaK YTO Ui MOJIYYEHUS HY>KHOU
TOYHOCTH MOYKHO OTPAaHMYUTHCS HEOONbIIMM HMX YnucioM. Ho MOCKONBKY He BCe MmapaMeTphl OKa3bIBAIOTCS MAaJIbIMH,
HEKOTOpBIE BBIYHCICHUS TPEOYIOT MHOTHX WICHOB psga. K ToMy e mpu pacueTax B pamMKax CTaHIApTHONH MOMAETH
3a4aCTYIO TOSIBIISIOTCS OECKOHEUHBIC BENMYHMHEL. J[J11 OOpHOBI ¢ ITHMU PACXOAMMOCTSIMH IPUBJICKAIOT MaTEMaTHUECKUN
IIpHeM, WMEHyeMbIil TepeHOpMUpPOBKOi. llepeHOpMHpOBKa BKIIOYAET BBUMTAHHE OJHOTO OECKOHEYHOTO psAna

Pa3IoXKEeHHS U3 JPYToro,
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9TOOBI OCTABUTH TE€ WICHBI, KOTOPHIE COMIACYIOTCS C U3BECTHBIM 3HAUCHUEM.

Mpmuorue YUYCHBIC KPUTHUKYIOT CTAHAAPTHYIO MOJCIIb 3a HOIIO6HI)IG MaTEMAaTHYCCKUC U3BSAHBI, HAa3bIBAs €€ HeI/I3$IIIIHOI7L
Bo3MokHO, HEIOBOALCTBO (PH3MKOB CBSi3aHO ¢ (QHIOCO(CKAM JOMyIEHUEM, COTJIacCHO KoTopoMy BceneHnas
TT03HaBaeMa, W Hallle 3HaHWEe O HEW TOJDKHO OBITH MAaTEMaTHICCKU TIPOCTHIM, H3SIITHBIM 1 3aBepIICHHBIM. PazymeeTcs, oTa
KpUTHKa HE BJIUACT HAa YAUBHUTCIBHO IMOJIHYIO COIIACOBAHOCTH MNPCJACKA3aHUA W ONBITHBIX HAHHBIX, KaK U HE MCIIACT
CTaHJIAPTHOW MOeIu OOBICHITh MHOTHE siBIicHUsI BO BcenenHod. OHAKO 4yBCTBO HEYJOBICTBOPSHHOCTH 3aCTaBISET
YYEHBIX CO3/IaBaTh 00Jiee COBEPIIEHHYIO TEOPHIO.

Ha Goitee BEICOKOM HayYHOM YPOBHE Y CTAaHAAPTHON MOJICIN B CaMOW €€ OCHOBE MPOSBIISETCS W3bSH, CBSI3aHHBIN C
HapyIICHUEM CHMMETPHH 3JICKTpociaboro B3aumojeicTBus. PoTOH, 0e3MacCOBbI 0030H, CIYKHUT MEPESHOCUUKOM
ANIEKTPOMATHUTHON YacTH AIIEKTPOcIaboro B3anmMONEHCTBHUS. [l coXpaHEeHHS CHMMETPUH TEPEHOCYMKOM CIaboro
B3aUMOJICUCTBHS 3/IeCh JOJDKCH BBICTYNATh Takke Oe3MaccoBBIM 0030H, 4ero Ha caMoM neie HeT. [lepeHocumkamu
CJ1aboro B3aMMOJICHCTBUS BBICTYIAIOT ABa W-u oiMH Z-0030H, OOJIaJarollue 3HAYUTEIBLHOW MACCOM, MPEBBIIAOIICH
Maccy OOJIBIIMHCTBAa KBapkoB. CUMMETpHUSl OKa3bIBACTCS HAPYIICHHON, W CTaHIApTHAs MOJEIb HE B COCTOSHUU 3TO
OOBSCHHUTE.

CaMaH CCPbE3HAasd KpHUTHUKa CTaHIIapTHOﬁ MOJCIN KacCcacCTCA TATOTCHHUA W IPOUCXOXKIACHUSA MAaACCHI. CTaHIlapTHaSI
MOJIeIb HE YUYHUTHIBACT TATOTCHUS U TpeOyeT, 4ToObI Macca, 3apsj U HEKOTOPhIC JAPYTHUE CBOMCTBA YaCTHIl U3MEPSUIUCH
OTIBITHBIM ITyTEeM JIJISl TIOCIEAYIONIe MOCTAaHOBKY B ypaBHEHUs. JI1000OH Teopwu, TOTOBSIIEHCS CMEHUTHh CTaHIAPTHYIO
MOJCIb, TIPUICTCS CUUTATHCS C DTOH KPUTHKOW, K TOMY K¢ HH B YeM HE YCTYNHTh CTaHIAPTHOW MOJETH TaM, TAe ee

Mpe/ICKa3aHusl CTOJNb MPEKPACHO COTNIACYIOTCS C ACHCTBUTEIBHOCTHIO.
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[Ipo06sieMa MPOMCXOKIAEHUS MACCHI, H3BECTHAS KAK MpodJeMa nmoJjied Xurrca

B 1964 romy motnannckuii ¢usuk Ilutep XUITC W Apyrue, UCXOAS U3 YUCTO MaTeMaTHYECKHX COOOpaKeHHH,
JOMyCTHIIN CYIIECTBOBaHHME BE3AECYILEro IO, MO3%Ke Ha3BaHHOIO NojeM XHITca. Bece B3anMOIEHCTBYIOIHUE C MOJIEM
Xurrca 4acTHLbI IPUOOPETAIOT BCJIECACTBUE 3TOr0 Maccy. MHaue roBopsi, BCsIKasi Macca MOPOXK/ICHA B3aUMOACHCTBHEM.

MexaHu3M OOpEeTeHUs] MacChl CXOX C MPOXOXKACHHEM CTPOsl COJJAT 4Yepe3 pasiuTyr Ha 3emiie HaTtoky. OHH
CTaHOBSITCS TSDKEJIEee BCICICTBUE MPUIIMIIAHHS aTOKH IPH XoAb0e. IpyrumM npumMepoM MOKET CIYKHTb BEUEpUHKA, Te
rocTH pa3openuch no xkoMmHate. Ilpu mosBIeHHN Ba)XKHOTO JHLA ONMvpKalIiue coceny OOCTYMAarOT €ro, yBEJINYMBas TeM
caMbM ero 3(QeKTHBHYIO [T. €. OONbIIyr0, 4YeM peajbHas| Maccy. UeMm 3HauuTeNlbHEE JIMIO, TeM OONblIe HAapoIy
o0CTymaer ero, a 3Ha4uT, PacTeT U €ro Macca.

CornacHo 1aHHOH TEOPHHU YacTHUIBI NTO-Pa3HOMY CLEIUIIOTCS € MMojieM XHITca, YTO MIPUBOAUT K OOJIBIIMM MaccaM y
W- u Z-0030HOB U K OTCYTCTBHIO MaccChl y (hoToHa U rimooHa. Ecnn MexaHu3m Xurrca JeiCTBUTEIHHO OTBETCTBEHEH 3a
Maccy y 3J€MEHTapHbIX YaCTHI], OH XOTs OBl OTYACTH AAET OTBET Ha BOIPOC, OTKY/IA MOABISETCA Macca.

Ho xak ompenennTs, NEHCTBUTENBHO JIU CYLIECTBYET Mojie XUITCAa WIH 3TO NMPOCTO MareMaThueckui mpueM? Hano
TIOCTYTIHTh CJIETYIONMM 00pa3oM. JlocTaTodHO KpemkwWid ymap BpoJe ylapa YacTHIl C OYCHb BBICOKOW DHEpPTHEH 1o
KOCMHYECKOH IMaToke, UMEHYEMOM 1mojieM XHUITca, BEI30BET APOKaHUE 3TOW maToku. KonebaHus e caMoro mojst MOKHO
3apeTUCTPUPOBATh, MOCKOJBKY NOJDKHA TMOSIBUTHCS YacTHIa XHUITCA, HEPEHOCUMK XUITCOBA IIOJISA, MOAOOHO TOMY Kak
(hOTOH CITy>KUT NEPEHOCUUKOM IEKTPOMATHUTHOI'O TIOJIA.

B camoii nmpocToil TeopuM JMIIb OAHA YacTULa XWITCa SIBISIETCS HOCUTEIEM XUITCOBA B3aMMOJCHCTBUS. boisee
CJIO’KHBIE TEOPUU COAEPKaT MHOTOYHUCIIEHHBIE YaCTHUIIBI XUITCAa, B YUCIIE
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KOTOPBIX camas Jierkasi. 1, BO3MOXHO, 3Ta 4acTUI[a JOCTYITHA COBPEMEHHBIM YCKOPUTEISIM.

B Tteuenue Heckonpkux ner EBpomelickas opraHuzanus no siaepHeiM ucciaenoBanusiMm B Kenese — LEPH
(IlIBefiniapusi) 3aHMMAanach MOMCKAMHU XWUITCOBOM YacTHUIIBI HA YCKOPHUTENIE CO BCTPEYHBIMU 3JIEKTPOH-IO3UTPOHHBIMU
nyukamu (LEP). IlIpu 115 I'B (cM. Tabn. 2 mist Macc 4acTull) ObLJIO 3aperMCTPUPOBAHO MHTEPECYIOIIee ABJICHHE [T. €.
XHUITCOBA YacTUIa], HO JJisl MOATBEPKICHUS HEOOXOJMMBI TAK)KE JOTIONIHUTENbHBIE NaHHbBIE, YTOObI HCKIIOUNUTh BIUSHUC
¢dona. B 2001 rogy LIEPH 3akpein yckoputens mis co3maHus Oojiee MOIIHOTO YCTPOMCTBAa C TeM ke TOHHeneM [27-
KUJIOMETPOBBIM HAKOIMTEJIbHBIM KOnbLoM|. HoBBIH yckopurens — bBombliod yCKOpHUTENb CO BCTPEYHBIMU IIPOTOH-
npotoHabiMH nyukamu (LHC) mo mmany Bctynut B ctpoit B 2005 rogy u Omaromaps cBoeit momu (8000 I'5B B myuke)

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
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craHeT Oonee »3ddekTuBHEIM cpenctBoM wucciemoBanus. C  wmapra 2001 roma HamwonampHas mabopatopus
BBICOKOPHepreTuueckux uccienoBanuii umenn DHpuko @epmu (FNAL) B BaraBum (mrat MamuHoiic) BeaeT MOUCKH
yacThIbl XUrrca Ha cBoeM yckopurene 7evatron (1000 I'aB B mydxke), HO cOOBITHS, CBA3aHHBIE C CYNIECTBOBAHUEM TaKOU
YacTHUIbI, OBUIM CTOJIb HEYACTHI, YTO, IOXOXKE, YHAET MHOI'O BpEMEHHU Il cOOpa CTaTHCTUYECKH 3HAYMMBIX JaHHBIX.
[Ceanc Habopa MaHHBIX MPOMIUTCS MATH JieT.| CBEpXIpPOBOIAIIMI CBEPXYCKOpPHUTENh Ha BCTpeuHbIX myukax (SSC),
IIPOEKT KOTOPOTO 0/100peH npe3usieHToM bymem B 1987 roay, cBoei TIaBHOW IENTbIO CTABUIJI IOUCK YaCTHUIIBI XUITCA, U
obmaganm 661 moctaTouHo¥ Morpio (20 000 I'3B B mydke) mis penreHns mog00HON 3aadu, HO €r0 CTPOUTEIHCTBO OBLIO
npekparieHo 1o pemenuto cenara CIIA B 1993 romy [HecMOTpsI Ha yKe U3PacXOJIOBaHHEIE 2 MJTH TOJUIAPOB].

B cnydae ecnu Haiinercs yactuia Xurrca U €€ Macca OKaXeTcsl B IpefiesiaX JA0CsIraeMOCTH HBIHEITHUX YCKOpPUTEIEH,
MOKHO PacUIMpUTh CTAHIAPTHYIO MOAENb, YTOOBI OHA BKIIIOYMJIA BBITEKAIOIIME W3 3TOrO cieAcTBus. JlaHHBIM miar,
KOHEYHO JK€, HE PELIUT BOIIPOCAa O MPOUCXOKACHUM MAacChl MM BCEX TPYAHOCTEH CTaHIApTHON MOJENH, HO IOCIY>KUT

BCC K€ HCKHMM Ha4aJIOM.
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TTe ‘go\ufn.m o.n.o‘gam.f Ivan tfawﬁwﬁa — So&ow Xunazon — npORDAR..,

Ecmu gactuma Xwrrca OTHIETCS M €€ Macca BBIHAET 3a IMpelCcKa3aHHBIe IMpeleNbl, CTaHAapTHas MOAENh PYXHET,
MIOCKOJIBKY €€ MPOTHO3bI Ipexae Obln Oe3ynpeyHsIMU. B TakoMm ciyuyae moTpeOyercst CyIIEeCTBEHHBIM MepecMOTp HIIH
JaXKe 3aMeHa CTaHAapTHOW MOJENH.

Ecmu Oyzner HaliieHO MHOKECTBO YacTUI XUITca, TOMUMO CTaHAAPTHON MOJIENN MOTPEOYIOTCS HOBBIE TEOPHH.

Ecnmm He oTBITIETCS Hut 00HOU YACTHUITBI XUITCA, 3TO TOXKE TOBIICYET 3a COO0W HEOOXOAMMOCTh 3aMEHBI CTaHIAPTHOM
mozenu. [TonoGHbIe Teopun 00CYKIAIOTCS B CICIYIOLIEM pa3ielie.

Urak, oOHapykeHHe YacTHIbl XWUITCAa WJIA XOTS OBl YCTaHOBJICHHE HIDKHEH TpaHWIBI €€ MacChl OKa3bIBaeTCs
KITFOUEBBIM JIJIS1 IOHUMAHWS TIPUYHHBI pa3Ho00s B onpeneraeHny Macchl yactuil. OTHaKO HEKOTOPHIE YUEHbIE MOoJIararoT,

YTO MOJIST XUIT-
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ca — JIMIIh BpEeMEHHAs Mepa, He PemIaromias Bopoca O MPOUCX0XKIeHHH Macchl. Yactriia Xurrca ajsi HIX — CBOETO
poJia TONTH ALMK HEBeIEHHUS, Ky 1a OTKJIaIbIBAIOTCS OCHOBOTMOJAraloie TPYAHOCTH CTaHAaPTHON MOEITH.

CranmapTHas MOJENb HEJOYYHUTHIBAET TATOTEHHUS — W STO JApyras CTOpPOHa HEPEIIeHHOTO BOMIPOCAa C MacCOM.
[IpsMBIM OTBETOM 3/1€Ch IMOCITYXKHJIO OBl CO3MaHWE KBAHTOBOW TEOPHH TATOTCHHS (TpaBuTanuu). Jlydmeit Teopueit
TATOTCHHUSI CUUTACTCSA O0OINas TEOpHUsT OTHOCHUTEIBHOCTH OWHINTEHHA, W TodeMy OBl B TaKOM cIlydae IpPOCTO HeE
MPUIOKUTH KBAaHTOBBIE 3aKOHBI K 00mIel Teopun oTHocuTenbHOCTH? [loToMy uTo chenath 5To Henmerko. O6oOmeHHas
TEOpHUSI OTHOCUTEIHOCTH SBISIETCS KJIACCHYECKOW B OTHOIICHWH CBS3M TeOMETpUM BcelleHHOW Kak TIIafKoro Ha
00JBIINX MacHITabax YeTHIPEXMEPHOTr0 MHOT00o0pa3us ¢ maccoi. OHa xopomro paboTaeT npu OOIBIINX PACCTOSHUIX, HO
Ha PaCcCTOSIHUSX MEXIY YaCTHLAMH MEHbIIE | MM HUKAaKUX OMBITOB HE MPOBOAMIIOCH. DTO 03HAYAET, YTO CHJIA TSATOTCHHS
MIOTIPOCTY IKCTPATIONUPYETCS B MUKpOMUP. BMmecTe ¢ TeM cTaHmapTHas MoJeldbh MPOBOIUT KBaHTOBAaHHE IIOJIEH B BHIES
IUCKPETHBIX YaCcTHIl U MMEET Jell0 ¢ KpaifHe mambiMu macmrabamu. IlosToMy, kKorja ydeHBIE IBITAOTCA TPOBECTH

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).



AHko Cnasa (Bubnuoteka Fort/Da) || http://yanko.lib.ru 32

KBAaHTOBaHHE 151 OOIIEH TEOPUH OTHOCUTEJIBHOCTH, TEOPHUS 1aeT O€CKOHEUHbIE 3HAYECHUS LIS IBHO KOHEUHbIX BEJIUUUH.
Hpyrast TpyAHOCTh BBI3BaHA KpalHEW Cla0OCTBIO TATOTEHUS MO CPaBHEHHUIO C APYTUMH cuiamMu. UToObl OBITH Ha
PaBHBIX C CHWJIBHBIM M 3JEKTPOCIA0BIM B3aUMOACHCTBHEM, TATOTEHHE IOJDKHO HMMETh CPAaBHHUMYIO CHIY. OJTO Tak
Ha3bpIBaeMasl IIpodieMa uepapxuu B3auMoAeHcTBUN. OrpOMHBIN 3HEPreTHUECKUI pa3phlB CYLIECTBYET MEXKAY SHEPIHAMH,
JUIA KOTOPBIX NMPUMEHMMa CTaHJIapTHAas MOJeNb, U dHEpruel, Mpu KOTOpoil Hambosee ci1abo BHIPAKEHHOE TIATOTEHHE
CTaHOBHTCSI CPaBHHMBIM II0 BEJIMYMHE C CHJIBHBIM M BJIEKTPOCIaObIM B3auMOJCHCTBHsIMU. HensBecTHO, 4eM BBI3BaH

TaKol OTPOMHBIN pa3phIB.
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Hy:xHa HoBas pusuka

Kax BUJMM, OTBITHOE MTOATBEPKICHHUE CYIIECTBYET JIMIIh U CTaHAapTHOU Mozenu. OQHaKo CBOEH MPOBEPKH KAYT
MHOTHE Teopun. BoT HeKOTOphIe U3 HUX.

Teopuu Besukoro oobeaunenns (TBO) u treopun Beero cymero (TBC).

Teopun Besmkoro odobequnenusi (TBO) u teopuu Bcero cymero (TBC). Hazanus nuuis BBOAAT B 3a01yXaeHue,
MMOCKOJIbKY TIPeJUIararoT OOoJbIe, YeM MOTYT JaTh. B JEHCTBUTENHLHOCTH OHM JIMIIb YKa3bIBAlOT Ha OOBEAMHCHUE
M3BECTHBIX B3aMMOJICHCTBUI B paMKax OJHOHU, BceoObemItomiei Teopur. TBO o0beanHSAIOT 31eKTpociadboe U CHIbHOE
B3aumozeiicteue. bonee amounmosnsie TBO «3aMaxuBaroTCs» HE TOIBKO HA CHIIBHOE M DJIEKTPOCIIadoe B3aUMOICHCTBHS,
HO W Ha rpaBHUTanMoOHHOE. Jlaxke ecrmu Takas Teopus OyaeT CO3AaHa, dTO BPSJ JIU O3HAMECHYET KOHEIl HayKH, KOTOpas
TIOJTHA MHBIX, TPEOYIOIINX OTBETA BOIIPOCOB.

M-teopus.
M-teopusi. usuk u3 Ilpuncrona Dayapa Butren rosopurt, uyro «M o3HavaeT "marmdeckuil" winm "meMmOpana", Kak
KOMY HpaBHTCS». HekoTopble NpeKHHE TEOpUH OKas3bIBAIOTCS YAaCTHBIM CllyyaeM 3TOM oO0med Teopum — Tak

Ha3bIBAaEMBIC TEOPUH CTPYH, CyIepcTpyH u OpaH. Bmecto Toro 4ro0bl paccMaTpuBaTh KBApKH M JIENTOHBI B BHIE
TOYCUYHBIX (OMHOMEPHBIX) YaCTHI], JAaHHAS TEOpHUsS MpeaaracT CYUTaTh HX JIBYXMEPHBIMH (CTPYHAMH) WM JIaXe
MHOTOMEpPHBIMH (MeMOpaHaMH, COKpalleHHO OpaHaMu). DTH POJCTBEHHBIC TEOPHU OOBEIWHSIOT BCE CHIIBI, BKIIOYAs
TATOTEHUE, ¥ HE COAEpXKAaT HUKAKMX OCCKOHEYHOCTEH, TpeOyIomMX MEepeHOPMHUPOBKH, KaK B CIydae CO CTaHJapTHOU
Mozenbio. Ho pa3 oHu TpeOyroT uncia pasmMepHocTelt Oombie deTsipex (ceiiwac B xoxy 10, 11 u 26 pasmepHocTeil),
JOTIOJHUTENFHBIE Pa3MEPHOCTH MOTYT IMPEACTaBaTh MOJHOCTHIO CBEPHYTHIMH HMJIM MO CBOEH MaloCTH HEJOCTYIMHBIMH
COBPEMEHHBIM M3MEPHUTEIBEHBIM IPHOOpaM MO0 OrPOMHBIMH, YyTh JIU He OecKoHeYHbIMH. COTIIacCHO OJHOW M3 TaKUX
Teopuil Bce pazMepHocTd BeenmeHHo# BHavane ObUTM OAMHAKOBOW BETWYMHBI, HO 3aT€M Pa3eIINCh U U3MEHSIIN CBOIO

BCJIMYUHY 110 MECPEC PACIHIUPCHUA U OXJIAXKIAC-
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Hus Bceenennoii. TpynHocTh B BbIOOpe KakoH-THOO TEOpHH AAHHOTO poja OOYyCJOBIEHA TEM, YTO HAIll OMBIT WU
WHTYWLUS HEMPUMEHUMBI K pa3MEPHOCTSIM, BEIXOASIIUM 32 PAMKU YETBIPEXMEPHOT'O MUPA, B KOTOPOM MBI JKHBEM.
Cynepcummerpus (CYCH).

Cynepcummerpus (CYCH). B crnyuae 3aMeHbl ()epMHOHOB Ha OO30HBI M HAO0OPOT ONKCHIBAIOLINE OCHOBHEIC
B3alMOJECHCTBUS YpaBHEHHS JOJKHBI OCTaBaThCcsl ICTUHHBIMU. JlaHHas TEOpHs MpeACKa3bIBAaeT CYLIECTBOBAHUE ropas3zo
Oosiee TSKENBIX CyNepnapTHEPOB I Bcex yacTull. Eciu Takue cynepnapTHEphl CyIIECTBYIOT, Y OJHOTO MJIM HECKOIBKHX
U3 HUX Macca MOXET OKa3aThCsl JOBOJIBHO Masoil Juid oOHapyskeHUs Ipu nouckax 6030Ha Xurrca. CynepcuMMeTpUdHbIe
nmapTHEPHl MOTJIHM OBl Takke OOBACHUTH CYLIECTBOBaHHE TeMHOW Marepud (cM. rii. 6). (CynepnapTHepoB 0003HAYaroT
prOaBICHUEM MIPUCTABKH «C» K Ha3BaHUAM (DEPMUOHOB, T. €. CyNEpIapTHEP 3JIEKTPOHA UMEHOBAJICS OBl COIEKTPOHOM,

MpoToHa — crnpoToHOM U T. O. Cypdukc «MHO» MPHUCOESTUHSCTCS K Ha3BaHMSIM CYIEpIapTHEPOB y 0O030HOB, T. €.
cyneprnapTHep ¢oToHa nMeHoBascs Obl GOTUHO, W-6030Ha — BUHO U T. 1I.)
TexHuuser.

TexuuuseT. /[aHHas Teopus [CUIFHOTO B3aUMOJCHCTBHS | pacCMaTPUBAECT KBAPKHU M JICNITOHBI COCTOSINIUMU U3 OoJee
MeNKUX yacTull. [IocKoNbKYy OHa IpeICKa3bIBACT CYIIECTBOBAHUE HOBBIX YACTHI], IOITYyCKACTCS OMBITHAS MPOBEPKA.
TBucropos Teopus.

TBucropoB Teopus. IlocpeacTBom  [TpexMepHOTO]|  KOMIUIEKCHOTO  TPEICTABICHUS  [BEIIECTBEHHOTO]
YETBIPEXMEPHOTO MPOCTPAHCTBA — BpeMeHH [MHMHKOBCKOTO| niepeopMyIUPYIOTCS MOJIOKEHUS CTaHAapTHOW MOJICIU U
obmieit Teopun oTHOCUTENbHOCTH. (KOoMITIIekCHOE 9nCiI0 3a7aeTcs BRIpAXKCHUEM ¢ + ib, THe | — KBaJpaTHBIM KOPSHb U3
—1, a a u b — neiicTBuTENBbHBIE YUCTa. [TBHCTOPHI )K€ — TPSIMBIE BO BCIIOMOTATEIHLHOM KOMIUIEKCHOM TPEXMEPHOM
MPOEKTUBHOM MPOCTPAHCTBE, COOTBETCTBYIOIIME TOYKAM YETBIPEXMEPHOTO BEIIECCTBEHHOTO MPOCTPAaHCTBA—BPEMEHU
Munkosckoro. [lonstue TBucTopa BBeneno Pomxkepom [lenpoysom B koHIie 1960-x romos.]) 3HaueHHE KOMILIEKCHBIX
YUCEN B pEATbHOM MHPE HESICHO: UX HENb3s
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WCTIOJIH30BATh JUIS CUETa MIIM U3MEPEHUS JIFOOBIX peabHBIX BEJIHYNH.

UToObl HE 0OKa3aThCsAd Ha CBAJIKE OTBEPrHYTHIX TEOPHi, JitoOas HaydyHas THIIOTe3a JOJ/DKHA JIENaTh MPEICKa3aHus,
MOAKPEIIIEMbIE ONBITHBIMU JAaHHBIMH. OJHU HOBBIE TEOPHUH CIMIIKOM YMO3PHUTENBHBI ISl MOJIYUYCHHs IIPEICKa3aHuM,
JOCTYTIHBIX MTPOBEPKE; APYTHUe OYEHH CIIOKHBI ISl PACUYETOB; TPETHH BKIIOYAIOT BETMYMHBI, CIUIIKOM JajeKue OT Halleh
TTOBCEIHEBHOM NMEHCTBUTEIHLHOCTH, YTOOBI MOXKHO OBLIO HAKJIAIbIBATh HA HUX OTPAHHYCHUS HA OCHOBE HAITMX ONBITA U
UHTYUIUU. )1 TOMTydeHHs SKCIIEPUMEHTAIBHOTO TTOITBEPKICHUS CYIIECTBOBAHUS HEKOTOPHIX MPEICKa3aHHBIX OYCHBb
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TSOKEIBIX 9acTHI] TpeOyeTcs yCKOPUTENh BenIrHOI ¢ COTHEUHYIO CUCTEMY .

[punnun coorBerctBuss Hunmbca bopa, BeiaBuHYTHIE B 1920-¢ rombl, TJIacHT, YTO KBAHTOBAas MEXaHWKA JOJDKHA
COTJIACOBBIBATHCS C KIIACCHYECKON (PH3UKON B CITydasx, KOT/Ia KjaccH4yecKas Teopus JOoKaszajla CBOIO MCTHHHOCTH. Eciu
CIIEJIOBaTh 3TOMY MpPaBHWIy B JAHHOM Ciydae, BCSKas HOBasg TEOPHs MOJDKHA CBOJIUTHCH K CTAaHAAPTHOH MOJETH B
YCJIOBHSIX, KOT/Ia OTBITHBIC TAHHBIC MIOATBEPIUIN €€ BEpHOCTh. Hy>KHO BpeMs, YTOOBI MOSBUIIACEH TaKas TEOPHUS.

Heo0x0auM HOBBIA A3LIK?

YMO3PHUTENBHOCTh MOJIOKEHUM CTAaHIAPTHOM MOJENH M BO3MOXKHBIX €€ IIPEEMHHI] HEe JOJDKHA BBOJWUTH B
3a0myxnaeHue. SI3bIK, HA KOTOPOM OIMCBHIBAETCS CTaHIApTHAs MOJENb, SBISETCS MaTeMAaTWYeCKHM, a TaKOW SI3BIK caM
MOJKET OKa3aTbCsl HEMOJHBIM. He MCKIoYeHo, YTo moTpeOyIOTCs HOBBbIE MaTeMaTHUecKhe MOHATHS. s oObscHeHUs
nBikeHns HeloToH co3nan nuddepeHnnanbHOe HCUUCIEHUE, UMEIOIEee AeI0 ¢ IUTABHO U3MEHSIOIUMUCS (QYHKIMSIMU U
MaybIMU YnciaMu. Ham m3BecTHO, uTo BeeneHHOl npucymn pa3pbiBHbIE QYHKIMH W OOJIBIINE YMCIIA, OJHAKO MHOTHE
YpaBHEHUS MO-TIPEKHEMY BBIPAXKAIOTCs MOHATHSIMU An¢depeHnanpHoro ucuucienus. (B ri. 5, o mporunose
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TIOTOJTBI, MBI CTOJIKHEMCS C TEMH K€ TPYJHOCTSAMH.) MHOTHE TEOpUH, CTaBsIIME LETbI0 CMEHY CTaHIapTHOW MOJEIH,
BKITIOYAIOT MaTeMaTHYECKHE TMOHITUS HA 0oJiee TIIyOOKOM M0 CPpaBHEHHUIO ¢ AU(PepeHINANbHBIM HCYHCIEHUEM YPOBHE,
[IPUBJIEKas TaKUe MOHATH, KaK IPYIIIBI, KOJbLA, UIEaIbl U TOIOJOTHYECKHE CTPYKTYphl. CocTaBiieHHE ONUCHIBAIOIINX
noBeJicHUe BceneHHOW ypaBHEHHH — HE TO XK€, YTO PEUICHUE dTHX YpaBHEHHH B (U3MYECKH TOYHBIX M OCMBICIEHHBIX
BBIPAKCHHUSX.

Peienue rojioBoJIOMKH: KaK, KTO, I/1e M Korjaa?

Kak. 1o cyTu, MBI 10 cuX MOp HE 3HaeM, KaK UCXOJHbIe KUPIMUYUKH BceeaeHHoil o0penn cBOo Maccy, U y Hac Jaxe
HET YBEPEHHOCTH, YTO Mbl YCTAHOBWIM BCE ATH KUPIHUUYUKHU. M Bce ke MBI pacrojaraeM T€OpeTUYECKMMHU U OIBITHBIMU
BO3MOXKHOCTSIMH IS YTITyOJIEHUS CBOETO TIOHUMAaHWSI.

KTo0. Ha TeopernueckoM GpoHTE IIIOIOTBOPHO TPYASITCS MHOTHE YUEHBIE, COBEpIIas MOCTOSHHBIE TPOPHIBEL. MOXKHO
Ha3BaTh JIUIIb HEKOTOphIX: Dnyapa Burren, ®ponk Bumuek, Mutno Kaky, Maiikn xeiimc Jdadd, Pomxep Ilenpoys,
Tl'opnon Keitn u JIu CMmonuH.

I'me 1 xorma. DKCIIEpUMEHTAIBHBIN TOMCK YacTUIlBI Xwurrca uaeT B Jlaboparopuu M. depMu U MPOJOIKHUTCS B
IHEPHe B 2005 roay. Bo3mMoxHO, 3aTeM MOSABSTCS HOBBIE COOPYKCHUSI.

YroObl OBITH B Kypce MPOHCXOMSIIEro, OTHPaBsIMTECh K ccbulkaM pasfena «VICTOUHUKH A7t yriTyOJIeHHOTO
W3y4YeHus». bynymme OTKpbITHS 00emaroT OBITh HMHTEPECHBIMH, ITO3HABAaTENbHBIMH M, BIIOJIHE BO3MOXHO,
HEOXXUIaHHBIMHU.
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I'maBa 3. Xumus. Kakoro pona xumuuyecKkue peakiuu mNOATOJKHYJIN ATOMbI K
00pa30BaHMIO NMEPBBIX KUBBIX CYILIECTB?

CyLwimin B3AOp — paccCyXaaTb Ceryac O MPOUCXOXKAEHUN XKU3HWN; C TEM XKe yCnexXoM MOXHO 6b110 6bl paccyXaaTb O MPOUCXOXAEHUN
MaTepuun.
U3 nucema Y. fapsuHa [x. [. Xykepy 29 mapta 1863 r.

XuMus 3aHATa U3yYCHHEM CTPOCHHS BENIECTB M MPOMCXOJSIIUX C HAMH MpeBpaiieHuid. XUMUS KUBBIX U HEKUBBIX
CyHI€CTB n3ydajlacb JOBOJIbHO IIHUPOKO, a BOT XUMHUYECKUI nepexon oT 0e3KM3HEHHBIX BCUICCTB K TOM CJIOKHOM CHUCTEME
B3aUMO/JICHCTBYIONIMX MOJICKYJI, TJIC OTPAXKAIOTCS BCE OTIPABJICHHS, IMEHYEMbIC HAMH JKH3HBIO, OCTACTCS KpyMHEHIIeH
HEPEIICHHON TTPOOIEMOI XHMIH.

IepBuuHbIi 0y/1bOH

Tpebyemviii cocmas. B mpebyemom xonuuecmee. Ilepemewannvii npu mpedyemoul memnepamype. 3a mpebdyemoe
épems. B 3aBUCUMOCTH OT COCTaBa, KOJIMYECTBA, TEMIIEPATYPbl H BPEMEHH MOXKHO IOIYYUThb PELENT IPUTOTOBICHUS

OBCSIHKHM HJIH MTPa3IHUYHOTO rmupora. JInbo onucanue nepBruyHOro OyiboHa, 3a-
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CrONbld VataL

MPaBIEHHOTO TEMU WU WHBIMH OPTaHUYECKMMH MoJjekyiaamu. Coderasich, 3TH NEPBUYHBIC MOJICKYJBI 00pa3yroT
0oJ1ee KpyIHbBIE CaMOBOCIIPOM3BOISIINECS (PETUTUITUPYIOIIHE) MOJIEKYIIBI U3 OEKOB U HYKJIEWHOBBIX KUCIOT. [losiBieHne
3THX 00JI€e KPYIMHBIX CAMOBOCIIPOU3BOASIINXCSA MOJICKYJI B UTOTE MPUBOAUT K 00pa30BaHUIO FEHETUYESCKOTO KOJa, YTO
PaBHOCWJIBHO CO3JJaHUIO CaMOU >KU3HHU.

B nmaHHOW TnaBe pacckas3bplBaeTCS O CTBHIKE XUMHYECKOH, WM JOOMOJOTHYECKOM, 3BONIONUH C OHOJOTHYECKOU; O
cocTaBe, KOJIMYEeCTBE, TEMIIEpaType, BPEMEHU H ITOCIIE0BATEIbHOCTH PEAKIINN, TPOUCXOAUBIINX B MEPEXOTHBINA TEPHO
— Mexny 4,5 u 3,8 MIIpJ JIET, U 3aTparuBacTCs BOMPOC, KaKk 0e3:KU3HCHHAS TUIaHeTa MOPOIIIIA TIEPBYIO GOPMY KHU3HH.
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CraHoBJieHHMEe XMMHYECKUX CHCTEM

Kak 6bl TO HM OBLIO, KBapKU M JIEITOHBI 0OpeNN Maccy, U «OONbIION B3phIB» cBepimics. [lo Mepe pacmmpeHus u
oxJnaxneHuss BceeneHHON KBapkH, 00BbEANHSSACH, TIOPOIIIIN IIPOTOHBI M HEUTPOHBI, a SAEPHBIN CHHTE3 — spa Telud,
cocraBuBie 25% BemiecTBa Bcenennoi. OcTaibHOE BEIIECTBO HaXOIWIOCH B BHJE NMPOTOHOB. C TeUeHHEM BPEMEHHU
MoJ ACHCTBHEM CHJIBI TATOTEHHs CTAM CKAIUTMBATHCS OIPOMHBIE ra30Bble 00aka, o0pa3ys TaJakTUKU W 3Be3Abl. B
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CEPAIIEBUHE TUX 3BE3]] 00Pa30BBIBAINCH aTOMHBIC SApa TsDKenee suep renus. [1o 3aBepIineHn: OTHYIIEHHOTO UM CpOKa
3TH 3BE3/bI B3PBIBAIKCH, U3BEPras MHOXKECTBO SJIEP B MEK3BE3/JHOC BEILECTBO, T/i¢ OOJIbINAs UX YacTh MPUTITHBAIA K
cebe DIeKTpoHBI, 00pa3ys Ty ¢opMy MaTepud, KOTopas W3BEeCTHa HaM HbIHE — aToMEL [lpomuio eme Bpems, U
HEKOTOpPBIE aTOMBI OKa3aJMCh B COCTaBE OTPOMHBIX O0JaKOB, UMEHYEMBIX TyMaHHOCTSIMH, KOTOPBIC CPACTaIHMCh IO
NEHCTBUEM TATOTEHU, 00pa3ys Kak 3Be3/bl, TAK M MEHEE KPYITHEIE Tela, BKIF0Yas HAITY TJIaHETY.

Y aroMoB MOSBWIMCH OOIIME 3JCKTPOHBI, YTO MPHUBEIO K 0Opa3oBaHUIO .MojeKkyi. Bompockl, Kkacaromuecs
00BETMHEHUST aTOMOB, X KOJWYECTBA, CKOPOCTH OOBEIUHEHUS (PEakIliy), BEIMIHHBI MTOTIIOMACMON WM BIICIAEMO
IIPU 3TOM DHEPTUHU, HAXOATCS B BEJICHUU OTPACITH 3HAHUS, UMEHYEMOH xumueli. XUMUIECKUE N3MEHEHUS N300pakaroTCs
B BHUJIC YPaBHECHUI.

Pcampylomue ATOMBI COUCTAACD, 06p33YK]T NpOH3BOIHBIC
HAH MONSKYNH, P ATOMBI H MOEKYJBL.

XoTsl XMMHM M YJAJIOCh pa3pelluTb MHOTO TallH BOKPYTI aTOMHBIX M MOJEKYJSPHBIX COEJWHEHHM, TiIaBHas
TOJIOBOJIOMKA €{ Tak U HE MOAAaNach: KaKoro poja XUMHUYECKHE pPEaKIUH TMOATOJKHYJIH aTOMbl Ha PaHHEM >Tare
pasButus 3eMiu K 00pa30BaHUIO CIIOKHOM CHCTEMBI B3aUMOJICHCTBYIONINX MOJIEKYII, T/Ie OTPaXKarTCsS BCE OTIPABICHHUS,
AMEHYEMbIC HAMH YKU3HBIO?

Omun atoMm, yenepood, NaeT BO3MOXKHOCTH IOHSITH CJIOXHOCTH JKHUBBIX CymiecTB. OT pacmpeneneHHUs] dJICKTPOHOB B
yriepoje 3a-
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BUCHUT 00pa30BaHUE YETHIPEX KOBAJICHTHBIX CBsI3¢H B BHJIE OOIIMX Map 3JICKTPOHOB [C IPYTUMHU aTOMaMHu |. DTO MOTYT
OBITh OIMHOYHBIC, TBOMHBIE WM Ja)Ke TPOWHBIE CBsI3U. K TOMY ke aTOMBI yTiepo/a JIETKO COSAUHSIOTCS MEXIy COOOM.
Takas THOKOCTH B BBIOOpE CBS3CH MO3BOJIIET MOJICKYJIaM NPHHUMATH Pa3IMdHble ()OPMBI — OT CaMBIX IMPOCTHIX [0
KpaliHe CIOKHBIX.

3aHuMaromascs MU3yYEHUEM YIJICPOJIHBIX COCAUMHEHHUI OTpacib MOMy4HWSia Ha3BaHUEC OpeaHUyecKOU XUMHUU H3-32
TOCITOJICTBOBABIIIETO IPEXKJE MHEHHsS, YTO JIUIIb JKUBbIE (OpraHHMYECKHE) CHUCTEMBI CIIOCOOHBI MOPOXKIATh MOJOO0HBIC
MOJIeKyJbl. Ho Temeph MBI 3HAEM, YTO TaKWE COCAMHECHHSI MOTYT CO3JaBaThCS M MUCKYCCTBEHHO. MOJIEKYJIBI Ha OCHOBE
yIIepo/ia U3HAYAIbHO MOTJIA OBITh OTHOCHUTEIIEHO MPOCTHIMU, HO CIIOCOOHOCTH YIJIepoJia K CBSI3BIBAHHUIO MO3BOJISIIA UM
CTaHOBUTBCS BCce OOJiee CIIOKHBIMH, YTO B UTOTE MPHUBENO K CIOXHOH cCHCTeMe, UMEHyeMOW HaMH XH3HbIO. [laHHBII
MpoIecC MOXKHO H300pa3uTh B BHIEC XHUMHYECKOTO YpaBHCHHWS, THIE CTPEIKH ITOKAa3bIBAIOT IOCIICIOBATEIILHOCTh
XUMHUUYECKUX PEeaKLHii:

Hpe}IHOJIOHCEHI/Iﬂ 0 IMPOUCXOKICHUH KUZHU

MpacTeie Opoctee__, Cnoxnuie , bonee Eute 6onee_ Cruerema__ CroxHas
ATOMB MDIEKYNHI  MOAGKVAB  CHOOKHbBIE CNOXHEIE ougnk CHCTEMA
MONEKYAbl  MOMEKYALl  CITOXHMX non Ha3ga-
MOJAEEYE HHEM XH3Hb

Msl ompenenwin BOIPOC NMPOUCXOKACHUS JKU3HH KaK XMMHUYECKYIO I'OJIOBOJIOMKY, HO BIIOJHE BO3MOXHO, 3TO He
SIMHCTBECHHBIA MOAXO0A. BBIABUTANIOCE MHOTO MHBIX HJIEH, OTBEUABIIMX HA BOIPOC, KaK MOSBHUIACH XKU3Hb Ha 3eMIe.
MHorue u3 HUX He ObUIM CBSI3aHBI ¢ XMMHUEH. MBI HauHEM C M3YUYCHHUS! HEKOTOPBIX MPEICTABICHUH O BOZHUKHOBEHUH
XKHU3HM Ha 3emsie. 3aTeM MOCMOTPHUM, HACKOJIBKO XHMMHKAaM yAaloch NPOABHHYTHCA B 3TOM Bompoce. M Hamocnemox
YACHUM, ITOYEMY K€ XUMUA BCC CIIC CHUTACT BOIIPOC O MPOUCXOKACHNHU KN3HNU HEPCIICHHBIM.

I'mnore3a 1. CBepxbecTeCTBEHHOE MPOUCXOKIECHNE KU3HU.

I'mnore3a 1. CBepxbecTecTBEHHOE NPOUCXOKACHHUE SKU3HM.

,Z[O TOT'O KaK HA4YaJIUCh IMJIAHOMEPHBIC XUMHWYCCKNUE U3bICKAHUA W
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BeIpa0oTancs TpeOyoUMi SKCIEePUMEHTANBHBIX ITOATBEPKACHUM HAaydHBIH METOA, Ha 3amaje 3TO ObUIO IIHUPOKO
pacmpocTpaneHHOe MHeHue. JKH3Hb NMPHHECIH Ha 3eMIII0 CBEPXbECTECTBEHHBIE, MM OO0KECTBEHHBIE, CHIBL. JlaHHOE
MIpeJICTaBJIEHNE U3BECTHO KaK KpeallMoOHU3M.

[lepen mnpencraBneHUAMH, OOBSCHSIIOIIMMH BO3HMKHOBEHHE KM3HM JCHCTBUEM CBEPXBECTECTBEHHBIX, WM
00’KECTBEHHBIX, CHJI, CTOMT HEOJOIMMOE MPEISTCTBUE: CMEIINBAaHUE PEIIMIUM ¢ HayKoil. PennrnosHele npencTaBieHus
OCHOBaHBI Ha Bepe, TO ecTh CyOBEKTUBHBI, TOT/1a KaK HayKa 3MKJIETCs Ha 00BEKTUBHBIX CBHUIETENLCTBAX. POPMANIbHO 3TH
JBa TOIXOAa CTOJNb PAa3lU4YHBL, YTO WX HAEHW HE MOANAloTCs cpaBHEHMIO. Ho Bemp Mbl Bce — JIOOM M 00s3aHBI
CPaBHHBATb.

Bompoc 0 BO3HMKHOBEHHWH >XH3HH OCOOCHHO TpyAeH. VIMEHHO H3-3a JAaBHOCTH €€ TMOSBIEHHS, YTO HCKIIOYaeT
H3yYeHHe KaKuX-JInOo MPSIMBIX CBHAECTEIBCTB. DTa CUTyalus moJo0Ha urpe B roiabd. Urpok BeIMOIHSET yaap, HE BUAS
JYHKH, a KOT/1a TI0A-
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XOJUT, OKa3bIBaeTCA, YTO MAY JISKUT B sAMKe. [lomaganue MsauoM B JyHKY oAHUM ynapoMm? BosmoxkHo. Urpok He B
cuJIaX OOpaTUTh BpeMsl BCIIATh U BBISICHUTB, YTOAWII JIM MsIU Ty/la CaM— HJIM e €My IIOCOJEeHCTBOBAI HEKUil LTy THHK.

Ecnmu mpuaepXuBaTbcs HAayYHOTO IIOAXO0Ja, BCIIOMHMM IIpHUMEp M3 TJi. | OTHOCHUTENBHO HMCTOYHHKA CHIIBHOTO
panuousnydenusi, oOHapykeHHOro cryTHUKOM Uhuru B 1971 romy 6mm3 3Be3nst HDE 226868. Beuny yaanennoctu HDE
226868 oT Hac Ha § THIC. CBETOBBIX JIET HEBO3MOXHBI MpsiMble HU3MepeHus. Ho Torma oTKkyaa HaM H3BECTHO, YTO
PEHTI'€HOBCKHE JIy4H YKa3bIBalOT Ha IPUCYTCTBHE YEPHOI ABIPHI, @ HE CUI'HAJIOB OT BHe3eMHOHU nuBmiauzanuu? Eciou atu
JBa 0OBSICHEHUSI pacCMaTPUBATh KaK CONMEPHUYAIONINE TUTIOTE3bI, B OTCYTCTBUE OINBITHBIX TAHHBIX CIIEAYET NPUOCTHYTh K
OpurBe Okkama. ['umoreza o yepHOH AbIpe MpoLIE, OHA HNPUBJIEKACT JUIIb U3BECTHBIC (DPU3UUECKUE 3aKOHBI U TIOATOMY
Oosee mpennourutensHa. JlanpHeiimiee oOHapy)K€HHE HHBIX CXOIHBIX HCTOYHUKOB PaJUOU3IYUYECHHUS IOAKPEIIseT
CIICIIaHHEIN BHIOOD.

Wrak, HayKa NPUHLIMIIHAIBHO HUCKJIIOYAeT BMEIIATeNbCTBO bora B BOSHUKHOBEHUE KU3HU HE TOJBKO M3-32 OTCYTCTBHS
CBHIETENBCTB, HO M NOTOMY, uTo bor CBoeli BHENpUPOAHOW CYIIHOCTBIO HapymaeT nmpuHuun Oputeel Oxkama. MHorue
ydeHble BepyloT B bora, HO, BCTymas B 4epTOTHM HAayKH, OHH JOJDKHBI KUTH IO €€ 3aKOHaM. Bmpouem, ecnu yaacrtcs
OOHApYXHUTh XHU3Hb elle TAe-TO Bo BceneHHOH, 3T0, HECOMHEHHO, CaMbIM MPUYYAJIHBBIM 00pa3oM OTpPa3UTCS M Ha
PENUTHO3HEBIX BepoBaHUsX, U Ha Hayke. (CM.: Criucok uzeii, 4: BHeseMHas ®KHu3Hb.)

I'mmote3a 2. Camonpou3BoJibHOE (CIIOHTAHHOE) 3aPOsKIeHHE CJI0KHBIX (POPM KU3HH.

I'unore3a 2. CaMonpon3BoJibHOE (CIOHTAHHOE) 3apOiKIeHHEe CJ0KHBIX GopM Ku3nu. M31aBHa moau HabmoAaIH
Jrymar cpeiy THUIOLUIMX OpeBeH, KPbIC B CTOYHBIX BOJAaX M OTOpOcax, IMYMHOK Ha 3anexanom msce. B 1620 roay An
bantuct Ban ['ebMOHT, HUAEPIAHICKUH €CTECTBOMCIBITATENb (M AIXUMHUK), IPEAJIOKMUI TaKOW PEeLenT M3rOTOBICHUS
MBIIIEH:

[Tomoxkn B ropIIoK 3epHa, 3aTKHU €ro Tps3HOM pyOamkod u xau. Uto cmyumtcsa? Yepe3 nmBaaarh OIWH NIeHb
HOSABATCS
60

MBIIIA: OHH 3apOJATCS M3 MCIAPEHUH CIICXKABLIETOCs 3€pHA M Ips3HOi pyOamku. [lopasutenbHO, YTO MOSBISIOTCS
MBIIIM 000Ero I0jia, KOM COBEPIIEHHO CXOXH C POXKACHHBIMH €CTECTBEHHBIM IyTeM ocoOsmu... Eme Oonee
MOPa3UTEIbHO, YTO TOJYYalOTCS HE NETEHBINH, a B3pocible MbIn [«Imago fermenti improegnat massam seminey
(«O0pa3 3akBacKkd OILTONOTBOpPsieT TIIBIOY cemeHeM»): 20-i TpakTaT B W3JaHHOM NOCMEpPTHO B 1648 T. ChIHOM
OparnuckoM MepkypreM BaH [ 'eTbMOHTOM cOOpaHMM COUMHEHU TTox HazBanueM Ortus medicinte, id est initia Physice
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inaudita, progressus medicince novus, in morborum ultionem ad vitam longam].

['umoTe3y 0 BOZHUKHOBEHHMH CIIOKHBIX MHOTOKJIETOYHBIX JKHUBBIX CYLIECTB HEMOCPEACTBEHHO M3 HEXXHMBOTO BEIECTBA
4acTO HMMEHYIOT TUIIOTE30H CaMO3apOKICHUS, XOTS HEKOTOPhIE OCTPSKU BEIMYAIOT €€ «JIATYIIKH U3 uymkw». Ho
MIOBPEMEHUM C OCMESIHHEM MPEICTaBICHUM YETHIPEXCOTIETHEN NaBHOCTH, MPEICTABUB, CKOJIb HAUBHBIMH OKa)KyTCS
HAIIIM B3TJIS/IBI CITYCTSI YETHIPE BEKa.

[Tocne HayyHOH pEBOJIOLMM, KOTAA OMBIT CTAJ OKOHYATEIBHOW MPOBEPKONH MCTMHHOCTH THUIOTE3, COOTEUECTBEHHUK
Tlanunes u ero nmpeeMHuUK npu ABope Mennuu Bo OIOpeHITUN PELil UCTIBITaTh TEOPUIO caMo3apoxaeHus. B 1668 roay
@®panuecko Pemau mpoBen ombIT, MoMemnasi Msco B pa3nuyHble cocyabl. OJHU COCYIBl OBITM OTKPBITHL, COOOIIASICH C
BO3JyXOM, APYTHME€ — IMOJHOCTBIO 3aledyaTaHbl, a TPETbH IMOKPHITHl KHUCEEH CO CTOJIb MEJNKONW CETKOH, YTO BHYTPb
NPOXOAUI OOUH BO3IyX. MyxH, KyxoKa, KPY>KUIUCh HaJl KOXKIbIM COCYZIOM, HO MTOCKOJIbKY JINYMHKU MOSIBUJIMCH JIUILb B
OTKPBITHIX COCyAax (KyJa MOTJH 3aJIeTaTh W OTKJIAJBIBATh SHIA MyXH), 3TO TOKA3bIBAJIO, YTO JIMYMHKH TIOSBISTFOTCS OT
MyX, a He u3 Bo3nyxa. K Tomy xke siina ObUTH HaliJieHbl Ha caMoii kucee. MOXHO OBbLIO OBl OXHJIAaTh, YTO OIBITH Penu
MIOJTHOCTHI0 M300JIMYMIIN TEOPHIO camo3apoxkaeHnus. Ho TeM He MeHee MHOTHE MPOIOJKaIN BEpUTh B Hee. OT CTapbix
MPEACTABICHUNA OTKA3bIBAIOTCS C MpeBenuKUM TpylaoM. laxxe Penu mponosxan BepuTh, UTO CaMO3apOXKIECHUE MOYKET
MIPOMCXOUTH TIPH UHBIX 00CTOSTEIHCTBAX.
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Bcxkope nocie ombiToB Peny 66u1 H300peTeHO HOBOE MOIITHOE WCCIIE0BATEIHCKOE OPYArE, MUKPOCKOII, BEI3BIBABIIUI
cMeIaHHble yyBcTBa. OH HE TOJNBKO OKa3aJicsl KpaifHe MOJIe3HBIM sl OMOIOrMYecKuX HaOIIOAeHUHN, HO M YKPEIUI Bepy
B CaMO03apOKJIeHHE, TIOCKOJIBbKY SBICHHBIE HM B30PY «OKUBOTUHKW», Ka3aJI0Ch, BOZHUKAJIH CaMU 110 cee.

B nHauane 1860-x ronoB Jlyu Ilactep npuHsiI ydacTue B CIIOPE MO MOBOAY CAMONPOU3BOJIILHOTO 3aposKIeHUs. MHEHUs
BBICKA3BIBAJINCh TUAMETPATHHO MPOTHUBOMONOXKHEIE. UneH @paniy3ckoit akamemun Hayk @. A. Ilyme omyOmukoBan
MaTepuanbl C pe3ylbTaTaMH OIBITOB, € 3asBJsUI, YTO MOXET MPOJEMOHCTPUPOBATh camo3aposkaeHue. lactep ykaszan
Ha HEKOTOphIe W3bsIHBI B W30paHHBIX [lyme cmocobax, um Torma TOT oOpatmics K DpaHIy3cKol akageMuu C
NPEAJIOKEHUEM HAa3HAUUTD IPEMHIO TOMY, KTO CMOXET JOKa3aTh WIHM ONPOBEPTHYTh camosapoxiaeHue. JIpyses Ilactepa
OTrOBapUBAIIM €T0 OT YYacTHs B KOHKYpCE, IoJiaras, 4To OH yCTPauBaJICs C LENbIo mocpamieHus yuenoro. Ho 6naronaps
CBOWIM ITPEKHUM OMBbITaM ¢ OpoxkeHneM [lacrep uyBcTBOBaN celsl BIIOIHE TIOATOTOBICHHBIM.

OH TmpoBeN ps OIMBITOB, 3aBEPIIMBIIUXCS MTOMENIEHHEM OO0ECIIOKEHHOTO MICHOTO HaBapa B KOJOBI, Y KOTOPBIX
TOPJIBIIIKO OBUIO BBITSIHYTO B JJIMHHYIO TPYOOUKY, H30THYTYIO Ha MaHep Ieu Jiebens. bnaronaps Takomy ns3ruby Bo3mayx
MPOXOAWI B KOJIOY, 2 MUKPOOPTaHU3MBI 3aCTpEBaly B ropisiiike. HaBap ocraBancs CTEpUIBHBIM, YTO yKa3bIBaJO Ha
OTCYTCTBHE CaM03apOoKAEHUSI MUKpoopranu3mos. [lacrep ckazai:

«l"ocriona, s Mor OBl yKa3aTh Ha 3Ty KHJIKOCTH [B KOJIOE CO CTEpUIIbHOM MUTATENbHOM Cpesioi Ha CTOJIe Iepe HUM| U
CKa3aTh BaM, YTO B3sUI CHIO KaIUTIO BOJBI M3 HEOOO3PHUMOT0 MUPO3AaHUs, U B3sUI €€, MOJHYIO TUIOJOHOCHOTO cTyaHsA. U
BOT s XKy, HaOIFO/Ial0 U MPOILY, YMOIISIO ee IPUCTYIUTh K Hadany TBopeHust! Ho oHa riryxa, rimyxa y»e HeCKOJIBKO JIeT €
Havajia ONBITOB. A BCE TIOTOMY, YTO S YAANMJI OT HEe TO €IWHCTBEHHOE, YTO HE B COCTOSHUH COTBOPHUTH YEJIOBEK, 5
yAallii OT Hee 3apOIBIIIN, KO BUTAIOT B BO3yXE, S YA
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OT Hee XU3Hb, N00 XKM3Hb U €CTh 3apOJBIII, a 3apOAbII — >XKU3Hb. HUKOTa mpexe yuyeHre o caMo3apoKICHUN He
MOJy4ajio CMEPTEIBHOTO yapa, MoJo0HOr0 TOMY, YTO HaHeC €l cell MPOCTOH OMBIT.

Wrak, HeT OOJNIee HUKAaKMX M3BECTHBIX 00CTOSITENHCTB, KOM MOTIIN OBl TIOATBEPAUTH, YTO MUKPOCKOIIMYECKHUE CYIIEeCTBa
MOSIBIIAIOTCA Ha CBET 0e3 3apojplieil, 0e3 MomOoOHBIX OHBIM poauTenei. Te, KTO yTBEpXJaeT 3TO, BBEICHHI B
3a0JIy’)KICHUE JIOKHBIMH MPEACTABICHUSIMH, HEBEPHO IIOCTABICHHBIMH ONBITAMHU, OIIMOKAMH, KOUX OHH JHOO He
3amevanu, Tu00 He Mornu m3bexarb» [Des générations spontanées. Conférence faite aux «soirées scientifiques de la
Sorbonney, le 7 avril 1864: Revue des cours scientifiques de la France et de ['étranger, 1, 23 avril 1864, p. 257—265 (O
CamMonpou38obHOM 3apodxcoenuu. JIoKkIam, MpouYnTaHHBINA Ha «HAy4YHBIX Beuepax» CopOonnsl, 7 amp. 1864.)].

[actep 3aBoeBas MpeMuIo, HO €ro OJECTAIIUI OMBIT TaK M HE MOXOPOHMJ TEOPUH CaMO3apOKACHUS, KOTopas TO H
neno naBaja o cede 3HaTh. [1o100HO HBEIHETHIM ropoacKuM Mu(baM oHa 00pera cOOCTBEHHYO KU3Hb. C HAyYHOU TOYKU
3peHusi B omnbiTax Ilactepa cMmyiano TOJMbKO OJHO. Beab ecnu KaxIblii KUBOW OpPraHU3M MPOUCXOAUT OT
MPEIIIECTBYIONINX JKUBBIX OPraHU3MOB, TO KAKUM 00Pa30M MOSIBHIICS 1epablil FKUBOH OpraHu3M?

I'mnore3a 3. Bo3HuKkHOBeHHe :KU3HM U3BHE.

I'unote3a 3. Bo3HMKHOBeHHe SKM3HM H3BHe. AHakcarop, >kuBmmuii B 500—428 romax A0 H. 3. IpeUYECKHii
MBICJIUTENb, paccyXIall O «CEeMEHax Bellel», KOTOpble HaJMYeCTBYIOT BO BceX opranusMax. Ero ¢uiocodus
HCTOJIKOBBIBAETCS KaK MCTOK MPEACTABICHUA O MAaHCIEPMHUHU, B COOTBETCTBUHM C KOTOPOH KM3Hb Ha IUIAHETHI MpUIILIA
mBHe. B 1871 roxy motnmannckuii ¢usnk Buassm TomcoH, BrociencTsum Jiopa KenbBuH, 00HApYXUBIIHI yTiaeposd B
METEeOpUTax [BhICTyMas B DOUHOYpre nepeq bpuranckum obiiecTBoM coelcTBUA Hayke], cKa3a:

— [Ipu cTONKHOBEHUU IBYX OTPOMHBIX Macc B MPOCTPAHCTBE 3HAYUTENbHASI X YacTh paciuiaBuTcs. OQHAKO BIOJIHE
BeEp-
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HO W TO, YTO BO MHOTHX CITydasx OOJbIlas 9acTh OOJIOMKOB PAa3IETUTCS BO BCE CTOPOHBI, MHOXECTBO M3 HHX
WCIBITAIOT Pa3pyIIUTEIbHOE BO3JECTBHE HE OOIBIIE TOTO, YTO IPHUIETCS BBIHECTH OTIEIBHBIM YacTsSM CKallbl TpHU
OTIOJI3HE WJIM TOPOXOBOM B3pbIBe. Eciy Bpems CTOJIKHOBEHHs Hamiel 3eMiu ¢ JPYT'MM, COM3MEPHUMBIM C HEW TelIoM
MIpHUIETCS Ha MOPY, KOTAa OHAa MOJ00HO HBIHEITHEW OyIeT MOKPBITA PACTUTENFHOCTHIO, TO MHOXKECTBO OOIBIIIMX U MalIbIX
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OCKOJIKOB C CEMEHAMHU W JKUBBIMH PAaCTCHUSMH H XHBOTHBIMH pacceercs Bo Bcenennoii. [locemy M corjacHo Hamemy
yOeXKIeHNIO, UTO C HEe3alaMsATHBIX BPEMEH CYIIECTBYET MHOJKECTBO OOMTAEMBIX MHUPOB MOMHMO HAaIIEro, HAM CIEAyeT
CUMTATh KpaiiHe BEPOSITHBIM HAJTHYME OCCUMCICHHOTO MHOXECTBA JBIKYIIUXCS BO BCeleHHONH METCOPUTHBIX KaMHEH ¢
cemeHamu. Eciu Obl B JaHHBIH MUT Haima 3eMiis Oblia Oe3)KM3HEHHOM, OJMH TaKOM KaMeHb MOT OBl IO Ha3BaHHBIM HaMU
IO HEIOMBICIIHIO €CTECTBEHHBIM PUYHHAM JJaTh Ha4auo OOMILHON paCTUTEILHOCTH.

Hemeuknii ¢usuk ['epman ¢on [enbMmronsi cormacuics ¢ MoAOOHBIMH COOOpaKCHHMSMH, 3asiBUB [B JIEKLIMSIX,
MIPOYNTAHHBIX BECHOH TOTO *Ke roza B ['efinensoepre n Kenphe]:

«MHe Ka)eTcsi, 4TO €cI BCe HAIllM MOIBITKUA CO3/1aTh OPraHU3MBbl U3 OE3)KU3HEHHOTO BEIECTBa TEPIAT HEyJady, TO
SIBIISIETCSL BIIOJIHE HAYYHBIM CIIOCOOOM paccyXIeHHA 3a1aTh ceOe BOMPOC: 1a BO3HUKJIIA JIM BOOOIIE KOTAa-HUOYIb )KU3HB,
HE TaK ]I OHA CTapa, Kak W MaTepus, U HE MEPEHOCATCS JIU BCE 3apOJBIIIA C OJHOr0 HeOSCHOro Tena Ha Jpyroe,
pa3BUBasCh BCIOMy, TJ€ OHHM HaXOAAT sl ceds OmarompusitHyto mouBy» [[IpemmcimoBme k kHmre «Handbuch der
theoretischen Physik von W. Thomson und P. G. Tait»* (PyxoBoacTBo no Teoperndeckoii ¢puzuke B. Tomcona u II. T.
Tara / ABTOpm3. miep. ¢ Hem. bpaynmseiir, 1874. T. 1. Y. 2. C. XI)].

* Ta()T (Te()T) (Tait) Mutep ratpu (1831-1901) — WOTNAHACKMI MaTEMaTUK, MeXaHWUK U PU3MK; OCHOBHbIE TPYAbl MOCBSLLEHbI
TEOPUN KBaTEPHMOHOB M MaTeMaTUYeCcKon ¢usunke.
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CkoJib OBbI JTFOOOTIBITHBIMU HU OBUIH 3TH COOOPAKCHUS U KAKUMH Obl MACTUTHIMHM YUCHBIMH OHU HU BBIJIBUTAJIUCH, 3TO
HE THIIOTE3bl, KOTOPhIC MO3BOJSUIM OBl JENaTh MPEACKA3aHHUS W JIOMYCKAIH OBl OMBITHYIO MPOBEPKY, MO3TOMY OHH U
OCTaJIMCh HEBOCTPEOOBAaHHBIMU 110 MEHBIIIEH Mepe B CMBICIIE HAYYHOTO TIOAX0/a.

B 1907 rony mBenckuii xumuk CBanTe AppeHuyc, yaocToeHHbIH HoOeneBckol mpeMun 3a TEOPHUIO AJIEKTPUIECKON
JIMCCOLMAINY, HaNMcan MONyJSpHYo KHHUTY Varldamas utveckling [O6pazoBanune mupoB. Opecca: Mathesis, 1908].
AppeHuyc Tmoaral, 4To XU3Hb TJe-TO 3apoKIaeTcsl, IpoOUBaeTCs CKBO3b aTMOC(epy APYTUX IUIAaHET U CTPAHCTBYET 110
Bcenennoit B Buae criop, MmoATaJKMBaeMas JaBJICHUEM CBETa OT HaXOJSIIEHCA B LIEHTPE ATOM IJIaHETapHOW CHUCTEMBbI
3Be3nbl. Kak rumoreza naHHash wjesl MpeACKas3bIBaeT, YTO CHOPHI MPH JBMKCHUU K 3eMiIe B COCTOSHHUHM TEPEHECTH
yneTpaduoneroBoe m3nydenne ConHuma. B psize OmBITOB CIOpsl MOMEIIANH B YCIOBHS, ONM3KHE K KOCMHUYECKUM,
KOTOpPBIE OHH HE CMOTJIM BBEIHECTH. TeM cambIM Teopus AppeHHyca yMmepnia [Aji1 HayKd|, HO [IpomoipKaia] CIyKUTh
HCTOYHUKOM Hay4YHO-(DaHTACTHYECKHX PACCKA30B.

OHO Y3 TTaBHBIX BO3PKEHUI MPOTHB MAHCIEPMUHM TAaKOBO: OHA HE OTBEYAET HA BOMPOC, KaK BIEPBBIC BO3HUKIIA
JKU3HB, MIPOCTO OTOJBUTAS €r0 B MHOE, MeHee NocTynmHoe MecTo. COBpeMEHHbIE BapHallMi HA TeMY ITaHCIEPMHU OYIyT
paccMOTpeHbI B JAHHOM TJIaBe.

I'mnore3a 4. Camonpoun3BoJIibHOE 3aposKAeHNe KU3HN HA camMoii 3em.ie.

I'umoTe3a 4. Camonpou3BoJIbHOE 3apoKaeHue Ku3HH Ha camoii 3emue. B 1920-¢ romasr B atmocdepe FOmmrepa u
JIpYyruX Ta3000pa3HbIX IUlaHeT-TUraHToB oOHapyxwnu MetaH (CH4). Pycckuit Omoxmmuk Anexcannp Omnapux
MPEIOJIOKIII, YTO Ha paHHEH cTaauu pa3BUTHsA 3emiu Hapsay ¢ ammuakoMm (NH;), Bomopomom (H,) u Bogoit (H,O)
MIPUCYTCTBOBaJ MeTaH. BeposTHO, 3TO OBUIO ChIphE, HEOOXOAWMOE Ui Hadaja YXHU3HHU, IMOCKOJIBKY TaM COJEPIKAINCh
OCHOBOITOJIATAIONTHE AJEMEHTHI JKUBBIX OpPTaHHU3MOB: YTJEpOA, KHUCIOpOMa, Bomopod W a3oT. B 1924 romy Omapun
BBIITyCKAET OPOIIOPY O MPOUCXOKIACHUH KU3HH, TJ¢ TOBOPUTCS:
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«Tonauany HaOIIOAANMUCH MPOCTHIE PACTBOPHI OPTraHMYECKUX BEIIECTB, Ybe MOBEACHHE ONPEAESIOCh CBOHCTBAMHU
BXOJSIIIMX B UX COCTAB aTOMOB U PACMOJ0KEHHEM CaMHUX aTOMOB BHYTPH MOJIeKyJl. Ho mocTeneHHo BClieACTBUE poCTa U
YCIIO)KHEHUSI MOJIKYJ TOSBHIINCh HOBBIE CBOWCTBA, W Cpedu OoJiee MPOCTHIX OPraHMYECKUX XHMUYECKHX CBs3ed
YTBEPIWIICS HOBBIH KOJUIOMIAHO-XUMHYECKAN TOPSAOK. ITH OOHOBJIEHHBIE CBOWCTBA OMPEIEIIINCH MPOCTPAHCTBEHHBIM
pacmojoXkeHneM U B3aMMHBIMHU CBA3SIMH MEXIy MosieKylamu. Ho maxke Takoe cOCTOSIHHE OpraHMuecKoil MaTepuH ele He
MOTJIO TIOPOJAUTH MEPBBIX JKUBBIX CyIMIeCTB. J{JIs1 3TOr0 KOJUIOMIATBHBIE CUCTEMBI B XOJIe CBOETO Pa3BUTHUS JOJDKHBI OBLIH
MIpUOOPECTH CBOMCTBA 0O0Jice BBICOKOTO IMOPSIKA, KOTOPHIA IMO3BONHII OBI TEPEHTH K Ciemyromiei, Ooiee CI0oKHON
CTYIICHH B YCTPOMCTBE MaTephu. 3/IeCh yKe 3asBISIET 0 cebe OnosornuecKas ynopsao4eHHocTb. OnepekeHne B pocTe,
0opn0a 3a BEDKUBAHKUE M, HAKOHEI], €CTECTBEHHBIN OTOOpP YCTAHOBWIIM TAaKOM BUJ YCTPOCHUS MAaTePHU, KOTOPBIH MPUCYII]
BCEMY JKUBOMY TETIEPhY.

OmapuH OoOHApYXKWJI, 9TO OCIKH, HAXOIAIIHMECS B PACTBOPEHHOM COCTOSHHH, MOTYT CIUIATHCS, 00pa3ys CTYCTKH.
Takue CryCTKM OH Ha3Ball Koayepsamamiu W 3asBUI, YTO OHHM CIIOCOOHBI HAa MeTabonusm. M3-3a peBomonuu B Poccuu
pabotsl OnaprHa ObLTH HEW3BECTHHI Ha 3amnaze 10 KoHma 1930-x roaos.

B craree 1929 roma «llpomcxokmenne xu3Hm» [«The Origin of Life», Rationalist Annual. Vol. P. 148;
[poucxoxnenue xu3nu // [lnanera 3emmnsa. M., 1961. C. 315-334] dx. b. C. XonneitH, OpuTaHCKHii OMOXUMUK, CTPOUT
JIOTQJIKK O MTPOUCXOXKICHUY Xu3HH Ha 3emuie. [IprBo/IsS HelaBHUE OMBITHI O BIMSIHUU YJIBTPA(QHUOICTOBOTO H3IyYCHUS HA
XUMHYECKHE peaknnH, XOIIeHH MPEAIIOI0KII, YTO YIbTPapHOIETOBOE N3TydeHHEe CBOMM BO3/ICHCTBHEM Ha MEPBUIHYIO
atMochepy 3emin B Buze apyokucu yriepoaa (CO,), mapoB Boasl (H,O) u ammuaka (NH3) MOrio BbI3BaTh K KH3HU

OpPraHn4eCKuC COCAUHCHUA, KOTOPLIC C06I/Ipa.]'H/ICI> B OKCAHC, TOCTUTHYB B UTOI'C KCOCTOAHUS TOpAYCTO pas3-
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OaBrnenHoro OymnboHay. Ilocnmemyrommii XMMHYECKH CHHTE3 TMOPOAMJI TEpBUYHBIE OPTraHU3MBI, MHUTABIINECS
OKpPYKAIOIUMH UX OPTraHHMYECKUMHU BEIIECTBaMHU. XOJJIACWH 0CO00 COCPEOTOYWJI BHMMAaHHE Ha BOCIIPOU3BEICHUH,
rmojiarasi, YTo MEPBUYHBIC OPTAHU3MBI MOXOJWIN HA MPOCThIC BUPYCHI, WK BUpouasl. Kpyr uHTepecoB XommeitHa ObLt
BE€ChbMa HIUPOK, a €0 PAaUOHAIUCTUYCCKUC B3ITIAAbI — XOPOUIO U3BCCTHHI. B KOHIEC XU3HU KTO-TO CIIPOCHUII Xon):[eﬁHa,
YTO OH B CBOEM JITUTEIHLHOM H3YYCHHUU NPUPOJBI MOJPa3yMeBal IMOJ €€ TBOPIOM. XOJACHH 3ayMalcs: BO3MOXHO,
0k0110 350 ThIC. BUJIOB JKYKOB, COCTABJSIFOIIUX OOJiee MOJOBUHBI BCEX HACEKOMBIX, a 3aTeM OTBeTHI: «Co3aarelb, eciu
OH €CTh, ITUTAET HEOOBIKHOBEHHYIO CIIA00CTh K JKyKam» [[IPUBOAMTCS B COOOIIEHHH O IMPOYUTAHHOM XOJICHHOM 7

ampens 1951 rona noxmane: Journal of the British Interplanetary Society. 1951. Vol. 10].
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Tak xak OnapuH U X0JIeH HE3aBUCUMO JAPYT OT JApyra MPHUIILIA K CXOJIHBIM BBIBOJIAM, UX THUIIOTE3BI 4aCTO
MPEJCTABISIOT BMeCTe B Buje Teopun OmnapuHa—XouaeiiHa. [Ipyu BceM cxoncTBe BbIBOJOB OmapuH Mpexae
BCEro MOMYEPKUBACT META0OIU3M, TOr/a Kak XOJIedH — BOCIPOU3BEACHHE. JTO PACXOXKIECHUE pa3OuBaeT
CTOPOHHUKOB TEOPUH MPOUCXOKICHUS KU3HH HA JIBA JIareps.

[Tocne BBIABMXKEHHMS] THUIIOTE3bl OCTA€TCS JKAATh IOSBICHUS JIOCTYIHOTO IPOBEPKE IMpeACKa3aHusi u
MPOBEACHUSI COOTBETCTBYIOMMX ONMBITOB. B 1952 roxy Cryrnu Mumtep (acnmpant HobeneBckoro naypeara
l'aponpna Kneiitona Ypu B Uukarckom yHUBEpCHUTETE) MpoOJeiall HOBATOPCKUI OIBIT MO MPOBEPKE TEOPUU
Onapuna—XonaeitHa. [Ipenmnonaraemple cocTaBisiomKe MEPBUYHON aTMocdepsl 3eMiIu — BOJA, BOAOPOI,
aMMHUaK MU METaH — Tocje OOeCIUIOKHMBAHMS BBOIMINCH B COOTBETCTBYIOIIMN MPHOOp, TAE MOIBEPravcCh
ANEKTPUYECKUM pa3psaaaM, UMUTHPYIOIUM MOJHUH (puc. 3.1).

Uepe3 HECKOJNBKO AHEHW TMocle J3KcrmepuMeHTa Muiep OOHapy>KWiI B BOJAE MPOCTBIE OPTaHUYECKUE
MOJIeKyNbl (Tabi. 2), cpeau KOTOPhIX ObUTM aMHUHOKHCIIOTHI, KUPIMUYUKHA JKUBBIX OpraHu3MoB (cM.: Crmcok
uaeu, S. AMMHOKUCTOTHI). M3 Bcero MHOrooOpasusi aMUHOKHCIIOT B MPUPOJAE BCTpeyaeTcs Juilb okono 100
TakuxX KHUCIOT, 20 W3 KOTOPBIX OOHApPYKEHBI B JKUBBIX OpraHU3Max. Yembvipe KUCIOMbL NOTYUEHbl 6
Munieposckom npubope. BonabIIoe KOTHMYECTBO ITUX MPOCTHIX, HO MPUMEYATEIHHBIX OPTraHMYECKUX MOJICKYIT
BO3HMKJIO BCETO 32 HECKOJIBKO JTHEH.

Jannble  pe3ynpTaThl — noATBepAwiId  Teoputo  OmapuHa—XounaeitHa.  KoHeuHO,  MOJHOCTBIO
c(OpMHUPOBABILIKECS KUBbIE OpPraHU3MbI TOJy4YeHbl He ObUTH. XOTS MpOU3BEACHHbIE MpubopoMm Musuiepa
MOJICKYJIbI TIPEAICTABISUIH COOOW JIHIIb MPOCTHIE COCTaBHBIC YaCTH HEOOXOJMMBIX ISl OOSCIICUCHUsS KU3HU
MOJIEKYJI, caMO uX oOpa3oBaHHE B TEUEHHE HECKOJbKHUX THEH CYIIECTBEHHO YKPEIUIAJIO MO3UIMH JaHHON
TEOPUH.

OnbiTHOE TOATBEpKIAeHHE Teopuu OmnaprHa—XoJIeiiHa O TPOUCXOXKICHUU >KU3HM HOCHIIO BCE Ke

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).



AHko Cnasa (Bubnuoteka Fort/Da) || http://yanko.lib.ru 40

OTPBIBOYHBIN XapaKTep, MOCKOJIbKY NOAPOOHOCTH OMOXMMHHU KHU3HU €llle He ObUIn
68

Puc. 3.1. IIpudop, ucnoap3oBanubiii Muiepom A/l BOCIPOU3BEACHHSA
VC08UL, Cyulecmeosasuiux Ha nepeobuvimuoil 3emne (U3 ku.: Raven P. H., Johnson G. B. Biology. 6th edition. N.Y., 2002 [Keun

I1., Apmc K. Beenenue B Ouosoruto / [1ep. ¢ anri. ﬂ AneKcaH,upOBaunp / Hou peu 1O. Iomnstackoro. M.: Mup, 1988. C. 339]
”°

(-

Bozmuoﬂ .* . Kamepa
UISL UCKPOBBIX
paspsiios
/ ~ *  Oxzaxmaouee
Tpybka ans yaanexus | TasoBast cmech {:;foﬁcmo
BO31yXa W BBEACHUSA («repBuynHas 11eHcarop)

razoBoi cMmecu —

aTtMmocdepar)
Oxnaxaarowasi Boga

OxnaxgenHas Boaa,
colcpxXaias opraHUYecKue
BEUICCTBA

Kunsuuas
BOAa

(«oKearn»)

packpsIThl. B mocnenyromuii rox Bce KpyTo usMeHusock: B KemOpumke [xeiimc Yorcon u @pancuc Kpuk

YCTaHOBUJIM MCXOJHOE CTPOEHHE MOJIEKYJbl, OTBEYAOIIEH 3a HACIEJACTBEHHOCTb, AE30KCUPUOOHYKIECHHOBON

kucnotel — JIHK. Tlocne Toro xak MoJIeKyJsipHbIE OHMOJIOTH MPHUCTYNWIA K YIOPSIOYMBAHHUIO 3aITyTaHHBIX

orHomenud mexnay JIHK, PHK (pubGonykinemHOBOW KHCIOTOH), OenkaMu W TPOYUMH MOJICKYJIAMH,

O6€CH€‘-II/IB3.IOH_[I/IMI/I ACATCIIbHOCTD KHMBBIX OPraHU3MOB, CTAJIN U3BCCTHLBI 10-
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Tabumuna 2. MosekyJibl, 00pa3oBaHHBIe B X0/1e onbiTa Muiiepa

MouJeky.1a DopmyJia MouJexy.1a ®opmy.ia
MOJIEKYJIbI MOJIEKYJIbI
Ilnanuza Bogopona CHN Aubda-aMuHOMaCIISHAS C,HsNO,
Inan N, KHCIIOTa
Huanauerunen C;HN Anbba-aMrHOH30MaCIsTHAS C,:HyNO,
dopmanbaerua CH,O kuciora
YKCyCHBIN albaeruy C,H.O MypaBbuHas KUCIOTa CH,0,
[Iponmonansaerun C;HO YkcycHas kuciaora C,H.0,
I'manya C,HsNO, ITponnonoBas kuciora C;HO,
Capko3nH C;H-NO, MoueBuHa CH.N,O
I'nukoneas kucinora C,H,0; AcmnaparuHoBasi KHCJIOTa C,H;NO,
AnanvH C;H/NO, MmvuroykeycrHonponuorHoBast — |CsHoNO,
N-METHJIAIAaHUH C,HyNO, Kxucora
Monoy4Has KucinoTa C;H;50; SIHTapHas KuciaoTa C.H0,
I'myramuHOBas KuCI0TA C.HyNO,

41

NOJHUTENBHBIE CBEJCHUS O MOJISKYJSIPHBIX B3amMoneicTBusix. Kak roBopurcs, Oec mpsuercss B MOAPOOHOCTSIX.
Teopust Onapuna—XonaeiHa 0 MPOUCXOXKAECHUH XU3HU HE cOJeprkaia MOIPOOHOro CHHCKa XMMHYECKUX PEakLHui Mo
3apOXKICHUIO JKU3HH, [TOCKOJIBKY Ha Ty IOpPY 3TH MOJIEKYJbl He ObUIM M3BecTHbI. [lanee naeTcs onucaHHWE HBIHEIIHETO
[IOHMMaHUS MOJIEKYJSIDHOW OCHOBBI KH3HEAEATENbHOCTH OpraHu3MoB. llocrapaemcsi BBIICHHTH, YTO K€ MOTJO
MOCITYKUTh TIEPBOM, IpocTeieit GopMoii ku3HU. 3aTeM paccCMOTPUM yCJIOBHUS Ha 3emiie BO BpeMs ee (OPMHUPOBAHHS H
IIPOCIEANM, KaK XUMHUYECKHE PEaKLUU MOIJIM MPEBPaTUTh IPOCThIE MOJEKYJIbl B BHAE CMECH B TOT MOJIEKYJISAPHBIA
MEXaHH3M, YTO YNpaBIsIeT XOAOM >KU3HU. [I0OTOM MBI pacCMOTpPHM HEKOTOpBIE MHBIE TPYAHOCTH, JENAIOLINE BOIPOC
MPOMCXOXKIEHHUS >KU3HM OJHOM M3 OCHOBHBIX HEpEIIeHHBIX mpobieMm. HakoHem, MBI HcclieayeM HEMHOTHE MYTH,

CIIOCOOHBIE IPUBECTHU K €€ pasraake.
70

HblHeHsA KU3Hb: KJIETOYHbIE CTPYKTYPbI

Herae u3Hb MpecTaeT KpaitHe CI0KHBIM SBIICHUEM. Y YUTHIBAs MIJITHOHBI BUIOB (TAe 350 THIC. IPUXOAUTCS JTHIIIb
Ha JKYKOB) TPYJHO PACCUMTHIBATh HA COXPAHEHHUE MPOCTeHIIeH (HOPMBI KHU3HH, KOTOPYIO MOXKHO OBbLIO OBI HCCIICIOBATS.
Ee ner. Ilocne 4 mupa et MyTanuid, BOCIIPOU3BEIeHUS, OOpHOBI 3a MUIIY ¥ M3MEHECHUH OKPYKAaIOUIeH Cpelbl BPs JIU
CTOUT YIUBIATHCS, YTO MIEPBON MperonaraeMoii GOpMBbI KHU3HH JJABHO HE CYIIECTBYET.

B cymHocTH, uTO e Takoe xu3Hb? B 1947 roxy Heyromonusiii Oputanckuii reaetuk [Jx. b. C. Xonaeitn ckazan: «51
HE COOMparoCh OTBEUYaTh HA ATOT Bompocy. [lociie 6GopbOBI ¢ MPOMEXKYTOYHBIMU (hOPMaMK BPOJIC BUPYCOB, BUPOUIIOB U
MIPHOHOB OMOJIOTHS IBUHYIIACH NAJbIe B TIOUCKAX YETKOTO ONpEACTICHHS KU3ZHU.

JKuBbie opranu3mMbl IOPOH ONMKCHIBAIIUCH B COOTBETCTBUH C MIPUCYIIUMHU UM OTTIPABICHUAMU ((PYHKIHUAMHA):

Memabonuszm: TIOTJIOMICHUE YHEPTHUH, €€ YCBOCHUE U BBEIBOJ OTXOOB.

Pocm u 6occmarnosnenue: TOCTIKEHNE HY)KHBIX Pa3MEpPOB U yCTPaHEHUE HETIOIa I0K.

Omeem Ha pazopasicumeny: BHITIOTHEHUE NEHCTBUI B COOTBETCTBUY C BHEITHUMHU COOBITHSIMI.

Bocnpoussoocmeo: cozpanue cede mogo0HOTO OpraHu3Ma.

CoBpemenHas Ouonorusi m3bpana Ooyiee MPOCTOH MyTh: J1r0O0e dcugoe cywecmso — kiemounoe. OTAETBHBIA
OpraHW3M MOXXET OBITh OJHOKIETOYHBIM MM COCTOATH W3 MHOXKECTBA B3aUMOJIEHCTBYIOUINX CHEIMATH3UPOBAHHBIX
KJIETOK, HO B OCHOBE BCEX OPraHM3MOB JIGXKHUT KieTka. Jlamee, kakaas kieTka oOiagaeTr MeMOpPaHHOW OO0OJIOYKOM Asist
000cO0JIeHUs. ee OT OCTanbHOrO MHpa. BHyTpu 3Toii MeMOpaHBI COACPIKUTCS IOJIHBIM HAOOp KOMaH] 1o pabore u
BOCHPOM3BEACHUIO KIIETKH. DTH KOMaH/IbI 3alICaHbl B BUJIE KOJIA B Ie30KCHPHOOHYKIenHOBOM kucnore — JIHK.

Jlonroe BpeMs CHMTANIOCh, YTO CYIIECTBYET JIMIIb /1BA BUJA KIETOK — 3yKapuomsl U npokapuomsi (puc. 3.2). OHu

pa3HATCS pa3MelieHneM KOMaH I (3yKapHoThl UMEIOT SJIpo, a y IpoKapu-
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Puc. 3.2. IIpokapnoTHasi 1 3yKapHMOTHAs KJICTKH
JyRApHOTA

IpokaproTa s
T T U"‘*’-\

L] ° “‘
’ /

AHK coaepxutcs . JHK conepxuTtca BO MHOTHX
B OAHOH XpOMOCOMC, . XpoMOCOMAX BHYTDH HADA
OTCYTCTBYET siAp0

OT OHO OTCYTCTBYET) M BOCHPOHM3BEICHHEM (PYKapHOTHl Pa3MHOXKAIOTCS MyTEM [HeNCHHsS KIETOK, MMEHYEMOTro
MHUTO30M; MPOKapUOTBl — MPOCTBIM Pa3pblBOM KJIE€TOK). HenaBHO BBIICHMIIOCH, 4YTO CYLIECTBYET €IIe OJHa
Pa3HOBHUIHOCTH KJIETOK, HAa3BaHHBIX apxesyu. AHaTOMUYECKH apXeW CXOJHBI C MPOKapHOTaMH — Yy HHMX HET Sapa, HO
apxeu 00JIaIaloT, MOMUMO TaKHX K€, KaK y 9YKapHOT, JIUIIb UM MPUCYIIMH TeHaMH.

JHK apxeii conepKuTcs: B IpOCTON KOJIBLIEBOM MOJIEKYJIE, @ HE B HECKOJIBKUX CKPYUYEHHBIX MOJIEKYJaxX, I/Ie XPaHUTCS
JHK sykapuot. bonbmmHCTBY apxei HMpHUCyI MeTa0oIu3M 0e3 y9acTHs KHCIIOpoaa (aHadpoOHBIE apXeH), a HEKOTOPHIS
(uMeHyeMmBble 3KCTpeModuiIaMu) OOWTAIOT B YCIOBUSX, IPH KOTOPBIX HE BBEDKWIM OBl HMHBIC OpPraHU3MBL
lumeprepmoduibl, obuTarmKe B Bojie ¢ Temreparypoit Boie Touku kuneHus (100°C), Obmi 0OHApYKEHBI B TOPSINX
MICTOYHHKAX Ie/IOyCTOHCKOTO HAIMOHATBHOTO NapKa, a TaKke OJu3 ITyOOKOBOAHBIX TEPMATbHBIX OTYIIHH,
UMEHYEMBIX «IepHBIMU KypUJIbIIUKaMM» (0 HUX paccka3 Brepeau). Jpyrue >KkuByT B XOJIOJHOM, COICHOM MM KUCIOTHOM
cpezxe BpoJe MPECHOBOJHBIX 03€p IMOJ AHTAPKTHYECKHM JIbIOM, COJICHBIX 03€p W OTpaboTaHHOH yrojibpHOH moponsl. C
koHma 1970-x 310 kpaliHe 3axBaThIBAIONIas 0071aCTh HCCIICAOBAHMS.

Apxeu CYHTAIOTCA CaMbIMH JAPEBHUMH KJETKaMmH, MPEALISCTBYIOUIUMH U MpPOKapHoTaMm, M 3ykapuoram. Iloatomy
apxel MO CBOEMY BUAY HaxoAATcsl OimKe K caMol paHHed (opMe XM3HHM MO CPaBHEHHIO C JAPYTMMH KIETKAMH.

OtcyTtcrBue sapa u 6omnee
72

mpocras HHK ACIAa0T apXCr0 BO3MOKHBIM COUCKATECJIIEM Ha Onu3Koe POACTBO C NEPBUYHLIM ITPOCTHIM OPraHU3MOM.

OTnpaBiieHns1 KJIETKH

Tenepb pacCMOTPUM OTIIPaBJICHUS KIETKH Ha MOJIEKYJSIpHOM ypoBHe. Ee reHeruueckas WHPOpPMAIUs COICPKUTCS B
monekyiae JHK (puc. 3.3). JIHK npexacrasnsier co00l cCpaBHUTEIBEHO
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Puc. 3.3. Crpykrypa mosekyJsl JIHK (mo kn.: Raven P. H., Johnson G. B. Biology)

S

CaxapotochaTHbit «OCTOB»

Bonopoaurie ¢Bs3sy Mexay
d30TUCTHIMH OCHOBAHMAMH

2w
DochonuadbupHan
CBAA3h

5'-~koHeu
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JUIMHHYIO ABOMHYIO CHUPAJIBHYIO MOJEKYIY, COCTOSIIYI0 K3 COCIMHEHHBIX MOMapHO HYKICOTHAOB. 3BEHO MEKIY
STUMH HYKJICOTHIAMH COCIUHSET Maphbl a30THCTHIX OCHOBAHUMN, KOTOPBIE CBSI3BIBAIOTCS 33aJJaHHBIM 00pa3oM: ajeHHH (A)
— mumib ¢ TuMuHOM (T), a ryanun (I') — ¢ mmuro3uHoM (11). DT0 Tak Ha3pIBaeMBIe Tapbl OCHOBaHUH Y oTcoHa—Kpuka.
OcTanbHbIe HYKJICOTH Bl MPUXOAATCS Ha 100 CaxapoB (Ie30KCHPU003bl), CBSI3aHHBIX ¢ (HOCHOPHOI KHCI0TOH, 00pa3ys
octoB criupanu (puc. 3.4). (Ha m3o0OpakeHUSX MOJEKyN MPH OTCYTCTBHM HA YTJIaX KOJbIla HANMEHOBAHHMI aTOMOB
[I0Ipa3yMeBaeTCs aToM yTIIepoaa.)

Monexyna JJHK ctpout monekynst PHK (marpuunoit — MPHK, tpancnoptHoit — TPHK u pu6ocomuoit — pPHK),
MIPENICTABJISIOIUX COOOH OJMHAPHBIC CIIMpalIbHBIC Ienouku HykineoTunoB. Hykneorunasr PHK uMmeror To xe cTpocHme,
gyto u JIHK, Tonpko Mecto Tumuna (T) 3anumaer yparun (V) (puc. 3.5).

Jsyxnenoueunas JJHK croumnikom Bemmka, 9ToOBI MPOUTH CKBO3b OTBEPCTHUS B MEMOpaHE sApa y 3YKapuoT, TOT1a KaK
OJTHOIICTIOUeYHAs U Oosiee KopoTkas marpuunas PHK cBobGomHO
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Puc. 3.4. Ctpoenue nykieornaoB (u3 ki.: Raven P. H., Johnson G. B. Biology)

QocdaTaan rpyma
O
B
| 5
o

B L it

v+ THIPOKCHABHAS TPYTIIA

"4

~_~(OH) 8 PHK

Bogopoa (H)
B PHK
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Puc. 3.5. Mouekyasl JHK nu PHK (13 kn.: Raven P. H., Johnson G. B. Biology)
a) JHK Jezoxcuputosa-dochaTHei

BopopoznHan cBA3b
MEXIY TIapPHBIMM
OCHOBAHHAMH

6) PHK

Pubosa-docdarsiii ocTo

A3oTHCTHIE
OCHOBAHMAN

Tyaa IpoXoauT. IIpokapruoTsl HE CTATKUBAIOTCS C MOAOOHOM TpyAHOCTHIO, Tak kak ux JIHK He 3akmioueHa B smpe.
JHK permmmnupyercst (yaBauBaeTcs) paclUICTJICHHMEM CBS3ed TIOCEpeqUHE C TOCIEAYIOIUM BOCCTaHOBJICHHEM
KOMIUTHMEHTAPHBIX TIOJIOBUH CaMON MOJIEKYJIBI TOCPEICTBOM CIIAPUBAHUS COOTBETCTBYIOIIMX
75

a30THCTHIX OCHOBaHMii Y orcoHa—Kpuka. Paciierienre u BoccTaHOBICHHE TPEOYIOT y4acTusi pepMEHTOB (0 KOTOPBIX

peus Buepean). PHK, nmepemncannas ¢ JIHK, 3aTem cTpout Oenku, coCTOAIIME W3 JITUHHON ETTOYKA aMUHOKHUCIIOT (PHC.
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3.6):
JHK------ » PHK ------ > Oenkw.

benkn obecrmeunBaOT OTHpaBiICHHUS KIETKH, 3aIlyCKas ONpelelieHHblE XWMHUYECKHE pPEeaKlIUd BHYTPH KIIETKH:
peakium, cTposiie Tpedyemple 4acTH KJIIETKH, IIepeBapHBaIONIie IMHITY, 3allacarollie SHEPTHi0 M O0ecIeunBaloIIre
WHBIE «pa0OTHI IO XO3IUCTBY» (BIpoueM, noapodHocTH QyHKIHoHHpoBaHus cuctemsbl «JJHK —> PHK —> Genkn» ere
HE TOJHOCTBIO BBISICHEHBI, OCOOCHHO OENKOB M HMX YNAKOBKH, COCTAaBISS KPYHHEHIIYIO HEpelIeHHYI0 npoliemy
OMoJIOTHH; CM. TI1. 4).

Hunst ysicHeHUs] paOOThl OEJNKOBBIX (EPMEHTOB, YCKOPSIOMIUX TEUCHHE JIUIIL ONPEACICHHBIX XUMHUECKUX PEaKIni,
paccMOTpHM, KaK 4eJOBEYECKHIl OpraHM3M MOoJydaeT SHEpruio: B mpouecce okucieHusi CaxapoB M KHUpOB. Takoe e
OKHCIIEHHE TPOUCXOIUT BO BHEIIHEM MuUpe. [l0oBOAMIOCE TH BaM BHIETh TOPEHUE caxapa-ChIpIia WK OBITh CBHIETEISIMHU
BocIIaMeHeHus kupa? Oba mporecca TpeOYIOT OYCHb BBICOKOW TEMIIEpaTyphl, a Belb BHYTPH UYEIOBEUECKOTO Tela
noJiep>KUBaeTcs TeMiepatypa Bcero 37°C, npu kotopoii npoucxoaut okucienune. Codupaemoie PHK Genku mo3Bosstor
XUMHYECKUM PEaKIUsIM MPOTEeKaTh NP 3HAYUTENLHO MEHBIIEeH TeMIepaType, XOTsA UX CaMHUX peaklHs He 3aTparuBaer,
TaK 9TO OHU HE pacxoayroTcst. OOBIYHO TOAO0HBIE MOJIEKYJIIBI UMEHYIOT KaTaIn3aTOPaMHu.

B cnyyae ¢ OMOJIOrMYecCKMMH MOJEKYJIaMH KaTalu3aToOpaMH BBICTYMAOT (epMEeHTHI (PH3UMBI). YacTo (epMEeHTHI
BPEMEHHO CBSI3BIBAIOT CIIOKHBIE MOJIEKYNBL. 3aMeassisi IBUKEHHE 3THUX MOJEKYJd, (EepMEHTHl HAlOT MM BO3MOXHOCTb
COCIUHSTHCS C APYTUMH CIIOKHBIMH MOJIEKyJIaMu. Takoe COeMHEeHNE CX0Ke C ISHCTBUEM KITF0Ua B 3aMOYHOU CKBaKUHE.
Kaxxnpiii, Bo3Bpamiasch Mo3aHO HOYBID IOMOH, MOXET YJIOCTOBEPUTHCS, YTO 3HAYMTENHHO TPOIIE MOMACTh KIIOYOM B
3aMOYHYIO CKBOXHUHY, €CIIM 3aMOK HEToABMXKeH. KaranuzaTtop Toske MeXaHUUECKH CKpEIUIseT WIn
76

Puc. 3.6. beakoBbie MoJieKyJIbI U UX cTpoeHue (U3 KH.: Raven P. H., Johnson G. B. Biology)

Ho{:/o ;r'w"‘ﬁ
[TepBuuHas é ' 4 4‘5" M
CTPYKTYpa Z‘S‘t {H) ?,L 22 3 ;
SERS
|

S 3

BropuuHas
CTPyKTYpa

B-croit b
(MM cKIamiaThlid cloi) ey o
x. w4
/(x—crmpa:lb
TpernuHasi CTPyKTypa 5 A
Tt

YerBepTUYHAs CTPYKTYpa
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pacIyCKaeT CBSA3H MEXAYy MOJIEKYJIaMH, 3aT€M HX OTIyckaeT. KaraquTWdeckuil HOXKHMraTelb BBIXJIONHBIX Ia3oB B
aBTOMOOMJIE CIIY>KUT MPUMEPOM HEOHOIOTHYECKOro KaTaiu3artopa. PasfeneHHble YacTHULBI IUJIATHHBI, MAagus WIN
pOIMs PaCIIEIUISIOT OKHCH a30Ta, BBICBOOOXKAAs KHCIOPOA M a30T, COCAMHSIOT YrapHBI Ta3 C¢ KHCIOPOAOM M
MOJyYEeHUSI YITIEKUCIOro TIas3a JH0O pacILeIUIIIOT HECrOPEBLIME YIVIEBOJOPOABI 10 IOBYOKHCH YIJIEpOAa U BOIBIL.
KaranusaTopsl B HEKOTOPOM CMBICIIE€ CXOKH C OpraHHU3aToOpaMu 00eB OOKCEpPOB, XOTS CaMU B MOEIUHKAX HE YYaCTBYIOT
(BCTIOMHHM 3HaMEHHMTOTO areHTa, opranu3osasmero 6on Myxammena Anu ¢ xopmxem @opmanom u xo dpazepom,
matuu Jleo Crinakca, Matika Taiicona u Jlona Kunra).

Kax mokassIBaloT mpuBeneHHbIE N300paKeHUsT MOJIEKYJI, OHU JOBOJIBHO JJIMHHBIE M CIIOKHBIE, XOTSI COOMpAIOTCS U3
6onee mpocteix equanl. JJHK u PHK npeacraBnsior coboii couetanue uyxieomudos, KaKAbl U3 KOTOPBIX COCTOUT U3
thocdara, caxapa (puO03bI WK 1e30KCUPHOO03BI [TOH ke prOO03bI, HO O€3 OJHOTO aTOMa KUCIIOPO/Ia, KOTAa THAPOKCHIbHAS
rpyrmma OH mpu omHOM M3 aTOMOB yTiepoja 3aMeHEHa Ha aToM Bojopoma H] u a3oTucTeIX ocHoBaHuWi. bemkm —
JUIMHHBIE LETIOYKH U3 aMUHOKHCIOT. Kaxknas Takas uenoyka nMeHyeTcs noiauMepom. [logoOHo ToMy Kak cajoBast orpaja
NPUHUMAET PA3JINYHBIE OUYEPTAaHUS B 3aBUCUMOCTH OT BEJIMYMHBI U BHJA KaMHEH, U3 KOTOPBIX OHAa BO3BOJIUTCS, TaK U
JUIMHHBIE MOJIEKYJIbI BCEBO3MOXKHOI'O BHJa MOT'YT COOMPAThCs M3 HEOOJNBIINX, CKPEIUIIOMINXCA MEXIY COOOH MOJIEKYJI.
EnunygHble MOJEKYJbl Ha3bIBAIOTCA MOHOMEpaMH, a COOpKy OOJBIIMX MOJIEKYJT W3 MAaleHbKUX HMEHYIOT
MOJIMMEpPU3aLIHEH.

OnHa W3 peakuuil NoJMMepH3allMM — KOHAEHCAIMs, NpH KOTOPOM J1Ba MOHOMEpA CBS3BIBAIOTCS, BBI3BIBAs
«BBITIICHUE)» MOJIEKYJIbI BOABI, 00pa3ys Tak Ha3bIBaeMbIil qumep (IByx4yacTHbIN). Tpu cBI3aHHBIX MOHOMEpPa UMEHYIOT
TPUMEPOM, YeTBIpe — TeTpamMepoM H T. A. OOBIYHO NPH COCOTUHEHUH IBYX MOHOMEPOB OOpa30BaBLIYIOCS MOJIEKYITY
Ha3bIBAIOT MOJMMepoM (MHOrouyactHoit). [IpuMepom HeOMoOIOrHyecKoi peakuy HOIMMEPU3ALiH, CONPOBOXKIAIOIIEHCS

KOHHCHC&HHCﬁ, MOXET CIIYKUTb CXBaThbI-
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BaHue OeToHa. CHIMKaTHbIE MOHOMEPHI 00pa3yIoT MOJMMEPHI, N30BITOK BOABI UCHAPSIETCS, & CMECh IPABUS C MIECKOM
3aKJII04aeTCs BHYTPh OJIMMEPHOM Macchl. B uTore nomyyaercs: O4eHb IPOYHOE COEIMHEHHE.

Urak, JHK conmepxur weprexu Bcex OenkoB, Bktouas ¢epmentsl, a PHK coOupaer depmeHTHI, 4acTh KOTOPBIX
yckopsier perumkanuo JHK. ®depmenTtsr HeBo3MoxkHO coOpath 0e3 ueptexkeit or JIHK, a JIHK we B cocrosHuun
CaMOBOCTIPOM3BOIUTLCS 0€3 (epPMEHTOB. 3BYUHT MOJIO3PUTEIIHHO, HATIOMHUHAS MIPECIIOBYTHIM BOIIPOC: YTO OBLIO paHBIIE
— KypHlIa Wid SHmo?

Breixon u3 sroro 3arpyaHenus npeanoxun ouoxumuk Jlecnm Opren B 1960-e rogsl. PHK necna mocraTounoe
KOJINYECTBO F'€HETHYECKON MH(OpMAaLnK, HO €ciIM OBl OHA ellle MOIJIa BBICTYNATh B POJIM (PEPMEHTHOTO KaTanu3aropa, TO
6pu1a 661 ciocoOHa perrath 3afaun U JIHK, u Genkos. B Takom cirydae ncxomaHoit
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Moutekyioit o 061 He JIHK mmm 6enkn, a PHK. Kpome Toro, monekyner PHK nerue cuaTe3npoBaTh 10 CpaBHEHUIO
¢ JIHK, u JIHK Bmosine moruna 0b1 pazButhes u3 PHK.

Ha mporsoxkernu 1970-x romoB B ponu (epMEHTOB YYEHBIMH OTMEYanuch ofHu Oenku. Ho B Hauame 1980-x
Monekyspabie Omosorn Tomac Yek u Cumam OnTMEH HE3aBHCHMO JAPYT OT Apyra oOHapyxkwid, uro u PHK moxer
BBICTYIIATh B Ka4eCTBe Katanu3aTopa. Teneps u3BecTHO okoio cra pepmentatuBHbIX PHK, nMeHyeMbIX pubosumamu.

OTO OTKPBITHE MPOJWIO CBET Ha BOIPOC O MPOUCXOKACHUH XHU3HH. B craTthe 1986 roma MonekynsipHeId OHoOJOT U3
lapBapna Yoxrep ['miGepr BBen B 06opot nonsitue PHK-wup. OH nircat:

«lIepByro cTagui0 3BOJIOLMM 3aTeM NpoAonkaroT Monekyyasl PHK cBoed kaTaauTU4eCKOW JESTENBbHOCTBIO,
HEOOXOIUMOH Il COOCTBEHHOH COOpKM M3 HyKiIeoTuaHoro Oymbona. Monekynsl PHK pasBuBarorcsi B cnocoOHBIE K
CaMOyABOEHUIO (DOPMBI, HCITOJIB3YST PEKOMOMHAIIMIO ¥ MYTAIUIO JUII OCBOCHHUS HOBBIX HHUIIL.. [loToM OHU 00peTaroT BCrO
COBOKYIHOCTH (hepMEHTAaTHUBHOHN nesrenbHOCTH. Ha crnenmyromeit ctammm Monekynbl PHK HaumHaroT cHHTE3MpOBaTh
Oenky, cHavaia co3faBas agantupyionme mMonekyiasl PHK, criocoOHble CBS3bIBaTh aKTMBHPOBAHHBIE AMHUHOKHCIIOTHI, a

3areM BeIcTpamBasi ux corimacHo marpuiie PHK ¢ ncnonszoBanmem npyrux monekyn PHK Bpoxpe snpa PHK pubocomsr.
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DTOT Tporecc MpHUBeN OBl K CO3MaHUIO MEPBBIX OCIKOB, KOTOPHIC OKA3bIBAIOTCSA TYyYITUMH (hepMEeHTaMH, HEXKEIH WX
cobpatest u3 PHK... DTu GenkoBbie (hepMEHTHL... CKIIABIBAIOTCS U3 MUHUMAIBHBIX COCTABIISIONINX CTPYKTYPBD).

VY runore3st PHK-Mupa ecth anpTepHaTHBBI, cCamasi U3BECTHASI U3 HUX — BBIIBHHYTast OnoxumukoM Cunau @okcom o
TIEPBUYHOCTH O€JIKa M TUTIOTe3a «TIIHHSIHOTO Mupa» xuMmuka A. I'. Kapaca-Cmura.

Ot TCOPUHN TMPUBJICKJIIM MCHBUIC BHUMAaHUWA HCCJIeI[OBaTeJIeﬁ, Hn ux O6CY)KI[GHI/I€ OTJIOXKUM 10 TOM IIOpEI, IMOKa HE
n3yuuM gy4qme mup PHK.

80
IIpencoanue

Haunem cBoe MyTCIICCTBHUEC K UCTOKAM JKHU3HU, OTIIPABUBIINCH B TO BPEMs, KOTAa CTAJIN O6pa3OBBIBaTBCH OCHOBHBIC

KUPIUYHUKHA JKA3HH — aTOMBl. MTak, 9TOOBI yBHIETh, KakuM oOpa3oM 3eMiId IONy4dHiIa aToOMbl, OCOOCHHO aTOMBI

YIIEPOaa, 0Opamum 8pemMst 8Cnsimo.

OdeHp [aBHO, TJe-TO B Hamied ramakTuke Mieunslii IlyTe Oblla Hekas 3Be3na, Ha3zoBeMm ee lIpemconHiem.
[Ipenconname o0pa3oBalOCh MPH YIDIOTHEHWH IO ACHCTBHEM TATOTCHHS OOJIBIIOTO BOIOPOMAHO-TEINEBOTO oOOJaKa
MEX3BE3IHOTO MpOoCcTpaHcTBa. [10100HO OONBIIMHCTBY 3Be3/, [IpencosiHIle COCTOSIO M3 CEpALICBHHBI [sA7pal, Thae
TATOTEHHUE COJIMKAJIO MPOTOHBI JIO TAaKOM CTENEHH, YTO MPOUCXOAMI SACPHBIA CHHTE3, U Ta30BOM aTMOC(hepbl, KOTopas
Harpepajiach IOJi JEHCTBHEM HCITycKaemoul cepjueBuHol 3Hepruu. Ha mepBoil crymenu »xkusHu IlpenconHina B ero
CepAlLIeBUHE MPOMCXOAMIO CIHSHUE BOAOPOIHBIX simep (IPOTOHOB) ¢ 0Opa3oBaHHEM sjep Teius (MMeHyeMbIX alb(a-
yactunamu). AtMocdepa spKko CBeTHUIIACh MO ICUCTBUEM BhIINsseMoit u3 Heap [Ipeaconnia sHepruu.

Co BpeMeHeM BOJOPOA B CEpAIIEBHHE YaCTUYHO BhIropen. OTCYTCTBHE TOILUIMBA MPHUBENIO K CKATHIO CEPALICBHHBI U
TIOBBLINICHHUIO €€ TEMITEPaTyphl, YTO BHI3BAJIO pacIIMpeHre aTMocdephl B ee KpacHOe CBeueHHE. MEXIy TeM CxKaBIascs
CEpJIICBMHA HArpenach J0 TaKOW CTEMECHM, YTO HAYaJIOCh CIMSIHHME TPEX siIep refivs ¢ 00pa3oBaHUEM sijipa yriepojaa, u
aTa mepepaboTKa refvs B YIIepoja MOJIy4iiia Ha3BaHHE TPOWHOTO aib(a-mpolecca, WIK TPOWHOH T'elIMeBOM peakKIny.
Beuny Oompmioit Maccel Ilpemcomnme obmamaer OOJBIION CHIIOW TATOTEHWS, TaK YTO TENHA OBICTPO BBITOpACT.
CepareBrHa OMATH COKUMACTCSI, TEMIIEPATypa €€ MOBBIMIASTCS, U B UTOTE€ HOBBIE PEAKITUN CHHTE3a MOPOKIAIOT DIIEMEHTHI
TspKesee yriepoaa. CiusHue saep IpOUCXOJUT MOCIOMHO, TaK YTO CepALICBUHA KPYITHOU 3BE3/[bl HATIOMUHAET JTYKOBHILY,
I/ie K&KIOMY CIIOI0 COOTBETCTBYET CBOSI peakilis CHHTe3a. ATMoc(hepa pacimpsieTcst 1 CKUMAETCs CIIeTKa, He MOCIIeBast,
OJIHAKO, 32 U3MEHEHUSAMU B cepiieBune. CepIieBuHa CTapaeTcs MPeaoTBPaTUTh
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BBI3BAHHOC TATOTCHHEM COKpAIICHUE, M TAKUM 00pa3oM CHHTE3UPYIOTCS Bce Oolee Tsokenble sapa. Korga HaunHaeTcs
oOpa3oBaHue s7ep XKeie3a, CUHTE3 MOAXOIUT K KoHIy. OOpa3oBaHME sJiep JKeje3a OKa3bIBACTCS HE CTOJb DHEPreTUICCKH
BBITOJIHBIM, U CHUHTE3 Ooliee TKENbIX siep WUAeT Ha craj. HeoTBpaTuMo NpHOMMKAIONIUICS KOJUIANC CEPICBUHBI
[Ipencomuna mpencrasisier co0oil yauBHTENbHOE 3penwuile. [IpepconHile B3pbpIBaeTCs, BHIOpACHIBas HEKOTOPYIO YacTh
CBOCH CEpAICBUHBI M BCIO aTMochepy B MEXK3BE3IHOE IPOCTPAHCTBO (O TOM, UYTO MPOWCXOAHWT C OCTaBIICHCS
CEPIIICBUHOM, CM. B TJ1. 6).

Bemecto, cocrosiee u3 70% Bomopona, 28% renust U 2% Oomee TSHKETBIX AIIEMEHTOB, pa3jieTaeTcsl ¢ OrPOMHOMN
CKOPOCTBIO. 3aMeyIsisi CBOE IBMKCHHE T10]] ICHCTBHEM CHII TATOTCHHSI, HICTOPrHyTOe [IpeacomHIieM BeecTBO HAOTHAET
MEX3BE3IHOC MPOCTPAHCTBO 0OJICE TAKEIBIMU AAPAMHU.

Ucropus xu3nu [IpencomiHiia mo3BoisieT 00bICHUTh TPOUCXOXKICHHUE TOHKENBIX siep B Hamield COTHEYHOU cUCTEME U
Ha 3emiie, HO OCTaeTCs MPOSCHHUTH eIle OMWH Bompoc. KpymHBIE 3Be3ABI MO aCTPOHOMHUYECKHM MEpKaM HMEIOT
HETIPOIOJDKUTEIBHBIA CPOK JKM3HH — OT MIJUIMOHOB JI0 COTEH MIJIIMOHOB JeT. Tak 4To 10 00pa3oBaHWs Hamiel
CoylHEYHOH CHCTEMbl MOTJHM cyliecTBoBaTh Thicsun Ilpemcomuin. [lomydaercs, 4To B ra3oBO-IBLIICBOM OOJake,
YIUTOTHUBIIIEMCSI TIOJ] IEUCTBHUEM TIPUTSKSHHS U IaBIIeM HaM Hayayio, BO3MOXHO, IPUCYTCTBOBANH sIIpa, 00pa30BaHHbBIE
TIPEANMICCTBYIOUMH 3BE3IaMH.

Hame Couanue

Hauano xusnenHoro nukna Hamero ConHia Takoe ke, kak u 'y [Ipenconnna, 3a uckiodenueM Toro, uro CosHie He
CTOJIb MacCHBHO. Maible 3Be3[bl KMBYT [OJIbILE, IOCKOJBKY MX MEHbIIAas Macca MPENnsTCTBYeT CTOJb ObICTPOMY
nporieccy crnusaus saaep. [loaromy Hamemy CoJHITY OTHyIIeH OONBIINI CPOK M YTOTOBaHa HE CTOJb y)KacHas KOHYMHA.
Ho nac npexae Bcero narepecyet 3emisi. OOpazoBanue 3eMiIM MPOTEKAJIO CXOIHBIM CO 3Be3lamMu 00pa3oM, HO Ha 3emIie

BCJIEJCTBHE 3HAYNTEIHFHO MEHBIIICH MaCChI
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Y CIUMNIIUXCS YaCTHUI[ CIUSHUS siiep He mporcxoaumio. CIUIIIMEecs: YacTHIIBI CTaJKUBAINCh U CKYYHBAINAChH, TaK YTO
0oJiee TUTOTHOE BEMIECTBO OCENaio B CEpALIEBHHE (SIIpe), a MEHEee TUIOTHOE ITOJHUMANIOCH Ha TOBEPXHOCTD IJIAHETHI.

LL’chTI/ILH)I ra3a 1M IbUIM CTAJIKUBAJIIUCh APYT C APYTOM, OGBCILI/IHSIJ]I/ICL B X0JI€ TaK Ha3bIBAEMOTI'0 Cpalll€HHA U B UTOI'C
00pa30Balii ropsIYyIo MepPBOOBITHYIO 3eMiTio. CpocIirecss Macchl, IMEHYEeMBbIe IJIaHeTe3UMaJIsIMHE, TTPOA0JDKAIH MaaaTh Ha
TTOBEPXHOCTh MOJomoi 3emim. Bo3MoXkHO, ONHA KpymHAs IDIaHETE3UMaih IO KacaTeIbHOW CTOJKHYJIACch C 3eMIleH,
BbIOMB M3 HEe BEIIECTBO, JAaBllee Hadano JIyHe, a Takke 3acTaBUB ee Bpamarbecs. HakoHer, HoBoucreueHHoe CoiHIle
«BBIMEJIO» OOJIBIIYI0 YacTh OCKOJKOB 3a mpenenbl ConHeyHOW cucTembl. [IpocTpaHCTBO, 3aHMMaeMoOe BHYTPEHHUMU
IJTaHETaMH, OKa3aJI0Ch Ha PEIKOCTh YHCTHIM, 332 HCKIFOUSHHEM CITYYailHBIX CTOJIKHOBEHHUH C TPA3HBIMU OCKOJIKaMU JIbJIa,
TIOSIBJIATOIIUMUCS, TIPH CONMMKEHWW C TSDKEJIBIMH BHEUTHHMH IUTAHETAMH. OJTH OCKOJKH JIbJla MBI CETOJHS Ha3bIBaeM
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komeTramMu. WX XBOCT cOCTOMT OOsblIeH 4YacThiO W3 IApOB BOJBI M YIJIEKHUCIOIO ras3a, IOCKOJBKY IOJI JeiicTBueM
COJIHEUHBIX JTy4ei Jie]] HanpsMYIO epeX0oIuT B Ta3000pa3HOe COCTOSTHHE.

IMoasuaenue PHK

[ToBepxHOCT, BHOBb OOpa3oBaBIIEiCS IJIaHEThl 3emuid ObUla KaMeHHUCTOW u ropsiaeil. Ha Hee mnpomomxamu
0oOpyIIMBAThCS IUIAHETE3UMAT U XBOCTHI KOMET, OCTaBJIsisl CMEIIAHHBIC C YIIIEPOJOM Maphl BOABI U YTICKUCIEIHA ra3. [1o
Mepe OXJIaXIeHUs 3eMIIM MPOUCXOAWiIa KOHJEHCAIUS BOJBI, BMECTE C BOJOW OT KOMETHBIX XBOCTOB 0OOpa3oBaBIIeH
okeanbl. ['a3oBass atMocdepa, MoXoe, COCTOSIa M3 Ta30B, BBIIEISEMBIX IPU M3BEPKEHUH BYJIKAHOB: BOISHBIX apoB
(H,0), yraekucnoro raza (CO,), ammuaka (NH3), merana (CH4) 1 HeOOJIBIIIOrO KOJIMYeCcTBa ocTapiierocs Bogopoaa (H,),
HE yTpaueHHOTro 3eMJiei BBUy MpHUCYIIeH eif cnaboit cuibl Tarorenus. CBodoanoro kuciopoaa (O,),
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Mo CyTH, HE ObLIO, TaK KaK Jake MMEBIIHECS KPOXH BCICACTBHE XUMHUYCCKHUX DPEAKIUN OKa3aJuCh B CBSI3aHHOM
COCTOSIHHH.

[Ipu TakoMm pa3BuTHH COOBITHH Ha 3eMiie MOTJIHM HadaThCcid XMMHYECKHE peaknru. UToOBI 3a70KUTh OCHOBBI JKH3HH,
3TH pPeaKIMM JO/DKHBI OBUIM TPOXOAUTh OECHpPENATCTBEHHO B TOTJAIIHUX YCJIOBHSX, C JOCTaTOYHOM CHIIOH U
ycToiunBOCTRIO0. HaunHas ¢ mpocThix Mosiekyln u noxos 1o PHK, MBI u3yuuM Kaxkayio peakiuio, HaOmroaas, I1e U Kak
OHHM MOTJIM TIPOM30WTH M KaKOe TOJIOKHTEIbHOE WM OTPHUIATEIhHOE BO3ACWCTBHE OKa3blBajla HA HHUX OKpY’Karomas
cpena. YUrto kacaeTcs BpEMEHH, BCE pEaKIMM JODKHBI ObUIM HayaThCsd B KOHIE IMEPUOAA TaJeHHUS MOTOKOB
IUTaHEeTe3UMAaJIel, a 3aBEpIIUThCS JO TOrO, Kak ObLIM 00pa3oBaHBI JPEBHEHIIME OKAMEHEIOCTH. MBI Moiy4aeM
npoMekyTok B 100—500 muts set, i okomo 10'° c.

Ha puc. 3.7 npuBeneHBI XUMUYECKHE PEAKITUH, KOTOPBIC JOIHKHBI ObLTH nopoanuth PHK.

1. Ilpocmoeie Mmonexkynvl npu XuMUYECKOM B63AUMOOEUCMEUU 00pa3yiom aMUHOKUCIOMbl — NnpeouecmeenHuy
azomucmoix ocroganuu. OneiT 1953 roma CtsHnmu Munnepa Omaromaps ciydailHBIM peakmusM J1al MHOXECTBO
OpPraHWYECKHX MOJIEKYJI, HEKOTOpBIE

Puc. 3.7. Xumunueckue peakuuu, seayuue K oopazosann PHK

MpenwrecTBeHHUK K ) AJOTHETHIC
AMWHQKHWCIOT OCHOBAHHWA

+ —» Hykneosnzw

ly 4
fpocTbie Putosa
MO1eKYNB _2"([1“0”0]*33?‘311[“11]]
4 ——— HykicoTHas! 5, PHK
5 MOIHMEpH~-
3aUHA
3
Docdopuan
KHUCADTA
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U3 HUX IPEACTAaBIISUIM aMUHOKHCIIOTHI — IIPEIIECTBEHHHIIBI a30TUCTBIX OCHOBaHUHN. IIpoBOAMIINCH CXOQHBIE OIBITHI
C HCIIONB30BAaHMEM pA3JIMYHBIX BEIIECTB M YJIbTPa(hHOJIETOBOTO H3JIY4YEHHUS BMECTO JJIEKTPHUYECKHX paspsmoB. Ho
pe3yNbTaThl BBIXOAMIN OJAMHAKOBBIE: B Pa3IMUHBIX KOJIMUYECTBAaX MONy4aauch Bce 20 aMMHOKHUCIIOT, IPUCYTCTBYIOIINX B
XKUBBIX opraHm3max (cMm.: Cmucok uael, 5. AMHUHOKHCIOTHI). Takoil mpormecc MOT HadaThCsl B arMocdepe, a 3aTeM
nepeiTy B TOJIly OKeaHa. Mimu »xe OH Hadaincs TIyOOKO IOJ BOAOH B OKeaHe ONM3 T'MAPOTEPMAIbHBIX OTIYLINH
(«4epHBIX KypUIIBIIMKOBY»), T/I€ BBICOKas TeMIlepaTypa JaBaja JHEpPTHI0O M YCKOpsUla XMMH4Yeckue peakuuud. Ho
MOCKOJIBKY XHM3HH ellle He ObUIO, MOJEKYJbl MOITIM COOMpaThcs B TOJILIE OKeaHa Oe3 MOTJIOIMICHHUS UX OpraHu3MaMu-
CaHHTapaMH, KaK IPOUCXOIMIO OBl CETOIHS.

2. Ilpocmule MoaeKkynvl npu XUMUYECKOM @3aumooercmeuu obpaszyiom pubosy. XOTd peaklys BO3HUKIA, MOJHAs
LEeTNoYKa peakUuuii, npuBoasAImas K oOpa3oBaHHIO prOO3bI B KayecTBE OCHOBHOIO MpOIYKTa, emle He Habmronamacs. B
peakuusix, rae pudo3a ABISUIACH MOOOYHBIM MPOAYKTOM, BBIXOX OOJBIIEH YacThbiO ObUI CIMIIKOM Mal, YTOOBI MMETh
YCTOMYMBBIE peaKUUU JIs MOSyYeHHUs] JOCTAaTOYHOTO JJIS Hadaja >KM3HM KOJIMYECTBa MOJEKyJ. Bo3MOXHO, yueHble He
BBISIBHJIM TpeOyeMBIX peakuuil s oOpa3oBaHMs HYXHOM pHOO3BI, MM K€ TOIZa NPUCYTCTBOBAJIM YHHKaJbHBIC
HeopraHuyeckue JUO0 OpraHuYecKue KaTaau3aTopbl. BMecTo Toro 4yTo0sl cienoBaTh noaxony Muiiepa u NpoaoKaTh
«BAapUTh)» NPOCTBIE MOJEKYJbl BCE JOJbIIE W MOJbIIC, YUYEHbIE MEPECKOUMIM uepe3 3TOT dTal M HPUCTYIWIN K
COEIMHEHHUIO TPOMEKYTOUHBIX MOJIEKYJ, YTOOBI YBUIETh, KaK MOT MIPOTEKaTh JaNIbHEHIIINIA TTpoIiecc.

3. Ilpocmvie MmoneKyavl Npu XUMUYECKOM @3aumodelicmeuu oopasyiom @ocgopuyio Kuciomy. ITO TPOCTas
HeopraHudeckas peakuus, copepiiaemas aroMamu ¢ochopa, KOTOpbIE MOIYHarOTCS IPU BHIBETPUBAHUM CKAJIBHBIX
HOpOJ.
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4. A3omucmule ocHo8anus u pubo3a Npu XUMUYECKOM 83AUMOOeUCmEUL 00pasyom HyK1eo3uobl. YdeHbIe TOCTUTIH

HEKOTOPLIX YCIIEXOB B MPOBCACHNUU JaHHBIX peaKHHﬁ, HO CaM CHHTC3 OKa-
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3ajcs Hed()(HEeKTUBHBIM O€3 UCTIOIb30BaHus (DEPMEHTOB, YTOOBI KaTaIM3UPOBATh JAHHBIH MPOLIECC.

5. Hykuneozuowvl u ocghamer npu xumuueckom ezaumooeucmsuu obpazyrom Hykieomuovl. OIHU HYKJICOTH]IBI
MIOJTy4aloOTCsl TOCTATOYHO JIETKO, NIPyrHe — KpaitHe TpynHo. KamMHeM NpeTKHOBEHHS K TOMY K€ CIY)KUT oOpa3oBaHUe
00JIBIIOT0 KOJTMYECTBA HYKIEOTHAO0B. OTHA HAIMYECTBYIOT B OPTaHU3Max, IPYTHE OTCYTCTBYIOT M, YTO MOXKET ITIOMEIIaTh
perumkanuu PHK, nmockonbky oHUM HE OyAyT COCIUHSTHCS C BCTPEUAIONIMMHUCS B MPHUpPOJAE HykicoTuaamu. OmATh ke
TOTJIa MOTJIM MPUCYTCTBOBATh HEOPraHUYECKUE WIIM OPraHUYECKUE KAaTajlu3aTopbl, COACHCTBYIOUINE MPOTEKAHUIO TaKOK
peakuu. KaranmzaTopsl MOTIM BO3HHKHYTh Ha 3eMileé WM OBITH 3aHECEHBI XBOCTAMH KOMET JIHOO METEOpPUTAMHU.
IIpupona caMux KaTaau3aTopoB IMOKa HEM3BeCTHA (0oJiee MoapoOHO cM. manee). He uckimouaeTcst MpoTeKaHUe B Ty MOPY
He()epPMEHTATUBHBIX PEAKIIHI, HO YUCHBIC UX €IIIC HE BBISBUIIM.

6. Hykieomuouvie MOHOMEPbL, NOIUMEPU3YACD, 0Opazyrom HyKieomuonvie noaumepvl— PHK. Tlomumepuzanus MoxKeT
OKa3aThCsl 3aTPYAHUTEIBHON B N300MIyIOMIeH BOIOM cpeie. ByiboH MOT OKa3aThCs CIMIIKOM pa30aBICHHBIM, BEPOSITHO,
OH JIOJDKEH OBITh OoJice T'YCTBIM — HANOJO0OWE Kallld WIHM JaXe TecTa s MUIbl. [lonuMepusalius mocpeacTBOM
KOHJICHCAI[UH MOTJIa MPOUCXOAWTH B MEIKOM IpYIy, Ha TMEeCYaHOM Oepery Wiu Ha TIMHHCTOM B3Mophe. JlITuHHBIE
OpraHWYecKHe MOJIEKYJIBl MOTJIA HE BBIHECTH CHJIBHOTO YIBTPa(HOIETOBOTO W3IYUYEHHS, YTO MPEAIIONaraeT HaIndue
HEKOTOPOI'0 YKPBITHS, YTOOBI COCTOSIIACH MONMMEpHU3allisl. BrojiHe BeposATHO, YTO MOJICKYJIbI ApOB BOABI B BEPXHHUX
ciosix arMoc(epsl pas3iaralvich TOJ JCUCTBHEM COJHEYHBIX IJlyded B XOA€ Tak Has3blBaeMOW (hOTOAMCCOIMAIINHY,
IOpOo’Kaasi BOJAOPOA M KHCIOpo. Bomopoa, mpeoosnes cuiry MpUTHKEHIS, TTOKAIAT 3eMITIO, a KHCIOPO IIpeBpaIaics B
nepBbii 030HOBBIN (O3) ci10i 3eMJTH, YKPBIB €€ MIOBEPXHOCTh OT YJIBTPapHOICTOBBIX JTydei. HaXosCh CIUIIIKOM BBICOKO
B aTMocdepe, KUCIOpO He MO MEIIaTh TCUCHHIO BEAYIIMX K 3apOKICHHUIO KH3HU XMMHUYCCKUX PEaKIUH Ha 3eMHOU

MIOBEPXHOCTH, a 3aJepKKa yJIbTpadhHOIeTOBbIX Jiyueil o0e30macuia OpraHn4eckue MOJIeKy-
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JBI OT pacnaja (MPOoJOoIIKANOCh CTAHOBIEHHE aTMOC(epBl, MPOLECCH BHYTPH KOTOPOH MOPOAWIN MPOOIEMy MOTOHI,
KOTOpast 00CY>KIaaeTcs B TI. 5).

Jpyroe BO3MOXHOE pa3BUTHE COOBITHI CBSI3aHO C CaMOBOCITPOM3BOISIIEICS MOJIEKYJION, KOTopas MpeiecTBoBajla
PHK. Ilpeanonaraemas monekyia-penreda cuutesuponanach gerye PHK, nmes npu atom cxomHoe ¢ Heil ctpoenue. Ha
€€ pOJIb IPETEHAYIOT 1B «COMCKATEIN.

1. THK (Tpeo30HYKIEHHOBAs KHCIIOTa), COCTOSINAs W3 COICP)KAIUX YEeTHIpe aToMa yriepoja [C ABYyMS
LEHTPaJIbHBIMH THIPOKCHIBHBIME TPYIIIaMH ¢ TPaHCH30MepHUe™ | MOHOCcaxapuaoB (Tpeo3a), a He IATh (prudo3a),
kotopeie obOpasytor ocroB PHK. Cumures THK [He Bcrpeuwaercss B mpuponie] B AOOHOIOTHYECKOM MHpE
nporcxoami Ol Jierde o cpaBHeHuto ¢ PHK, mockonsky THK TpeOyer HaeHTHYHBIX OCTATKOB C ABYMS aTOMaMH
yriaepoaa, a He ¢ JABYMs U TpeMs, Kak y [coiepkamied msaTh aToMoB yriiepona] pu6osbl. [Tommmeps: THK
o0pazytoT aBoiiHyto cimpais monooHo JHK u coBmectumbr ¢ JJHK u PHK (puc. 3.8).

Puc. 3.8. MoHocaxapuabl ¢ yrjiepoJHoii Henb U3 YeTbipex (Tpeo3a) U u3 NATH

(pu0o3a) atomoB

CH20H
O oH 0-._OH
OH
OH OH OH
Tpeoaa Pubo3a

* UuctpaHcnsomepus (reoMeTpuyeckasi M30Mepusi, oT NaT. Cis — MO OAHy CTOPOHY, M trans — HamnpoTMB) — OAMH U3 BUAOB
NPOCTPAHCTBEHHOW M30MEPUU XMMUYECKUX COEAMHEHUI, 3aK/I0YaeTCss B BO3MOXHOCTWM pacrnofioXeHUs 3amectuTeneir no ogHy (umc-
n3omep, Hanpumep dopmyna I) unm no pasHblie CTOpoHbl (TpaHc-usomep, dopmyna II) nnockoctn asonHon cessm (C = C, C = N).
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2. IIHK (nenTwmHYKIECWHOBAas KHCJIOTa), OCTOB KOTOpOW oOpa3oBaH HE caxapaMd, a IOJuMEpaMH
AMUHOKHUCIOTH N(2-aMUHOSTH)-TJIMIUH. JTa MOJIeKyJa 00pa3yeT ABOWHYIO CIIHPaJlb, €€ COCTABIISIONINE JIETKO
CHUHTE3UPYIOTCS YCTOMYUBBIMU PEAKIUSIMHU MPOCTHIX MOJIEKYJI, U OHA JIETKO MOJTUMEPU3YETCS.

brint mu y PHK camoBocipou3Bosiuics NpeaiecTBEHHUK, HesicHO. Hy a Mbl TeM BpeMeHeM MPOI0JKUM.

PHK-mup

C nosisnennem PHK mexanusm oOpa3oBaHus nepBoi kietku nposcHsercs. PHK-mupy muis ero ctaHoBieHus octaeTcs
MPOUTH MATH ITATOB.
1. Oman pennuxayuu (camosocnpoussedenust).

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).
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A. Hute PHK co3maet cBoto kommmnmenTapayo HUTH (LI-I°, A-Y) nputaruBanuem ApyT K OpyTy CIIapUBAEMbIX
OCHOBaHUI aMHHOKHCIOT. Bo3MOXHO 00pa3oBaHHe JIIOOBIX COYETAaHWH, OJHAKO HEYCTOMYHMBHIE COYCTAHHS HE
CMOTYT yJIep>KaThCsl BMECTE, KaK 3TO MPOMCXOIUT C MapaMu ocHoBaHUH YorcoHa—Kpuka (AY, I'Ll), xotopeie u
0epyT BepX.

b. Komnnumenrtapnas Huth PHK oTaensieTcs oT MCXOIHOW HUTH.

B. KoMmminMeHTapHas HUTh CO3/Ia€T CBOIO COOCTBEHHYIO KOMIUIMMEHTapHYIO HUTh, COBIAAAIONIYIO C HCXOAHOM
PHK.

I'. MonekynapHble KOMIUIMMEHTapHBIE HUTH pa3leNsioTcs, oOpasys Komuio ucxogHod Mmousekynsl PHK u
KoMIUIMMeHTapHy10 Mosnekyiny PHK, koTopsie B cBOIO odepeab MOTYT TE€NEpb CTPOUThH OYEPETHBIE KOMTUHU M0 TOMY
xKe o0pasiry.

BocnpousBeneHne Bcex 3THX 3TaloOB B JIa0OPAaTOPHBIX YCIOBUAX IIOKA HE YBEHUYAJIOCh ycrexoM. Bo3moxHO,

MIPOTCKAHUIO
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3TUX PeaKIHii crocOoOCTBOBAIM KaTadU3aTOphl. 37€Ch MOIJIM yYacTBOBAaTh HEOpPraHWYECKHE KaTaHu3aTOphl B BHJE
3apsKEHHBIX [KPUCTAIIOB] INIMHBI, IPUTATUBAS MOJIEKYJIBI M YAECP)KUBAsd UX B HY>)KHOM JUIsl peakIuy MoJIoKeHuu. Jpyroi
BapHaHT CBSI3aH C BO3MOKHOCTBIO NMPOBEACHUS HEOOXOAMMBIX PEIUIMKALMKA 00JafalomuMi (GepMEHTHONH aKTHBHOCTBIO
monekyiaamu PHK — pubo3umamu. 3aeck MOTiM IpUCYTCTBOBATh M OpPraHMYECKHE KaTaaM3aToOphl, KOTOPHIE MOKA HE
BBISBIICHBL. [[pyras TpyJHOCTb CBsI3aHa C IIPaBO- U JIEBOBpAILAOIIUMHUCA cniupaibHeiMU Mosiekynamu PHK u JTHK, o yem
pedb MOWIET B clenyollel rimaBke. Bo3MOKHOCTE JapBUHOBCKOMN 3BOIIOLUH HAa MOJIEKYJIIPHOM YPOBHE HAJIMYECTBYET Ha
Bcex atanax pa3Butuss PHK-ro mupa. I3MeHeHHe NMPOUCXOAUT TPHU PEIUIUKAIINU, KaK CJIEJACTBUE CIy4alHON MpUpPOIBI
camoro mporiecca. IlogyyeHHble MOIEKYIBI HAYUHAIOT OOPOTHCSA 32 aMHUHOKHCIIOTHI, M MIPEYCIEBIINE B 3TOM 3aBIAACIOT
OOJIBIIMHCTBOM aMHHOKHUCIIOT, CTaB MpeoOnagarolMMy. 3aMeTHM, CKOJb CXOXKE Takoe pa3BUTHE COOBITUH € XOJ0M
KJIACCUYECKOM JapBUHOBCKOW 3BOJIOIMM C €€ M3MEHEHUEM, KOHKYPEHIHEH, MOAKPEITIEHUEM M PACIpPOCTpaHEHHUEM Ha
YPOBHE OpPraHU3MOB.

2. Hanpasnsemoiti PHK 6enxoswiti cunmes. PHK, cuHTe3upyromue OenKOBbIe MOJIEKYJBI, JOJDKHBI MOJIB30BATHCS
JapyeMbIMH JTapBUHOBCKOM TeOpHed BBITOAaMH, BEPOSITHO, Yepe3 HEKYI0 KOCBEHHYIO OOpaTHYIO CBsI3b, MOKa €Ile He
BBISIBJIICHHYIO.

3. Paszoenenue na kKiemounvle ckonienus. JIOMKHO HadaThCsl O0Opa3oBaHHWE MeMOpaH M3 CIOXKHBIX OENKOB MITH
JKUPHBIX JMINUIHBIX MOJIEKYJ, Beaymiee K otaeneHuto MHoxkecTB PHK gpyr or gpyra. OTo BBI30OBET ycuieHHe
KOHKYPEHIIUH MEKAY HUMH U OEJIKOBBIMH MOJIEKYJIAMH, PEKAE Y€M OHU MOAOMIYT K 3TAIly CTAHOBJIICHHUS KIIETKH. DTH
KJIETOYHBIE CKOIUIEHHSI IMEHYIOT IPOTOKJIETKAMH.

4. Cyennenue Oenxos u PHK. TlpeanonoxuB paszgenenue 3Tux nepBoix PHK Ha reHBl, Kaxnplli M3 KOTOPBIX
CHUHTE3UpPYET OAWH OENOK, MOJIyYdUM, YTO OHHM JAOJDKHBI cOCTOSATh M3 70—90 Hykneotunos. [lns cpaBHEHUS: TeH

COBPEMEHHOTO YeJIOBEeKa BKIIIOYAET HECKOIBKO THICAY HYKJIEOTHAOB. [IepBudHbI Oenok (B IEeHCTBH-
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TETFHOCTH OCTaTOK aMHUHOKHUCIIOTHI, UMEHYEMBIN TEITHIOM), BepOsSITHO, cocTosut 3 20—30 mykieotuaoB. CoriacHo
TEOPETHUYECKUM BBIKJIAJKaM MHHHMAJIbHOE YHUCIIO TE€HOB JOJDKHO paBHATHCS 256, u Torma mepsas kierouHas PHK
cocrosiyia mpuMepHO U3 20 ThIC. HYKJIEOTHIOB.

5. Coxpanenue ungpopmayuu 6 JJHK u obpaszosanue benrxosvix gpepmenmos-kamanuzamopos. PHK BmoiHe crocoOHa
XpaHHUTh TeHETHYECKyro HH(opMmanmioo, HO nBoiHas crmpans JHK nydme npucrmocobnena x Oojiee HaJe:KHOMY ee
XpaHEHUIO N0 cpaBHEHHIO ¢ oaHoW cnupansio PHK. Pa3zeuBas Mpicib 0 cOOpke pHOOHYKIEHHOBOH KHCIOTOH MHOXKECTBA
MOJIEKYJI B KadyecTBe XpaHuTeled wHopMaluu W (QEepMEHTOB, IMONydYaeM, YTO C 3BOJIOIMOHHOW TOYKH 3PEHUS
obecrieunBatomas 6osee HaAe)kHOE XpaHeHHe TeHetmdeckod mHopMmarmu JIHK cmenut B atoti ponm PHK. [lamee,
OenkoBble (pepMEHTHI OKa3bIBalOTCS OoJiee NEHCTBEHHBIMHU Kak KaTaiau3aTopsl mo cpaBHeHuio ¢ PHK u mostomy Oenxu
MIPUXOJAT Ha UX MecTo. TakuM oOpazom, monekyssl PHK orpannunBaroresa tpanckpuniueii [MPHK], TpancnoptupoBkoit
[TPHK] n katamuzom [pPHK], Tak kak ocTaibHBIE UX O0SI3aHHOCTH B3sJIH Ha ce€0s MOJICKYJIBI, CITPABIISIIOIINECS ¢ HUMH
ropaszo sy4mie. JlappuH Ol OBl 10BOJICH. Kak TONBKO MPOTOKJIETKE yaaeTcs: oOpecTH crocoOHOCTh K METa0O0IM3MY H
BOC-

920
MIPOU3BEAECHUIO, OHA CTAHOBUTCS MOJHOLIEHHOW KJeTKoW. Hauano sK13HU MOJI0KEHO.

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).
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AabtepHaTuebl PHK-mupy

Ectb unble BapuanTsl ¢ yuactueMm PHK, Brittodast «mepBHYHOCTD OETIKOB» M «TJIMHSIHBIA MUPY.
IlepBu4HOCTH OeJIKOB.

IepBuunocTb 6eakoB. Cunnu Gokc B 1977 roqy nokasai, 4To OTJENbHbIE CMECH aMHHOKHUCIIOT TIPY HarpeBaHuu 0e3
BOJBI TOJIMMEPHU3YIOTCS, 00pa3ysl MPOTEHMHOMBl (KOPOTKUE MOJMIIEHTHIHBIE LEMH C HEKOTOPBIMH KaTalUTHYECKUMHU
cBolicTBaMu). Eciu 3aTtem oIrycTUTh NPOTEMHOU B! B BOAY, OHU 00pa3yroT MEMOpaHy M HAUMHAIOT TOXOJUTH HA KIIETKH.
Takue knerkooOpaszHeie cTpyKTypbl Dokc Ha3Banm MuKpocdepamu. BHyTpu Mukpocdep Oenku MpennoiaokHUTEILHO
katanusupoBanu oopasosanne PHK u THK.

I'IuHAHBIA MUP.

I'nunsneiii Mup. CornacHo STOH THIOTE3€ PaAHOAKTHBHOCTH O0ecIlieurBaia aMHHOKHCIOTBI JHEpPTHUEH IUis
MOJIMMEPH3aLMN HAa TJIMHSHOM TOIUIOKKE, COAEpKalleH Mele30 M LUHK, KOTOPbIE CIY>KWJIM HEOPTaHMYECKHUMH
KaTanuzatopamu s odpasoBanus u 6enkoB u PHK. Takoit moaxox B 1982 roay mpemmoxxun Kapac-Cmur.

Hayunoe coo0riecTBo moka He OaiyeT 3TH THIOTE3bl BHUMaHHEM, HO BCE MOXKET U3MEHUTBCS, €CIIH OOHAPYKUTCS
KaKkoe-HUOYIb BECKOE JIOKa3aTeNbCTBO B MOJIb3Y OAHOW U3 HUX.

CaoxHocTu

Oka3bIBacTCs, MPOUCXOKICHUE KU3HU — BEChMa CIIOXKHBIN TIpoIriecc. MHOTHE BOMPOCHI MTOKa OCTAIOTCS 6€3 OTBETA.
DTO KacaeTcs COCTaBa M COOTHOIICHHUS MCXOJHOTO CBHIPbS, POJIKM TEMIIEpaTyphl, KOJUYECTBA HATMYECTBYIOIICH BOJIBI,
OTCYTCTBHSA WJIH MPUCYTCTBHUA KaTaJIH3aTOPOB, OPTaHUIECKON MM HEOPraHUIECKON MX IMPUPOIbBI, HX HCTOYHUKA, TCUCHUS

XUMHUUYECKUX pEeakluil v T. II.
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Henpeojonumas TpyZHOCTh COCTOMT B HEBO3MOXKHOCTH OOpPATHTh BPEMS BCIISATh, YTOOBI MPOBEPUTH TE WIIA WHBIC
JeTaH.

Bo3MokHO, OT OTYasiHHS HEKOTOpPbIE YT HAMPOJIOM B MOUCKaX OoJjiee MPOCTHIX OTBETOB, pacCMaTpHBasi, HalpuMep,
MPOIIECC CTATHCTUYCCKHU M OLICHUBAsI OOIIYIO BEPOITHOCTH cOOBITHIL. [Ipeanaranucy, MHOTHE TaKUE OIICHKH, O HUX BeChMa
SpKO BBIpazmics actpoHoM @Dpen Xoiin, ckazaB, YTO BEPOSTHOCTH 3aPOXKIACHHUS JKU3HH U3 TMPOCTHIX MOJEKYJ CPOJHH
«cbopke "Bo-unra-747" yparanom, IpOHECIIUMCS HaJ MYCOpPHOH cBajkoi». COOpKa CI0KHOTO TEXHHYECKOTO H3AEIHUs
U3 TPOCTOTO ChIPbsi OOJBINE CMAXWBACT HA <IATYIICK W3 YYIICK», YeM Ha OMHCAHHBIA BBINIE MHOTOCTYMEHUYATHIH
nporiecc. Kpome toro, cam mpornecc dazexo He cayuaen. KaTanu3atopbl YCKOPSIFOT PEakilvH, a TApPBUHOBCKAas cHCTEMa
HU3MCHCHUSA, KOHKYPCHIIUN, MMOAKPCIUVICHHUA U PACIIPOCTPAHCHUSA «YAAYJIMBBIX)» MOJICKYJ ACTACT XUMHYCCKHUE IPOLECCChI
3HAYHUTENILHO OoJiee NeHCTBEHHBIMH, HEXKENN CIy4alHbIi X0 coObThil. CKopee HyKHa MHOTOKpaTHas MOATOHKA YacTel
U COXPaHECHHUE TOTO, YTO CTAHET MOXOAUTh Ha «BbouHr-747». [TocpecTBOM Takoro pojaa oOpaTHOM CBSI3U MOXHO B UTOTE
cobpaTh camoJerT.

Hpyrast TpyIHOCTb — HAJIW4KE MPaBO- U JEBOBpAIIaOMIUX MoJieKyd. CocoOHOCTh yriepona oOpa3oBeIBaTh YETHIPE
CBSI3U TI03BOJIET €My CO3/1aBaTh TPEXMEPHBIC TETPAdAPUUCCKHE CTPYKTYphI. Tak, OIMH aToM yIiepo/a, JaKe CBSI3aHHBIN
C OJIMHAKOBBIMH aTOMaMH, MOXXET 00pa30BBIBATH JIBE COBEPIICHHO pa3Hble MOJEKYJbI, UMEHYEeMbIC CTEpEOU30OMepaMu
(puc. 3.9). Otu more-

Puc. 3.9. XupajbHble cTepeou3oMepbl

COQO~ COO~
I |
NHy —C —H H—- C — NHj
| |
R R
L-amunokncsora:  D-aMHHOKHCIOTA!
OOKOBan Lenn Gokonug Uens
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KYJBI SIBIITIOTCS 3€PKATBHBIMH OTOOpPAXEHUSMHU NIPYT JIPyTa, OJHAKO W3-32 CBOETO TPEXMEPHOTO CTPOCHHS OHH HE
B3aMMO3aMEHsEMBL. JTO N3BECTHO JTFOOOMY, KTO IBITAJICS HAJETh JIEBYIO IEPUaTKy Ha MPaBYIO PYKY.

[lomobHass «3aKpy4eHHOCTH» MOJIEKYJ HMMEHYeTCS XHUPalTbHOCTBIO. IIOCKONBKY MOJIEKYNBl HU3-32 HX MaJOCTH
HEBO3MOYKHO YBHJIETh, A ONPEIEIICHUS XUPATbHOCTH CKBO3b PACTBOP C MOJEKYJIaMH MPOIYCKalOT MOJISPU30BAHHBIN
CBET, OTMeYasl BpallleHUe IJIOCKOCTH TOJISPU3aluy CBeTa. MOJEKyJIbl, Bpalllalolie CBET BIIeBO, 0003HadatoT OyKBOil L,
BIIpaBo — OykBoi D. J{7s OoJiee COKHBIX MOJIEKYJ HCIIONB3YEeTCs U 0oJiee clioKHas cucteMa o0o3HaueHuil. Cmech L- u
D-dopm omHOTO M TOrO XK€ CTepeor30Mepa Ha3bIBaeTCs palleMU4ecKoi. To, YTO CTepeon30Mephl CYIIECTBYIOT B BUIE
paleMuuecKuX COeIMHEHUH (paleMaroB), IMPENCTaBIsLI0 Obl Cyry0O Hay4yHBIH HWHTEpeC, eciau Obl He KpanHss
YYBCTBHUTENBHOCTh OHMOJOTHYECKHX CHCTeM K XwupanbHOcTH. Hampumep, L-dop-ma Momekynbl KeTOHa, WMEHyemas
KapBOHOM, ITaxHET TMHHOM, ToTJa kKak D-gopma Toif e MOJIeKyIbl — MSTOM.

Eme BaxkHee, YTO MOJEKYJIBl B XKHUBBIX CUCTEMAX COXPAHSIOT CBOIO XMPANbHOCTh. benku conxepkat aumsb D-, a He L-
caxapa. JlanHOe 00CTOSTETFCTBO, BO3MOXHO, YKa3bIBa€T HA TO, YTO BCE JOOMOJIOTHIECKAE XUMUIECKHE MTPOLIECCH MMEIOT

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).
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OJUH UCTOYHHUK. HenaBHUE ONBITHI, OHAKO, MTOKA3bIBAIOT, YTO HNENTHABI OJUHAKOBON 3aKPy4E€HHOCTH (TOMOXHMpPAIbHbIC)
PEITMIUPYIOTCS OXOTHEH, HEXKeNH paneMaThl (FeTepoXupaibHble) U JaXKe MOAABISIIOT HAXOSIIYIOCS B MEHBIIMHCTBE Y
TaKUX COCOUHEHUH XHpaJdbHOCTh. B03MOXHO, U3-3a 3TOro mnpeobnazaroT L-amuHOKmCIOTHI M D-caxapa, KOTOPBIM
YAaJ0Ch [IOJIaBUTh CBOUX COOPAThEB B XO/I€ MOCICAYIOIIUX PEIUINKALMH.

Jpyrag cinoXHOCTh: BoO3BpamieHue maHcnepmud. B 1960-e roasl amepukaHckuit actpoHoM Kapn Caran
MIEPEOCMBICIIMI TIPEACTaBICHUSI AppeHHyca, YCTAHOBUB T€ YCJIOBHSA, MPHU KOTOPHIX MAaJEHbKUE YaCTHUIBI BPOJE CIOP
MOIJIM MPEOJ0JeBaTh KOCMUYECKOE NPOCTpaHCTBO. OKa3bIBaeTCs, YTO HE 3eMisd, a CIYTHUKM BHEIIHUX IUIAHET

(manpumep, obnagaromuii armochepoit TputoH y HentyHa uiu uMerolasi CKphITYIO B Heipax Boxy EB-
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pomna y FOmmrepa) — Hammydmiee MecTo B COTHEUHON CUCTEME IS BEDKUBAHUS TOIOOHBIX CIIOP. DTO HE MPHOIIKAeT
K pa3raJike TaiHbI IPOUCXOXKCHHUS )KU3HU Ha 3eMIle, HO MOOYkKIAET UCCIIEI0BATh KOCMOC.

Crenyrouiee npeanoxeHue BHec B Te ke 1960-e ronpsl OpuraHo-amepukanckuil actpoHoM Tomac [onn. Ecnu Hekas
pa3BHTas IUBUIN3ALKS MCCIEA0BaNa HAIIYy TUIAHETY B JaJIEKOM IIPOILIOM M OCTaBHJIA CIIEbl CBOETO MPEObIBAHUS, TaM
MorJia GI)ITI) JKU3Hb, YTO IOBJIMAJIO HAa Pa3BUTUC JKU3HHU Ha 3emiue. Ota TCOpHA NMUKHUKA YYKE3CMICB HEC UMCCT HUKaKOM
MIpeJICKa3aTeIbHOM CUIIBI, HO OHA MOBJIUSIA Ha NMPEACTABICHNS O HAIMX IMyTEIIECTBUSAX K JPYTUM IUTaHETaM.

bpuranckue actpoHombl c3p Ppen Xoin u H. Yannpa BukpamacuHrx OpUCTYNWIM K H3YYEHHUIO CIEKTpa
kocMudeckoi Te B 1978 romy. OHM TpHIIIH K yOESKICHUIO, YTO TOJYyYCHHBIC MMH KpalHE CIOKHBIE CIICKTPHI
COBIIAJAIOT CO CHCKTpaMU BBICYHICHHBIX 6aKTepHﬁ. ITo ux MHCHMNIO, 6aKTepI/II/I JKMBYT Ha 4YaCTHLax IIbIJIM B OT'POMHBIX
ra3oBO-TIBUIEBBIX O00JIaKaX Cpeld KOCMHYECKOTO IpOCTpaHcTBa. [Ipu ckaTum momoOHOTO 00llaka, MPUBOASAIIEM K
co3nannio COJMHEYHOW CHUCTeMBI, KPYIHUIBI MBUTH CTAHOBATCS SAApaMU KOMET W BBIMAAAIOT BMeCTE C OakTepusMH Ha
00pa3oBBIBAIOIINECS TIAHETHl. MECTOHAXO0XK/ICHHE U PA3BUTHE TEPBBIX OAKTEPHl HE MPOSCHAETCS, OJJHAKO 3Ta TEOPHUs
OTBOIUT OOnbIlle BpEeMEHH MAJsl TMOSBICHUS TEPBON KIETKH, YeM OTIyCKaeMble Ha IOOHMOJOTHMYECKHE XUMHYECKHE
rporiecchl Tunore3oi OnapuHa—XosaeiHa HeCKOJIBKO COTEH MIJITHOHOB JIET.

Jpyrue ydeHble HaNUIM TOATBEP)KICHHE HEKOTOPHIM CTOpPOHAM Teopuu Xoitma—Bukpamacuarxa. Ceeime 130
Pa3IMYHBIX MOJIEKYJ YJAJIOCh BBIIBUTH MO JUHMSM TMOTJIOUICHUS B CIIEKTPE 3BE3[ MPU MPOXOXKIECHUH HUX JIydel CKBO3b
meUIeBbIe 001aka. B mbuieBbIX 001akax MPUCYTCTBOBAIM MOJIEKYIIBI caxapa, BAHUIOBOTO CIIUPTA U APYTUX OMOJOTHYECKU
3HaYMMBIX BemecTB. MexaHn3M OoOpa3oBaHMS TaKUX CIIOKHBIX MOJIEKYJ B oOONakax KpailHe Malloil IIOTHOCTH
COBEpIICHHO He sceH. Ecnmu kpynuna meiidm BHYTpH oOJiaka BBICTYIACT B KauecTBE KaTalu3aTopa, yACp:KuBas Ooiee

MIPOCTHIC MOJICKYJIbI, ITOKa OHU HE 06p33yIOT Ooitee JJIMHHBIX MOJICKYJI, TO
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KakiM o0pa3oM mocienHue u30eraioT ux XBaTKU? CTONKHOBEHHS C JAPYTHMH YacTHLAMH, IOCTaTOYHBIE JUIS
pacmyckaHusi OONBIIMX MOJEKYJ, CMOIJIM Obl pa3opBaTh M CBS3b KaTajau3aropa ¢ Mosekynoil. Hanm srtoif 3araakoit
IIPUIETCS TI0JIOMATh TOJIOBY.

MeTeopHThI TOXKE COJIepKaT 3HAYUTENbHOE KOJMYECTBO OpPTaHMYEeCKHX MoJieKysd. Hampumep, B HUX ObLIO HalfieHO
cBbitre 70 pa3TUUHBIX AMUHOKHCIIOT, BOCEMb U3 KOTOPBIX OTHOCATCS K 20 aMHHOKHCIOTaM, BXOASIINM B COCTaB OEIKOB.
Hatinennsiit B8 Mepuncone (ABctpanusi) B 1969 rogy MeTeopuT coepkall MHOTO CIIOKHBIX OPTaHUYeCKHX Moyekyir. Ero
AMHHOKHCIIOTBI OTHOCHITUCH IPEUMYIIECTBEHHO K L-THITY, MPUCYTCTBYIONMIEMY B OMOJIOTHUYECKIX CUCTEMaX 3eMITH.

Hluputca u3ydeHue KoMeT U MexXIutaHeTHOH mbuti. B 1999 rogy HACA 3anycTtuna xocMuueckuii kopabib Stardust,
KOTOPBIA BO3bMET HPOOBI COAEPKUMOTO XBocTa KoMeThl Wild-2 1 MeXIuIaHeTHOH IBUIM U TOCTaBUT uX Ha 3emito B 2006
rogy. JIroOONBITHBI NpenBapUTENBHBIC PE3yJbTAaThl, COMVIACHO KOTOPBIM Stardust yxe HaOMogan 4YacTHLBl C
MouekysipHor Maccoit 2000 equnmi. M XOTs ¢ onmpenesneHueM Ux cocraBa npuaercs xkaath 1o 2006 rona, HeCOMHEHHA
UX YTJIEpOAHAs OCHOBA U TO, YTO OHH B 10 pa3 KpymnHee H3BECTHBIX MOJIEKYIL.

Mor 11 HeKHil BHE3eMHON (epMEHT KaTaau3upoBaTh OTACIbHEIC KIIFOUEBBIC PEAKITMH B JOOWOJIOTHIECKOM OYIILOHE?
[Homoxkaem, 4To 32 KOCMHYECKYIO TIBUTH MIPETIOAHECeT HaM Stardust.

PemieHue roioBOJIOMKH: KaK, KTO U o4YeMy?

Kak. PaccMoTpuM ¢ mO3MIMM HAaydyHOTO METOAA JIBE€ OCHOBHBIE, JIONMYCKAaIOIIHE IPOBEPKY THIIOTE3B O
MIPOMCXOXK/IEHUH KU3HU Ha 3emiie.

I'unore3a 1

ITancnepmus Xoitna—BukpamacuHarxa

[Ipeockasanue. ecnu 6akTepuu OOUTAIOT HA Apax KOMET, TO XKHU3Hb WJIM II0 MEHBILICH Mepe CIIOKHBIE OPraHUYECKUe
MOJIEKYJIBI MOTYT CYIIECTBOBATh H B IDYTHX MECTaX.
95

Onoim: sKcneauMd Ha Mapc M CIyTHMKH BHEIIHUX IUIaHET WJIM, BO3MOXHO, KOCMHUYECKUN Kopalmb Stardust
MPOSICHAT MOJIOXKEHUe Ael. Ecnu He OThImeTcs clenoB >KW3HU, TUIOTE3y NMPHICTCS IOMOJHHUTh WIM OTBEprHYTh. B
MIPOTUBHOM citydae... Eciu KanupopHUHCKUIA MPOEKT MO MOMCKY BHE3EMHOTO pasyMa IMOJYYHT CHTHall OT pasyMHBIX
(hopM KU3HH, TO BOIIPOC MPOUCXOKICHUSA 3THX (OPM KU3HU TproOpereT Oombinoe 3HadeHue (cM.: Crmcok uneh, 4.
BneseMHas KU3HB).

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
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I'mmmoresa 2

MornekynspHOEe CaMOIpPOU3BONBHOE 3apokaeHue Ku3Hu, mo Omnapuny—XonneiHy. Kak BugHO u3 Hamiero
o0CyXIIeHHs, JaHHAs TUIIOTE3a CTPaJaeT He3aBEePIICHHOCTHIO. TpedyeTcss yTOUHUTh MHOTHE YaCTHBIE BOIIPOCHI.
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[Ipeockasanue: TPU yTOUHEHUU YACTHBIX BOIPOCOB HEOOXOIMMO ONPENENIUTHCA C PAJOM YCTOHUMBBIX PEAKLUH,
KOTOPbIE MOYHO OBIJIO ObI BOCIIPOM3BECTH B JTAOOPATOPHBIX YCIOBHSX.

Onvim: ydeHble XAYT NPeACcKa3aHuil OT TECOPUHU, YTOOBI IPOBEPUTH UX ONBITHBIM ITyTEM.

Kro. KT0, B yacTHOCTH, MOT OBl IOMOYb B 3aBEPIIEHUM I'MIOTE3bl U MIPOBEACHUH TPYIHBIX J1a0OPATOPHBIX OIBITOB?
Bot nenonusnii crimcok couckarenei: Cuman Ontmen, JBun bap-ten, Ponansg bpukep, Auape bpok, A. I'pam Kaphce-
Cwmurt, Tomac Yek, Kpuctuan ne ioB, Mandpen Diiren, Dunpro DmmHrToH, Ansoept Dmenmosep, xeiimc deppuc,
Atipuc ®pait uz Uzpawmns, Yoarep ['mnbepr, Hopman IMaponsn oposun, Yaumu Jxoncon, Croapt Kayddman, Hoam
Jlaxas 3 Mspawns, bappu Onyapn Xayopt Mazaen u3 BenukoOpuranmm, Ilerep Oiirun Hunbcen u3 [lanuu, Xappu
Homnnep, Jlecnu Opren, Hopman Ileiic, Kypom Canexu-Amrunanu, O€épm Carmapu u3 Benrpuu, Ilurep Yupay, Uapis3
VYuncon u Apt Layr. Mim xe 310 OyzmeT KTo-TO U3 MaJOU3BECTHOro yupexnaeHus Bpoje llIBeinapckoro mateHTHOTO
010po, 00TamAONTHi OCTPHIM 3PEHHEM, YTOOBI OXBATHUTH B30POM HE TOJIBKO OOIIYI0 KapTHHY, HO M HEOOXOIUMEIE I €€
MTOHUMAaHUS TOPOOHOCTH.

ITouemy. ITouemy ydeHsle OepyTcs 3a Takue OOJBbIIME W 3allPETHBIC TEMBI, KaK MPOUCXOXKICHHUE XU3HU? MHOrUMH
JBIDKET JIFOOOIBITCTBO, HO B 3TOM €€ €CThb M OAHO IPUTATATelIbHOE Ui Beex obcrosrenscTBo. Pona Origin-of-Life
Foundation BbIIIaTUT BO3HArpaKIeHUE TOMY, KTO NMPEATIOKHUT «HAanOOJIee MPUEMIIEMBI MEXaHI3M CaMOIIPOU3BOIBLHOTO
BO3HUKHOBEHHS B IPHUPOJE TEHETHUECKHUX KOMaHJ, AOCTaTOYHBIX AJIA 3apoXkIeHus xu3Hm». Harpama — 1,35 munH
JIOJUTApOB — JIAKOMBIN KycodeK. 3a moapoOHocTsMu oOpamaiitech Ha y3en Becemupnoii [laytunasr www.us.net/life.

B 1862 romy Jlym IlacTep mpuWHSI BBI30B BOIIPEKH coBeTaM npy3edl. OH pemmi TOJIOBOJIOMKY W 3a CBOH TPYIBI
yaocTtouiics npeMun @paHily3ckoil akageMuu HayK. Hero Ham HegocTaeT, Tak 3To [lacrepa XXI Beka.

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
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I'naBa 4. buojsiorusi. KakoBo cTrpoeHue u npeaHasHadyeHue nporeoma?

YTO TaKoe XW3Hb?

Bcnblwka cBeTNsKa B HOUM.

[ObixaHne 6130Ha B 3MMHIOO MOPY.
KopoTkas TeHb, npobexasLuas no Tpase
M noTtepsBliancsa cpeam 3akara.

lpeacmepTHbie c10Ba BopoHbedi Jlanbi, BOXAS M1EMEHN CUKCUKA *

Ho xaxum OB HE OBLT TIEpexoa 3eMid OT O€3KU3HEHHON K 00MTaeMol IIaHeTe, OH IMPOJIOKIUT IyTh K CTAHOBIICHUIO
IUIAHETHI, TOJHON pa3HOO0Opa3HbIX (OpPM KM3HHM. BHONOrHS 3aHMMAETCS WU3YYEHHUEM STHX CaMbIX (OPM KH3HH M
MIPOIIECCOB, OOCCIIEUMBAIONINX WX JKU3HEIACATEIBHOCTh. [0 HemaBHEro BpeMEHM KpYITHEHIIeH HEpelIeHHOW 3amadei
OHMOJIOTHH 0CTaBAJIOCh MPOUYTEHUE MOJICKYIISIPHOTO YepTeka, TeHOMa, OTACTbHBIX (OPM XKH3-

* Cukcmka (caMOHa3BaHMe — «YepHOHOrMe», OT OKPacku MOKAaCWH), aHrl. 6/13KpyT — WHAEACKMIA Hapod rpynMbl anrOHKUHOB B
CLUA (pesepBauus bnakdyT Ha CpeaHem 3anage, wraT MoHTaHa) n KaHage (Tpw pesepBaunn B npoBuHumn Anbbepta). OTHOCATCS K
aMepuKaHCKON pace 60/bLION MOHIOMOMAHOW packl. SA3blk — 613KMYT, BbITECHAETCA aHINIMNCKMM A3blkoM. KaTonuku. (Hapoabl Mupa:
NcTopuko-aTHorpaduyecknin cnpasovHuk. M.: Cos. aHumknoneans, 1988. C. 505.)
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Hu. Teneps, mocie pacmmu(ppoBKY reHOMa YeIoBeKa U MHBIX (JOPM JKU3HHM, 3a7a4a TaKOBa: BBISCHUTH, KaK OEIKOBBIC
MOJIEKYJIBI, COOpaHHBIE B COOTBETCTBHH C COJIEP)KAIIMMHUCS B T€HOMAax YKa3aHHSMH, YYacTBYIOT B YCTPOCHHH W
KU3HEACATEITHbHOCTH OopraHn3MoB? Kak 3TH OGelkoBble MOJEKYIJbl OOECTIeYMBAIOT HEBEPOATHO CI0KHOE MOIEKYISIPHOE
B3aMMO/ICHCTBHE, UMEHYEMOE KU3HBIO?

E. coli

BricTpo emib, OBICTPO pacT, OBICTPO pa3MHOXKAKCS, OBICTPO pearupyii... s KIIeTOK crierntka — o0pas KU3HH.

KakuMm-To 00pa3omM MOJIEKYJIbl OCYHIECTBISIOT BCE OTH XKH3HEHHO Ba)KHBIE OTIIPaBJICHUS KIeTKH. COrlIacHO OCHOBaM
MouekyisipHort Omonorun coobmenne or JIHK mepemnmcreiBaercs (Tpanckpubupyetcs) B Buae PHK, xotopas 3arem
repenaet (TpaHCIUPYET) COOOIIeHHE OeiaKaM, JIMHHBIM IETIOYKaM IOJIMMEPOB C Pa3INIHBIMH OOKOBBIMH TPYIIIAMU,
MPOTSIHYBIIUMHUCS. BEPEHUIIEH BIOJb MOBTOPSIOMIETOCS OCTOBA. DTH OCIIKH B CBOIO OYEpelb 00ECIICUNBAIOT HATAXKCHHYTO
paboTy KIIETKH.

OmnepauroHHasi CUCTEMa >KU3HH IpeBocxomuT o0yro Bepcuto Windows. KpomieuHass MomnexyisipHas ycTaHOBKa
JKU3HU pelraeT CBOM 3aJla4d HAJEKHO B PA3NUYHBIX YCIOBUSX PabOTHI M ¢ MANBIMHU COOSMH. XOTsI OMOJIOTHS JOCTHUTIIA
MHOTOTO B IOHUMaHUU (YHKIHMOHUPOBaHUs (HOPM JKU3HH, AETAIN ONEPALIMOHHOW CHUCTEMBI KU3HU CTOJIb CIOXKHBI, YTO
COCTaBJISIIOT KPYITHEHIITYIO HEPEIIEHHYIO MPOo0ieMy OHOJIOTHH.

UToOB! MOTYyYUTHh MPEACTAaBIEHIE O MPHUPOJE JAHHON MpOOIEeMBI, PACCMOTPUM HEKOTOPBIE CIIOKHOCTH B JIEHCTBHIX
MOJIEKYJT TpU OTIPABJICHUH CPAaBHUTEIBHO NPOCTHIM OPraHU3MOM OJHOH JKH3HCHHO BA)KHOW HAJOOHOCTH —
METa0OIMYECKOTO pa3oKeHHs MOJEKYNbl caxapa. JlaHHbIM mpouecc BrepBble n3yumnu B 1960-e roasl ¢paniysckue
yuensie JKak Mono, ®@pancya Kako6 m Anape JIpBoB. HauHem W3BICKaHWS C KPOIICYHON OaKTEpHWH, OOWTAIOIICH
(0OBIYHO BMOJIHE MHPHO) B TOJICTOW (000MOYHOM) KHIIKE MHOTHUX JKMBOTHBIX M denoBeka. Ee mmsa Escherichia coli

(xunreuHas nanouka) — E. coli. D10 0uH U3
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U3MIO0IEHHBIX 00BEKTOB HCCIICIOBAHHUS Y OMOJIOrOB, M MOITOMY OH Xxopolio u3ydeH. OmHa pasHoBuaHOCTh K-12
BIIOJTHE O6€300MIHA U 9acTO UCITONIb3yeTcs B tabopartopHoit padbore. Ee momnas JIHK (reHom) ommcana u comepxut 4 639
221 mapy ocuoBanmii. 3 JIHK mamoukn K-12 TtpanckpuOupytorcs 89 PHK, xotopbie B cBoio ouepensb cTpoar 4288
pasnuvHbIx 6emkoB. OOXOMACH MPOCTHIM (CAUHUYHBIM) CaxapoM, ITIOKO30M U HECKOJIbKUMH HEOPTaHUYCCKUMH HOHAMH,
MOJICKYJISIPHBI MEXaHU3M 3TOTO BBIHOCIMBOIO OpPraHM3Ma CIIOCOOCH CHHTE3HPOBATH JIOOYI0 OPraHHYECKYI0 MOJICKYIY,
HEOOXOUMYIO IJIsl MeTaboIM3Ma, POCTa, BOCIIPHUATHS M BOCIPOM3BOJCTBA. biarogaps cBoed mpuCHocoOISEMOCTH 3TO

KpOIIE€YHOC CYIIECTBO BhIPAIIIMBACTCA B 0oraroii IrIF0K030i1 cpeac B OHOJIOTHYECKHX na6opaTop1/Is[x 10 BCEMY MHUDPY.
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Oneponsl E. coli

MornekynsipHas MOABUKHOCTE E. coli 3aBUCUT OT 0nepoH06 — TEHeTUIECKUX eIUHML, PACIOI0KEHHBIX Ha MOJIEKYJIe
JHK, xpomocome, 1 cOCTOSIINX U3 KJIacTepa F€HOB C COOTBETCTBYIOIMMH QyHKIMsIMUA. OIUH U3 ONIEPOHOB Ha3bIBACTCS
lac-onepornom BBUIY KJIIOUEBOHM poiM B METa0OIM3ME MOJIOUHOTO caxapa (JaKTo3bl). Lac-OmepoH COJAEPXHUT TPHU TeHa,
OTBEYAIOLIMX 3a BBIPAOOTKY TpeX OEJIKOB, UMIOPTHPYIOLIMX JIAKTO3Y B KJIETKY M PAacCIUCIUIAIOIIMX €€ Ha IIII0KO3y U
JIpyToM caxap, rajJjakTosy.

PaccmoTtpum, Kak /ac-omepoH ydacTBYeT B MeTaOOINYECKOM Ipoliecce Mpu T00aBIeHUH JIAKTO3bI B OOBIYHO O0OraTyio
[IIIOKO301 MUTATENbHYI0 cpeny. JlakTo3a, MONOUYHBIN caxap, CIOXKHEE TIIIOKO3bl M COCTOMT M3 TJIIOKO3bI C TalaKTo30H,
o0pasyromux OIHy MoJekyily, aucaxapun (puc. 4.1). Ilocne moGaBieHust NakTO3bl K CpeAe ¢ HpUCYTCTBUEM E. coli
IIPOMCXOJMT TO, YTO OIMCHIBAIOCH BBIIIE. £. coli mepeBapuBaeT INII0K03Y, OCTaBJIss B HEMPUKOCHOBEHHOCTH JakTo3y. Ho
[IpU HEXBAaTKE TIIIOKO3BI B X0 HAET U OHA.

Kpaiine mo0ombeITHO MmoBeneHue Npu 3ToM E. coli. Ha Bpems Bce 3ammpaer. E. coli He BIMSET Ha JaKTO3y, OpyTHUe
MeTa0O0IMYEeCKHE Peakuy UAYT Ha YObUIb, M KJIETKA HepecTaeT aenuTbed. Hacraror TpynHble Bpemena ais E. coli. Ho
BCKOpE HauMHAeT AEeWCTBOBATh JAKTO3a, 3aTeM E. coli. I3yueHue XMMHYECKUX MPOIIECCOB KIETKU BBISBIISET TPH HOBBIX
OenKa, KOTOPBIX HE OBLIO,

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
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Puc. 4.1. MoJiexyJibl IJIIOKO3bI H JIAKTO3bI
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MOKa XBAaTaJIO TIIOKO3BL. DTH OCJIKU COCTOST U3 [rajak3ui- | mep-Meassl, IPEIMPOBOXKIAONIEH MOJICKYIIBI TAKTO3HEI Yepes
MeMOpaHy KIIETKH, TJIc OHU IIEPEBAPUBAIOTCS; OCTa-TralaKTO3U1a3bl, PACIICIUIAIONICH JTAKTO3Y Ha IITFOK03Y U TallakKTo3y; U
[THOTa-TaKTU3UI- | TPAHCAIIETHIIA3bI, Ybsl POJIL €I MOJHOCTBIO HE BBISICHEHA.

Onepon THK — PHK — 0esaku

IIpencraBnsieTcsi, YTO MPUCYTCTBUE JAKTO3BI B KJIETKE CIYXHUT ITyCKOBBIM MEXaHU3MOM, NMPHUBOISIINM B JIEHCTBUE
tpanckpunimio PHK, koropas nponssogut 3tu Tpu 6enkoBbix (hepmenTta. Ha camom ke fiene Bce 0OCTOUT 3HAYUTETHHO
cioxaee. Curnan x IMPOU3BOJCTBY Pa3IMUYHBIX GGHKOBI)IX q)epMeHTOB 3a4acTCA OJHOBPEMCHHO HAJIMYUEM JIAaKTO3BI U
OTCYTCTBHUEM TIIOKO3bI. PaccMOTpuM 3TOT Iporiecc Ha MOJICKYJISIPHOM YPOBHE, YTOOBI BBISCHUThH €70 MEXaHU3M.

JIHK mopoii npeacTaBnsioT B Biae 000COOIEHHON MOJEKYJIIBI, HAIEKHO 3alIUIEHHON Oiaronapsi CBoeMy KpPEmKOMY
CIIOXKEHUIO, XpaHSIIeH )KU3HECHHO BAXKHYIO IS KIIeTkH nHpopManuto. Ho 3To gameko He Tak. B meficteurensHoctn JJHK
MOCTOAHHO MNPOINYIBIBAIOT, KPYTAT, TOPMOIIAT, PACKPBLIBAIOT PA3JIMYHBIC OENIKOBEIE @epMeHTLI. Takas JACATCIBbHOCTD
3acTaBiseT 3Ty HHGOPMAIIOHHYIO MariucTPpallb U3PSITHO BBHIKIAIBIBATHCS.

Bce stu nmetictBust oOycnosieHsl oosmkoMm JIHK w pacmpenenenneM 3JIeKTpUYEcKOTo 3apsma. JIBoifHas criipab
nMeeT OOpO3NKH, MAJICHBKYI0O M OOJBIIYI0, a BCE HYKJICOTHUIHBIC OCHOBAaHUSA O0JaNal0T TOJBKO WM MPHUCYIUM
pacnpezaeneHueM 3jekTpudeckoro 3apsaa (cm.: Cromcok uaeit, 6. Coopka moxenu JIHK, rme pacckaseiBaeTcs, kak
cooupars vacte JIHK u3 Habopa xoHcTpykTOpa). HekoTopwie OemkM UMEIOT pa3Mep W O4YepTaHWE, MPUXOASIIUECS
«BTIIOPY» ATHUM Oopo3mkaM. biaromaps pacmpemeieHHIo 3JIeKTpudeckoro 3apsga y 6enkoB u JJHK oHM MoryT ImioTHO
npuieraTe Apyr K Apyry. OQHaKko NPUTSKEHHUE HE CTOJIb CUIIBHO, KAK KOBAJICHTHBIC CBS3U BHYTPU KaXKIOW MOJEKYIIBL.

Taxoe BKJIaJAbIBAHUC O,E[HOﬁ MOJICKYJIbI B IPYT'YIO HA3BIBAKOT CBA3BIBAHUCM.
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B 3aBucumoctu oT QopMBI U paclpeneneHus 3apsaa OCIKU MPHCOCTUHAIOTCS B COOTBETCTBYIOLIMX MECTaX BIOJb
JHK. BBuzay TemioBoro IBMXEHUSI MOJIEKYJT OCJIKK TIOCTOSHHO CBS3BIBAIOTCS M OTICIISIOTCS.

CoOTBETCTBUE CIOXKHBIX MOJICKYJISIPHBIX OYEPTAaHMH 4acTO IPEACTAaBIACTCA aHAJOTMYHBIM KUY M 3aMKy. Jlumb
HEMHOTHE O4YepTaHMs B OCTATOUHOW CTENEHW COOTBETCTBYIOT APYT APYTY AJIA COEIUHEHUS MOJIeKyJl. bernku Toxe MoryT
CBSI3BIBATHCS C APYTUMH OenkaMu, 00pa3ysl HOBYIO €OUHHUILY O] Ha3BaHHEM KoMIuleKc. OOBIYHO KOMIUIEKC pruoOpeTaeT
FHBIE TI0 CPAaBHEHWIO C HCXOOHOM MOJEKYJOW OYepTaHHe W paclpefelleHHe 3apsana. Takyro MepeMeHy, WUIparollyro
[JIABHYIO POJIb B COOpKe OelKa, MOCKOIBKY MEHSIOTCS «KIFOYH» U «3aMKI», UMEHYIOT KOH-()OPMallHOHHBIM H3MEHCHHEM.

PHK cobupaercs ¢ momomipio OenkoBoro ¢epmenTta (monmMmepasbl), KOTOPBIA MPUKPEIUISIETCS K CBS3BIBAIOLICH
cropore JHK, pacmyckaer nBoiiHyI0 crnupaib HOCepeArHE MOAOOHO «3MEHKe» U IEperuchiBaeT (TPaHCKPUOHPYET)
nopsnok mapHsix ocHoBanui JIHK Ha monexyny PHK. 3arem PHK nokunaer /IHK u nepenocur (Tpanciupyer) mopsiok
MAapHBIX HYKJICOTHUIHBIX OCHOBAaHWH, coOMpast OEOK Ha MOJIEKYJSIPHOM YCTPOWCTBE MOJ HazBaHueM pubocoma. Kaxnas
IpymIa U3 TpeX HyKICOTHIHBIX OCHOBAaHHMH, HMEHyeMas KogoHoM (cM.: Crucok uzei, 7. Kogonst), onpenenser, Kakyo
aMUHOKHUCIIOTY n00aBuTh K Oenky. [Tommmepaza PHK cesswiBaercst ¢ JIHK numms B Tex mMecTax, T IPUXOIUTCS BITOPY.
OT0 npuNaXUBaHUE ONPEENIIETCS HE TOIBKO OYepTaHUEM MOJIEKYJIBI TIOJIMMEepa3bl, HO U HAJIMUYMEM MECTa CBSI3BIBAHUA Y
JHK, xotopoe B cBoto ouepens 3aBucHt ot n3rudos JJHK.

Jist oy 4eHust MOJTHON KapTHHBI METa0O0JIMYECKOro IPOLecca Ha OCHOBE JIAKTO3bI HEJOCTAET Tpex Mojekyl. Ilpexne
BCero 310 Oenok-aktuBarop karadbonusma (BAK-6enok). B o6sraaOM coctostnuu ctpoenne BAK-0enka He mo3BOJIsET eMy
coemunsatees ¢ JHK. BAK-Oenok comepXHT MecTO Ui CBA3BIBAaHHMS C JPYrodl MOJNEKYJIOH, LUKIMYECKUM
aneHosnaMoHOpocharom (MAM®D). Monekyna TAM® BelpabaTbiBaeTcs B cpefe, Tleé OTCYTCTBYeT TJroKo3a. Ecmu

TAM® cBszan ¢ BAK-6enmxom, BAK-6emok mpe-
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TepHeBaeT KOH(POPMAIMOHHOE W3MEHEHHE, IOo3BOJIgIoNiee emy mpucoemuusatecs k JIHK. B cBoro ouepens,
ceszbpiBanue koMiuiekca BAK-0enok/nAM® ¢ IHK E. coli 3acrasnser JIHK crubartbes, kak mokasaHo Ha puc. 4.2.

Ha 3akmountensHOM STane TpeOyeTcs HaIM4Yue IPYyroro Oelika, JCHCTBYIOIIETO B KadyecTBe perpeccopa. B maHHOM
clly4ae OH Ha3bIBaeTcs /ac-pempeccopoM. DTa MoJeKyla oO0bIYHO BXomuT B Ooposnky JIHK B Tom Mmecte, Thae HyXHO
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rmoMerniath 3akpenutbes nomuMmepasze PHK, mepenmcwBaromert mudopmanmio JIHK Ha Oenkw, KOTOpBIE YCBawBaioT
JAKTO3y.

Ecmm nakTo3a He coeamHEHa C /ac-pempeccopoM, perpeccop TOYHO BXomuT B Oopo3aky JIHK B HyxHOM MecTe,
TIPENATCTBYS BEITIONHEHHUTO monuMepa3oii PHK Bo3nmoskeHHON Ha Hee 3a/1auu Iepe3anucy (TpaHcKpuiny). Ecim makros3a
COEIMHEHA C [ac-pempeccopoM, 3TO BEI3OBET B perpeccope KOHPOpMAIMOHHBIC U3MEHEHUS, TaK 4TO OH y)Xe He OyneT
noaxoauth 6oposnke JIHK E. coli v He Oyner memath nonmumepase JJHK BoimonHATE TpaHCc-

Puc. 4.2. Ca3b HAM® ¢ BAK-0eakom, a BAK-0eaka — ¢ JIHK (13 kn.: Raven P. H., Johnson G. B.
Biology)
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Kpunuuio. PaccMoTpuM, Kak 3TH MOJIEKYJIBI COTPYIHUYAIOT, OTpeiesisis HabaoaaeMyIo JIMHUIO TToBeIeH s £. coli.

B ucXomHBIX yCNOBHSAX HMeeTCs TJIIOKO3a M OTCYTCTBYeT JakTo3a. Ilpm Hammuum rimroko3sl HAM® He
BBIpabaThIBAETCS, a 3HAYNT, He 00pazoBeBaeTcs KoMiieke bAK-6enox/mAM®, we crudaercs JIHK u monmmmepaza PHK
HE TepenuchiBaeT Oelku g ycBOeHHs JjakTo3bl. llommmo 3toro, pempeccop Haxoxutcs Ha JIHK, mpemstcTBys
coeaunennto noiaumepassl PHK ¢ /IHK B sTom mecte. [lomydaercs aBoitHas 610kupoBka nepesanucu (puc. 4.3a).

B cMenranHO# cpere ¢ TIIIOKO30M M JTAKTO30M MPUCYTCTBUE TITFOKO3BI MPEIISTCTBYET 00pa3oBaHuio kKomiuiekca bAK-
oemox/ TAM®, tak uro JIHK ne m3arubanace, a monmnMepasa PHK He 3anmManace mepesanuckio. J{axe ecim mpucyTCcTBHE
JaKTO3bl BBIHYIUT perpeccop MokuHyTh 6opo3aky JHK, momnoro ceaseiBanus nonumepassl PHK He npousoiiaer. Ona
nokugaet JJHK, Tak 1 He NpUKpENUBILUCH HU K OMHOMY U3 yYacTKOB /ac-OmepoHa.

Puc. 4.3. Lac-penpeccop (u3 kH.: Raven P. H., Johnson G. B. Biology)

a) nonuMepasa PHK He moxer
NepenMCcaTh reH bl JKTH3b]

Penpeccop

ITpomorop and P
fac-onepona_ . -~

LLAM [pomorop  Oneparop

8) lac-onepoH «OXUBICH#
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B oTcyTcTBHE IIIOKO3BI M JIAKTO3bI TosiBiisseTcst kKomiuieke BAK-0emok/mAM®, usrubaercs JJHK B oxxunanuu PHK,
HO TIpU 3TOM Hanu4ecTBYyeT U penpeccop. C Touku 3peHus E. coli 0OTCyTCTBHE MUK O3HAYAET Ipencrosmuii rogon. Ho
MBI BHJIUM, HACKOJHKO OHA TOTOBa K BO3MOXXHOMY IIOBOPOTY COOBITMH. Eciu MOSBUTCS TIIOKO3a, OHA HE CTAaHET
pacxomoBaTh DHEPTHIO0 Ha BHIPAOOTKY OENKOBHIX (DEPMEHTOB, a cpa3y MPHUCTYNHT K YCBAaMBaHHIO TIIIOKO3BL. Ecmm ke

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).



AHko Cnasa (Bubnuoteka Fort/Da) || http://yanko.lib.ru 58

TIOSBUTCA JTakTo3a, m3orHyBmascs JIHK yxe roroBa k cOopke HyxkHoi PHK, cTOoWT 5mWIs 7akTO3€ COCITUHUTHCS C
penpeccopoM, koTopsiil Totyac nokugaet JHK (puc. 4.36).

B otcyTrcTBHE TNFOKO3BI W TPW HAIWYHU JIAKTO3BI TPOMCXOTUT ciemylomiee. HemoctaTok TIFOKO3bI MPHUBOIUT K
obpazoBannto komruiekca BAK-0emok/mAM®, koroperit coemunsiercs ¢ JHK, BeIHYXkmas ee u3rubaThcs. DTO HaeT
BO3MOXHOCTb mnonumepase PHK oTeickaTh CBO€ MeCTO HpHUKperuleHHs. I[IpucyTCTBHE JIaKTO3bI HPUBOAHUT K €€
CBSI3BIBAHUIO C /ac-pempeccopoM H oTcoedauHeHHo penpeccopa oT JHK, Tak uto yxke Bca mommmepasa PHK moxer
npucoenuanuThes kK JJHK u cobpats Tpu Oenka a1 yCBOSHHS JTaKTO3HI (puc. 4.36).

[TomobHoe monokeHUe [eNn CXOAHO C CHTyallle C IBepblo, CHaOXEHHOW pydkod M 3acoBoM. Pyuka neiicTByer
MoJ00HO aKTHBAaTOPY, a 3alop BBICTYNAeT B POJIM pempeccopa. B Tabnuue neficTBUE CHCTEMBI «pydKa—3acoBy
CPaBHHBAETCS C MEXaHU3MOM «aKTHBAaTOP—PENPECCOPy.

Monoxenne pyuxu IMonoxkenne 3anopa OTkpoeTcsi Ji4 1Beph
(akTHBaTOp) (penpeccop) (oOpa3syroTcst 14
yCBaMBaloOlIye JAKTO3y
Oeaku?)

He noBepuyTa (BrIcOKOe |3amepTo (BBICOKOE Her

COJIeprKaHue IIIIOK03bl) | coJiepKaHHe JIAKTO3bI)

He noBepuyTa (Bricokoe |He 3anepto (Hr3KOE Her

COJIeprKaHue IIIIOKO3bl) | coJiepKaHKe JIAKTO3bI)

[ToBepHyTa (BBICOKOE 3anepTto (HU3KOoe Her

COJIeprKaHue IIIIOKO3bl) | coJiepyKaHKe JIAKTO3bI)

IToBepHyTa (HH3KOE He 3anepro (Hu3koe Ha

COJIeprKaHue IIII0KO3bl) | coJiepyKaHHe JIAKTO3bI)
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Ota cloKHas CHCTeMa YIpPaBIeHHs CXOXa CO CcTapbiM ycTpoiictBoM Py6a ['onmmbepra*, rie memast memnb CIOKHBIX
COOBITUH CITY’KUT IJIsl TOCTHXKEHMs HEeKo# mpoctoil uenn (puc. 4.4). M Bce ke moueMy NpH Bcel 3aTpaTHOCTU JAHHOTO
MexaHu3Ma E. coli He BbIpabaThIBaeT MOCTOSIHHO BCE HY)KHBIE (PEPMEHTHI, YTOOBI yCBaWBaTh JIFO00H MOCTYMAIOMNK K HeH
caxap? Bo3moxkHO, HeKkoria Takasi 0aKTepHs U CyIIeCTBOBAIA.

Ho nosiBuBmascs B xone myranuit £. coli ¢ ee lac-omiepoHOM Oyiarofiaps 3HAYUTEIFHO OONBIIEMY 10 CPAaBHEHHUIO CO
CBOEH crapiiell poIcTBeHHUIIEH K0d(D(UIIMEHTY TIOJIE3HOT0 ACUCTBHS BRITECHHNA ee. HarsimHbIi npruMep KIacCH4ecKoro
€CTECTBEHHOTO 0TOOpA.

benkoBeie (QepMEHTHI COOMpAIOTCS TPaKTHYeCKH OmHOBpeMeHHo ¢ mepesamuchio PHK, xorma PHK Bce eme
MpUKpEIUIeHa K JIMHHON KobieBoi monekyne JJHK. Ilockoneky E. coli OTHOCUTCS K MPOKAPHUOTHEIM KIIETKaM, V Hee
HET TOPMOBALINX X0 METa00IN3Ma SIpa WK SAACPHOH MeMOpaHbl, TaK YTO YCBOSHHE JIAKTO3bl HAUMHAETCSI OYE€Hb CKOPO.
E. coli mpekpacHO )XHMBET U Ha JAKTO3€, U Ha TIIIOKO3E.

* [onp6epr Py6en Jlywec (1883-1970) — aMepuKaHCKMI KapukaTypucT, CKynbnTop. Slaypeat MynuTtueposckoit npemun (1948) 3a
noNUTUYECKME KapukaTypbl. BceMnpHyto cnaBy M yBeKOBEYEHME B C/OBapsx aHrMINCKOro fA3bika Fonabepry NpuHECIn PUCYHKM
CTpPaHHbIX MexaHM3MoB (inventions), NOCTPOEHHbIX MO MNpUHUMMY <«3ayeM JenaTtb MPOCTO, €CAM MOXHO cAenaTb C/OXKHO?».
«M306peTeHns» 3TN Mpu3BaHbl «NOMOraTb» YerlOBEKY B €ro NMoBCEAHEBHOW XW3HW, OAHAKO BbIFSAST OHW COBCEM He MOBCEAHEBHO,
NOCKONbKY CObMpanncb U3 caMblX HernpeackasyeMmblX 3/eMeHToB. Hanpumep, npubop Ans aBTOMATMYECKOro MbiTbSl MarasmHHbIX
BUTPWUH COCTOUT M3 MNoCNefoBaTesbHO AeNcTByoWmMX 6aHaHOBOW KOXypbl, rpabenb, MOAKOBbI, Nerku, wWBabpbl, CKOTY-Tepbepa,
peKkslaMHOro wuTa u nenenbHuLbl. JTlo60MNbITHO, YTO, BNEpBble MOSABUBLUNCL Ha CTpaHuuax «Evening Mail» B kayecTBe KapTUHOK Ans
paccMaTpuBanusa, «pyb ronabeprm» co BpPEMEHEM Hayanun CTPoOUTbLCS U B Mupe @u3nyeckoM. HeobblyHble MeXxaHW3Mbl CcTanu
[OCTOSIHWEM My3eeB, aHTypaXeM aBaHrapAHbiX GUIbMOB W AETCKUX «MY/IbTUKOB» U AaXe NpeaMeToM AN CMOPTUBHbBIX COCTA3aHWNA.
CylecTBylOT creuuanbHble MacTepckue, rAe OCTPOYMHble TEXHWKW W3roTaBAMBalOT pasHoro poaa <«py6 ronabeprmn» Aand
KOJIIEKLIMOHEPOB M IKCLIEHTPUYHbBIX 6orayen, MHOrMe U3 KOTOpbIX UCNONb3YIOT 3abaBHble MalWHbI... MO NPAMOMY Ha3HaYEHUIO.
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Puc. 4.4. JleiictBue lac-onepona Ha MoJiekyJsipHoM ypoBHe (13 KH.: Raven P. H., Johnson G. B. Biology)

Mecto UPRCOSAUEEHYA _ W
BAK-Genka MecTo npHcOenHeHHE .
\ nonumepaib! PHK {apomorap)

1 Oneparop
| ]
' *l Tewn lfgc?

'noxo3a
Jlakro3a

OnepoH BLIKIIKO-
"eH, MOCKOABKY
He TIPHCOeRHHCH
BAK-Denox

Penipeccop OnepoH BHIKIO-
YeH, [OCKOABKY
UPHCOCOWHCH fac-
penpeccap, &
BAK-Denok — ner

OnepOH BbIXIK-
yell, NOCKOJIbKY
NpPHCOeINHEH lac-
penpeccop

Onepol BKAKOYEH,
NMOCELIBEY I'IPHC[)C—
auneH BAK-Benox,
a lac-perpeccop —

Her
CuHres MPH.
E. coli u

E. coli— omHO 13 HanOoJee N3y4YeHHBIX KUBBIX CYIIECTB; HCCIIEIOBATENHN BRISABHIN IIPUMEPHO JBE TpeTH (PyHKINH ee
reHoB. MexaHu3M 3a/lefiCTBOBAaHHUS /ac-OmepoHa COCTABJIACT JHIIb MANYIO0 YacTh MOJEKYJSIPHBIX OTHpaBieHull E. coli.
Bo3moxHo,
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Bac yJIMBUT, MIOYEMY CTOJb MHOTO BHHUMAaHHS yJAEJSAETCA 3TOW KPOXOTHOM OaKTepHH, HACTONBKO MajJeHbKOH, uTo 50
TaKMX CO3JaHMH YMECTUTCS Ha KOHUMKE YEeJIOBEUECKOro BOJIOCa.

Bce gemo B ToM, 9TO 3HAYUTENHHO MPOIIE MPOBOIWTH OMOJOTHYECKHE HCCIEAOBaHUS 0e3 MPHBIEYEHHUS JIIONEH, K
TOMY >K€ TPH 3TOM HE BO3ZHUKAIOT 3THYECKHE BOMPOCHL. IIpocThle opraHU3MBl MpoOINe U ObICTpee BHIPALIUBATh, H 3TO
OTHOCHUTCS K NPOBEICHHUIO CaMHX OMBITOB. [lo pasmepam E. coli — BecbMa MOAXOISIINA 00BEKT IJIsl MCCIENOBAHUM, K
TOMY K€ OHa TOpa3UTENIbHO OBICTPO pa3MHOXKaeTcs: nenutcs kKaxaple 20 MuHyT. [Ipy mocTarodHOM KOJIHYECTBE BOJIHI,
TUTFOKO36I (MJTH JIAKTO3BI) M MECTa 3a JIEeCATh 9acoB W3 OMHOU K. coli MOXHO TOJNYYIHTH CBBIMIE 1 Mipa KieTok. Ecmu
IOpyrue mrammbl E. coli omacHBl IS 3A0pOBBs, TO pasHOBUAHOCTH K-12 BmomHe 0e300uaHa, TaKk YTO HET HYXKIBI
MIPEIITPUHAMATH CEPhE3HBIC MEPHI MPETOCTOPOKHOCTH.

Bort yxe cBoime 70 et E. coli BRICTymaeT pabodeit Jomaakoil OMOXUMHUH, TEHETUKHA U OHnoJToruH pa3BuTHs. CXOICTBO
ee MOJIeKYJSPHOTO MPOIIECCHHTa C IMPOUCXOIAIIMM B APYTUX OpraHu3Max Jake NMPHUBEIO K HCIOJIb30BAHHUIO €€ B
KadecTBe (paOpuKu MO MPOM3BOACTBY HMHCYJHMHA JUIs OonbHBIX AuaberoM. JKak MoHO, Bblaatommiicss (paHIly3cKHid
yueHbIid 1 HoOeneBckuii maypeat 1965 rona, ogHax el 3ameTni: «Uto BepHO i E. coli, BEpHO U IS CTIOHAY.

WsywatoTcst 1 Apyrue mpoKapuoThl, Bpoae Mycoplasma genitalium [Bo30ynuTeNss MOYENIONIOBOTO MHKOIIIa3Mo3al,
CaMoOro KpOXOTHOI'O CaMOCTOSTENBHOTO »KUBOro opranmisma, B coctaBe JJHK xortoporo 580 TeIc. map a3oTHUCTBIX
ocHOBaHWi W 517 teHoB, u Haemophilus influenzae [manouku Ildaiidhepa, Bo3OyauTENsT THEBMOHWHU W THOWHOTO
menuHruTa ], B coctaBe JJHK xotoporo 1 830 137 map a3oTucThIX ocHOBaHMi M 1743 rena. Ho oTHOcHTENbHAS MPOCTOTA
npokaproTHoi /JIHK B cBsi3u c ee BeMMYMHON MU KOJBIIEBHUAHOCTHIO OTPAHUYMBAET €€ MPUMEHEHHE K 0ojiee CII0KHBIM
OpraHH3MaM.
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Or MPOKAPHUOT K IYKapuoTamM

Ku3Hb y IpoKapHOT XJIONOTHAsA. DTH NPOBOPHBIE MAICHbKUE CYIIECTBA NOJDKHBI 00JanaTh OTMEHHOH peakuuei. Kak
TOJIBKO TIOSIBISCTCS MHILA, OHU JOJDKHBI €€ IepeBapuTh, YTOObI yceTh BelpacTu. CucreMa ynpasieHus HamoxoOue lac-
OIIEpPOHa XOPOUIO MPHUCIOCOOJIEHA K OBICTPHIM JICHCTBUSAM, KOT/Ia HY>)KHO YCTaHOBHTH TpeOyeMblil ypoBeHb (hepMEHTOB B
COOTBETCTBHU C OBICTPO MEHSIOLICHCS CPEIOM.

[lonoxeHue ¢ 3yKaprHOTaMu COBEPLICEHHO MHOE. BOJBIIMHCTBO MHOTOKJIETOYHBIX OPraHM3MOB Pa3BUBAJIOCH TaKHM
0o0pa3oM, YTO HMX BHYTPEHHHE KIETKH OKa3aJIUCh OTPE3aHHBIMM OT MEHSIOIIEeics BHeHHed cpeabl. CrabuibHas
BHYTPEHHSISI 0OCTaHOBKAa — TOMEOCTa3 — HEoO0XoamMma ISl HaJeKHOM pabOThl MHOTOKJIETOYHBIX OPTaHU3MOB. B urore
TCHHBIC MEXaHU3MBI YIIPABICHHUS Y 9YKapHOT OKa3ajich B OOJbIIEH CTETIEHN paccymTa-
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HBl Ha PETryJALUI0 OpraHu3Ma B 1einoM. Hampumep, HEKOTOpbIe I'eHbl aKTHBHUPYIOTCS JIMIIb OJHAXKABI U BBI3BIBAIOT
HeoOpaTHMBbIe JEHCTBHUS MO CPAaBHEHUIO C MOJHOCTBIO OOpPAaTUMBIM MEXaHHU3MOM /ac-omepoHa. Y MHOTHX >KUBOTHBIX
HECTICIUaTN3UPOBAaHHbIE, TaK Ha3bIBaeMble CTBOJIOBBIC KJIETKM Pa3BUBAIOTCA OYEHb PaHO, euie y 3apoasima. OHH
[IPEBPALIAIOTCA B CHELMAIN3UPOBAHHbBIE KICTKH, BPOJE KIETOK MO3Ta WM HOITEH, clelys OIpEAeIeHHOMY
TeHETUYEeCKOMY 00pasily, KOTOPBIH MOKET B MTOTe MPUBECTH Jakeé K CMEpPTH KIETKH. Takasd creruanu3anis KIETOK
nopoxnaet Bce Oomnbmee uncio JJHK, PHK u GenkoBbIX (epMeHTOB, Tak 4TO 3yKapuOTHI MOTYT COBMELIATH B CBOEM
MeTa00IM3Me TOHKUE B3aUMOACHCTBUS MEX Y STUMHU MOJICKYJIaMH.

MopesbHbIe OPraHUu3MbI

WznrobneHHpli 00bEKT MCCIeqOBaHMsl Cpeau dyKapuoT — Saccharomyces accharomyces cerevisae (S. cerevisae),
Oosibllle M3BECTHBIM Kak NMHBHBIE ApoxokU. [loxkamyil, 310 Oosiee BCero M3ydeHHbBIM Ha MOJEKYISIPHOM M KICTOYHOM
YPOBHSIX 3YKapUOTHBIA OpTraHu3M. S. cerevisae TpelCTaBiseT coOOi BCEro JIMIIb OXHOKIETOYHBIH TPUOOK, HO MHOTHE
MPOIIECCHl B €r0 KIETOYHOM SIPE CXOAHBI C TEMH K€ MPOLecCaMH y MIICKOMUTAIOMUX. JledCTBUTENBFHO, UCCIeJOBaHIE
JPOOKEH TTOMOTTIO BBISIBUTH MHOTHE MOJIEKYJIBI M XUMHUYECKHE PEaKLUH, 331eHCTBOBAaHHbBIE B MPOLECCAX, XOA KOTOPBIX
HapyIIaeTcs MpH pake. S. cerevisae YCTPOCHBI cloxHee Oaktepuu, ube JIHK, comeprkamee okomo 12 MITH HyKICOTHTHBIX
map a30THUCTBIX OCHOBaHMsS, UMeeT 6 Thic. TeHOB. U E. coli, m S. cerevisae CUMTAIOTCS MOOENbHBIMU OP2SAHUSMAMIU,
KOTOPBIE JOJKHBIL:

1) OBICTPO pa3BUBATHLCS, UMES KOPOTKHM CPOK KHU3HU;

2) o0iaaTh MaJbIMU pa3Mepamu, Oy Iy4uH B3pOCIbIMU;

3) ObITH Bceraa oA PyKOiA;

4) OBITH IPOCTHIME B OOpaIleHu ;

5) BBITIOJIHATH CBOM OMOJIOTHYECKUE (DYHKIIMU CXOJHBIM ¢ 00Jiee CII0KHBIMU OpraHU3MaMH, BPOJIE YeIOBeKa, 00pa3oM.
111

YcepaHO M3y4arTCS W Opyrue MonenbHble opraHusMbl. Caenorhabditis elegans — TpO3pavHBIA KPYTIBIA YepPBb,
BBIpAcTalOIINi B JJMHY He Ooiee 1| MM, BIIOJIOBHHY BEIMYMHBI BOT 3TOTO 3Haka ~. C. elegans MOCTUTaeT B3pOCIOTO
COCTOSIHUSI 32 TPH JHSI, )KMBET B MOYBE [0 BCEMY CBETY M MHTAETCsd MHUKpOOaMH BpOJE TeX, YTO OOMTAIOT B MEPErHOeE.
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OTOT MaJIeHBKHUH YepBh MPEACTABIICT OO0 MHOTOKIIETOUHYIO (959 KireTok) sykapuoty ¢ 19 099 remamu B cocrosIieit
n3 97 muH map asotuctsix ocHoBaHuil /IHK. OH pa3BuBaeTcd u3 OJHOH KJIETKM B OPraHM3M C HEPBHOW CHUCTEMOM U
«mo3rom». C. elegans cnocobeH K 00yueHHIO, BBIpaOaThIBaCT AWLEKIECTKH U CIIEPMATO30MIbI, IOCTEIIEHHO CTapeeT U
ymupaer. Cunau bpennep, MojeKy sipHBIN Omosor u3 BemmkoOpuranuu, roBoput, uto C. elegans ONpaBIBIBACT CBOE
Ha3BaHHe, MO0 Ha caMoM Jeie «(oToreHH4YeH», Kak BHAHO Ha puc. 4.5. bpennep, [xon Cancron u Pobepr Xopsui
pasnenunu HoGenesckyro npemuto 2002 rona no ¢pu3nonoruy 1 MEAULUHE Kak pa3 3a paboTy ¢ yepBeM C. elegans.

Hpyroit MomenpHBIA opraHu3M, Drosophila melanogaster, 3aakoM MHOTHM 3 Hac. B 1906 romy rapBapackwii
npodeccop aMOpuosioruu Y uibsaiM DpHecT Kaci npuBiek K y4acTHIO B OJTHOM

Puc. 4.5. C. elegans
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npoekte acnupanTa [Kpetira Bynsopra]. OH monpocui ero He youparh HECKOJIBKO MEepE3pPeIbIX BUHOTPAINH, a 3aTeM
IIOCMOTPETh, 4TO Toiyuutcs. [lomyummuce D. melanogaster— TIONOBBIE MYIIKH — OPTaHWU3M, W3y4YaeMbIil HBIHE B
mabopaTopHusAX MO BceMy MHUpY. biarogaps cBoMM HICabHBIM CBOMCTBAM MOJEIHLHOTO OpTraHM3Ma IUIOOBBIC MYIIKH
IIUPOKO UCIOB3YIOTCS B UCCIICOBAHUSX 110 TCHETHKE M OMOJIOTHH Pa3BUTHSL.

JKu3HEeHHBIH LMK MJI0OBOM MYILIKH COCTaBisieT 16 AHEW, a HOBOE NMOKOJEHHE OHa JaeT Kaxnable 12 yacoB. Otu
CyIIlecTBa IUTOJOBHUTHI, HEMPHUTI3ATSIBHBI U, IT0 CJI0BaM TeHeTHKa 3 bepkiu ['eppu PyOuH, IMEIOT CTOJIE MHOTO OOIIETO
C YEJIOBEKOM, YTO MX HA3bIBAIOT KPOXOTHBIMH JIIOJIBMU C KPBUIbSIMHU. /{po3oghura pacnionaraeT 13 600 renamu Ha JJHK u3
165 MIIH HYKJICOTHIHBIX Map a30THCTHIX OCHOBaHUI. BeCh 3TOT MOJICKYIJISIpHBIN alMapar yMeIlaeTcs B Teblle JITHHON 3
MM, BeJTHIMHON ITpUMeEpHO ¢ OykBY V B uMeHHn Venter (0 camoM BeHTepe 9y Th To3xke).

Mus mesculus (MBITIB), TABHUN JTIOOMMEI] MEAMKOB, 3aHUMAIOIIUXCS H3ydYeHHEeM OOJIe3HEH U JICKapCTB, TOXKE
COOTBETCTBYET BCEM TPEOOBAHUSM, MPEIbABISIEMBIM K MOJCIBHBIM OpraHu3MaM. K ToMy ke TeHOM MBIIIN BeChbMa CX0XK
C TECHOMOM Y€J0-
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BeKa. ['eHeTMUecKHe CpaBHHUTENbHBIC WCCICIOBAaHUS YK€ MHOTO€ TMPOSICHWIN B OTHOIICHUH CTPOCHUS H
(YHKIIMOHUPOBAHHS YEJIOBEUECKOTo Teua. JlanpHel e neeaeoBaHus MPUHECYT TOMOTHUTEIbHBIC CBEICHHUS.

Jpyrue cosfaHus, BpOAE IOJOCATON MEpIMHBI, HUITIOOpIOXa [pPOJCTBEHHOIO TOpYMIE COpHSAKAa U3 ceMeicTBa
KpecTouBeTHbIX |, pe3ymuku Tanst (Arabidopsis thaliana) n nanouku Ildatidepa (Haemophilus influenzae), BbICTYyNaloT B
POJIM MOJETIBHBIX OPTaHM3MOB U M3YUYCHBI B Pa3HOM cTerneHrn. MoJerabHbIe OpraHU3Mbl U IIPHCIOCOOIEHNS, TpeOyeMble

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
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IUTS X W3y4YeHs, BRI3BIBAIOT B IAMSTH CUTYallMH U3 KIIACCHYECKOW OMUCAaTeIhbHON OMOIOTHN ¢ 00pa3aMu OECUHCIEHHBIX
HccaeoBaTeNneii, CKIOHUBIIMXCS HAJ MHKPOCKOIIOM WM IMYPAIIUXCS CKBO3b CTEKJIa OYKOB BO BPEMs MOE3J0K IO
AK30TUYECKHM MECTaM, TJe MOXHO YBHIECTb OPraHM3MBI B WX €CTECTBEHHOH cpene oOutanus (BcmoMHuUM Yapnipi3a
JapBuHa Ha ["amamarocckux ocTpoBax).

dusuka — OMOJIOrus — XUMHUHA

HecMmoTpss Ha 3HAYMMOCTh MOJEIBHBIX OPTaHU3MOB Il OWOIIOTOB, IOJIE NEATEIHHOCTH COBPEMEHHON OHOIIOTHU
3HAYUTENHFHO PACIIMPUIIOCH BO MHOTOM OJlarofiapsi HaxXJIBIHYBIINM Ty/a MPEICTaBUTENSAM IPYTHX OTpaciel 3HaAHWMA, 9bs
JeSITeNbHOCTh IpeolOpasuiia caM MoAX0]l K U3yUeHUI0 OHOJIOTHH.

UToObI MOHATH, KaK MIPOU30IILIO 3TO IPeoOpakeHUe, B3TITHEM HHAYE W MIUPE HA IICHTPAIILHOE YYCHUE MOJICKYJIIPHON
omonornu. OmnmcaTensHas OMOJOTHS COCPEIOTOYMBANIACH HA BHAWMBIX TNPH3HAKaX, HO HaXOJWJIa Majo OOBSICHEHWH,
CBSA3aHHBIX C O3THMH IPU3HAKAMU MOJICKYJSIPHBIX MEXaHHU3MOB. 3aTeM TPHUIIET 4Yepel XUMHUHU, 3aHMMaBIICHCS
XUMHYECKUMU PEAKIIUSIMU BHYTPH JKUBBIX CYIIECTB, MPOSCHSABIIMMH OMOJIOTHYECKHE TIporiecchl. Ho TiaBHast TpyIHOCTh
COCTOsIJIa B TOM, YTO YIPABISIONINE )KUBBIMH CUCTEMaMH MOJICKYJIBI OBLIH CIWIIKOM MAllbl, YTOOBI X MOXHO OBLIO IS
PasTIIAaBIBaTh B MEKPOCKOTL.

CrnenyronyMu HaXJIbIHYJU (PU3UKHU, TOCPEACTBOM PEHTTEHOBCKOW KPHCTALTOrpaduy BHISIBUBIINE ABOHHYIO CITUPATh
JHK
114

(BcmomuuM Omosora /Ixetimca Yorcona u pusnka ®@pancuca Kpuka, BOCIIONb30BaBIIUXCS JAHHBIMU PEHTIC€HOBCKOTO
kpuctamorpada Pozanuaner @panknue). MTak, Xopolme BeCTH 3aKIIOYAINCh B CO3/IaHUU TPEICTaBICHUs 00 o0IeM
crpoennu JIHK, a mioxme — B HEBO3MOXHOCTH Pa3TisAcTh MOAPOOHOCTH €€ CTPOCHHS M3-3a MasbIX pasmepoB. JJHK
COJICP)KUT TaKOE€ OrPOMHOE KOJIMYECTBO IMApPHBIX OCHOBAHWN HYKJICOTHJOB, YTO WX OIPEICICHUE W BBITHUCHIBAHUE
0Ka3aJ10Ch CJIOKHOM 3a/1auci.

Wrak, monoxenue Owosnoruu B 1980-¢ Tomsl OBUTO CIEAYIOIIMM: MOJEKYJSIpHAS OHOJIOTHS COCPEIOTOUYMIACh Ha
paboTe ¢ kpaiiHe MajbIMU O0BEKTaMHU; KJIAaCCHUYECKas ONUcaTebHas OUOJIOTHS OrpaHUYMIach HAOIOIEHUEM TOW 4acTh
Oouocdepbl, KoTopast ObUIA TOCTYITHA 3PSHUIO, ITYCTh M CKBO3b OKYJISIP MUKPOCKOIAa. MHOTHE JeTaliu Ha CTHIKE MHKPO- U
MaKpPOCKOITUYECKHUX 00JIaCTel OMOJIOTHH OKa3aliCh COBEPIICHHO HEOOBICHUMBIMU (pHC. 4.6).

Puc. 4.6. O0mas kapTuHa OMoJI0ruu
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Manslit MacwTad bonpuicii Macwitad
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ITepexom ot OosblOoro MacmTada K MajJoOMy MPOMCXOIWI MEIJICHHO. V3ydeHue MOJIEKYJ ¢ XMMHUYECKOW TOYKH
3pEHUS KOE-4TO MPOSICHSIIO, HO IPOABIDKEHHUE MIUIO YEPETallibiM IIaroM, a 4eperaxa, yBbl, He MOJICIbHBIN OPraHu3M.

B cepemune 1980-X T0MOB HEKOTOPHIX OWOJIOTOB OCEHWIIO: MOYeMy OBl He W3y4uTh Bech coctaB JIHK skmBoro
OpraHM3Ma, TaKk Ha3bIBaeMblii TeHoM? bojee TOro, mocpeacTBOM OTHENBbHBIX MOJEIBHBIX OPraHU3MOB TNPUNTH K
KOHEYHOH IeNM — TEHOMY 4YeJOBeKa. JTO MPHUBEIO K OYEPETHOMY HAIUIBIBY B OHOJOTHIO MPHOOPOCTPOMTENCH,
[IPOrPaMMUCTOB, IPEANPUHUMATEIICH 1 TIOSABICHUIO OJHOTO HeyeMHoro uccienosarens — Jlx. Kpeiira Berrepa.
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CocraBieHnue KapThl reHOMA YesioBeKa. Beaukue 3aga4uu TpeOyOT BeJIN4eCTBEHHBIX
opyaui

[Ipexne weM ommChIBaTH BCE IMEPHUIECTHH, yBEHYABIIMECS B MTOrE COCTABICHHMEM KapThl T'€HOMa MOJEJBHBIX
OpPTaHU3MOB U YeJIOBEKa, BHUKHEM B IOAPOOHOCTH TOTO, KAK YCTaHABIMBACTCS MOCIIEI0BATEIbHOCT OCHOBAHUH TJIOTHO
yrakoBarnHO# Mojekynbl JJHK. Oka3siBaeTcs, TeHOM YelloBEeKa COCTOUT W3 3 Mipd TMAPHBIX OCHOBAaHWN HYKJICOTHIOB.
Ecnu cunTtaTh MX MO OJHOMY B CEKyHAY, Ha 3T0 yiaer nmouytu 100 net. O4eBHIHO, AN UX OIpeneNeHns norpedoBacs
Oosiee OBICTPHBIN CIIOCO0, AT Yero NOHAK00MIIOCh YCOBEPIIEHCTBOBATh HECKOIBKO METOIOB.
daexTpodopes.

Jaexrpodope3. B 1937 rony mBenckuii 6uoxumuk Apue Tucenmyc (Tuzenmyc) pazpaboran MeTon pasieieHHus
3apsDKEHHBIX YacTHUI] BO B3BECH Ha OCHOBE MX Macchl M 3apsana (puc. 4.7). 3apspkeHHas 4acTHLA B MJIEKTPUYECKOM MOJIe
O] JEWCTBUEM €T0 CHUJIbl YCKOPEHHO JIBUJKETCSI B CTOPOHY IPOTUBOIIOJIOXKHO 3apsDKEHHOTO nekTpona. IlorpyxenHas B
cpeny (Tenp) 4acTUIla TOPMO3UTCS MOJ ACUCTBUEM CUIIbl TpeHUs. [Ipu paBeHCTBE AJIEKTPUUECKOI CHUIIBI M CHIIBI TPEHHS
YacTHULA ABMKETCS C TIOCTOSHHOM CKOPOCTBIO, IMEHYEMOH Koneunou. JIaHHBIH TOAX0 3HAKOM HapamoTHCTaM, KOTOPbIe

Omaromapsi ypaBHOBEUITHBAHHIO
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Puc. 4.7. YcranoBka 11 3aekTpogopesa
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UX BECa C CWIOHN TPEHUS OIMyCKAIOTCSA Ha 3eMIIIO C IIOCTOSIHHOM, a HE C BO3PACTAIOLIEH CKOPOCTBIO.

Jnst BbImeNneHus] 4acTuil B rejie Tucenmuyc NMpUMEHWI KpacuTend. JIaHHBIM TOAXOJ OH BIIEPBBIC ONMPOOOBAI TMPH
pa3zernenun OeNKoB B pacTBope — a B 1948 roay 011 yaocToeH 3a cBoto paboty HoGeneBckoli npemun no xumun. C Tex
[Op €ro METOA HCIIONb30BAJCA B ONBITaX C MHOXECTBOM YAacTHI NPH ABM)KEHHH B Pa3jIMUHBIX cpedax. A s ux
BBIJICJIEHHSI CYIIIECTBYIOT HECKOJIBKO Pa3IMYHBIX IPHEMOB.

PecTpukumnonHbie pepMeHTHI.

Pecrpukuuonnbie ¢pepmenThl. Co3aaHNEe PECTPUKLIMOHHBIX (PEPMEHTOB HA4YaJOCh BeChbMa HEOOBIYHO: B OIBITax ¢
Oaktepuodaramu. bakrepuodaru (wiau ¢aru) NpeACcTaBIAIOT COOOW BHPYCHI, aTAaKyIOIIME KICTKH OakTepuil, BHEIPSSI
ceou JIHK B kieTky-xo3siMHa, KOTOpBIM 3aTeM IUIOAWUT JaHHBINA BHpyc. ParoB HE3aBUCHUMO APYT OT ApPYyra OTKPHUIM B
1917 romy Oakrepuonoru @Dpenepuk Tyopt w3 BemukoOpurtanmm m Pemmkc a'Opemns 3 @Opannuu. OnbBITH Ha
Oakrepuodarax moirydaau Bce OONBITHI pa3Max Oiraromapst UX BO3MOKHOCTH YOWBATh OITACHBIE JUISI YeJIOBEKa OaKTepHH.
OpHako MHTEpeC K HUM yTIaj 1MocJie OTKPBITUS NEHUIWUTMHA U JPYTUX XUMHUUECKUX aHTUOMOTHKOB.

BakTeprodaru CTOIh MHOTOYHMCIEHHBI (II0 OIEHKaM, HX KonmdectBo cocrtaBimser 10°"), uro ux obmas Gmomacca

3HAYUTCIIBHO
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Puc. 4.8. bakrepunodar. XBocToBble HUTH
Fonosa

{cozepxut AHK
U BenKH)

XBOCTOBOH veExon

MpeBBIMaeT o0mui Bec HaceneHus 3emud. OHM MOYTH IeNMUKOM coctosT 3 OenkoB u JIHK (puc. 4.8). Bymyunm
BHpPYCaMH, OHH HE MOTYT XUTh 0€3 X03suHA. BBUIY MPOCTOTHI CBOETO YCTPOWCTBA OHHM OKAa3bIBAIOTCS HICATHLHBIMU
WCIIBITYEMBIMH TSI TTOTy9IEHUS CBEIEHUH O )KU3HEIEATEIbHOCTH U UX CAMUX, U UX X035€EB.

Xammnton Cmut, MEUKpoOHosior u3 yHuBepcuteTa JIkoHca XomkwmHca™® B KoHIle 1960-x paboranm ¢ Haemophilus
influenzae Rd u darom P22, CnyuaitHo Oaktepuu u (paru ctaau BeIpamuBaTh BMecTe. CMUT 3aMETHII, KaK aKTUBHOCTb
JHK y ¢ara Bce Bpems nanana, 4to ykaseiBaso Ha paciieruienne JIHK ¢ara yem-to BHyTpHu O0aktepun. CMHT CO CBOUMU
COTPYTHHUKAMH BBIJICIWI U OYMCTHJI OTBETCTBEHHBIN 3a paclieruieHue (pepMeHT U YCTAaHOBHII €T0 MEXaHHU3M: OEIIKOBEI
dhepment BuyTpHu H. influenzae pacmeruiser JJHK dara, BbIsIBISAS onpeieieHHYIO TIETb U3 Te-

* XonkuHc [xoHc (1795-1873) — aMepuKaHCKuii KBakep, GuHaHCUCT, dunaHTpon. Caenan COCTOSIHME Ha OMTOBOM TOProsie
npoAyKTamMun nutaHus, 6aHKOBCKOM Jene, Xene3HbiX Aoporax. 3asellan OKoA0 7 MJH AONAapoOB Ha CO34aHWe yHuMBepcuTeTa W
MeaMLUMHCKOro LeHTpa B . bantuMope, wTtat MapuneHa, Ha3BaHHbIX ero umeHeM: Johns Hopkins University, Johns Hopkins Hospital.
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CTH MapHbBIX OcHOBaHMH U pacmerisisi JJHK — Hen3sMeHHO B OTHOM U TOM K€ MECTE U OJHHM U TE€M K€ CIocoOoM.
Tako#t epMeHT monyunn Ha3BaHUe pecmpuxyuonrozo. Illomumo 3toro depmenta H. influenzae Rd pacnonaraer erie
oIHUM pepMeHTOM, Memuaasot, 3amumiarmeit JJHK 6akrepun ot momoOHo# yyactu. depMeHT MeTHIIa3a TPUCOSTUHSIET
METHJIOBYIO TpPYyNIly K HYKJICOTHIHBIM OCHOBAaHMAM NMTO3MHAa wiu ageHuHa B JIHK Oakrepun. MetunupoBaHue
HacTonbko m3MeHser Mmoiekydy JHK, uToObl pecTpuKIMOHHBIA ()epMEHT BCe emle MOT Paclo3HaTb MECTO CBOETO
MOJICOEANHEHNSI, HE BMEILIMBASICH IIPH 3TOM B OOBIYHBIN X0 BOCIIPOM3BOACTBA WM METa00IM3Ma CaMOi OaKTepHu.

C Tex mop ymanoch OTKPHITH ThicAYH GepMeHToB, pacuemsionmx JHK Ha onpeaenenHbix ydactkax. OTphITEl ObLIM
u pepMenThl, ckperuisiomue BMecTe kKycku JIHK. B urore Bcex 3THX OTKPBITHH MOJIEKYJISIPHBIC OHOJIOTH pacrojararT
HBIHE HA00POM OENTKOBBIX (PEPMEHTOB, MO3BOJIIOLINX UM pa3pe3arh wiH ckienBats JJHK B 3amaHHbIX MecTax.

CeHrepoBckuii MeTo 00pbIBA LENU [3aMelIal0UIUM HYyKJIeoTHa| Auae3okcu|[pudonykieosuarpudocdarom| aias
cekBennpoBanusa JHK. B 1977 rony 6uoxumuk u3 Bennkobpurannu @pen Cenrep pazpaborai criocod paciieriieHus
JHK Ha ywacTku, cOOTBETCTByMIIUEe HH000H mmHe wucxoanod [AHK. DTor MeTroa WCHoNb30Ball 3aMelIarolIyIo
HYKJICOTH MOJIEKYJly. 3aMecTUTeNIb He 00pa3yeT CBS3M CO CICAYIOIIUM HYKJICOTHAOM B IIOCIECAOBATEIBHOCTH,
HeoOxoamMol i cozmanus Beer JIHK, Tak 9To 11emb 0OphIBacTCS Ha HEM.

[IpuBenem mpumep. Ha puc. 4.9 BepxHsAs MoleKylda MMEET aToM KHCIOpOJa, CBA3aHHBIM C aTOMOM BOJOpOJAa B
mono>keHu 3' (aTOMBI yriepona B KoJblle Hymepyrores mudpamu 1', 2', 3', 4' u 5'), Torga kak y aroma BOIOpojaa B
MOJIOXKEHUU 4' aToM KHUCIOpoJa OTCYTCTBYeT (OTCIO[a NPHUCTABKA NIE30KCH-). Y HIDKHEH MOJEKyJIbl aTOM BOXOpOJa
OTCYTCTBYET Ha mo3usx 3' u 4', mo3ToMy ee Ha3BaHWE HAUMHACTCS C MPUCTABKHU JUAC-30KCH-. M3-3a Takoi pa3HUIIBI B

CTpOCHHNHU, KOTAa IIpU C60pKC MOJICKYJIbI ﬂHK B HEC BCTPanUBACTCA JUAC30KCUIHOC OCHOBA-
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Puc. 4.9. lezokcutumuauatpudochar (1TTP) u nuaezokcutumuauarpudocdpar (aanTTdD)
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HUE, OHA YK€ HE CBSI3BIBACTCS C IPYT'MM HYKJICOTHIHBIM OCHOBaHUEM (B mo3unmu S5'), u nens JJHK oOpsiBaercs B 3TOM
mecte. To ke mpoucxomut ¢ apyrumu ocHoBanusmu JIHK (ameHwmHOM, ryaHWHOM M IUTO3WHOM). B HWTOre MOXKHO
nmomydats JIHK pasmuunoit mumHBl (Ha M300pakeHUSX MOJIEKYN IyCThIE YTIIBI Ha KOJBIIAX COOTBETCTBYIOT aTOMaM
yrieposa).

CeHrepoBCKUI METOJT OOphIBA 1SN JTUIC30KCUTHBIMU OCHOBAaHUSAMU Il cekBeHupoBanus JJHK Haumnaercs c toro,
YTO TMOCPEACTBOM PECTPUKIMOHHBIX (EpPMEHTOB pPaCIIEIUIIOT MoABepraemyio cekBeHunpoBanuio JIHK Ha meHbmme
yuyactku, a JIHK HarpeBaroT m0 MOJHOTO pa3ielicHusi o0enx ee HUTeH. 3aTeM K dTUM OIHOHUTEeBBIM ydacTkam JIHK
no0aBistroT TpudochaThl ¢ JUIC30KCUIHBIM OCHOBAHUEM, ITOCIE Uero BBoauTcs OcnkoBblil hepment JJHK momumepasa,

KOTOPBIA MPUCTYHAET K
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coopke konwmii ucxomnoir JIHK. M3-3a nmume30KCHIHBIX OCHOBaHHK COOpaHHBIE MOJEKYJbI MPEACTAaBISIOT CO00i He
konuu ucxonnor JIHK, a cmech u3 nmomyueHHsix npexae yuactko JJHK. ITIpeaBaputenbHo THU1€30KCHUIHBIE OCHOBaHUS
MoMeYaroTcs (MapKUPYIOTCs) MO0 pagHOaKTHBHBIM H30TONIOM (hocdopa, JIMOO YyBCTBHTEILHBIM K YIBTPa(QHUOIECTOBOMY
CBETY KpacHTeNeM, TaK YTO KOHel KaKI0H 000pBaHHOM e CTAHOBUTCS BUIUMBIM.

3atem a1y cMmech nenei JIHK momMemaroT B JyHKM IJIACTUHBI Telid M JAIOT DJEKTPUYECKOE HampsbkeHue. bonee
KOPOTKHE€ YYacCTKH HCHBITHIBAIOT MEHBIIEE COMPOTHUBICHHWE Cpelbl (OOBIYHO Kelie M3 BOIOPOCIH a2apo3d, CXO¥XKee C
KeJIaTHHOM «J[Keno»™ BelecTBo, ¢ TOM JIMIIb pasHHUIIEH, YTO MOJIEKYJIBI TaM 00pa3yloT AONOJHHUTEIbHBIE CBA3H, Jenas
rellb TPOYHBIM) H ITO3TOMY JIBHKYTCS ObIcTpee. YacTo B kauecTBe 0oOpasiia B OJIHY M3 JIYHOK TOMEIIAIOT [N U3BECTHOU
mmHel. [locne mocTmwkeHWss Hambonee KOPOTKHUMH IeTsIMH Kpas TUTACTHHBI Telsl HamnpshkeHne CHuMaT. [lo
panmMoaKTUBHBIM WK (IyOpECUEHTHBIM MapKepaM OIpEIesioT HYKICOTHIHOE OCHOBaHHME B KOHIE KaKIOH
MoJeKyJsipHO# 1ienn. [lockonbky anexTpodopes pacnpeaessieT MOJIeKyIbl B COOTBETCTBHH C BO3pAaCTaHUEM JJIMHBI LIETIH,
[IpU IPOCMOTPE BUAECH HNOPSAIOK PACIONOKEHHUS apHBIX OCHOBaHUH Hyki1eoTHA0B B ucxonnoi JJHK.

JlaHHBII METOJ IMMPOKO IPUMEHSIICS 110 cepeauHbl 1980-x ronoB, u paboTta Haa AUCccepTaIel Y MHOTHX aclUPaHTOB
3aKaHUYMBAJINCh yYaCTHEM B MHOIOJETHEM IPOEKTE IO CEKBEHMpOBaHMIO ompeneneHHod wactu [IHK oxpHoro wus
MOJIETIBHBIX OpraHu3MoB. [Ipuxoaumnock Opathk mpoOkl y opraHnu3Ma, OYHIIATh, CMEIIUBATh C XUMHYECKUMH PeaKTHBaMH,
BBIpaIINBaTh, IOMEMIATh B T€Ib U MPOBOAUTH HCCIENOBaHNE, TIOCTe Yero coonparh W TOJIKOBAaTh AaHHBIe. PaboTa Oblia
TSOKEJION U MpoJBUTanIach MeaIeHHo. OOBIYHO B X0/€ HAMCAHUS AUCCEPTALMHU YIaBAIOCh BRICTPOUTH y4acToK B 40 ThIc.
napHbIx ocHoBaHui JITHK.

* «/keno» (Jell-O) — nonydabpukaTbl Xene U MyccoB, BbiMycKaeMble B Mopolike KpyrnHeiwmm B CLUA npoussoguTenem
nuweBbIX NpoayKToB Kraft Foods Inc., poyepHen komnanuewn Philip Morris Cos.
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CeKBeHHpOBaHI/Ie resomMa 4€JioBeKa

O3ByunBas MHEHHUsI MHOTUX BIIMSATENBHBIX OHOJIOTOB, B HOMepe Science 3a 7 mapta 1986 rona Penaro /lynnOexko,
rnaBa MHcTuTyTa OmMOsormueckux ucciaenoBaHuii uMm. Conka®, mpu3Bad K HPETBOPEHUIO B JKU3Hb I'PaHIMO3HOU
MporpaMMBbl 0 pacmudpoBke reHoma dyenoBeka. OH JIOKa3bIBaJ, YTO CTOJb OTPOMHBIC YCHIIMSI HEOOXOIMMBI JUIS
MIOHUMAaHUS POJIM TEHOB B pa3BUTUH paka. Hekotopsie 6uonory, Bpoae Yonrepa ['mnbepra (u3BectHoro runote3oit PHK-
MHpa), C PaloCThI0 BOCIIPUHSUIMA 3TO IpeliokeHue. [ 'nnbept ckaszan: «llonHblii TeHOM uenoBeka — ['paalib TeHETHKH
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geoBekay (rmoapodHee 06 3TOM CpaBHEHHUH Jajiee).

Jpyrue BbIpaswin 03a004YE€HHOCTh, YTO IMOJOOHBIA THTaHTCKHI MPOEKT UCKA3UT OWOJIOTHIO JO0 HEY3HABaeMOCTH.
Pacmmdporka 3 mMupm map a30THCTBIX OCHOBAaHHMH C IMOMOIIBI0 UMEIOIIUXCS Ha TOT 4ac CPEeACTB MOTpedyeT 15-neTHei
HeTIpephIBHOH paboTsl 10 ThIC. acmupaHTOB W 000HAETCS mpUMepHO B 3 Mipa mosutapoB. Ilpm Takmx 3aTparax
YEJIOBEUECKUX U JICHSKHBIX PECYPCOB HIMUETO HE OCTAHETCS Ha BCE OCTAIBHBIC OMOIOTMIECKUE TIPOCKTHI.

Jlyu Hagexnwsl OJECHYN C TOSIBJICHUEM aBTOMAaTH3HPOBAHHBIX YCTPOMNCTB CeKBeHUpoBaHuUs. LleHTp uccinemoBaHuUs
YeIIOBeYeCKOTo TeHoMa [HeiHe HanmoHampHBI MHCTUTYT TE€HOMAa YeJOBeKa|, IMOoApa3JeNieHHe [CeTH HWHCTHUTYTOB,
00BeIMHEHHBIX 00IMM Ha3BaHUeM | HarmonansHOTO MHCTUTYTA 310poBhs (HU3), odurnmansHo mpucTynui K padote B
okTs10pe 1990 roma mox pykoBoactBoM JIxkelimca YorcoHa — pna, camoeo Jlxelimca YoTcoHa. JIaHHBI TPOCKT
3alyMBIBAJICA KaK MEKAYHAPOIHBII: OONBIIMHCTBO PaboT MOPy4aaoch pa3InIHBIM rOCyAapCTBEHHBIM

* Conk [IxoHac 3aBapac (1914—1995) — aMepuKaHCKMi UMMyHosor. MepBbIM pa3paboTan NpoTUBOMONMOMUENUTHYIO BaKLMHY Ha
OCHOBE WHaKTUBUPOBAHHOro ¢OpMasiMHOM BMpYyCa, BbIPALWEHHOro Ha KkjeTkax obe3bsHbe MNO4YKM, TaK Ha3blBaeMylo
MHaKTUBUPOBaHHYO nonuosakuuHy (UMNB), koTtopas ¢ 1954 roga wupoko npuMmeHsanace B CLUA, a Takxe NpOTUBOrpPMMMO3HYIO
BaKUMHY C ABYXFOAWMYHbIM CpOKOM pelictBus. B 1963 roay ocHoBan B npuropoge CaH-Auero (wtat KanudopHus) UHCTUTYT
brnonornyecknx nccneaoBaHuUin, Ha3BaHHbIA €ro UMEHEM.
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Yl uubn_u. T}maab
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naboparopusim u yHuBepcuteram B CILIA, u 0KoJO TpeTH NpUXOoAWIOCh Ha aomo BemnkoOpuranuu, OpaHumwu,
I'epmanuu u SAnonun.

Bce ycunust 6bU1 COCpeAOTOUEHBl Ha CO3JaHUU YCTPONCTB aBTOMAaTH3UPOBAHHOTO CEKBEHHPOBAHMSI, YTO IPUBEIO K
HAIUTBIBY B OmoiorHio mpudopoctpouteneit. B xonre 1986 roma 6MOXUMHUK, TOKTOp MEeTUIMHEL JIepoi Xy u OMOXMMHUK-
TexHoJor Maiikn XaHkanuiuiep co3fanu KommaHuto Applied Biosystems Inc. (ABI) m paspabortamu ycTpoicTBo,
CrocoOHOE CEKBEHHpOBAaTh B JIeHb 12 THIC. MApHBIX OCHOBaHWH HYKJIeOTHHOB. B Hadane 1987 roma mabopaTtopust
MOJICKYJIIpHOH Ouonorun, Bo3rinasisemas Jx. Kpeiirom BenrepoMm, ucneitana cexksenatop ABI 375A Sequencer BMecTe
c paboueli crannmedi mo karanuzy ABI 800 Catalyst ans mpurorosnenus npo6. Jlaboparopust Benrepa zaHmmManach

CCKBCHUPOBAHUCM ABYX YHACTKOB, KOTOPBIC, KaK CHUTAJIOCH, COACPIKAIN I'CHbI, OTBETCTBCHHBIC 3a KpaﬁHe BaXXHBIC
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HacJleICTBEHHBIE 3a0osieBaHua. HecMoTps Ha OTMEHHYIO paboTy caMUX YCTPOMCTB, T€HBI, TMOMCKOM KOTOPBIX
3aHuMaincs Bentep, Haiimensl He Obumn. K Tomy >ke mporpamMMHoe oOecriedeHHe BBISIBHIO 3HAYUTENIBHOE YHCIIO
OIMOOYHBIX PE3YJIBTATOB, TAK YTO MHOTOE IIPUIIJIOCH CBEPSITH BPYUHYIO.

BeHTepy cIUIIKOM YK HE TEPIIENOCh MPOJIUCTATh [UIMHHBIE MOCIEI0BATENEHOCTH U3 TCHETHYECKHX OYKB B MOMCKAX
HEMHOTUX HYXHBIX '€HOB WJIM YYaCTKOB I'€HOMa, I'Ile 3aKOAWpOBaHbI Oenku. M ero oceHmno, Kak HapacTUTb YCHIIHSL.
UToOBI OTHICKATh aKTHBHBIC TCHBI B OINpPEIEIICHHON KJIETKe, OH cHadaja m3Biekan u3 kimetkun PHK. Paz PHK crpowntcs
npexe Bcero Ha ocHoBe JIHK, oHa comep uT nocienoBaTenbHOCTh apHBIX OCHOBAHUM HYKJIEOTHO0B, OTHOCSIYIOCS K
aKTUBHBIM 4acTsiM (renam) ucxogHoi JJHK. 3arem uccnenoBatenu mpeobpaszoBeiBanu PHK B Gonee ycroitunsyio JJHK
(mmenyemyto komrumumentapaod JIHK — x/IHK) u ams XpaHeHus TPHCOSTWHSIN €€ K XPOMOCOME KaKOH-HHOYAh
OaKkTepuu, HCIONIBb3Ys MPHEM PE3aHUs U CKICHBAHHA C MOMOIIBI0 PECTPUKIMOHHBIX (epMeHToB. KoMrummMeHnTapHOM
JHK mone3yrorcsi B Ononornyeckux 1abopaTopusx M0 BCceMy MHpPY, Tak YTO HeJocTaTka B Hed HeT. Cieqyroumuid mar
cBs3aH ¢ cexkBeHupoBaHueM KJIHK u cpaBHeHMeM ee ¢ ApyrMMH CEKBEHHMPOBAaHHBIMH TeHaMH. JlaHHBIH mOAXO,
Ha3BaHHBIM KCIIPECCUPYEMBIMH sipibIKaMu™, Obl1 He HOB Ui Benrepa. O HeMm BnepBble Hamucan XUMUK-Onosor Ilon
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[uvmen B 1983 romy, a u3BecTHBIN TeHeTnk Cuaau bpeHHep u Apyrue ydeHble MTUPOKO MCIIONBh30BaIH B KoHIe 1980-x.
Ho 6naromapst ABI Sequencer u 351eKTpOHHO-BBIYHCIUTEIBHBIM PA00YUM CTAHIIUSM 10 BO3MOXKHOCTSAM CEKBEHUPOBaHUS
nabopatopun Bertepa He OBLTO paBHBIX.

* B paHHOM c/lyyae MOryT MONyyaTbCs He MOMHble MOC/NeA0BaTeNIbHOCTM FeHOB, @ TOMbKO OTAENbHbIE MX y4yacTku (Kak 6bl
«SAPABIYKN»>, MAapKUPYIOLME 3TN FeHbl), KOTOPble 3aHOCAT B 6aHK AaHHbIX U MO KOTOPbIM B AafibHEMLLEM MOXHO MAEHTUdMUMPOBATL
3Ty nOcCnenoBaTeNbHOCTb, €CM OHa O6yaeT BblgeneHa w3 ApYyrnx UCToYHMKOB. OTcCloga 3TOT METo4 NOoslyymn  Ha3BaHue
«3KCrpeccupyemble spblkn nocnegoBaTenbHocTeln» — Expressed Sequence Tags (ESTs).
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B wmrone 1991 roga Bentep Hammcan, 4TO IpHU CEKBEHMPOBAHHWU IOCPEACTBOM IKCIPECCHUPYEMBIX SIPIBIKOB OH
onpeaenust okoyio 330 akTUBHBIX TEHOB B 4YenoBedeckoMm mosre. OaHuM cioBoM, BeHrep ompenenun u pacimudpoBai
6oxee 10% M3BECTHBIX MUPY YEIOBEUECKHX T€HOB — M BCE ATO 32 HECKOJBKO MecsIeB. Co CBOMCTBEHHOM eMy MPSMOTOM
Bentep 3asBui, 4TO «YyCOBEPIICHCTBOBAaHHA B TexHUKe cexkBeHupoBaHus JIHK Ttenepp chenanu, mo cCyecrtsy,
JIOCTYITHBIM TIOJIHOE 00CIIeI0BaHHE XPOMOCOMHOTO Habopa OpraHu3Ma 1o 3KCIpPecCUPyeMOMY TeHY.

Crnenyrommast crathsi BeHTepa, omyOnukoBaHHas B JKypHane Nature, emie OOIbIlle TOAOTpENa HEIOBOJIBCTBO
HEKOTOPBIX OM0JIOTOB. B 3T0# cTathe 0H coobman 00 ouepeaHbIX 2375 4eoBEYECKUX I'eHaX, BRISIBICHHBIX B MO3TE, UTO B
2 pasa MPEeBBIIIANI0 YKCIO T'CHOB, pacHIM(PpPOBAHHBIX K TOMY BPEMEHH OCTAJIbHBIM HAay4YHBIM COOOIICCTBOM. YUEHBIC
oracanuch, uyTo cekBeHupoBanue kJ[HK HauHyT (mHAHCHpPOBATH BEHTEPOBCKHM METOAOM SKCIPECCHPYEMBIX SPIIBIKOB
Kak OoJiee JeNeBol albTePHATHBEI pacI(ppPOBKE BCETO YeIoBeUecKoro renoma. JlaHHbIi moaxo n3deran Obl HCKYCHBIX
IIPHEMOB IKCIIPECCHUU TEHOB BpOJIe /ac-omepaTopa, MOCKOJIBKY MECTa COEIMHEHHUSI aKTUBATOPOB M PEIPECCOPOB HE OYAYT
CEKBCHUPOBATHCSL.

¥Yrpo3a nareHTOBaHuA

[IpuunHOM IOMONHUTEIBHBIX OCECIIOKOMCTB CTajl0 MAaTCHTOBAaHHE METOAa SKCIPECCHPYEeMbIX spiibikoB. CiyxOa
nepenaun texuonornu HU3 nmopana 3asBKy Ha nareHTOBaHKE MepBbIX 330 IeHOB elie /10 nepBoii myonukanuu Benrepa B
Science M TPHUCOBOKYNWJIA K TaTeHTOBaHMIO emle 2421 reH no mnosiBieHus ctaTbu B Nature. IlomHsncs wmym, He
yTUXaronmii noasiHe. Opanmy3ckuit MUHUCTP o Hayke KOOep KypbsH ckasai, 9To «HENIb3s MPEIOCTaBIIATh IMATCHT Ha
TO, YTO SBJISCTCS HANIMM OOIIMM JocTostHHMEeM». JxkeilmMc YOTCOH, TjlaBa MEXIyHAapOIHOTO KOHcopuumyma Human

Genome Project, 3aB1JI, YTO METOJ IKCIIPECCUPYEMBIX SIPIIBIKOB «IOCTYIICH 00€3bsIHAM.
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Opnako rnaBa HU3 Bepragun Xwunam mocuuTana, 4To MaTEeHTHas 3asBKa ObUla 3aKOHHOH, M OTMeNna OOBHHEHHS
YVYeHBIX, MPEJCTaBUB UX «Oypeil B crakaHe Boap». OHa Haka3ala YOTCOHY HE Hamajgath Ha BeHTepa myOmM4HO U
nornpocuia BeHTepa coBeToBaThCs ¢ HEH 110 MOBOJIY UCCIE0BAaHUM T€HOMA YeJIOBeKa. Y OT-COH YBOJIMIICS B ampese 1992
roja, 3asBUB O «HENPUMHPUMOCTH» cBoell mo3uuuu. Tem BpemeneM Benrtep mompocun 10 MiH momnapoB As
pacimmpenus cBoeil pabOThl MO CEKBEHHPOBAaHWIO, HO €My OBLIO PEIIMTENIbHO OTKa3aHO Ha OCHOBE JaHHOTO €ro JKe
kouteramu B HU3 3axmrodenws. Benrep yBommics n3 HU3 B mrone 1992 roma m ocHoBan MHCTHTYT HCCiemoBaHUMH
reaoma (TIGR). HauaB ¢ 30 cekBenatopoB ABI 373A, 17 pabouux crannuii ABI Catalist 1 9BM SPARCenter 2000
¢bupMbl Sun, oCHaIIEHHON COOTBETCTBYIOLIMMHU MPOTPAMMHBIMU CpeICTBaMU 0a3bl JaHHBIX, BeHTep Hauanm HapamuBarhb
CEKBEHHUPOBAaHUE HAa OCHOBE «IKCIPECCUPYEMBIX SIPIBIKOBY» MOCIIEI0BATEIILHOCTH T€HOB Y MOJCIBFHBIX OpraHu3MoB. [1pu
cTOMMOCTH ofHoro ycrpoictBa 100 ThIC. JoyuIapoB A (UHAHCHPOBAHUS TAaKOTO MPEANPUATHS HYXHBI OBLTH
TOJICTOCYMBI.

duHaHCHpOBaHUE 00ECTICUNIT HATUTBIB B OMOJIOTHIO TipeanpuHuMareneil. Y omrc CraifHOepr, riiaBa koMnanuu Health
Care Investition Corporation, m w300peTaTens 3yOHOH meTku Pud Bioxwmm B mpoekt 70 MiH moiiapoB. Takum
o0pazom, BeHtep MoTr criOKOHHO MPETBOPATH B )KU3Hb CBOM HJIeH. brla co3mana kak JoyepHee MpennpusTHe KOMIaHUs
Human Genome Sciences (HGS) s koMMep4ecKoro WCIOIb30BaHMS Pe3yJbTaTOB MCCIEAOBAaHWN T'€HOMa YellOBEKa.
Benrep Obu1 noBoseH u 3asBmi: «KakIplii y9eHBIH MeUYTaeT O OJarojerere, COTIaCHBIIEMCS BIOKHTH CPENICTBA B €ro
Wjeu, 4asHus U CIocOOHOCTH». ENMHCTBEHHOE yClOBHE — MPEAOCTaBIEHHE MOJTYYEHHBIX NAHHBIX B PacHopshKeHHE
KOMITaHUM Ha 6-12 MecsueB, mpexkae YeM HMX MOXHO OyaeT oOHaponoBaTh. Ero HayyHble KOJJIETH BOCTOPTajUCh
3HaYUTENHHO MeHbIne. HekoTopsle maxe oxpectwnu ero Jlaprom Bentepom [Hamekast Ha [lapra Beiimepa u3 ¢umbma
«3Be3IHBIC BOWHEBD, PHIaps, IEPEMETHYBIIIETOCS Ha CTOPOHY 371a].

Tem BpemeneM HW3 HazHaumn HOBOro pykoBoauTens lleHTpa Mo HcclieZJOBaHWIO IeéHOMa uesoBeKa. VI3BecTHBIN
reHeTHK u3 Muuu-
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ranckoro yHuepcutera @posHcuc KomummH3 cram BTOpBIM PYKOBOAMTENEM LEeHTpa. B xome paboTbl 3TOT
(hMHAHCHPYEMBI TOCYIapCTBOM KOHCOPIIMYM OOHApOAOBaj Ps BHIIAIOMIMXCS pe3yibTatoB. B 1996 rony ycumusmu
Oomnee yem cotHu Jaboparopuit EBporer, CIIIA, Kanansr u SImoHnN ymaamoch 3aBEpIUTh COCTaBIEHHE TeHOMA IMHBHBIX
IOpOsOKed. DTOT dYKapHOTHBIA OJHOKIIETOUHBIA OpraHu3M cofepkut B cBoeid JJHK 6 Tric. reHoB, coOpaHHBIX U3 12 MIH
map OCHOBaHMU HYKJIeOTHHOB. K cepennHe OTITyIIEHHOTO Ha MPOEKT I'eHOMa YelloBeKa Cpoka ObLTo pacmmdpoBaHO
meHee 3% reHoMa, a 3aTpaTbl KOHCOPIIMYMa YK€ MPEBBICHIIM OTOBOPEHHBIE CyMMBI. KONITHMH3 mpu3Baid K YCKOPEHHUIO
paboT ¥ BELABIXKCHHIO CBEXKHUX UICH, HO ATO Majio IIOMOTJIO JEIy.
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CexkBeHMpOBaHuUe APO0JIeHHEM

Korga mexxayHapogHBI KOHCOPLMYM IIBITAJICS YCKOPHTH CBOIO pabory, nabopatopusi Benrepa TIGR pemmna
npuOEeTHYTh K HOBOWM TakKTHKE: CEKBEHHMpPOBaHHUIO apoOneHueM. CoTpynHUK YHuBepcutera J[oHca XONKHHCA H
HoGenerckuit maypear Xamunron CmuT, OTKphBIHMA 20 JeT Ha3a] PECTPUKLMOHHBIE (EepMEHTHI (PEeCTPUKTAa3bl),
BBIIBUHYJI TIOPA3UTENBHYIO HICI0: CHavana yibTpa3BykoM noceub JJHK Ha Thicsun KycOUKOB MPOM3BOIBHOI BEIMYUHBI,
a 3aTeM Ha ycTpoicTBax-poborax ABI mpousBecTr OTOETBHO CEKBEHUPOBAHUE BCEX KYCOUYKOB. 3al0XKUTh MOTYyYCHHBIC
naHHele B OBM, U mycTh cHenuaibHBIE MIPOTPAMMBl OTBICKHUBAIOT IEPEKPHIBAIOLINECS YYAaCTKH, YTOOBI TEM CaMbIM
MOXKHO OBIJIO «CIIMTH» MaTeMaTHM4YeCKHM KYyCOUKH, co3jaBas ofHy HempepbiBHyto JIHK. Jlanubli mpueM okasaics
pe3yAbTaTUBHBIM MIPU MOJETUpoBaHuM, U Benrep He mobosuicst puckayTh. TIGR pacmmdposana Bech TeHOM OakTepuu
Haemophilus influenzae 3a 13 mecsueB, 3aTpaTWB B JIBa pa3a MEHbIIE CPEICTB [0 CPAaBHEHUIO C IPOEKTOM Ie€HOMa
genoBeka. Bckope TIGR 3aBeprmmia COCTaBICHHE IMOCIICIOBATEIBHOCTH HYKICOTUAOB Mycoplasma genitalium,
MeEJIbUANIIEero M3 M3BECTHBIX CAMOCTOSTENBHBIX JKMBBIX OPraHM3MOB, a TaKkXKe IeHOMa HecKoubkux apxed. [locne

OpeaAOCTaBIICHUA IUIA BCCO6H_ICFO IIOJIB30BaHHUsA CBO-
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UX ICHHBIX CBeACHUI BeHTep BBIPOC B T1a3ax CBOMX YYEHBIX COOpAaThEB.

Metoa CeKBEeHHPOBaHUS APOOJICHHEM padoTal B CHTYAIlUAX C OAKTEPHSMH, HO OKa3aJCs HE CIMIIKOM CKOp, YTOOBI
MOKHO OBLIO BOBpEMsI 3aBEPIIUTH MPOCKT TeHOMa 4enoBeka. B konme 1997 roma oTHomeHus Mexnay iaboparopueit
Benrepa TIGR u ee nouepuum npeanpustueM HGS nomHocThio pacctpounucs. HecmoTps Ha 3agomkenHocts HGS ero
naboparopun 38 MiH noiapos, Bentep ocBobonmn HGS ot manHOro 00s3aTenbcTBa M MOMYYHI BO3MOXKHOCTH Oojee
OBICTPOro IPEAOCTABICHUS CBEICHUN O CEKBEHUPOBAHNH, IIOCKOJIBbKY OTIaAaj1a HeOOXOAUMOCTh 1aBaTh UX Ha MPOCMOTP
HGS.

BenTep Mexay Tem BBIHAIIMBAN eule Oojiee TpaHIMO3HBIC 3aMBICTbI, CBSI3aHHbIC ¢ MMeHeM Maiika XaHKanusiepa.
ITocne cozmanmst BMecTe ¢ Jlepoem XyaoM mepBOTO yCTpoicTBa Mo cekBeHMpoBaHuto, ABI 373A, Xankamumiep He
TOJIFKO BHEC HECKOJBKO YCOBEpPIIEHCTBOBAHHMI, HO M 3HAYMTEIHHO M3MEHMJI caM Ipouecc. Bmecto mpomyckaHus
orpe3koB JJHK Bmons mmacTuHBI Teist MOCPEACTBOM dieKTpodopesa UIs MX pasaeicHus XaHKamuiiep paszpadoTal
cnoco0, mpu kotopom JIHK mpomyckanack CKBO3b TOHKHE, 3alIOJHEHHBIC JKUAKOCTBIO KanmWULipHbIe TpyOKu. Hannuue
MHOTHX TPyOOK IpH OJHOM IPOTOHE, KaK U JPyTrUe YCOBEPIICHCTBOBaHUS B HOBOM ycTpoiictBe, ABI PRISM 3700, nano
BOCBMHMKPATHOE IOBBIIIEHHE CKOPOCTH IO CPaBHEHMIO C CYIIECTBYIOIIMMH ycTpolcTBamu. Ilocie mokasa ONBITHOTO
obpasua XaHkamwuiep Npeanoxui Benrepy o0ObeqMHNUTBCA ¢ HUM AJs paciIMpoBKH Bcero reHoma yenoseka. [locme
HEKOTOpHIX pa3nymuii Benrep cormacuicsa. HyxHo Obuto KOe-4To no1enaTh, Bellb METOIbI, CTOJIb XOPOIIO MOKA3aBIIHNE
ce0s pu padoTe ¢ OaKTEPHAMH, HEJIb3s UCIIOIB30BaTh ISl U3YUYEHHS THICAYEKPATHO 00Jiee CI0KHOTO TeHa YeJIOBeKa.

Bentep moOun wucneiTeiBath ce0s. [locnme meperoBopoB, Ooibllle HAIOMUHABIIMX —IMPENOCTEPEKEHUE, C
PYKOBOAMTEIIEM MPOEKTa reHoma denoBeka Kommma3zom BeHTep oOBSBHI O CO3MaHWM HOBOW KOMIIAHWUH M €€ TIIABHOU
LEJIU: pacIIu(ppOBKE BCEro T€HOMa YeJIOBEKa BCETO 3a TPU T0Jia, YTO CYIIECTBEHHO OIEPEKalI0 CPOKHU MPOEKTa TreHOMa
yenoBeka. Ero HoBoe neruie Ho-
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cwio HasBanue «Cuiep» (0T nat. ceteris— ObICTpHIN).JleBU30M KoMmanuu ctanu ciioBa «llocmemraif, OTKpEITHS HE
HKAYTH.

Bentepy onsate Bce ynanock. Hayunslil Mup ObUl mOcpamileH, HO Temepb ycliexu BeHrepa BBIHYXZanu KPUTHKOB
MIPOSIBJIATE OCTOPOIKHOCTB: MOXKET, €My W BIPAMb yoacmcsi 3aJyMaHHOe. BeHTep MOHUMAN, YTO PHCKyeT. Y Hero ObLI
JWIIb TPOBEPEHHBIH OMBITHBIN 00pa3el] YCTPOHCTBa CEKBEHUPOBAHMS, HO OTCYTCTBOBAJIO MpOrpaMMHOe oOecredeHue,
MIOCKOJIBKY CTapble METOZBI HE TOAMINCH Ul HOBOTO reHoma. Cienyrommm xoqoM Bentepa Obu10 perieHre JomyCcTUTh B
Ouonoruto mporpammucToB OBM, KOTOpBIX Ha3plBajd Y4YEHbIMH IO anroputMmam. «CIIMBaHHE» IEPEKPBIBAIOIINXCS
[OCIIEIOBAaTEIbHOCTEH Tap OCHOBaHMH HYKJIGOTHIOB [UIS MOJYUYEHHUS] BCErO0 TEeHOMa MPEACTaBIsUIOCh TPYIHOMN
BBIUHCIUTEIBHON 3aJaucii, HO 3HAYUTENbHBIE CPEACTBA, BKIAJbIBaBIIHECS BeHTepoM B HOBeWIEe BBIYHCIUTEIBHOE
000pyIOBaHNE W CHEIHAINCTOB, OKyMWIuCh cropumei. K 1998 rTomy ero coTpymHUKH CO3JaJIM Ka3aBIIYyIOCS
paboTOCIIOCOOHOI MPOrpaMMmy.

st onbITHOM mpoBepku BeHTep mpoBen CEeKBEHHPOBAHHE HM3IIO0JCHHOTO B OMOJOTMH MOJAEIBHOTO OpPraHu3Ma —
Drosophila melanogaster, nnogosoit mymku. Cocrosnryro u3 165 MIH map HyKIEOTHAHBIX ocHoBaHWH, 13 600 reHoB
JHK ycraHoBuiIM MeHee 4eM 3a 4eThIpe Mecdlla, Kak pa3 BoBpeMs, yToObI 3amucarh ee Ha aucku CD-ROM, koTopsiMu
CHa0AMIN BCE MECTa Ha OJTHOM HayYHOM COBEILAHHH 32 JIeHb JIO0 BBIXOAA CTaThH O TEHOME B )KypHale Science.

MexnyHapoaHslii KoHCOpIyM «IIpoekT reHomMa denoBeka» He cuzeln cioxka pyku. C MoydeHueM AONOTHUTEIbHBIX
CpencTB, 0COOCHHO OT OpHTaHCKOro OnarorBopuTenbHOro hoHma Yamrkoma (Wellcome Trust)*, ymamock o63aBecTCh
HOBBIMH YCT-

* OanH 13 KpynHeiwmx B AHMIUM hOHAO0B, NOOLWPSIOWMNI UCCNeaoBaHNs B 061acTu MeanuuHel. CozaaH B 1936 roay Ha cpeacTsa,
3aBellaHHble BbIXOALEM W3 AMepuku, MNOAyuMBLUMM OpUTaHCKOE MNOALAHCTBO W BO3BeAeHHbIM (1932) B pbluapckoe 3BaHWe
dapmakonorom 'eHpn COIOMOHOM Y37171KOMOM, OAHMM U3 ocHoBaTtenen (1880) 3HaMeHuTON hapMaueBTUYECKOW KoOMNaHun Burroughs
Wellcome & Co (c 1924 ropa Wellcome Foundation Ltd), B 1995 roay BkntouyeHHol B coctaB Glaxo (c 2000 roga Glaxo Smith Kline).
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potictBamu cekBeHupoBaHus (0T ABI u koHkypeHTOB Maiikia XaHKanwiiepa) U HapaCTUTh CBOH YCHJIHS, C)KaB TEM
caMbIM cpokud. ['oHKa npoaoxanacs.

CopeBHyromecs: CTOpOHBI BpeMEHAMHU BCTYIIATU B MEPETOBOPHI, HO HAIIPSDKEHHUE B OTHOIICHUSIX HarHETaIN CPe/ICTBA

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).



AHko Cnasa (Bubnuoteka Fort/Da) || http://yanko.lib.ru 69

MaccoBoil HWH(MOpMAaIMK, OCOOCHHO €CIH YYecThb pPE3KOoCcTh BeHTepa W HempekinoHHyr yutuBocTh Kommmaza. C
OpUOTMKEHNEM OKOHYAHHS TOHKH CIyXH O HEMPOCTHIX OTHOIICHHSX MEXIY ABYMS KOJJIEKTHBAMH NOCTUIIH bemoro
noma. Ha ogHom u3 coBemanuii npe3unaeHT bunn KivHToH nepenan 3anucky cBoeMy COBETHUKY Mo Hayke Huuy Jleiiny c
JTAKOHUYHBIM TIpuKazoM: «Pazbepucs — caenmaii Tak, 9ToOBI 3TH pebsATa paboTaid BMECTe». YJIaXHBATh BCE BEHITIAIO
[rmaBe CmyxObl OMONOTHYECKHX M JKOJOTHYECKUX HccienoBaHuii| Apuctuay I[latpumHOCy, PyKOBOIUTENIO TPOEKTA
reHoma uenoBeka oT MunucrepcrBa sHepretikn CILIA. Becnoit 2000 rona on npurnacun Konnuaza u Benrepa k cebe
momoii B PokBmmi, mrat MapuneHa, Ha ApyKecKoe JaemuThe. TaM OHW NPHUIUIM K COMIANMIEHHIO, YTO COOOIICHHE O
pacmin(poBKe TeHOMa 4YelioBeka OynaeT oOHapoaoBaHo WMH coBMmecTHO 26 wuions 2000 roma. B pasroBope mo
CIIyTHHKOBOH CBSI3H ¢ IpeMbep-MuHHCTpoM Bennkooputanuu Tonu bispom npesuaent Knunron ckazan: «CoBpeMeHHas
HayKa TIOJITBEP/IUIIa TO, YTO MBI BIIEPBBIE y3HAIIN U3 BepOBaHUH npeakoB. CaMmoe BaXHOE CBHETEIHCTBO JKU3HU Ha TOU
3eMJIe — 3TO Hallla YeJIOBEYeCKasi OOIIHOCTEY.

Hecmotps va mogasTyro CMU mrymuxy, ToHKa 1o pacmu@poBKe TeHOMa YeIoBeKa B JCHCTBUTEIBHOCTH HAYMHANIACh
3aHoBO. [losicauM, B ueM 31mech cyTh. JIHK comepkut cxemy paboTsl Bcero oprann3ma. Ho mpexiae gem oprann3M HadHET
CHpaBIATh CBOM HaJIOOHOCTH, cxeMy HeoOxomumo nepenucats Ha PHK, koTopas B cBoto ouepesp niepenaetcs Oenkam, a

TC 3aTCM IIPUCTYNAKOT K C60pK6 Ka)K,Z[Of/'I OT,Z[CJIBHOﬁ KJIETKU U BBIITOJIHCHUIO CBOUX 00S3aHHOCTEH.
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Puc. 4.10. /I:xon Kpeiir Benrep (cieBa), npe3uaeHt buiin Knunron u ®@pi3ncuc Koasmns B besiom nome
26 nions 2000 roga

- -

¢

Benxu mpencraBisioT coboil MOJEKYJIBI, KOTOPBIE, IO CyTH, U O0ECNEUMBAIOT KHU3HEACIATENbHOCTh KICTOK. [ eHOM
ykaspiBaeT PHK, kxakume Oenku ciemyer coOuparb, HO NpEKAE YeM OHU HAYHYT BBIIOJHITH CBOM MHOTOYHCIICHHBIC
00s13aHHOCTH, TIPOUCXOMAT W3MEHEHHS (OCTKH CKPYYHBAIOTCS, B3aMMOICHCTBYIOT, TMPHCOCTUHSIOT K ceOe TpYIIIBI
caxapoB WIM METHJAa W T. [.), B UTOTe MpOSBIISAS HEKWE BUAWMBIC TPHU3HAKH. Termepb MOHATHO, MOYEMY XpOMaeT
CpaBHEHHE YeJOBEYECKOTO TeHoMa ¢ yamei ['paans. 3HaHWE MOCIEIOBATEIBLHOCTH HYKJICOTHAOB B TEHOME HHYETo He
naer. HexoctaTo4HO 3HaHUE TOJIBKO CXEMBI.

Bonee npruemieMo Takoe cpaBHEHHE.

B otnanenHoM OyaymieM OIUH apXeoJIor HAXOAUT B OTPOMHOM Melepe ICKaJAPHUIIbI0 CBEPX3BYKOBBIX TPAHCIOPTHBIX
CaMOJICTOB, 3alpaBJICHHBIX TOPIOYMM M TOTOBBIX K BbUIETY. JleTYMKH-UCHBITaTeNd NOAHUMAIOT HUX B BO3AYX, U
OKa3bIBA€TCS, YTO OHU IOJHOCTHIO PAa0OTOCHOCOOHBI, OJHAKO OTCYTCTBYIOT PYKOBOJCTBA IO HX 3KCIUIyaTalluH,
YCTPOHCTBY U
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coopke. MmkeHepbl NPUCTYMAIOT K HMX HW3YYEHHIO, pa3OHUparoT, MbITasCh BOCCTAHOBHUTh, KaK HX COOWpau.
JOCTUTHYTBlI HEKOTOpBIE YCIIEXH, HO CaMOJICTBl CIIMLIKOM CJIOKHBI, H MHXXEHEPHl HE B COCTOSHHUU MOHATH MHOTHX WX
(hyHKIHA.

3HAYHUTETBLHO TIOKE PSAIOM APYTOoM apXxeojor HaXOMuUT OOJbIoe coOpaHWe Oymar, HalMCaHHBIX Ha JaBHO
HCYE3HYBIIIEM fA3bIKe. Bce Hecka3zaHHO pajibl, Tak Kak TEMephb yIacTcs pasrajiaTh TaliHbel camoineToB. [locne pacmmdpoBku
OKa3bIBaeTCsl, YTO HaeHbI OyMaru He ¢ IIaHaMHM M0 CTPOUTENILCTBY CBEPX3BYKOBBIX TPAHCIOPTHBIX CAMOJIETOB, a JIMIIb
C IepeyHeM 4YacTed, HeOOXOOUMBIX Ul CO3IaHMsI OpyAui mo cOopke camoisieToB. J[sl Hauajna HEIIOXO, HO IIPHUIETCS
MIPUIIOKUTH €IIle HEMaJo YCUJIHA, IPeXIe YeM yAacTCs pa3o0paThCs B MPOEKTE U MOHATH BCE TOHKOCTH PaOOTHI IPEBHETO
CBEPX3BYKOBOI'0 TPAHCIIOPTHOTO CaMOJIETa.

IlpuBenem cnoBa k. Kpeiira Bentepa: «CekBeHUpOBaHHME — JHIIb TOJBKO Hauyano». PacckasbiBas O cBoei
necatuwiieTHel padore B HU3 no usydeHuro Oenka Ha MOBEPXHOCTH KJIETOK CEP/lla, YyBCTBUTEIBHOIO K aJpEHAIUHY U
MPUBOJAIIECTO B JCHCTBHE DPEAKUHIO «BBDKHMBaHMs», Bentep orMermn: «To, 4ro moTpeOOBalio OT MEHS IECSTH JIEeT
paboTHI, TeTieph I MOTY cenaTh 3a 15 cekyHna Ha DBMy.

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
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[Iporeomuka: ciaexywui pyoex

st oTBeTa Ha BOIIPOC O MOJEKYJISIPHOM OCHOBE XXM3HU CHaudana HaJO YSCHUTb, YTO K€ MBI MILEM, 4 3aT€M HAWTH
BO3MOXHOCTb OCYILECTBUThH 3TOT MOUCK. BOT 4TO cTamkuBaer jrozel, B3SABIIMXCS PEIIaTh AAHHYIO 3ahady: HoApoOHas
[IOCIIEIOBATEIbHOCTh HYKJICOTHIHBIX OCHOBAaHMHA B 4YeJIOBEYECKOM TEHOME ompezenseT mnopsaok coopku PHK
AMHHOKHCIIOT U MOJYYeHHUs 3aJaHHON OenkoBoi Monekyunsl. (IIpexkae MCXOOumM M3 MPOCTOH 3aBUCUMOCTH MEXIY
reHaMH M OEJIKOBBIMHM MOJIEKYJIaMH: OIMH TeH, OAHAa MoJjekyjia. Ho Bce OKa3ajoch 3HAUMTENBHO CIOXKHEe. Mexmy

3amanaoi JIHK 1 koHEUHBIMU OeTKaMHu, OTIPeIeIsTio-
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MUMHA paboOTy KIETKH, CIyYaroTcs OTKIOHEeHWs. OJUH TeH MOXET B HTOTre CO3/IaTh MHOTO Pa3IMYHBIX OEIKOB.)
UenoBeuecknid TEHOM COCTOMT mpuMepHO U3 30 ThIC. TEHOB, YTO, COCTaBIsAeT JMIIb 2% OOmero d4mcia map
HYKJICOTUAHBIX ocHOBaHHU. OcTanbHbie 98% reHoMa 4acTo HEeBEpHO Ha3bIBAIOT OPOCOBBIMHU M3-3a HAILIETO HEBEAEHHs 00
X BO3MOXHOM MpenHa3HaueHuu. [1oHbII cocTaB yenoBeuecKuX OENKOB, 3aKOJUPOBAHHBIX B TEHOME — HPOMEoM, —
3HaYUTETRHO TpeBbImaeT 100 ThIC., BO3MOXKHO, IPUOIMKASTCS K MIULTHOHY. BelIki — 3T0 KJII0Y K YCTPOHUCTBY U padoTe
KJIeTKU. benku onpenensior Kiaccuyeckre OMoIorniecKre Mpru3HaKH.

Ilpomeomurxa cocpenoTOYCHA HA YSICHEHUM TOTO, KaK pa3BETBICHHAsI CETh OCIKOB YIIPABIISCT KICTKAMU U TKAHSIMHU.
Crnenytomias HepenIeHHas, TpeOyoas OrpOMHBIX yCHITHH 3a/1a4a CBA3aHa C KApTHUPOBAHUEM IIPOTEOMA.

IlnaH nelicTBUM 3/1€CH TAKOB:

1. Onpenenenue NOIHOTO cocTaBa OETKOB B KJIETKE, TKAHU HIIH OpraHu3Me.

2. BersicHeHre B3aUMOIEHCTBUS 3TUX OEIIKOB C IPYTHUMH, 00pa3yIOIUMH Pa3BETBICHHYIO CETh OEIIKaMU.

3. BrlsBneHHE TOYHOW TPEXMEPHOH KapTHHBI KaKIOro OeinKa, YTO IO3BOJIUT yYEHBIM HAXOAWTH CBSA3BIBAIOIIHNE
y4acTKH (HallpuMep, Takue, rae OeNKy Hanbosee BOCIPUUMYNBEI K IEHCTBHIO JIEKAPCTB).

Ha mytu mperBopeHMs MaHHOTO IUTaHA B JKM3HBb BCTpedaeTcss MHOTO TpyaHocteil. [lpexkae Bcero, HeT eQuHOTO
YeIoBedecKoro mporeoma. Kietku Mo3ra o0pa3yroT 0JJHO MHOKECTBO OEIIKOB, KJIIETKA HOTTEH — JAPYTroe, KIETKA KPOBU
— TpeTbe U T. . A coOupaemMblie OENKH CHIBHO 3aBUCAT OT PAa3INYHBIX (DAKTOPOB, TAKHX Kak OOJE3HB, MOTPEOICHHBIC
HaKkaHyHE NpPOAYKTHl M YMCTBEHHOE WIM Jake NIYyIIEBHOE cocTosHMe. KaxIoe cocTosiHMEe OpraHum3Ma IOpOXAaeT
pasnuuHbli mpoTeoM. KpoMe Toro, OENmKM TpeNCTaBISIOT cO0OW KpaliHe cloKHble oOpa3oBaHus. OHH TMO-pa3HOMY
YKJIaJIbIBalOTCS, HE BCET/Aa MpeICKa3yeMbIM 00pa3oM (MOXKeTe UCTI0Ih30BaTh MOIIb CBOETO KOMIIbIOTEpa IS pac-
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geTa BO3MOXKHBIX YKIIAIOK O€nmkoB, oOpaTHBIINCH Ha y3en folding.stanford.edu/ Cm: Cumcok uumed, 8. Ykiamka
OCIIKOB).

Yro KacaeTcs ONBITOB, OOJBIIME YCTAHOBKM aBTOMAaTH3MPOBANIM MpOLecC KamWUIAPHOTO 3JieKTpodopesa,
obecnieunBast OvicTpoe cekBenupoBanue [IHK. Ilpu cocrtaBieHuu KapThl MPOTEOMa CETOJHS WCHOJB3YIOT HECKOJIBKO
pa3IMIHBIX METOJOB, HO HH OJHOMY W3 HHMX HE yIanock nmotecHHTH cekBeHaTopoB JIHK. Ilpomomkaercs pa3paboTka
mporpaMMHOro obecriedueHus. BosHukaromme TpyaHocTH Obuir monsiToxkeHbl B 2001 romy Ha KoH(pepeHIHMH MO
nporeomuke «IIpoekT nmporeoma yenmoBeka»: «[ €HbI CTallU TOCTYITHEEY.

Hauanace BTOpas monoBwHa ToHKH. B sHBape 2002 roma aBe TPyHIBI YUYEHBIX COOOIIMIN O COCTaBJICHHH KapT IIO
OCIIKOBOMY B3aMMOJICHCTBUIO ISl Saccharomyces cerevisae, TUBHBIX npoxoxkeil. Kpome Toro, 5 ampens 2002 rona
MPUILIO COOOLICHNE O MONYYCHUH MpeNBapUTENFHON KapThl T€HOMa pHca OT JIBYX TIPYIN yuYeHbIX — u3 [lekuHCcKoro
WHCTUTYTa TCHOMUKH (JIJ11 HHIUWCKOW pa3HOBHIHOCTH PHICA) M BCEMUPHO M3BECTHOHN CEIBCKOXO3SHCTBEHHON KOMITAHUH
[u3 [l Betinapun| Syngenta (U1st ATTOHCKOW Pa3sHOBHUIHOCTH pHca). | '€éHbI 3epHOBBIX UMEIOT 3HAUYUTENEHOE CXOCTBO.

OtaenbHBIE TPYIIBl YYEHBIX, BXOISIINE B COCTaB MEXKAYHAPOJHOTO KOHCOpUUyMa «MEXKIyHApOAHBIA MPOEKT MO
nemmrppoBke reHoma pucay (IRGSP), B3sumce 3a m3yuenuwe puca. Puc comepxkur 430 MIH map HYKICOTHIHBIX
OCHOBaHHUM, TOT/A KaK y KyKypy3bl 3TO YHCJIO COCTaBJISIET 3 MJpA, a y miieHusl — 16 mapa. Y reHoB y Bcex HHX
OoJibllle, YeM y 4YeIOBEeKa, H STHM, BO3MOXKHO, OOBSCHSETCS Halla 3aBUCTh. BBIICHEHHE TOTO, KaK pa3iHyus B TE€HOME
BEIYT K Pa3IM4MsIM IMPU3HAKOB OPTaHU3MOB, U BHI3BIBAET HHTEPEC KO BTOPOIA MOJIOBHHE ATON TOHKH.

HemenmHee mosiojkeHue erie MOKHO CPaBHUTH C BUACHHUEM COCY[a, KOTOPBI MBI PACCUUTHIBAEM 3aIlOTHHUTD, YSICHUB
JI0 KOHIa, Kak B3auMonaeicTByroT Mosiekynel JIHK, PHK u 6enka. OH MOXKET HpeaCTaBIATHCSA HAM JIMOO HAIOJIOBUHY
MIOJIHBIM, JIUOO HATIOJIOBUHY ITYCTHIM.
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IMocaencrBus u 6eacTBUSA

B oTnuume ot apyrux HepemieHHBIX HpoOieM, MpoTeoM Oke K 1enu. B3aTe Hac ¢ Bamu. YenoBedeckwii TEHOM
MIOMOXET KakKIIOMy M3 Hac, MO0 eCTh BEIIW, KOTOpble MBI HaBEpHSIKA COTIACHMCS YSCHUTH W TONpaBUTH. Pemrenne
BOCIIOJIb30BAaThCA 3HAHUEM BBIXOAUT AAJICKO 3a paMKH YUCTOM HayKH, KOTOpOI>'I JABUXKET JIFOOOTIBITCTBO. OZIHaKO YCIIOBCKY
CBOMCTBEHHO HMCKATh MPAKTHYECKHE BHITOMbI. [IpHINenpibl, COBEPIIUBIINE MTEPEBOPOT B OMOJIOTHH, OBLIM IBHXHMBI HE
OHUM TOJBKO JOOONBITCTBOM. Te, KTO CyOCHOupoBaJl dYacTHBIC JabopaTopuu TIO JeMHU(pPOBKE TIeHOMA,
C000Pa30BBIBAIUCH HE TOJIHKO C YEJIOBEUCCKUM 0JIaroM, HO M C CYyJIMMOM BBITOJ0M. Kak TOJBKO CTAHOBUTCSI BO3MOXKHBIM
BIIUSITH HA YCIIOBHS YEJIOBEUECKOTO CYIIECTBOBAHMSI, BEICTYIAIOT UHBIE COOOPAKCHUS — HPABCTBEHHbIC.

Hcrnonp3oBaHue 3HaHWN O YEIOBEYECKOM T'€HOME HeceT W 1o0po, W 310. Bo3moxkHO, maMatys o MaHX3TTEHCKOM
MIpoeKTe, MEePBBIN TMaBa HammoHampHOTO MEHTpa MO U3yYeHUIo TeHoMa denoBeka JxeiiMmc Yorcon 5% cpencTs mieHTpa
HaIpaBJIsUT HAa U3yYCHUE HPABCTBEHHBIX, MPABOBBIX M COIUANIBHBIX MOCHeAcTBHU mpoekta. OH mucan: «Ham Oonee He

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
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HaJ0 XMBBIX YKOPOB, BOIPOCOB M OTBETOB, KaK HayKa, OKAa3aBIIMCh B HEYHCTOIUIOTHBIX PyKax, CIIOCOOHA MPHUHECTH
HEUCYHUCITUMEBIC OSICTBUSY.

Bormpocsr npuMeHeHHsI TeHEeTHYEeCKUX 3HAHWKA Ha MPaKTHKE BBHIXOIAT 32 PaMKH Halleld KHUTH, HO BCE YK€ BKpATIE
o0pricyeM HECKOIBKO TaKUX MPHUIIOKEHHUH B HAJEXK/E MPOSCHUTH COCTOSTHIE COOTBETCTBYIOIIEH OTPACIH 3HAHUS, YTOOBI
B UTOTC MIPUHIMAIIUCH B3BEIICHHBIC C HPABCTBEHHOMN TOUKHU 3PEHUS PEIICHUS O MPETBOPCHUH UX B JKHU3Hb.
buouumn.

buounn. IlocpenctBom Meroma doTonuTorpadu, CXOTHOTO C TeM, UYTO FWCIONB3YeTCsl TpPH TPOHU3BOJCTBE
kpuctauioB (uunoB) miusi OBM, coTHu Thicsy Ouonormvecku akTtuBHbIXx Monekyn — JIHK, PHK, GenkoB —
YKJIaJIbIBAIOTCS CTOJIOMKAMU W PsAJaMH Ha CTEKIITHHBIA WM KPEMHHUEBBIH KpucTaDl. {7 mpoBepku OHOJIOTHYEcKre

MOJIEKYJIBI METAT (hIIyOPECIICHTHBIM KpacHuTeJeM, 3aTeM HaMBIBAIOT Ha KpucTayul. HaHeceHHbIe Ha KpH-
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cramt monekynsl JIHK wmu 6enxa, mo ciioBam m3o6peratens Ctua @oopa, NEHCTBYIOT «IIOAO00HO TOHKHM IMOJIOCKaM
MoteKyJsipHOH "numrydku'». [IpoBepsieMble MOJEKyTBI KOMIDIIMEHTAPHBI K MOJIEKYJIaM Ha KPUCTAJUIe W MIPHIIEHSATCS K
HUM, TIOCJI€ 4Yero NpH Ja3epHOM CKAaHHUPOBAaHMM TMPEACTAaHYT B BHJIE CBETSIIEHCS TOYKU. BBIXOIHBIE TaHHBIE
CKaHUPOBAHUS 3aTeM BBIBOISATCS Ha dKpaH, o0pabareiBaroTcst DBM 1, HaKOHEII, UCTIONB3YIOTCS JUIS BBISIBICHUS MYy TallnH,
MIOJTyYeHUs] CBEIEHUH O Xoje OOJIe3HW WM JICUeHHUs, IS ONpeeNieHNs], KaKue TeHBl B3aNMOICHCTBYIOT APYT C IPYTOM
IIpH POCTE KIETKH, M U3YUYEHHUSI MHOTUX HUHBIX CTOPOH T€HETHUKH.

CesbCKOX0351/iCTBEHHOE TPUMEHEHHE.

Ceabckoxo3siiicTBeHHOe TpuMeHeHHe. [locpencTBOM pPeCTPUKIMOHHBIX (epMeHTOB MokHO wm3MeHATh JIHK
pacTeHWid Uil TOJTYYEHHUS HYKHBIX TPU3HAKOB: BBICOKOW ypOXKaWHOCTH, Oojiee MUTATENLHOW NHINM JUIS JIOACeH U
JKUBOTHBIX, TIOBEHIIIEHHOTO COJEP)KaHWUS BUTAMHUHOB W MUHEpAJOB, OOJbIIEH YCTOMYMBOCTA K 3a00JIEBaHUSM,
repOuruaamM s oOJieTdeHHs OOpHOBI C COPHSIKAMH, POCTAa YCTOWYMBOCTH K HACEKOMBIM-BPEAHMTEISAM, CIIOCOOHOCTH
CBS3BIBATh A30T JUI1 YMEHBIIEHUS KOJMYECTBA BHOCHUMBIX yJOOpPEHHUH WM TOBBIMIEHUS YAOWHOCTH KOPOB HAa MOJIOYHBIX
bepmax.

I'eHeTHYeCKHII KOHTPOJIb Y YeJI0BEeKA.

I'eneTnyeckuii KOHTPOJIb Yy 4YenaoBeka. [IoCcKkoNbKYy HacieACTBEHHBIE MPU3HAKH y YENIOBEKa IIEIMKOM 3aBUCST OT
TeHOB, MBI MOXEM OTOHMpaTh WX IS MIOTOMCTBA WM TPEACKA3bIBATh BEPOSTHOCTh TEHETHUECKUX 3a00JCBAHHUN Y JIOICH.
Taxast BO3SMOXHOCTB CONPSDKEHA € JAIEKO HIYIIUMHI 3THIECKUMHA MTOCTIeICTBUSIMHU.

HN3y4yeHue CTBOJIOBBIX KJIETOK.

H3yueHne CTBOJOBBIX KJeTOK. [locie oOImiogoTBOpeHus SIMIEKIETKH 3apOJBIIl COACPKHUT BCI TEHETHUECKYIO
nH(pOpMAIMIO O NaJbHEWIIeM pa3BUTHH opraHm3ma. KileTku, cmocoOHBIe pa3BUTHCS B JIOOYIO KIETKY OpTaHW3Ma,
MMEHYIOTCS 3apO/bIIIEBBIMY CTBOJIOBBIMH KieTkaMHu. [1o Mepe pocTa opranusma KJIeTKH CHelHaIUu3UpyIOTCs, YTpadyuBas
THOKOCTh CTBOJIOBBIX KieTOK. CTBOJNIOBBIE KJIETKM C 3aJOKCHHBIM B HHX IOTCHIMAJOM MOKHO BBHIpallMBaTh H

HCIIOJBb30BATh I TAKUX KpaﬁHe Ba>XHBIX I.ICJ'ICIZ, KaK BOCCTAaHOBJICHUEC MMOBPECKACHHBIX CEPACUYHBIX MBILII UJIHA
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TKaHel Mo3BOHOYHNKA. OJHAKO METOABI BBIPALIMBAHUS MOAOOHBIX KIETOK CONPSKEHBI C 3TUYECKUMH BOIIPOCAMHU, /10
KOHIIA eIlIe He permeHHbIMHU. VIHON moaxon — AoKaaThest 6oJiee 3peioro BO3pacTa 1 BhIPAIlMBaTh CHCIMATN3UPOBAaHHbIE
KJIETKH B3POCHBIX, KOTOPBIE CTOJIb K€ MOJIE3HBI.

Kaonuposanmue.

KaonupoBanme. TloHauany KJIOHMpOBaHHE 3aKJIIOYAIOCh B 3aMEHE sipa SUIEKIETKH SAPOM JAPYrod KIETKH C
MOCTIEAYIOUINM BHEJIPEHHEM HOBOW SHIEKIETKH B MAaTKy CypporaTHOM MaTepH, KOTopas B UTOre€ JacT MOTOMCTBO, YbU
TeHEeTHYECKHE CBOUCTBA OyIyT OAMHAKOBBIMH CO CBOWCTBaMH IepecaxxeHHOro siapa. [locie oBnaneHust JaHHBIM METOIOM
YCIIELIHbIE OIBIThI OBUIM IIPOBENEHBbl HAa MBIIIAX, CBUHBSX, KOPOBaX, a HAWOONBLIYI0 M3BECTHOCTH IMOJIy4HJIa HBIHE
roru6Iras opna Jomu.

Urak, mooicno nm knoHupoBaTh dvenoBeka? lcxons w3 COBpEeMEHHOW OHONOTMYECKOW TPAKTUKA STO BIIOJTHE
BO3MOXHO, U HEKOTOpBIE, MpaBla HEMOATBEP)KICHHBIC, 3asBJICHHUS YK€ MOCICAOBAIN CO CTOPOHBI CEKTHI Pa3IUTOB™.
Hyoxcno nmm 3T0 fenate — APYro BOMPOC, OTHOCALIMICA K HPAaBCTBEHHOW M TpaBoBoil cdepam. He meHee BakHa
BO3MOXHOCTD HCIIONIb30BaHUSI PECTPUKLIMOHHBIX (DepMEHTOB [UIs BhIpe3aHus U BKienBaHus uenoBedeckoid JJHK B JTHK
XHUBOTHBIX C MOCJIEIYIOIMM KIOHUPOBAHUEM JKHBOTHBIX, MpeBpamias ux B (padpUKy MO HPOU3BOACTBY JEKAPCTBEHHBIX
0€KOB, PEIKUX FOPMOHOB WM AaXK€ LEIbIX OPraHOB JUIA NEPECaJKH JIOASM IPU MOBPEKACHUHM WM 3a00JC€BAaHUU UX
COOCTBEHHBIX OPTaHOB.

* WcTopus pennrmosHoro ABMXEHUs pasnnTOB Hayanacb MHOMO fleT Ha3aj, Korda dpaHLy3cKuii xypHanucT Knoa BopunboH B3sn
cebe ncesaoHMM Pasnb (13 gekabps 1973 roga eMy SBUACS MasieHbKWIA 3eeHbIN YenoBeK C APYron naaHeTbl n coobwmi, yto Knog —
OVTSA MHOMNAHEeTSAHUHA (K TOMY Xe poaHoW 6paT Xpucta), u ero Hactosuwee uma — Pasnb) 1 co3gan cekTy, YeHbl KOTOPOW BEPAT, YTO
no4en MeToAoM K/OHMPOBAHWSA Co3Adanu MHOMMaHeTsHe. Ha noxepTBoBaHWSA 4ieHOB cekTbl B 1997 roay 6bina co3pgaHa dwvpma
Clonaid, koTtopas obbsiBuna cebs «nepBoV B MMpe» KOMMep4yeckoh UpMOKM MO KIOHMPOBaHWIO yenoseka. B 1999 roay BopunboH
nepepan ee CBoel AyXOBHOM A0OYEPU, AOKTOPY XMMun BpmxunTtTt Byaccense.
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HebonbImas mog0opka UCHONBb30BaHKUS TEHOMHKH (2 3HAYUT, ¥ MPOTEOMHKH) AT MPEJCTABICHUE O HPABCTBCHHOM
CTOPOHE TEHOMUKHU U TIpoTeoMuku (6oiee moapodHo cM.: Crimicok unel, 9. ['eHeTnueckne TeXHOIOTHN ).
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PemieHue rojioBOJIOMKH: MO4YeMy, KaK, KTO U Ije, Koraa?

Mouemy.

Ilouemy. IIpoTreoMuka maeT BO3MOXHOCTH CO3/1aBaTh HOBBIE, OoJiee NEHCTBEHHBIE JIEKAPCTBA M THATHOCTHYECKUE
cpencrBa. OQHAKO YHUCIIO Map a30THCTHIX OCHOBAHM, TEHOB M OCJIKOB, C KOTOPBIMH IMPHUXOJUTCS UMEThH NIEJI0, CTaBUT
TPYIHYIO 33a7a4dy Iepe TEMH, KTO HCCIEyeT, CO3/IaeT U UCTIHITHIBACT MTOA00HBIE CPEICTRA.

BBI TONMBKO B3TISTHUTE HA OTH YHICHA: 3 MIPX Map HyKICOTUIHBIX OCHOBaHMM, 30 TBIC. T€HOB, COTHH THICSY OEIIKOB
MPUCYTCTBYIOT B 4YelloBedeckoM opraHm3me. OHHM YCIOXHSIOT M 0e3 TOro TPyIOHYIO 3ajady, TpeOys METOHOB IO
00paboTKke OrpoMHBIX 00BEMOB JaHHBIX. HoBas orpaciie — OMOMH(OpPMATHKA BhI3BANA OOJBIION HAILIBIB YYCHBIX —
CIEIMATIICTOB 110 COCTABIICHUIO aJITOPUTMOB — B KA4€CTBE PAaBHONPABHBIX OMOJIOTOB, AaBasi BOZMOKHOCTh O0ECIIEUUTh
WX OpyIusiMH cOOpa, YHOPSAOYMBAHHUA W TOJIKOBAHHUA OWOJIOTMYECKH 3HAYMMBIX NAaHHBIX. XOTS OMOWH(pOpMaTHKa U
MOXKET OKa3aThCs KJIIOYEBOH B pEIICHUH OOIIeH 3aJauyd, HE HCKIIYCHO, YTO OOBEM 3aJaud yKa3hlBacT Ha ee
Hepa3pemuMocThb. CI0XKHOCTh B3aUMOJICHCTBHI OEJIKOB JENIaeT BCIO OMOJOTHYECKYIO0 CHCTEMY OOBEKTOM, IJie KpaiiHe
Mayple M3MEHEHHWsS Ha BXOJIE, JIETKO BBI3BIBAEMBIE BEIMKHM MHOXXECTBOM OOBIYHBIX B TaKOM J€JI€ BO3MYINAOIIIX
(hakTOpOB, HEM30EKHO MPHUBOIAT K COBEPIICHHO HEOXKHJAHHBIM IMOCIENCTBUSIM (ITOJOOHBIN BOMPOC BCTAET B INI. 5 0
MpeJICKa3aHUU TIOTOJIBI).

HexotopsiM oOpa3om maHHas IpoOiieMa MepeKInKaeTes ¢ mpobaeMoit B (U3UKe, TIe OTACIBHBIEC YaCTHITEI 00pa3yroT
COBOKYITHOCTH, IOBCACHUC KOTOPBIX IIPEACKA3bIBACTCA Ha OCHOBEC BCPOATHOCTHBIX MCTOHOB. HaHHLIﬁ moaxon,

HMMEHYEMBIH CTaTu-
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CTHYECKOH MEXaHUKOW, JOKa3ajl CBOK JCHCTBEHHOCTh. B (HU3MKE 4YacTUIBI OAWHAKOBBI W IO YHCICHHOCTH
3HAYHUTENIFHO MPEBOCXOAT OHOJIOTMYECKHE MOJIEKYJIbl, TaK YTO 3aKOHBI OOJBIIMX YHCENl 00ECIeYHBAIOT CXOICTBO.
buonornueckue cucTeMsl UMEIOT €0 ¢ HEOJWHAKOBBIMU €AWHHULIAMH, M MX YHUCIO CYLIECTBEHHO MEHBIIE, HANPUMED,
KOJMYEeCTBAa aTOMOB B cojep)KamieMcsi B KOMHaTe Bo3fayxe. llo3ToMy BBITOABI, TOIydaeMble OT HCIIOJIIb30BaHUS
CTaTUCTUKHU, HENb3sl MPUMEHHUTh K PEIIeHHIO 3TOH 3amaud. Bo3mokHO, OyneT co3maH HOBBIH BHJ CTaTHCTHUECKON
MaTteMaTuku. 1 6nonHdopmMaTrKa, Ioxoxe, Ta 00JacTh, II€ 3TO MOXKET IPOU30MTH.

Krto u rae.

Kto u rae. [Ipyras BO3MOXHOCTb COCTOMT B TOM, YTO OHMOJIOTHH TOMOXKET OYEpEIHOW HAIUIBIB YUEHBIX M3 JAPYTHX
oTpaciell 3HaHUH, WM XKe KOOPAUHATOPHI Oojee oOmupHBIX npoekToB Bpoae @. Komnmaza, mubo HeyeMHble 0OJUHOUKH
Bpone Jx. Kpeiira Benrepa. Ilomumo Celera B cnHCOK KOMIAHWH, BKJIIOYMBIIMXCA HBIHE B HCCIEIOBAHUA IIO
npoteomuke, BXomsaT Cellzome nu3 I'epmanuu, Hybrigenics nz ®panunu u MDS Proteomics u3 Kananpl.

Korna.

Korga. Ilo wmuenuro mnpodeccopa ¢apmareBtuueckoii xumuu Onme bepnunreiima u3  Kamudopuuiickoro
yauBepcutera B CaH-OpaHIMCKO, «MBI ceiidac UMeeM BO3MOXKHOCTH 3HAYMTENILHO ObICTpEe ONpENeNiTh cocTaB Oenka B
4eJI0Be4eCKOM opranusme. Pabora moynkHa 3aBEpIIMTECS 3a apy JeT.

VYdeHble npu ompeneneHur OeNKOB, BXOAANIMX B T€ WIM WHbIE KICTKH WJIH TKAaHH, OOBIYHO TPHOEraloT K IBYM
OCHOBHBIM cIloco0aM: IByXMEPHOMY Telb-3JIeKTpodope3y U Macc-ClieKTpoMeTpuu. HekoTopble KOMIaHWU TBITAIOTCS O
BO3MO>KHOCTH yCOBEPIIEHCTBOBATh U aBTOMAaTH3UPOBATh 3TH U APYTHE METOABI.

IIpencraBnsercs, 9To MOCIE YCTAHOBIEHHUS YCTPOMCTBA YEIOBEUECKOTO T'€HOMA M HM3YUYEHMsI BCEX €ro NPU3HAKOB
JaHHBIN y3el y/acTcs pa3Bsi3aTh, M OCTAHETCA JIUIIb BOCIOIB30BaThCA HaJEHHBIMU 3aKOHOMEPHOCTSIMHU /17151 BBISICHEHUS
noapobHocteit. Ho 310 He Tak. HoBble cBegeHnst 0 reHOMe yKe MpernoJHecIn HeMalo HeokunaHHocTel. [loatomy He
CTOUT YIOUBJIATECSA OYEPETHBIM OTKPBITHSAM.
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I'naBa 5. I'eostorusi. Bo3mMokeH Jid TOYHBIN J0JTOBPEMEHHbIN MPOTHO3
noroabi?

MporHo3 noroabl Ha HOYb: TEMEHb.

Lbkopax KapsivH

[BblA@OWNIACS @aMEPUKAHCKNI KOMUK]

Bce no6aT roBopuThb 0 NMOroge, HO HUKTO He MbITAeTCS ee U3MEHUTD.
Mapk TBeH

N3ydenune miaHeThl 3eMJIs KaK IeJIOT0 — IpeporaTHBa reoyiorud (Hayku o 3emiie). Moienh MINTOTEKTOHUKY HalleH
TUTAHETHI TOBOJIBHO XOPOIIO OMHUCHIBAET CIICACTBUS B3aUMOJCHCTBHI €€ CaMbIX BEPXHHUX, YETHIPEX TBEPIBIX M KHIKOM
obomouek. OxHako atMocdepa 3emitu, 0COOEHHO €€ CHHONTHYECKOE COCTOSHHE, TIOXO0XKE, MePeuepPKUBAET BCE TOMBITKH
CO3/1aTh MOJIETH, KOTOpHle AaBalli OBl HaJeKHBIE JONTOBPEMEHHBIE MPOTHO3B. Pa3 moroma oOkas3bIBaeTCsl CTOJH
OTIIMYUTENIbHOM 4epTol Hallel IIaHeThl, HaXOXACHHE TMOAXOJAIIeH MOJENU s MpeICKa3aHus IMOTOJbl OKa3bIBAETCs
KpyNHeHIIel HepeleHHoH 3a1aueil Hayku o 3eMIe.

ITorona na 3emae

[IpenmymiecTBEHHO SICHO, OTYACTU 00Ja4yHO, TOPoi JOXKJIA, BO3MOXKEH CHET, 0)KUAAeTCsl YXyAIIeHne nmoroasl... He
yAUBIIS-
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JIO U Bac, YTO CHHONTHUKHA 3aWMCTBOBAJIM CBOH JBYCMBICICHHBIM SI3BIK y TeX, KTO 3aHUMAETCSl COCTABICHUEM
ropockomnoB? YTo ke ToBopUTb 0 Karendape xpecmuvanuna.®, TMpeAcKa3bIBaIOIIEM IOTOAY Ha TOX BIEped, WiId 00
yIInOJICHHOM KOJICHE Ballled TeTYILIKH, KOTOpPOE HAYMHAET HEM3MEHHO KPYTHUTD C IPUOJINKEHUEM HEHACThI?

[lorona u ee mporHoO3 BcerJa Urpajd OTPOMHYIO POJIb B BEDKUBaHWM Jtojed. Camble NPEBHHUE CCHUIKUA Ha TOTOIY
OOBIYHO CBSI3aHBI C PENTUTUEH WK (HOTBKIOPOM.

Penurus eruntsiH ¢ ee HeOecHbIMH O0KECTBaMHU BKJIIOYaja OOpsAbI MO MpHU3bIBaHMIO H0XAs eme 3a 3500 mo H. 3.
Basunonsae (3000—300 mo H. 3.) CBA3BIBAIM HEOSCHBIC Tela C TIOTOMHBIMH SBJICHUSMH, IOJIarasi, 9T0 TEMHOE KOJBIIO
BOKpYT JIyHBI 03Hauao mpuOIMKeHue NoXas. J[peBHUE IpeKkr HaKOMMIM HAOJIOACHUS 3a MOTOJON W CO3JalIu TEOpHH,
HalleAmue Bomioumenue B Memeoponocuxe Apuctotens (340 mo H. 3.), Tae OblIM cOOpaHBI MPEXHUE MPEIACTABICHUS,
[IPUBEACHHBIE B COIJIACHE C TOCIIOACTBOBABIIMM TOTAA YYEHHEM O YETBIPEX CTHXHUIX (3€MIile, BOAE, OTHE U BO3IyXe).
[locne naywHoro mepeBopota 1600-x romoB mocTpoeHHs ApHCTOTENs ObUIM HAaKOHEIl MOABEPrHYTHl IMpPOBEpKE, U
YTBEPAMIIOCH NPEACTaBICHIE O BCEOOIEM XapaKTepe MOrobl U KIMMaTa.

B HoBoe Bpemsi m3ydeHHe aTMOC(EpPHBIX YCIOBHHA CTajJ0 HEOThEMJIEMOH 4YacThi0 Hayku o 3emie. ATMocdepa
IpesicTaBisgeT co00il ee BHEIIHIOW 000104Ky. OcTanbHble YeThIpe 000JI0YKH — BHYTPEHHEE U BHEIIHEE AP0, MaHTUS U
KOpa — CyTh MEAJICHHO IepeMelIaloninecs: TBepAble U Kuakue Tena. M3-3a razoo0pa3HocTH aTMOc(epHOi 000710UKH
OHa MEeHseTcs ObICTpee BCEro.

* 0Id Farmer's Almanach — eXerofHblii aMepuKaHCKWii >XypHan, coaepxalivii MpPOrHo3 Morofbl, MaaH MOCEBHbIX paboT,
acTpoHOMMUeckme Tabnuubl, acTposiorMyeckme CBeAEHMUSs, peLenTbl, Kacalowmecs XU3HW 3emienenbla, 3aHUMMaTesbHble WUCTOpUW.
Bnepsble 6bin1 n3gaH B 1792 roay Pobeptom Bernm ToMacoMm, CcTaB «A0NTOXUTENEM» CPeAn aMepPUKaHCKMX XYpPHasosB.
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HpOFH03 mnmoroabl Ha 3emuite

WHorpma, 9acTuyHO, OOJBIIEH YaCThIO, WIIH COBEPIICHHO SICHO,
win 00TaYHO C MEHSIOMICHCST BEPOATHOCTBIO IO, CHETa,
rpaja, MOKpPOTO CHETa, CMepya, yparasa...

Temmnepartypa: MakcumanbHas +58°C,
MuHuManbHas —84°C.

JaBiienne: 1 atmocdepa +/-10%.
Baaxuocts: ot 0 mo 100%.
Berep: oT HyJis1 10 231 Munu B yac (BO3MOXKHO,

BBIIIIE ITPH CMEpUe).
BuauMocTb:  OT HyJIsl 10 MOJHOM.

Ocaakmn: OT HyJIs 10 523 n10iMOB BOABI B TOJ.
BepositHoCcTB
rpo3bl: MepeMEHHa.

KOHermellj NnpoOcHO3 3asucum om mecma u epemenu 200d.

%Dﬁ- h.raobvﬁm qaotamana{ Lcov'ao,aas wOMO AR 'gom, QWLJLMBI

AAUOADID AOYLIL MDTA. nipOLID3,

HUX IIJIaHET, I/ISy‘II/IM CTAHOBJICHHC 3CMHOI>'I aTMOC(l)epBI, BBIIBUHEM T'MIIOTE3bI HpOFHO3a Imoroabsl u HpOCHCZ[I/IM 3a

HUCTOKaMH, pa3BI/ITI/IeM TeOpI/II/I Xaoca MU BBIIBUM €€ yMeCTHOCTL. HaKOHeH, 3aﬁMeMCH BOHpOCOM, BO3MOXHO N
TeOpeTI/ILIeCKI/I HpOFHO3I/IpOBaHI/Ie IIoroasl ¢ IIOMOIIBIO COBpeMeHHLIX MaTEeMAaTHYCCKUX METOIOB.

Atmocdepa mpencTaBiseT coOOW Ta30BYIO0 O0OJOYKY, OKPYKAIONIYI0O TBEpAyIO (W/WIM KHAKYIO) TOBEPXHOCTH
rutaHeTsl. ATMocdepa ra3oBbix rurantoB — lOnmrepa, CatypHa, Ypana n Hentyna — Hambonee OTIMYUTENbHAS UX
yepTa. Bce TBepmple uyacTH 3THX IJIaHET MOTpeOEHBI MOA TOJNCTHIM cioeM Tasza. [lpyrue HeOecHble Tela Hamleu

ConreuHol cucteMbl — Mepkypuid, [ImyTon u Jlyna — BoBce win modutr He o0nafgaroT arMocdepoii. Ha octaBmmxcs
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Tpex miuanetax — Benepe, 3emie u Mapce — IUIOTHOCTB Ta3a KoyiebJeTcsi OT KpaifHe BBICOKOH 0 BecbMa MalloH,
o0OHO paccyXICHUSAM JICBOUYKH B CKa3Ke O TPEX MEIBEISX.
Benepa.

Benepa. M3BecTHa Kak poaCTBeHHas 3eMile IUIaHETa M3-32 CXOACTBAa MHOTUX CBOHMCTB. Ee momepedHHK cocTaBisieT
95% ot 3emHoro, Bec — 82%, mroTHOCTE — 95%, a cmma TaroreHus Ha moBepxHocTH — 91%. Omuako Benepa
BpallaeTcss 04eHb MEIJIEHHO — OJWH 000pOT cocTaBiseT 243 3eMHBIX — M B IPOTHUBOIOJOKHOM II0 CPaBHEHHIO C
BpamenrueM 3emin HarpasieHud. Och BpamieHusl BeHeprl MouTH 0TBEeCHA K MIIOCKOCTH €e OpOUTHI (OTKIOHEHHE 2°), He

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
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HaKJIOHEHA TI0/T00HO 3eMHO och (oTKIIoOHEHHE 23,5°).

OxkazaBmincy Ha Benepe, Mbl He 3aMeTUM H3MEHEHHs B pazMmepax. Cuia TATOTEHHUS IOYTH Ta ke (XOTsS moteps 9%
Beca MPUBETCTBOBAJIACch OBl MHOTMMH M3 HAC), HO HET BPEMEH Toj/ia, MOJA00HBIM 3eMHBIM. [InaHeTa Bpamaercsi, HO BbI
sTOro He omytute. Ha 3emie MBI Toke He 3aMevyaeM BpAIICHHUS, 32 TEM HCKIIOYCHUEM, YTO, CIeJs 3a JIBUKCHUEM
ConHna o HeOy WM HaOMI01asl 3a MEPHOJNUYECKUM HACTYIUICHHEM TEMHOTHI (HOYH), MBI MOKEM BHJIETh 3aX0J] M BOCXOJ]
JlyHsl u 3Be31. M3-3a TONCTOTO CN10s 00JIAKOB TaKOH BO3MOKHOCTH HaM Ha BeHepe He mpeacTaBuTCs.

Pa3 Mb1 okazanuch Ha BeHepe, mpencTaBuM, 4To TaM HET atMocdepbl, ¥ OCMOTpUM, uTo Oyaer. [Ipu oTcyTcTBHH
atMocepbl  TeMIiepaTypa Ha IIOBEPXHOCTH CTAaHET ONPEACIATHCS B3aUMOJACHCTBHEM COJHEYHBIX JIyded ¢
COCTaBISIIOIINME MOBEPXHOCTH BeHepsl mopogamu. CoriacHo 3aKOHY COXPaHEHHMs HEPTHH IUIaHEeTa BBICTYIAET B POJIH
OecnpuOBUTLHON KOpPIOpanuu: A0Xoabl (MocTynarmmas Ha BeHepy conHe4Has dHeprus) paBHBI pacxojaaMm (OTmaBacMas
miaHeTo BoBHE 3Heprus). Ilockompky Benepa Ommke xk ComHIly, yeM 3eMiisl, OHa IONy4daeT OOJbINEe COTHEYHOH
sHepruu. KonnuecTBo 0TAaBaeMOil BOBHE SHEPTUH 3aBUCUT OT CBOWCTB €€ TIOBEPXHOCTH.

BennumHa, XapakTepu3yromas cmocOOHOCTh MOBEPXHOCTH OTPAXKATH MAJAOIIMNA HA Hee MOTOK M3TyUeHHS, IMEHYETCS
anp0e0 [ paBHA OTHOIICHUIO OTPAXKEHHOTO MOTOKa K majarorieMy]. [IoMHOCTBI0 OTpakaroliee SHEPTHI0 TeI0 UMEeT

anpbeo, paBHOE enuHUIIE (HAIIpUMEp, 3epKajio), a COBEPIIICHHO HE OT-
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paxarormee — HyJIeBoe anpOemo (Hampumep, 4epHBIM acdanbT). B orcyTcTBHE aTtmocdepsl anpdemo BeHeps
COOTBETCTBOBAIO OBl anbbeno MepKkypHs BBHIY CXOKECTH WX MoBepxHOcTei. Temmeparypa fguiieHHOW aTMochepbl
Beneps! cocrapnsina Op1 mpumepHo 38°C. X0Ts M0 MepKaM TeMIIepaTyphl Ha TIAHETaxX TaM MOXET ITOKa3aThCs JOBOIHHO
JKapKo, TAKOI'O MBI €IlI¢ HE BCTpeyau.

Teneps BepHeM Benepe atmocdepy, KoTopasi NMPUMEPHO B CTO pa3 Tsokelee atMocdepbl 3eMIH U COCTOUT W3
yraekucioro raza (CO,) — 96%, azora (N,) — 3%, HEOONIBIIOr0 KOJU4ecTBa cepHUCTOro raza (SO,) u UMb KaKuX-TO
kpox kuciopoaa (O,) — TBHICAYHBIE TOJU MPOIIEHTA. Y MOBEPXHOCTH NaBJIeHHE MPOCTO yaymiaromee — B 90 pa3 Bble
3eMHOTO. A 3TO TONBKO Hadano. Be3ae BrIcOTHBRIE 00aKa, HO CBETIIO-XKEINThIe, a He Oelbie U cepble. Bens oHM cocTosT He
13 MapoB BOJBI, a U3 Kamenb cepHoil kucioTsl (H,SO4). ConHeunslii cBeT eBa npoOHUBaeTcs CKBO3b HUX. Temmeparypa y
MTOBEPXHOCTH BO3PACTET, KaK TOJIHKO Ha TUTAHETY BEPHETCS aTMOcdepa, JOCTUTHYB HeMbIcTuMon BenmauHbl 470°C.

Ecmm BB cTynuTe Ha Benepy m oOpatutech 3a CBOAKOHM moroanl K ceTu MHTepHET Ha BeHepe Wim K TEIEeBUICHUIO
Benepsl, To noMy4YnTe IPUMEPHO CIEAYIOLIee.

IIporuo3 moroast Ha Benepe

CromrHast 06J1a9HOCTb.

Temneparypa: makcumanbsHast +470°C, muanmanbHasg +470°C.

JaBnenue: B 90 pa3 Beie 3eMHoro (90 atmocdep).

BaaxHocTh: HyseBas.

Betep: meHee 3 MuIh B 4ac y MOBEPXHOCTH, CBBIIIE 220 MIIIb B YaC Ha YPOBHE BHICOTHBIX O0JIAKOB.
BuanmMocTn: nojHas.

Ocaaku: He TOCTUTAIOT MTOBEPXHOCTH.

BeposiTHOCTH IPO3bI: TOJBKO B 00J1aKaX.

Jlanuwiii npoenos eepen 6e30e u 6ce20a, NOCKOILKY 8bICOMHbLE 8EMPbI NOBCEMECTHO YOepHCUBAIOM 001AKA.
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Tenepb HEMHOTO MOAPOOHOCTEH.

MaxkcuManbHass 1 MUHUMAaJIbHAs TeMIIepaTypbl Ha BeHepe COBMaaroT BBUJY IIOTHOCTH arMocdepbl U (OpMBI ee
MepeMeIleHus], YTO MO3BOJIAET YIHEPTUU PABHOMEPHO paclpeAessIThes o Bcel mianeTe. KpaifHe BbICOKOE 3HaUEHHE 3TOU
BCIOOY OI[I/IH&KOBOﬁ TEMIICPATYPHI, IIPU KOTOpOI‘/‘I IJIaBATCA MHOTHUE TBEPJBIC TCJIA, IaXKE MCTAJIJIBI BpOAC CBHMHIIA U IIUHKA,
BBI3BaHO SIPKO BBIPOKEHHBIM MapHHUKOBBIM 3¢ dekToMm (cM.: Crmcok uneit, 10. [TapHukoBble ra3s). YTICKUCIHBIN Ta3 B
atMoctepe oTpakaeT oOpaTHO HCXOJAIIee OT MOBEPXHOCTH TUIAHETHl WH(paKpacHOE W3Iy4YeHHE, YTO CYIIECTBEHHO
HarpeBaeT MOBEPXHOCTh, MOJOOHO CTEKISTHHOMY MOKPBITHIO B MTAPHUKE, KOTOPOE COXPAHSET JUIA HAXOMSIINXCS BHYTPH
pacTeHuit Temmeparypy, 6ojee BEICOKYI0, ueM cHapyku. C 1961 roga 3a 20 net Coserckuii Coro3 HampaBui Kk Benepe 16
KOCMHUYECKHX Kopabneit «Benepa». OmycTuBirecs Ha MOBEPXHOCTh IUIAHETHI ammaparbl paboTald OYeHb HEJOJNTO, a
3aTeM BBIXOJIWIIH U3 CTPOS IO JEHCTBHEM BBICOKHX TEMIIEPATyp U IaBICHUA.

Bricokoe maBiieHHE BBI3BaHO OOJIBIION Maccoil arMmocdepsl. Ha moBepxHocTH BeHephl MIOTHOCTE YIIIEKHUCIOTO ras3a
3HAYMUTENIFHO BBILIE, YeM IJIOTHOCTH Bo3xyxa 3emuu. [lyremectBue mo Benepe Obu1o ObI CPOAHM MPOABHIKEHUIO CKBO3b
TOJIILY Pa3’KWKEHHOU BOBI TIPH JaBIEHUH, COOTBETCTBYIOIIEM 36MHOMY JaBIICHUIO HAa MOpCKo# rayoune 900 M.

W3-3a kpaifHe Maoro KOJIW4YecTBa BOJBI BIAKHOCTh Ha Benepe oTcyTcTByeT. CorsacHO OHOM COBpEMEHHON TEOpUH
BHavyasie Ha BeHepe ObUIO MHOTO BOJBI, HO BBICOKas Temieparypa BBy Onm3ocTd K CONHI[y B COYETaHHUU C
YCUIIMBAIOIINMCS MTaPHUKOBEIM 3¢ pexToM ucrapuia Boay B atMmochepy. Tam conHeuHble (OTOHBI PA3II0KUIA MOJICKYIIBI
BOABI HA BOJOPOA W Kuciopoxa. boriee nerkme MOJEKyJbl BOAOPOJA TOKHHYNH IUIAHETY, a XUMHYECKH aKTHBHBIC
MOJIEKYJIBI KHCIIOpoa 00pa3oBaiu Ju00 KapOoHATH (OCTAIOIMIKECS 10 CHX MOP Ha MOBEPXHOCTH BeHepsl), b0 cepHyro
KHCIIOTy TpPH B3aUMOJCHCTBHM C BBIJENSIEMON TIpH BYJIKAaHUYECKAX W3BEP)KEHUAX cepoil (Oomee mompoOHO o
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TUHAMHYECKUX TMpoIleccax B aTMocdepe pedb MOiIeT B CIeAYIOIei riiase).
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BeTpbr Ha TOBEepXHOCTH BeHEpHI IBIKYTCS OY€Hb MEJIEHHO, HO B CJIOE €€ 00JIaKOB yparaHHble BeTpHI (CKopocTh 220
MWJIb B qac) TMEPEHOCAT KallIa CepHOI>'I KHCJIOTBI BOKPYT IIJIAHCTBI C BOCTOKA Ha 3alaj 3a nmapy 3¢MHBIX CYTOK. MexaHu3m
JAHHOTO TepEeMEIICHUS] HEU3BECTCH.

BunumocTs y MOBepXHOCTH MOJTHAS OIaroaaps 9ucToil atMocdepe BHU3Y. Brime Bce 3aBoakuBaeT JIMKOH, a 00IaKa
TIOYTH HempoHuIaeMbl. [IpoOuBarommiicss CKBO3b CEPHOKHUCIOTHRIC 00J1aka CONHEYHBIA CBET MPHOOPETACT OpaHKEBHIN
LIBET, CTOJIb K€ OJICKIIBbIA, KaKk B 00IauHbIC JHU Ha 3emiie.

CepHOKHCIIBIE KamlellbKh B 00JIakax COOHMPAIOTCS B JIOCTATOYHO KPYITHBIE KAaIlIH, BHI3BIBAIOIINE [IOKIb, TaK YTO
BIIQ)KHOCTH TPHCYTCTBYET, HO B BHJE MMAapOB CEPHOW KHCIOTHL, a HE BOIBL. M3-3a BBICOKOW TeMmepaTyphl KHUCIOTHBIN
OOXKOb UCTIAPSCTCA, TaK U HC OPOCHB IMOBCPXHOCTHU IJIAHCTHI.

W3-3a BBICOTHBIX BETPOB M TPYIIUXCS APYT O Jpyra o0JIakoB HAOMIOIAOTCS YacThie TPO3bI, HO MOCKOJBKY OOaka
HaxXoZsTcs Ha OONBIION BhICOTE — MpUMepHO 50 KM, MOIIHUHU MPOCKAKUBAIOT OOJBIIEH YacThi0 MEXKAY OOJNakaMHu, a He
MeX Iy 00JlakaMH U TOBEPXHOCTHIO TUIAHETHI, KaK ATO MPOUCXOIUT HA 3eMiie.

B mporno3 noroasl Ha Benepe He BXoauT BpeMs BocxoAa U 3axona CoHIla, 4TO BBI3BAHO HECKOJIBKUMU MPUIMHAMMU.
Bo-nepBbix, ConHIla HE BUAHO € ee TOBepXHOCTH. Bo-BTOPHIX, BeHepa BpamaeTcs BOKpYT CBOEH OCH TaK MEAJIEHHO, YTO
ycreBaeT 00epHyThCS BOKPYT CBETHIIA, €Il HE CHIETaB IMTOJTHOTO 000pOTa BOKPYT CBOEH OCH, M, TAKUM 00pa3oM, BOCXO U
3aKaT TaM He CTOJIb MPHUBBIYHOE Je0, Kak Ha 3emie. Jlanee, eciau Ob1 CostHIle OBUIO BUIUMBIM, MbI OBl HAOJIOANIH, KaK
OHO BOCXOJHWT Ha 3alajie W 3aXOJUT Ha BOCTOKE BBHIy OOpaTHOro 3emie BpamieHus. Eciii BBl gymaere, 4TO CMOXKETe
yenaxxaaTh ce0st BHIoM 3nentHeit JIyHBI nin 3Be3n, He obonbiakiteck. O0Iaka He TIPOIYCTIT HAYIIETO OT 3Be31 CBETa, a
YTO KacaeTcs TyHHOTO CBeTa, TO Y BeHephl HET CITyTHUKOB.

loToBsick k myTemiecTBUIO Ha BeHepy, BaM ciiefyeT pa3orpeTh CBOIO Ie4b 0 TPeOyeMOH TeMIeparyphl, a 3aTeM

OITyCTHUTBCS ¢ Hel Ha rryOouHy 900 M 1715 MOoTy4eHus TpeOyeMoro naBie-
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Hus1. Ecnm 3Ty ycaoBust OKaXXyTcs CHOCHBIMH, ITOCTapaiiTeCh K TOMY )K€ 10Jroe BpeMs He BuaeTs ConHua.

B kauecTBe TypuCTHUYECKOH AOCTONpUMeUaTeasHOCTH Benepa Mano npusnekarensHa. M Tem He meHee EBpomnelickoe
ynpaBlieHHEe KOCMUYECKUX MCCIIeOBaHUH MIaHUPYeT MOJeT K maHere Ha Venus Express B 2005 rony, a Snonus — B
2007-m.

Mapc.

IToroma mpyroro Hamrero cocena, Mapca, nmpunuiack 06l HaM OoJbie To aymre. BoT kak BeITIsgena Obl CBOAKA
noronsl B cetu MTHTEpHET HA Mapce.

MporHo3 noroabl Ha Mapce

IIpenMyeCTBEHHO COJIHEYHO.

Temnepartypa: makcuManbHas +27°C,
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MuHIManbHas1 — 133°C.

Jasnenne: menee 1% 3emuoro (0,01 atmocdepsr).
BaaxHocTb: HyneBas.
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Betep: nocrostHHo npesslimaeT 100 Mumb B vac.

BHUJIUMOCTb: rojHas1, 32 MCKJII0YeHHeM ITbUIBHBIX Oypb
Ocaakm: CHEr U3 yIIIEKUCIIOTO ra3a 0113 000HX MOTI0COB.
BeposiTHOCTB

NBLIbHOI 0ypu: 6osee Bricokas B HOXHOM MoTymapuu JIeToM.
Hannwiii npoero3 3asucum om mecma u 8pemMeHu.

ITonepeunuk Mapca cocraBusier 53% ot 3emHoro, macca — 11%, mnotHOCTE — 66%, a cuia TATOTEHUS Ha
noBepxHocTH — 38%. ATMmocdepa Mapca cocrout u3 yriekucioro raza (CO,) — 95%, azora (N,) — 3% u aprona (Ar)
— mourtn 2%. ATMocdhepHOe AaBlieHHe y MOBEPXHOCTH cocTaBisieT MeHee 1% oT 3eMHOTro, Tak 4To oOImas mMacca ero
arMocdepsl Toxxe MeHee 1% oT Macchl 3eMHOU atMochepsl.

s yscHeHUS TOJIPOOHOCTEH MpUOETrHEM K TOJLIMBYJICKOMY TPIOKY. BooOpasurte, 4To BBl BHE3AITHO OYYTIIIUCH Ha
Mapce. KakoBsr MoryT ObITh Bammm omyineHus? [Ipexe Bcero BeI CTOJKHETECh C OTCYTCTBHEM Kucioposga. Ha Mapce
roTpedyeTcs HocuTh ckadanap. Ho maxe B rpomosnkomM ckadanape Ha Mapce OyaeT jerde aBuUratbes, 4eM Ha Bernepe
i 3emue. ATMocdepa TaMm CTONL paspekeHa, 4TO HE CTECHHT JABIDKCHHHA. boliee TOro, W3-3a CHIIBI TATOTEHUS,
coctapisitoniet 38% 3eMHOro, Bbl OKaXKeTech MOYTH B 3 pasa jerye, yeM Ha 3emie. Brl cMoxkere mpeiraTh B 3 pasa
Jayblile, a MockuTaeMble ToabhuctoMm Talirepom Byncom™ mstam

* Bynac Tasirep (p. 1975; HacTosllee MM — DNAPUK — MPOdPECCUOHaNbHbIA UFPOK B rofbd, CUMTAETCS OAHUM U3 JTyYLLMX 3@ BCHO
nctoputo urpbl. B 15 net cran cambiMm MonoabiM nobeauteneM HaumoHanbHOro yemnuoHata toHMopoB Accouuvauum ronbda CLUA. B
1994 roay BbicTynun 3a komMaHAay CLUA Ha BcemnpHOM niobutenbckoMm yemnuoHaTe B Bepcane (®paHums). B 1994— 1996 rogax Tpu
ce3oHa noapsa nobexaan Ha yemnuoHate CLUA cpeaw nwobutenen. B 1996 roay nepewen B KaTeropmio NpodeccMoHanoB M Ha MapT
2004 ropa oaepxan copok rnoben Ha TypHupax Accoumaumnm npodeccruoHanbHbiXx Urpokos B rofbd. B 2000—2001 rogax nepsbiM B
ncTopum ronbda BbiMrpan NoAapsA Bce YeTbipe TypHupa «bonbworo wiema» (BCero Ha ero cyety Bocemb noben). B 2003 n 2004
rogax cTaHoBuTCs nobeanTenem HeoduUMANbHOIO YeMNMOHaTa MMpa No MaT4eBOn urpe.
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BOOOIIE TIOTEPSIOTCSA U3 BUAY [Ha 3eMile OH yMyIpseTcs OTHpaBiaTh Msan 3a 300 spaos].

3areM Hazo OyJeT 4TO-TO JAeNaTh C Temreparypoil. MoxXHO ObLIO OBl 0XXHMIATh, YTO HAJUYHE YTIEKUCIIOTO Ta3a
obecrieunT Ha Mapce mapHUKOBBIN 3¢ dekt, cxomnblii ¢ HabmogaembiM Ha Benepe. OH NMPUCYTCTBYET, OJHAKO H3-32
paspexxeHHOCTH aTMoc(hepsl MOYTH He BIHAeT Ha Temnepatypy. Ecim yopaTts ¢ Mapca atMocdepy, Kak 3TO MBI Jeald ¢
Benepoii, cpennss temneparypa tam coctaBUT — 55°C. BosBpaieHue aTMocgepsl JIHIIb ClIeTKa MOBBICHT TEMIIEpaTypy
1o 3nadenus — 50°C. Ho npexxae yeM ommO0YHO 3aKmo4arh, 4T0 Mapc gceeda ObLT TAKMM XOJOAHBIM (ITOJOOHO TOMY
kak BeHepa gcecoa octaBanmack 04eHb kapKoii), He 3a0yapTe, 9To Ha Mapce It Bac KOe-4TO MPUITIACEHO.

[Ipexxne Bcero MpoOIOKHATENBHOCTh CYyTOK Ha Mapce moutu Ta ke, 4To u Ha 3emse. OH Bpamiaercs BOKPYT
coOCTBEHHON ocu TpuMepHO 3a 24,5 3eMHBIX daca. Takum oOpa3zom, Bocxoj u 3axon ComHia OynmyT ONW3Kd
MyTemecTBeHHUKY ¢ 3emun. Jlanee, ock BpamieHuss y Mapca HakjiOHEHa K CBOEH OpOMTANBbHON IJIOCKOCTH TIOJ] YTIIOM
25°. Ecnmu BB IOMHWTE, Y BeHepsl HET Takoro HaAKJIOHA, M 3TO OOCTOATENHCTBO KAaK pa3 COMCHCTBYET CIIOKOWHOMY
xapakTepy TamoirHe moroasl. Kak u Ha Mapce, HakJIOH 3eMHO# ocu B 23,5° IPUBOAUT K CMEHE BPEMEH T'0J1a, TTOCKOJIBKY
OJTHO TIONyIIapue, MoTy4ast OOJIbIIE IPSMBIX COTHEUHBIX JIyUueH, CHIIbHEE HarpeBaeTcsl.

[Ipu coepmiernn Mapcom MmoIOBHHBI TyTH BOKpyr COIJIHIIA CONHEYHBIE JTyYH OCBEHIAOT €ro IOKHOE MOdyIIapue
CWJIbHEe, 9eM ceBepHoe. Torna B F0KHOM MOJyIIapuu IAapCTBYET JIETO, 2 B CEBEPHOM — 3WMa. Bo BTOpPYyIO MOJIOBHHY
myTH Mapca BOKpPYT CBETHIIA TIOJIOKEHUE MEHSETCA, U YK€ CEeBEPHOE TONyIIapue OcBelaeTcs 0oJblle, U TaM HacTymaeT
nero. B sty xaptuny Mapc BHOCHT cBoM cOOCTBeHHBIE Kpacku. Ero opOuTa cruibHEe BBHITSHYTA [0 CPaBHEHUIO ¢ 3eMitei
niu Benepo#, 3aHUMAas 10 3TOMY ITOKAa3aTeio TpeTbe MecTo cpeam IiaHeT CoiHeYHOU cucTeMbl. IloaToMy BpeMeHa
rojia HEOJIMHAKOBHI JJIsI CEBEPHOTO U F0KHOTO noJiymapuii Mapca. B netHioro nmopy Ha rore Mapc Ha-
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xomutcst Ommke k Comaiy, momyvas Ha 40% Oomble cBeTa, 4eM NpH HACTYIUICHWH Ha fore 3uMbl. C ydeToM BCEero
CKa3aHHOT'0O MOXHO NPUCTYIIUTH K U3YUYCHUIO ITOIr'0/Ibl HA Mapce.

¢ [loscemecmnoe nepemewgerue ammocgepvi. COMHEUHBIN CBET HArpeBaeT MapCHAHCKHI «BO3MyX» OJM3 HKBATOpA,
I7Ie OH TIOJHUMAETCS M JIBIKETCA K MOJ0CAM M TaM, OXJIaXKJasCh, OITyCKaeTCs. DTO CXOXKe ¢ IUPKYJIIHUel BO3ayXa Ha
3emte.

¢ Tenavie u xonoouvie «8030yuitvle» maccol. [ paHHLA STHX «BO3MYIIHBIX» Macc mepemeniaercs mo Mapcy momo0Ho
CHUHONITHYECKOMY (DpOHTY Ha 3emure.

¢ bonee cypogvle no2oonbvle YCio8Us 8 0OHOM NOLYWApUU no cpagrenuio ¢ opyeum. V3-3a 3IIUNTHYECKONH OpOUTHI
Mapca nepenaasl TeMIEpaTyp B F0’)KHOM IOJYIIApUH 3HAUUTENbHEE TepenasoB B ceBepHOM nonymapuu. KOxxHoe neto
JKapue, Temrneparypa nogHumaetcs 1o 27°C; 3uMa xe CypoBel,  TeMiiepaTypa omyckaercsa 10 otMetku — 133°C.

¢ [Ivinvnsie 6ypu. Korma BeTpsI Ha MOBEPXHOCTH TOCTUTAIOT CKOpOocTH 100 MHITL B 9ac, 4TO HEPEAKO CITydaeTCs JIECTOM
B I0)KHOM TOJYIIAPHH, OHU YBJIEKAIOT 32 cOOOM YaCTHIIBI MBUTH (OKCHIIBI JKeJie3a WM PKaBUMHY) Ha TIOBEPXHOCTH, HECs
WX JaXe uepe3 Bce MOdyllapue WM, 4To ObIBaeT pexe, udepe3 oba momymapus. Habmiomamuce meuibHBIE OypH,
MTOKpHIBaBIIKE co00i Bcro mmaHery. [lompoOHOCTH MaHHOTO SBIIEHHWS HE YSICHEHBI O KOHIA, HO BBIYHACIHTEIHHBIE
nporpaMmbl 10 MOACIIUPOBAHUIO MapCHaHCKOﬁ moroJabl CBHUACTCILCTBYIOT, 4YTO BO3AYIIHAasA IIbUIb OXJIaXIACT
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MTOBEPXHOCTh TUIaHeThl. K mpencTaBieHuio o SIepHO 3UMe MPUIILIN, WCIONB3YS Te K€ COOOpaKeHHS B OTHOIICHHUU
3emutu (MOAPOOHOCTH O BapHAaHTaX dTUX BBIUMCIHUTEIBHBIX TPOrpaMM MPUMEHHUTEIBHO K 3eMJIe CM. B CIICAYIONIEH riiaBe).
B3pbIB 00MBIIIOTO YHCIa BOJOPOIHBIX OOMO MPUBEAET HE TONHKO K OTPOMHBIM OITyCTOIICHUSM, HO IOAHATAS IIPH 3TOM B
atMocdepy TbUIb TaK OXJIaIuT 3eMITI0, YTO Ha HEH YCTAaHOBHTCS KpaifHe HHU3Kas TeMIlepaTypa, BO3MOXKHO, MOBCIOAy. B

3aBHCHUMOCTH OT TOr0, KaKk
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OyZIeT ocenaTh MMBLUTb, SAEpHAs 3IMa MOKET MPOJUIHTHCS 3HAYUTEIHHO J0JNbIIE OOBIKHOBEHHOH.

¢ Jleosinvle obnaxa. B NeTHIO MOpPY B CEBEPHOM MOYLIAPHH BMECTO MOBCEMECTHBIX MBUILHBIX Oyph BOKpYT BCEi
IUTAaHETHI MPOTSIHYTCS TOsCa OYCHb TOHKHX JISASHBIX 00JIaKoB. DTH o0Jiaka He MOAHMMAIOTCS Ha TaKylO BBICOTY, Kak
YaCTHUIIHI MBUTFHBIX Oypb, M UX MOBEICHUE ellle He O KOHIIa U3Y9IEHO.

¢ Cnee uz cyxoeo nvoa. Ha oboux momrocax 3MMOM YTIJIEKHCHIBIA Ta3 MEPeXOAUT M3 Tra3000pa3HOTO B TBEPHOC
COCTOSIHME. YTJEKHCIOTa B TBEPAOM COCTOSHHUHM HAa3bIBA€TCS CYXHM JBAOM. I[IpoAaBLBl MOpPOKEHOro Ha 3emie
WCTIONB3YIOT CYXOH JIeH JUTS OXTaKICHUS.

¢ CueorcHvle wianku Ha noarocax. benoe BelecTBO, MPUCYTCTBYIONIEE Ha MOJYYaeMbIX C TEJIECKONOB M CITyTHHUKOB
CHHMKax MoitocoB Mapca, npeacrasisieT co0oii e 13 BOABI B YIIeKUCIoThl. COrjaacHo OlleHKaM, B CIydae TasHUs JIbAa
BOJIa TIOKpBIIA OBl MOBEpXHOCTh Mapca crmoeM TonmuHoH 9 M. [1o HeW3BeCTHBIM MpHYMHAM IOXKHAsl TOJISIPHAsS IIAIKa
CJIETKa CMEIIeHa IT0 OTHOIICHHUIO K TEOMETPHYECKOMY TIOJIOCY.

¢ [uxnonvr. B ampene 1999 roma kocMmuueckuii Teneckon Xa00na oOHapyXKWJI IITOPMOBOHM HHKIOH (puc. 5.1) B
obOiactu ceBepHoro momtoca Ha Mapce. llltopm rHanm nensHele oONaka, OXBaTbIBas IUIONM[A/b, B YETHIPE pasa
npeBblarIyo mrat Texac.

¢ [Jgem neba. Slcnoe HeOO Ham MapcoM MO IBETY MOKET MOXOAWUTH HA 3€MHYIO CHHEBY, HO TaM INOBEPXHOCTHBIC
BETPHI MIOCTOSIHHO B3IBIMAIOT KPACHYIO MbLIb, KOTOPas MPHUIAET HebecaM KeITOBaTO-KOPUUHEBBI OTTEHOK, UMEHYEMBIH
HEKOTOPBIMH 110 CXOJICTBY IIBETa C UPUCKAMH — UPHUCOBBIM. CIIFOHKH TEKYT, HE TaK Jin?

¢ Cnymnuxu. Jleiimoc n ®oboc — crmytHukH Mapca. Ha3BaHHBIE B COOTBETCTBHH C TPEUSCKUMHU CIIOBAMH «YKac» H

«CTpax», 3T ABa CITYTHHUKA HCBCJIHUKU U OYCHb 6I>ICTpO ABUIXYTC IO CBOUM Op6I/ITaM. N3 Bcex CITYTHUKOB Coun-
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Puc. 5.1. Huxkjaon Ha Mapce, yBUIEHHbI ¢ KOCMHY€eCKOro Tejgeckona Xao061a

HeuHOH cucteMbl Poboc OiiKe BCEro pacrosiokeH K cBoel mmaHere. OH oOpaimaeTcs BoKpyr Mapca nourtu 3 pasa B
CYTKH. M3-3a KpOXOTHBIX pa3MepoB ¢ Mapca OH BUZIEH HE OTOBCIOY, HO 1akKe KOTAa OH BUJEH, TPYAHO 38 HUM yCIEIUTb.
¢ Omcymcmeue oxeanos. BHadane ydeHbIE CUHMTANM, YTO IMOToja Ha Mapce 3HAYUTEIHLHO IPOIIE 36MHOW, OOJBITICH
4acThl0 M3-32 OTCYTCTBHSA TaM BOJHBIX OKEAaHOB, KOTOpBIE CYIIECTBEHHO YCIO)XHAIOT KapTUHY IOTOABI Ha Halein
mwianete. HegaBHue monetrbl k Mapcy yOeXIaroT, 4To TMOroja TaM 3HAYUTENbHO CIIOKHEE, YeM MBI AyMajid, W eH
IIPUCYIIIA H3MEHUYUBOCTH, O KOTOPOM MBI 1aXKe HE JJ0r'aIbIBAJIUCE.

B 2003 roxy EBpomneiickoe ymnpaBieHHe KOCMUYECKHX MCCIEIOBaHUN OTHPAaBUT KOCMUYECKHid kopabims Mars Express
K Mapcy, kotopsiii npudyzaet Tyaa 26 gexkadps 2003 roga [MOMbITKA TOCAIUTh KOPaOJlb OKOHUMIIACH HEylauel — OH TaK
1 HE BBILIET
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Ha cBa3b]. HACA mmaHupyeT AOCTaBUTH Tyna JBa Be3aexoja HeOombplioro paaumyca aericteus B 2004 romy [dro
aMepuKaHIaM C OJIECKOM YIalloch|, OpOWUTANBHBEIN pa3BensiBaTelnbHBIN ammapar B 2005 romy, Be3gexonl OOIBIIOTO
paauyca pevictBus B 2009-M, u Bo3BpamiaeMblii kopabns ¢ mpobamu rpyHta B 2014 romy. Mbl MHOTroe NodeprHEeM
0TCIOJ1A.

Ecnu Obl neBouka u3 ckasku «Tpu menseas» «oTBemaia» morogy Ha Benepe m Mapce mpexae, uem Ha 3emie, To,
HoXKany, ckaszana Obl: «IlepBas CIMIIKOM ropsdas M I'ycTas, BTOpas CJIMIIKOM XOJIOAHAs W JKUAKAsA, a BOT TPEThS B
caMblii pa3». Tak-To BOT.

BO3,EI,yX MEeCTHOro npoun3soacTtea

ITockonpKy BHyTpeHHHUE TIaHeTHl — Mepkypuii, Berepa, 3emis u Mapc — pacmonoxensl 0m3ko k CorHIty (puc.
5.2), BIIOJIHE pa3yMHO MPEIOI0KHUTh, YTO U COCTOST OHHU U3 OJHOTO ChIpbs. Tak u ecTh.

Puc. 5.2. Opoutsl niianet CoJiHeYHOI CHUCTEMBI

N3o06paxeHnss B MacwTabe opbuT nnaHeT. OpbuTbl BHYTpeHHWMX nnaHeT u ConHua npuBOASITCA B OAHOM MacwTtabe. OHu
yMeLLaTCs B HaMMEHbLUYI0 OpOUTYy BHELWHMX naaHeT (BHU3Yy cnpaBsa)
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Kax roBopmiock B T71. 3, B IeproA MaAeHUS IIaHETE3NMAJICH Ha paHHEM JTarie 3apoxacHus COTHEUHOH CUCTEMBI BCe
BHYTpPCHHHE IUIAHETHl OBUIHM 3alOJHEHBI KaMHsMHU U Bomoil. [louemy ke Benepa m Mapc pacrepsuia Bofdy, a 3emis ee
coxpanmia? UToObl OTBETUTH HA ATOT BOMPOC, HAJI0 PACCMOTPETh MPOLIECCHI, B PE3yJIbTaTe KOTOPHIX IUIAHETHI TIOTYYaroT
ra3 ams cBoeit atMocdepbl 1 KakuM 00pa3oM OHH MOTYT PacTepsTh ITOT T'a3.

[Tocne Toro kak 3apaboTaja colHeYHas siIepHAast TOTKA, COTHEYHBIN BeTep (pa3pekeHHas rura3ma OOJbIIei YacThio U3
IIPOTOHOB M DJIEKTPOHOB, BIKYIAsICS HBIHE CO CKOPOCTHIO 0K0JI0 400 KM/4) BBIIYJ MOYTH BECh EPBUYHBIN BOAOPOJ C
refMeM, a BHyTpeHHHE TUTaHeThl coOpanu ux y ceds. Bcnmomuum o 6enqnom Mepkypun. OH Tak 6im3ok k ConHity, 4To,
YTHUPAsACh NPU KAKIOM YHXaHUHU CBETHIIA, MepKypuil ToBopHT: «byabTe 310pOBbl». EAMHCTBEHHBIE T'a3bl, KOTOPBIMH €MY
yaaock 003aBecTrch, ucxoauau ot Comxara. Ceeimre 4 mupa jeT Hazan y Bedepsl, 3emian u Mapca, moxosxke, He ObLIO
atMmocdepsl. [1o Bcelt BumumMocTy, ee 00pazoBaHue IIJIO TpeMs MyTsAMH: ra30BbIACICHIE, HCTIapeHne (BO3TOHKa) U (HJIN)
O0oMOapapoBKa [METEOPUTHO-IIBUIEBBIMU YaCTHLAMH .

I'azoBbIeICHHE.

I'azoBbiesnenne. B xoxe siBJIeHNs, U3BECTHOTO KaK aKKpelus, MOJ ACHCTBHEM TATOTEHHS HMPOHUCXOAMUIO CKOIUICHHE
IUTaHeTe3uMalel, nmpuBeanee K odpazoBanuio mianeT. [Ipu akkpeunu OoJiee IUIOTHBIE BEIIECTBA OMYCKAIHUCh K LIEHTPY
IIaHeT, o0pa3ys ux sSapo. MeHee IIOTHRIE CKabHBIE MOPOLI Tak TiyOoko He ocemanu. OHHU 00pa3oBaid MAaHTHIO Y
iaHeT. XUMHUYEeCKHE PEaKUUH B MAaHTHH BBUICISUTH Ta3bl, KOTOPHIC OKA3bIBAJIHCh 3allepPTHIMH BHH3Y O] TSDKECTHIO
JeKalero cBepXy BellecTBa. HakoHel, camble JIeTKHe BeIECTBAa BCIUIBUIM HaBepx, oOpazoBaB Kopy. I[Ipomecc
TPaBUTAIIMOHHOTO PAa3JeNeHUs MO IJIOTHOCTH nMeHyercs muddepennuanueit (cm.: Crucok unpei, 11. 3emis: ucropus

HEIp).
155

HJ W K wHVRAS FERAA LD MALBROTA, FALELW.

Ilo MEPC OXJIAKACHUS KOPBI 3aKJIFOYCHHBIN o BBICOKMM JaBJICHHEM B MAaHTHHU ra3 HOpOﬁ BBICBO60)KI[8.HC$I, o6pa3y51
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BYJIKaHBI. ByikaHWueckrne HW3BEp)KEHHS TMPEACTaBIIOT co00il 3HaAMEHaTelnbHOe COOBITHE, Bemylee K OITyCTOIICHUIO
OrpoMHBIX Tutomaneil. Tak, u3Bepxenue ropsl [lnHaty0o Ha @ununnuHax B utoHe 1991 roga uCTOPriio Ha MOBEPXHOCTH
S Mapa KyO. M repiia v IJIAKOB, 00pa30BaBIINX CTOJOBI IMPUHON 18 KM y OcHOBaHUS H BBICOTOM 30 KM.

[ToBepxHOCTh TpeX BHYTPEHHHX IUTAHET CBUAETEIHCTBYET, YTO TIOBCEAHEBHON YepTOW Hadalla WX JKU3HH Oblia
BYJIKAHWYECKas
156

JIeATETHLHOCTD, & OCHOBHBIMHU MPOTyKTaMH Ta30BbIneIeHNS — napsl Boabsl (H,O), aByokucs yrirepona (CO,), a3oT (N)
1 JIBa CEpHBIX Ia3a: IByoKHch cepbl (SO,) U cepoBOOPO.I, 3HAKOMBII BCEM IO 3aMaxy TYXJbIX SULI.

Cepitie 4 MIpA JI€T Ha3al BYJIKAaHWYECKHE W3BEPIKCHUS BBICTYIIAIM OCHOBHBIMH TIOCTaBIIMKAMH Tasza It
repBoHavYabHON atMochepsl 3emn. [IpuMepHO B TO e BpeMs IpeBHHUE BYJIKaHBI Mapca u BeHepsl «TpyIHTUCEY Hal
CO3/1aHUEM MEePBUYHOIN aTMOC(ephl Ha 3THX IJIaHETax.

Hcnapenue (BO3roHka).

HUcnapenue (Bo3rouka). B 3aBUCUMOCTH OT TeMIEpaTyphbl U JaBJIEHUS Yy MOBEPXHOCTU IJIAHETHI KUJIKOCTH MOTYT
MpeBpamaThbcs B ra3pl (MCHapeHre) WM TBEPIBIC Tela MEPEXOIUTh B Ta3000pa3HOe COCTOsIHUE (BO3TOHKA). 3BeCTHRIM
MIPUMEPOM 37eCh MOXKET IOCITYXHTh HCIApPeHHE BOABI B JIy)KaX WM BO3TOHKA TBEPJOW YTIIEKHUCIOTHI (CyXOro JbJa) B
ra3oo0pa3HOe COCTOSIHHE, YTO COMPOBOXAAeTCs KiyObaMu IpiMa (HaHHOE SBJICHHWE YacTO HCIONB3YIOT HAa TeaTpaibHBIX
moaMocTkax). Bosronka Oonee cymiecTBeHHa it Mapca, ueM Jutst 3eMJIH, Tak Kak Ha 3TOH IUIaHeTe TeMIiepaTypa HIKE,
TOrJa Kak HMCIapeHue MpUCYIe TOMY WIM MHOMY KpyroBOpoTy Ha 3emie, 4TO OTiIMdaeT Hamry niaHety. Ha Benepe
HCTIapeHue He TTO3BOJISET CEPHOKHUCIOTHBIM JOXKISIM U3ITUTHCS Ha €€ TIOBEPXHOCTb.

BombapaupoBka.

Bbomo6apaupoBka. Ha panHem stame dopmupoBanus CONHEYHOW CHCTEMBI COJTHEYHBIA BETEp, IUIAHETE3UMATH U
OCKOJIKM KOMeT OomOapaupoBany BHyTpeHHHE TutaHeTsl. 1lpu ymapax o moBepxHOCTh 00pa3oBwIBajics ras. Ecnm Bxiag
Takoi boMOapaupoBKku B atMochepy Benepsnl, 3emin 1 Mapca okazajicss BeCbMa HE3HAUYUTENBHBIM, TO 11 MepKypus u
JlyHBI OHa CIIyXKWJIa €eIMHCTBEHHBIM ITOCTABIIMKOM TeX KPOX Ta3a, KOTOPHIMH OHU PacIioIararor.

IMorepss atMoc(hepHOro rasa

[Inanera TepsieT ra3 MATHIO Pa3NWYHBIMU MYTSAMH: TEIUIOBAas yTeuKa, CXKIDKeHHE (KOHAEHcanws), 00MOapAupoBKa,
o0pa3oBaHUEe KPaTepoB U (MITH) XUMHUYCCKUE PEaKIUU.
157
TermoBas yreuka.

TennoBas yTteuka. 3ammyckaemple ¢ 3eMIIM KOCMUYECKHE KOpaOIu BechMa 3PENHIHO MOKUAIAI0T POAHYIO IUIAHETY.
["a3oBBIE MOJIEKYIIBI TOKE MOKUAAIOT 3eMJTI0, HO HE CTOJIb IIyMHO. Bee Ha rutaHeTe yaep)KUBaeTcsi CUJION ee TArOTEeHHs,
KOTOpOE y MTOBEPXHOCTH ONPEEINAETCS €€ MaCCON U MONEPETHUKOM.

Ha xaxxno#i miaHere /Ui MPEOJONICHHS €€ TPaBUTAMOHHBIX IyT TEJO JOJDKHO Pa30THATHCS A0 ONpeAeNieHHOH, Tak
Ha3bIBa€MOW BTOPON KOCMUYECKON, CKOPOCTH.

Ilnanera 2-51 KOCMHUYecKasi CKOPOCTb, KM/C
Mapc 5

Benepa 10,4

3emis 11,4

ATMocdepHBIe Ta3bl B 3aBUCHMOCTH OT TEMIIEPATypbl U Macchl MOJIEKYJ WMEIOT pa3inuyHble ckopocTH. llpu Oomee
BBICOKOW TeMIIEpaType MOJIEKYJIbI JBIKYTCS ObICTpee: JIeTKHe — OBICTpee TSKENbIX.

Kaxk BugHO 13 Tabmuuet Ha c. 160—161, Mapc BciieZicTBHE TEIUIOBOH YTEUKH OBICTPO PaCCTAHETCS C JETKHUMH ra3aMu
BpO/Ie BOJIOPO/IA ¥ TNk, HO CMOXeET yAepKaTh IBYOKHUCH yriepoaa. Benepe u 3emue npoiie yiep:kaTh CBOU Ta3bl.
Ciknkenme.

Cxumxenne. VcriapeHne »UIKOCTEH ¥ BO3TOHKA TBEPBIX TEIl IPOUCXOAUT MIPH BHICOKOW TEMIIepaType, HO BO3MOXKEH
1 0OpaTHBII Tporiecc: MPH HU3KOH TeMreparype atMoc(epHbIe Ta3bl B COCTOSHAN CXKFDKATHCS ¢ 00pPa30BaHUEM KHIKOTO
WM AK€ TBEPJOTO COCTOSTHMUSL.

Haunbonee mokazareneH B 5TOM OTHOIIEHHH Mapc, TJie ABYOKHCH KUCIOPOAa Ha TONI0CaX 3UMON CXKIDKAETCsI, 00pasys
TBEPIYIO YIJIEKUCIOTY, TO €CTh CyXOH JIe.

Cxmwxkenue mpoucxonuT naxe Ha Jlyne. B 1998 rony opOuranpHeii ammapat Lunar Prospector oOHapyX Wi
3aMep3IIyI0 BOIY B TITyOOKMX KpaTepax 0Ju3 000MX JIyHHBIX MMOtocoB. Jlex, Buau-
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MO, TIOTIaJl TyJ]a C XBOCTa KOMET M COXPAHWJICS B HEAOCTYITHBIX COJHEYHBIM JydaMm MecTax. Muimnapzsl JeT Hazal
JIelT MOT OKa3aTbCs TaM, TJIe JISKHUT U HBIHE.
bombapaupoBka

BombapaupoBKa B COCTOSIHUH MOPOIUTH aTMOCc(epy Ha IIaHeTe, Y KOTOpo ee M3HavyaiabHO He Obuto. Ho oHa Moxker
1 3a0upath ra3 y yKe uMeronielics Ha rianete atMochepsl. COTHEYHBIH BeTep B CHUJIaX MOMOYb YTEUYKE T'a30B B BEPXHUX
cnosx atMocdeprl. ComHedHble (DOTOHBI CIIOCOOHBI pa3iaraTh MOJICKYJIBI Ha 00Jiee MEJIKHE COCTaBJIIoNre (B XOAe Tak
Ha3bIBaEMOH JAHUCCOLMAIINH ), KOTOPBIE 3aTeM H3-3a 0oJjiee JeTKoil MacChl MOKUAAIOT TUIAHETY.
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Oo6pa3oBaHue KpaTepos.

Oo6pa3oBanne kpatepoB. [lagatomme Ha muanery Ooiee KpyIHBIE Tella TOXKE CITOCOOHBI MPHUIATh MOJEKYJaM Tasa
JIOCTaTOYHO DHEPTUH, YTOOBI Te MOKWMHYNIW IutaHeTy. Oco0o ySI3BHMBI B JTaHHOM Clydae Oojiee MENKHE IUIAHETHI C
MEHBIIIEH, BTOPOI KOCMHUYECKOU CKOPOCTHIO.

XuMHYeCKHe PeaKIHH.

XuMHuuyecKue PC€aKIuM. B 3aBucmmocTH OT XMMHYECKOM AKTHBHOCTH MOJICKYJI p€aknuu MEXIY rasaMu Hu
MMOBEPXHOCTHBIMU CKAJIBHBIMU MMOPOJAMU WUIIX KUAKOCTAMU MOTYT IIPUBOAUT K UX CBA3BIBAHHIO.

XuMHUecKue pCakiiui Ha paHHEM JTalc O6paBOBaHI/I$I Halle¥ TMJIaHeThl CBSA3aIM 3HAUUTEILHOE KOJUYECTBO
YIJIEKUCIIOTO Ir'a3a B U3BECCTHAKH, YAAJIIUB TEM CaMbIM MHOT'O 3TOI'O ra3a u3 €€ aTMOC(bepLI.

IHonyyenue niam yrpara atMmocgepHoro rasa

Tenepb NpUIOKUM AaHHBIE 3aKOHOMEPHOCTH K BHYTPEHHUM IUIAHETAaM U IIOCMOTPHM, KaK UX IepBUYHAs atMocdepa
proOpesa HeIHEIIHIE OYePTaHuUs.
Haunewm ¢ Benepsl u Mapca, a 3emitro npudepeskeM HarocleoK.

159
Benepa
Mpouecc AeaTenbHOCTb NMpumMmeuyaHue
MOJIYHEHUE TA3A
asosblaenenun |Mpusoant K obpasoBaHuio[Ha 6onee KpynHoWn
e YrIeKUCAOoro rasa, BOAbl, a3oTa|nnaHeTe
M CEPHUCTBIX COeANHEHNN obpa3oBbiBanocb
6onble rasa
McnapeHune Bbicokas Temnepatypa|llosoxuresibHas
npuMBoAMT K nepexoay 6onblier|obpatHas CBSI3b!
yacTM BOAbl Ha naHeTe B|napbl BOAbI,
napoobpa3Hoe COCTOSiHME Ha|yrnekmcnbin ras
paHHeM 3Tane CcTaHOBfieHWS ee|cosgatoT
aTMmocdepbl rNnapHMKOBbLIN
3 deKT, HarpesawT
aTtmocdepy,
ncnapsietcs ewe
6onblue BOAbI...
Bombapanposk |BTopocTeneHHoOe BAUsHUE
a
YTPATA FA3A
Tennosas ATOMBI BoaopoAa
yTeuka BbICBOOOXAAOTCS M3  MOMeKyn
BOAblI MoA AencTemeM (HOTOHOB
6onblWwoON  MOWHOCTW;  Apyrue
nerkue rasbl NOKMAAIT NaaHeTy
BCNeAcTBue BbICOKOM
TemnepaTypbl
CXunxeHne Hebonbloe Bo3aencrane MNMoBepXHOCTb
BoMmbapaunpoBk |ConHeYHbI  BeTep  BblAyBaeT|miaHeTbl  C/MLUKOM
a KMCNOpOA W3 BEPXHUX CJ/I0eB|ropsiva ans
aTMocdepsbl OKMKEHNS rasa
ObpasoBaHne |BTopocTeneHHoe BAMAHUE
KpaTepos
Xnumunyeckune ATOMBI Kucrnopoaa,
peakuunmn BbICBOOOXAEHHbIE W3 MOMEKYnN
BOAbl MoA AeicTBMEM (DOTOHOB
6onbLuon MOLLHOCTH,
CBSA3bIBAOTCS B XMMUYECKUX
peakumax co CKaNbHbIMU
nopogamum  Ha  MOBEPXHOCTU
NJaHeThb
160
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Mapc
Mpouyecc AeAaTenbHOCTb MpumeuyaHue
TOJIYHYEHUE T A3A
[asoBblaenexn |Mpusoant K obpasoBaHuio [13-3a MEHbLUNX
e YrIeKUCNOro rasa, BoAbl, a3oTa|pa3MepoB
7 CEPHUCTbIX coeanHeHnn; [obpa3oBbiBanock
noHavany naoTHas atmMocdepa |MeHbluee
KONM4YeCcTBO rasos,
W niaHeTa ocTbiBana
bbicTpee
McnapeHue HekoTopoe ucnapeHue sBogbl, Ho|Ha Mapce cHavana
He CTONb 6onbLioe no|6bi10 MHOro BOAbI B
CpaBHeHuto ¢ BeHepoW 1 3emnel [KMAKOM COCTOSIHUN
BombapaunpoBk |BropocTeneHHoe BAnsiHUe
a

YTPATA T'A3A

Tennosas
yTeuka

CxumxeHune

BombapanpoBk
a

O6pasoBaHue
KpaTepoB
Xumuyeckume
peakumm

ATOMBI BoAopoaa
BbICBOOOXAAOTCSA M3  MoONeKkyn
BOAbl noAa AehcTBMeM (OTOHOB
60onbLWOK  MOWHOCTU;  Apyrue
Nerkue rasbl NOKUAAT MNNaHeTy
BCneacTBue BbICOKOW
TemnepaTypbl

Bopa, cobupasicb, cxuxanach

ConHeyHbIt BeTep  BblayBaeT
KWUCNOPO4 W3 BEPXHWUX CJI0eB
aTMocdepsbl

BTopocTeneHHoOe BnsiHWe
ATOMBI Kucnopoaa,
BbICBOOOXAEHHbIE U3  MOSeKyn
BoAbl Mnoa paencTenem ¢hOTOHOB

6onbLuomn MOLLHOCTH,
CBA3bIBAOTCA B XUMWUYECKUX
peakumnsx co CKasbHbIMU
nopoAaMm  Ha  MOBEPXHOCTU
NniaaHeTbl:  KpacHO-KOpUYHeBas

OKMUCb xenesa (p>xaBunHa)
npuaaetr Mapcy KpacHoBaTbll
OTTEHOK, oTKyAa Ha3BaHue
KpacHasi nnaHeTa; YrieKkucnbli
ras okasancsi 3aK/l4YeHHbIM B
N3BECTHAKaX

Mo Mepe nageHus
TemnepaTypbl BoOAa
npespallanacb B
nen, a yrnekucnbin
ras npu CXUXeHUn
obpa3oBbiBas Cyxoi
nen
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OcHOBHOE pa3andyue MCKAYy HAIIMMU COCCIHHUMHU IUIAHCTAMU U 3emiteit OIpeaACIACTCd HAJIUYUCM BOIBI. Boz[a Ha

Benepe ucnapuiack BCIIEACTBUE BHICOKOM Temmeparypsl. Mcnapenue crocoOCTBOBAIO pa3BUTHIO MAPHUKOBOTO 3 dekra,
MOCJIE Yero BOJa TePsUIach U3-3a Pa3okKEHHs ee MOJICKYJI MO/ JCHCTBUEM COJTHEUHBIX ()OTOHOB Ha BOJOPOJ U KHCIOPO/I.
Mapcuanckas Bojja HEKOTOpoe BpeMst ObLTa pa3iiiuTa Mo MOBEPXHOCTH 3TOH TiaHeTsl. OHAKO BBUIY CIIA0OBBIPAKCHHOTO
MapHUKOBOTO 3 (eKTa OHA He HCHApsUIach, a CKMKanack. [1o Mepe maneHus TeMIIepaTyphl Boja MpeBpaiianach B Je/,

KOTOPBIX BCE €IIle MPUCYTCTBYET Ha MOJIF0CaX, OOJBIEH YacThIO CKPBITHIN O] ITOBEPXHOCTHIO.
OO6patumcs Tenepb k 3emiie. Ham n3BecTHO, YTO CTAO 3/1eCh C BOJOM: OHA PUCYTCTBYET JOHBIHE B TPEX COCTOSHUSX:

Fa3006p3.3HOM, JKUJKOM U TBEPAOM. Bopga He Tonpko AenaeT 3eMIII0 OTIIMYHOM OT HAIIMX COCEIHHUX IJIaHET, OHa MMPUAACT
W3MEHYHUBOCTD 3CITHEH moroa€, KOTOpyr MbI HE B COCTOAHUU ITPEACKA3aTh.

3emus B comocTaBiiennu ¢ Mapcom u Benepoii

JJIs1 ysicHeHHsI TOTOJHBIX YCIIOBUHM Ha 3emMiie cpaBHUM ee ¢ Benepoit u Mapcom.

CBOMCTBO 3emns BeHepa Mapc
MonepeuHunk, % 100 95 53
Macca, % 100 82 11
MnoTHoCTb, % 100 95 66
Cuna TaroteHus 100 91 38

Ha NnOBEPXHOCTH,

%
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Bpems obpaiweHns 24 4 243 cyT 24,54
BOKpYT
CcobCTBEHHOM OCK

HaknoH ocu 23,5° 2° 25°
Anbbeno 0,36 0,72 0,25
TemnepaTtypa:
6e3 atmocdepsl -23°C +38°C -55°C
c aTMocdepoli + 15°C +470°C -50°C
Cocras 77 (asota), 21 96 96 (yrnekucnoro
aTmocdepbl, % (kncnopopaa) (yrnekucnoro rasa), 3(asota)
rasa), 3
(a3oTa)

162

Ilockonmpky BcE TpHM IUTaHETHl TIOHAYANy WMENHM OJUHAKOBYIO aTMmocdepy, oOpa3oBaBIIYIOCS B pe3yJbTaTe
BYJIKAHUYECKOT'O BBIZCTICHUs OOJBIIEH YacTH YTTIEKUCIOr0 Ta3a 1 MapoB BOABI, HEOOXOJUMO OTBETUTH Ha Psii BOIIPOCOB.
[Mouyemy 3emJie ynajioch COXpaHUTH CBOIO BOY, TOraa Kak Benepa u Mapc ee tumuiucey?

Iouyemy 3emiie ynanoch COXpaHUTh CBOIO BOAY, Toraa kak Benepa m Mapc ee mmmmuiuch? Mbl yxe 3HaeM, U3-3a
yero Benepa ¢ Mapcom Tepsuiin Boay: Benepa Obia cnumkom ropsiaeii; Mapce ke okasalicsi uepecuyp XojoaHeiM. Ha
3emite BoJIa y4acTBYET B psAJie KPyrOBOPOTOB, U3 KOTOPHIX OoJiee BCero OpocaeTcs B TIia3a U3BECTHBIM BCeM BIaroo0opor,
KOTIa BOJIa MCTIIapsIeTCs M3 OKeaHa, BETpaMH BEIHOCHTCS Ha CYyIITy, BRITIAIAET B BUJE CHETa WITH 0K (OTIACTH B OKEaH),
BHOBb CTEKAaeT B OKeaH, U BCE HAauMHAeTCs CHavana. JlaHHBIA KPyrOBOPOT BOABI BBI3BIBAETCS HE TOJIBKO YMEPEHHOM
TEeMIepaTypol, HO U TepeMelleHUus MU (LIUPKYIsAueii) B atMocdepe, KOTOPBIM B CBOIO O4Yepelb CIIOCOOCTBYIOT HAKIIOH
3eMHOM OCH M BpallleHHEe CaMOM IJIaHEThl BOKPYT Hee.

Y10 NpoU301LIO ¢ YIVIEKUCJIBIM ra30M Ha 3emJie?

Yro mpoM30LLI0 € YIJIEKHCJABIM ra3oM Ha 3emJie? YIJeKUCHbId raz 3emiisi HE pacTepsya; OH JIUIIb OKazalcs
COKPBITBIM TIOJ IEHCTBHEM HAXOMSIIEHCS B JKUAKOM COCTOSHHHM BOJABI. YTIIEKHCIBINA Ta3 W3 BO3AyXa PacTBOPSETCS B
OKeaHH4YecKoi Tommie. TaM npu B3aMMOAEHCTBHM C CHIIMKAaTaMU OH 00pa3yeT U3BECTHSIKH, KOTOPBIE OCEJal0T Ha MOPCKOE
nHo. Bot xynma nmeBaercst yriekucinblii ra3. Ho 3meck oH He 3ajiepHBaeTcs, Belb Nepel HaMU JIUIIb 3Tall OJHOTO M3
KpyroBopotoB. IIMuUThl 3eMHON KOpBI MEpEeMENIatoTcsl MoJi BIUSHUEM TEUEHUM B MAHTUM, HA KOTOPOW OHHU TOKOATCS.
KapOoHaTsl yBiekaloTCsi BHYTPh MaHTHH, € HArpeBalOTCs. YTIIEKHUCHBIH Ta3 BBIXOJUT B artMochepy B Xoie
BYJIKAHUUECKUX H3BepeHui. OKazaBIIMCh TaM, OH CHOBa PAacTBOpsSETCSs B OKeaHHMYeCcKoW Tomme H... Kcrat, kak
CWIIMKATHI MONanatoT B okeaHn? OHU BHIBETPUBAIOTCS C IMOBEPXHOCTHU TOJ| ISHCTBHEM IOXKIEH. DTOT MPOLECC UMEHYIOT
KApOOHAMHO-CUTUKAMHBLIM  KpY2ogopomom. T1OCKONBbKY IaHHBIH KPYTOBOPOT BEIIECTBa TPEeOYeT BOIBI B IKHIKOM
COCTOSTHIH, OH MOKET ITPOUCXOJHUTH JIMIIb Ha 3eMIIe.
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OTtkyaa 3emuist MoJIy4nJia CBOM KUCJIOPoa?

Otkyaa 3emias nosyuniaa cBoil kuciaopoa? M3obuive kucnopoja B 3eMHOH aTMocdepe BBI3BAHO OJHUM HCTOYHHKOM:
XKU3HBI0. OTHAKO TOIOTIIEKA 3HAYUTENBbHO ciiokHee. C BOSHWKHOBEHHEM JKHBBIX OPTaHU3MOB HE 3aMEJTHIIA TIOSBUTHCS
¢dbopma xu3HM, yepnapmas dHepru0 oT ConHIa Uit COOPKH CIOXHBIX YTIIEBOJIOPOJOB U3 MPHUCYTCTBYIOUIMX MOJEKYII
BOJIBI ¥ YTIIEKUCIIOTO raza. Takoro poga GpoTocuHTE3, MOX0Ke, HadaIcs Ha 3ape KHU3HH, & €r0 ITOOOYHBIM MPOITYKTOM CTall
KHCIIOPO/I.

Kucnopon xuMu4eckd oueHb aKTHBEH, TaK YTO NMPHMEPHO 2 MIPA JIET mociie Hadana (OTOCHHTE3a IMONTydYaBIIUiCS
KHCJIOPOJ MPOCTO B3aMMOJICHCTBOBAJ € MOBEPXHOCTHBIMH TMOpOAaMH. JIMIIb mocie MONMHOTO0 MX OKUCICHHS KHCIOPOX
CTaJl HaKaIUTUBaThCsl B aTMoc(epe, 9TO MOBIEKIO 32 cOOOH N1Ba MOCIENCTBHUS. BO-TEpPBBIX, MOMHSBIINICS K BEPXHUM
ciosiM atTMocdepbl KHUCIOPOA pasjiarajici IOJa JeiicTBHeM coiHedHbIX (oToHOB. [lomydaBmimecs B HWTOTE€ aTOMBI
KHCIIOpoJa MpHUBENd K 0Opa3oBaHMI0O HOBOW M HEYyCTOWYHMBON MOJEKynbl, mMeHyeMod o30HOM (O;). O30H Tak H
MIpeICTaBIsT OBl CO00N XMMUYECKH Kypbe3, el Obl HE ero CIIOCOOHOCTH IOTJIONIATh YIbTPa(QHOIeTOBOE U3IyUYCHHE.
[Tocne HaKOTUIEHNST B BEPXHUX CIOAX aTMOC(hephl TOCTaTOYHOTO KOJIMYECTBA O30H HAUYaN CIY)KUTh YKPBITHEM 3€MIIA OT
CMEPTETBHOTO IS KH3HU yabTpaduonera. CTano BO3MOXKHBIM yTBEP)KACHUE Ha CYIIE )KU3HU M KHCIOPOJHOTO JBIXaHHS,
a 9TO cOoYeTaHHe MPUBEIIO K MOSBICHUIO HOBBIX (POPM JKU3HU, HAIPUMEP HAC C BaMH.

BosneiicTBue xu3HN Ha aTMoc(epy Hadajaoch AaBHO W MPOAOIDKAETCS MO cHio Topy. CerogHs MpUXOOUTCS pemaTh
BOIMPOC C BHIOPOCOM Hallel NUBWIM3aIKeld B arMochepy YIVIEKUCIOro ra3a, YTO MOXET NMPHBECTH K MapHUKOBOMY
a¢pdekry (cM.: Criucok uneit, 10. [TlapaukoBbie ra3b).

3emHas atMocdepa — TO CBIpbE, U3 KOTOPOTO CHHOINTHKH TOTOBAT CBOM OTYAssHHBIE MPOTHO3bI. OHAa COBEPIIICHHO
HEMoxo’ka Ha aTMocdepy HaIllUX COCEIHUX IJIAHET, U MPUCYIINE el 0COOEHHOCTH JeTaroT IPOTHO3UPOBAHHIE TPYIHBIM U
KPOIIOTJIMBBIM 3aHATHEM. HpeI[CKaSaHI/Ie Ioroabpl OKa3bIBA€TCs 3HAYUTCIBHO SaHYTaHHeﬁ, YEeM KaXCETCda Ha HepBblfI

B3TUISIL.
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IToroga u kiaMMaT: runoTe3nbl (BecbMa J00pPOTHBIE), IPOrHO3bI (He CTOJIb J00POTHDbIE)

[omyunB nns HAOMIOOEHWS CTOJH 3aMedarelbHOe coOpaHne aTMOC(epHBIX ra3oB Ha 3emile, Hayka TOTOBHIJIACH CO3ATh
MpeanoIaraeMyl0 MOJENb AONTOCPOYHOTO (KIMMAT) M KPaTKOCPOYHOTO (moronaa) moBeaeHUs arMocdepsl. bmaromaps ycummsam
Hcaaka Hriorona B 1660-e romsl yaanock Ommcarh IBMKCHHE TelN B BHAE psAAa OOMMX W [IEHCTBEHHBIX ypaBHeHMHA. 11 B
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nmocnenyromue aBa Beka, XVIII m XIX, mayka pacmpocTpaHmia mnpeactaBieHuss HpioToHa Ha ciy4dam OOJBININX, MaibIX T,
JKUJIKOCTEHN U Ta30B.

O}IHI/IM H3 JOCTOMHCTB HBIOTOHOBBLIX 3daKOHOB CTaJIO TO, 4YTO, 3Hasd 3aJaHHBLIC JIA ONPCACICHHOIO BPEMCEHHU YCJIOBUA, MOKHO
BBEIYMCIINTE Tocheaytomee aBmwxeHne. C (miocodckoil TOYKK 3peHHUs STO JACTSpMUHHM3M. MOIIP JaHHOTO METOAa OrPOMHA.
Bo3MmorkeH TOUHBIN pacueT MOJI0KEHUS IUIaHET, PeCKa3aHrue MPUIMBOB U OTIMBOB Ha MHOT'O JIET BIEPE U MOCTPOEHHE TPACKTOPUU
moieTa cHapsIoB. K ToMy ke mooOHbIe MpecKa3aHus MOXKHO 00paTUTh BCIATh, YTO MO3BOJISIET H3YYaTh HE TOJIBKO Oymyiiee, HO U
MPOLLIOE.

OmHO U3 CIeACTBUI TeTepMUHHU3MA COCTOHT B TOM, UTO OyZIyIlee MOBEACHUE CUCTEMBI JIETKO MPEAyTaaaTh, ONPEAeIIss COCTOSHUE
CHUCTEMBI B KaKOH-TO MPEIIIECTBYIOUINA MOMEHT. DTO MpeObIAyIIee COCTOSHHE MMEHYIOT HadalbHBIMU ycioBusamu. Ha puc. 5.3
moT0OHBIH TPOIIECC MPEACTABICH B YIPOIICHHOM BHIE; C ITOMOMIBIO Irpadrika MOKHO ONHCHIBATH JAFHOCTH ITOJIETa CHapsiaa B
3aBHCHMOCTH OT yTIJIa BO3BHIIEHUS. [IpM M3MEeHEeHHH yria B Ipefesiax HEeCKOJNBKHX TPaIycoB HaJbHOCTH KOJEOIEeTCs B BeChMa
CYIIECTBEHHBIX IpaHuIax. s momydeHus 00JbIeii TOYHOCTH MONafaHus pa3dpoc yriia BO3BHIIEHUS HEOOXOAUMO YMEHBIIIHTS.

ITo cymiectBy, pe3ynbTaThl ¢ TpeOyeMOW TOYHOCTBIO MOJYYarOTCsA 3aJaHHEM HA4YaIbHBIX YCJIOBHHA C COOTBETCTBYIOIICH
TOYHOCTbIO. HesIBHO B M3MepeHusX IO NPOBEPKE IMPOrHO3a IPUCYTCTBYET IOIYLICHHE, YTO YBEJIWYEHHE TOYHOCTH WU3MEpPEHUM
YJLyYIIUT TOYHOCTb IIPEJICKA3aHHBIX PE3yJIbTaToB. M X0Ts Ha NPOTSLKEHUU J0JI-
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Puc. 5.3. TounocTh npeacka3anus OyAyliero COCTOSIHUS 3aBUCHT OT TOYHOCTH 3HAHHUSA HAYAJIBHBIX

yCJIOBUI
k
TIpenckazannoe MeHee
Oynymee cocToA- TOUHKE
HHE
) 4
Bonee
TQYHbLIC «
-
Fall
Meiiee TOUHEIC

Hayanelise YCHOBRA

roro BpeMEeHH TaKoe JOIYIIEHHE CYMTAIOCh He3bI0IeMbIM, Ha ucxoae XIX Beka Bepa B HEro Obuia MOKOJIEOICHA MPH
BEChbMa CTPAaHHOM CTEUEHHUU OOCTOSTEIbCTB.

B 1887 roxy mBenckuit kopons Ockap II [(1829-1907), xopons HIBerun B 1872-1907 rogax u Hopseruu B 1872-1905
rogax]| B O3HAMEHOBaHUE CBoOero 60-meTusi mooOeman OEHEXKHYI0 MPEMHI0 TOMY, KTO MaTeMaTHUECKH IOKaKeT
yCcTOWINBOCTh opOuT ImiaHeT CoyHewHOW cucTteMbl. [loOemurens, JKionp-AHpu Ilyankape, He pemmi TOTHOCTHIO
[IOCTaBJICHHOH 3aa4H, HO MPOJIENaHHOi pabOTHI XBaTUIIO I osydeHus npemuu. B 1889 roay o omy6imkoBan cTaThio
«O 3amade Tpex Tea U 00 ypaBHEHHUAX TUHAMUKN» (Acta Mathematica. 1890. Ne 13)*. [lyankape cTosk-

* |lseackuit MaTeMaTuk Jlapc daBaps ®parMeH o6HapyXun B roToBsILLECs K neyaTu cTaTbe OWNBKY, U Ha U34aHWe OTIOXKEHHOM
Ha roa ncnpaBieHHOoM cTaTbu MNyaHkape NpULWNOCh BblNOXUTE 3585 KpoH, 3aTo owwnbka no-
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HYJICS ¢ HEOOBIYHBIM IIOJIOKEHHEM, KOTZIa «HEOONBITHEe PAaCXOXKACHHUS B HAYAIBHBIX YCIOBUSAX BEIYT K OIPOMHBIM
pasimiusaMm 'y Ha6JHOI[aeMLIX B UTOTE SIBICHUI. BYIIYT-II/I BbIAAOIIUMCId MAaTEMAaTUKOM, OH CYMEII IIOKa3aTb, YTO IIPHU
JOCTH)KEHUN CHCTEMOW OIPEEICHHOW CTETeHH CIIOKHOCTH IIOJIyYeHHUE TOYHBIX Pe3yNbTaTOB MOTPeOyeT MpeaeabHO
TOYHBIX HadaJdbHBIX yCIIoBHHA. HekoTopoe BpeMs coobpaxenus [Tyankape kazainch MaTeMaTHuecKuM Kypbe3oM. Ho, kak
MBI BCKOpE YBUAMM, criycTs 70 JieT OHM JaayT 3HATh O cele.

IToka >xe BepHEMCs K NPOTHO3Y MOroibl. JIt0OOMBITHOE COOBITHE MPOU30NUIO BO Bpems [lepBoil MUPOBOIl BOWHBI.
JIptouc @Opaii Puuapmcon paboran B pa3iuyHBIX HAYYHBIX YUPEKICHUSIX, BKIIOUYas MeETEOpOJOTHYECKYIO CIYKOY
Bpuranuu. C HayamoM BOWHBI OH CMOT HallTH cebe MpUMEHEHHE, He IOCTYTasCh CBOUMH MAU(PHUCTCKUMU YOSKICHUSIMH:
BOJWJI CaHUTapHYI0 MamuHy Bo Opaniuu. B yacsl 1ocyra oH CTpOMI MaTeMaTUYECKYIO0 MOJIETh MPEACKA3aHUSI TOTOIbI,
OCHOBaHHYIO Ha pa3/ieJIeHMH 3eMHOW TIOBEPXHOCTH Ha SYEUKH, MONYYCHHU NAaHHBIX O TOToJle B KKAOW M3 HUX U
MTOCTIEAYIONIEM IIPOTHO3€ IMOTOMABI MOCPEACTBOM MaTeMaTHYeCKOTO MpHeMa, M3BECTHOTO KaK HCYHCICHHE KOHEYHBIX
pasHocteit. Ero Monmens Tak U He 3apaborana, HO OH IpeacTaBwi B 1922 Tomy HMCHONB3yeMBbId UM MaTeMaTUYCCKHMA
IpUeM B cTaBileld 3HaMeHuTOM KHure «lIpeackasanue MOroabl ¢ MOMOIIBI0 YUCICHHOTO Ipoleccay. Pudapiacon oTHec
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HEyJady MOJEIM Ha CYET HEJOCTAaTOYHOIO0 KOJHWYECTBA MTaHHBIX U prI[HOCTeﬁ BEICHUSA T'POMO3JIKUX BBIYHCIIEHHAH
BPYUYHYHO*,

MOorna MateMaTtuky O6HapyXuTb aTTpakTop (FOMOKIMHUYECKME TOUKM), YTO 3a50Xmno dyHAaMeHT Teopmmn Xaoca (katactpod).

* YncneHHbI NPOrHO3 MOrofbl BCEro Ha 6 4acoB, CAeNaHHbI PUuapAcoHOM, OKasancs He MpOoCTO MNOX — 6biN0 MpeacKa3aHo
nosiBieHne daHTacTmdeckon 6ypu, a peanbHas noroga oOKasanacb BMOJIHE HOpManbHOW. [IpuuMHY OWMOKM OTbICKanM 4epes
HeCKoNbko net. A PuyapAcCOH YeCcTHO, He MCnyraBLWCb HacMelwek, onybnukoBan u pesynbTaT, U anroputMm pacyeta. OkasbiBaeTcs,
war no BpeMeHu may He AOo/KeH 6biTb MpOou3BOSIbHO 60MbLIMM, OH OFpaHM4YMBaEeTCs OTHOLWEHMEM AJIMHbBI Wara no NMpoCTPaHCTBY K
MaKCUManbHOW ckopocTu. Bonee nonHble Mmogenwn (HanpuMep, cUcTeMa, KOTOPYH WMCMofb30Ban PuyapAcOH) OMUCHIBAOT Npouecchl C
pasINYHbIMN CKOPOCTSIMU; B
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Bckope oObrunble Bbuucienus npenopyuwan OBM. K 1953 roagy oGocHoBaBimiicss B [IpuHCTOHE BEHIepCKHiA
Matematuk J[oH ¢on Hefiman ycnen ucnpoboBats nepByro nudpoyto Berauciurenpayto Mammay DHUAK (ENIAC —
Electronic Numerical Integrator and Computer) [IpirHCTOHCKOTO YHHBEPCHTETAa HA MHOTHX 3aJa4ax, BKIF0Uas YpaBHEHUS
Puuapncona. XoTsi MallMHHBIE pacdeThl W TO3BOJISUIM JIENaTh CPABHUTEIBHO HEIUIOXOW IMPOTHO3 TOTOABI, paboTHI
OCTaBAJIOCH €LLE HEMOYaThIi Kpau.

OBM okazanachk BecbMa ToJIe3HBIM opynueM. B 1960 romy Dayapna JlopeHIr cymen «BBIOUTEY i cedst HoBylo OBM
[Royal McBee]. On m3yuan marematuky B lapBapme, a Temeph MpernofaBal METEOPOJOTHI0 B MaccadyceTcKoM
TEXHOJIOTHYECKOM MHCTUTYyTe. I mpoBepku MamMHbl JIopeHI| cocTaBui nporpaMMmy aisl 12 HeIMHEHHBIX YpaBHEHMH,
OIMHCHIBAIOIIAX TIOTOK KHIKOCTH TNPUMEHHTEIBHO K TIOToAe. ODTH ypaBHEHUS BKIOYAIIM BO3JCHCTBHE IaBJICHUS,
CKOPOCTH BETpa, TEMIIEpaTypbl BO3AyxXa M BIaXHOCTH. [lo coBpemenHbIM Mepkam OBM Jlopenma Obura BechbMa
MIPUMHUTUBHOM, HO pe3yJIbTaTHI BhlJjaBalla BIIOJHE pa3yMHBbIE.

OnuH TPOTOH OKa3ajcs CTONb JIIOOOMBITHBRIM, 4TO JlopeHI[ pemmi pacmuputh ero. M3-3a MemmuTenbHOCTH
tormantHuX DBM OH Hadaj IporoH MPOrpaMMBI ¢ CEPEINHEI, BBES CIydaiHo B3sToe uncio 0,506 u3 pacnedarku. 3aTemM
JlopeH11 oTHpaBUiICs MHTH KOde, a MalllHA MPOI0JDKaIa «IIepeMalbIBaTh) coiepKuMoe. BepHyBIMCch, OH ObLT IOpaXeH
YBUJECHHBIM: 4acTh HOBOTO IPOr'OHA, MEPEKPHIBAIOIIASACA CO CTapbIM, COAEp)Kaja OTIUYHBIE OT MPEXKHUX pPe3yJIbTaThl.
[Ipruem otnane O6bUTO pasutenbHBIM. [locie kpomoTimBoil mpoBepku JlopeHi BoisicHMI, uTo IBM ncnonbs3oBana yrcna
C IIECThI0 3HAKaMM IOCIE 3amsATOW, HO BbIIaBajia MX OKPYIJICHHBIMH 10 Tpex 3HakoB. [lostomy umcmy 0,506 Ha

pacmneuyaTke COOTBETCTBOBaJIO MalIHHOE uucio 0,506127.

YACTHOCTM, HYXHO Y4YeCTb U CKOpPOCTb 3Byka. OrpaHuyeHwe Ha may (ycnosue KypaHta—®puapuxca—JieBn) 6b110 nonyyeHo
CnycTsa NATb neT nocne nybavkaumm KHUrM PuuyapacoHa. B pa3HocTHoW cxeme PuyapacoHa ycnosue K®J1 Hapylwanock, U oHa 6bina
HEYCTONYNBOW.
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Ho xakum oOpa3oM cTonb Mamnas pa3HHIA Ha BXOJE MOTJa MPUBECTH K TaKOMY pa3WUTENIbHOMY DPAaCXOXICHUIO Ha
BeIXOze? Opayapa JlopeHIT 3aHOBO OTKpPHLI sBJICHHE, 0 KoTopoMm roBopmia Ilyamkape. B cBoeii ctathe 1963 roma
«JlerepMUHUPOBAHHOE HEMEPHOAUYECKOe TeueHue» [B kH.. CrTpaHHble arTpakTopbl. M., 1981] Jlopenm ykasbIBaer,
HaCKOJBKO KOHEUHBIN Pe3yJIbTaT YyBCTBUTENICH K HAYAIbHBIM yCIIOBUSM.

Ha puc. 5.4 mpencrapiena KpuBas TpeXMEpHOH (GYHKIIUH, TTOPOKIAEMON HETMHECHHBIMA YPaBHEHUSAMHI JAaHHOTO poja.
XoTs €€ 3HAUCHUS TaK M HE CXOJATCS K OJHOM TOYKE, OHU KOJICOIIOTCS BOKPYT IBYX TOYEK, CJIOBHO MPUTATHBAIOT K ce0e
(hyHKIHIO, OTCIO/Ia U Ha3BaHUE «CTPAHHBIN MPUTITUBATEIND (ATTPAKTOP)».

UroObl 320CTpUTh BHUMaHHE Ha TOM, KaK Mayble pa3iudds BeAyT K OOJNBIINM TOCIEACTBHSIM, a BO3MOXHO,
PYKOBOJACTBYSCH HATTISIHBIM 00pa3oM CTPAaHHOTO aTTpaKTopa, CBOE BEICTYIUIeHWE [B mekabpe 1972 roma mepen
AMepHKaHCKUM 00IIecTBOM cojeiicTBus Hayke| JlopeHry osarmaBun Tak: «Bbi3oBeT 1M B3Max Kpbuta 0abouku B
Bpasunum cmepu B Texace?» Bripaxkenue «3pdext 6ab0uki» BCKOpe cTano oOmenpuHAThM. CUCTEMBI ypaBHEHUH ¢
MOOOHBIM TTOBEICHNUEM YK€ CO3IaBAMCh M M3YYaJIHCh HE3aBHCHMO OT BO3MOXXHOCTH NMPUMEHSITHh WX K (PU3HMUECKHM
CHUCTEMaM.

Puc. 5.4. CTpaHHblii aTTpaKkTOp
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XAOC: KYXHS

B wmrore Bo3HHMKIA COBCPUICHHO HOBad OTpacCjib MaTE€MaTHUKU C, HO)KaJ'Iyi/‘I, BBOJAIIIUM B 336J’Iy>KI[CHI/Ie Ha3BaHUEM
«TeopHs Xaocay, MPHAYMAHHBIM MaTeMaTHkoM J[xeitmcoM Mopkom m3 Mbapuenackoro yumpepcutera (cM.: CIIHCOK
unedt, 12. Teopust xaoca). K coxkanenuio, cjIoBo xaoc moapa3zyMeBaeT COBEPIIICHHBIA OECITOPSIIOK, YTO B KOPHE HEBEPHO.
[loroma He HocuT ciydaifHOro xapaxrtepa. OOmas KapTHHA IMOTOABI XOPOIIO BCEM H3BECTHA: JIETO TEIIoe, a 3uMa
xonoaHas. Yero HaM HENOCTAeT, TaK 3TO MOAPOOHOCTEH: HACKOJIBKO TEIUIONW WIIM XOJIOAHON OyAeT moroja, W »IaTh
HETOTO/Ty CITyCTS HE/IeTIO MITH JK€ POBHO Uepes Jac.

Pemenne roioBoIOMKH: Kak U T1e?

EcTh HeCKONBKO MHEHUI O My TAX JOCTHXKEHUS 00JIee TOYHOTO, TOJITOCPOYHOTO TIPOTHO3a ITOTO/IbI.
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KAK U T'JIE

YiydineHve MeTo10B

¢ Cosepuencmeosanue nadnooenutl 3a no2odot. TpedyeTcs 60ibIlIe TaHHBIX W JTydIero kadecrsa. EcTe Mecra Ha
3emJie, OTKyAa MOCTyHaeT KpaiiHe Malo JaHHBIX, IPEXkKAe BCETO 3TO TOPHbIE pallOHbI M OKeaHWYeCcKHe TTOBEpXHOCTH. JIBa
OOJIBIINX CE30HHBIX TEUYCHUs IMOBEPXHOCTHBIX OKEAaHMUYECKUX BOjA, Dnb-HuHbo u Jla-HuHbs, BBI3BIBAIOT OOIIMPHBIC
CUHOIITUYECKHE SIBJICHHS, CYIIECTBEHHO BO3JICWCTBYIOIIME Ha TOTOAY B MHUpPE, OCOOCHHO CKa3bIBasCh Ha CEILCKOM
xo03sticTBe. TOYHBIA MOJNTOBPEMEHHBIN IPOTHO3 IOMOT OBl KPECThSHAM COXPAaHWUTh COTHH MHJUITHOHOB JOJUIapoB. B
pamkax mpoektoB Haronooue ARGO, coctaBHol yacTH CHUCTEMBI HAOIIOJIEHHUS 32 KIIMMATOM 3€MJTH, Ha OKCaHWYECKUX
MIPOCTOpaXxX Pa3MemaroTcs 3 ThIC. MPeH(PYIONMMX CTaHIIUH IS CIIEKEHUS 32 TIOTOJHBIMU ¥ BOAHBIMH YCIOBUSMHU.

¢ Jlogviwenue kauecmea Mmooenuposanus. COBPEMEHHOE MaTeMaTH4YeCKoe MOJCINPOBAHNE 3HAYMUTEIIHHO
COBepIIeHHEeH MeToZoB Dayapaa JlopeHIla, HO MHOTOE ellle MPEeACTOUT caenarb. HekoTopble (hHU3NYecKue MpOIECCHI,
YHOPaBJISIONINE MOTO0N, BeChbMa CIOXKHBI. Hy)XHO y4uTBIBaTH penbed MECTHOCTH U CBOMCTBAa MOYBKI, OpaTh B pacyer
TUHAMHYECKOE TTOBEICHNE OKeaHa W 00J1aqHOro MOKpoBa. HeIHENTHIE MOIETH JINIIIH allpOKCHMHUPYIOT KpaiiHe CIIO)KHBIC
IpoIlecchl B IIENAX YCKOPEHHsS BBIYHCIEHHH ¢ ydeToM oO0BemMoB mamsith OBM. K ToMy ke pasnudHble CITyxKObI
MIPUIIEPIKUBAIOTCS COOCTBEHHBIX MOJIENICH CO CBOMMH aIIPOKCUMAIIVSIMH.

¢ Vuenvwenue waea cemku y mooenu. llepBbie MOIeNH MPOTHO3UPOBAHUS TIOTO/IBI UCTIOIB30BANIA CETKY C IIArOM B
COTHHU KMJIOMETPOB. B HBIHEIIHNX MOJEINAX 3TOT IIar YMEHBIICH 10 AECATKOB KIJIOMETPOB, a OIrpKaiIias meiab — 5 KM.
Uem MeHbIe 007aCTh, TEM TOYHEE MOJEIMPOBAHME, OJHAKO JUIS TOJYHYEeHHS TaKOM TOYHOCTH HYXKHBI cynepOBM
(BCIOMHUM MOTPEOHOCTH OMOJIOTHU B OOJBIINX BBIYMCITH-
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TENBHBIX MOIIHOCTSX, IOJIyYMBIIYIO Ha3BaHue OuoumHpopmaTvku). B moctpoenun cynepOBM nHamerwnoch aBa
MOIX0J]a: MaccoBasl MapaiielbHas o0paboTKa W BEKTOPHBEIE BhIYHCICHHA. [Iporeccopsl ¢ MacCOBBIM MapajlIeIn3MOM
COCIUHSIOT OOJBINOE YHCIO YHHBEPCAIBHBIX IPOIECCOPOB, KaXABI W3 KOTOPBIX OCYIIECTBISET YacTh CIIOKHOTO
BBIUMCIICHHUS, @ OTHEIbHBIE pPE3yJbTaThl CYMMHUpPYIOTCS. BekTtopHas o0paboTka HCIONB3YeT CHeNHaIn3upOBaHHbBIE
MUKPOIIPOLIECCOPBI, NpeIHa3HAUCHHBIC I PEIICHUS Cyry00 OmpeieNicHHON 3amauu. B cBoe Bpems amMepuKaHCKUN
paspabotunk D9BM Cetimop Kpeii cobupan HeoOBIKHOBEHHO OBICTpBIC CyniepOBM Ha O0CHOBE BEKTOPHOTO BBEIYHCIICHUS.
XO0Ts ero moJaxoA MepecTaln MoJb30BaThCs CIIPOCOM Ha POJAMHE, K HEMY pellnia MpuOerHyTh ArmoHckas kommanus NEC
BMmecTo mepexoja Ha CETKy ¢ MEHBIIMM IIAroM JUIs BCETO0 3€MHOTO Inapa ObLIO PelIeHO, YTO KadecTBO MPOTHO3a y
[II00aTHHBIX MOJIEJICH MOYKHO YIIYYIIUTh IIPH CETKaX C MEPEMEHHBIM IIIaroM B 0000 BaXKHBIX 00JIaCTSX.

¢ Coopuoiii npoecnosz. COOpHBIA TPOTHO3 — METOMA, YUYUTHIBAIOIIMKA YYBCTBUTEIHLHOCTH MOJENEH K MajbIM
U3MEHEHUSM B HAYaJIbHBIX YCIOBUSX. [aHHBINA MOAXOMA CBSI3aH C HEOJHOKPATHBIM MPOTOHOM MOJIEIH, UCIIONIh30BAHUEM
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Pa3NUYHBIX HAYajJbHBIX YCJIOBHH, YTOOBI IOCMOTPETh, KaK MEHSAIOTCS BBIXOJHBbIC NaHHble. Eciu, Hampumep, ZOXIb
BBHIMAZAaeT B YETHIPEX HCHBITAHUSAX M3 JAECATH, MOXKHO MporHo3upoBaTh 40% BeposTHOCTH A0XAsS. OOBIYHO MOAETH
3amyckatot 6omnee 10 pa3 — gacTto 310 17 IpOroHOB, HO MOPOI MoxeT ObITh U 46. OMHA U3 Pa3HOBUAHOCTEH TaHHOTO
[IOJIX0/1a CBSI3aHA CO CPABHEHHEM pE3yJIbTATOB Pa3jIMYHBIX MOJENEH C IOCIEAYIOIIMM NPOrHO3UPOBAHUEM Ha OCHOBE
CPeIHEeB3BEUICHHOTO 3HadeHHA. OIBITHbIE METEOpPOJIOTH HCHONB3yIoT OBM, Korma cBepsitoT pe3yibTaThl, U TOpPOi

OTKJIOHAOT BI:I,I[aHHBII\/'I €10 MPOrHO3 UCXOAd U3 COOCTBEHHOTIO OITBITA.
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IIpu3Hanne HEBO3MOKHOCTH MOJAPOOHOIO J0JITOCPOYHOI0 MPOTrHO3a M U3yYeHH e JIUIIb
O0IINX TEHACHIIUN

Kax mumer nmomymnsipuzatop Hayku Jxeiimc ['nefik B kaure XAOC: coz0danue nosoul nayku (1987) [CII6., 2001]:

[Ipenmonoxxum, yTo 3eMiis MOKPHITA JaTYUKAMU Ha yJaJICHUU OJHOTO (dyTa ApYr OT ApYyTa, a IO BHICOTE — HUAYIIUMHU
Ha PAacCTOSIHUM OAHOTO (yTa BIJIOTH O BEPXHUX ClIOeB aTMocdepsl. [Ipeamonoxum, 9To KaxAblil AaTYMK CHUMAET
COBEPILICHHO TOYHBIC ITOKA3aHUSl TEMIIEPATyphl, AABICHUS, BIAXHOCTH W JIOO0W HMHOW BEIMYUHBI IO JKEJTAHHIO
MeTeoposora. PoBHO B moiaeHp oOiamaromias HEOTPAaHWYECHHOH MOITHOCTRI0O DBM moiydaer Bce 3TH JaHHBIE U
BBEIYHCIISCT, YTO MPOM30iiaeT B Kaxkaoi Touke B 12.01, motom B 12.02 u T. 1. U Tem He menee DBM He B coCTOSIHUH
npezackasarb, Oynet iau B [Ipuncrone, mrat Heto-/lepcu, COMHEYHO WM TACMYPHO Yepe3 MECHIL. ,

YcrosBIIascs ceTb NPOTHO3WPOBAHMS IOTOABI HE MPUEMIIET HEBO3MOXKHOCTH HporHo3upoBaHus. Iloka He ymacTcs
nenatb Oojiee TOYHBIE NMPOTHO3BI HA CPOK OoJiee ABYX HEMIENb, NMPUXOAUTCS MUPHUTHCS C BO3MOXKHOCTBIO HCXOAHOU
HEMNpPEeICKa3yeMOCTH IMOrojbl. B HEKOTOpPOM OTHOIIEHMM 3/€Ch YJIABIMBAETCS CXOACTBO C JAPYroi 3amaueil HayKu O
3emite: MporHO3UpOBaHUEM 3eMieTpsiceHuit (cM.: Crimcok uaeld, 13. [Ipenckazanne 3emieTpsaceHnit).

Bbipa0oTKa cOBEepPIIEHHO HOBOI0 MOIX0/A

[Ipu Bcex NMOOONBITHBIX CBOWCTBAax, MPOSBISEMBIX TEOPHEH Xaoca W meopuel Kamacmpogh, 3aHATOH H3ydeHHUEM
CKa4YKOOOPa3HBIX MEPECTPOEK CHCTEM KaK YHCTONW MaTeMaTHKH, IJISl M3BJICUEHUS HAy4HBIX BHITOJ] TpeOyercss ux Oojee
TECHOE COOTHECEHHUE C (PU3NIECKOM pearabHOCThI0. CBEXXUII TOAX0A HAa OCHOBE IIPOCTHIX IPaBUJI IPOIrPaMMHUPOBAHUS [TaK
Ha3bIBaEMOH CHCTEMBI KOMIIBIOTEPHOH anreOpsl | npemnoxuin B 2002 rony Crusen Bonbedpam. Ero naen moryt momous B
MPOTHO3€E MOTOBI M UHBIX 00JIACTSX HAayKH, OJHAKO MOTpeOyeTcs enie MHOTO YCH-
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JIMH 711 COOTHECEHHUS €T0 OTBJICUEHHBIX MaTEMaTHYECKUX METOIOB MOJICTTUPOBAHMS C PEATHHBIM MUPOM.

CeroaHsi POEKT NMOJ Ha3BaHMEM climateprediction.com TO3BOJSET 3allyCKaTh MOJENTH IOBeACHHUs arMochepbl Ha
JOMAIllHUX KOMIBIOTEpPax B ()OHOBOM pEKUME B KauyecTBE SKPaHHBIX 3aCTaBOK. OJTa INporpaMma IO MAacCHBHBIM
MapajuleIbHBIM BBIYHCIIEHUSAM CX0%Ka C OOCYX/JIaeMbIMH COOTBETCTBEHHO B 4-M u 8-M «Cmucke uaei» NpoeKTaMu
SETIathome u Folding@Home. CrnoxxHble MOJeny MOBEACHUSI aTMOCQEPHI 3allyCKal0T ¢ MCIOJIb30BaHUEM Pa3IMYHbBIX
HayYalbHBIX YCJIIOBHHA Uil MPOTHO3MPOBAHMA MOroAsl W kiauMaTta B nanekoMm 2050 romy. IIporHo3sl 3aTeM CpaBHSAT C
JNEeHCTBUTENBHBIMH MMOTOAHBIME ycnoBusAMHU 2050 roza, 4To, BOZMOXKHO, NMPOJIBET CBET Ha MOAXOMAbI K MOJEIHMPOBAHUIO.
JlecsITKU ThICSY JIIOJIEH yXKe COTIIaCUIINCh MPENOCTaBUTh CBOM KOMIIBIOTEPHI 32 CHMBOJIMUYECKOE BO3HATPaXKICHHE.

Lenb mnaHHOTO MpOEKTA 3arevaTyieHa B CICAYIOIIEM BBIPAKEHUH, IEPENAIOIIEM AyX POTHO3UPOBAHUS ITOTOIBL:

[Tomoraet 0OBSCHUTH MPOILIOE, KOTOPOE 3aTEM
[ToMoraet MOHATH HACTOSIIIEE, A 3HAYMT,
[penckaszare Oymyiee, 4TO MO3BOISET
Bonbiie BIHUATE Ha TpsTyIue COOBITHS U
Jlyuie 00€30MacuThCsl OT HEOKUTAHHOCTEH.
Yapnwesz Xonou™

* XsHan Yapnbz (p. 1932) — aHrAUIACKWIA CneuManucT no MeHedXMeHTy, aBTop KHWUr: Bpems 6espaccyactBa: McKyccTBo
ynpaBnenus B opraHusaumm byayuwero (CM6., 2001), Mo Ty CTOpOHY yBepeHHOCTU. O HOBOM MWpe BHYTPYM W BOKPYr opraHusauuni
(CN6., 2002). Camo BbipaxeHue NpuBoaUTCSa B KH.: bogawn /[., MaiToH P. OcHoBbl MeHeaxMeHTa. CM6., 2000.

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).



AHko Cnasa (Bubnuoteka Fort/Da) || http://yanko.lib.ru 89

I'maBa 6. Acrponomus. Ilouemy BeenteHnasi pacuiupsieTcs ¢o Bce 00JbIei
CKOPOCTbHIO?

Paszsegka — BOT 4yTO BaM npeactouT! He HaHeceHuve Ha KapTy 3Be34 W MU3yyeHWe TyMaHHOCTEW, a BblYepuYMBaHUE HEBEAOMbIX
BO3MOXHOCTEN 6bITHA.
Cnosa Kbto, obpaleHHble Kk kanuTaHy lMukapy («3Be3aHblit NyTh: Cneayollee nokoneHme» ™)

ACTpOHOMHUS WM, TOYHEE, KOCMOJIOTHS M3y4aeT BO3HMKHOBEHHUE, Pa3BUTHE M MAaKPOCKOIUYECKOE CTPOCHHE HU
noBeacHue Bceenennoil. Jlo HemaBHET0 BpeMEHU KpYITHEHIIEH HEpemeHHON 3a1aueit acTpOHOMUU (KOCMOJIOTHH) OBLIO
BBISICHEHHE BOTPOca, OyaeT i BeeneHHas pacimpsaThCs BCEeraa WK Ke B KOHIIE

* Star Trek («3Be3AHblii MyTb») — Hay4HO-thaHTacTUUeckuit Tenecepuan 1965—1969 roos, cTaBWMUi 0OCOBEHHO MOMYASAPHbLIM BO
BpeMsi MOBTOPHOro nokasa B 1970-e rogbl. B 1979 roay Bbiwen ¢unbM «3Be3gHbii nyTb» («Star Trek: The Movie»), a 3aTteM u
BTOpOM Tenecepman («3Be3gHbii NyTb: Cnepytouwlee nokoneHme (Next Generation)», 1987—1994). ABTopoM U co3gateneM Mupa
«3BE34HOro NyTu» SABASIETCA NmMcaTeNb, CUEHapucT, npoatcep, pexuccep JxuH (nonHoe ums OokuH Yacnn) PoaneHbeppu (1921—
1991). 3TOT cepvan MNOOXWA Hayano CyneprnonynsipHO (aHTacTUYeCcKOl 3ronee. YXe CHSATO YeTblpe TeNeBU3UMOHHbIX cepuana,
Bcero 6onee 500 cepuii (CKOPO HAYHYTCA CbEMKW MATOro cepuana), AeBSTb XYyLOXECTBEHHbIX (WIbMOB (AecsATbi MOSBMCSA Ha
skpaHax B 2001 roay), HanucaHo 6onee 300 KPyNHbIX NOBECTEN U POMAHOB M BecuUncneHHoe KOMMYeCTBO pacCckasos.
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KOHLIOB OHa coxkMmeTcs. OOHapyKeHHe YCKOPSIOUIErocsl paciiupeHus BceleHHOW, dYTO yKa3plBaeT Ha €ro
HEOOpaTUMOCTh, BO3MOKHO, 3aKPbUIO TaHHBIM BOIPOC, HO NOPOAMIIO clieaytomuil. [IpuurHa Takoro Bce yCKOPSIIOIIETOCs
pacuMpeHus, NOpol MMEeHyeMas TEMHOH PHepruei, oxoxe, MPOTHBOPEUUT COBPEMEHHBIM INPEICTABICHUSAM O CHJAX,
onpenensAomux noBeaeHue Bceenennoil. OO0bscHeHue (eHOMEHa TEMHOW PHEPIMHM M HBIHE OCTaeTcs KpymHeumiei
HEpeIIeHHOH Npo0IeMoil aCTpOHOMHHU.

Conepxxkumoe BceesieHHou

«Yto Tam?» — HpHBBI‘IHLIfI BOIIPOC Hmﬂeﬁ, BIIAABIBAOIINXCA B He0O.

TTonbITKM acCTPOHOMHUHM OTBETHUTH HA HETO B OTHOILIEHUM Bcel BceraeHHO# TO Apa3HAT Hac CBOMMH MOPa3UTEIbHBIMU
OTBETaMH, TO 00ECKYPAXKHBAIOT CTOJIb K€ MOPA3UTEITHHBIMUA BOITPOCAMH.

\

TTon AN ORNLAVRD YADpHIOUNLLLS
PACMpRIIAL Baavanoin
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CopepxxuMoe Bceil BceneHHON MOXHO BBIpa3WTh B MOHATHSAX €€ MAacChl/SHeprud (Macca W DHEPrHs OKa3bIBAIOTCS
B3aMMO3aMEHSAEMBIMU BEIMYMHAMU COTJIACHO 3HAMEHUTOMY YpaBHEHHIO ODWHINTEHHA: SHEprus = macca X KBaapar

2 o
CKOpPOCTHU CBCTa, UK E = mc ) B HUIKCCIICAYIOIICH Ta6J'II/II_IC MNPEACTABJICHBI CAMBIC IMOCJICAHUC OLCHKHU COACPIKUMOTO
Bceenennoii B BeTMUInHAX MacChl OHEPrun, COIPOBOXKIAEMBIC KPATKUMH IMOACHCHUAMU.
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CocTaBHasi YacTh % OT MacChl/JHEPTrUHU IIpumeyanus
Bcesiennoii Bcenennoii
Temuast sneprust 73 Bri3biBaer yckopsitoreecs

pacmupenue Beenennoit. [Tpu
BCeH ee CKPBITHOCTHU M IIPH BCEM
HEBEICHHUH O ee PUPoLe
HabIroKaeTcs OrpoMHOe
BO3/JIEMCTBHE CO CTOPOHBI TEMHOM
JHEPTUU

Temnas matepust 23 Xot4 ee camy HE yAaI0Ch eIie
Ha0JI01aTh, OHA OTBETCTBEHHA 3a
OBICTpOE BpalIeHHe TAIAKTUK
raJaKTHYECKUX CKOILUICHUI

OOBIKHOBEHHAS 4 HaGmonaemslie spkue 3Be31pbI,

MaTepust TaJTaKTHKH U TAIaKTHIECKHe
CKOIIJICHUS

Heiirpuno MeHee 1 VYcraHoBIEeHA BEpXHsid rpaHULA

HX COBOKYITHOM Macchl, a
JIECTBHUTENHHOE 3HAYEHHUE TTOKA
HE ONpeiesIeHO

HaHpaIHI/IBaCTCH HOpaSPITCJ'H:HLIfI BBIBOI: 711pu scell HEYIOBUMOCMU MEMHAA SHEP2UA U MEMHAA MaAmepUusl COCmaesison
96% Bcenennotl u onpeoensiom ee nogeoeHue.

ITosTOMy BIOJIHE CHpPaBEIIUBO 33JaThCS BOMPOCOM: KaK aCTPOHOMUS MPUILIA K TaKOMYy MOHUMaHUIO BceneHHOI?
[TomoOHO XOpomIeMy AETEeKTHUBHOMY CIOKETY Hallle TIOHMMaHHe MPUXOAHMIIO MYYHTEIbHO, IIar 3a maroM. HeiHe 310
O0OBIYHO TPOUCXOINT TaK: YCOBEPIICHCTBOBAaHHAS WIIM HOBAas 4acTh DKCIIEPUMEHTAIbHONH OCHACTKH IMO3BOJISET YBHIETH
HEYTO HOBOE. 3aTeM TCOPETUKH CTapalOTCsA OOBSICHUTh HOBBIC JAHHBIC TIOCPEICTBOM CYIIECTBY-
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FOIIIX TEOPHH WM K€ BBIIBUTAIOT MHBIE TUIOTE3bl. [l0TOM menaroTcst mpencka3anus U MPOBOAATCS HOBBIE OIBITHI IS
YSICHEHHS TOTO, KaK JIEHCTBUTEIHHOCTh COTJIACYETCSA C TpejackaszaHueM (MOXKHO BOOOpa3uTh, ¢ KaKUM JHMKOBaHHEM
AKCIIEPUMEHTATOPHI JIOCTABISIOT TEOPETUKAM MIEKOTIMBBIE (DAKTHI).

B manHO¥W TiIaBe MBI TOKa)XeM, Kak MPUXOIUIO K acTpOHOMHH €¢ HEIHEelHee MmoHuMaHue Bcemennoit. Ocoboe
BHUMAaHUC 6YZ[eT 06pau1eHo Ha CKOIUJICHUSA 3BC31, UMCHYCMBIC T'aJIaKTUKaMH, U CHOCO6I)I HU3MCPCHUA paCCTOHHI/Iﬁ a0
3BE3]l U TAJIAKTUK U UX CKOpocTed. B 3akmioueHue MBI HCCIENyeM MyTh K BO3MOXKHOMY PELICHUIO 3a7ad, CBSI3aHHBIX C
npeo0IaTaromuMe Bo BeenreHHO#M TeMHON dHEpTHel M1 TEMHONW MaTEpHEH.

I/I3M€p€HI/Ie MEK3BE3IHbIX paCCTOHHI/Iﬁ

Bcenennas moyiHa HEeBOOOPa3UMOT0 YMCIa 00BEKTOB (KOTOPBIX, BBIPAXKASACH TAMSITHBIMH MHOTHM CJIOBaMHU acTPOHOMA
Kapna Carana, Muummapasl 1 MAJUTHApae). Hagrem ke, ka3amoch OB, C TPOCTOTO BOIIPOca 00 OJTHOM M3 3THX 00BEKTOB,
3Be3ne. Hackonmbko OTCTOMT OT Hac Ta WM wWHas 3Be3na? [lpu B3risime Ha 3Be3Nbl y ceds Hal TOJIOBOM NMPHBBIYHOE
YYBCTBO PaCCTOSIHUS HAC MOABOJUT. Bce 3BE3/bI KaXKYTCS OJUHAKOBO yNaleHHbIMH. [[1aHEThI W 3BE3/BI CTOJIb JAJICKH,
YTO MPEJCTABISIOTCS PACTION0KEHHBIMH HA OJTHOM PACCTOSHUU. BOT mouemMy He0O BBITTIAANUT KaK KYIOJI.

[Mockonbky 00a HANIMX TJa3a CMOTPSAT HA MPEIMET C Pa3IUYHBIX TOJOKEHUH, y KaXJOro Tiia3a CBOsi COOCTBEHHAS
BHJIUMOCTh. JlaHHOE sBJICHHE WMMEHYETCS MapaylakCcoM, W 3eMJIeMephbl (T€0AE3UCTHI) IMOJB3YIOTCS UM JJIS TOYHOTO
OTpeieNieHus paccTosiHusA. V3-3a Mayloi yIaleHHOCTH TJia3 JApyr OT APYra ¢ UX IMOMOIIBI0 HENb3sl TOYHO OICHHUTH
OOJIBITINIE PACCTOSTHHUS.

Torna tem OoJiee yTUBUTENBHO, YTO CaMBIi IPOCTOM acCTPOHOMUYECKUH CIIOCO0 ONpeeNieHHs] PACCTOSHHUS OCHOBaH Ha
napauiakce. Bot kak oH neiictByer. Ecnu onHy M Ty ke 3Be3ly HAONIONATh B Hayale U B KOHIIC MICCTHMECSYHOTO

MIPOMEXKYTKA
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Puc. 6.1. U3mepeHue paccTosSIHUA HA OCHOBE Mapajjiakca
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BpEMEHH, OHAa BHIHA 110 IBYM DPa3IMYHBIM 3PUTEIBHBIM OCSAM (IOJOOHO TOMY KaK HAlllM IJla3a BUIAT yIaJICHHBIHA
mpeaMeT ¢ ABYX Todek) (puc. 6.1). M3mepsst yroa Mexay 3TUMH 3pUTEIbHBIMU OCSAMHU (YroJl Mapajulakca) U 3Has, 4To
OCHOBaHHE TPEYTOJbHUKA DPAaBHO TMOMEPEYHHKY OpOuUTHl obOpamenuss 3emian BOKpyr CoJHIA, MOXHO BBIYHCIHTH
paccTosHuEe 110 3BE3lbl B COOTBETCTBHUM C TPUTOHOMETPUYECKUMH COOTHOIIECHHSMHU. OTOT pacyeT BIEpBbIE CAEIal
HeMenkuit actpoHoMm @puapux beccens B 1838 roay mpu m3MepeHnn paccTosTHUS 10 3Be346I 61 Jlebems.

JlanHbIil crmoco® W3MEepeHHsI PacCTOSHHS CIYXXHT OCHOBOW TIpU OIpPEIENCHHWH 4Yallle BCETO HCIMOJIB3yeMOU B
aCTPOHOMHUM EOUHMIBI — napcexa (nk). 3Be3da, yroj mapajulakca KOTOPOW MOCHE LIECTUMECSYHOTO IMPOMEKYTKa
BpeMenu coctaBisiet 1 ¢ (60 ¢ B 1 muH, 60 MuH B 1°, 360° BO BCEit OKPYKHOCTH), CUMTACTCS YAAUICHHON Ha OJIUH MapCeK.
Hama 6mmkaiimas 38e3na Anbda LleHtaBpa (B JeHCTBUTEIBHOCTH CHCTEMa M3 TPEX 3BE3]]) HAXOAUTCS Ha PACCTOSHHUH
4qyTh OoJbIie ogHOro mapceka. Eciu otnpaButbes kK Anbge LleHTaBpa co cCKOpOCTEIO 3ByKa, MyTEHISCTBHE 3aiMET CBBILIE
MWJITHOHA JIeT. [laske CBETY C ero cymMacuiequeil CKopocThio MoTpedyeTcs Ha 3T0 Ooee YeThIpex JIeT.
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B mpenenax 10 nk ot 3emnu HaxoauTcst HeMHOrHM Oosee 300 3Be31, Tak YTO MBI MOKEM OINPEICIUTh PACCTOSHUE JI0
9TUX OmKalmux cocenelt mocpeacTBoM napainakca. IIocKkonabKy ¢ yaaaeHueM 3Be37 yMEHbBIIAETCsl U yrol Mapajulakca,
mpenen Ui u3MepeHuil HactymaeT npumepHo npu 100 mk, Korza BO3MOXKHO IONYYE€HHE MPHUEMJIEMBIX pe3yJIbTaToB.
Takum oOpazom, 3Be3[bpl M TaJaKTHKH Ha PACCTOSHUM THICSYM Mapcek (Kuionapcek, Knk) WIA MHJUIMOHOB MapceK
(mecanapcex, Mnk) OKa3BbIBAIOTCS CIUILKOM AAJEKUMHU, YTOOBI M3MEPHUTH PACCTOSHUE A0 HUX ITOCPEACTBOM Mapajlakca.
Jns pemieHus JaHHOU 3a1a4u pa3pabOTaHbl APYTHE CIIOCOObI, KOTOPBIE Mbl H3YIHM IIO3/HEE.

["anakTUKHU: MepBble TEOPUH U HAOIIOACHUS

Teneps MOCMOTpPHUM, KakK acCTPOHOMHS MPUILIA K MOHUMAaHUIO TajdakTHK. CIIOBO eanakmuxa TPEYeCKoe W 03HadaeT
«witeuHblid yTh». llBenckuit ¢pumocod DMmamysns CBeneHOOPT MPHUIIENT K 3aKIIOYCHHUIO, YTO BCE 3BE3IBI 00Pa3yroT
Oosbiroe coobmiectBo, Tae CoHEYHAs cucTeMa — JIHINb ero 4acTh. B kuure Principia Rerum Naturalium (1734) on
npennoniokwi, 4to CollHEeYHass CUCTeMa, COCTOSINAas W3 CBETHJIA W IUIaHET, 0O0pa3oBaiachk W3 OBICTPO BpaIIaroIIencs
tymanHOCcTH. Ilpn »ToM CBemeHOOPr HEe PYKOBOACTBOBAICA HWUKAKMMH HAYyYHBIMHA HAONMIOACHHUAMH, XOTS M H3ydal
TOYHBIC HAyKH. /laHHBIC CBEICHUS OH MOYEPITHYJI B XOZ€ CIIUPUTHICCKOIO CeaHca, Iie AKOObI IPUCYTCTBOBAIM HEOSCHBIC
nocnaHHukW. JlanpHedmue BujeHus mnoOyauiam CBeneHOopra TmpenaTh OrJacke IMOJYyYEHHBIE WM CBEICHUS
OOTOCIIOBCKOTO CBOICTBa, M B UTOTE W3 €r0 YUYCHHS BBINUIA penurus [cBeneHOOpruaH] «HoBas miepkoBb» [MMeHyemas
eme «HoBeiM Uepycamumom»].

Hctopuio ranakTUK NMPOAOIDKUN aHrauyanuH Tomac Paiit u3 Jlapema, 3aHUMaBIIMICS H3TOTOBJICHHEM HAyYHBIX
OpYIWH M WTPYIIEYHBIX COJHEYHBIX CHCTEM, KOTOpHIE IMpojaBall BelbMOXkaMm. B kHure «OpUruHanbHas TEOPHS, WU
HoBas tumorte3a o BcenenHoi#l, ocHOBaHHas Ha 3aKOHAX MPHUPOIBI W OOBSCHSIOMIAS C ITOMOIIHI0 MATEeMaTHYECKIX
MIPUHITUIIOB HanboJiee BaKHBIC SIBJICHUS BUIUMOTO MUPO3IAHHUs, B YACTHOCTH MJIEUHOTO
180

ITytm» (1750) PaiiT BeICKa3bIBaET MBICIIb, 4TO 3Be3/6I B Muteunom IlyTu pacmpenenens! B Buje xepHoBa. OH TOBOPHIL:
«I'nans Bcsakui pa3 Ha HE0O, HUKAK HE MOTY B3STh B TOJK, IIOYEMYy BCE HE HUIYT B acCTPOHOMBI». Kak M3roToBHTENbH
HAy4YHBIX OPYIHH, OH HaBEepHsIKA MMEN JOCTYI K TeneckomaM. OIHAKO HUKAKUX aCTPOHOMHYECKHX HAOIIOJCHHI OH He
m3naBan. Kawra Paiita Toke 3aTparmBaeT pENUTHO3HBIE BOIPOCHL, HAMpUMEp O (U3NYECKOM MECTOHAXOKICHHUU
00KECTBEHHOTO TIPECTOIA.

3amerka o kaure Paiita B raMOyprckoM >KypHaie monaia Ha riasa onecrsamemy ¢uinocody Mvmanymny Kanry. U
xoTss KaHT HeBepHO HCTOIKOBaa coolmeHue o pabore Paiita, eMy ymamoch HampaBUTh €€ B CO3HMIATENbHOE pycio. B
1755 roxy Kant npenmosnaraet, yto Mueunsnii [1yTs npeacTasisier co00i TMH30BUIHBIN TUCK U3 3BE3], BPAIIAIOIIHIACS
BOKPYT CBOCH OCH. 3aTe€M OH YTBEPXKIACT, YTO Pa3MBITHIC CBETOBHIC MSITHA, UMEHYEMbIE TYMAHHOCTSIMU, HA CAMOM JieJie
MIPENICTABISIOT COOON CHCTEMBI 3Be3ll, mojo0Hbie MieuHoMy IlyTn, HO Haxopsmuecs Ha OonbmioM ymanenun. KaHT
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MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).



AHko Cnasa (Bubnuoteka Fort/Da) || http://yanko.lib.ru 93

MMEHYeT UX OCTPOBHBIMH BCEJICHHBIMI *. B Ty Topy

* HW «JIMH30BWAHbIX AMCKOB», HU «OCTPOBHbIX BCENEHHbIX> y KaHTa B ero «Bceoblueit eCTECTBEHHO UCTOPUM U Teopum Heba...»
(1755) Het. BoT ero cnoea: «Bce HenoAaBMXHble 3Be34bl, AOCTYMHblE a3y B Heu3MepuMmon rnybuHe Heba, rae OHM KaxyTcs
paccesiHHbIMW C KaKOW-TO PacTOYMUTENIbHOCTbIO, MPeAcTaBnsAoT CO60iM conHua M LEeHTPbl NoAOBHbLIX Xe cucteM... CKonneHue 3se3f,
pacnosioXXeHHbIX BO3/1e OAHOW 0bLlei MMOCKOCTU, COCTaBSIET TaKyl Xe CUCTeMY, KaK MJaHeTbl Halero CO/IHEYHOro Mupa BOKpPYr
ConHua. MneyHbii MyTb NpeacTaBnseT coboi 304MaK 3TUX MUPOB BbICLLIErO MopsAka... Passe Henb3s Ha OCHOBaHWM CTOMb MOJSIHOMO
CXOACTBA B CTPOEHMWN MPUNATU K 3aK/IOYEHUI0 06 0ANHAKOBOW MPUYMHE M OAMHAKOBOM crnocobe obpa3oBaHMa? Ho ecnv HenoABWXKHbIE
3Be34bl 06pa3yloT O4HY CUCTEMY, pa3Mepbl KOTOPOW onpenensoTcs chepor MpUTSXKEHUA LLeHTpanbHOro Tena, TO pa3Be He MoryT
BO3HMKaTb €elle MHble CUCTEMbl COMHL, M, TaK CKasaTb, elle WHble MJleyHble NyTU B 6e3rpaHMyHOM MMPOBOM MpPOCTpaHCTBE? Mbl C
n3ymneHueM ysuaenu Ha Hebe durypbl, KoTopble NpeacTaBasatoT cobor He YTO MHOE, KaK MMEHHO NoAobHble CUCTEMbl HEMOABMKHBIX
3Be3/, OrpaHu4yeHHble 06Lel NIOCKOCTbIO, — MJIeYHble MyTH, €C/IM MOXHO TaK Bblpa3uTbCs, KOTOPble NPeACTaBAIOTCA HalleMy rnasy
Nnpv pasiM4yHOM MOJIOXKEHUN OTHOCUTENIBHO €ro B BuAe 3/INMNTUYeCcknx obpa3oBaHunii, Mepuatowmx cnabbiM cBeTOM n3-3a 6eCKOHeYHoMn
YAANEHHOCTW OT Hac...» (KaHT M. JlokpuTnyeckne npomsseneHns). [lanee BCTpeyaeTCcs BblpaXXeHWe «paccesiHHas Macca MMpO3AaHuin»
(Tam xe).
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He OBIJIO CpeAcTB, 4TOOBI MPHUKHUHYTH PAcCcTOSHHE A0 3TUX TymaHHocteil. Jlaxke ¢ momompbio beccemeBa meroma
napajuiakca, pa3paboTaHHOTO TIOYTH CTOJIETHE CITYCTSl, HE CIIPaBUTHCS C TaKOH 3aaa4eil.

Wrak, Hauano M3ydyeHWIO acTPOHOMHEW TaJlaKTHUK IOJIOKWIA OOTOCIOBCKA HACTPOCHHBIM MacTepoBOW W ¢uirocod.
Crnenytommii BaXXKHBIN BKJIaJ B MOHMMaHWE TANaKTHK CY>XIE€HO OBUIO BHECTH Y4eHOMY-Habmomarenro. JIro6onbsITHO, 9TO
€ro He 3aHUMAaJIM CaMU TaJaKTUKH; OH COCTaBUJI MEPEUCHh 0OBEKTOB, KOTOPHIX CIIENOBAJIO M30eraTh MpHU MOUCKE KOMET.
[Mapas Meccbe (1730—1817) ObLT CTOMB 3as/UTBIM OXOTHHUKOM 3a KOMETaMH, 4To Kopoiib JltogoBuk XV mpo3Bain ero
«KOMETHOW WIIEHKO». 3a BCIO KU3Hb Mecche OTKPBLI OVH WIH OJTHOBPEMEHHO ¢ KeM-To 20 KoMeT 1 HaOmonan ere 24.
OH 4acTO HAXOAMJI HETOABHKHBIC 00BEKThI, KOTOPBIC HE MOTJIU ObITh KOMeTaMH. HeOoIbIINMU TEeJIECKOaMU, KOTOPBIMHU
moJyik30Bajics Mecche — B TONEPEYHUKE OHM HE MPEBBIIIATN TPEX C TMOJOBHHOHM IOWMOB, — HEBO3MOXHO OBLIO
pa3IMuUTh B TYMaHHOCTAX OTIENbHBIE 3Be3[bl. HabOmogaemple MM «TyMaHHOCTH» TPEICTABISUINCH CBETOBBIMHU
[IATHBIIIKAMH HEBEIOMOTO TpoucxoxkaeHns. OH cocTaBmiI MepedeHb kKoopauHaT cBeiie 100 TymaHHOCTEH, cCHAaOIMB MX
yucnamu. Hampumep, M31 HbiHe u3BecTHa Kak TyMaHHOcTh AHzapomezas, a M100 (puc. 6.2) — xak CnupanbHas
rajakTHKa.

Mecchbe nucan: «K cocraBieHHIo KaTajora MEHS IMOATOIKHYIa TyMaHHOCTh | [HeIHE 3TO KpaboBumHas TyMaHHOCTS],
OTKpBITasi MHOW TMOBBINIEe BepxHero pora Tembua 12 centsiops 1758 roma B xoae HaOMIOAEHUS 32 KOMETOW TOTO roja.
JaHHas TyMaHHOCTh TaK IOXOJWIAa HAa KOMETY CBOMM BHJOM M CBETHMMOCTHIO, YTO Sl PEIIMJ OTHICKATh U HHBIC
TYMaHHOCTH, C TeM 4YTOObI aCTpOHOMBI OoJiee HE IMyTalld MX C KOoMeTaMu». Mecche BBI3Bal HEIOBOIBCTBO MHOTHX
aCTPOHOMOB, TOCBATHB KomeTy 1769 roma dpaniy3ckoMy mmiiepatopy HamosneoHy bomamapTy M HCTOIKOBaB €€ Kak
acTpoJoruyeckoe 3HaMeHue poxaenus Hamomneona.

B magane 1900-x romoB HaOmromareidbHas acTPOHOMHES TEpEXHBaJIa pacIBeT. Y JAIOCh HAOMIOAATh COTHH THICSY

HeOecHBIX Tell. biarogaps menpocTi 0oraThIX MOKPOBUTENEH U HEYCTaH-
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Puc. 6.2. Caumku radaktuku M100 ¢ KocMHYeCKOro TeJieckona XaooJia

HbBIM YCWJIHMAM psAAa KXCHINWH-aCTPOHOMOB (CM. TJIaBKY «Yem KpyImHEC TEJICCKOIbI, TEM OoublIIe pacCTosgHuA 10
3BC30», C. 189— 193) OBUIM COCTAaBJIEHBI KaTaJIOTH HEOECHBIX TEI C YKa3aHUEM HUX MECTOHAXOXIACHUA, CBETUMOCTH U
HEKOTOPKBIX CIICKTPAJIBHBIX XapaKTCPUCTUK. Ho pacCcTodHUuA OBUIH WM3BECTHBI JINIIb JJI1 HECCKOJIBKUX COTCH OMMyKaMIIMX
3BC3/1, a HOI[pO6HO€ CTpOCHHUE TYMaHHOCTeﬁ " UX YJAJICHHOCTH OT HAaC OCTaBaJIMCh HEBEAOMBIMU. Ha6mo;1aTeJm yuum
AAJICKO BIICPEA, TCOPECTUKAM JIUIIb MPCACTOAIO COBCPLIUTDL IMTPOPLIB.

KocMosiornueckuii BKJ1ajg JWHIITENHA

Bknag, 3HaYHTENEHO CIIOCOOCTBOBABIIMK TEOPETHYECKOMY OCMBICICHHIO TPUPOIBI TyMaHHOCTEH, MOCTYIWJI B
actpoHomuto u3 llBeiimapun. Mapcens I'poccMaH ObUT OIHUM M3 BBITYCKHUKOB IIBEHIIapcKod Beiciiel TexHUuecKon
mkodsl ([Tonurexnukyma) B Lropuxe. B ero rpymmne rotoBuny yuuresneil MaTeMaTHKU U (DU3UKH.

Onuu u3 npusreneid ['poccMana He MOOMT 3aHATHI MU 0COOEHHO HAPUBINUX TOT/IA B yUEOHBIX 3aBEICHHAX CTPOTUX
OpsIA-
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KOB, HO €My YyJaJoCh 3aKOHYMTh yueOy Onaromaps ToMmy, 4ro I'poccMaH mepea 3K3aMEHaMH CHAa0XXal ero CBOUMH
3amucsaAMHU JeKIui. I'poccMaHa M IByX JIpyrMX OJHOKAIIHMKOB OCTaBWIM IpH [lonuTexHMKyMe, a UX NpUATENIo, He
TOOUBIIIEMY 3aHATHH, MMPHUIILIOCH JTOBOJIBCTBOBATHECS BPEeMEHHBIM MecToM yuutens. B 1901 roay on mucan ['poccmany:
«S1 octaBuN BCAKYIO MBICIbL O IMOCTYIUICHMH B yHUBepcuteT». HakoHen, oten I'poccmana peKOMEHAOBAI €ro MpUATEIIs
HaYaJbHUKY TaTeHTHoro Oropo B bephe, u B 1902 roay TOT mojydust pabOTy TEXHHUECKOTO IKCIEepTa TPEThEro Kiacca B
Beprckom matentHOM Oropo*. Creayromue ceMb JIeT, TPYASCh Ha JODKHOCTH IATEHTHOTO OJKCIEpTa, MNPHSTENb
I'poccmana mposiBuI He3aypsgHYIO TBOPYECKYHO >KHIKY, OIyONMKOBaJl HECKOJbKO HAYYHBIX CTaTed M IOIy4HII
JIOKTOpcKyto creneHb B Lliopuxckom yHuBepcutere. CBOIO aAMccepTaliuio, o3arjaBieHHyio «HoBoe ompenenenue
pa3MepoB MOJEKy», OH MocBATHII Mapcemnto I'poccmany. Ha puc. 6.3 npeacrasien caenanssiii npumepHo B 1900 roay
CHUMOK (ciieBa HarpaBo) Mapcenst ['poccmana, ero mipusitens, ['ycrasa ["aiiccnepa u 6para Mapcens ['epanbaa.

IIpusrenem u ogHOoKarmmHKOM Mapcens I'poccmana B [lomuTexHUKYyMe OBUT HE KTO MHOM, KaKk AnpOepT DUHIITEHH.
Xots I'poccMaH cTanm M3BECTHBIM MAaT€MaTHKOM, OH HE MOT TATaThCsl CIIABOM cO cBOMM mpusrteneM. M Bce xke BCkope
DOWHIITeHY BHOBB IOHAI00MIIACH TOMOIIh [ poccmana.

PaboTa B mareHTHOM OIOpPO HpaBHJIACh DWHINTEHHY, HO €ro MHTepechl ObLIH Topa3no mupe. Co CBOMMU IPY3biIMH,
¢unocopom Mopucom ConoBuHbEIM M MaTeMaTHkoM Koupagom [MabuxTtoM DHHIITEHH co3lan Kpy)KOK, LIYTIUBO
po3BaHHbIN uMH «Akanemus Onumnusy. [Ipoxoausiue Tam Gecebl IMENH Or-

* OduumanbHoe HaMMeHOBaHWe 3TOr0 YyUpexAeHMs 3ByYano HEeCKOSbKO HambllleHHo: ®deaepanbHoe BefOMCTBO /AYXOBHOM
cobcTBeHHoCTM. OHO BO3HMKNO B 1888 roay. BHauane ero wraTt HacymTbiBan Bcero 7 cotpyaHukos. B 1908 rogy mnx 6bino yxe 33, B
TOM 4yncne 18 TEXHUUYECKMX 3KCMNepToB. B pycckMX AOPEBOMIOLMOHHLIX M34aHUAX 3TO MOSb30BaBLUEECS LUMPOKON WM3BECTHOCTbIO
yypexaeHue nmeHoBanocb kak ®egepanbHoe BeAOMCTBO YMCTBEHHbIX LEHHOCTEMN.
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Puc. 6.3. Mapceasn I'poccman, Anb0ept JiiHmTeiin, I'yctaB I'ucciep u I'epanaba I'pocecman

TR e S e S T S
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pomHOe 3HadeHue g DiHmTeitHa. Ho eme Oonblee BIMSHME Ha HEro okazan MukenaHmkeno becco. DHHIMTEHH
npuctpou ero B 1904 roxy B maTeHTHOE 0I0PO, TaK YTO B TEUCHHE HECKOJBKHX JIET OHH €KEIHEBHO BMECTE XOIMIU Ha
paboty. DitHmTeitH Ha3pBan becco nydmmMm B EBpome pe3oHaTopoM Hay4HBIX HaeH, a ux y OWHIITEHHA OBLIO
MIPEAO0CTAaTOYHO.

1905 rox oMH U3 UCTOPUKOB HA3BaJl SHHINTSHHOBCKAM TOJIOM uynec. B TOT rog aBTOpUTETHBIN XypHaAN Annalen der
Physik und Chemie omyOmuKoBal TSATh €TO CTaTeH, 3aTParMBarOIINX TaKHe BOMPOCHI, KaK (OTo3NeKTpudecKuil dddekr,
HOBBI1 cHIO-

185

co0 ompe/eNieHusT pazMepa MOJIEKyJ, OpPOyHOBCKOE IBUKECHHE, CIICIIHAbHAS OTHOCHUTEIEHOCTh M SKBHBAJIECHTHOCTH
Macchl 1 sHepruu (bonee moapodbHo cM.: Crucok uuei, 15. Tpynbl DitHIITEHHA: TOMUMO TEOPHH OTHOCHUTEIHHOCTH). B
CTaTbe 00 OTHOCHUTENIBHOCTH DWHINTEHH OOBEIMHMI HBIOTOHOBY MEXAHHKY C MAaKCBEJIJIOBBIM 3JEKTPOMAarHETH3MOM H
paccMOTpen TOCJIEACTBUS 3aMEHBI NpEeACTaBleHUS 00 aOCONIOTHOM XapakTepe BPEMEHH M TMPOCTPAHCTBE 3aKOHOM
[IOCTOSIHCTBA CKOPOCTH CBETA.

JIBa rona crmycts DUHIITEHH paccMOTpeln, Kak Hao U3MEHUTh HBIOTOHOBO TATOTEHHE IS COTJIACOBAHHS CO CBOMMHU
MpeACTaBICHUSIMH 00 OTHOCUTENBHOCTU. TO, YTO OH HAa30BET «CUACTIMBEHIICH MBICIBIO B MOEH KM3HU»*, COCTOSIIO B
MIOJTHOM OTOXKJECTBICHNH (IKBUBAJICHTHOCTH) TIONS TATOTEHHS C COOTBETCTBYIOIIUM YCKOPEHHEM CHCTEMBI OTCYETa.
OmHUM CIIOBOM, COTJIACHO ATOMY NPWHIIMITY HAXOISIIUHCS B KOCMHUYECKOM Kopabie Habmofareiah HE B COCTOSHUHU
Pa3NIUYUTh YCKOPEHUE KOpadiisi M BO3JEHCTBUE TATOTEHHS HA OCHOBAaHMM M3MEpEHWI BHYTpH Kopabis. Takoil cruas,
Ha3BaHHBII MTPUHIIAIIOM SKBUBAJIEHTHOCTH, CTaJl OTIIPABHOMN TOYKOW ISt 0OIIEeH OTHOCHTEIHHOCTH.

JlanpHemme Toapl 3HAMEHOBAIMCH HEKOTOPHIMH M3MEHEHHSAMU B *KU3HU DiHIMTEHHA. B 1912 romy ero 3auucimiy B
npenoaaBaTenbckuil coctaB [lonutexnukyma. B HaydHOM miaHe B CBOEH TEOPUM OTHOCUTEIBHOCTH OH CTOJIKHYJICA C
OTPOMHOM TPyIHOCTBIO. Beap eciu Bce yCKOpEHHBIE CHCTEMBI OTCUEeTa TOXKIECTBEHHBI, TOTIA JUIS HUX IepecTaeT ObITh
BEpHOH EBKJIMIOBA TCOMETPHSA. DUHIITCHH MOMHIUI, Kak m3ydan auddepeHInaIbHyi0 TeOMETPHIO (TEOMETPUICCKUE
COOTHOIICHHS MKy O€CKOHEYHO MaJbIMH BEIMYMHAMU) BO BpeMs y4eObl, HO I€TaIu 3a0BLIUCE.

K cuacTpro, omHIM U3 coTpyIHHKOB DitHmTeliHa B [Tlonurexnukyme ObUT He KTO UHOM, kak Mapcens ['poccman, cras-

* CM.: MMavic A. Hay4Hasi fesTeNbHOCTb U XM3Hb AnbbepTa DitHwTeiHa. M., 1989 (13 cTaTbu «Grundgedanken und Methoden der
Relativitdtstheorie in ihrer Entwicklung dargestellt», noarotoBneHHo B 1920 roay ans usgatowerocs ¢ 1869 roga 6puTaHCKOro
XypHana Nature, HO TaKk U He Hane4yaTaHHOM).

186

KA M3BECTHBIM MPOQeccopoM MaTeMaTWKU. ['poccMaH momor DHWHINTEHHY ¢ nuddepeHnnanbHOl TeoMeTprued u
TEH30pHBIM MCYHCIICHHEM, MAaTeMaTHYeCKON IUCIUILIMHON C MCIIOb30BaHUEM MHOTOMEPHBIX NepeMeHHBIX. DUHIITeHH
mrcan [29 okta0ps 1912 roma pusmky ApHombay 3oMMepdenbay]: «3a BCIO CBOIO XXKH3HB S HEe padoTan Tak ycepaHo,
MIPOHUKIINCH NTYOOKUM YBOKEHHEM K MaTEMAaTHKE, CAMYIO H3BICKAHHYIO YaCTh KOTOPOH MO CBOEMY HEAOMBICIHIO CUUTAI
M3JIALIECTBOMY. DUHINTEHH U [')poccMaH coBMecTHO Hamucaid B 1913 rogy craThlo, Tlie Aady MOYTH HOJHOE OMUCAHUE
obmeit Teopun oTHOCUTENEHOCTH. CTarhs «IIpoekT 00O0OMIEHHOW TEOPHH OTHOCHUTEIBHOCTH W TEOPHH TATOTCHUSD)
cozeprkalia psiji ypaBHEHHUH MO TATOTEHUS, HO OHH €IIle He PUOOPETT CBOETO OKOHYATEIHPHOTO BHIA.

B nocnenyromue na rona DUHIITEHH MeYaTaeT CTaTbU, COBETYETCS C KOJIJIETaMHM, MUIIET O4YepeaHbIe CTaThi, BHOBb
COBETyeTCs, rmedyaTaeTcs, U 25 Hos0ps 1915 roma BEIXOIUT CTaThs «YpPaBHEHHS TPABUTAIIMOHHOTO TIOJISD» O €0 OOIIeH
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TEOPHUH OTHOCHUTEIHLHOCTH YK€ B OKOHYATEIFHOM Buie. B mekabpe 1915 roma [mucemo dmsuky Ilaymo Dpendecry] on
TOBOPHUT O cebe: «ITOT HETOMHUK DUHINTEHH MOCTOSIHHO cTapaercst cebe yroauts. Kakaplii roJ OH OTKa3bIBaeTCs OT
TOTO, O YeM TMHCaT TOAOM paHee». YpaBHEHUS OWHINTEHHAa TpEACKa3bIBali HEOOIBIIOE CMEMIeHHEe TOYKU
MaKCUMAaJIBbHOTO COMIKEHHUs ¢ OpOWTHI miaHeTsl Mepkypuii ¢ CoiHIleM (TIEpHUTENHii), KOTOPOE HE B COCTOSHHUH ObLTa
OOBSICHUTH HBIOTOHOBA TEOpHUs TATOTeHHA. A pa3 opOuta Mepkypus Bena ce0s MOZOOHBIM 00pa3oM, 3HAYUT, TEOPHS
OWHIITelHA OJIECTSINE COrIaCOBBIBANIACh C JICHCTBUTEIBHOCTBIO, B UTOTE MPUBJICKIIA K ceOc BHUMAHUE €ro coOpaTheB-
YYEHBIX.

Korga npunnmmel o01eil Teopun OTHOCUTEILHOCTH OBLIM TIEPEHECEHBI Ha BCIO BceneHHyI0, HEKOTOpHIE KOJUICTH
OuiHmTeliHa (0cOO0CHHO AaTckuii acTpoHOM buiem ne Currep) OTMETHIIH, YTO COTJIAaCHO €ro Teopun BceeneHHast kak
TaKoBas HEyCTOMYMBa B cTaTHYHOM TNojoxeHwH. [lo ypaBHeHmio BcemeHHas nmbo pacmupsiercs, JTUOO CKUMAeTCs.
Coo0pa3sysch ¢ aCTpOHOMHUYSCKHMHE JaHHBIMUA TOTO BpeMeHHU (1917), DUHIITEHH Mpeanookuil, YTO Y Hee HEeT KaKWX-

1160 0cOOBIX MECT, HaIlpaBJe-
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HUH WIN T'paHHUIl 1 YTO OHA B LICJIOM HCIIOJABHUIKHA. K CBOCMY OI'OPYCHHIO, OH BBIACHHUII, UTO IJI1 COXPAHCHUA
CTAllMOHAPHOCTH BcesleHHO# Hy)XHO BHECTH B ypaBHEHMs JOMOJHUTEIbHBIA YJieH [B BHJIE OTPHUIATEIHHOTO
JaBJICHUs|, KOTOpBIA OBl YpaBHOBEIIMBAI CHJIY HPUTSHKEHUS. DTOT WIEH YpaBHEHHUS MOJYYHJI Ha3BaHUE
KOCMOJIOTUYECKON MOCTOSTHHOM. Kak HM cTapaiuch HEKOTOPbIE aCTPOHOMBI OTTOBOPHUTH €0 OT 3TOW 3aTEH,

DOUWHIIITENH HACTO HA CBOEM.
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YeMm KpynHee TeJIeCKOINbI, TeM 00JIbIle PACCTOSIHUA 10 3Be3/1

B 1920 rogy nepen actpoHOMUEH BCe elle CTOSUTH IBE OTPOMHBIE 3aJjauu: olpejiesieHue pazMepa MieuyHoro
[Tyt u mpupoasl TymaHHOCTEH. [ 1aBHBIN BKIaJ B UX peuieHue BHecnu Jxopmax Xein (puc. 6.4) u I'enpuerra
Cyon JluButr (puc. 6.5), nosBusirecs Ha cBeT B 1868 roay ¢ pazHulieil B HeleIo.

Joxopmx Omnepu Xeln poxauics B Uumkaro B cocTosiTenbHOM ceMbe. Ero mompuiie HaOmroparens
HA4YMHAJIOCh B JaJIEKOM IOHOCTH C MOJEPKAHHOTO YeTHIPEXAI0MMOBOI0 JIMH30BOI0 Tesieckomna. Eme ctyieHTom
¢usnveckoro (akynprera MaccadyceTcKoro TEeXHOJIOTHYECKOTO0 MHCTHTYTa OH M300pen mpuOop, Ha3BaHHBIN
cniekTporenuorpadom, JUIsi U3y4eHHUs COJIHEYHBIX NpoTyOepaHueB U B 1890 roxy 3amiuTHil HAa €ro OCHOBE
nurioM. [lepenece-

Puc. 6.4. Ixopmx dianepu Xei

189

a7

Hue XenaoM (UMK Ha aCTPOHOMHYECKYIO TIOYBY PHUBETIO K POXKACHUIO aCTPOPHUIUKH.

OpmHako TIaBHBIA BKJAJ Xelaa 3aKiIiovalcs B TEIECKOmax — OONBIINX Tejeckomax. Ha mepBoelit B3I OCHOBHAS
3aJla4ya TEJIECKONa COCTOUT B YBEIMYCHUH, OJHAKO MPOCTOC YKPYITHEHHE HEYETKOTO WU PACIUIBIBYATOTO M300paKCHUS,
[0 CyTH, HMYETO He aaeT. Ha camom nene rimaBHas 3ajaya Teneckorna — CoOMpaHre KaK MOXKHO OOJBIIEro KOJHMYECTBa
CBeTa W paznuueHue feraieid. Yem Oombllie TeIecKoI, TeM OOJbIIEe CBETa OH MOXKET cOOpaTh M TEM JIy4lle OH pa3indyact
JBa OJM3KO PACHOJIOKCHHBIX UCTOYHHKA CBETA.

CBoU HeIIIO)KUHHBIE OPTaHU3ATOPCKUE U MTPOOMBHBIE CIIOCOOHOCTH XEi HallpaBMII Ha CTPOUTENIECTBO KPYITHEHIIIETO B
Mupe Teneckona. B aToMm jgerne emy comyTcTBoBana yaada. [locTpoeHHble XEWUSIoM TEJNEeCKOIbl TPU pa3a OKa3bIBAJIKCh
KpynHeHmuMu B Mupe. Bropoit Teneckon Xeiina 6611 Ha3BaH B YECTh JIOC-aHKeJIecCKoro npeanpuaumMarens Jxona /[l
XyKkepa, MOKEePTBOBABIIETO JCHBIH HAa MOKYIKY 3epKaja. DTOT TEJIECKOI ¢ MOMEPEYHUKOM 2,5 M ObLI yCTAHOBIIEH Ha

rope MaynTt-Buiicon, Bo3Beimaromeiics Han Jloc-AHmkenecoM, U BCTynwI B fefictere B 1918 roxmy.
190

Xeiln He TONBKO AOObIBajl AEHBIM W KOHTPOJIHMPOBAJI YCTAaHOBKY TellecKoma XyKepa, OH YKOMIUIEKTOBal MayHT-
BusconoBckyo 00cepBaTOpHIO OJIECTAIIMMY HCCIIEN0BATESIMU, BKIIOYas IBYX HOBOUCIIEYEHHBIX TOKTOPOB (hrnocopuu:
Xapnoy lennu (oxonunBimero [Ipuncronckuii yausepcuteT B 1914 roay) u Onuna Xa601a (okoHUUBIIEro Unkarckui
yHuBepcuTeT B 1917 roay); o Hux peus Brnepenu. B 1928 roxy [xopmx Xeitn yBonpHseTca n3 MayHT-BuncoHoBckon
o0cepBaTOpUH, COCIABIIUCh HAa MEPEYTOMJICHHE M JKEJIAaHHE BEPHYTbCS K COOCTBEHHBIM H3bICKaHUSAM. llepenpliika
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JUInIach Henoiro. Bekope oH mpucTymaeT K pa3padoTKe W BBIOMBAHUIO CPEACTB Ul APYroro OOJBIIOrO TEIECKOIa, C
nmonepeyHukoM B 5 M, Ha rope [lanomap B Kammdopuun. Xeitn ymep B 1938 rogy. IlsaTumeTpoBbIii Teneckon ObLT
3aBEpIICH CITyCTS NECATh JIET W Ha3BaH B €ro 4ecTh (Ha mpoTsvkeHuu moutu 40 ner Teneckon Xelna 3aciayXEHHO
CUUTAJICSI KPYITHEHIIIM B MHPE).

I'enpuerra JIuBUTT TOXe ponmnack B 1868 romy, ToXe emie B IOHOCTH yBIEKJIach HAYKOH M TOXe IOCTyNuja B
MaccadgyceTckoe yueOHoe 3aBeqenue. B 1892 roay ona 3akanuuBaet Pagknudcekuii komemk™, B Ty nopy eme O0miecTBo
IIpenojaBaHusl HayK skeHIuHaM. Ha mociennem kypce JIMBUTT yBiekiach acTpOHOMMEH M IIOCIE OKOHYaHHS y4yeObl
MOCTYTHJIA HA Pyroe oTAeneHue. Tspkenas 00Je3Hb JIUIIIIIA €€ CIIyXa, HO TAra K aCTpOHOMHHM He nponana. B 1895 roxy
OHA cTaJla OAHOW U3 «BBIYMCIUTENBHBIX MamMH» Dayapaa [lukkepunra B oocepBaropuu ['apBapackoro komiemxa. JTa
JKEHCKasl rpyIia NpoBOAMIIA PaCUEThI

* TpecTMXHbI YaCTHbI KOANeMX BbiCled CTyMeHU FyMaHUTapHOro HanpasfieHus ans aesywek B Kem6puaxe, wTaT
Maccauycetc. OcHoBaH B 1879 rogy. Okono 2,7 TbiC. CTyAEHTOK. Bxoaut B accoumaumio yyebHbix 3aBeaeHurt «Cemb cectep».
OpraHu3auMoHHO CcBfi3aH ¢ [apBapACKMM yHuBepcuTeToM (A0 1999 roga vmen oTAeNbHY aAMUHUCTpaLMio, HO oblwme noMelleHns n
npodeccopcko-npenoaasaTenbCckmMii coctaB). B oktabpe 1999 ropa oduumanbHo cnunca ¢ apsapaoM W npeobpa3osBaH B
Paaknn®CKMn MHCTUTYT NEepCrneKkTUBHLIX UCCNefoBaHUM. BbinyCKHMUbI Konneaxa nosyyaroT AUNAoMbl [apBapACKOro yHuBepcuteTa.
HasBaH B 4ecTb MeueHaTkM DHH MoyncoH, ypoxa. Pagknnd (ym. ok. 1661), yuypeauswen (1643) nepByto CTUMNEHAUIO ANs
[apBapackoro yHmsepcuTteTa (OCHoBaH nyputaHamum B 1634) B 100 dpyHTOB.

191

W W3yvalla JJaHHbIe CHIMKOB B IIeNIsIX «cOopa dakToB», kak Beipaxkaics [lukkepunr. [lonauany JluButt paborana Ha
IOOPOBONFHBIX Hadallax, HO TOCIe OOpPETeHHs HABBIKOB B OMPEIEIIEHUH CBETHMOCTH 3Be3]] 110 CTEKJITHHBIM HEraTHBaM
CIYCTS CEMb JIET €€ B3sUIM Ha TIOJNHBIM paboumii neHs (co craBkoit 30 1eHTOB B 4Yac, yto mo kypcy 2003 roma
COOTBETCTBYET 6 oJIapam).

[IpencTaBUTENFHUIIBI «ITHKEPUHTOBCKOTO TapeMay, KaK JJACKOBO BEIMYAIH XCHIIWH, HE OBUIM CaMOCTOSTEIHHBIMHU
nccnenosareasiMu. OHH 1ealii TO, 4TO UM cKaxyT. HyaHas, Ho BaxxHast paboTa JIMBUTT cocTosina B COCTaBICHUU CITUCKA
BeCbMa HEOOBIYHBIX 3Be3l, OOHApYXXeHHBIX B Mamnom MarennaHoBoM o0jlake, pa3MBITOIO CBETOBOTO IIATHA,
HAIMOMUHAIOIETO KYCOK, OTKOJOTHIA OT Mnednoro Ilytu. Manoe u bonbmoe MaremiaHoBsl 001aka XOpOIIO 3HAKOMBI
Habmronatensm FOxkHoro momymapusi. OHu Ha3BaHbl B uecTh OepHana Maremnana (1480—1521), B 1519 roay Bo Bpems
CBOEro KPYIOCBETHOT'O IYTEIIECTBUSl BHJICBILETO MX [OMUCAN K€ WX MCTOpHOrpad M yYaCTHUK SKCIEAUIHH AHTOHHO
[uraderra (1480/1491—15347). [TomHBIH CIUCOK €ro ITHEBHUKOBBIX 3amucedl ObT OOHapyeH B MuiaHe M BIIEpPBBIC
onyommkoBaH B 1800 roxy]. B MaremranoBeix obakax JIMBUTT oOHapykumna 1777 3Be3M, UX CBETUMOCTD TIEPHOIMICCKH
MEHSJIach OT SPKOTO OJiecKa J0 TYCKIOro U 00paTHO.

3Be31pl ¢ MEPeMEeHHOM CBETUMOCTRIO Ha3bIBAIOT nedennamu — 1o co3Be3nuto Lledeii, rae ux BrnepBbie 00HAPYKHITH.
[leproap! M3MEHEHHS CBETUMOCTH Y Te(er 1 KOoJIeOII0TCs OT OJHOTO /0 cTa nHel. CTapaTellbHO CpaBHUBAS CACTaHHBIE B
pasiauyHOE BpeMsl CHHUMKH, JIMBUTT BBISIBHJIA YETKYIO 3aBHUCHMOCTB: 0o/iee APKUM 38e30am cOoomeemcmeyiom 6oee
npoooadicumenvivie nepuodsi. Ha ocHOBe 3TOH 3aBUCHMMOCTH, Ha3BaHHOW MEPHOI-CBETUMOCTH 3aBHCHMOCTBIO, Uepes3
CBETUMOCTh M TIIEPHOJ €€ H3MEHEHHs y medensi MOXKHO ONpeAeNuTh WX YyHaleHHocTh oT 3emuu. OmqHAKO
HCCIIeIOBAaTENbHUIIA HE CTajla MPUBJIEKATh STOT MHOTO00CIIAIOMINN crtocod H3MEPEHUs! PacCTOSHUHM K PEHICHUIO KaKHX-
an00 acTpoHOMHUYECKUX 3amady. OHa, KOTopas, M0 MHEHHIO OZHOHW U3 €€ COCIY)KUBHII, «00Janana JIy4yllnMi MO3TaMH B

O6C€pBaT0pI/II/I», Hariedaraiaa o HaﬁHeHHOﬁ €10 3aBUCUMOCTHU NICPHU-
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0JI-CBETUMOCTh B 1912 rogy u mpuHsulach 3a O4YepeAHyIO0 IMOCTaBIEHHYIO mepea Hell 3amady. OHa mpojorpkana
TpyauTbes B ['apBapickoii oOcepBaropuu 10 camoii KoHYHHEI B 1921 roay. Ee cMepTh Oblila BOCTIPHUHSATA COCITYKUBIIAMHU
Kak «OezncTBue».

Brrgaromutiics garckuii actpoHoM OifHap ['epIiumnpyHr oLeHW1 3Hau€HHe OTKPBITOM JIMBUTT 3aBUCMMOCTH NEPHUO-
CBETUMOCTh U B 1913 Toay HMCIOmp30BaN e€e MpH OMpPEeeNIeHuH pacCcTossHUs 10 Manoro MaremnaHoBa oOnaka. Xapioy
[lermmn To’ke TPUBIIEK AaHHBIA crmocod B MayHT-BuicoHOBCKOW 0oOCepBaTOpHHM IIPH HAXOXICHHH PACCTOSHUSA 10
JIPYroro psifia 3BE3IHBIX CKOIMJICHWH, MMEHYyeMbIX MIAapoBbIMU. [IpH TpexmMepHOM MOCTPOCHHH MECTOHAXOXICHUS
LIApOBBIX CKOIICHHH BBIACHUIIOCH, YTO LIEHTP UX paclpeneseHus yaaieH oT Hamed ComHeuyHoH cucTeMbl Ha 15 ThIC. IK
(mo3:xe 3Ty BeNMUUHY CHU3WIN 10 9 ThIc.). lllenny npuiuen K BEIBOAY, YTO LIEHTP pacipeesieHHs MapOBbIX CKOIUICHUN
coBmagaet ¢ menrpoM MieuHoro [lytu. W Torma mosydanoch, 4To oOmias Benuyuaa Mieunoro [lytu cocrarmser 100
ThIC. MK, YTO OKa3aJOoCh CYIIECTBEHHO BBIIIE IMPEKHUX OLEHOK. 3aTeM H3yueHHE «HOBOM 3BE3AbD» (BIEPBBIE
BCIIBIXHYBILIEH 3Be3/bl) B TYMaHHOCTH AHIpoMensl no3sonwio Hlemnu onenuts paccrosaue 1o Hee B 10 Thic. nk. Takum
obpazom, npenctasnennas lllemmm kapTuHa BeeneHHO#H yka3piBaia Ha TO, U4TO Tepea HaMU oJlHa oOmmmpHas ['amakTuka,
Mueunstit I1yTs, a Hamma ConHe4yHast cucTeMa HaXOAUTCS BJAJIM OT €€ LIEHTpA.

Onna ooapmas ['alakTHKA WM MHOTOYHUCJIEHHBIE 000C00JIEHHBIC TAJTAKTHKH

Paznmmune mexmy mpemnmaraemoit Illermm momensio Mitegnoro Ilytu u Goslee MPUBBIYHON MOJCIBIO OKa3alioCh B
LIEHTpe BHUMaHHUA Ha coctosBiieMca B 1920 roxy cobpanmm HarmmonanpHON akajgemMuu Hayk B Bammurrone (okpyr
Konym6wust). Tyaa s BCTYIIUTENBHOTO JOKIIAAa B YECTh [UMKArCKOTO MPOMBIIUIEHHNKA]| Yuibsima Dmtepu Xeina (yM.
1898) (otma Ixopmxka Xefina) Obur mpurmameH Monomor Xapmoy llemm (puc. 6.6). OgHako BMECTO TPHBBIYHOTO
W3JI0KEHUS TOKJIa]] 00epHyJICS IuC-

193

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).



AHko Cnasa (Bubnuoteka Fort/Da) || http://yanko.lib.ru 99

Puc. 6.6. Xapaoy lllenan

kyccuei. Comoxnagunkom lllerm Beictymun Xebep Keptuc (puc. 6.7), cotpyanuk obcepBaropuu Jluka, KOTOpbIit
TOJIBKO YTO 3aBEPILIIJI CBOM HAOIIOACHUS 3a CHUPATLHBIMU TYMAaHHOCTSAMHU.

Temolt mx nmuckyccum cran «Mmacmrad Bcemennoit». Keptuc orcramBan ycrosBmmiics B3rsim: Mieunsid [lyTh
COCTaBISIET B IONEpeYHHKEe Bcero juib 10 ThIC. MK, a 3eMysl paclojioKeHa BOJM3M €ro LEHTpa. 3aKirodas CBOE
BeICTyIUIeHHe, KepTuc oromien oT 0003HaYeHHON TeMBl U PUCKHYJI MPEINON0KUTh, YTO CIIUPaIbHBIE TYMaHHOCTH (Tak
OHH Ha3bIBAJIUCH B TO BPEMsI) HAXOIATCS OYCHD AAJIEKO M COCTABIIAIOT OTAEIbHBIE TaTaKTUKHU (CErOAHS MBI 3HaeM, YTO 3TO
cnupanbHble rajgakTuku). Xors e u He ObUI TOTOB K TakOMy IOBOPOTY, OH YTBEPXJAd, YTO CIUpPAJbHbIE

TYMaHHOCTH TPEJCTABIAIOT COOON HEeOObIIIHEe
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Puc. 6.7. Xeoep Keptuc

razoBble oOJjlaka BHYTpPH Hamie ['ajakTWKu, W B KauyeCTBE CBHUACTEILCTBA MPHUBEI HETaBHUE HAOIIONCHUS CBOETO
COCIy>KHUBIa U Jpyra AnpuaHa BaH MaaHeHa u3 MayHT-BuicoHoBckol oOcepBaTopun. Keptuc orBepr paboty BaH
MaaHeHna, TOCYUHTaB €€ HECYIIeCTBEHHOW. JIeHCTBUTENhHO, IMO3)KE BBIICHWIACH ONIMOOYHOCTh HAONIOJCHHI BaH
MaaneHa.

Jluckyccuss He BBISBWIIA MOOEIUTENs U JaKe HE IMOJIy4Hia JOCTaTOYHOrOo OoTkiuka, HO uues lllemm o Oosnee
obmmpHOM Mneunom Ilytu ¢ ynmaneHHo# oT ero meHTpa 3emilel, TIOXOXe, MPUBJIEKIA BHUMaHUE OOIIECTBEHHOCTH.
Howma, B MayuT-Buicone, cociyxwusert Lllemmn Onsua Xa001 He cKpbIBal cBoMX cuMmatuid k Keptucy. Xa66i u [lermmu
HUKOT/a He JIaui, ockoibky Illern paboTan Haa mporpaMMol, Ha KOTOPYIO UMeJ BUABI Xa00J1, KOrja OTIPaBIISIICS

BO @paHLII/IIO Ha 10JIs1 CpaxKe-
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Huit [lepBoit MupoBoit BoitHbl. K ToMmy e OputaHckas MaHepHOCTh Xa00ia, MOCTOSSHHOE HAIIOMHUHAHHUE O
cBoell yuebe 3a rpanuuei Omarogaps ctuneHauu Ponca* pasppaxanu lllemnu. VX conmepHuuecTBy npuIesn
koHel B 1921 rony. Ymep Dayapn [Tukkepunr, u Xapnoy llennu nokunyn MayHTt-BuiicoH, 4ToObl BO3ITIaBUTh
B TOM e ronay ['apBapickyro obcepBaroputo. Xa00si Bce BHUMaHue Hampaswil Ha M31, rae, kak oH Jymai,
CyMe€eT pa3IM4MTh OTHEIIBHBIE 3BE3Ibl W, MOXKAJIyH, AK€ ONPENENIUTh UX YIAJICHHOCTb OT 3eMiu. 2,5-
METpPOBBIH Teneckon XyKkepa He OTIYCKall OT ceOsl.

3a monrue, XOJI0IHbIE HOYM OJIEHUS y Telleckorma Xa00u (Ha puc. 6.8 oH 3amedartiieH 3a paboToil) HaKOHeI]
ObUT BO3HarpaxaeH. B Houb ¢ 5 Ha 6 okTaA0psa 1923 roga oH OTHICKAN MEPBYIO MEPEMEHHYIO 3Be3y-1Iieeny B
tymanHocTH M31. C momoisto oTKpeITO# ['eHprerToit JIMBUTT 3aBUCHUMOCTH TIEPHOI-CBETUMOCTD s 1ieen
1 octpoeHHoro Jlxxopmkem Xeitnom Teneckomna Xad06m onpeaenun pacctosaue 10 M31 (HbIHE H3BECTHOU Kak
TyMaHHOCTb AHIpomenbl), coctaBuBiiee 300 toic. k. Jlaxke ¢ yduerom pazmyroro lllerumm momepeunuka ms
Mueunoro [Tyt M31 okasanach CIMIIKOM yJaleHHON, YTOOBI YMECTHThHCS B Hamel ["amakTuke.

[IpencraBnenne 06 «ocTpoBHOW BceneHHOI» Temeph HAIUIO ONMBITHOE MOATBepkaAcHHE. OKa3anoch, 4TO
CYLIECTBYET JIBa Pa3IMYHbIX BHOa Iedenn, Tak uro XaOOM Ha caMoOM Jelie Jake YMEHBIIMI PAacCTOSHUS.
CoBpemMenHas onieHka yaaineHHoctd M31, tymanHoct AHnpomensl, coctaBiser 750 Twic. mk. brmaromaps
Xabbmy pucyeMslii actpoHomueil 00pa3 Beenennoii mpe-

* CtuneHaust Poaca ana ctyaeHTtoB m3 CLUA, ctpad CoapyxectBa u tOxHOI AdpukuM; AaeT npaBo yuntbcs B Okchopackom
yHuBepcuTeTe. doHA yupexaeH B 1902 roay aHrMMACKUM nonutudecknm gestenem Cecunom xoHoM Pog-com (1853-1902), akTMBHO
NPOBOAUBLUNM KOJIOHWNANbHYIO MONUTUKY.
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Puc. 6.8. IaBuH Xa00.1

TepIeN 3HAYUTENbHBIC U3MEeHEeHHs. Muteunslid 11yTh cTayl MUITs OMHON W3 MHOTOYHCICHHBIX TaJaKTHK, PaCCEsHHBIX
Cpeny OTPOMHBIX IPOCTOPOB MUPO3IAHUS.

3arem Xa0bO01 MpUMEHMI TETEeCKON XyKepa Ui PemieHusl 3a/1aull 10 BBISBICHUIO TIOJPOOHOTO YCTPOSHHS TaIaKTHK.
Ha mpotsokeHnn Heckonbkux JieT Xa00m Habmoman 3a pacIuIbIBYaTBIMHA CBETOBBIMH MSTHAMH, KOTOPBIE TOCTaBIISUIA
CTOJIBKO XJIOTOT Mecche MpHU BBICASKHBAHUM KomeT. OH BBIACHHWJ, YTO MHOTHE U3 HHUX B JCHCTBUTEIHLHOCTH
MIPENICTABIAIOT cO00# 3Be3HbIe TanakTUKU. OOHApYKUB CIIUpPATIbHBIC, THH30BUIHbIC, IUTUITHYCCKIE U HEMPaBUIbHBIE
TaJIaKTUKH, OH KJIaccH(pUIMpOBal UX 10 BHEITHeMY BHAY. VX depTex oH HamedaTas B BUeE, HAa3BaHHOM
197

kamepToHHBIM. K 1929 romy 3HaumMocTh Bkiana Xa0OOma B acTpOHOMHIO MOJKPENHIIM €ro J0Ka3aTelhCTBa
VIAJICHHOCTH TaJaKTHK U TIpoBeneHHas Kiaccudukarusa. Omxaako Xa00ury npeacTosiia emie 0oyee rpaHano3Has padora.

OnpenesieHue CKOPOCTH rAJaAKTHK

JIJTIA yscHEeHUs BBICIIErO JOCTHXEHUs Xab0iia HeoOXOJUMO B3TJISHYTh HAa M3BECTHOE SIBICHHUE C WHOW CTOPOHBI
BcemomanM cebst exymuMu o CKOPOCTHON aBTOTpacce, KOTJa MBICIH 3aHATHI COBCEM APYTUM. Bapyr c3aam pasmaercs
3BYK, U B 3€pKajIc 33JHETO BUIA BBl Pa3IndacTe CUTHAISILYIO BaM IOJUIICHCKYIO MAIITHHY .

Brl cmoTpute Ha cimgometp. Ceiiyac Balia CKOpOCTh B Ipezesiax HOPMBI, HO Kakod oHa Obuta 100—200 m Hazan,
KOTJ1a BBI TIpoe3xanu MuMo matpyisi? K Bamemy 0oibIroMy 00JeTYeHHIO, MTONMHIIEHCKas MallliHa POHOCHTCS MUMO. Ho
BHI 3aMeYaeTe HeUTO CTpaHHOE. 3BYK CHPEHBI OBUT pe3de Py MPHOIIKEHIH MATPYJI, YeM IIPH €0 YIaICHUH.

W 510 BOBCE HEe Wrpa Balllero BOOOpaXKEHUs, a JCHCTBUTEIBHO HAONIOJacMoe sBICHHE, UMeHyeMoe 3(hdekTom
Hormnepa. [lpu ncnyckaHuy 3ByKOBOM BOJHBI JBMXKYIIIMMCS HICTOYHUKOM TTOKOSIIIUKACS HAOI0JaTeNTh BOCIIPUHIMAET ee C
Pa3TMYHONW YacTOTOM: MpH MPHUOIMKEHUN HCTOYHUKA 3ByKa K NMPUEMHHUKY BBICOTA 3ByKa PacTeT, a MPHU yIOaleHHUH —
MoHIKaeTcs. To ke MPOUCXOANT, KOTJIa MUMO Bac IIPOHOCHUTCS TMOE3]], TOHOYHBIN aBTOMOOWIIb WK HAJl BAMH MPOJIETaeT
camoJet. YeM ObICTpee IBUKETCS UCTOYHHK 3BYKA, TEM SIBCTBEHHEE Yy HETO YaCTOTHBIN CIBHT.

Jomneposckuit 3pdext npucym u cery. [Ipu nmpuOIMKeHHH CBETOBOTO HMCTOYHHMKA K HAOIIOAATENIO €ro CIIEKTP
cMerniaeTcsi B 00JacTh 60s1ee BRICOKUX YacTOT, YTO UMEHYIOT (DHOJICTOBBIM CMEIICHHUEM; TPU yAAJICHUNU UCTOYHUKA €T
CIEKTP CMEIIaeTcs B O0JIACTh MEHBIIUX YACTOT, YTO HA3bIBAIOT KPAaCHBIM CMelieHueM. [10CKONbKY HaIluM OopraHam

YyBCTB HEAOCTYIHbI OU€Hb OOJIBIINE CKOPOCTH, AOIIIEPOBCKUH 3¢ dekT y cBeTa MbI
198

He 3ameyaeM. Ho MOcpeacTBOM pEerucTpUpyrOIIUX YacTOTHBIE CABUTH CIEKTPOMETPOB YYEHBIE MOTYT BBIYHCIIHTH
CKOPOCTh CBETOBOTO MCTOYHHMKA. Ha 3eMie CHHONTHKH HCMONB3YIOT JOIUICPOBCKHN PalUOIOKATOP IS OMpeeSIeHUs
CKOPOCTH TIepeMeIleHus] aTMoc(hepHoro GppoHTa, a MOIMIEHCKUEe — JJIs BBIACHEHMsI, HACKOJIBKO OBICTPO MbI eieM. B
ACTPOHOMUHM JOTUIEPOBCKHUH 3 HEKT MO3BOISIET ONPEAETUTH CKOPOCTD 3BE3]] MIIH Ja’Ke LIENbIX TAIAKTHK.

[TepBBIM acTpOHOMOM, BOCHOJIB30BABIIMMCS JOTUIEPOBCKUM caBUTOM, ObuT Becro Cmatidep, mpopaboTaBmiuii BCro
*u3Hb, ¢ 1901 mo 1952 rox, B O6cepBaropun Jloyamia B ®uarcradde (mrar Apuzona). B 1912 roay, moMuMo MMOMCKOB
Ha Mapce KaHaJIOB B COOTBETCTBUHU C 3aJyMKoOW Oorartoro actpoHoma-mooutens [lepcusans Jloyasmma, Craiidep cran
U3MEPATH JOIJICPOBCKOE CMEILIEHHE Y CHHUPaIbHBIX TyMaHHOCTEH elle A0 TOro, Kak B HUX NpPU3HAIM TalaKTUKU. Y
TIepBO# ke TyMaHHOCTH, M31, ube CMeIEHHE OH OIpPEaeNni, CKOPOCTh OKasajach HeBeposTHOH — 300 xM/c. YV Hee
HaOmroaNIcsl (QUOJIETOBBIM CHIBUT, YTO yKa3biBano Ha mpubmmxenne M31 k mam. K 1917 rony Cnabidep m3mepsin
CKOpOCTH 15 crupanbHBIX TYMaHHOCTEH, BELSICHUB, 4TO Y 13 KpacHOe CMeIeHHe, a 3TO 03HAYaNo UX yJaleHHe OT Hac CO
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CKOPOCTBIO B HEKOTOPHIX ciaydasx Ooipire 300 km/c, kak otMedasiock y M31. IlocneacTBuii Takoro CyMacIIeaIiero
oerctBa oT COJHEYHOW CHUCTEMBI B TO BpEMs €Il JO KOHIIA HE IMPEICTABJISLIN, XOTS CJICJOBAJO OBl 33AyMaThCs HaJ
MIPUYUHAMHY TAKOH SIBHOH HETIOMYJISIPHOCTH HaIlIel CHCTEMBI.

3meck W ckazan cBoe clIoBO Xab0m. Ilpm ompemeneHUN CKOPOCTH TajakTUK XaOOyI omupajcs Ha IOTUICPOBCKHC
cnBurd, Haiinenneie CrnaiigepoM U cocimyxuBieM Xad6ma — MunToHOM XbIOMacOHOM, KOTOPOMY YAAIOCh H3MEPHTh
ckopocth pazberanus 800 ramakTuk. XbpIOMAacOH HayMHAN paboTy B MayHT-BHICOHOBCKOW 00CEpBAaTOpUU BOJUTEIEM
TPY30BHKa, 3aTEM CTaJl HOYHBIM CTOPO’KEM, TOMOIITHUKOM acTpOHOMA M, HAKOHEII, HabJIfoJaTeNieM M COaBTOpoM Xab0a,
BMECTE OHH HaIUCallu PsiJ BaKHbIX cTared. HemypHo 11 yenoBeka ¢ 4eThIphMs KlaccaMu 00pa3oBaHus!
199

Xab0J1 MPUCTYIIII K OTIPEICIICHUIO PACCTOSTHAN IO TaJJaKTHK, CKOPOCTH KOTOPHIX Beraucmin Cratipep n XproMacoH.
IMogxon I'enpuerThl JIMBUTT ¢ MCHOIB30BAHMEM CBETUMOCTH Iedens ObUT TOYEH s OMMKAMIIUX TaJaKTHK, HO HE
roguiics ans Oonee nanbHuX. lledennpl B Takux ramakThkax ObUTM €11Ba pa3auuuMMbl. Xa00J1 M300pen HOBBINM CIIOCO0
OTIpe/IeTICHHs PACCTOSHUS HA OCHOBE BBHIICJICHUA HanOoJee IpKOi 3Be3/bl TATAKTUKA. MeTo | sipuaiiiiiX 3Be3]1 MO3BOJISIT
OLICHUTh PACCTOSIHUE TIOYTH JI0 BCeX TalakTUK u3 crnucka Crnaiddepa. s ocTaBmIMXCs TalakTHK Xa0b0m mpu
OTPE/ICIICHUH PACCTOSIHUS B35UT 32 OCHOBY 00II[ee KOJIMYECTBO U3Ty4acMOro UMM CBETa.

Ha0uronenue pacuiapeHust

J1s1 BBISICHEHUS 3aBUCHMOCTH PACCTOSHUS OT CKOPOCTH Xa00J1 BRIUESPTHII KPUBYIO 3TOH 3aBUCUMOCTH (puc. 6.9). bes
ydeTa pa3bpoca HM3MEpeHHUil 3aBHCUMOCTb OKa3anach JIMHEHHOW. OIHUM CJIOBOM, uem yOaieHHee 2alaKmuKd, mem
ovicmpee ona ogudicemcsi. CTporo

Puc. 6.9. Ucxoanas kpuBas Xa00/1a, oTpakamas 3aBUCHMOCTb CKOPOCTH OT PacCTOSIHUS

]
pﬂ/r -
. -
1 5"/./ -’ 3
o
CropocTh Ca A &
FANAKTHKH . oy
o f‘::.
ral
-
7 '
ol
-
= a *
L]
U £
[ Paccroanne oo raJakTHER

200

TOBOpSI, aHHAs 3aBUCUMOCTh OTHOCHJIACH JIMINL K BBIOpaHHBIM Xa00mom ramaktukam. OJHAKO W3 HEE CIIeZoBaj
BeChMa HEOXKUIAHHBIN BBIBOA: BcenienHas Kak edunoe yenoe pacuiupsemcsi.

UToObI MOHATH, KaK 3TO MPOUCXOJUT, MPUOETHEM K OoJiee HATISAHOMY cpaBHeHHI0. BooOpa3um cebe KocMHUYecKuit
mapadon. [Tocite Havana 3abera oqHM yYaCTHHUKH OETYT CO CKOPOCTHIO 4 MUJIM B Hac, IPyrue — 3, a TPETbH — 2 MHJIH.
Uepes yac Oerymume co CKOPOCTHI0 4 MUITU TOKPOIOT PAacCTOSTHUE B 4 MIJIA CO CKOPOCTHIO 3 M 2 MUJIM COOTBETCTBEHHO,
TaK 4TO MOJyYUTCS KpUBasi, MOCTpOCHHAs Xa00JioM. 3aMeTuM, 4TO ¢ TOYKHU 3PEHUs 1700020 OeryHa Bce APYrue OT HEro
YAATSIOTCS.

JluneliHas 3aBUCUMOCTh MEKIY CKOPOCThIO pa30eraHusi ¥ paCCTOSHUEM HbIHE HOCHUT UMs Xa00ma. XOTs mojyuyeHHbIS
Xab0noM 3HaYCHHS PACCTOSHHI OBLIM BIIOCJICJACTBHUH YTOYHEHBI, CICIAHHBIE WM BBIBOJBI OCTAOTCS BEPHBIMHU.
Bcenennas cocToMT W3 3BE3JHBIX TaIAaKTHK, OHa OTpOMHa M pacmmpserca. Ha puc. 6.10 MOXHO yBHIETh W DJIBUHA
Xab0ua, u AnpOepTa DHHIIITEHHA.

Korpa DiiHiTeiiH o3HakoMumics ¢ pabotoit Xad6ia, OH HCKITIOUMIT KOCMOJIOTHYECKYIO TIOCTOSTHHYIO, BBEJICHHYIO IM B
ypaBHEHUs O0IIeH TeOpUU OTHOCHTEIBHOCTH JUIS MPHUIAHUS BceneHHON cTanroHapHOTO BHJa, HA3BaB 3TOT MOKa3aTellb
«camoii rpy0oit ommOKoi cBoel Ku3Hm». Kak MBI yBUIMM, KOCMOJIOTHYECKAsI TOCTOSTHHAST MOYKET BEpHYTHCS B KAUECTBE
BO3MOXHOTO pELIEHUs KPYITHEHINEH HE pelIEHHOW aCTPOHOMUEH 3araiku.

OOHapyKeHUe TEMHOU MAaTEePHUHU

TeopeTuku BCKOpe MOHSUIN, YTO €CIIHM pacliupeHre BceneHHoi ¢ ee ralakTuKaMu BEPHYTh B IPOLUIOE, TO OKaXETCs,
YTO Ha paHHEH CTYIIEHHU BCe BEIIECTBO U 3HEprus BceneHHo HaXOAMIUCh B OYEHb INIOTHOM COCTOSIHUM. [lomyuunBurytocs
TEOpHUI0 CTOPOHHUK COBCeM MHOTO B3riaaa @pen Xoia [B olHOM U3 BbICTyIUIeHUH 1o paauo B 1950 roay] HacMenuinBo
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Ha3Ba O0JBIIHM XJIomKoM. OJTHAKO 3TO Ha3BaHHE OJaroaps SKCIEPUMEHTATLHOMY MOATBEPIKJICHUIO TaK U 3aKPEIUIIOCh
3a Teopueit (cM.: Crincok uaeit, 16. bonplioii B3pbIB).
201

Puc. 6.10. bubanoreka MayHT-BuiicoHoBCcKoO# 00cepBaTOpuH.

Cnesa nanpaso: Munmoun Xviomacon, 06un Xab6on, uccnedosamens Connya acmponom Yapnvs 20yapo Cenm-owcon, Anvoepm
Abpaxam Maiikenvcon, Anvbepm Dunwmetin, enasa Kanugoprnuiickozo ynusepcumema Yunvam Yonnec Komnbenn u Yonmep Cuonu
Aodame, oupexmop Maynm-Bunconosckoii obcepsamopuu. Tlozadu euden nopmpem ocrnosamensi obcepsamopuu Jicopodica Xetina.
1931 200

IIpumedaTennbHO, 4YTO OrpPOMHOE pacxomﬂeHHe B OTHOLUICHUM MacC TalakTUK OOHAapYy>KHJIM BCKOpE TMOcCTe
00HAapOJOBaHMs 3aBUCUMOCTH Xab0yia [«KpacHOE CMELICHHE CIEKTPaJbHBIX JUHUM — PACCTOSHHUE»| W yIOaJCHHS U3
pacyeToB KOCMOJIOTHICCKOHM MOCTOSHHOW DWHINTEHHA, HO 3TOT BOIPOC o0Xomuinu cropoHoit moutu 40 ner. Eme Oonee
MOpa3UTEIbHO, YTO acTPOHOM, BIEPBBIC 3aMETUBIIMH 3Ty HECOOOPa3HOCTb, OKAa3aJCsl BBITYCKHHKOM IFOPHXCKOTO
[NomuTexHnKyMa, MOT0OHO DUHIITEHHY, H BCIO XKHU3HB TpopadoTan B KanudopHUiickoM TEXHOJIOTH-
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yeckom uHCTHTYTe (Kanrexe — Caltech), Maynr-Bunconosckoit u Maynt-Ilanomapckoil oOcepBatopusix, Kak H
Xao0.

Ero 3paymm ®pur Lsukku. Pomusmmnce B bonrapun B 1898 romy, LIBukku 6-1eTHHM peOCHKOM Tiepeexan JKUTh B
HIBeinaputo x Aenymike ¢ 6a0yIIKOH, Tak M OCTaBIIMCH HaBcerna rpaxkaanuHoMm llIseiimapun. He monas Ha IlepByro
MHUPOBYIO BOHHY IO MaJIoNeTCTBY, LIBUKKM H3y4an TeopeTuueckyro ¢u3uky B [lomuTexHHKyMe M B IIOKTOPCKOM
nuccepranuu 1922 roja ucnoab30Bal 3aKOHbBI KBAHTOBOW MEXAHUKH JJ1s U3ydeHus: kpuctaiuioB. B 1925 roay 1{Bukku mo
Poxgemneposckoit crunenguu® moexan B CIIA, BbiOpaB Mmectom 3aHsTud KanudopHuiickuil TEXHOIOTHUECKHUH
WHCTHUTYT, TOCKOJBKY mpenropbsa IlacasmeHbl XoTh Kak-TO MOXOAWIM Ha ero Amnbpnel. Bompeku okuIaHUSIM CBOEro
norieuutensi Podepra O. MunnnkeHa BMecTo KBaHTOBOW MexaHHWKH L[Bukku yBiekcs actpoHomuei. OH ctan paboTaTh ¢
JpYrdM HEMELKOIOBOPSIIMM acTpoHOoMOM Banberepom baage. B Hauane cBoero HaydHoro myTw LIBUKKM u3ydan
CKOIJIEHHE TaJIakTHK, U3BecTHOE Kak Bonockl Beponuku, u o6o3nauenHoe Meccse HoMepom M100.

C moMoIIbI0 JOIICPOBCKUX METOAOB, BIIEpBbIC NpeanoxkeHHbIX Becro Cnaiidepom u ompoOoBaHHBIX B MayHT-
Buiconorckoit obcepBaTopun MuntoHoM XbpIOMacoOHOM, LIBHKKH OMpemennia CKOPOCTH BOCBMHU TAIAKTHK B CO3BE3TNU
Beponuku u onieHHI Maccy, HeOOXOJUMYIO JUIA YAEP)KaHUS 3TUX TATaKTHK TOJEM TATOTEHHS BHYTPH CaMOTO CKOIUICHHS.
3aTeM OH CpaBHWII MOIYYEHHYIO MacCy ¢ BETHYNHOW MacChl BCETO CKOIJIEHHS, pACCYUTAHHON Ha OCHOBE MCXOJSAIIETO OT
Hero csera. Okas3anoch, 4TO Ul yAEPKaHUS CKOIUICHHS OT pa3jieTaHusl HeoOXOOMMa 3HAYMTEJIbHO OOJblIas macca.
Henocraromyro maccy LIBukku Hazai TeMHoOM Marepueil. [1o ero pacueram BbIXOU-

* CtuneHamsa ®oHaa Pokdennepa, GuUNaHTPONUUECKOW OpraHusauumM, OCHOBaHHOW B 1913 MO MHUUMATMBE MPOMbIWIEHHUKA U
HedTAHOro marHata [pkoHa []aBncoHa Pokdennepa. 3T0 caMblii KPYMHbIA M3 POHA0B cemeicTBa Pokdennepos 1 BTOPOI Mo BeMUYUHE
B CLUA nocne ®oHaa doppa. Beinnaumsaetcs ctuneHaus ¢ 1919 roga (cHavyana amepukaHckuMM, a ¢ 1923 roga M MHOCTpPaHHbIM
yyawmmcs).
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JI0, 4TO B CO3BE3AMH BepoHMKHM TeMHON MaTepuy 3HAYUTENbHO Ooiblle, 4eM OOBIKHOBEHHOro BemiecTBa. CTOJb
TPEBOKHOT'O BBIBOJA APYIHE acTpoQU3MKH HE 3amedanu nodtu 40 jieT, BO3MOXKHO, W3-3a TOTO, YTO OH NPO3BYYaa Ha
HEMEIIKOM S3bIK€ B HENMPHUMETHOM KypHane FHelvetica Phisica Acta. Crates Ha3biBajach «KpacHoe cmermeHue
BHETAJIAKTUIECKHX TYMaHHOCTEN.

3a poaruve roApl IJIOZOTBOPHOM AEATENBHOCTH LIBUKKM BBIIBHHYJ MHOXKECTBO OCTPOYMHBIX WHIEH, KOTOpBIE
OTCTauBaJI C 3aBUIHBIM YIOPCTBOM. J[JI1 OTHUX 3TO OBII YEJOBEK OJECTAIIEro yma, s APYyTuX — rpyOusH. Y Kaxaoro,
KkT0 BeTpevatcsa ¢ @punem LBukku (puc. 6.11), ckiaapiBanocs 0 HeM cBoe MHeHHe. [loxkanyii, mpuBeTcTBUE, KOTOPBIM OH
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3a9acTyio Berpedan roctei B KamndopHUIICKOM TEXHOJIOTHYECKOM MHCTUTYTE: «KTO ke BBI, 4epT BO3bMH!» — MOKHO
azpecoBaTh U TeMHOM Matepuu. Kak Ob1 TO HI

Puc. 6.11. ®pun lBukku
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OBLTI0, HEKOTOPOE BpeMsl TEMHAs MaTepHsl He OUEHb-TO CKa3bIBaJach Ha JejlaX aCTPOHOMHUYECKHX.

Crenyrouwmii BaxkHbId Bkiaa B 1970 rony BHecaun Bepa Pyoun u V. K. @opn, nepBeiMu u3yunBiIne BpameHne M31
(TymaHHOCTH AHIpOMEIBI), a 3aTeM emie Oonee 60 CIUPANBHBIX TalaKTUK. BBIICHWIOCH, YTO BCE ITH TaJaKTHKH
BpalaloTcs ¢ OOoJblIell CKOpOCThIO, YeM CHOocOOHa obOecredynTh WX BUAMMAs Macca, 4TO CBUAETEIHCTBOBANO O
CYLIECTBOBaHUH CKpPHITOW Macchl. [lo Mepe pocTa MOCTYMAarOmUX JAaHHBIX CTajJ0 HEBO3MOXKHO OO0XOIWTH 3TOT BOIPOC.
Temnass Matepusi 3asBJIS€T O CBOEM CYIIECTBOBAaHWH, IpudeM ee moutH B 10 pa3 Oonbpire OOBIKHOBEHHOU CBETSIIEHCS
(BUIMMOIT) MaTEepHH — JIO TE€X IOpP, TTOKa MBI HE TIEPECMOTPHUM HAIIIX TIPEACTABICHUS O TATOTCHHUH (HO 00 3TOM JaJIbIIe).

B TemHoOTE paccy:kaaTb 0 TEMHOM MaTepuH

PaccmaTpuBaroTcst Tpu paziaHUHBIX crloco0a B 0OBSICHEHWW MPUPOABI TEMHOW MaTepuu: OapHOHHAsl TeMHasi MaTepus,
HeOapHuOHHAs TeMHAas MaTepus WIIM BO3MOXKHOE HETOTIOHUMAaHHUE TATOTEHHS.
bapuonHasi TeMHass MaTepusi.

bapuonnasi remuasi matepusi. CTporo ropops, 0apuoHaMu SBIIIOTCS TOJBKO MPOTOHBI U HEUTPOHHI (CM. TJ1. 2), HO
aCTPOHOMBI B COCTaB OapHOHHOW TEMHOW MaTepUH BKIIOYAIOT U 3JIEKTPOHBI. Bce 1eo B ToM, 4TO Takas TeMHasi MaTepus
COCTOMUT U3 XOPOILO U3BECTHBIX YACTHII, HO €€ U3Ty4YeHUE HEJAOCTATOYHO Il OOHAPYKECHUSI.

[Ipumepom TeMHON GaApUOHHONW MaTEPUU MOTYT CITy>KUTh:

¢ OobvikHogenHoe sewjecmeo. 'enneBble 1 BOIOPOAHBIE 00JaKa, pacCeSHHbIE B MEXTaTaKTHYECKOM IPOCTPAHCTBE,
CUMTAIOTCS] OOBIKHOBEHHOW TEMHON MaTEpHEH.

¢ MACHO (Massive Astrophysical Compact Halo Objects), maccuBHBle acTpo(U3WUECKHE KOMITAKTHEIE
raoo0beKThl. COCTOST M3 TET BO BHEINTHEM OKPYKEHUH TaaKTHK (Tajl0 — KOPOHBI), 00JIaalouX MAacCOi, HO BBHUIY
Ma-
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JBIX pa3MepOB WM CIad0T0 U3TyUYeHHsI MBI HE B COCTOSTHAM X 00OHapyXuTh. [IpeacraBurenn Takux Tei:

¢ KopuuHeBsle KapiauKu pa3MepoM mpuMepHo ¢ FOmuTep mim HauMEeHBIIYIO 3Be3y, HO Tsokenee FOmurepa B 80 pas.
Ot 00BEKTH (POPMHUPOBAIMCH OJHOBPEMEHHO CO 3BE3JaMH M IUIAaHETaMH, HO M3-3a HEJIOCTATOYHOHM s 3aIrycka
MEeXaHM3Ma SIAEPHOT0 CHHTE3a MAacChl OHU NMPOCTO MEJIEHHO OCTBHIBAIOT, M3NIy4as YHEPTHIO, CIUIIKOM MAallylo, YTOOBI
HaIlTU TaTYUKH e¢ 0OHAPYKUITH.

¢ benble kapiauku, HEUTPOHHBIC 3BE3/bl U YEPHBIE ABIPHI — 3TO BCE, YTO OCTAJIIOCH OT CYLIECTBOBABLIMX HEKOTAA
3Be31 MaJIOH, CpeHer U OOJBIION MacChl, M y HUX CIHUIIKOM cllaboe (JIn00 OTCYTCTBYIOIIEE BOBCE, KaK Y YEPHBIX JIBIP)
JUTS PETUCTPAIIUH U3ITydeHHE.

Hns moncka MACHO mnpusnekatoT 3¢¢QeKT rpaBUTaAlMOHHON JIMH3BI, KOTJa CBET OT AaJieKMX 3BE3J M3rHOacTcs B
npucyrctBui MACHO, 4TO KOCBEHHO YKa3blBaeT Ha UX Hamuuue. PesynpraTel u3mepeHuid B Mieunom Ilytu
CBUJICTENBCTBYIOT 0 HaMMINU HeckolbknX MACHO Bo BHemmHe# o0jacTw KOPOHBI Hamie I ajakTHKH, HO 3TOTO Majlo
JUIsl ydeTa BCel TEMHON MaTEpHH.

Hebapuonnasi TeMHasi MaTepus.

Heb0apuonnas temHasi maTepusi. HeObaproHHas TeMHast MaTepusi COCTOUT U3 YACTHII, OTCYTCTBYIOIINX B U3BECTHOM

Ha CErONHSIIHUI JEHb CIUCKEe 00NaJarolIMX Maccod MOKOS 3JeMEHTAapHBIX YacTHll. Bo3MOXHa Kak XOJOJHAs, TaK H
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ropsyasi HeOaprOHHAs TEMHasE MaTE€pHUs.

¢ Xonoonas memnas mamepus. Taxkas MaTepusi COCTOsIa Obl U3 KpaifHE TSKENBIX, MEAJICHHBIX YaCTHI. JTH YaCTHILIBI
MIONTyYMITH Ha3BaHHUE CIA00B3aMMOICHCTBYIOMINX AIIEMEHTAPHBIX YaCTHUI] C HEpaBHOUM Hymto Maccor mokos (WIMPs —
Weakly Interacting Massive Particles). Hu ogHa n3 HuUX He Oblua moka OOHapyXeHa, HO CYIIECTBOBAHHE HEKOTOPBIX
TaKHWX YacCTHI] BBITEKAET U3 TEOpHil, OOBACHSAIONINX MEXaHHU3M IOSBJICHHUS MACChl Y 3JIEMEHTApHBIX YacTHUI] (CM. IUI. 2).

XOJ'IO,I[Ha)I TEMHas MaTepud MOrja OBl BKIIIOYATH:
206

— (OTHHO, UM CYNEPCUMMETPUYHBIX TAPTHEPOB (OTOHOB C MACCOM, MpeBblmaromeil Maccy nporonos B 10— 100
pas;

— aKCHOHBI, THIIOTETHYECKNE YaCTHUIIBI, TPU3BAHHBIE OOBICHUTH OTCYTCTBHE ONPEAETICHHOTO CBOMCTBA Y HEHTPOHOB,
a Taxke HabrogaeMyto acuMMeTpuio BeeneHHOM;

— KBapKOBBIE KOMbsI, IPEJCTABIIAIONINE cOO0H HEOOBIUHOE, TTOKA ellle He HaOMoaBIIeecs CoYeTaHne IIeCTH KBapKOB
(cm. 1. 2).

¢ Temnas eopsauas mamepus. ITa MaTepUs COCTOUT U3 JIETKUX OBICTPOABIDKYIIMXCS dacTUI. CaMblil OIXOASIINI
COHCKAaTeNb Ha 3TO MECTO — HEWTpHHO. [loHavamy HEHTPHUHO cUMTalN YacTULel ¢ HyJeBON Maccoil MOKOs, HO HEJJaBHUE
OTIBITHl CBHUJIETENILCTBYIOT, YTO OHHU MOTYT 00JIafaTh HeOONbIIoNH Takold maccoil. CKoIbKO ObI HU OBLTO HEHTPUHO BO
BcenenHoH, nX COBOKYIHAS Macca, MMOX0XKe, CIUIIKOM MaJla, 9TO0BI KaK-TO PEIIUTh BOIPOC C TEMHOU MaTEPHCH.
Henononumanme TAroTeHusl.

Henononmmanmue TArotreHus. ['alakTuku Bce elle NMPEACTABISAIOT B BHJE CKOIDICHHS YaCTHUI, ITOMYUHSIOIIMXCS
3akoHaM HprooToHa. HecMoOTpst Ha TO 4TO TEOpusl TATOTEHMsS BbLAEpXkajla MPOBEPKY BPEMEHEM, HOBBIE OIBITHI MOTYT
3aCTaBUTh BHECTU B HUX U3MEHEHUS JJISI MEXKTAIAKTUYECKUX PACCTOSHUU.

MporHo3npoBaHue Byayuiero BceneHHom

IIpu Bceil CIIO)KHOCTH HEPENICHHON MpOoOJIeMBI TEMHONW MAaTepHH He OHa SIBISICTCS KpyHHEHWmed mpobieMoin, c
KOTOPOW CEeroJHs MPHUXOAMTCS HMETh JeN0 acTpOHOMWH. BozHuKIa 3Ta mpobiema B KoHue 1990-x romoB B Xoxe
M3Y4YEeHHs KOCMOJIOTaMH pa3BUTHsI BceneHHOW ¢ TeopeTmueckux Mmo3uimii. Ha mpoctpaHCTBEeHHO-BpeMEHHOW cxeme

ABOJTIOITUHN BceneHHoM 4eTKO IpocMaTpUBAETCs HECKOJIEKO BOBMOYKHOCTEH ee JalbHeHel cynp0sI (puc. 6.12).
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Puc. 6.12. PaccTosinue MEXKIY raJlaKTUKaMu BO BceieHHO# B 3aBHCHMOCTH OT BpEMEHU

Naockan
Bceneruan

3amMKayTas
Beenennas

Cpeniee paccroaHue
MEXKIY TATAKTHKAMH

HacTgaies B
pemsi
[pownoe ™ Byxyuiee

IIpencraButh nBMKeHNE BcemeHHOW MOXXKHO Ha NpUMEpe MOA0pachIBaHWS MsS4a B BO3myX. Eciaw momOpocuTh ero
JIOCTATOYHO PE3KO, TO MY BBICOKO B3MOET B He0O, 3aMpeT Ha KaKOH-TO MWUI M 3aTeM yIajaeT K BaM B pyku. Heuto
mo1I00HOE TPOUCXOIUIIO OBl B 3aMKHYTON Bceenennoil. Bo3spaiieHre Msa4a BRI3BAHO CHIIOHN TATOTECHUs, Oyiarojaps Macce
3emMiH, JDOCTATOYHO OOJBIIOW, YTOOBI BEPHYTH M4 oOpaTHO. Temepsr mMomOpOCHMM Ms4, HAXOMICh Ha HEOOIBIIOM
actepoujie. Ecnu acTepou HEBENMK, TO MYIICHHBIH C ONPEACICHHON CKOPOCTHIO MY MOXET M HE BEPHYThCS Ha HETO,
IIPEOI0JICB €r0 CUITy TSATOTeHHUs. Takoe MOJI0KEeHUE COOTBETCTBOBAJIO ObI OTKpHITON BeeneHHol. Eciu ke BbI OKaxHuTECh
Ha HEOSCHOM TeJie ¢ MOAXOJAIICH MacCOd, MY HaYHET YJAIATHCA OECKOHEUHO HalieKo, MpUYeM CKOPOCTh ero Oyjaer

CTPEMUTHCS K HYJII0. Takoe COCTOSIHME XapaKTepHO JJIs TIJI0CKOM BeeneHHoi.
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Htak, Bompoc 00 sBomonuM BceneHHOH, MOX0Xe, CTOMT TaK: XBaTHT JIM MAacChl y Hee JJiA YIACpP)KaHHsS OT
HENPECTAaHHOTO paciupeHusi? [JTaBHBIM (akTOPOM SBOJIONUU BcelleHHOM SBIACTCS BEIIMYMHA COBOKYITHOW IMIOTHOCTH
€c BEeIeCTBa U SHEPTUH, a HEOOXOUMOCTh y4eTa 00CHX BEJIUYUH OINPENEISICTCS 3HAMCHUTHIM ypaBHEHUEM DWHINTEHHA
E=mc” (eM. 1L 2).
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IImoTHOCTS BemIecTBa (SHEPTUH) OOBITHO BRIpAKACTCS BETMYMHON OMETa, paBHOH MPUBEICHHON TNIOTHOCTH BEIIECTBA
(3Heprum) (MO OTHOIIEHUIO K KPUTHUECKOM IuIoTHOCTH). OMera, paBHas €AMHHUIE B CIyyae COBIMAJEHUS IUIOTHOCTH
BemlecTBa (PHEPrUU) C KPHUTHYECKHM 3HAaYeHHWEM IUIOTHOCTH, YKa3blBaeT Ha paclmpeHne BceneHHO co Bce
YMEHBINAIOMIecs CKOPOCThIO, M depe3 OEecKOHEYHOe BpeMs Ha OECKOHEYHOM YJaleHWHW OHa yke He OyIer Hu
paciupsThca, HU CKUMAThCS. DTOT cilydall XapakTepeH s BceneHHOW ¢ KpuTHueckoil mmoTHocThio. Ecnm macca
olpesieNsieT TeOMETPHI0 BPEMEHU-IPOCTPAHCTBA, KPUTHYECKON IUIOTHOCTH COOTBETCTBYET IJIocKas BceneHHas, rae
COXpaHSETCs MapallyIeIbHOCTD JIMHUHN ¥ CIIpaBeJIiBa €BKJIN0BA T€OMETPHS.

Ecnu omera Oosblile eqUHHIBI, 3HAYUT, paciiupeHne BceneHHo#l Oyner 3amemmnsaThes emle ObicTpee W, JOCTHUTHYB
MpPENIebHBIX Pa3MEPOB, OHA HAYHET CTATHBATHCS, TIOKA HE TIPOU30UIET «OONBIIOTO CxaThs». JJaHHBIN ciTydaii onmuchiBaeT
MOBe/IeHNE 3aMKHYTOH BceneHHoH, e napayuienbHble JIMHUU HAYHYT CXOIUTHCS.

Ecmn omera meHpme enuHHIbBI, BcemeHHass OyneT BEYHO paCIIAPSTHCS CO ClleTKa 3aMeISIONIeNCs CKOPOCTHIO.
Jauublii coyyail onuchiBaeT MOBEACHUE OTKPHITON BeeneHHOM, rie napaienbHble TUHUN HAYHYT PACXOTUTHCS.

CornacHo BUANMON MaTtepuu (SHEPTHH) OMera 3HAYWTEIBHO MEHBIIE €IUHUIIBI, YTO CBHICTEIHCTBYET 00 OTKPHITOMN
Bcenennoit. CoBpeMeHHBIE OIIEHKH KOJIMYECTBA TEMHON MaTepHuu BO BCceleHHON MaloT CYIECTBEHHYIO IPHOaBKy MacChl,
OJIHAKO TIOJMydaeMas COBOKYITHAs BEIMYHMHA YCTYHAeT KPUTHYECKOM IIOTHOCTH. COrjacHO 3HAYEHUSM BHUIUMOH H
TEMHOM MaTepuu BcelneHHas OTKpBITAa HE3aBUCHMO OT BO3MOXHOTO cOCTaBa TEMHOM Martepuu. Bompoc, crano OBITH,

cuat? He Tyr-TO OBLIO.
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CTOJIKHYBIIHCH ¢ HEOKUTAHHBIM: ycKopeHue Bcesiennoit

B magane 1990-x To0B ABE pa3HbIE TPYNIBI YUEHBIX 3aHINCH U3MEPEHHUEM PACCTOSHUS IO CBEPXHOBBIX 3BE31 (CM.
1. 3) B HaJeX/e ONpeenTh 3aMeIeHne BeeaeHHol HaxoXIeHreM ee HbIHEITHEH CKOPOCTH pacIIMpeHHs, KOTopasi, 110
WX MHEHHIO, JOJDKHA ObLa Majath cOo BpeMeHeM. Ho Halmii OHHM He TO, YTO MCKAIHM: BMECTO 3aMeIJICHHS TOTYYHIIN
ycKkopeHue. YdeHble ObLUTH CTOJb yAWBIIEHBI, 4TO, O0SCh OMMOUTHCS, HECKOJIBKO pa3 IMEePEeTpOBEPHIIA CBOU PEe3yIbTaThl U
JIAIITH 3aTE€M UX 00HApOIOBAIIH.

IIpexne yem MPUCTYNUTHh K U3YUYEHHUIO ATHUX JAHHBIX, OCMOTPUM, YTO YUYCHBIC MBITAUCH CcAeNaTh. Beab, kKak Mbl
[IOMHHUM, 3aTpyJHeHHe Xa00ja Tpu OIpeNeleHWH PACCTOSHUN [0 YNAICHHBIX TaJIAKTHK BBI3BIBANIACH TEM, YTO
NIEPEMCHHBIC 3BC3}Z[I)I-HG(1)GI/IZ[I)I Y TakKuX TraJJaKTUK OKa3bIBAJIMCh CIIMIIKOM TYCKJIBIMU. HOBTOMy BIIOJIHE pa3yMHO GI)IHO
OTBICKaTh OoJiee SIpKHe OOBEKTHI C U3BECTHON CBETHMMOCTHIO, MOCIE YETO BBIYMCIHTH PACCTOSIHHE 10 HUX Ha OCHOBE MX
OTHOCHUTEIHHONH cBeTUMOCTH. [Ipu Bcell SIPKOCTH CBEPXHOBBIX 3BE3JI CBETHMOCTh 3aBHCHUT OT WX Macchl. OQUH BHJ
CBEPXHOBEIX CBSI3aH CO 3BE3101 IMOCTOSHHON MAaCCHhI, a TOATOMY M M3BECTHOH cBeTUMOCTH. [107100HOE TIPONCXOIUT, KOTaa
OenpIi KapiUK MONy4aeT AONMOJHUTEIHHYI0 MAacCy OT 3BE3[bI-CIIyTHHKA, M 3TOW MacChl JOCTAaTOYHO, YTOOBI MPEBBICUTH
npeznen I Macchl 0enoro kapiuka (B 1,4 pasa 6ombie Maccsl ConHIA).

Torma GebIii KapJIMK B3phIBACTCS, CTAHOBIICH CBEPXHOBOH 3Be310i Trma Ia. BBumy cBoeit dpe3BbIdaiiHON CBETUMOCTH
CBCPXHOBBIC THUIIA Ia nerkxo pas3iMyruMbl B OTAAJICHHBIX I'aJIaKTUKaX. Takue CBCPXHOBBIC B3PBLIBAIOTCA C 0):[HOI7[ U TOH XKe
CBETUMOCTBIO, TaK YTO PACCTOSHUE IO HMX MOXHO BBIYHCIHMTH, U3MEPSIsl MX BUAMMEBIN OJECK: 4eM OH ciabee, TeM OHa
naneiie. TpymHOCTH NMaHHOTO TOJXOAA CBsi3aHA C TEM, YTO CBEPXHOBHIE THMHA la COXpaHAIT CBOK MaKCHMAIBHYIO

APKOCTH JIMIIb B TCHECHUEC HECKOJIBKUX HEJICIIb.
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B 1998 romy B pamkax MmpoeKkTa KOCMOJIOTHH CBEPXHOBBIX 3Be31 KanmnhopHUICKOTO TEXHOJIOTHIECKOTO HHCTUTYTA H
MeXIyHapOJHOTO KOHCOPIMYMa [0 TIOMCKY CBEPXHOBBIX C OoNblmioW Z* [BEIMUYMHOW KpPAaCHOTO CMEIICHUS |
HCCIICIOBANIUCH Pa3IMYHbIC CBEPXHOBBIC THIA [a BONM3M MaKCUMyMa MX SIPKOCTH W ONPEICSISLIUCh UX paccrosHus. C
IIOMOIIBI0 METOJa IOTUIEPOBCKOTO CABHUTa, BIEPBBIE MpemiokeHHOro Becto CrabidepoM, OHM ONpeAeNud KpacHbIC
CIABUTH TaJaKTHUK, I/I€ HAXOIWUIUCh CBEPXHOBBIE, U CPABHWIM IOJIYYEHHBIC BEIMYUHBI CO 3HAYCHUSIMU, MOIYYaEMbIMH C
MIpUMEHEHUEM 3aBHUCUMOCTU Xa0biya. M3MepeHus Mmoka3aid, YTO 3TH OTJAJICHHBIC CBEPXHOBBIC 00JaTal0T 3HAYUTEIIHHO
MEHBIIUM OJIECKOM, YeM YKa3bIBaeT 3aBUCUMOCTh Xa00ia. A MOCKOJIBKY CBETY OT BCIBIXHYBIIUX CBEPXHOBBIX MPHUIILIOCH
noOupaTthses K Ham 4—8 MIIpJ JIeT, H3MEpPEHHs CBUAETEIhCTBOBAIH, YTO CEToaHs BeeneHnas pacmmpsieTcst 3HaYUTETHHO
OpIcTpee npexkHero. MHaue roBops, ee paclIupeHne UieT C YCKOPeHUeM.

Ha cnenyromuii rog oOHapyXuiIH eie 0ojee yIaleHHYI0 CBepXHOBYI0. OKa3aiock, 4TO 3TO camasl IajieKasi U3 Korjaa-
mr00 HAOIIOJABIIMXCS 3BE3/, U CBET OT Hee men 11 mupx ner. breck ee oka3zancs Beimie pacueTHoro. [lomydanocs, 4to
11 Mapna et Ha3a[d MPOMCXOAMIIO 3aMejAjieHne paHHei Bcenennoil u3-3a cui tarotenus. Ho 4-8 mupn ner Hasan oHa
CTalla YCKOPEHHO PacIIupPSAThCS, a TAIAKTUKH — Pa30eraTbCs CO BCEBO3PACTAIOIICH CKOPOCTHIO.

W3 aroro m3MmepeHus cienoBall HEYMOJHMBIA BBIBOJA: KakoBa Obl HM OblUIa MPUYWHA HBIHEIIHETO YCKOPEHHOTO
pacmmpenns BcenenHol, 0HO OBLTO MEHEE 3aMETHBIM WIIH J1ayKe BOBCE OTCYTCTBOBAJIO HA PaHHEH CTaJHMH €€ SBOJIOIIHH.
OHO cTano 3aMeTHBIM, KOoTna BceneHHas MUHOBaJIa MUK CBOEH JBOJIONMH, U C TOH MOPBI BO3PACT OIPEACISCT ee
nosenenue. Takoe monoxe-

* OTHOCUTeNbHOe W3MeHeHMe ONVHBlI BOMHbI IMHWUMA B CMNEKTpe M3ny4yeHusi HebeCHbiIX Ten Z paBHO OTHOLUEHWIO PasHOCTH
nabopaTopHOW ANVHbBI BOHbI IMHUKX CNEKTPa W AJSIHbI BOJIHbI CMELLEHHON MHUM K NabopaTOpHON ANMHE BOMHbI IMHUM CMeKTpa.
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HUE BeIel CPOIHU CUTYAIlNH, KOTIa BOJUTENb 3aMeIIeT CKOPOCTh IPH BHJE KPACHOTO cBeTa cBeTo(hopa, 9ToObI mpu
TIOSIBIIEHUH 3€JIEHOT0 CBETa HaXKaTh Ha T'a3.

UYro 3T0 3a MITYKa, BRI3bIBAIONIAS IIOA00HOE KOCMOJIOTHYECKOE YCKOpeHue? Mbl He 3HaeM, HO yXKe JaJu €il Ha3BaHue.
Henocraromyto Maccy (3HEprur0) HUKOTa He BUJEIH, I03TOMY OHAa TeMHas. A pa3 OHa NPOTUBOAEUCTBYET TATOTECHUIO,
TO HE MOXXET 00JanaTh MPUBBIYHOM AJsi HAcC Maccod. Actpodusuk u3 Uumkarckoro yHuBepcutera Maiikn TepHep
okpectui ee B 1999 rony memmnotui snepeueii.

biarongaps psly pa3JIMuHBIX OIBITOB y HAC €CTh OLICHKA BEJIMYMHBI 3TOM HEBELOMOI TEMHON SHEPTUH, IIyCTh JTaXe MBI

1 HC 3HACM, ¥mo OHa coboif MMpeaACTaBJIACT. HeckoabKO ONBITOB CTaBU-
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JIOCHh C IIENIBIO BBISICHUTH OOIIME TEOMETPHUECKHE CBONCTBA MPOCTPAHCTBA U OMPEICIHUTh, OTKPHITAs, IUIOCKAs WM
3aMKHyTas Hama Bcenennas. OHOBOE MHUKPOBOJIHOBOE M3IYUCHHE, 3alOJHSIONIEE €€ BCIO, OCTAIOCh OT HA4YalbHOTO
«bompIioro B3peiBa». B Teuenne nepBbix 400 THIC. JeT mocie 3TOro B3pbIBa BeeneHHas Oblia elie CTodb ropsei, 9ro
MIPENICTABISIACh HEMPOHHUIIAEMOH JUIS DIIEKTPOMAarHWTHOTO W3Iy4YeHHs. 3aTeM, OCTBIB, OHa CTaja HCITyCKaTh
ANIEKTPOMArHUTHBIE BOJHBI. Ha mnporsokenmm 400 TBIC. JIET 3TH BOJIHBI CIIOCOOHBI OBUIM MPEOAOJICBATH JIMIIb
OTPaHWYCHHOE PACCTOSHHUE, TaK YTO Bce (DIYKTyallM B M3IyYeHWH OBUIM OTpaHWYeHbl Mo BenwunmHe. Ho ¢ Tex mop
(hayKkTyanuu HMCKa3WIIMCh BBHIy WCKPHBIEHHS TPOCTpAaHCTBA. V3MepeHWe BeTMYMHBI MUHUMAIBHBIX TEMIEpPaTypPHBIX
(aykTyanuii B caMOM M3TYy4YEHHH JJaeT BO3MOXKHOCTD ONPEAETUTh 00IIyI0 KPUBU3HY IpOCTpaHcTBa. s M3MEpeHus 3TUX
(aykryaruii ObUT 3a/IHCTBOBAHBI BBHICOTHBIC BO3IYIIHBIC IIAPHI U JTATYUK HABEPXY METCOPOJIOTMYCCKOW CTAaHIMM Ha
IOxxHOM TOMIOCE. B pamkax skcnepuMeHTOB «bymepanry, «Makcumay U «Jleficm» yaanoch U3y9IuTh 3TH (QIyKTyaruu U
OTIPEICIINTh, YTO MPOCTPAHCTBO Beenennoit — mnockoe (eBkauaoBo): Q = 1 £4% (puc. 6.13).

YV mnockoit Becenennoit 2 = 1, Tak 4YTO IUIOTHOCTh B TOYHOCTU JOJDKHA COBHANATh C KPUTHYCCKUM 3HAUCHHEM.
[TockonmbKy 0OBIYHOE BEUIECTBO U TEMHAsI MaTepHUsl BMECTE COCTABISIFOT 27% KPUTHUECKOU TNIOTHOCTH MACChI (SHEPTHH),
uIA oOecTiedeHns TUIOCKOTO XapakTepa reoMeTpun BcemeHHo# octaBmmecs 73% IOIKHBI MPUXOIUTHCS HA TEMHYIO
SHepruro. JlanHas Teopus OCTaBISET CMEIIAHHOE YYBCTBO: MBI MOKEM OIICHUTH KOJIMYECTBO TEMHOU sHEpruu, Oryxaas B
MOTEMKaXx IO MOBOAY €€ IPUPOIBIL.

Bor kakyo kapTHHY pUCYIOT 3TH JaHHBIE: TOCJIE MEePBOHAYAIBLHOTO PEe3KOro pasmyBanus (MHGuAnnM) BcemenHas
mepernia K paciimpeHnio, U CKOPOCTh YMEHBIIINIACH IO IEHCTBHEM MaTepuu (0OBIYHOM 1 TeMHOM). Ha paHHUX cTamusax
SBOJIIOLIMY TEMHAsl SHEPTHUS TIOYTH HE MPOSBIsUIa ceOs, Tak Kak ObLIa CTOJIb pABHOMEPHO pacIpelieicHa o BceneHHoi,
YTO HE BMEUIMBAIACh B (POPMHUPOBAHHE TaTAKTHK W TyMaHHOCTEeU. CIyCTs HECKOJIbKO MWJIIHAPIOB JIET BEPXOBEHCTBO
Mepenuio K TEMHOMN
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Puc. 6.13. ®aykryanun (poHOBOro MHKPOBOJHOBOI0 U3/Iy4YeHUsI, ONpe/iesAIoIue 001YyI0 KPUBU3HY
NMPOCTPAHCTBA.

Ha eepxnem cHumke npedcmasieHbl OnblmMHble OAHHbIE, HUNCHUE CHUMKU NPeOCMmAasIaiom coOol mpu 803MONCHLIX
pacnpedeneHuss Gaykmyayuii ¢ O08YXMePHuIMU U300PANCEHUAMU NPOCMPAHCIBEEHHO-8pemennoll  kpususnvl. Ciesa
HANpaso npeoCcmasienvl CAy4au 3aMKHYmMOU, NIOCKOU U omkpbimou Bceenennoil. Jlanuvie 6oaee 6ce2o conacyromes co
cnyuaem niaockou Beenennot

SHEPTHH, U OHA CTala CBOMM OTPHUIIATEIHHBIM JaBICHUEM IPOTHBOACHCTBOBATH CHIIE TATOTCHUS, YCKOPSS TEM CaMBIM
pacmmpenne Bcenennoil. B Hactosimee BpeMs TeMHasl SHEPTrHsl CJeTKa MEpecHINBAET TATOTEHHE, HO C yBEIMYCHHUEM
pacmupenuss BceneHHON Bce 0ObliMe pacCTOSHUS OYyIyT CIIOCOOCTBOBATH AAbHEHINIEMY OCIIA0JICHUIO TATOTCHHMS.
[IpeoOnaganue TemMHOW »Heprum OyIeT CTaHOBUTBCA Bce Oojiee 3aMeTHBIM, BBI3bIBas emie Ooyiee YCKOpEHHOE
pacupenue BeeneHnnoil.

Penienne rojioBoJIOMKH: rae, koraa, Kaxk u KTO?

C Touku 3pCHUA TCOPUHN CYHICCTBYCET HCCKOJIBKO BO3MOXKHOCTEH yucTa TEMHOM OHEPruun:
214

¢ Bosepawenue Kocmonocuweckou nocmosimnou unwimenna. ByneT 3a0aBHO, €CIH OKaXETCS HEBO3MOXXHBIM
oboiTrCch 0e3 «camMol KpymHOW ommOKw» OHHIITeHHa. Beap nmpaBUiIbHO MogoOpaHHass KOCMOJIOTHUYECKAs ITOCTOSTHHAS
OTPa3UT NPOTHBOACUCTBHE TATOTEHHIO B BHIE OTPHULATEIBHOTO AABIECHUS, BBI3BIBAIOIIEIO YCKOPEHHOE paCIIMpPEHHE
Bcenennoit B cornmacuu ¢ ONBITHBIMUA JaHHBIMH. HoO ecin KocMmonoruyeckasi MOCTOSHHAS MPEACTaBIsAeT co00il SHEPTHio
HYJIEBBIX KoJieOaHMi BakyyMma (TIpeACTaBlicHHE KBAaHTOBOW MEXaHUKH, CBS3aHHOE C NPUHIMIIOM HEONpPEeACICHHOCTH
I'efizenbepra), ona nmomy4aercst Ha 120 mOpsAKOB BBILIE, M HAIO €€ KAKUM-TO 00pa30M yMEHBIIATb.

¢ J[obasnenue 3asucaujeco om epemenu 4ieHa K dUHWMeUHO8CKUM ypasHenuam nois. Eciu 661 HeKoTopas BeJIHYHHA B
ypaBHEHUSIX DUHINTEHHA MEHsIach BO BPEMEHH, OHa Morjia Obl OOBSICHUTh HE3HAUNTEIbHOE BIUSHHE TEMHOW SHEPTUH
Uil paHHed BceneHHOH M mociexyromiee ycuieHHe ee posid. XOTsI TEOPETUKU MPEANOYNTAIOT MIPOCThIC YPAaBHEHHUS IO
BO3MOXHOCTU C MaJbIM YHCJIOM PEryJMpyeMbIX MapaMeTpoB, HAlO PACCMOTPETh M TAaKOM, MEHEe U3SIIHBIA BBIXOJI U3
TIOJIO’KEHUSI.

¢ Jlonywenue usmeHeHuss 60 8pemMeru QYHOAMEHMANbHBIX GEIUYUH, PAHee CYUMABUUXCA NOCMOAHHbIMY. BO3MOXHO,
CKOPOCTb CBETA WIJIM IIOCTOSHHASA TSATOTEHHUSI MEHSUTUCH CO BpeMeHeM. MccaenoBanus B 3TOM HallpaBICHUH IPOABUIAOTCS
C TPYZIOM U JAIOT MIPOTUBOPEUUBHIE PE3YIIbTATHI.

¢ Jlobasnenue namoezo, ewe He GuIAGIEHHO20 63aumolelicmeus. JlaHHOe B3aUMOJCHCTBHE MONYYMIO Ha3BaHHE
«KBHHTACCEHIMSA» WM MPEACTaBJIsCT cOOOHl elle He BBIIBICHHOE I0JIE OTPULATEIBHOW SHEPTUH, MPOHHU3BIBAIOIICH Bce
pocTpancTBO. CXosKee MPeCTaBIeHUE CBA3aHO CO CIIMHOBBIM M0JIEM, HIMEHYEMBbIM CIIMHTICCEHIUEH.

¢ Jlonywenue cunomemuueckux 4acmuy noo Ha3eanuem axcuonvl. ECIM aKCHOHBI CYIIECTBYIOT, TO ()OTOHBI MOTYT

TCHCPHUPOBATH AKCHUOHBI, 4 3aTEM OIISITh CTAHOBUTBHCA (l)OTOHaMI/I, BbI3BIBAs N3MCHCHUS B CBETUMOCTHU 3BC3/1. ﬂpyraﬂ BO3-
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MOKHOCTh COCTOUT B TOM, UYTO aKCUOHBI KAKMM-TO 00Pa30M CBS3BIBAIOT APYT C APYrOM TEMHYIO MAaTCPHUIO U TEMHYIO
SHEPTUi0. AKCHOHBI — HEOOBIYHBIC YACTHUIIBI, BO3MOXKHO, UMCIOIIHE OTHOIIECHHE K BOMPOCY O MPOMCXOXKICHUH MAcChI
3JIeMEHTapHBIX YacTHIl Beenennoi (cm. 1. 2).

¢ Jlonywenue 803MONCHOCU CYWYECTNBOBANUS MHOMCECTNBEHHBIX 6ceneHHbIX. BO3MOXKHO, KBAHTOBas TICHA TIOPOANIIA
MHOT'O BCEJICHHBIX, U MBI OOUTaeM B OJHOM M3 HUX. J/Ipyrie BCelCHHbBIC BIOJHE MOTYT 00JanaTh HHON BETHYUHON CHIT
B3aUMO/JICHCTBUS, WHBIMU ITOCTOSIHHBIMU WJIH JIa)Ke COBEPIICHHO HMHBIMU (DU3MYECKUMH 3akoHaMu. Hamia mpuroTuna
KH3Hb, OJIaroaps 4eMy Mbl MOXKEM paccykIaTh O ee MpUupoe.
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¢ Bzaumooeticmsue memopansl, codepacaujeli Hauty Beenennyro, ¢ membpanamu, cooepocawumu utvle gceieHuvie. B
Clly4ae WCTUHHOCTH OJHOH M3 TCOPHUM OTHOCHTEIBHO MCTOYHHMKA MAacChl y 4YacTHIl (CM. DI 2), BKIIOYAIOIIUX
HEJOCTYITHBIE OIIYIIEHUSIM MHOTOYHCIICHHBIE Pa3MEpHOCTH, BO3MOXHO, MeMOpaHa, Ha KOTOpOW mpeObIBaeT Haiia
Bcenennas, B3amMoaeWCTBYyeT ¢ APYyrMMH MeMOpaHaMH TOCPEACTBOM TATOTeHWs. Torma memOpaHBI MOTIIM OBl
CTAJIKMUBATHCS, YTO 3aCTABUJIO OBl HAC IEPECMOTPETh BCE PEKHUE TCOPUU OTHOCUTEIILHO SBOJIIONUU BCeeHHOM.

I'me, korma u kak. I[lomuMo TeopeTHuecKuX pa3pabOTOK IUIAHUPYETCS MPOBEACHUE Psia OMBITOB IO BBISCHEHUIO
TIPUPOJIBI ¥ BEIMYMHBI TEMHOM SHEPTUN U TEMHON MaTEPHH.

¢ Kocmuueckuui meneckon Jcetimca Y»06a. B 2010 rogy HaMe4eHO 3aMEHUTh KOCMHMUYCECKHH Teyeckonm Xa00ia
IpyruM, 6osiee MOIIHBIM. Eciu BCIIOMHHTB, CKOJBKUMU YCIIEXaMU Mbl 00513aHbI TeJIeCKOy Xa00ia, OT ero nmpeeMHUKa
CJIeZIyeT OXKHUIATh ellle Ooiee Oy TUMBIX Pe3yIbTaToB.

¢ Cnymnuux Ilnanka. EBpornielickoe yNpaBlIeHME KOCMHUYECKHX MCCIIEIOBAaHUN TOTOBUT 3allyCK CITyTHHUKA s
MPOBEJICHHsI 00JIEe TOYHBIX MO0 CPABHECHUIO C CETOAHSITHUMY U3MEPSHHUN (UIYKTyaluid PEeIMKTOBOTO U3IydeHUs. 3aITyCcK

HaMeueH Ha Haudajo 2007 rona.
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¢ Cnoynoscxuil yugposoii 0630p neda. B pamkax 3TOro TpaHAMO3HOTO MPOEKTa, YXKE MPETBOPSIEMOTO B JKU3HB, C
OMOIIBI0 2,5-MeTpoBoOro Teneckona [oOcepBaropun Anauu-llodHT*, mrat Hpro-Mekcnko]| mpoBOAWTCS HaHECEHHE
KOOPIWHAT TAJIAKTHK OJTHOM YeTBepTH BUAMMOTO HeOa. byaer oxBadeHno 6oiee 100 MTH rajJakTHK.

¢ SNAP (SuperNova/Acceleration Probe). B paMkax JaHHOTO MPOEKTa HaMEUEH 3aIlyCK KOCMHYECKOIO TEJIECKOTIa,
KOTOPBI Ha TMPOTSKEHHU TpPeX JIeT CMOT Obl PerHCTPUPOBAThH JO 2 THIC. CBEPXHOBBIX TuMa la B rox. 3apaboraTe OH
JoJpkeH He noszaHee 2006 rona.

¢ O630p Kpacuvlx cmewjeHUull 2aiaKmuk, pAacnoIONCeHHbIX 6 melecHom Yyeae pazmepom 2°. JlaHHBI 0030p
OCYIIECTBIISIETCS C MOMOLIBIO aHTJIO-aBCTpasMiickoro 3,9-mMeTpoBoro Teneckona B oOcepBaropuu CaitnuHr-CrpuHr
aBctpanmiickoro mrara Hoserit FOxubi Yanbee. UM Oynmer oxBaueno Oomee 250 Thic. ramaktuk. HaOmoneHwe yike
BEIIETCS, M CBEXKHE TaHHBIC pa3MEIIaroTCs Ha y3IIe Attp.//www.aao.gov.au/2df/

Kro. B mapre 2000 roma Hammonanenas akagemus Hayk CHIA cosmana Komuter mo ¢usuke Bcenennoii, nepen
KOTOpPBIM TIOCTaBJIeHAa 3a/ladya — OOECHeYnTh B3aWMOJEHCTBHE AaCTPOHOMHUM W (U3UKUA C IIENBI0 PEOJOJICHUS
MIPUBBIYHBIX MTPEICTABICHUN U

%

Ob6cepBaTtopuss B wrtate Hblo-Mekcnko (CLUA), Haxopswascs B COBCTBEHHOCTM UM 3KCMyaTupyemass coobuecTtBoM
yHuBepcuteToB (YHuBepcuTeTOM wTaTa Hblo-Mekcuko, BalwWHITOHCKUM, YukarckmM, T[IpUHCTOHCKMM  yHMBEpCUTETaMU MU
YHuBepcuTeToM wWwTata BawuHrtoH). OCHOBHOWM WHCTPyMeHT — 3,5-MeTpoBbl anbTasuMyTasnbHblA Teneckon Ans HabnwaeHwin B
ONTUYECKOM W MH@pakpacHOM AuanasoHax. [NaBHOe 3epkano MMeeT COTOBYK CTPYKTYPY WM U3roTOB/IEHO METOAOM BpallaTeslbHOro
NNTbSA, YTO AenaeT ero B 5 pa3 nerye Cn/oOWHOro 3epkana Toro xe pasmepa. B 1997 roay ans pabotel no npoekty «Lindposoi 0630p
Heba» BBeAeHbl B CTPOI 2,5-MeTpoBbIV TENECKON U TeNeCcKon NoAAepXKU C 3epkanomM anametpom 0,6 M. Llenb npoekTa COCTOUT B TOM,
yTO6bI CObpaTh M306paXXEHUS N CNEKTPOCKOMNMYECKNE AaHHbIE O COTHSAX MUJIJIMOHOB aCTPOHOMUYECKMX 06BEKTOB, B TOM Yuncie crabbix
ranaktuk. lMMeetcs Takxe Teneckon C 3epkanoM AuvameTpoM 1 M, npuHaanexawuin YHuBepcuTeTy wTata Hbio-Mekcuko.
ObcepBaTopusi Ha4yana paboTy B koHue 1990 roaa.
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W3Y4YEHUST HOBBIX BO3MOXXKHOCTEH Ha CTBIKE 00eWx oTpaciieli 3HaHUN. B cBoeM oT4eTe KOMHUTET IMOMTYEPKHUBACT
«TIIyOOKYIO CBA3b... MEXIy KBapKaMH M KOCMOCOM» M TpeJylaraeT «CTaTh MOCPEAHUKOM B M3yueHHH pusnku BeeneHHoit
¢ yuyactueM MunucrepctBa suepretuk, HACA u HanmonansHoro nayuHoro ¢onza*. Unensl Komurera mo ¢usuke
BceneHHOH U T€, KTO MOXKET TOMOYb B 3TOM JEJIE:

Maiikn Crennu Tepuep (Uukarckuii yHUBEpCHUTET, IpeAceaaTeb);

Pomxep [Jasun bnanndopa (KanmupopHuiickuii TEXHOIOTHYECKUN HHCTHUTYT);

Cannpa Myp ®Deiibep (Kamudopuuiickuit yausepcuret, Canra-Kpyc);

Towmac K. T'aficcep ([emaB3pckuii yHUBEPCUTET);

®aitona DHH XappucoH (KanmudopHuiickmii TEXHOIOTHYECKUN HHCTHTYT);

Jxon [Tutep Xaupa (I"apBapackuii yHHBEpCUTET);

Xenen P. Kyuana (CTaH(GOPACKAN TIEHTP TUHESHHOTO YCKOPUTEIA);

P. Jlx. Xamumn Po6eprcon (BammHI TOHCKI YHUBEPCUTET);

Bepnap Canyne (Kanudopuuiickuii yausepcutet, bepkin);

Opouk k. Cxuyim (KomymOulickuii yHUBEPCHTET);

Hosun Hararmen Crnepren (IIpuHCTOHCKHI YHUBEPCUTET);

k. Ouronn TaiicoH [HayuHO-uccnenoBarenbckuii ueHTp «Bell Laboratories»]| komnanuu Lucent Technologies;

®psuk OHTOHM Brmuek (MaccadyceTCKuil TEXHOIOTHUSCKUH HHCTUTYT);

* HesaBucumoe deaepanbHoe BEAOMCTBO, OCHOBaHHOE Mo MHMUMaTMBe KoHrpecca B 1950 roay C Lenbio COAENCTBMA Pa3BUTUIO
dyHAAMEHTaNbHbIX U NPUKIAAHBIX HAYYHbIX U HAaYYHO-TEXHUYECKNX UCCNefOoBaHWn B rOCYAapCTBEHHbIX WHTepecaX. MNoadepxusaeT u
dUHaHCUMpYeT nepcnekTBHble pa3paboTKM B YHUBEpCUTETaX U Hay4YHO-UCCeAoBaTeNbCKUX yuypexaeHuax. Bo rnaese ¢doHaa crouT
npasneHne ns 24 BUAHbLIX Hay4YHbIX U O6LIECTBEHHbIX AeATenei, Ha3HavyaeMblX Hapsay ¢ anpekTopom npesngeHtom CLUA ¢ cornacus
CeHaTa Ha WeCTUIeTHMIA CPoK M paboTatowmx Ha obuecTBeHHbIX Hadanax. Ero rogoson 6ioaxet B 1990-e roabl coctasnan 6onee
Tpex MunnvMapaos Aonnapos. Ha ero Ao NpuXoAUTCS MPUMEPHO YeTBepTb BCEX CPEeACTB, OTMYCKAeMbIX MpPaBUTENbCTBOM Ha
noaaepxaHue dyHAaMeHTalbHOM HayKu.
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Kb dopa Maptur Yunn (BammHITOHCKHA YHHBEPCUTET);
bproc /1. Yurcreitn (Uukarckuii yHUBEpCUTET);
Oumun xetime Dasun [1nbm3;
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J>xon baxomr;
Jxepemu OcTpukep;
N. V. «Pokkun» Kono.

Bcenennas moxoauT Ha MOJAPOK, NMPUHECEHHBINH KEM-TO Ha BedepHHKY. [lofapok IOBOJIBHO TEMEH WM 3aBEPHYT B
TEeMHYI0 OyMary, HO 3aTO yKpallleH OJIeCTALIeH TeCbMOW 3aTeHIMBBIX PACIIBETOK H Y30POB.

Tak 1 MbI: HACTOJIBKO MOTJIOMIEHBI IPKOMA TECbMOW BUJIMMOW MaTepuu BO BcesleHHOM, YTO 0 CUX MOp MOYTH HUYEro
HE BEJIaeM O TasIIEICs BHYTPH TEMHON MaTepUU U TEMHOW SHEPTHUH.

MBI TONBKO HAYMHAEM TPSICTH KOPOOKY.

Urto MBI ycasimmm?
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Cnucok npoodsem

Tenepb s nogo3pesato, YTo BceneHHas He Tonbko 6onee HeobblbHa, YeM Mbl cebe BoobpaxkaeM, — oHa Honee HeobbluyaliHa, Yem
Mbl cebe MoxeM BOO6pasnThb.
/Dx. b. XongeriH

OrpaHu4uTh YUCIO HEPEIIEHHBIX HAyKOM mpoOjJeM — TO K€ CaMO€, YTO 3acCTaBUTh IIOJHOBOJIHYIO
Muccucunu Tedb CKBO3b CaJI0BbIH LIUIAHT.

B neicTBUTENBHOCTH, NMOMUMO 3aTPOHYTBIX HaMM IISITH KPYNHEWIIMX HE PEIICHHBIX HAyKOM 3ajaad,
BHUMAaHHUS U YCWIUH y4YeHBIX TpeOyeT MHOXKECTBO MHBIX MpobieM. HekoTopble W3 HHMX, BO3MOXHO, OCHOPST
WJIM AK€ B UTOT€ OTTECHAT HAIly MATEPKY.

B nanHoMm pa3zznene nepeurcieHsl 1 0erio pacCMOTPEHbl HEKOTOPhIE MHBIE HE PELICHHbIE HAYKOH 3a/1auH.

VY3HaTh O HHMX OOJBIIE MOXHO W3 JPYTHX HCTOYHHUKOB (CM. paznen «VCTOUYHWKH i yriayOJIeHHOTO

HU3YYCHUs» B KOHLC KHI/II‘I/I).
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[IpobJieMbl pu3suKuU

Kaxosa npupona ceera?

CBer B HEKOTOpBIX CiIydasx BeaeT ceOs MoJo0HO BOJHE, @ BO MHOTMX JPYI'MX — CpPOJHHM YacTHILE.
CrnpamuBaercs: uTo ke oH Takoe? Hu 1o, Hu apyroe. Yactuna 1 BoJiHa — JIMIIb YIIPOLIEHHOE MIPEACTABICHUE
0 noBesieHNH cBeTa. Ha camoM ke Jene cBeT He yacTula U He BojaHa. CBeT OKa3bIBaeTCsl CIOXKHEE TOro odpasa,
YTO PUCYIOT TH YIIPOILECHHBIE IIPEACTABICHMUS.

KakoBbI ycJIOBUSI BHYTPH YePHBIX JIbIP?

UYepHble AbIPHI, paccMaTpuBaeMble B TJ1. 1 ¥ 6, OOBIYHO MPEACTABIAIOT CO00M CKUMAIONIUECs Aapa OOIbIINX
3BE3]], MEPEXMUBIINX B3PHIB B BUAC CBEPXHOBOW. Y HHUX Takas OTPOMHAs IUIOTHOCTb, YTO JAaXKE€ CBET HE B
COCTOSIHMM IIOKMHYTh UX HeApa. BBUY OrpOMHOIO BHYTPEHHETO CKATUS YEPHBIX JIbIP K HUM HEIIPUMeE-

. )

@ I g

et

M, nmaem JUAo © BALMASMA GRS qamwbamuf MAMMBLMN, YULAAMIA
OB ALY M, nONSGUS M., ¢ BLm, 4RO gD y&a.&ma.
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C‘oOJM.:UL Jmely

200V nAXHLA

HUMBI OOBIYHBIE 3aKOHBI (PU3UKH. A TIOCKOJIBKY HAYTO HE MOXET TMOKHHYTh YePHBIX IbIP, HEOCTYITHO U POBEIECHUE
KaKUX-JIMOO OMBITOB JJIsi MPOBEPKH TE€X MM UHBIX TCOPHH.

CroibKko u3mepenuil npucyule BeeseHHOM U MOXKHO JIM CO31aTh «TE€OPUIO BCEro
cyuero»?

Kak roBopmiiocs B Ii1. 2, IBITAIOIIKECS IOTECHUTH CTAHAAPTHYIO MOJICNIb TEOPUH, BO3MOXHO, B UTOT'€ MIPOSICHAT YUCIIO
H3MEpPEHHH, a TaKKe TPETOAHECYT HaM «TEOpHUI0 BCero cymiero». Ho mycTh Bac He BBOJWUT B 3a0NyKICHHUE Ha3BaHUE.
Ecnu «Teopust Bcero cymero» M AacT KJIOY K MOHMMAHUIO MPUPOABI 3JEMEHTAPHBIX YACTHI, BHYIIUTEIbHBIN CIIHCOK
HEpeIICHHBIX Npo0JIeM — 3aJI0r TOTO, YTO MOJAOOHAas TEOpHUsl OCTAaBUT Oe3 OTBeTa €lle MHOTO BaXKHBIX BOIPOCOB.
ITono6Ho ciayxam o cMmeptu Mapka TBeHa, CilyXu O KOHUYMHE HayKd C IPUXOJOM «TEOPHU BCErO CYILEIr0» CIHIIKOM
MIpeyBEIHYECHBI.

Bo3mo:xkHo 11 NyTEeICCTBUEC BO BpeMeHH?

Teopernuecku o0mIast TEOpUA OTHOCHUTENFHOCTH DWHINTEHHA OMyCKaeT Takoe ImyTemecTBre. OMHAKO HY)KHOE MPHU

3TOM BO37EHCTBHE Ha YepHBIE JABIPHI H UX TEOPETHUECKUX COOpPaTHEB,
222

«KPOTOBBIE HOPBI»*, TOTPeOyeT OrPOMHBIX 3aTpaT JHEPTUH, 3HAYUTEIHLHO MPEBOCXOMASIIMX HAIld HBIHCIIHUE
TEXHUYECKHE BO3MOXKHOCTH. TOJNKOBOE OINUCAaHWE MYTENIECTBUS BO BpeMEHH jaercs B KHurax Mwurtuo Kaky
Tunepnpocmpancmeso (1994) u Oopaset (1997) u Ha caiire http.//mkaku.org

Yaacrest i 00HAPYKUTH TPABUTALMOHHbIE BOJIHbBI?

HekoTopsie o0OcepBaTopuu 3aHSATHl MOMCKOM CBHUJCTEIBCTB CYIECTBOBAHUS TPAaBUTAIIMOHHBIX BOJH. Ecnm Takue
BOJIHBI yJNAacTCsl HAWTH, NaHHBIE KoJeOaHWs caMOW TPOCTPAaHCTBEHHO-BPEMEHHOW CTPYKTYphl OYIyT YKas3plBaTh Ha
TIPOUCXOISIINE BO BCeeHHOH KaTakiM3MBbl BPOJIE B3phIBA CBEPXHOBBIX, CTOJIKHOBEHUH YEPHBIX IBIP, a BO3MOXKHO, €I
HEBEJIOMBIX COOBITHIA. 3a MOoApOoOHOCTAMHU oOpalaiiTech K cTatbe Y. Yaita ['m66ca «IIpocTpaHCTBEHHO-BpEeMEHHAas
pAOBY.

KakoBo BpeMsi )KM3HU POTOHA?

HekoTopsie Teopuu, HE YKIaABIBAIOIIMECS B PAMKH CTaHAAPTHOW Mojenu (CM. IJ. 2), MpencKas3blBaloT pacraf
MIPOTOHA, U Il 0OHAPY>KEHUSI TAKOTO paciiaia ObUIO COOPYKEHO HECKOJIBKO AETEKTOPOB. XOTsI CaMOT0 pacliajia Ioka He
HABITIOANIOCh, HYDKHSSA TPAHHIA MEpHOJa MONypacrajga y INPOTOHA OLEHHBAETCS BenmuuHOM 10°° jeT (3HauMTenbHO
mpesblmaomei  Bozpact Bcenennoit). C mosBieHneM Oojee UYyBCTBUTEIBHBIX JaTYMKOB, BO3MOXKHO, YAAcTCS
O0OHapYXHUTh pacraj] MPOTOHA WM K€ IPUAETCSI OTOABUHYThH HIKHIOIO TPaHHMILy MIeproJa ero nojypacnaja.

Bo3mo:kHbI 11 CBCPXIIPOBOAHUKH IPH BBICOKOM TeMnepaType?

CBEepXIIPOBOUMOCTh TOSIBISICTCSI TIPH TAJCHUM Yy MeETajula 3JEKTPUYECKOTO COMPOTHBICHHS J0 Hyls. B Takux
YCIIOBUSIX yC-
* Tak Ha3sblBaeMble TOMOJOrMYecke TyHHeNu. [pyrue Ha3BaHUs 3TUX MMNOTETUYECKUX 06bEeKTOB — MOCThl DiHWTelHa—Po3eHa
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(1909—1995), Moponbckoro (1896—1966), ropnosuHbl WBapuwunbaa (1873—1916). TyHHenn MoOryT CBsi3blBaTb KaK OTAE/bHblE,
CKONlb YrOAHO OTAaneHHble 0611acTM MpOCTpaHCTBa Halel BceneHHol, Tak M obnactu C pasiMyHbIMM MOMEHTaMM Havana ee
pa3ayBaHus. B HacTosiwee BpeMsi NpoAoXaeTcs ANCKYCCUSI O peann3yeMocTu TyHHenen, 06 ux NnpoxoanuMoCTU 1 3BOIOLUN.
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TAQHOBUBILUIICSI B MPOBOJAHUKE 3JIEKTPUUYECKUH TOK TeueT 0e3 MoTepb, KOTOPhIE CBONCTBEHHBI OOBIYHOMY TOKY NPH
MIPOXOXKACHUN B MPOBOJAHUKAX BpOJIE MEIHOTO MPOBOJA. SIBIICHHE CBEPXIPOBOAWMOCTH BIIEPBBIC HAONIONANOCH MPH
KpaliHe HU3KOW Temmeparype (4yTh BbIlIie adcomoTHOTO Hyis, —273°C). B 1986 rogy ydeHBIM ynanoch clenarb
CBEPXITPOBOMAIINMA MaTepUANBI TIPH TEMIIEPAType KUTIEHUS XKUIKOTo a3ora (—196°C), 4ro yke MOomycKaio Co3aaHue
MIPOMBIIIUIEHHBIX M3JeIHi. MexaHu3M IaHHOTO SABJIEHHS TMOHSAT elle He J0 KOHIA, HO HCCIENOBATENH MBITAlOTCS
JOOHTHCS CBEPXIPOBOANMOCTH IIPH KOMHATHOM TeMIIepaType, YTO MO3BOJIUT YMEHBLIUTh ITOTEPH SIEKTPOIHEPTHH.

IIpob6aemMbl XuMuun

Kak cocraB MOJIECKYJIBI OIIPECACTIACT €€ 00JIMK?

3HaHuEe OPOUTAIBLHOIO CTPOCHHUS aTOMOB B IPOCTHIX MOJICKYJIaX ITO3BOJIAET JOBOJIBHO JIETKO ONPEACTUTh BHEIIHUHN
BHJ MoJieKyJbl. OJTHAKO TEOPETUYECKUE HCCICIOBAHMs OOJIMKA CIIOKHBIX MOJIEKYJ, OCOOCHHO OMOJIOTMYECKH BaXKHBIX,
MoKa He MpoBoaAwiich. OAMH U3 aCIIEKTOB JJAHHOH MpoOIeMbl — yKJanka OelkoB, paccMarpuBaemast B Crircke uiei, 8.

KakoBbl xuMHnuyeckue npoiuecchbl npu paxke?

Buonoruueckue QaxTopsl BpOJE HACICICTBEHHOCTH M BHEIIHEH Cpellbl, BEPOATHO, WIPAIOT OOJBIIYI pOJb B
pa3BUTHU paka. 3Hasl MPOUCXOISAIINE B PAKOBBIX KIIETKAX XUMHUYECKHE PEeaKIni, BOZMOXKHO, YAACTCS CO37aTh MOJIEKYJIbI
JUTS TIPEPBIBAHUS ATHX PEaKIUi U BEIPaOOTKH y KIIETOK CONMPOTHBIISIEMOCTH PaKy.

Kaxk MoJsiekyJibl 00ecnieqyuBalOT CBSA3b B JKUBBIX KJIETKaX?

I[J'IH OIIOBCIICHHUSA B KJICTKax 3a,[[6ﬁCTByIOTCH MOJICKYJIbI HYX(HOﬁ (l)OpMLI, Korga 4epe3 <«IOATrOHKY» B BHIAC

KOMIIJTUMEHTap-
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HOCTH U TPOMCXOJHUT Tiepelada cooOIeHus. benkoBbie MOJEKyNbl Hauboliee BaXKHBI, TAK YTO BHJ HX YKIAQJIKH H
onpeaenseT ux o0nuk [kongopmayuio]. Iloaromy Oosnee riyOoKoe 3HaHHE OCTKOBOW YKJIAJKH TTOMOXKET PEIIUTh BOIPOC
CO CBSI3BIO.

F):[e Ha MOJICKYJIIPHOM YPOBHE€ 3a1a€TCHA CTAPCHUE KJeTKHu?

Jpyras ouoxumudeckas rnpoobieMa crapeHus, BO3MoxHo, cBsizana ¢ JIHK u Oenkamu, 3aHsathiMu «odnakoi» JTHK,
KOTOpasi ype3aeTcs B X07I¢ HeOTHOKpaTHOH perutukauu (cM.: Ciucok uaei, 9. ['eHeTHuecKkue TeXHOJIOTHH).

IIpo6aembl OHoTIOTHM

Kak pa3BuBaercs meJblid OpraHu3M U3 OJTHOM ONJIOJIOTBOPEHHOM SIMIEKJIEeTKU?

Ha nmanHBIi BOmpOC, MOXO0XKE, YIAcTCsS OTBETUTh, KaK TOJBKO OyJeT pelleHa TaBHas 3amada U3 I 4: KaKoBO
YCTPOCHUE U TpeHa3HaueHue nporeoma? KoHeUHO, KaXkIOMy OpraHU3MYy CBOMCTBEHHBI CBOM OCOOCHHOCTH B YCTPOCHUHU
0EIKOB ¥ WX MpeTHA3HAYeHUH, HO HaBEPHSKA yAaCTCS OTBICKATh M MHOTO OOIIIETO.

YT1o BbI3BIBAECT MaCCOBbIE BbIMI/IpaHI/IH?

3a mocnennue 500 MJIH JIET TATH pa3 MPOMCXOIUIIO TIOJHOE HCYE3HOBEHHE BUAOB. Hayka mpoaomkaeT TOMCKUBAThCS
npuyuH 31oro. [locnenHee BEIMUpanue, ciryduBIieecs: 65 MIIH JIET Ha3ajl, Ha pyOeke MEIOBOTO M TPETHYHOTO MEPHOJIOB,
CBSI3aHO C MCYE3HOBCHMEM IHMHO3aBpoB. Kak craBur Bompoc /[[pBum Pom B kHMTe Buivmupanue: nookauanu 2envi uiu
voaua? (cM.: VIcTOUHUKHM IIsl yTIyOJNCHHOTO W3Y4YeHHMs), BBI3BAHO JIM BBIMHUpPAHHE OOJIBIIMHCTBA XHUBIIMX B Ty IOPY
OpraHN3MOB I'€HETHYECKUMH (haKTOpaMH WX JK€ HEKUM KaTakian3MoM? COriiacHO BBIIBHHY-
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TOW OTLOM H CBhIHOM, Jlyncom u BanbTepom, AnbpBapecaMu rumoTese, 65 MIH JIeT Ha3aa Ha 3eMIII0 yrmaj OrPOMHBIHA
MmereopuT (npuMepHo 10 kM B momepeunuke). [IponsBeneHHbI UM yaap MOJHSI OTPOMHBIE OOJaKa IBLIH, KOTOPHIC
CTaJIM TIOMEXO0i (OTOCHHTE3y, YTO NMPUBENIO K THOENN MHOTHX PAacTeHMH, a 3HAUUT, U COCTABIISIOIINX OJHY ITHIIEBYIO
LETNOYKY KHBOTHBIX, BIIOTH JI0 TPOMAJHBIX, HO YS3BUMBIX ITUHO3aBPOB. [loATBEpkKIEHIE STOH TUIIOTE3Bl — OOIBIION
METEOPUTHBIA Kparep, OOHapyKeHHBI B 10)KHOHW 4YacTH MekcukaHckoro 3anuBa B 1993 roxy. BosmoxHo 11, 4TO H
MpeABIIyINNe BEIMIPAHUS OBUTH CIIEACTBHEM ITOJOOHBIX CTOJIKHOBEHHH? ViceiaenoBaHus U CIIOPHI MTPOIOIKAFOTCSL.

JII/IHOCSaprI ObLIN TCIJIOKPOBHBIMHA WM XO0JOAHOKPOBHBIMHA JKMBOTHBIMH?

Bpuranckuii npogeccop anaromun Pudapn OysH BBeN MOHATHE «IUHO3aBP» (YTO 3HAUUT «y>KacHbIE sIepb») B 1841
roay, Korga ObUIO HaileHO BCEro TPH HEMOJIHBIX cKeinera. Bocco3manmeMm oOsinka BBIMEPIINX JKMBOTHBIX 3aHAJCS

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
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OpHUTaHCKUH XyNOKHUK-aHUMAIHUCT U BasTenb benmkamua Yorepxayc I'aykuae. [lockonbKy TiepBeIe HaliACHHBIE 0COOH
uMenu 3yObl, KaK Yy WryaHbl, €ro 4Yydeja HAlOMHHAIM OTPOMHBIX WIryaH, BBI3BaB HACTOSINUN IMEPENOOX Cpeau
MOCETUTEIICH.

A Benp SIEpHIBl XOJIOAHOKPOBHBIE MPECMBIKAIOMIMECSA, W IMOATOMY CHAadala PEIIdiId, YTO TaKOBBIMH OBLIH U
JUHO3aBPHhI. 3aTeM HECKOJIBKO YUYCHBIX MNPCAINOJIO0KHNIN, YTO II0 MEHBIIEH MEpPC HEKOTOPhIE NMHO3aBPbl OTHOCHUIIUCH K
TEIUIOKPOBHBIM KHBOTHBIM. [lokazaTenbcTB He Obuio BIUIOTH J0 2000 roma, xorma B IOxHoi#t Jlakore oOHapy»Kuiu
OKaMeHeBIllee cep/Ile AUHO3aBpa. MIMeBIee deThpeXKaMepHOe YCTPOWCTBO, 3TO CEP/IE IOATBEPKAACT MPENOT0KEHIE
0 TETUIOKPOBHBIX TMHO3aBPaXx, MMOCKOJIBKY B CEpIIIe ALICPHI BCETO TpH KaMepbl. OHaKo, 4TOOBI yOSIUTh OCTaIbHOW MUP
B BEPHOCTH TaKOT'O MPEATOIOKCHUS, HEOOXOIUMBI JIOMTOJIHUTEILHBIC CBUACTEIBCTBA.
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YT0 J1€KUT B OCHOBE YeJI0BEYEeCKOro cCo3HaHus?

Byay4n mpeaMeToM M3y4eHUs] TYMaHUTAPHBIX HAYK, JAHHBIA BOMPOC BBHIXOJUT JANIEKO 32 PAMKH HACTOSIICH KHUTH,
OJTHAKO MHOTHE HAIIIM HAyYHBIC KOJUIETH OepyTCs 3a ero U3ydcHue.

Kak u crnegoBasio 0XXuaarth, CyIECTBYET HECKOJIBKO MOJXOMIOB K TPAKTOBKE YEIOBEUECKOr0 cO3HaHMS. CTOPOHHHUKH
PEAYKIMOHU3MA YTBEPIKIAIOT, YTO MO3T MPEACTABISIET COOOH OrpOMHOE MHOXECTBO B3aMMOJICHCTBYIOIIUX MOJICKYI U
YTO B HTOTE MBI pa3ramaeM IpaBuia ux padboTsl (cM. crathio Kpuka n Koxa «I[Ipobnema coznanus» [B mupe Hayku. 1992.
Ne 11—12)).

Jlpyro#i moxxoJ BOCXOAUT K KBAaHTOBOW MexaHuke. COTJIaCHO €My, MBI HE B COCTOSIHUU TOCTHYh HEITMHEWHOCTH U
HEMPECKa3yeMOCTh pabOThl MO3ra, MOKa HE YSICHAM CBSI3M MEXIY AaTOMHBIM W MAaKPOCKOIMUYECKUM YPOBHSIMHU
noBeieHust Matepuu (cM. kHUTY Pokepa [enpoysa Hoguwiit yym kopoas: O komnblomepax, MblulieHul U 3aKOHAX (u3uKu
[M., 2003]; a taxxe Tenu pazyma: B nouckax nayku o cosnanuu. [M., 2003]).

B COOTBETCTBMH C JaBHUM TMOAXOJOM YEJIOBEUYCCKOMY YMY TMPHCYIA MHCTHYECKAs COCTABISIONIAS, HEJOCTYITHAs
HayIHOMY OOBSICHEHHUIO, TaK YTO HayKa BOOOIIE HEe CITOCOOHA MTOCTHYD YEIOBEUECKOE CO3HAHUE.

B cBs3u ¢ HemaBHed pabortoit CruBeHa ByndpemMa 1o Co3IaHUIO YHOPAIOYCHHBIX 00Pa30B MOCTOSHHBIM
MIPUMEHEHUEM OJIHUX M TEX K€ MPOCTHIX MPAaBUI (CM. TJI. 5) HE CTOUT yAUBIATHCS, YTO JAHHBINA TOJXO0/ HCIIOIB3YIOT 110

OTHOLICHUIO K YCJIOBECHYCCKOMY CO3HAHHIO; TaK MOABUTCA CIIC OAHA TOYKA 3pCHUS.
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IIpo0JieMbI reosioruu

Yro BbI3bIBaET 00JIbIINE TEPeMeHbl B KJIMMaTe 3eMJI HANmog00ue NoBceMeCTHOI 0
NOTeNnJIeHUsl U JIeJIHUKOBBIX MePHOA0B?

JleqHMKOBBIC TTEPHOMBI, CBOMCTBEHHBIC 3eMIIe TTOCIeIHNE 35 MITH JIET, HACTyHaJId IpuMepHO Kaxkaeie 100 ThIC. JeT.
JlegHMKY HAIBUTaKOTCS U OTCTYIAIOT IO BCEMY CEBEPHOMY YMEPEHHOMY IOSCY, OCTaBJIsAsA MaMATHBIE 3HAKU B BUJIE DPEK,
o3ep u Mopeit. 30 MJIH JieT Ha3aJ, Korja rno 3emiie OpoJuiaN AMHO3aBPhI, KIMMAT ObLI 3HAYMTEIHHO TEIUICE HBIHEIHETO,
TaK 4YTO JAepeBbsl pociau Aaxke BOim3um CeepHoro moiroca. Kak yxke TOBOpWIOCH B TJ. 5, Temreparypa 3eMHOU
TTIOBEPXHOCTH 3aBUCHUT OT PaBHOBECHOT'O COCTOSHHS MPHUXOISAIICH M yXOomsmeld 3Hepruii. MHoOTHe (haKTOPBI BIHMSIOT Ha
3TO paBHOBECHE, BKIIIOUas n3nyyaemyro CONHILIEM SHEPTHI0, 00JOMKH B KOCMOCE, MEXy KOTOPBIMU ITpoOupaeTcs 3emiis,
najarolee UIyYeHne, N3MEHEHUST 3¢eMHON OpOUTHI, aTMOC(EpHbIEe N3MEHEHUS U KOJeOaH!s B KOJIMYECTBE M3ITydaeMOn
3emieit sHeprun (anp0eo).

Bor B KakoM HampaBIeHUHU BeIyTCS UCCIEAOBaHUSA, OCOOCHHO C YYETOM pa3rOpeBIIMXCS B MOCIEIHEE BPEMs CIIOPOB
IO TOBOJTy MapHUKOBOTO 3 dekTa. Teopuit MHOT0, 8 HCTUHHOTO MMOHUMAaHUS IIPOUCXOISIIECTO HET JI0 CUX ITOP.

Mo3kHO J11 NMpeacKasbIBaTh U3BECP/KCHUA BYJIKAHOB UJIH SCMHCTpﬂceHI/IH?

HekoToprie BynkaHWYecKHe H3BEpKEHMS IMOIJAOTCS MPOrHO3y, Hampumep HenaBHee (1991) m3BepikeHue ByJKaHa
[Munaty6o Ha dunmunnuHaX, HO APYTHE HEAOCTYIHBI AJISl COBPEMEHHBIX CPENCTB, MO-TNPEKHEMY 3aCTaBasl BYJIKAHOJIOTOB
Bpacmiox (Hampumep, u3BepxkeHne BynkaHa CeHT-XeneHc, mraT Bamunarron, 18 mas 1980 roma). Muorue ¢axTopsl
BBI3BIBAIOT W3BEPIKEHUS BYJIKAaHOB. HeT eIMHOT0 TeopeTHuecKkoro moaxo/1a, KOTOPhIi O OBl BEpEH I BCEX BYJIKAHOB.
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3eMieTpsAceHHs IPEACKa3aTh elle TPyIHEE, HEXKEIH M3BEPXKEHUS BYJIKaHOB. HeKoTOpble M3BECTHBIE I€OJOTH AaXe
COMHEBAIOTCS B BO3MOXKHOCTH COCTaBUTh HAJESKHBIN TIporHo3 (cM.: Crmcok unei, 13. Ilpenckazanue 3eMIeTpICEHUN).

Yro npoucxXoauT B 3¢MHOM siape?

JIBe HIKkHME 000II0UKM 3eMili, BHEIIHEeE W BHYTPEHHEE SJIpO, HEIOCTYIHBI JUII HAC BBHIY ITyOOKOTO 3ajeraHus U
BBICOKOTO JABJICHHSI, 9TO MCKIIIOYAET MPsSIMBIE U3MEpeHus. Bce CBeIEHUS 0 3eMHBIX s/IpaxX T'e0JIOTH MOTy4aroT Ha OCHOBE
HaOJIIO/ICHUI 33 MMOBEPXHOCTHIO U OOINEH MIIOTHOCTHIO, COCTABOM U MarHUTHBIMH CBOWCTBAMU, a TAKXKe UCCIEIOBAHUN C
MIOMOIIBIO ceficMrYecKuX BOJNH. K TOMy ke ToMoraeT m3ydeHHe jKeJIe3HbIX METEOPUTOB BBHUJY CXOJCTBa Ipollecca MX
dhopmupoBanus ¢ 3eMHBIM. HenaBHME pe3yIbTaThl, OTYYEHHBIC C TIOMOIIBIO CEHCMUYECKUX BOJH, BEISIBUIIN PA3TUIHYIO
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CKOPOCTb BOJIH B CEBEpPO-IOXKHOM M BOCTOYHO-3aIla[(HOM HAIIPAaBICHUAX, YTO YKa3blBa€T Ha CIOHUCTOE TBEPIOE
BHyTpEHHEE Apo.

IIpob6emMbl acTpoHOMUM

OnuHoxku i MBI BO Becestennoii?

HeCMOTpH Ha OTCYTCTBHUE KaKHX-TH00 OKCIICPUMEHTAJIBHBIX CBUACTCIIBCTB CYHICCTBOBAHUA BHE3EMHOM KU3HU,
TeOpI/Iﬁ Ha 3TOT CUCT XBATacT C I/I361)ITKOM, KaK M IIOIIBITOK O6H3py>KI/ITI) BCCTOYKH OT JAJICKUX HHBHJ’II/IS&HHﬁ.

Kaxk 3B0JIIOHMOHUPYIOT FAJIAKTHKH ?

Kaxk yxe ynmomuHanoch B 1. 6, DnBuH Xa00J1 KIacCUGUITIPOBATT BCE M3BECTHBIC TAIAKTHKN COTJIACHO WX BHEITHEMY

o0ymky. HecMOTps Ha TIIATENEHOCTH ONMCAHUSI UX HBIHEITHETO CO-
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CTOsSIHUA, ]laHHBIﬁ IIoaAX0od HE ITO3BOJIACT IIOHATH 3BOJONUIO I'aJIAKTUK. BI)IZIBI/IHYTO HCCKOJBKO TeOprI, HpI/ISBaHHI)IX
OOBSICHUTH (POPMHUPOBAHKE CIUPATBHBIX, HJUTUITHYECKUX ¥ HEMPABUIIBHBIX TATAKTHK. JTH TEOPUU 3WKAYTCS Ha (DU3HMKE
ra3oBBIX OOJIAKOB, MPENIIECTBOBABIINX rallakThkaM. MonenupoBanne Ha cynepOBM mo3BOIMIIO KOE-YTO YSACHUTH, HO
I0OKa HE TPUBEIO K CAWHOW TEOpHUH o0pa3oBaHHs TamakTHK. Co3maHWE TaKOW TEOPHU TPeOYyeT MOIMOHUTEIHHBIX
HCCIEIOBAHUH.

PacnpocTpanennl iu cxoaHble ¢ 3emuiel MJIaHeThI?

MaremaTrdeckie MOAETH MPEACKa3bIBAIOT CYIIECTBOBAHUE CXOAHBIX C 3eMJIel IJIaHeT OT €IMHMII JO MHJUTHOHOB B
npenenax Mieunoro [Tytu. Morisbie Teneckonbl oOHapyxuau oosee 70 mianet 3a npenenamMu COMHEYHON CUCTEMBI, HO
OOJIBIIMHCTBO M3 HUX BenndnHOH ¢ FOmuTep mnn kpynaee. [1o Mepe coBepiieHCTBOBaHHUS TEIECKOIOB YAACTCS OTHICKATh
W Jpyrue IUTaHETBI, YTO TIOMOXKET OIpPeleNnTh, Kakas W3 MaTeMaTHYeCKHX Mojeneld OoJbllle COOTBETCTBYET
JIEUCTBUTEIbHOCTH.

KakoB HCTOYHHUK BCILIECKOB Y-U3JIy4YeHUsI?

[IpumepHO oaMH pa3 B CyTKH HabIOAaeTCs CHIIbHEHIIee Y-N3TydeHre, KOTOPOEe 3a9acTy0 OKa3hIBAETCS MOIIHEE BCEX
MPOYMUX, B3SATHIX BMECTE (Y-Iy9H CXOXH C BUANMBIM CBETOM, HO Y HUX 3HAUUTEIHHO BBIIIC YacTOTa U dHeprus). JlanHoe
SIBJICHUE BIIEPBBIC 3a(UKCUPOBaHO B KoHIE 1960-X, HO 0 HeM He coobrmanu 10 1970-X rogoB, MOCKOJIBKY BCE TATYUKU
HCTIONIb30BANIKCH /ISl KOHTPOJIS 32 COOIIOJICHUEM 3allpeTa Ha MPOBEJICHHUE SICPHBIX UCTIBITAHH.

[Tonauamy acTpOHOMBI CUMTAIH, YTO UCTOYHHKH 3THUX BBHIOPOCOB HaxoAadTcs B mpenenax Mieunoro Ilytu. Bricokas
MHTCHCUBHOCTh M3JTyYCHUS BBI3BAJIA MPEIIOJIOKEHHE O OJMM30CTH €€ MCTOYHWUKOB. HO Mo Mepe HakOIUIeHUs JaHHBIX
CTaHOBWJIOCH OYEBHUIHBIM, YTO 3TH BBIOPOCHI IIITH OTOBCIOY, & He OBIIIM COCPE0TOYEHBI B TUIOCKOCTH Miteunoro [lyTu.

3adukcupoBanHas B 1997 romy Omaromaps KOCMHYECKOMY Tellieckolry Xa00sa BCIBINIKAa yKas3biBaja Ha TO, YTO OHA
HCXO-
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mta u3 nepudepun cnado CBeTSIIeiics ralakTHKY, yAaJIeHHON Ha HECKOJIbKO MIJIJTHAPA0B CBETOBBIX JeT. [IocKombKy
WCTOYHUK HAXOJWICS BAAIU OT LIEHTPA TalaKTHKHW, OH BPsA Jin ObUT 4epHOU AbIpoil. Kak cuMTaroT, 3T BCIUICCKHU Y-
M3ITyYeHUs] UCXOMAT OT OOBIYHBIX 3BE3J, CONCPIKAIIMXCS B JIMCKE TAIAKTUKH, BO3MOXKHO, BCIEJCTBHE CTOJKHOBEHHS
HEHTPOHHBIX 3BE3/I WJIM WHBIX, ellle HaM HEeM3BECTHBIX HEOECHBIX TEll.

IHouemy IL1yTOH CTOJIb Pa3UTEJIbHO HEMOXO0K HA BCe MPOYNeE MIAHETHI?

Uetblpe BHYTpeHHUE IIaHEeThl — Mepkypuii, Benepa, 3emns u Mapc — OTHOCUTENBHO HEBEIHMKH, KAMEHUCTHI U
ommkn k Comairy. Yersipe BHemHHe miaHeTsl — HOmmrep, CatypH, Ypan m HenryH — Benmmku, razoo0pa3HBI U
ynanensl ot Connua. Teneps o [Inytone. [lmyTon mMain (0400HO BHYTpEHHUM I1aHeTaM) U yaaieH ot CouHia (mogo0Ho
BHEIIHUM IUTaHeTam). B aTom cmbicie [InyToH BeimagaeT u3 obmero psga. O obpamiaercs Bokpyr ConHIa moOIH30CTH
oT obnacTtw, MMeHyeMol mosicom Koiimepa™®, comepkanuM MHOTO TeJl, CXOMHBIX ¢ ILTyToHOM (HEKOTOpHIE acTPOHOMEI
Ha3bIBAIOT uX [1yTHHO).

HenaBHo Heckonbko My3eeB pemmin JUmuTh [LryTona cratyca rmumaHetsl. [loka He yaacTcst HaHECTH Ha KapTy
Oopie apyrux Ten u3 nosica Koiiriepa, criopst BOKpyT cratyca [liryToHa He yTUXHYT.

KaxoB Bo3pact Beesiennoit?

Bospact BceneHHOM MOXKHO OIEHUTh HECKOJIBKUMHE crtocobamu. OHUM CITOCOOOM BO3PACT XUMUYIECKUX IIEMEHTOR B
coctaBe Mieunoro [lyTu olleHUBaeTCs MO pe3ysbTaTaM PaTuOaKTHBHOTO pacraja 3JIEMEHTOB C U3BECTHBIM MEPUOJIOM
noJypac-

* Kovinep [lxepaps lNetep (1905—1973) — HUAEPNaHACKWIA M aMepUKaHCKMWIA acTPOHOM. OTKPbIN CyTHUK YpaHa — MupaHay
(1948), cnytHmk HenTtyHa — Hepewnay (1949), yrnekucnbii ra3 B atMocdepe Mapca, atMocdepy y cnyTHuka CaTtypHa TuTtaHa.
CocTaBui HECKOSIbKO AeTanbHbIX atnacos doTorpaduin JlyHbl. BbiiBUA MHOIO ABOMHbLIX 3B€34 M 6enbiX KapnKos.
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maja Ha OCHOBE IPEAINONOXKCHHUS, YTO D3JEMEHTBl CHHTE3HPYIOTCS (BHYTPH CBEPXHOBBIX OONBLIMX 3BE3M) C
MTOCTOSTHHON cKOpocThio. [To manHOMy crioco0y Bo3pacT Beenennoit onpenenen 14,543 mupa neT.

Hpyroii crioco0 BKIIOYAET OLIEHKY BO3pacTa 3BE3IHBIX CKOIUIGHUI Ha OCHOBE HEKOTOPBIX AOMYHICHUH OTHOCHTEIBHO
MOBEJICHUSl W yNAleHHs CKOMJIeHWH. Bo3pacT cambIX ApeBHHMX cKomieHWd ucumensercs 11,5+1,3 mupa ner, a mis
Bcenennoit — 11-14 mnpga.

Bo3spact Bcenennoii, omnpenenseMplii 10 CKOPOCTH €€ PacIIUPEHUs U PACCTOSHHUIO 10 CaMbIX YIAJICHHBIX OOBEKTOB,
cocraBisier 13—14 mupn ner. HenaBHee OTKpBITHE YCKOpPEHHOTo pacimivdpeHus Bcenennoil (cm. . 6) nemaer 3ty
BEJIMYHMHY 00Jiee HEONPEACICHHOM.

Henasuo paspaboran eme oauH Meton. Kocmmaeckwit Teneckon Xa60ma, paboTas Ha mpejeiie CBOMX BO3MOKHOCTEH,
M3MEpHJI TeMIlepaTypy CTapeHIMx OenbIX KapiUKOB B IIapOBOM CKOIUIEHHH M4. (DTOT cmocol CX0X € OIIEHKOH
BpEMEHH, MPOILEALIETO MOCe MPOrOpaHus KOCTpa, Mo TeMIeparype 307bl.) Bbixoauno, 4To Bo3pacT ApeBHEHIINX OeNbIX
KapIuKoB cocTaBiieT 12—13 mupa ner. Ecan npeanonoxuTs, 4To IepBbIe 3Be3161 00pa3oBalluCh HE paHee, yeM depes |
MJIpJ JIET Tociie «OONbIIOro B3phIBa», Bo3pacT Beenennoit cocrasnser 13—14 mupz jer, a oleHKa CIIyKHUT IPOBEPKOH
MoKasarenei, MOMyYeHHBIX JPYTUMH METOAaMHU.

B ¢espane 2003 roma moaydeHsl JaHHBIE C YWJIKMHCOHOBCKOTO 30HAAa MHUKPOBOJHOBOW aHm3oTpormuu (WMAP)*,
ITO3BOJIMBIIINE HaMOO0JIee TOYHO BEIYUCIUTE Bo3pacT Beenennoii: 13,7+0,2 mupy nrer.

* CnyTHWK, Ha3BaHHbIA B NamMaTb 06 MHMLMATOPE AAHHOro 3KCMepuMeHTa — acTtpodusnke [ssuae T. YunkuHcoHe. Bec 840 kr.
Bbin 3anyweH B unioHe 2001 roga Ha OKOMOCONHEYHYO opbuTy, B Touky Jlarpanxa L2 (1,5 maH KM oT 3emnun), rae rpaBUTaLMOHHbIE
cunbl 3emnn n ConHua pasHbl APYr APYry M YCNOBUA NPEUN3NOHHbBIX HabnoaeHni scero Heba Hanbonee 6naronpuaTtHel. OT ConHua,
3emnun un JlyHbl (Hanbonee 6NM3KMX NCTOYHMKOB TEM/IOBbIX LWWYMOB) NpMeMHas annapaTypa 3awmuieHa 60nbWwmM KpyribiM 9KpaHoOM, Ha
OCBELLEHHOW CTOPOHE KOTOPOro pa3MeLleHbl cofiHeYHble 6aTapen. Takas opueH-
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CyuiecTBYIOT JiM MHOKeCTBEHHbIE BCeJIEHHbIE?

B cooTBeTcTBHMU C OJHUM BO3MOXHBIM PEIICHHEM PACCMOTPEHHOW B M. 6 MPOOJIEMBl YCKOPSHHOTO PACHIMPEHUS
Bcenennoli momydaeTcsi MHOXKECTBO BCEIIEHHBIX, HACEISIONIMX 000COOJIeHHBIE «OpaHbl» (MHOTOMEpPHBIE MEMOpaHBI).
Ilpu Bceil cBoeil yMO3pUTENBHOCTH JlaHHAs HJEs JaeT IIUPOKUNA MPOCTOp JiS BCEBO3MOXKHBIX JIOMBICIOB. boiee
OAPOOHO O MHOKECTBEHHBIX BCEJICHHBIX MOXKHO y3HAaTh U3 KHUTHM MapTtuna Puca Hawa xocmuueckas obumens.

Koraa 3emuie NMpeacCToOMT ouepeanas BCTpeda € aCTepOI/I)IOM?

O 3eMJII0 TIOCTOSTHHO YJapstOTCs KOCMHYECKHE OCKOJIKHU. M mo3ToMy Tak Ba)KHO 3HATh, KAKOW BEITMYMHBI HEOECHbIE
TeJa MaJaroT Ha HAC M CKOJIb YacTo. Tena ¢ momnepeuHukoM 1 M BXOAsT B atMocdepy 3emiin HeCKOIbKO pa3 B Mecsll. OHu
4acTO B3PBIBAIOTCSA HAa OOJBIION BBICOTE, BBIAEISSA SHEPTHIO, PaBHYIO B3pBIBY HeOONbIONH aToMHOW O0MOBI. [IprMepHO
OJIMH pa3 B CTOJIETHE K HaMm mpuiieTaeT Teyo 100 M B monepedHruKe, OCTaBIIsA Ocie ce0s OOJBITYI0 MaMATh (OITy THMBII
yaap). Ilocne B3priBa mogo0HOTO HebecHoro Tena B 1908 romy Haj cuOMpcKoit Taiiroit, B Oacceitne peku [TomkaMeHHas
Tynrycka [KpacHosipckuii kpaii], Gblny MOBaJICHbI IepPEeBbs Ha IUIOMIAIN OKOMO 2 THIC. KM ¥,

TauMa COXpaHsieTcs B TeyeHwe Bcero noneta. [la npueMHbIX 3epkana naowagsto 1,4x1,6 Mz, NnocTaBfieHHblE «CMWHa K CNUHe»,
npocMaTpuBaloT Hebo B CTOpOHE OT OCKM OpueHTauuun. B pesynbTaTe BpalleHWs CTaHUMM BOKPYr COOBCTBEHHOM OCM 3@ CYTKMU
npocmaTpusaetcsa 30% HebecHow cdepbl. Paspewatowas cnocobHocte WMAP B 30 pas Bbiwe, YeM y npeabiayuiero cnytHmka COBE
(Cosmic Background Explorer), 3anyweHHoro HACA B 1989 roay. Pasamep namepsiemoi siyerikn Ha Hebe paseH 0,2x0,2°, yTo cpasy
CKa3anocb Ha TOYHOCTU HebecCHbIX KapT. Bo MHOro pas noBbiCMAAach M YyBCTBUTENLHOCTL MPUEMHON annapaTypbl. Hanpumep, maccus
AaHHbIXx COBE, nonyyeHHbIx 3a 4 roaa, B HOBOM 3KCrnepuMeHTe HabupaeTtcsa Bcero 3a 10 gHew.

* B TeueHWe HEeCKONbKMX CeKyH[ Habnoaancs ocnenuTenbHblii Apkui 6onua, nepemeluaBlumMiics Mo HeBy C Oro-BocToka Ha
ceBepo-3anaa. Ha nytn aswmxeHus 6onmaa, KOTopbli 6bl1 BUAEH Ha OrpoMHONM TeppuTopumn BocTouHon Cubupu (B paamyce no 800
KM), OCTasiCsl MOLUHbIN MbIIEBON CNnej, COXPaHABLUMIACSA B TEYEHUE HECKONIbKMX YacoB. locne CBeTOBbIX SABAEHWUIN 6bin CAblleH B3pbiB
Ha paccTtosiHumn cBbiwe 1000 kM. Bo MHOrMx ceneHusix ouwyLlanocb COTPSCEHME MOYBbl U MOCTPOEK, NMoAobHOe 3eMNeTpsiCeHUIO,
packanbiBasiMCb OKOHHbIE CTeKfa, C NOMOK nagana AOMallHAS yTBapb, Kavyanucb BUCEBLUME npeaMeTbl U T. 4. MHOrve noam, a Takxe
[OMallHME >XMBOTHble 6blin cOUTbI C HOr BO3AyLWHOW BoNAHOW. Celicmorpadbl B MpkyTcke M B psiae MecT 3anagHow EBponbl
3aperncTpupoBann CENCMUYECKYyl0 BOMHY. Bo3aywHas B3pbiBHas BOMHa Oblna 3adukcmpoBaHa Ha 6aporpammax, NOSYYEHHbIX Ha
MHOTMMX CUBUMPCKUX METEOopOsIOrMyecknx craHumsax, B [leTepbypre n psae METeoposiorMyeckux CTaHuui Benuvkobputanun. 3Tn
AaBneHna Hanbonee NOAHO O6BACHSAET KOMETHas rmnoTesa, CorflacHO KOTOPO OHWM 6binn Bbi3BaHbl BTOPXEHWEM B 3eMHYIO0 aTMocdepy
HebOoNbLION KOMETbI, ABUraBLIENCS C KOCMUYECKOM CKOpPOCTbo. 0 COBpeMeHHbIM NpeacTaBfieHWsIM, KOMETbl COCTOST U3 3aMep3Lumnx
BOAbl W Pa3fINYHbIX Fa30B C MPUMECSMU BK/IOYEHWA HUKENNCTOro Xenesa u KameHucTtoro Bewectsa. . W. MNetpos B 1975 roay
onpeaenun, YTo «TyHrycckoe Teno» 6bl10 BeCcbMa pbiX/ibiM U He 6onee yeM B 10 pa3 npeBbiWwasno NMAOTHOCTb BO34yXa Y MOBEPXHOCTH
3emnun. OHO NpeacTaBnsano cobon pbixbii KOM cHera paanycom 300 M n nnoTHOCTbLIO MeHee 0,01 F/CM3. Ha BbicoTe okosio 10 kKM Tesno
NpeBpaTUNIOCh B ras, paccesBLUMIACS B aTMocdepe, 4To 06BbsACHAET HeobblbYaiHO CBeT/ble HouM B 3anaaHon Cnbupu n B EBpone nocne
3TOro cobbITns. Ynaslwias Ha 3eMi0 yaapHas BoJIHa Bbi3Basa rnosas feca.
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Ynap HeOecHOro Tena C MOMEPEYHHKOM | KM, CIy4aroluics pa3 B MWJIIHOH JIET, MOKET IPUBECTH K OTPOMHBIM
pa3pylICHUSIM W JTaXe BBI3BaTh KJIMMAaTHYeCKHe M3MeHeHus. CTOIKHOBEHHE C HEOSCHBIM TelaoM pasmepoM 10 kM B
MIOTIEPEYHUKE, BEPOSTHO, U MIPUBENIO K HCYE3HOBEHUIO JTMHO3aBPOB Ha pyOeKe MENOBOH M TPETHYHOH 310X 65 MIIH JeT
Hazaa. XOTS TeJI0 TAaKOTO pa3Mepa MOXKET MOSBUTHLCS JuIIb pa3 B 100 mMiH ser, Ha 3emite yKe MPEAIPUHUMAIOT II1ary,
yroObl He OBITh 3aCTUTHYTBHIMH BpaciuioX. PaspabateiBatoTcs mpoekThl «OxonozeMHble 00BekTH» (NEOS) wu
«Habnronenue 3a okomnozemMHbiMu actepoupamm» (NEAT), B coorBerctBum ¢ kotopbiMu kK 2010 romy ymactcs
orciexuBath 90% acTepouOoB C IMOMEpEeYHUKOM Ooyee 1 KM, 0OIee YHCIO KOTOPBIX, MO Pa3IMYHBIM OIEHKaM,

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).
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Haxomutcs B npeaenax 500—1000. dpyras mporpamma, «Spacewatchy, ocymiecTBiusiemMass ApU30HCKHUM YHUBEPCUTETOM,
COCTOMT B HaOJIOJCHNUY 32 HEOOM B IMOMCKAaX BO3MOXKHBIX «KaHJIUIATOB» Ha CTOJIKHOBEHHUE C 3eMIICH.

3a Oosee noApOOHBIMU CBEICHUSIMU OOpalnantech Ha y3ibl BcemupHoit [1ayTunst:
http://neat.jpl.nasa.gov,
http://neo.jpl.nasa.gov
n

http://spacewatch.Ipl.arizona.edu/
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Yro 0b1JI0 10 «00JBUIOT0 B3PHIBA»?

ITockonbKy BpeMsi M IPOCTPAHCTBO BEAYT CBOH OTYET C «OOJIBIIOTO B3PHIBAa», IMOHATHE «I0» HE MMEET HUKAKOTO
CMBICNIa. DTO PaBHOCWJIBHO BONPOCY, YTO Haxomutcs ceBepHedl CesepHoro mnomroca. Mmu, xak Obl BBIpa3ujach
aMepuKkaHckas mucarenbHuIa [eptpyna CrailH*, HEeT HHMKakoro «3atem» 3aTeM**. Ho momoOHBIe TPYyAHOCTH He
OCTAHABIMBAIOT TEOPETUKOB. BO3MOXKHO, 10 «OOIBIIOr0 B3phIBa» BpeMs ObUIO MHHMBIM; BEpOSTHO, HE OBLIO BOOOIIE
HUYero, u BcenenHas BO3HUKIA U3 (QIYKTyally BaKyyMa; HIIH e MPOM30ILIO CTOJIKHOBEHUE C APYrod «OpaHoit» (cM.
3aTPOHYTHI paHee BOMPOC O MHOXKECTBEHHBIX BCEJCHHBIX). TakMM TEOpUSM TPYAHO HANTH SKCIIEPUMEHTAIBHOE
MOATBEPKICHUE, IOCKOIBKY OTPOMHAs TeMIIepaTypa MepBOHAYAIEHOTO OTHEHHOTO IIapa He JIOMyCKalla CO3/IaHNs KaKHX-
00 aTOMHBIX WIIM Cy0aTOMHBIX 00pa3oBaHMi, KOTOPBIE MOTJIM OBl CYIIECTBOBATH JI0 Hadaia paciupeHus BeeneHHOH.

* Craiin Teptpyna (1874—1946) — aMepukaHckas nucaTenbHMLa, TEOPETUK nuTepaTypbl. MoaepHUcT. ®dopManbHo-
3KcnepuMeHTanbHaa nposa («CraHoBneHne amepukaHueB», 1906—1908, n3gaHa 1925) B pycne nutepaTypbl «MNOTOKA CO3HAHUS».
Bbuorpadunueckas kHura «Astobuorpadumsa dnmc b. Tok-nac» (1933). CtailH NpUHAANEXUT Bblpa)KeHUe «NoTepsstHHOe nokosieHne» (Ha
pyc. sa3.: CraviH I. ABTobuorpadusa dnuc B. Toknac. Cr6., 2000; CrasH . AsTobuorpadua dnuc b. Toknac. Mukacco. Jlekunn B
AmMepuke. M., 2001).

** Hamek Ha cnoBa there is no there, there u3 4-it rnaebl nosectn 1936 roga (ony6nukosaHa B 1937 roay) «Buorpadus Bcex»,
ABNSAIOLLENCS NMPOAO/IKEHMEM ee 3HAMEHUTOro poMaHa «AsTtobuorpadus dnuc b. Toknac».
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Cnucok uaei

MHorue uaeu, 0 KOTOPhIX MOBECTBYET HAIlld KHUIA, PACCMATPUBAIOTCS JIMILB B TOM MeEpe, B KAKOW OHM CBS3aHBI C
KpYNHEHIINMH, HE pelIeHHBIMU HayKo# 3agadamu. OJHAKO YUTATENsIM, BO3MOYKHO, XO4YeTcs MOMyunuTh Ooiee oapoOHbIe
cBeficHUs. J[aHHBINM pa3zen MO3BOJIUT YriyOUTh MPEACTABICHHUS O 3aTPOHYTHIX BCKOJIb3b TeMaX. TeMbl PAacIIOIOKEHBI B
MOPSIAKE UX TMOSIBICHUS Ha CTPAaHULAX KHUTHM, U IPU 3TOM JAIOTCS CCBUIKM HA HCTOYHHMKH, €CIM BBl IOXKENaeTe
pacIMpuTh CBOM Kpyro3op. JlomomHuTEeNbHBIE CBEOEHHS coaep)karcs B pasfene «VMcTouHuMKH i yriTyOJIeHHOTO
H3YUYCHUS.

Haneemcs, 4to 3T uaen CMOTYT yAOBJIETBOPUTH Ballle JHOOOMBITCTBO WJIM JIaXKe pa3xkedb ero. B Oyaymiem ymacrtcs
pPEeINTh HEKOTOPBIE U3 ATHX POOIIEM, HO UM Ha CMEHY MPUAYT IpyTHE.

[Toutn Kaxxao0ii 3MEMEHTapHON YaCTHIIE COOTBETCTBYET aHTHUYACTHIA. Kak mpaBWiio, aHTHYACTHIIBI 00JIaIat0T TOH JKe
MaccoH, 9T0O M MX OOBIYHBIA COOpAT C 3apsAI0M OJMHAKOBOM BEIMYMHEI, TOIHKO TPOTHBOIOIOKHOTO 3HaKa. Kak BUAHO Ha
puc. 1.1, xaxnoMy KBapKy COOTBETCTBYET CBOM aHTHMKBAapK (aHTUBEPXHUH, aHTHOYAPOBAHHBIN...), KAXKJOMY JIENTOHY —
CBOH aHTHJIETITOH
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Puc. I.1. OcHOBHBIE YaCTHIIBI
] Henrorm I L Bo3okm
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(aHTUPIEKTPOHHOE HEMTPUHO, AaHTUMIOOHHOE HelTpuHO...), a W'- 1 W'-6030Hy — CBOM aHTHYACTULLL JIlumb y
(doTtona, Z-6030Ha, Ir1I00HA (BCETO BOCEMb PAa3HOBHUIHOCTEH) M THIIOTETHYECKOTO TPaBUTOHA HET aHTHUYACTHII. MHade
TOBOPSI, OHU CaMH CITyXaT JuId ce0st aHTHYaCTHIIAMH.

Kak ymoMuHanoce B 1. 2, aHTUBEILIECTBO OBUIO TpeACKa3aHo TeopHueid, korga B 1928 roay Opuranckuit ¢pusux I1. A.
M. Jlupak 00beIMHIII KBAHTOBYIO MEXaHUKY CO CIEIHaIbHON TeOpHel OTHOCUTEeNbHOCTH. CXOIHBIM, HO 00Jiee TPOCTHIM
TIPUMEPOM 3/IeCh MOTYT MOCITYKHTb PELICHHS YPABHEHHS X~ = 9, paBHbIE +3 H —3. 3a4aCTyI0 PU HANMYNN Y yPABHEHHS
JBYX pEIIeHUH 0JHO OOBIYHO OTOPACHIBAIOT, CUUTAsI HE HMEIOMINM (U3NUECKOTO CMBICIA. Y YeHBIE IBITATNCh UCKITIOYUTD
pemieHne ypaBHeHus Jlupaka, [OmMycKaBIlee CYIIECTBOBaHWE IOJOOHON SIEKTPOHY 4YaCTHIBI, HO Hecyluel
TIOJIOXKHUTENBHBIN, a He OTpHUIATEeNbHEIN 3apsan. Ho ciycts detbipe roma [1932] amepukanckmii ¢pusuk Kapn AxnepcoH
MIPEJCTaBUI ONBITHBIE CBHAETENHCTBA CYIIECTBOBAHMS MO3UTPOHA NPU HCCIEIOBAHMM KOCMHUYECKHX JIyded, Tak dTo

npeickazanre noaTeepamiock. B 1955 rony B Kanmudopruiickom yHu-
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Bepcutere DMuino Cerpe u Oysn UemOepiieH HaOMOAaIM aHTUITPOTOH, & aHTHHEHTPOH OOHAPYKHJIICS TOAOM MO3KE.

CoObITHE, COTBOpHBINEE JJIEKTPOH M TO3UTPOH B OU(Qy3HMoHHONW Kamepe Yy AHmepcoHa B 1932 roxy, WMeHYHOT
poxxaenneM nap. CBeToBO# (HOTOH B KOCMHYECKHX JIydaX OTJAeT BCIO CBOIO DHEPTHIO0, KOTOpas MPEBpaIlaeTcs B Maccy B
COOTBETCTBHH C YpaBHEHUEM DUHIITENHA £ = mc’. IIpu CTONKHOBEHUM 3JIEKTPOHA C O3UTPOHOM HX Macca MOJHOCTHIO
MEPEXOAUT B PHEPTHUIO, TAK YTO B MTOrE JABAa CBETOBHIX (DOTOHA pa3sIETarOTCs B MPOTHBOMOJIOXKHBIC CTOPOHBI. JaHHBIH
MpOLIECC Ha3bIBAIOT AHHUTWISILMEH, WU OH COCTOMT B IPEBPAIlCHHH MacChl B 3HEPIUI0, BEIMYKMHA KOTOPOM BHOBB
oTpesiensieTcs ypaBHEHHeM DWHIITeHHa.

TeopeTnueck HHYTO HE MOXKET IIOMEIIAaTh AHTUIPOTOHAM COCTUHHUTHCS C AHTHHEWTpPOHaMHU il 0Opa3oBaHUSA
AHTHSZIEP, 8 AaHTUIJIEKTPOHAM MPUMKHYTh K 3TUM aHTHsIpaM ¢ oOpa3oBaHHeM aHTHaToMoB. W neiicTBurensHO, B 1995
romy B EBpomeiickoii maGopaTopnu (U3NKH 3JIEMEHTAPHBIX YaCTHI] BO3TJIABIIEMOMY HeMeIknuM (u3ukoM BamsTepom
OnepToM KOJIIEKTHUBY YYEHBIX YJAJIOCh IMOJYYHUTh AEBSITH aTOMOB aHTMBOAOpOJa. TOJBKO HE MOAyMaiTe, 4YTO 3TH
AHTHATOMBI YCTPOUIIM TIEPEIONIOX B JIaboparopun. BBUIY MOMABISIONIETO IMepeBeca OOBIYHOTO BEIIECTBA AEBITh aTOMOB
AHTUBOAOPOJa HE NPOACPHKAIUCH U COPOK MUJUTHAPIHBIX CEKYHBIL.

Hayunas (¢anTacTuka NpUBIEKaeT OrPOMHOE KOJWYECTBO AHTHUBEIIECTBA, OCOOCHHO B KauecTBE TOIUIMBA IS

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).
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KOCMHUYecKHX KopaOmel. Hambompmas TpyAHOCTh B CO3MaHWU JIBM)KUTENS] HA OCHOBE aHTHBENIECTBA COMpPSDKEHA C €ro
XpaHEHUEM M PaJIMOaKTUBHBIM 3arpsi3HeHneM. Kak Obl HM OWJIMCh MHXKEHEPHI HaJ CO3JJaHMEM KOCMUYECKHX KOpaOIe,
paboTaromux Ha OCHOBE aHTHUBEUIECTBA, BCTAE€T BOMPOC O OE30MaCHOCTH, TMOCKOJBKY OJUH I'paMM aHHUTHIHPYIOMIETO
BEIleCTBA (AHTHBEIIECTBA) BBIJIEISIET YHEPTHIO, CPABHUMYIO C dHEprueh copomreHHoi B 1945 roay Ha SImoHnto aTOMHOMN
OOMOBI.

He cymecTtByroT nu rae-to B Jajekol rajakTuke win aaxe B Mueunom Ilytu 3amexu anTuBemiectBa? B koHie

KOHIIOB, €CJIH
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OBl EAMHCTBEHHOW CBS3bI0 C ATHMH TaIAKTUKAMH JUIS HAC CIYXHIW HW3JTydaeMble MMH CBETOBBIC (DOTOHBI, MBI
ocraBaiuch Obl B HeBeneHNH. POTOH — caM cebe aHTHYacTHIA, TaK YTO MBI HE MOTJIH OBl OTIUYHUTH OOBIKHOBEHHEIE
TaJIaKTUKHU OT TaJIaKTUK U3 aHTUBCHICCTBA, MMOCKOJILKY OT TEX U APYTHUX UCXOIUIIN OBl (1)OTOHLI. Bce sT0 BCPHO, OJHAKO
MIOCTOSTHHO OOpYIIMBAIOIIMECS Ha HAC KOCMHYECKUE Jy4YH COJEpXaT He OJHU (DOTOHBI, TOJEKO HUKAKOT'O HEBEIOMOTO
aHTHBeIleCTBAa TaM HeT. Kpome Toro, B cilydae NpPOTOH-aHTHUIIPOTOHHOW AaHHUTHISIMM HAa Kpal aHTUTATAKTHKH
mIryJancs Obl CBET OIMpeneleHHOW 4acTOThl. Takoro cBera moka He Habmiomanock. Iloxoxke, uto Bcenennas moutu
LIEJTMKOM COCTOMT U3 OOBIYHOTO BEUIECTBA.

OnHAako OTCYTCTBHE aHTHBEIIECTBA TOPOXKAAET JApyrylo TpyaHocTh. Ecim Hacemsemas Hamu BceemenHas
CUMMETpPHYHA, TO TpU «OONBIIOM B3PHIBE» MOIDKHO OBUIO TIOSABHTHCS OJMHAKOBOE KOJMYECTBO BEIIECTBA U
AHTHBEILECCTBA, U OHM OBl MOJIHOCTBIO B3aMMHO YHHUYTOXHINCh. Hekomy Torma Obuto Obl 00CyXkaaTh 3TOT Bompoc. Kyna
ke JIeNoch aHTHBemecTBo? CorjJacHO OJHOHN TEOpUH, BO3HUKIIA aHTHBCEJICHHASI, KOTOPAas Tle-TO 3aTepsuiach, BO3MOXKHO
Ha OJTHOH n3 «Opan» n3 M-teopun (cM. TI1. 2).

He)Z[aBHI/Ie OIIBITHI YKa3bIBAIOT Ha aCUMMCTPUIO B CKOPOCTU pacliaga HEKOTOPBLIX BHUJOB BCIICCTBA U aHTUBCIICCTBA.
Me30HbI, ABYXKBapKOBBIE YaCTHUIIbI, HECTAOWIBHBI, U MO3TOMY HMX HET B OOBIYHOM BellecTBe. JIWIb pPa3HOBHIHOCTH
Me30HOB — K-Me30H ObLI TIIaTedbHO n3ydeH. Paznmuunyio ckopocTs pacnaaa y K-me3ona u antuK-me3oHa oOHapyxwmia
B 1957 romy ¢m3ux u3z KomymOuiickoro ymmBepcurera By I[3sHbCIoH. B 2001 TOMy OMBITHI HAa YCKOPUTEISIX B
Ct3HDOPACKOM YHUBEPCUTETE U B SIMOHCKOM akajaeMropojke l[yky0a [pacnonoxeHHOM B 35 KM K CEBEPO-BOCTOKY OT
Tokuo] BRISIBHIN aCHMMETpPHIO B pacnane B-Me30HOB 1 aHTHB-Me30HOB, rie aHTHB-Me30HbI pacnaiajirch 9yTh ObICTpee.
Benuunna acuMMerpun OyZeT yTOYHSTHCS IO Mepe TOMYUYeHHSI JAaHHBIX B XOJI€ STUX JOITOCPOYHBIX HCCIIeTOBAHHA.

Ecnu aHTHBeIIecTBO pacmagaercs ObICTpee OOBIYHOTO BEIIECTBA, TAKOE IMOJIOKEHHE MOYKHO YNMOAOOHTH CPaKEHHIO

MHJJIMOHHOT'O BOMCKA ¢ MUJJIMOHHBIM aHTUBOMCKOM. Eciy xaxkapIii
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BOMH OyJIeT yOMBaTh OJJHOTO HEMPHUSATEIIS, TO K KOHIIY CPaKCHUsI OCTAaHETCs OJIMH BOWH. BelecTBO U aHTUBEIIECTBO
B3aMIMHO YHHYTOXATCS, HO OJaronapsi KpOXOTHOMY IPEBEIIEHUI0 00BIYHOE BEIIECTBO BO300MaaaeT. Ecinu Takoil moaxon
BEPEH, MOKHO IIPEICTABUTH, CKOJIIBKO BEIIECTBA OBLIO 10 BETMKON aHHUTHIISIIIH.

HpeI[CKaSaHHLIe CTaHZ[apTHOﬁ MOACJIbIO BCIIMYMHBI HAPYIICHUSA CHUMMCETPHU B CKOPOCTHU pacmaga CJIHMIIKOM Mallbl,
YTOOBI MMOJTYYMIIOCH HAOII0JaeMOe HbIHE BO BCeneHHON KOIMYECTBO BEIIECTBA, HO TYT TOTOBA MPEIUIOKHUTH CBOU YCIIyTH
Ooxee roHass M-Teopwusi.

Jliis Gonee moapoOHOro 03HAKOMIICHHSI ¢ MPOOIeMoit cM. cTathio: Sarah Graham «Explore: In Search of Antimatter»
(Scientific  American.  2001.  August 20), pasmeumienHyr0o Bo Bcemupnoit IlaytmHe mo  agpecy:
http://physicsweb.org/article/news/5/3/1/1

2. Yckopuresu

Kak BUAHO W3 Ha3BaHWA, YCKOPUTEIb PA3TOHICT MEUICHHO JBUXKYIIMECS 4YacTHIbl. YacTuiel ¢ OoJjiee BBICOKUMU
CKOpOCTSIMH O0JIamatoT Oojiee BBICOKOH SHEpruei, Tak 4To (PU3MKa BBICOKMX JHEPTHU pa3BUBaIach COBMECTHO C
yCKOpHUTEIsIMA dacTuil. [loib3a OT 4acTHIl BBICOKMX JHEPTHWH CTajla OYEBHIIHOHM, KOTma amMepukaHckmit (m3mk Kapi
AHJIEpCOH 00HAPYKUJI aHTHYACTHILY JIEKTPOHA — TO3UTPOH — CPEIH CJIEJIOB, OCTABISIEMbIX B TU((HY3HOHHON Kamepe
rociie OOMOApIMPOBKH KOCMHUYECKUMHU JTydamu. [[oCKOIBKY KOCMHUYECKHEe JTyYd MPUXOIAT K HaM, oOnanas pa3indHOn
JHEprHel, OTOBCIOAY M KOTJa UM 3a0JaropaccyauTcs, I POBEICHUSI CHCTEMAaTHIECKUX OTBITOB HAJ AIIEMEHTAPHBIMU
JacTUIIaMU TpeOoBayics 0oJiee HAIE)KHBI UCTOYHUK YACTHUI] BEICOKOU SHEPTHUH.

JIuHelHbIC YCKOPUTENN Pa3rOHSIOT 3apsHKCHHBIC YACTHIIBI B AJICKTPOMATrHUTHOM TIOJIE TI0 MPSIMOM, TOJJOOHO TOMY Kak

PA3TOHATOT 3JICKTPOHBI B 3JICKTPOHHO-JIYUCBBIX pr61<ax TCICBU3U-
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OHHBIX MPUEMHHMKOB. MUIIIEHb YCTaHABJIMBAIOT B KOHIIE IIyTH YacTHUIIBl, a JaTYUKH, UyBCTBUTEIbHBIE K OCTABJICHHBIM
IIPOAYKTaMU CTOJIKHOBEHHMS YaCTHIl CJleJaM, PErHCTPUPYIOT IOCIEACTBUS CTOJNKHOBeHus. [l momydeHust Bce Ooiee
BBICOKMX DJHEPruil TpeOyercsl MOCTOSHHO YBEIWYHMBATH JIMHY Yyckoputenei. CraH(OpACKHH UEHTP JUHEWHOTO
YCKOpUTEINSl ¢ TyHHeNneM AAMHOW 3,2 KM (2 MWiIM) pasroHseT 3JEKTPOHBI (MM MO3UTPOHBI) MOCPEICTBOM OOBIYHOM
3JIEKTPOMAarHUTHONW BOJIHBI, TMOZOOHO MHKPOBOJNHOBOM meun. Jlnsi Oosiee MOAPOOHOTO O3HAKOMIICHHS CM. Y3€l
Bcemupnoii [laytunst http.//www.slac.stanford.edu/

Hpyrast pa3sHOBUIHOCTh YCKOpHTENsE — KpyroBoil. IlepBrlii KpyroBoil yckoputenb OblT M300peTeH aMEpUKaHCKHM
¢uzukoM DpHectoM JIoypeHCOM W MONYyYHII Ha3BaHHWE «IUKIOTpoH». B 1928 rony KammdopHwmiickuii YHUBEPCHTET B
Bepkmn mepemanni k cebe u3 Menbckoro yHusepcutera 27-metHero JIoyperca, HAMEPHBASICh CO3aTh y cebs HApSIy C
XAMUYECKUM CTOJb JKe Kpemnkoe ¢usmyeckoe otneneHne. Ha crnepyromuit rox JloypeHcy, BHYKY HOPBEXKCKHX

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).
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[IEPECeICHLIEB, OBEIOCh IIPOCMATPUBATh OJIUH HEMELKUH 3JIeKTpOTeXHHUYEeCKHH d>XypHail. OH yBHIEN HAaOPOCKH
yCTpOMCTBa, MpeAIaracMoro HOpBeXKCKUM HHkeHepoM Pondom Buaepos ans pasroHa 3apsaoB ABOHHBIM IPOITyCKaHUEM
UX Yepe3 yCKOpSIoLIee IMoJie, M3MEHSST HalpaBlieHHE IOJISl TAKMM 00pa3oM, 4TO 3apsibl MOJydasld ABOMHYIO SHEPTHUIO.
[lonavany orpomHble TeXHMYECKHE TpyAHOCTH oTmyruBaau Jloypenca. OnHako, He KeJas OTCTaBaTh B TOHKE 3a
BBICOKMMU 2HEprusiMu, B Havase 1930 rona oH mopydaeT co3laHre TaKoro ycTpoiicTBa acnupanty Ctomnmu JINBUHTCTOHY.
K suBapro 1931 roma Jloypenc um JIMBHHICTOH pacmonarajiu paOOTalOUIMM MakKeToM HukjoTpona (puc. [.2) ¢
ronepevyHukoM 4,5 mroiiMa [1 mroitm = 2,54 cM], pa3roHSIBIITMM HOHBI BoAopoaa 10 dHeprun 80 ThIC. JIEKTPOHBOIBT (3B).
B 1939 romy Jloypenc momyumn HoOGeneBckyio mpemuio 3a u3zoOperenue mukiaorpona. B 1940 romy B CIIA
HACUUTHIBAJIOCH 22 TOTOBBIX MJIM CTPOSILINXCS HUKIOTPOHA, U 6oinee 11 — 3a rpaHumei.

Bropas mMupoBas BoiiHa 3aMeaiiiia MOCTYNb LUMKIOTPOHOB. Ho cTomio eif oTrpemMers, Kak HOBIIECTBA MO3BOJIMIH
cyuie-
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CTBEHHO HApacTUTh MOIIb YCTaHOBOK. [losBHMJICA CHHXpPOTPOH, Il€é HM3MEHEHHEM MArHUTHOTO OIS YacCTHLBI
Pa3TOHSINCh TIO OpOMTaM C HEU3MEHHBIM PaJuycoM. DTO MO3BOJSIIO YMEHBIIUTH MPOCTPAHCTBO, TIE MOIISPKUBAIICS
BaKyyM, U TEM CaMbIM YTIPOIIATOCH yIPaBICHHE ITYYKOM.

3areM cTanu yAep)KUBaTh YaCTHILBI HA KPYTOBOM OpOMTE, KOMIEHCUPYSI MOTEPH Ha U3TydeHue. ITo 00eceunBaio Tak
Ha3bIBa€MOE HAKOIMTEJIbHOE KOJIbLl0. HakoHen NOCTaBuiIM ABa TaKMX KOJIBLA, TAK YTO ITyYKH YaCTHUI] HAIPaBIISIIM APYT
Ha Jpyra. Takoe mMepeKpecTHOe pacIojioKeHHEe HAKOMUTEIbHBIX KOJIEI MO3BOJIUIO MOJYyYHUTh MHOTO Ba)KHEHIINX
cBefeHnit 00 »snemeHTapHbix dYactunax. B CoemuHennpix llltaTax KpyHmHEWIIMA YCKOPUTENb TMPHHAICKUT
HanmonanpHOM 1a00paTopuyl BEICOKOIHEPTETHUECKUX HccaenoBannii nMeHn DHpuko @epmu (FNAL) B batasun (mrat
Wnnunoiic), 6nm3 Ynkaro. Co3nannas B 1968 romy naboparopust pacmoyiaracT caMbIM MOIIIHBIM B

Puc. 1.2. Dpuect JloypeHc ¢ MaKkeTOM IIUKJIOTPOHA
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MHpE ycKopuTeleM dacTull « Tevatrony», cCriocoOHBIM 00eCTIeUrBaTh BCTpEUHBIC IMydkH dHepruei mopsaka 0,980 tpiH
3B (T»B): pasronsioumxcs MO0 4acoBOH CTpelIKe MPOTOHOB U MPOTHB YAaCOBON CTPENKHM — aHTUIPOTOHOB. [IpoToH-
AHTUNPOTOHHOE CTOJIKHOBEHHUE B TOUKAX B3aUMOJICHCTBHS YacTHIL co3/1aeT 3Hepruto 1,96 THB.

s 6onee moxpoOHOTO 03HAKOMIIEHHSI ¢ TipobaeMoit cM. y3en Beemuproit [laytuast www. fnal. gov

OyHnameHTanbHbIME  K3bIicKaHusAME 3aHAT CERN (EBpomneiickas opraHu3anus MO SASPHBIM HCCIEJOBAHUAM),
pacnonoxeHHblii Ha rpaHune @panuun u leelinapun. CERN pacnonaraer aecaTpio ycKOpUTENnsMH. Tam BeayT
nccienoanus yueHnsle 80 HarmoHanpHOCTEH M3 500 yHUBepcuTeToB. bonee moapobusie ceenenust o CERN'e cM. Ha y3me
Bcemmupnoii [aytunst http.//public.web.cern.ch/Public

Kpynueiimmuit yckopurens B CERN'e, anextpon-nmo3utponssiii komnaiinep (LEP) mmen camyio JIMHHYIO B MHpe
TpaeKTOpHIO pasroHa my4ka 27 kM. LEP Temeps B mpoIuioMm; ero TOHHENIb Nepeo0opyAyeTcs U UCIIOIb30BaHUS yKE B
KadecTBe OombIoro ampoHHoro kommaiaepa (LHC), rae mpoToHsl OymyT CTaaKWBaThCS ¢ MPOTOHAMH IPU DHEPTHH 7
T3B. Co BetyrienueM B ctpoii B 2005 roay OH CTaHET KpyMHEHIIUM B MHpE.

Hdns  Gonee moapobuoro o3HakomsieHuss ¢ LHC cm.  y3en Bceemupnoit Ilaytunst  http.//lhc-new-
homepage.web.cern.ch/lhc-new-homepage/

Hexotopsle TeopeTnku cautaror, 9to HOBEIM LHC cMokeT co3maBaTh KpOXOTHBIC YEPHBIC JBIPHI CO CKOPOCTHIO OTHOM
TaKoW IBIPBI B CEKYHIY, Ha3blBas €ro MPOU3BOAUTENEM YEPHBIX IbIP. DTH YEpHbIE ABIPHI OyAyT Mcye3aTb B TEUEHHE
J0JIel CEeKyHABI, HO IIPH 3TOM BO3MOKHO BO3HHMKHOBCHHE BCEMHU PA3bICKMBAEMON 4acTHLBI — 0030Ha XUrrca, 0 KOTOpOu
nuta peds B TII. 2. [1o cinoBam coTpyaamka MapuiteHackoro yauBepcuteta ['peropu Jlanacoepra, Bce 3TO BIIOJTHE MOXKET
CIIyYUTBCS «3a OJMH 4ac paboTh» B «YEPHBIX ABIpax Ha OOJBIIOM aJpOHHOM Koiutaizepe» (S. Dimopoulos, G.

Landsberg, Physical Review Letters 87 (2001): 161602).
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VY3ne1 Becemupnon Ilaytunsr:
www.aip.org/history/lawrence/first.htm;
www.lbl.egov/Science-Articles/Archive/early-years.html

3. ®epMHUOHBI U 0030HbI

Bce wactumpl, cocraBmsronie BceneHHylo, pacnamaroTcs Ha ABe Tpynmbl: gepmMuoHBI M 0030HBL [logoOHoe
pasnuuenue BBenw acrmpaHThl JlelineHckoro yHuBepcurera (I'ommanmus) Comtosne aymemur u Jxopmk YienOek.
layncmur, Oosplie 3aHATHI MCCIENOBAaHUAMH, 3aMETHJ JOIOJIHUTENBHOE PACIIEIVICHUE CIEKTpa HM3JIy4eHHsS aTOMOB
renus. YieHOeK, Jydile 3HaBIIMA KJIACCHYECKYI0 (U3UKY, YCMOTpeNl NPUYHHY TaKOTO paCIICIUICHHsS B HEKOEM
BHYTPEHHEM CBOWCTBE OJJIEKTpOHAa. BMecTe OHM MNPHLUIM K 3aKIOYEHHIO, YTO OHJIEKTPOH H3HAYaJIBHO O00JamaeT
OTIPEIICIICHHBIM yTIIOBBIM MOMEHTOM — CITMHOM [cTaThsl 1925 rona B Die Naturwissenschaften. Ne 13. S. 953-954].

OCHOBBI KBaHTOBOW MEXaHHUKH TOTJa TOJBKO 3aKJIaJbIBallNCh, TaK YTO JaHHOE MpPEACTaBICHUE TPHBEIO K
JN00aBIEHUIO YETBEPTOro KBAHTOBOTO YHcia (IOMHMO TJIaBHOTO, OPOUTATBHOTO M MarHUTHOTO), HA3BAHHOTO CIIMHOBBIM
KBAHTOBBIM. JJIEKTPOH H300paXaloT B BHIE KPOILIEYHOTO, CTPEMUTENIFHO BPALIAIOLIETrocs BOJMYKA, OJHAKO MOAOOHOE
OIMCAHNE HE HAZO BOCIPHHUMATH OYKBaIbHO. BHYTPEHHHIT YIIIOBOH MOMEHT JIEKTPOHA, CIIMH, paBeH +'/»(h/2p), rae n
— mnocrostaHas [Imanka. [loHsiTHE «CHHY» CBA3aHO C TPUBBIYHBIM B3MIIAAOM Ha BJEKTPOH, MOCKOJIBKY CIHHOBOE
KBaHTOBOE WYHCJIO MMeeT jBa 3HaueHus + /,(h/2p) u -'/-(h/2p), COOTBETCTBYS Kak ObI BpAICHHIO [yCKOPSIOMEMYcs]
«BBEpX» W BpamieHWI0 [mamaromemy| «BHEU3». B 1928 romy paspabotka Opurtanckum ¢uszmkoMm I1. Iupakom
PENATUBUCTCKOW KBAaHTOBON MEXaHHKHM MOJBeNla TEOPETHUECKYI0 0a3y IOJI CIUH JIIEKTpOHa; noranka [ayacMmura u

VYnenbeka okazajgach BeCbMa yJauHOH.
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B 1925 roxy aBctpmiickuii ¢pusuk Bonbdranr [laynam 3akiaroumii, 4To IBa 3JIEKTPOHA HE MOTYT HAXOAUTHCS B OJAHOM
KBaHTOBOM COCTOSHMHM Ha OJHOM H TOM K€ MecTe. DTOT mpuHIMN 3ampeta [laymu nexut B ocHoBe llepnonnyeckoit
TaOIUIBI XUMUYECKIX DIIEMEHTOB.

[Ipu n3yueHnn CTaTUCTUIECKOTO MOBECHNUS dIICKTPOHOB HTAIBSIHCKO-aMepUKaHCKui Gu3uk Duprko Oepmu u [Jupak
paspabotanu Teoputo cratuctuku Gepmu—/Iupaka. Ee monoxenus B nanpHeieM ObII pacIpOCTpaHEHBI  HA IpyTHE
YaCTHIBI C TONYUENbIM CIIHHOM A/2p. DTH 4YacTHIBI, Ha3BaHHbBIE (epMuUOHAMU, OXBATHIBAIOT COOOW BCE JIENTOHBI U
kBapku. Takum o0pazom, Maccy BeeneHHOH cocTaBisioT (epMHOHBI.

W3ydyeHneM yacTHIl C HYJEBbIM WM LEIBIM CIIMHOM //2p B 1924 roay 3aHumancs uuauiickuii ¢pusuk lllateeHapanat
Boze. Paboras B ymmBepcurere r. Jlakka (banrmamemr), boze mocianm pe3ynmbTaThl CBOMX H3BICKAHWN IS OT3BIBa
OiiamTeiHy. TOT epeBen ero Tpya Ha HEMEIKHH SI3BIK U HACTOSATEIHHO ITOCOBETOBAN M31aTh [Bose S. N. Plancks Gesetz
und Lichtquanten Hypothese // Zeitschrift fiir Physik. 1924. Ne 26; Ha pyc. s13.: boze [ll. 3akon [lnanka u rumnoresa
CBETOBBIX KBaHTOB // Ounwmetin A. CoOp. HayuHbIX TpyaoB. M., 1966]. Ha cienyromuii rog DWHINTEHH paciupui
pe3yabpTaThl bo3e ¢ yderoMm BceX YacTHIl, He ABIMomUXcs Gepmuonamu [Einstein A. Quantentheorie des einatomigen
idealen Gases // Sitzungsberichte der PreuBischen Akademie der Wissenschaften, Phys-math. K1. 1924; 1925; na pyc. 3.
Oiinwmetin A. KBaHTOBasi TeOpHsl OJJHOATOMHOTO ujeanbHoro raza // CoOp. HayuHbeix TpyaoB. T. 3]. Cratuctuueckoe
MOBEJCHUE TAaKUX YacTHL] CTaldi MMEHOBaThb cTaTUCTUKONM boze— OiiHmuTeiHa. [lomuuHstommuecs 3TOM CTaTHUCTHKE
gacTuIlel Jupak HazBan Oozonamu. IlepeHOCUHKH BCEX B3aMMOICHCTBHN — (POTOH y 3JIEKTPOMATHUTHOTO, TIIFOOHBI Y
CHIIBHOTO, U W- 1 Z-4acTHIBI y C1a00ro — OTHOCATCA K 0030HaM.

Ecmn nBa (dhepmmoHa HE MOTYT HaXOJUTHCS B OJHOM M TOM € KBaHTOBOM COCTOSHHH, TO IJii OO30HOB TaKOTO
OrpaHHYeHHS He cymiecTByeT. W nmeiicTBUTENbHO, YeM Oosblie 0030HOB HAXOAWTCS B OMPEACIICHHOM SHEPreTHYECKOM
COCTOSIHUH, TEM
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0oJbIIIe BEPOSTHOCTH YIMOMOOJIEHHS WM BCeX MPOYMX 0030HOB. J[aHHOE SBIICHHE JISKUT B OCHOBE BBIHYXKACHHOTO
U3Ty4eHHs B Ja3epax, Koraa GOoTOHBI MPUBOISTCS B OAHO U TO K€ SHEPreTHUECKOE COCTOsIHIE. Takoro poja «CTaJaHOCTh
IIOMOTaeT OOBSICHATh CBEPXTEKY4YeCThb TeJHsl W JIaXe CBEPXIPOBOAWMOCTH, KOTJAA AJIEKTPOHBI COWBAIOTCS B Taphl U
TEHCTBYIOT yKe Kak 0030HEL. B 1995 romy yaamochk Tak CHU3WTH TEMIIEpPaTypy ra3000pa3HOro pyOHIus, 9TO BCE aTOMBI
00peJu 0JIHO U TO K€ KBaHTOBOE cocTosiHUE. [107100HOE CKOIICHHE HA3bIBAIOT KOHAeHcaToM boze—DiiHITeiHa.

CKJIOHHOCTb K «OJAMHOYECTBY» Y (PEPMHOHOB H «OOMIUTENLHOCTH» 0030HOB AETAI0T MX CTOJb Hemoxoxkumu. Ho 3to
pasnuune OKa3bIBaeTCS OMPENENAIomuUM I npupoasl BcenenHoi. Hampumep, ecnu Ob1 (hepMHOHBI 00BEIUHSIIHCH
moIo0HO 0030HaM, BCE AJIEKTPOHBI B aToOMe COOMpANUCh OBl HA CaMOM HIDKHEM JHEPreTHYEeCKOM YPOBHE, M TOTJa He
MOTJIO OBl OBITH M PEYH O XUMHUYECKUX PEAKLUX, & CTaJlO OBITh, M O KU3HH.

4. BuezemMHae XKU3Hb

51 roBopua 0 NeTarLWmMX Tapenkax Co MHOXEeCTBOM ftoden. MHe 6bin10o NtobonbITHO: OHM HacTansanu, YTO Takoe BO3MOXHO. M 3To
Tak. MonobHoe BO3MOXHO. HO OHWM HE MOHUMAT, YTO BOMPOC-TO HE B MOKa3e TOro, BO3MOXHO TakKoe WM HeT, a B TOM, CyllecTByeT
3TO WK HeT.

Puyapa ®. ®eviHMaH, ¢pusuk, Hobenesckuii naypeart

qume, KaKk M BCCX, 6y,[[0pa)KI/IT BO3MOKHOCTH CYIIECTBOBAaHUSA BHE3EMHOM JKH3HHU. OILHaKO ,I[CﬁCTBI/ITGJ'IBHOCTB
TakKkoBa, 4TO, IOMHUMO HpeZ[CTaBJ'IeHI/Iﬁ Ha KMHO- U TCJICOKPAHC, Ha CTpAHULAX KHHUI, HA caiTax BCGMHpHOﬁ HayTI/IHLI u
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OCCUYHCIICHHOTO YHCIia pacCKa3oB «OYECBUALECB», Hen HU 00HO020 HAY4YHO2cOo CceUOEMeNbCmMEa HAAUYUSL HCUSHU GHE 3eMIll.

TeMm HEe McHEee HAay4HBIC
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IIOMCKH BEIYTCs Ha 00oux Q)pOHTaX, TEOPETUYCCKOM M IKCIICPHUMCHTAJIBHOM.
TeopeTnyeckue rnoucku

Kakne popMbl KU3HH BO3MOKHBI?

¢ JKusnv Ha yenepoouoii ocroge, nodo6no Hauieli. Bplpaxkas MHEHHE OONBIIMHCTBA, TMOKOWHBIM XUMHUK CuHpHI
[Tonnamnepyma u3 MBpUIIEHICKOIO YHUBEPCUTETa MOJaraj, YTo XMMHUS KHBOTO Ha 3emiie MOXKET ObITh 0000IIeHa Ha
Bcio Bcenennyro. Ilo ero cnoBam, AaHHBIE «CBUIETENLCTBYIOT, YTO CO3JaHHE U COENMHEHHE KUPIUYUKOB KU3HU
(aMUHOKHCIIOT M HYKJICOTHIOB), TIOXOXE, OBIJIO HEM30€KHBIM, CTOMJIO JHLIb 3apaboTaTh XUMHUYECKOH MEYH 3EMHOTO
"mepBUYHOro OynboHA"», U «B Cllyyae CYLIECTBOBAHHUS >KU3HH TZIe-TO €lle Ha MpocTopax BcelneHHOW B XUMHYECKOM
OTHOIIICHUH OHA ObIIa OBl KpaitHe CXO0XKEH ¢ KU3HBIO Ha 3eMIIey.

BoNbIIMHCTBO YYEHBIX COTJAIIAIOTCs, YTO, HECMOTPA Ha 00pa3 IMyderyia3bIX 3€JIeHBIX IMPHILIENbLEB, HacaKIaeMblil
MPOM3BOOUTEISAMU HIPYyILEK, J00as BHe3eMHas (GopMa KU3HHM OyHeT CyIIECTBEHHO Pa3HUTHCA OT mogei. OmHako
HEKOTOpBIE CTPYKTYpPHBIE U (PYHKIIMOHAJIBHbBIE COCTABIIIOIINE MOTYT OKa3aThesi o0mumu. Hampumep, nono0Hsle riaa3am
JATYMKH JUTS BOCTIPUATHS (POTOHOB (BO3MOXKHO, B HEBUAMMOW OOJACTH CIIEKTpa), JBa MOJOOHBIX IJia3aM AaT4HKa IS
OTIpeJeNICHHs] PACCTOSHUS M KpaTYalIIni MyTh K YCTPOHCTBY 00paOOTKH AaHHBIX OT JATYMKOB (MO3TY) MPEACTaBISIFOTCS
cxoxuMH. [lanee, BIOJIHE yMECTHO KOMIIAKTHOE TEJIECHOE YCTPOMCTBO, BKJIIOHYAIOIIEEe KOHEYHOCTH ISl YIPaBIICHUS
OKpYKalOIIUMH TPEeIMETaMd W OTAETbHbIC MPHUCIOCOONICHUS MJisi TepeABMKCHUS. B  HEKOTOpOM OTHOLICHHU
TOJUTMBYACKHN 00pa3 MpHILENbIa MOKET 0Ka3aTbCsl He CTOJIb AATEKUM OT e CTBUTEILHOCTH.

¢ JKusnw ne na yenepoonou ocrnoge. I1oMiuMo yriepoa OCTOBOM >KU3HH MOJKET BIIOJIHE MTOCITYXHUTh PACTIONOKEHHBIHN B
tabimie MenaeneeBa Kak pa3 moj HuM kKpemHui. [locie Toro kak 3Ty cBs3b 3ameTwin B 1890-¢ rombl, pomanuct I
VYomnc mwmcan: «Kakme QaHTacTHUeckHe KApTHUHBI MPEACTAIOT MPH  MOJOOHOM  IMPENNoJIOKEHHH: 00pasbl

KpPEMHCAITIOMUHUCBBIX OPraHU3MOB —
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a moueMy OBl M HE KPEMHEaTIOMHHHUEBBIX JIOJIEH, Opoasmux mocpeau artMocepsl U3 ra3000pa3HON Cephl, CKaXKeM,
BIIOJTb MOPSI, T/IE TUTETIIETCS KUAKOE JKeJe30 MPH TeMIepaType TOMEHHOH IeYr B HECKOJIBKO THICSY TPayCoBy.

JleicTBUTEILHO, XMMHUYECKHE CBOMCTBAa KPEMHHUS M yIJIepoJa BO MHOIOM CXOAHBI. Hampumep, yriaepon mnpu
COCJIMHEHHHU C YETHIpbMS aToMaMu Bogopona obpazyer meraH (CH,), Torga kak KpeMHHH JaeT B 3TOM Cliyyae CHJIaH
(SiH,). Xumudeckoe B3aMMOJACWCTBUE KpEeMHHUS ¢ KUCIOpoaoM Toxke pomHuT ux (CO, u Si0,), HO HaOmojgaercs U
CYIIIECTBEHHOE pasnuuure. J[ByoKHCh KpeMHUsSI 00pa3yeT TPEXMEPHYIO PEIIeTKY, €€ KpenKkue CBs3u AenatoT SiO, TBepabIM
(mecox), make MpU BBICOKHUX TEMIIEpaTypax.

B Ouoxumuum yriepogHOW XU3HH HEPTUs YepIacTcs W3 JUIMHHBIX YTIIEBOIHBIX IIEMEH, KOTOPBIC Pa3phIBAIOTCS
IIOCPEACTBOM OEIKOBBIX (PepMEHTOB-KaTaIM3aTOpoB. OTX0JaMH MPH 3TOM SBISIOTCSA BOJA U YIIIEKHCIBIN Ta3, KOTOpBIS
JIETKO BBIBOZASTCS W3 OpPTaHW3Ma, IOCKOIBKY HAXOJSATCS COOTBETCTBEHHO B JKHAKOM M Ta3000pa3HOM COCTOSHHH.
KpemuneBoi »KU3HH MPHUILTIOCH ObI UMETH 10 C TBEPABIMHU OTXOAaMH, YaJIEHHEe KOTOPBIX COMPSKEHO C TPYAHOCTIMHU.

K tomy xe yrnepomHble OHOIOTHYECKH BayKHBIE MOJIEKYIBI 00JIaal0T TAKUM CBOWCTBOM, KaK XHPaIbHOCTH (CM. TIL
3), uHAYe TOBOPS, TPEXMEPHOCTh CBSI3CH 3aCTaBIACT WX IpHU O0O0pa30BAHHMH CIHPATH 3aKPYUHUBATHCS JTUOO BIIPABO, JINOO
BJIeBO. JlaHHOE CBOWCTBO obecrieunBaeT MeTaboNMM3My THOKOCTh, 4ero OyJeT JIMIIeHa KpeMHUeBas JKU3Hb, Y KOTOpOU
CKJIOHHOCTb K XUPaJIbHOCTH MPOSIBISIETCS 3HAYUTENBHO ciadee.

Hakownen, pacnpoctpanernocts. B 2002 roxy B kocMoce yaanock oOHapy)uTh 113 yriepoaHbIX MOIEKYJ, TOTIa Kak
KpEeMHHEBBIX OKazanock Bcero 10. Ecmu um cymiecTByOT (OpPMBI KH3HH Ha OCHOBE KPEMHHs, TOXOXKE, OHU OyayT
3aHMMAaTh 3HAYUTEIBHO MEHBIIYIO HUIIY 10 CPAaBHEHUIO C YTIIIEPOAHOM JKU3HBIO.

Wrak, HACKOIBKO BEpOSATHO CYIIECTBOBaHWE BHE3EMHBIX NmBHIM3anuii? B HosOpe 1961 roma HanmonambHas

akaZieMHs HayK OpraHu30Bajia Heo(UIIHAIFHYIO BCTpedy B MecTeuke [ puH-
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bank, wmwratr 3anmagHas BupruHusa, Do Bompocy BHe3eMHOM ku3HU. Paanoactponom w3 HaumonanbHOM
pammoacTpoHOMHUYECKOH oOcepBatopun ®Opank Jlpeiik mpuBen ypaBHEHHE, CTaBSIIEe BEPOSTHOCTH CYIICCTBOBAHUS
BHE3EMHOI KU3HH B 3aBUCHUMOCTBH OT PsAJla COMHOXKMTEJEH, ONpeaesnsseMblX OTAeIbHO. [laHHOE ypaBHEHHE, Ha3BaHHOE

Hpetikom ypasaeHueM [ 'pun-baHk, cTamo obmenpru3HaHHBIM U OBLIO IEPEeMMEHOBAHO B ypaBHeHHe Jlpeiika:
Yuncno BHe3eMHbIX UMBUAM3aunii = (poxxaaemble 3a roj 38e3abl) X
X (f nnaneT) X (f )Xn3HeHHON 30HbI) X (fxM3HK) X (f pasyma) x
X (f Mex3Be3aHOoM CBA3KN) X (BpeMs XKM3HU).

JlJis OLIEHKM KOJUYECTBA «COOOMIAIOIIMXCS» IMBHIN3AIUi (KOTOpbIE MOCBUIAIOT M TPUHUMAIOT IOCIAHUS) B
ranakTike Mieunsiii [TyTh HEOOXOIUMO MPEKIE OLICHUTh CEMb COMHOXKHUTEINEH, T/ie f MPUHUMAIOT 3HaYeHus ot 0 1o 1.

1 Kakosa cxopocmuv obpazosanus 6 nawell I arakmuke 36e30, NOOX00AWUX OISl CO30AHUSL NPUSOOHBIX OJIsL JHCUHU
naaunem ?

Bosnblive 3Be3/pl CIUIIKOM HEONTOBEYHBI, a MAJIble Yepecuyp XOJOTHbBI, TAK YTO OCTAIOTCS JIHIIbL 3BE37bl CpeIHEi
BEJIMYHHBI.

2. Kakosa 0ons maxux 36e30, umerowux nianemot ?

CornacHO HBIHEIIHEMY YPOBHIO TIOHMMAaHHs TIpoliecca oOpa30BaHUs 3BE3], BIOJHE BEPOATHO, YTO BOKPYT
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OOJBIIMHCTBA TAKUX 3BE3]T MOTIIN OBl 00paIaThCs IMIaHETHI.

3. Kaxosa oons nianem, oopawaomyuxcsi BOKpy2 C80UX 36€30 8 npedeilax, 20e 803MONCHO 3APOACOeHUe ICUZHU ?

Ha 3emne pemaroiee 3HaueHHe UMeEeT HATMYHE CBOOOIHON BOJIBI B )KUIKOM COCTOSIHUH. BeHepa AJis 3TOro CIHUITKOM
Kapkas, a Mapc CITUIIKOM XOJIOJICH, TaK 4To B Harer COTHEYHOW CHCTEeME JIUIIH OJfHA TUTAHEeTa HAaXOIUTCS B KU3HEHHOMH
30He — 3emuis. bosbinoe 3HaueHwe Mmorna umerh W JlyHa. [IpUIMBHO-OTIIMBHBIC SBJICHUS CIIOCOOHBI MOBJIMSITH Ha
3apOKICHHUE JKU3HU, 3aCTaBIsis TO HAMOJHATHCS, TO BBICHIXaTh BOJOEMBI, NMPHUBOJA K OOpPA30BaHUIO «IIEPBUYHOTO

OyIpOHA» HY>KHOW KOHIICHTPAIIHH.
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HeBenoMyto moka poiib B CTaHOBJICHHWH XH3HH MOTIH CHITpaTh OOJNBIINE BHEIIHHE IUIAHETHI, ocoOeHHO HOmmTep,
OTBOZS WAyIIME K BHYTPEHHHM IIJJAHETaM acTepOMAbl WM KOMETHL. Takoi «TpOMOOTBOI 3allUTHI 3eMII0 OT
HEXeJaTeIbHBIX BO3ICHCTBHUM, KOTOPBIC MOIJIN 3aMEIUTh WJTH JIaXKe MIPEPBATh XOJ1 KHU3HH.

4. Kaxosa 0015 61a20npusimno pacnoiodcerHvlx nianem, 20e 0elucmeumenbHo 3apoouiacs HCuzis?

OneHka JaHHOTO MHOXHUTEINS JIEIHT JIFOJell Ha MECCHMHUCTOB M ONTHMHUCTOB. Hekoropwie, Hampumep HoOeneBckwuii
naypeart Oenpruiickuii Onoxumuk Kpuctuan [le J{roBa, monararor, 4To MpH JOCTaTOYHOM KOJMYECTBE YIJIEpOa U BOJIBI B
JKHUJIKOM COCTOSIHUHM, COOTBETCTBYIOIIEH TeMIepaType W JOCTATOYHOM CPOKE 3apOoXkJICHUE XU3HU HenszOexHo. [pyrue
MIPUBOJIAT MacCy MPUMEPOB BCEBO3MOXHBIX TOHKOCTEH B YCTPOHCTBE JaKe OAHOKIETOYHOTO OpPraHU3Ma U TOBOPST, YTO
KU3Hb — KpaiHe pelnKkoe COOBITHE, BO3MOXKHO, a)Ke€ €IUHCTBEHHOE B CBOEM poOfe. YUEHbIe pacXoAATcs B OIIEHKax
JAaHHOTO MHOXHUTelnsi. Hekoropele BooOIIE COMHEBAIOTCS B IENIECOOOPa3HOCTH IMOJOOHOTO IOAXOAa BBUAY CTOJb
Oonpmmx paszHoriacwii. M Bce ke B OTCYTCTBHE CBUICTEIHCTB 3TO JIMINL IPEINOJIOKEHHE, KOTOpPOe HE CTOUT
BOCIPUHUMATH CIHIITKOM YK BCEPhE3.

5. Kakosa 0ot hopm dcusHu, npuseouux K 603HUKHOBEHUIO pazyma ?

Ha 3emiie MHOTHE BHIIBI BBIKA3bIBAIOT Pa3yMHOE MOBEACHUE, MTOPOH 3TO OTHOCHTCA M K JHOASIM. [10CKONBKY pazym
MTOKa3bIBaCT HE3ayPSTHYI0 CITIOCOOHOCTh K BBDKHBAHHIO, TO, MTOKATYH, MPH JTOCTATOYHOM CPOKE OH MOXKET Pa3BUTHCS Y
MHOTHX (HhOpM KU3HH.

6. Kakosa 0o pasymHulx opm dcusnu, CHOCOOHBIX CO30amb mexHuyeckue cpedcmaa 0Jisl nepeoadt No0OaroWuxcs
OOHAPYIHCEHUIO CUSHAN08?

W mromn, v aenbGWHBI TPEICTaBIAIOT pa3yMHBIC (OPMBI KH3HU Ha 3emiie, HO TOJBKO pa3paboTaHHBIC UEIOBEKOM
TEXHHUYE-
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CKH€ CPEeJICTBa M3IAI0T MOJAAIOIINECS O0OHAPYKEHUIO CUTHANBI, TaK YTO JUIA JAaHHOHM OIEHKH OOBITHO OepyT BETUIHHY
ot 0,05 1o 0,5.

7. B meuenue CKOIbKUX Jlem pa3yMHAsL YUSUAUZAYUSL Nepeddem 8 KOCMOC ROOOAouuecs: OOHAPYICEHUI) CUCHANbL?

JlanHas oleHKa MOXXET CIYXXHUTh OYepeTHBIM MPOOHBIM KaMHEM JJIS BBISIBICHHS ONTHMECTOB W IECCUMHCTOB.
OnTUMHCTY BUIWTCS IHMBHIN3AIUS B MUJUTMOHBI JIET, TOTJAa KaK MECCHUMUCT, IS/ HA HAIly [UBHIH3AI[HI0, TOBOPUT O
Oomu3koM koHIle. He 3a0wiBaiiTe, uTo ypaBHeHue Jlpeiika cocTaBisuioch Ui paauoacTpoHomuu. lluBmimsanust moria
OCTaBUTh PaJMOTIO3BIBHBIC, CO371aB OoJiee JEHCTBEHHBIE CpPEICTBA, HIIM K€ BOOOIIe 3a0pOCUTh pajauo, Haljs Ooiee
WHTEpEeCHBIC 3aHATHA. UTO KacaeTcs Hac, MBI CTajH MepeaaBaTh PaJHoINo3bIBHEIE 4yTh Oonee 100 yer Ha3an, Tak 4To
caMble paHHHUE U3 STUX MOCIaHMN yriIyOmIuCh B KocMOC Ha pacctossHue 100 CBETOBBIX JIET.

[TepemMHOXEHUE BCEX 3TUX COMHOXHUTENEH JaeT OIEHKY OOIIEeTo YnCiia «COOOMAOIINXCS INBUIN3AINHA B TaTaKTHKE
Mneunsrit [Ty, KOTOpas KoeOIeTCS OT MHJUTHAPAOB (Y ONTHMKCTOB) 0 OAHOW — Hamiel ¢ Bamu. Y Jlpefika 3Ta
BennuuHa coctaBimsia 10 Teic. CoBpeMEHHBIE OIIGHKH YacTO CBOJISTCS K YHCIY «COOOIIAIOUIUXCS» ITUBUIIM3ALINY,
MIPUMEPHO PAaBHOMY KOJHMYECTBY JIET, B TEYEHHWE KOTOPHIX NWBUJIM3AIMS IepelaeT IOJIaloNuecs: 00HaApYKEHUIO
CUTHAJIBI.

HekoTopsie cuutaroT, 4rto ypaBHeHHe Jlpeiika — JIMIIL KPaTKOE BhIPAXKCHHE HAIIETO0 HEBEACHHUS, OJHAKO IOJIC3HO
MOPa3MBIIUIATh HAJ KaXKIbIM W3 COMHOXxHTenei. K ToMmy e ypaBHEHUE IMO3BOJSICT MOJYYUTh CIe OJHY OIICHKY:
CPEIHET0 PACCTOSHUS MEXIY «COOOIIAIOIIMMHUCS» IUBUIN3AUAMU. [Ipy BceX MECCUMUCTHYHBIX WM ONITUMUCTHYHBIX
OIIEHKAaX CEMH IEePEUMCICHHBIX COMHOXXHTEICH CpeIHee PacCTOSHHE MEXAY «COOOMIArOIIMMUCS) IMBIIN3ALNSIMHA B
ranaktuke Mueunblii [lyTh cocTaBiseT OT COTEH JO THICAY CBETOBBIX JieT. Eciam myTtelnecTBue cBeTa OT OJHOU

OUBUIM3AallUA K ,prrOfI 3aliMET HECKOJIbKO COTEH JICT, TO CBA3b MCXKIY HUMU 3aiiMeT OOIbIIIe BPEMCHHU, UCM
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BBIXOJl CKPHUITyYHX CTapblXx MOAEMOB B VHTepHeT, eciu BBl elle 3TO MOMHHUTE. M Bce ke g HacuMThIBaroLIeH
MWIIHOHBI JIET TEXHUYECKH Pa3BUTON, MIMPSIICHCS IMBUIN3ALNY C €€ CTPEMJICHUEM 3aCelIUTh [ allakTHKY MyTelecTBHE
B THICSIYY JIET K HOBOMY MUPY — HE TaKoe Y U 0e3paccyCcTBO.

C yuerom Toro, uro CojHEYHasi CUCTEMA CYIIECTBYET JIMIIb MOCIEAHIO TPETh KU3HU [ allakTHKHU, MHOTHE 3BE3/bI
HMEIOT JO0BOJBHO Oomnbinyio (opy. Bo3mokHO, TaM ye OOCTHIVIM HY)XHOTO TEXHHYECKOI'O YPOBHS DPa3BUTUS H
npuHINCh 3acesiaTh ['anmaktuky. IlpuHuMas B pacder pasmepsl [aJlakTHKM M JOIMYCTUMYIO CKOPOCTh TaMOLIHHX
KOCMHYECKHX KOpaOJieH, BIIOJIHE BEPOSITHO, YTO MOAOOHBIH TUIAH MOXKHO OBIJIO OBl OCYIIECTBUTH 32 2 MIIH JieT. Takoi
CPOK BEJIMK B OTHOILLIEHWHM JKU3HU OTAEIBHOTO YEIOBEKa, HO MaJl II0 CPaBHEHMIO ¢ Bo3pacToM [ amaktuku. MHade rosops,
TEXHUYECKH MEPEIOBbIC LUBIIN3ALMK BIIOJHE MOINIH OBl 3aCeNUTh [ allakTHKy B OyXe «3BE3IHOTO IyTH», «3BE3THBIX
BOIH» WJIM MHBIX HAyYHO-(aHTACTUICCKUX MIPOU3BEIICHHH.

B 1950 rony yuensie Tpyaunuck B Jloc-Anamoce HaJ co3laHHeM BoAOponHOH 60MObI. TOH HX 3acTONBHBIM Oecenam

qaCTO 3aJaBali aHpI/IKO (I)epMI/I CBOMMHU KaBCP3HBIMU BOIIPpOCAMMU. Pasmbrmnss Haa BpPEMCHCM, OTIYUICHHBIM
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MHOIUIaHEeTAHaM Ha 3aceneHue ['anaxtuku, @epmu 3ameTnn: «Bbl HUKOra He 3aAyMBIBAINCH, TI€ BCE OHU HaXOISATCA?»
Bomnpoc BnocneacTBuu crai 3By4aTh nHaue: «l'ae oHU?» — u modyuni Ha3zBaHue mapagokca @epmu. Jlroboli Teopun o
BHE3EMHOM KU3HU NPUXOAUTCS UMETH JIENI0 C ITUM MIPOCTBIM, HO BECKUM JIOBOJOM.

aKCI'IepMMeHTa}'Ibe/e rNoncKku

00 oueHkax, HEOOXOAMMBIX I pemieHus: ypaBHeHus [peiika, ¢uzuk Ounun Moppucon 3ametiin: «HenpaBunbHas
[IOCTaHOBKa Bompoca. Ha camoM gene BOIpoC TakoB: HalO JM HAM 4YTO-TO NMPEANPHUHUMATH AN YACHEHHs CYyIECTBa
nena?.. A ysacHeHue TpeOyeT MPaKTHICCKUX IIaroBy.

IlepBble mpakTHYecKuEe IIard B HTOM HANPAaBICHUU IPEANPUHANI HE KTO MHOHM, Kak ®p3Hk [lpelk. ExxenHEeBHO B

TEUYEHHE IIECTU YaCcOB C ampens o uronb 1960 roga 25-merposast
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napabonmueckas aHTeHHa HarmumoHansHOM paanoacTpoHOMHYECKoM obcepBaTopuu Ha yactote 1420 MI'11 HaGmromana
3a ABYMs 3B€3/laMH NPUMEPHO oJHOTOo Bo3pacTta ¢ HamuM ConHueM. Curnansl co 3Be3 Tay Kurta n Oncunon Opunana
OKa3bIBAINCH PAIUONIOMEXaMH, W JIMIIb OJHAXIbl JOHECIHCh HEKHE MOCIaHUs, HO ATO OBLIM CHUTHAJBI C CEKPETHOTO
BOeHHOTO 00bekTa. Ilpoekt «O3ma», Ha3BaHHBIA IO MMEHHM KoposieBbl O3 NPHIyMaHHOH aMEpPUKAHCKUM IHcaTelIeM
Jlaiimenom ®pankom baymom (1856— 1919) cTpaHbl ¢ «yOUBUTEIBHBIMH M HEOOBIYHBIMU CYIIECTBaMu» [Ooisee
M3BECTHOM Yy Hac mo mepeckasam mucarenst Bonkoa («Bonmebnuk M3ympyaHoro ropoaa»)], He Jain MOJOKHUTEIBHBIX
pe3yIbTaTOB, HO HAYaJI0 IIOMCKY BHE3EMHOTI'O pa3yMa ObLIO MOJIOKEHO.

Jlna mpocnymuBaHUS BHE3EMHBIX COOOIIEHMH M Jake OTNpaBKU COOCTBEHHBIX, B CIIy4ae €ClIM «TaM» Hac
MIPOCITyIINBA-
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10T, ObT pa3pabotaH psin Apyrux npoekToB. Camblii kpymHbiii non HasBanueMm SETI (Search for Extraterrestrial
Intelligence — «Ilouck BHe3eMHOTO pazymay») Hauaiucs B 1984 roxy. ([lns Oosiee mogpoOHOTO 03HAKOMIICHHS CM. Y3€l
Bcemupnoii Ilaytuabr www.seti.org.) ®unmeM «KoHTakT», CHATHIM 1o poMaHy actpoHoma Kapma Carana, TOBOJIEHO
TOYHO BOCHPOU3BOIUT MHOTHE cTopoHHl nmpoekta SETI, rne [xoan docTep urpaet reporHi0, BO MHOTOM TTOXOXKYIO Ha
Ioxunn Kopuep Tapuep, coyupenurens SETI (cMm. ouepk o Heit «An Ear to the Stars» B HOSOpbCKOM HOMepe KypHaja
Scientific American, 2002). EcTecTBeHHO, T'OJUIMBYACKHE TMOWCKH OKa3bIBAOTCS Ooliee yIauyHBIMA IO CPAaBHEHHUIO C
JIEHCTBUTEIBHOCTBIO.

[pyrue HampaBieHHs CBS3aHBI C TOMCKOM ONTHYECKUX CHUTHAJIOB OT JazepoB™ u mpoektoM SERENDIP** («Ilouck
BHE3EMHBIX PaJHOCUTHAJIOB OT OJIM3JIEXAIINX Pa3BUTBHIX PasyMHBIX MHUPOBY»), MOLIACP)KAHHBIM NHUcCATEIeM-(PaHTaCTOM
Aptypom Knapkom.

HepnaBHo BbIIIEqIINE KHUTH M CTaThU Ha 3Ty Temy: Shostak S. Sharing the Universe: Perspectives on Extraterrestrial
life. Berkeley Hills Books, 1998; McDonald K. Life in Outer Space: The Search for Extraterrestrials, Raintree/Steck-
Vaughn, 2000; Hazen R. M. Why Aren't black Holes Black? Anchor, 1997; Crawford 1. Where They Are? // Scientific
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American. 2000. July; Greenwald J. Who's Out There? // Discover. 1999. April; Davies P. Are We Alone? Basic Books,
1996.

* Tomcky noanexat BUAMMbIE MAK MHMPaKPaCHbIE CUrHaNbl (MyNbCUPYIOLLME MK MOCTOSHHBIE) CO CBEPXY3KMMM CMeKTpanbHbIMU
IMHUSIMKU, TO €CTb CUTHasbl, NCTOYHMKAaMK KOTOPbIX, CKOpee BCEro, ABASKOTCA a3epbl UM aHanornyHas MHomnJaHeTHas TexHuKa.

** O6birpbiBaHNe CnoBa serendipity, 03HavalLEro «Be3eHMe Ha CYACTIMBbIE HAaXOAKM» W BOLWEALIEro B aHrIMNCKMWIA S3bIK C
nerkon pyku nucatens XVIII Beka, poaoHayasbHUKA XaHpa <«roTuyeckoro pomaHa» [opaumsa Yonnona (1717-1797) nocne ero
3HaKOMCTBa C NMEepPCUACKON CKaskoh «Tpwu uapesBuya n3 CepeHauna», B KOTOPON reposiM HeO6bIKHOBEHHO BE3/10 Ha HEeOXWAAHHble
oTkpbITUA. CepeHamnb, Kak HasbiBanu LlenoH apabbl, npeactaBnseTr cobon WUCKaXeHHOoe 3aMMCTBOBaAHME OT CaHCKPUTCKOro
COCTaBHOrO cfioBa CyBapHaBuna («3010TOM OCTPOB»).
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Ecnu BBI okenaeTe ydacTBoBath B rpoekte SETI, MokeTe 3arpy3uTh B CBOH KOMITBIOTEP MPOTrpaMMy, KOTopas OyeT
MoJTy4aTh JaHHbIe yepe3 VHTepHeT u 00pabaThiBaTh UX Ha BallleM KOMIIbIOTEpE, KOTa OH OyJIEeT HAXOIAUTHCS B PEXKUME
OKUIAaHUA C TIOSBIIEHHEM 3aCTaBKH, OTOOpakaTh CUTHAJIBI U MockUIaTh ux oopatHo SETI. [lna momydeHus mporpamMMel
oOpamaiiTech Ha CallT Mo aapecy: http://boinc.berkeley.edu/download.php

Ho ectb emie onHa Oyaopaxkaiias BOOOpaKeHIE BO3MOKHOCTb: JKU3Hb HAa OCHOBE TEMHOU MaTepUU (TEMHOM SHEPTHH).
BBumy orcyTcTBHS B3aMMOCHCTBUS TEMHOW MaTepuu (TEMHOHN 3HEPTHH) U OOBIYHOTO BelecTBa (OOBIYHOM 3HEPTHUHN) MBI
HE MOXEM BOCIPWHUMATH X, KaK ¥ OHU Hac. A eciiu ydecTh mpeoOiajaHie TeMHOI 3Heprur (TeMHON MaTepuH) Hal
OOBIYHBIM BEILIECTBOM, TO OCHOBaHHBIC HA HUX (POPMBI KU3HU MOTYT OKa3aThCsl CTOJIb OFPOMHBIMU 0 BEJIMYUHE HIIH I10
YUCIEHHOCTH, YTO MBI OKa)KeMCs OyKalllkaMu, COBEPIICHHO HEBEIOMBIMU ucmuHHbiM (HopMaM ku3Hu BcenenHol ninm He
3aMe4aeMbIMU UMU.

5. AMEHOKHCJIOTBI

AMUJHOKHUCIIOTBI COCTOAT M3 yrieponaa (0003HAYaeMOro aib¢ha-yriaepoa) U CBA3aHHBIX C HUM YEThIpeX rpymm (puc.
1.3). I'pymmsl TakoBsl: KapookcunsHas (COO)), mpeacrapisiomas coboii kucaory; amusorpynna (H;N') — ocHoBanwue;
Bogopox (H) u o6o3nauaemas 3HakoM R rpymnma — OoKkoBas 11eMb, CBOS IJIs1 KaXKI0W aMUHOKHUCIIOTEHI.

[Ipu koBaJieHTHOW CBs3M yriiepoja KapOOKCHIIBHOW TPYIIbI aMHHOKHUCIIOTBI C a30TOM aMUHOTPYIIIBI Jpyroi
AMHHOKHCIIOTBI BBIJICNIACTCS MOJICKYJIa BOJIbI U 00pa3yeTcst MeNTUIHAS CBsI3b. BelKOBbIE MOJIEKYJIBI COCTOST U3 OOBIION
[EMH aMHUHOKHUCIIOT, COSTMHEHHBIX TIENTHTHON CBS3bIO0.

B mumieBapuTenbHONW CHCTEME XHUBOTHBIX aMHUHOKHUCIIOTHI BBUICISIOTCS MPH TIEPEBAPUBAHUU OCITKOBBIX MOJIEKYII,
nocie
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Puc. 1.3. MoJieky/JIsspHOe CTPOeHHEe AMUHOKHCJIOTHI

Kowney
KapOoK CiLabHOoN

__ epynnu
Koney COO
AMUHOZPYNN b

HN

boxosas yens \

Anvgpa-yeaepod

YEer0 KPOBOTOKOM JOCTaBIIIIOTCS K KIETKAM OpraHW3Ma, Te MOBTOPHO HCIONB3YIOTCS. AMHUHOKHCIOTBI HUAYT Ha
«cOOpKy» OEJIKOB B COOTBETCTBHUH C «UepTe)oM», XpaHsmumcs B kierounoit JJHK u mperBopsiembim B sxu3ap PHK mpu
COACHUCTBIM OCNKOBBIX KaTanu3atopoB (¢epMeHTOB). Takum o00pa3oM, OONBIIMHCTBO HEOOXOIMMBIX OPTaHH3MY
AMHHOKHCIIOT MOJKHO COOpaTh W3 MMEIOLIMXCSI B HEM aMHHOKHCIIOT. DTO TaK Ha3bIBAEMBIC 3dMEHUMble AMUHOKUCIIOTHI.
Te ke, KOTOpBIE TOJKHBI IOCTYNAaTh C MAIIEH, OTHOCSTCS K He3aMeHUMbIM AMUHOKHUCIIOTaM.

Bonee 100 aMHHOKHCIIOT BCTpEYarOTCsl y PacTeHUH M OakTepuid, y KMBOTHBIX ke ux 20. B mpuBeneHnoil Tabmune
JaHbl HA3BaHUs, IPUHATHIE COKpPAIIEHHbIC 0003HAUEHUS U XUMHUUecKue (Gopmynsl (iMHEHHas 3anuch) 20 aMUHOKHCIOT
JKUBOTHBIX.
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AmuHokuca0Ta | O603HaueHue MouJiekyJisipHas gopmyJia
Ananun ala A CH;-CH(NH,)-COOH

ApuHUH arg R HN=C(NH,)-NH-(CH,);-CH(NH,)-

COOH

Acnaparux asn N H,N-CO-CH,-CH(NH,)-COOH
AcnaparunoBast |asp D HOOC-CH,-CH(NH,)-COOH
KHCJIOTa

Hucrenn cys C HS-CH,-CH(NH,)-COOH
I'nmyramuHoBast  |glu E HOOC-(CH,),-CH(NH,)-COOH
KHCIIOTa

Cnyramus gln Q H,N-CO-(CH,),-CH(NH,)-COOH
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I'unuH gly G NH,-CH,-COOH

luctunun his H NH-CH=N-CH=C-CH,-CH(NH,)-COOH
HWsonelinun ile I CH;-CH,-CH(CHj3)-CH(NH,)-COOH
Jletinmu leu L (CHj;),-CH-CH,-CH(NH2)-COOH
JIvzun lys K H,N-(CH,)4~-CH(NH,)-COOH
MeTtnoHuH met M CH;3-S-(CH,),-CH(NH,)-COOH
Oenunananud  |phe F Ph-CH,-CH(NH,)-COOH

Iponun pro P NH-(CH,);-CH-COOH

Cepun ser S HO-CH,-CH(NH,)-COOH

Tpeonun thr T CH;-CH(OH)-CH(NH,)-COOH
Tpunrtohan trp W Ph-NH-CH=C-CH,-CH(NH2)-COOH
Tupo3un tyrY HO-Ph-CH,-CH(NH,)-COOH

Banun val V (CHj3),-CH-CH(NH,)-COOH

Hemounux: http://chemistry.about.com/library/weekly/aa080801a.htm

6. Ilocrpoenue mogeau JHK

126

Kpaiine mansie pasmepsl JIHK He mo3BossroT yBumeTh ee. BOT modemy mis HEKOTOPBIX OHA TPEICTAeT Cyry0o
OTBJICYEHHBIM MOHATHEM, a HE IEUCTBUTEIBHO CYLIECTBYIONIEH Monekyoil. Jlyumemy nonumanuto JJHK moxer momoub
COOCTBEHHOPYYHAs COOpKa e (PU3MUSCKON MOJICIH.

JleTckrie KOHCTPYKTOPBI IPEKPACHO TOIXOAST st cOopku Mozeneit monekyn, Bkitodast JJHK. Oqun u3 aBTopoB 3T0it
kaHUTH (ApTYp YHITHH3) BOCIOIR30Bajcsad HabopoM koHcTpykTOopa K'NEX mins coopxu moxenn JIHK, xoTopyro Ha puc.
1.4 nepxat B pykax JeTH, IOMOTaBIINE EMy B 3TOM Jele.

Jannas monenp cobpana Ha ocHoBe Habopa K'NEX 32 Model Building Set B kopoOkxe Blue Value Tub (34006),

KOTOPBIH MOkHO TiproOpecty 3a 30 nmu 40 momrapoB (cM. http.//www.knex.com/). Py-
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Puc. 1.4. Moaeas JTHK, xkoTopyio nep:xat B pykax Peii, Meaucca u Tum Hoy (BHyku A. Y. YUrrunsa)
r A e
_ '_ "

http://www.knex.com/customer/theme_search.php?searchType=education&brand=edu&subType=life sci

ITo 3aBeprienun paboThl Bbl mosyunte 4yacth Moiekynsl JIHK, comepxaimryro 48 map ocHoBanuii. B mnuHy oHa
COCTaBHT OKOJIO 1 M.

TTonyuuBiiasics Mozeslb HEMHOTO oTianvaeTcs oT Hacroswerd JHK. B Moxenu kaxaplii CUHUN CTEpKEHb HaXOJUTCS
oA yriaom 20° K OmpeaslIyieMy CTepXKHIO, TOTAa Kak BOJOPOoaHbIe cBs3U B Hactosmier [JHK napamnensHsl B nmpenenax
6°. OmHako MOJeNb TOKa3bIBae€T OTJENBHBIE IMOBOPOTHI CIHpalld, OOJNBIIYIO W MAaJeHBKYI0 OOpO3JKH W TapHbBIe
ocHoBanus A-T u II-I" Yorcona—Kpuka.

IIpu cOopke maHHOI MOIETH BBl CMOXKETE YBUICTH ACUCTBHE [ac-oTiepoHa 1o paciieruieanto AByx Huteit JIHK B xoxe
perumkanuu u paboTy pecTpUKIUOHHBIX (hepMeHToB, pazpesaromux JIHK B omnpeneneHHbIXx MecTax Onmaromaps

«IIOATOHKE» ITHX (PEePMEHTOB K MOJIEKYJIaM.
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[Toutu Bce (opMBI KM3HM Ha 3eMJiie MCIONb3YIOT OAMH U TOT K€ TEeHETHYECKHH KOJ, KII0UYOM K KOTOPOMY CITyKaT
komonbl. Ecnu HykneotunHsle ocHoBanus B JJHK mpencraButh B Buae OyKB T€HETHYECKOTO KOAa, TO KOIOHBI OyAyT
CIOBAaMH, a T€H — IIOCIEI0BATEILHOCTEI0 KOJOHOB, 00pasyrommx mpeiokeHne. CoriiacHO OCHOBHOMY IOCHLTY
(TeHTpanpHas qorMa) [3aHECEHHOTO | B TeH BRIpaXKeHUs (dKCIpeccuu TeHa), coodmenne ot JIHK 3anmuceiBaetrcs Ha MPHK
(marpuunyto PHK), koTopoe 3aTtem nmepeHoCHTCs Ha OeNKH.

st ysicHeHust paboThl KOZOHOB PAaCCMOTPHM €€ MOAPOOHO.

¢ IlocnenoBarenbHOocTh coxaepxkamuxci B JIHK HykineoTHMIHBIX OCHOBaHMM 3ajaeTcsi 4depelOBaHUEM aJIeHUHA,
THMUWHA, IIUTO3WHA U TyaHuHa, 00BI9HO 0003HadyaeMbrx OykBamu A, T, [l u I

+ MPHK nepenuceiBaer nHykieoruansie ocHoBanus JJHK B ToMm xe nopsake Ha pubocoMy, JUIIb 3aMEHUB TUMHH Ha
ypamwit. B pubocoMe mpoucxoaut cOopka OeIKOB HAHM3BIBAHUEM JIPYT Ha JIpyra aMHHOKHUCIOT (cM.: CIUCOK wieH, 5.
AmuHOKHCcHO0THI). Tlopsmok cienoBanus aMHHOKHCIOT B Oenke omnpenenser TPHK (tpancnopraas PHK), mepenarommas
HCXOJIHBIN MOPSAOK CIEAOBaHUS HYKJICOTHAHBIX ocHOoBaHui B JTHK.

Ho xakum 06pa3om 4eTbipe HYKICOTHIHBIX OCHOBAHHS OINPENCISIIOT, Kakyto U3 20 aMHHOKHCIOT HEOOX0IMMO OpaTh
TIPU TIOCTPOCHUH OeKa?

¢ Eciu OBl KaXk7j0€ HYKJIEOTHIHOE OCHOBAHHE 33/1aBaJI0 OJIHY aMUHOKHUCIIOTY, MOYXHO OBLIO OBl COOpaTh JIMIIH YEThIpe
AMUHOKHCIIOTBIL.

¢ Ecnu Obl [Ba HYKICOTHIHBIX OCHOBAHHS COBMECTHO 3aJaBali OJHY AMHHOKHCIOTY, BBIXOAMIO Obl 4° = 16
AMUHOKHCIIOT.
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¢ Eciii 61 TpH HyK/TGOTHIHBIX OCHOBAHHS COBMECTHO 33/[aBajlH OJJHY AMHHOKHCIIOTY, MOXHO OBLIO ObI MOTYUNTh 4° =
64 aMHUHOKHCIIOTBI, @ 3TOTO 0oJiee YyeM JO0CTaTo4HO. TakuM 00pa3oM, KOJOH JOJDKEH MPECTaBIATh COOOM TPHUIIET —
TPU UAYLIMX BMECTE OCHOBAHUS.

TpoudHas mpupoja KOJOHA HaIlLIa OMBITHOE oATBepxkaeHue B 1961 roay 6marogaps padore ®pancuca Kpuka.

BrisicHenneM Bompoca, Kakve TPUILIEThl HYKJICOTHAHBIX OCHOBAaHHM ONpEAENAIOT aMHHOKHCIIOTHI, 3aHsuica B 1961
rogy amepukaHckuii Ouoxumumk Mapmann Hupenbepr, ycranoBuBmunii, uro YVYY KoaupyeT aMHHOKHCIIOTY
(heHMITaTaHKH.

ITocnemyromue ombeiTel HupenOepra n Apyrux y4eHBIX K 1966 romy IMOMOTIH yYCTaHOBHTH ITOJTHOE COOTBETCTBHC
MEXTy KOJJOHAaMHU ¥ aMUHOKHCIIOTaMHU.

B Tabnumax mpuBoasTcss TpexOyKBEHHbIE KOIOHBI M COOTBETCTBYIOUIME MM aMHHOKHCIOTBHI, MPUCOCAMHSIEMBIE K
BeIcTpanBaeMoi PHK GenkoBoit Mosekye, a Takke Hykieotuanable ocHoBanus PHK (V, I, AuT'), ane JHK (T, L, A u
I'). Uaumumnpyrontuit [AYD wim I'YI'] u TepMunupyrommii [cokp. TepM; 310 YAA (oxpa-konoH), YAI (AHTaps-KOA0H) U
VYT'A (oman-koaoH)] [mpancaayuro] KOTOHBI yKa3bIBAIOT HA Ha4Yajo U 3aBepiuenne Tpanckpunuun PHK.

Y 11 A r

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).
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Y VYVV= ¢pen YLV = cep
YVYII = ¢en y]_[]_[ cep

VYA = neit YLHA= cep
VVI'= neit YUI'= cep

O VY= ngeit HUY= mnpo
LYI[= neit LI = mpo
OYA= nei LUA= npo
OYIr'= ner LU= mnpo
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A AYY= wune AIY =1pe
AYIl= wune AL =rTpe
AYA = wune AIIA =T1pe
AVI'= wmer AN =T1pe

I' TYY= Ban THY =ana
I'VIl= Ban Il =ana
I'VA= Ban I'IA =ana
I'VI'= Ban Tl =ana
3ameTuM, 9TO OOJNBITMHCTBO AMHHOKHCIIOT 3aaeTCsl HE OJHUM KOMOHOM. Takas M30BITOYHOCTH HEPEIKO O3HAYACT,

YTO OJHA M Ta YX€ aMUHOKHUCJIOTA 3aJaeTCs HE3aBUCHUMO OT TOI'0, KAKO€ a30TUCTOE€ OCHOBAHME HAXOJIUTCS Ha TPETHEM

MecTe B KoJioHe. [10CKOIbKY UMEHHO TPEThE MOJIOKCHUE YacTO HEBEPHO CUMTHIBACTCS, IMOJ00HAS W30BITOYHOCTh CBOJIUT

K MHHUMYMY TIOCJIEJICTBHSI OT OIMIHOOK B CYUTHIBAHUH.

YAY= tup YVIV= muc VY
YAIl= tup VYIL[= muc I

VAA = cron YI'A= cron A
YAT'= cron YI'll= tpn I

OAY= xuz3 UI'Y= apr VY

A= xu3 UI'l= apr u
OUOA= mu HIA= apr A
HAl'= mmm HIT= apr I
AAY=acu AlY=cep VY
AAll=aca Al'll=cep L
AAA=m3 AlA=apr A
AAT'=m3 AlT=apr T
T'AV=acn ITY=rmm V
TAll=acn T'H=rm [
T'AA=rny ITA=rm A

I'AT =y IT'=rmm T

CTAPT AVL, TIVI' Jleit YVA, VYVT,
oyy, v,
OovA, Ovr
Ana  TIY, TIIL THA, THT Jus  AAA, AAT
Apr LTI'Y, II'll, LI'A, TIT, ATA, Mert AVT

AIT
AcHn  AAY, AAIL e Yyvy, vyl
Acn  TAY,TAI Mpo LY L[ HUA. LT
Iuc  VI'V, ¥I'l] Cep yay. vin YI_U_[ Yaur,

ATY, AI'll ’

i LAA, LIAT Tpe ALY, ALl ALILD ALl
Imy TAA,TAT Tpu  VIT
Ima  ITY,ITLLITA, ITT Tun YAV, YAI]
Xus  LIAY, LIAI] Ban TVVY, I'VI, TIVA, TVl
Une AVY, AVI], AYA CTOIl YA, YI'A, VAA
CTAPT AVT, TVI'  Jlet YVA, VVT,
uyy, 1vil,
OyaA, OYT
Ama 'Y, TUH, TUA, TUT Jlua  AAA, AAT
Apr LIy, IITH, UrA, UIT, Mer AVT

ATA, AIT
AcH  AAY, AAIL den VYV, ¥V
Acn  TAY, TAll Ipo OOV, UL, LKUA, HHT
Luc VIV, YT Cep YUY, YII, VLA, VLI,

ATY, ATH
I'mi  LUAA, LAT Tpe ALLY, AL, ALA, ALF
Iny TAA, TAT Tpu YIT
Fan [ITY, TTL, ITA, ITT Tun VAV, YAL
Xna LAY, AL Ban TVYY, ['VLl, TVA, IVT
Hae AVY, AVI[, AVA CTOITI YAl YTA, YAA
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8. Ykuanka 0ekoB
benku, mmon ycunmmit JHK, PHK u GenkoBbix ¢epMeHTOB, HeCyT Ha cebe OpeMs KM3HH — B OyKBaJbHOM H

TIepeHOCHOM cMbIciie. Ha aBa Buaa O€NKOB, WM3-3a CBOETO CTPOCHHS HA3BAHHBIX TJIOOYJIAPHBIMH [OKPYTIBIMH| H
GUOPHIUIAPHBIMUA™ [BBITSHYTHIMH |, BO3JIOKEHBI MHOTOUHCIICHHBIE 00s13aHHOCTH

¢ Depmenmuviii kamanuz. [100ynapHbIe OSNKM TOYHO MOAJAKUBAIOTCA IOJ ONpPEe/ICHHBIE MOJIEKYJIbl, BBI3bIBAS
KU3HEHHO HEOOXOANMbIe XUMHUIECKUE PEaKIInH.

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-

MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).
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¢ 3awuma. Paznuunbple TOOYISIpHBIC OCIKH OEPETYT OT ONPENCICHHBIX MOJIEKYJ, KOTOPhIC «IOJICTPAHBAIOTCS IO
001K OEKOB.

¢ Tpancnopmuposeka. Jlpyras pa3HOBHIHOCTb TJOOYJISPHBIX OEJIKOB 3aHMMACTCS JOCTABKON HEOONBIIMX MOJCKYI,
OIISATH K€ UCXOJs U3 00MNHKa Oenka. Hampumep, reMorioOuH MMeeT TOJIOCTh, MOJCTPOSHHYIO TIOJ] MOJIEKYITy KUCIOpOJa,
MIEPEHOCHUT KUCJIOPOJ Yepe3 KPOBb M MPH HEOOXOAMMOCTH «Crpyxaer». IIpencraBbTe, 4TO CIYYUTCS, €CIIM MOJICKyJia
YTrapHOTO Ta3a 3aliMeT MOJIOCTh B TEMOTIOOUHE U «3aCTPSHETY» TaM M F'eMOTJIOOWH YKE HE CMOXKET JJOCTABJIATh KHCIOPO/I.

¢ Obecneuenue sonoknamu. KommareH — caMblii paclpoCTpaHEHHBINM (UOPHIULIPHBIN OCIOK y IO3BOHOYHBIX
JKHBOTHBIX. JTO MOJICKYJIApHad OCHOBa KOCTeﬁ, CBA30K, CYXO)KI/IHI/Iﬁ 1 KOXKH.

¢ J[susicenue. MomneKyIibl aKTUHA ¥ MUO3WHA 00JIaIal0T CIIOCOOHOCTBIO CKOJIB3UTh, 00ECIICUNBAast COKPAIICHUE MBIIIIII,

* OubpunnsapHble 6enkn 06pa3oBaHbl MOMMMNENTUAHLIMU LIENsSMU, KOTOPble PacronoXeHbl NapaniefbHo Apyr APYry BAOAb OAHOVA
ocn 1 0b6pasyoT ANMHHbIE BONOKHa (pubpunnbl), unu cnou. HepacTBopuMbl B BOAe WM pacTBopax coner. OCHOBHble CTPYKTYpHble
3/1eMEHTbl COeAMHUTENBHOM TKaHWU (KonnareH (CyxXoXunus, CBA3KKN, XpsL), KepaTuH (BONOCkI, HOITN) 1 Ap.).
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¢ Pecynsyus. Benxku BBICTYNAIOT B KauecTBE IMOBEPXHOCTHBIX PELENTOPOB KJIETKM W BHYTPEHHHX DEryJISATOPOB
MIOBE/ICHUS T€Ha BPOJIE /OC-PeTpeccopoB (CM. TII. 4).

Breurnuii 06muk 6eka ©MeeT pelaroliee 3HaueHHe MPH BHIIOJIHEHUH MHOTHX 3ajlad, ¥ OH Jajeko He mpocT. Eciou
JUIMHHYIO HUTh aMHHOKHCIIOT, COCTABJISIOIINX O€JIOK, YIOJOOUTh BOJIIOKHY, TO (YHKIHMOHAIBHBIN OOMHK OelKa MOKHO
YHOJ00UTh 3aMBICIIOBATON KOP3HUHE, CINIETEHHOW U3 3TOTO BOJIOKHA.

CrokHOE, TPEeXMEPHOE YCTPOMCTBO OenkoB BrepBbie 3amMeTwin B 1930-e romer, korma Y. T. ActOypu momydmt
pa3iIuyYHBle PEHTIeHOTpaMMBbl AU(PPAKIMOHHBIX MOJOC HATSHYTOrO YeJIOBEYECKOTO BOJOCAa. AMEPHKAHCKHH XUMHK
Jlaiinyc [onusr, padotas ¢ Pooeprom Kopu B 1951 roay, ocHOBBEIBasch Ha 3HAHMHM XUMHUYECKHX CBSI3€H, MPENNOI0KHII,
YTO CaMbIe TIPOCTHIC OCIIKOBBIC MOJICKYITBI UMEIOT CIIHpaieBUAHOE (a) Mitu ckiaamgdaToe () cTpoeHwHeE.

(B Aurmuu JIxerimc Yorcon u @pancuc Kpux Gosummch, kak 061 [lomuHr panbine ux He OTKphUT ctpoeHme [JHK.
Oxasanoch, 4to [lonuHr paboTan ¢ HEBEpHBIMH JAaHHBIMH M B MTOTEe Ipeanouen Tpoitnyto cnupans aas JHK Bmecto
IBOWHOMH, KoTOpyro mpemnoxmwm YorcoH u Kpuk B 1953 roxy, mMes Ha pykax OiecTsIive JaHHBIE PEHTTEHOTPaMM
Pozanmuuner @paHkiIuH.)

Bcekope mocne Boictyminenus Ilommbara u Kopum marckmit Omoxumuk K. Jlunapepcrpem-Jlanr mnpemmoxun
YEeTHIPEXYPOBHEBOE CTpOEHHE OeiKa, UCXOAS M3 TEOPETHUECKUX cooOpaxkeHuit (cMm. puc. 3.6). CoBpeMeHHBI YpOBEHB
3HAHUHN TO3BONMI JOOABUTH €IIe /1Ba YPOBHA, O KOTOPHIX MBI MTOTOBOPHM, PacCCMOTPEB BHAdajie HEKOTOPHIE OMBITHBIC
JaHHBIE.

B 1957 romy xummk Jlxon Kengpio mocne 3aBepmienus B KemOpumkckom yHuBepcutere (BemuxoOpuranus)
00JbIION PabOTHI C HCIONB30BAHMEM METOJOB PEHTTCHOCTPYKTYPHOTO aHajm3a ONpEeAeNisI TOYHOE TPEeXMEpHOE
cTpoeHHe Oenka MUOTIIOOWHA, TOCTABIISIONIET0 KHCIOPOA K MbImaM. [TocMOTpeB Ha UTOTOBBIE pe3ysbTarhl, KeHapio
3ameTni: «lloxkanyi, Oomee Bcero 3Ty MOJIEKYIy OTIMYAIOT YIOPSIOYEHHOCTh U OTCYTCTBUE BCAKOH cuMMeTpum». Bcee

J€JI0 B TOM, 4TO OeJIKH OOBIYHO UMEIOT
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CKPYUYCHHOE, BUTOEC TPEXMEPHOE CTpocHHUe. [lake OMBITHBIM HCCICIOBATENSIM HYXHO MPUIOKHUTH HEMAJIO YCWIIWH,
YTOOBl YCMOTPETh B MOJENSAX OEINKOB HEKHE 3aKOHOMEPHOCTH. BOT mouemy CTONb IIEHHO 3HaHWE MHOTOYpPOBHEBON
opraHu3anuu OCIKOB.

[TepBuuHnas cTpykTypa Oenka ompezesnseTcs Menblo aMUHOKKCIOT, cobupaembix PHK cormacHo «ueprexy» JJHK. ¥V
oenmka co 100 aMMHOKHCIIOTAMH KaXKJJ0€ MECTO MOXKET 3aHMMAaTh Jr00as u3 20 aMUHOKHCIIOT, TaK YTO B MTOTE MOXKHO
nonyunts 20" coBepmenHo pasmmanbix GenkoB. Ctomb orpomuas BenmdmHa (10"°"), mpeBblmmaromas 4HCIO aTOMOB
00BIYHOTO BEIIECTBA BO BceneHHOM, CBHICTEIBCTBYET O HEBEPOSITHOM MHOT000pa3uu OCIIKOB.

BropuuHyro CTpYKTYypy HpEICTaBISET O-CIApalb U CKIamauaThiil B-cioi [B-Tsxk], kak u npeanonaran [loaunar. Oti
CTPYKTYPHI BO3HUKAIOT BCIEACTBHE MPUTATHBAHUS TIOJIOKHUTEIHHO 3apsDKEHHBIX YYaCTKOB MOJEKYJIBI K OTPHIIATETbHBIM
y4acTKaM TOH K€ MOJIEKYJIbl U UHBIX 3JIEKTPUYECKUX BO3ACUCTBUI.

Hanpropuunast cTpykTypa (He TOKa3aHa) codyeTaeT B ceOe JBE BTOPHUYHBIC CTPYKTYphl WM 0oJiee, MMEHYEMbIS
MoTuBaMH. JIMCT WM CKiajka uMeeT oObIdHO MOTHB [ofd; Tak HaspIBaeMas ykiaaka PoccmanHa™ mpezacraBnsieT coOoit
coueranue Bafof; apyroii pacpocTpaHEeHHBI MOTHB — B-0090HOK (00pa3ytomtuii TpyOKy B-TsIK).

TperudHas CTPyKTypa 4acTo 00pa3yeTcs MpU PEeaKIMH MOJICKYJbl ¢ BOJOW, Korna [TuapodoOHbIe, T. €. JIHUIICHHBIC
CPOJCTBa C BOJAOH| Yy4acTKM MOJEKYJIBI IJIOTHO CBEPTHIBAIOTCS BHYTPU €€, TaK YTO TOYTH HE OCTAaeTCs CBOOOIHOTO
mpocTpaHcTBa. Takoe TUIOTHOE CBEpTHIBAaHHE OOBACHSAET, MOYEeMy HEKOTOpbIe MYTAalliH, CBS3aHHBIE C 3aMEIICHHEM
AMHUHOKHCJIOTHI pa3J’IH‘IHOI7[ BCJIMYUHBI, MOTYT U3MCHATH 00JIHK 6em<a HAaCTOJIBKO, YTO OH YK€ HE€ B COCTOSAHHWH UT'PATh
OTBEACHHYIO €MY POJIb B METa0OIM3ME OPTaHU3Ma.

* Mo UMEeHW U3BECTHOrO0 aMepUKaHCKOro BMOXMMUKa poaoM M3 FepMaHuu Maiikna PoccmaHHa (p. 1930), oTkpbiBluero ee B 1974
roay.
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JloMeH (He 1oKa3aH) MPeACTaBIseT COO0H yJacTOK Oelika, HepeaKO U3 COTCH aMUHOKHUCIIOT, UMEIOIIHUI CBOCOOPa3HBIN
BHJ] HE3aBUCHMO OT OOJIMKA OCTaTbHON MOJICKYJIbI. JJOMEHBI MOXKHO YIIOJOOUTH y3JiaM Ha JUIMHHOW BEPEBKE.

YeTBepTHYHAsE CTPYKTypa OINUCHIBACT IOJIOKEHHWE, KOTJa JBE IIEMH aMHHOKHCIOT Wid 0Oojee, HUMEHYeMbIe
TIOATPYIIIIAMH, COCIAMHSIOTCS, o0pa3ys oauH (YHKIHOHAIBHBINA Oellok. Hampumep, TeMOTIOOMH COCTOMT W3 ABYX
NOoArpyIIl: O-ICIru U B-HGHI/I. CepHOBI/II[HOKJIeTO‘IHaSI AHCEMHUs BBI3BIBACTCSA MYTaHHeﬁ, 3aMemanmeI71 AMWHOKHCJIOTY B

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).
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OJTHOM W3 YTJIOB KOJIbIA B-TIOATrPYMIBI, 00pa3ys TaM <«JTUIYYKY», KOTOpas CKpEIUIsieT OJHY MOJICKYJy TeMOTIIOOHHA ¢
IOpyroii. B utore MonexyssipHast Helb OKa3bIBACTCS CIUIIKOM JJTMHHOM, YTOOBI CIPAaBISTHCA CO CBOUMH 00S3aHHOCTSIMHU.

IlepBuyHas cTpykTypa Oejka, OMOJOTMYECKM HEAKTHUBHAS, TAKXKE IMOJBEPKEHA BO3JCHCTBHIO JPYTHX MOJICKYI,
KOTOpPbIC MOTYT TIOBJIMATH HAa €€ CTPOCHUE U PaboTOCIOCOOHOCTh. [103TOMY OENKH OT MEPBUYHOTO COCTOSIHUS 3a9aCTYIO
nepexo AT K TPETUUYHOMY WM UYCTBCPTHUYHOMY 3a HECKOJIbKO MHUHYT WM HOaXXC IOO0JU CEKYHIBI. ,Z[aHHBIf/‘I mponecc
UMEHYIOT YKIaaKoi (uiam cBopaumBaHuem). M HaoOOpOT, MpH M3MEHEHHH OKPYXAIOLIMX YCIOBUH (TeMIepaTypsl,
KHCIIOTHOCTH, KOHIICHTPAIlHd WOHOB) OEIIOK MOYKET M3MEHUTH CBOM OOJWMK, WM pa3BepHyThCsA. OOpaTHBIA MpOIECcC
UMEHYIOT NeHarypanueil. [IpuMepoM MOKET CiyXHTh J00aBIEHHE COJM WM YKCyca B THILY, YTO COXpaHIET ee,
paspyias 0eJIki MEKPOOPTaHU3MOB, KOTOPBIE B OOBIUYHBIX YCIOBUSAX OECIPENSITCTBEHHO Pa3MHOKAIUCh ObI Ha MHUIIIE.

Bo MHOrux cny4asx Mmocie JCHATypalud OCIKH BO3BPAIAIOT CBOIO OHMOJNIOTHUECKH AKTUBHYIO KOH(MOpPMAIUIO U
MPOJIOJIKAIOT (DYHKITUOHUPOBATH KaK HU B YeM He ObIBaJIo.

OpHako MHOTAA BO3MOYKHA HEMpaBWIIbHAs ykiaaka. Hampumep, korzna Bel BapuTe SHI0, OelKH pazBopaunBaioTcs. Ho
MPU OXJIAKJCHUU silla OHU HE BO3BPAINAIOTCA K MPEXKHEH yKIaake, a 00pa3yrT HEpacTBOPUMYIO Maccy (eciu siio
CBapeHO BKPYTYIO).
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Ha mnpaBuibHOE M HEMPAaBUIBHOE CBOpPAYMBAHUE OCNIKA BIHSIOT Ipyrue OeNkd, MMEHyeMble MIanepoHHHAMH™,
KOTOpbIE OOBIYHO TMOMOTAIOT YKIAJKe, YCKOpSsl €e W MpeloTBpalias HENpaBWIBHYIO YKIaJaKy. BeisBieno Goxee 17
LIaIEpOHUHOB, HEKOTOPHIE M3 KOTOPBIX Ja)ke IO3BOJIAIOT YK€ HENPaBHIIBHO YIIOXKEHHOMY O€JKy BEpHYTBHCS K
MPaBUIIBHOW YyKIanke. BeayTcs oONIMpHBIC UCCICTOBAHUS MO HEMPABHIBHON YKIAAKe, KOTOpas, BO3MOXKHO, SBIISCTCS
TIPUIHHON 0OJIE3HN ATBITeiiMepa U KOPOBBETO OCIIECHCTRA.

BBI/IZ[Y OrpOMHOT'0 4YHCJia O€JIKOB U (S11(¢ 0OIBIIEr0 KOJIMYECTBA BCEBO3MOKHBIX JJId HUX YKIaJOK U3bICKaHUS B STOH
obnactu TpeOyIoT mpuBiedeHus cynepOBM mns ydera Bcex ciydaeB. [lomoOHO 00paOOTKe AaHHBIX, MOTyYaeMbIX B
pamkax mpoekta SETI, BbI MoxeTe 3arpy3uTh Ha CBOW JOMAITHHN KOMITBIOTEpP MPOrpaMMy IO PACUYETy OEIKOBBIX
YKJIaJ0K, KoTopas Oynmer paboTaTh B BHJC JKPaHHOW 3acTaBKH NpPU TPOCTOE Balllero KoMmbioTepa. Ecnmu Bac 310
3aMHTEpECOBaJIo, MOXKeTe oOpaTtuThesa Ha y3en Beemupnoit [laytunst http://folding.stanford.edu/ Yxe Ha 6onee uem 60
TBIC. KOMIIBIOTEPOB 3aIMyIlieHa 3Ta IPOrpaMMa, 4To OKa3bIBaeT CYIIECTBEHHYIO MOAIepKKy npoekTy Folding@home.com.

JlomoTHUTENBHBIN UCTOYHUK HHDOpMaIn: www. faseb.org/opar/protfold/protein. html (http://opa.faseb.org/ )

9. I'eHeTHYECKHE TEXHOJJOTHUHU

ITockonbKy omnepanuoOHHBIE CHUCTEMBI BCeX UBBIX cymiecTB ocHoBaHbl Ha JIHK, Bo3moxknocTs paspesats JHK,
nepecTpau-

* LUaI'IepOHVIHbI obecneynBatoT cBOpayuBaHuWe, a WanepoHbl — pa3BopayunBaHue 6enka. B Ha3BaHuu 06b|rprBaeTCﬂ 3HayeHune
aHrnuiickoro cnoea chaperon (npoBoxaTas npu Monofon ocobe). K HacTosileMy BpeMeHW OMMCaAHO HECKOJIbKO KacCoB LUanepoHoB,
pasnMualoLwmnxca no CTpykType u cneumdnyecknm dyHKUMAM. Bce wanepoHbl OTHOCATCS K Tak HasblBaeMblM H6efikaM TensoBOoro Loka,

CUHTE3 KOTOPbIX PE3KO YBEJIMYNUBAETCA B CTPECCOBbIX AJ1A KNETKN CUTYaUUnaXx. |-|03TOMy COKpalleHHOE Ha3BaHMe 3Tux 6enkoB — hSp
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BaTh €€, a 3aTeM BHOBb COOMPATh MOPOMIIA HOBYIO OTPACIh MPOU3BOJICTBA — T'CHHYIO TEXHOJIOTHIO.

MHorue pacTeHHsS W XHBOTHBIC YK€ OKA3aJIHCh MMOJBEP)KEHBI JEHCTBHIO NAaHHOW TEXHOJIOTHH. MHOTHE TOHIBI
JKUBOTHOBOJIBI M pacTeHreBo bl m3Mersuin JIHK mocpenctBoMm cenekimonupoBanus. HepaBHo cranu npuberath k 0oliee
MPSMBIM TCHETHYECKAM MU3MEHCHHSIM. Y CTOHYHMBOCTH K TepOUIIIaM, CBSI3bIBAHUE a30Ta U YCTOMYHBOCTh K BPEIUTEIISIM
— BOT HEMHOTHE W3 IIOJBEPIIINXCSd HM3MEHEHHI0 TPU3HAKOB. B wuTore nOOWIMCH YBENWYEHHs MPOU3BOJICTBA
BBICOKOITUTATEIHHBIX ITPOYKTOB.

O6pa1ueHHe TeHETUYECKUX TEXHOJOTHM K YCJIOBCKY CBA3aHO C O3TUYCCKUMH BOIIpOCaMH, KOTOPBIC HGO6XOILI/IMO
PEeIINTh, OCOOCHHO B CBSI3HM C OTCYTCTBHEM IOJHON KapTHUHBI YEIOBEYECKOTO MPOTEOMa, a 3HAYUT, M HEM3BECTHBIM ITOKa
BO3JICHICTBHEM I'eHETUICCKHUX M3MEHEHUH Ha YeJIOBEUECKHUE MPU3HAKH (CM. TIL. 4).

KocBenHoe uCTOIp30BaHNE TEHETHYECKUX TEXHOJIOTHI yKe CYIIECTBEHHO OTPa3HUiIOCh Ha KU3HU JIIOJIEH.

[IpuBoUM MEepedeHb OCYIECTBISEMbBIX OMOTEXHOJOTHICCKHUX POCKTOB,

bakTepnn MCHONB3yIOTCS U MOTYYeHHS HPEKAE TPYIHOIOCTYIHBIX, HYXKHBIX YEJIOBEUECKOMY OpraHW3My OENKOB,
TaKUX Kak:
sputponodTuH (Erythropoietin), cTuMymupyIOIIHIA TPOU3BOICTBO KPACHBIX KPOBSHBIX TeJel] (3PUTPOIIUTOB);
TOPMOH POCTa, CIIOCOOCTBYIOIINH HOPMAJIBbHOMY POCTY;
WHCYJIMH, TOMOTAIOIIUH Mpu auadere;
uHTEep(EpPOH, MPUMEHSIEMBIN TIPH PA3INYHBIX 00JIE3HSIX; MEXaHU3M €ro ACHCTBHS ellle He 10 KOHIIa OHST;
npopuOpUHOIN3HH (TIIIa3MUHOTEH), CIOCOOCTBYIOIIHMIA PAaCCaChIBAHUIO KPOBSHBIX CT'YCTKOB.
Temnepb ¢ MOMOIIBIO TEHHOM TEpaIuy jevyar Takue 3a00JIeBaHus YeJI0BEKa, KaK:
CIIIA;
0O0JIe3Hb TEYEHH, BHI3BAHHYIO 0.- | -aHTHTPUIICHHOBON HEIOCTATOYHOCTHIO; TIOPAKEHHE MIEUYCHN MOXKET IPHBECTH K
XPOHHYECKOMY T€IIaTUTy U IUPPO3Y;
HEKOTOpBIE Pa3HOBUAHOCTH PaKa;
267
XpOHHYECKasl rpaHyJieMaTo3Has 00JIe3Hb (XPOHUYECKHI CEMEHHBIN IpaHyIeMaTo3);
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KHUCTO3HBINA (HrdOpo3;

CEMElHasl TUIIEPXO0JIECTEPUHEMUS;

6one3ns ['ome, mo umenu ¢paniysckoro naepmaroiora @ununmna [ome (1854-1918), xapakrepusyercs
HAKOIUIEHHEM TJIIOKOIepeOpo3nIoB B Makpodarax TIJIaBHBIM 00pa3oM Cele3eHKH, KOCTeH U Ie4YeHH;
HacJIeIyeTcs [0 ayTOCOMHO-JJOMUHAHTHOMY THILY;

reMouIus;

6one3np Xanrtepa (Mykononucaxapuno3 Il Tuma), mo uMeHn KaHaJICcKoro Bpada pojaom u3 Lornannuu
Yapawsza Xantepa (1873-1955), B 1917 roay onmcaBiiero xapakTepHyr CUMIITOMATHKY Y IBYX MaJb4MKOB-
OpaTbeB; XapaKTepu3yeTcs YMEPEHHO BbIpaXeHHOU aedopMaliieil ckenera, aTpoQuen AUCKOB 3pUTEIBHBIX
HEpPBOB, MHWIMEHTHOW JET€HEepalreld CEeTYATKH; HACJIEeNyeTCs IO PELECCUBHOMY, CBSI3aHHOMY C X-
XPOMOCOMOM THILY;

nepudepuyeckas aHrHONaTHs;

ypUHHYKIIE03uA-(hochopuiassl HeIOCTaTOUYHOCTD;

PEBMATOUIHBIN apTPUT;

TsDKenasi KomOuHupoBaHHass uMMyHHas HepocratoyHocTh (TKMH; anrn. SCID — Severe Combined
Immunodeficiency).

[TonoGHBIE CHMCKM YCTapeBarOT yXke NpH HMX OOHApOJOBAaHMHU, IOMOJHSACH OOJIE3HAMHU 4YyTh JIM HE
eXKeqHEeBHO. s MoiyueHHsl caMbIX CBEXKUX CBEACHUH oOpamaiitech K cleqyonmM ys3nam BcemupHoit
[TayTuHBI, pa3MenamImX HOBOCTH B chepe OMOTEXHOJIOTHIA:

http://www.bioethics.net/news.php
http://www.biotech.sunysb.edu/educ Work/ibrp/index.html
http://ucbiotech.org/

NpHUpoJa TeJoMep

VscHeHHe HaMu TPUPOJBI TEIOMEpP — MpUMEpP TOro, Kak 3HaHUWE paboThl reHoma (IpoTeoMa) MOXKHO
MIEPEBECTH HA SA3BIK
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texHojoruil. [ToBTopsArOmuMicsS y4acTOK B KOHIIE XPOMOCOMbBI, UMEHYEMbI TEJIOMEPOIl, YACTO COCTOUT U3
noBTopsmolIeiics MHOro pa3 nociegoBatensHocTd TTAITT, KOTOpYI0 MOKHO OBIIO OBI YIIOJTOOUTH CIIOBAM «H
T. A, © T. A, U T. OA».. B HEKOTOPOM CMBbICIE 3TH MOBTOPSIOIIKECS IOCIEAOBATEIIBHOCTH MOXHO
paccMatpuBaTh Kak «OpocoByio» JIHK, mockonbky B HuUX He KoaupyeTcs cOopka Oenkos. [lpu kaxmoin
permukanuu JJHK onHa n3 moBTOpsieMBIX TOCHe0BaTENbHOCTEH Gu3nuecku otaensercss oT moJekyisl JIHK,
ykopauuBasi ee. Ilociae orOpachiBaHMS BCEX MOBTOPSIOMIMXCS TIOCJIEIOBATEIBHOCTEH MpU  Clexyromei
permukaunu JIHK oTnmaBmine ocHOBaHUS OKa3bIBAKOTCS YK€ HE «IIAMOYKAMM» IMOBTOPSAIONIMXCS KOHIIOB
[XpOMOCOMBI|, @ YacThiO uepTexka i crnenupuaHoro Oenka. J[aHHoe sBIEHUE, HANPSAMYIO CBSI3bIBAEMOE CO
CTapeHHEM KIIETKH, UMEHYIOT Tpenesom Xendiauka*. A30THUCTBIX OCHOBaHUH, HEOOXOMMMBIX I COOPKH
oTpeieIeHHOro Oernka, OoJbIe HET, TOATOMY O€JIOK He coOMpaeTcs JOKHBIM 00pa3oM, a 3HAUUT, U HE MOXKET
BBITIOJTHATh BO3JIOKEHHBIX Ha HETO0 OOS3aHHOCTEM B MoNHOM oObeMe. Ecim 3TOT Genok urpaer >KU3HEHHO
BaXXHYIO POJIb B METa0OIM3Me OpraHu3Ma, IOA0OHbIH cOO 03HaYaeT CMEPTh.

[Ipenmonoxum, 4TO OPraHu3M HCIOIb3YeT NaHHBIN OeoK At 00pbOBI ¢ onpeneaeHHbIM BUpycoM. [Ipexne
O0emok coOwparncs TpaBWIBHO W BHUpyC oponeBar. Ho ¢ yxomom Bcex mnoBtopsitomuxcs TTAITT
MOCJIEZIOBATEILHOCTEN CTAI0 HEBO3MOXKHBIM COOMPATh CTOMKUI K BUPYCY O€NOK, U BUpYC Oe3pa3/iebHO 3aB-

* Mo uWMeHM aMepukaHckoro 6uoxmMuka JleoHapaa Xeiicdnvka, OTKpbiBlEro B 1962 roay siBReHWe crapeHus KneTku. OH

06HapyXun, 4To Npu KyJNbTUBMPOBAHUM B MUTATE/IbHOW Cpefe BHE opraHusMa in vitro HopManbHble AunaougHble (comaTuyeckue)
KNeTKM 4yenoBeka CNOCObOHbI AeNUTbCSA NMWb OrpaHWYeHHoe 4Yucnio pas. lNpeaenbHoe 4YMCNO AeNeHW 3aBuceno OT BOo3pacTa Toro,
KOMY MpUHaAnexanwu KneTku, B3sTble B KynbTypy. Tak, KNeTKM OT HOBOPOXAEHHbIX aeTel Mornm npontn 80-90 feneHui, B TO BpeMs
Kak KneTtkn oT 70-NeTHUX CTapukoB Aenunucb Tonbko 20-30 pa3. MakcuMManbHOE 4UMCO KJIETOYHbIX AefeHuidi 6bl1o HasBaHO
npegenom Xendnuka (Ha pyc. A3.: Xevgauk J1. Kak n noyemy Mbl ctapeem? CoBeTbl cneumanucra. M., 1999; oH xe. CMepTHOCTb U1
b6eccmepTre Ha KNeToYHOM ypoBHe // Buoxmmns. 1997. T. 62. N2 11).
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Jmazen opraHu3MoM. Bo3mokHO, mosToMy (DIIaBHBHPYCH™ Bpone BO3OyAWTENs IUXOopaaku 3amamHoro Huma merde
MIOPaXKaroT MOXKUJIIBIX JIFOJEH.

Bmecte ¢ Tem pakoBble KJIETKH He cTapsaTca. OHU Oe3rpaHH4YHO BOCIPOHU3BOIATCA. Tak YTO K€ MPOUCXOIUT C UX
roBTopsromuMucs nociegoBarensHocTIMUA TTAITT, koTopbie 1OMKHBI 0THanaTh? OKa3pIBaeTCs, CYyIIECTBYeT (DEepMEHT,
HMEHYEMBIl TeloMepa3od, KOTOPbIH MpH AaKTUBAlMM BOCCTAaHABIMBAET HAa KOHLE XPOMOCOMBI HENOCTAIOLIUE
nocnenoBatensHocTd TTAITT, mo3Bomss TeM caMbIM KIIETKE pa3MHOKAThCsl BHE OTBEIEHHBIX €1 IIPEIEeIIOB.

3ammuTe TPOTHB HEKOTOPHIX BHUIIOB paka, BO3MOXHO, MOMOT OBl MTOWCK aKTUBUPOBaHHOW TeioMepasbl. Kpome Toro,
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BBOJ] TEJIOMepa3bl IPH HEPAKOBBIX 3a00JIEBAHMIX, BO3ZMOYKHO, TIPOIHI OBl JKM3Hb. WM ke JeaKkTHBaIus TeIoMepassl
ocJje MPOXOXKACHUS Kypca JIeUeHHs PaKOBBIM OOJILHBIM MPeI0TBpaTHIIa Obl OTACHOCTh PELUANBA.

[Ipomomxkaromuecs ucciaeToBaHus B JAHHON 00JIACTH BO MHOT'OM BJIHSIOT Ha (hapMaKOJIOTHIO.

Habmomarommiics B OMOTEXHOJIIOTHH OyM CTajl BO3MOJKEH IOCIe KapTHPOBAHHS T€HOMa MOJENIBHBIX OPTraHHU3MOB U
yenoBeka. OJTHAKO M3-3a HOCUBILETO YPHIBOYHBIN XapaKkTep KapTHPOBaHUS T€HOMa YesloBeKa (KOTaa CBESHHS MOCTy Il
OT Pa3NMYHBIX HCCIenoBaTeNnel) moacTpanBaHue (papMaleBTHUECKOH MPOAYKLUMH WM TEHHOW Tepamuu IOA Ka)XIIOoTo
YeJI0BeKa IOKa eI1e HEBO3MOXKHO.

Takoe mosio’keHue TOMKHO BOT-BOT H3MEHHUTHCSI.

15 aBrycra 2002 roma /[x. Kpeiir Benrep 00baB1I 0 CBOEM HAMEPEHHHU CO3AaTh HOBBIN LEHTP MO CEKBEHUPOBAHHIO
JHK mnon osrupoit MucTHTyTa wnccnenoBannii reHoma (TIGR), Llentpa conefictBus reHommke u WHCTHTYTa
aTbTEPHATUBHON OMOJIOTHICCKON SHEPTCTUKH.

* ®naBuBupycbl — CEMEICTBO BUPYCOB, HacuuTbiBalollee okono 70 npeAcTaBuTenelt 1 Nonyumnsllee CBOE Ha3BaHuWe OT nat. flavus
(>kenTblin), N0 UMEHU TUMUYHOIO NpeacTaBUTeNs 4aHHOMO CEMENCTBA — BUPYCa XENTOM NMXOPaAKN.
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B 3amauy aTMX ydpexkneHuil BXOAWUT pacmm(poBKa MOITHOTO T€HOMa KOHKPETHOTO YeNOBEKa, IMPOM3BOIMMAs 3a
HECKOJIBKO YacOB WJIM MUHYT, & HE B T€UCHHE MECSIIEB HMJIU JIET, KOTopas Obl cTomia 2—3 THIC. AOJUIAPOB, & HE COTHHU
MUJUTMOHOB, KaK 3TO OBLJIO B ClIy4ae ¢ MEXKIYHapOIHBIM KoHcopiuyMoMm Human Genome Project. Xots Bentep u
OTOBapUBAETC, UYTO «CYIISCTBYIOIIME TEXHHUYSCKUE CPEACTBA HE CIIOCOOHBI PEUINTh IMOAOOHON 3amaun», OH
paccUMTHIBAaET CHPABUTHCS C HEl 3a Jecarth jeT. C MOsBICHUEM 3TUX HOBBIX TEXHHYECKHX CpeAcTB BeHTep mimaHmpyer
onHoBpeMeHHOe cekBeHupoBanue JTHK Bcex mMukpoOoB, conmepxanmxcst B mpobe MOPCKOH BOJBI, B Ka4eCTBE CIIOCO0a
CJIE’KEHHUSA 32 COCTOSIHUEM 3KOJIOTUU.

[TycTh mog00HbBIE TUTAHEI U BEITJISAAAT Yepecdyp ONTUMUCTHYHBIMU, JOCTH)KEHUsT BeHTepa MO3BOMISIOT HAICATHCS, YTO
€ro MPOTHO3BI OTIPABAAIOTCA.

10. [TapauKoBBIE ra3pl

[lapHuk obecreunBaeT pacTeHUsl TEIUIOM, Ojarogaps TOMY 4YTO CTEKJIO MHPOIyCKAeT CONHEYHBIA CBET BUAUMOM,
BBICOKOYACTOTHOW YacTH CIEKTpa, 3aAepKHUBas IIPU 3TOM HUCXOIMINEe OT PacTeHHH HU3KOYAaCTOTHOE, MH(PaKpacHoe
n3iydeHue. Tem caMbIM CTEKJIO CIIy>KMT JIOBYLIKOH JUIsl HarpeToro Bosayxa. Kak yke roBopusioch B TIil. 5, IOBEPXHOCTh
Beneprr, 3eman u Mapca HarpeBaeTcs Omaromapst atMocdepe, ACHCTBYIOIIEH B JaHHOM cilydae MOJOOHO CTEKIY
MapHHKA.

Ha puc. 1.5 moka3ano B3anMOIeHCTBIE U3IYUICHHS C 36MHOU MMOBEPXHOCTHIO. Buanmerii cBeT ot Conana (1) 6ombIeit
YacThl0 MPOXOIUT CKBO3b 3€MHYIO aTMocepy, W JHUIIb HE3HAUYUTENBHOE €ro KOJMYECTBO OTPa)KaeTcsl OOIaKaMu.
ConHeuyHast SHEPrus OTYACTH IOTJIOIIAECTCS 3€MHON MOBEPXHOCTHIO (2) M oTpakaercs oT Hee (3). 3aTeM MOJEKYJIbI

3eMHOM MTOBEPXHOCTH M3IYUYaOT YHEPTHIO B HU3KOYACTOTHOM HH(pakpacHOM auama3one (4). ['a3sr
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Puc. 1.5. BzanmopeiicTBue u3aydeHus ¢ 3emiei

i. Buaumbi¥i ceer, 6. Ywenuee B kocMoc
uaymuit or ConHua uHbpakpacHoe UaayyeHue
MOJIEKY/1 TAPHUKOBBIX Ta30B

s 'Imr[apumnue rasm
\ . (yrrexucanii 123, napu BOMML.

i ~ 5. OtpaxenHoe
\\uuq:paxpacuoc
H3NyueHHe
Bmmmoro‘,’ ,-"/-' < YMonekyn nap-
cBeTa / / HUKOBbIX

,-" [' 4. Undpakpachoe nany- rasos
| [ JueHue c MOBEPXHOCTH 3eMiin

3. Oll.‘paxe'}mé;;hé'rb_ / /

2. TornouieHHas
4acTh BHAKMOrO CBETa

B aTMocdepe 3eMITH OTPaKaloT 3HAYUTEIbHYIO YaCTh HHPPAKPACHOT'O U3ITy4EHHsI 00paTHO HAa TIOBEPXHOCTS (5), Torna
Kak B KOCMOC BO3BpallaeTcs JIMIIb Majas Tojuka (6). B uTore 3eMHas MOBEpXHOCTb HAarpeBaeTcsi MOJAOOHO BO3AYXY
BHYTPH NapHHKA.

3eMHast aTMocdepa COCTOMUT MPEUMYIIECTBEHHO W3 a30Ta M KHUCIOPOIa, KOTOphle HE OTpa)kaloT HH(PAKpacHOTo
U3Ty4YeHUs] oOpaTHO Ha TMOBEPXHOCTh IUIAHETHL. OJTO [ENAlT Ipyrue aTrMocepHble Ta3bl, Ha3bIBaE€MbIC MOITOMY
napHUKoBbIMH. OOpasyemble B aTMocdepe eCTECTBEHHBIM IIyTE€M, IaPHUKOBBIC Ta3bl BKJIIOYAIOT BOISHBIC MApBI,
IBYOKHCH yIJIepoja, METaH, 3aKUCh a30Ta U 030H. IIpOMBINUIEHHOCTh CYIIECTBEHHO IOMOJHIET UX YUCIIO, CO3/1aBas K

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).



AHko Cnasa (Bubnuoteka Fort/Da) || http://yanko.lib.ru 133

TOMY K€ HE BCTpEYaoNIrecs B MPUPOJIe MAPHUKOBEIC T'a3bl.

Ha nmonto nByokucu yriaepona cpely MapHUKOBBIX ra3oB npuxonautcs 76%. [IpupoaHbIMU UCTOYHUKAMU YTIIEKUCIOTO
ra3a CiIy»aTr W3BEP)KCHHUs BYJIKAHOB, THUIOIINE PACTCHUS U Pa3fararolluecs TPYIbl KUBOTHBIX, MOPCKUE HCTIAPCHUS U
JIbIXaHUE KUBOTHBIX. 113 aTMOC(ephl ABYOKHCH YIIIEpoia YAAseTcsl Yepe3 MOPCKYI0 Boy U Onarogapst GoTocHHTE3y Kak
OKCaHMYECKOr0 IIAHKTOHA, TaK U OMOMAcChl Ha CyIle, BKIOYas jieca U Jiyra (MMEHyeMble MOTJIOTUTEIIMUA — Sink).

YenoBeueckas ASATSIbHOCTh (I/IMGHyCMaH aHTpOHOI‘CHHOﬁ), COIPsPKCHHAA C BBIACJICHUEM YTJICKUC-
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Joro rasza B atMoc(epy, BKIIOYAET CKUTaHHE TBEPABIX OTXOAOB, HCKOMAEMOT0 TOIUIMBA, JPEBECHHBI U JCPEBSIHHBIX
U3IETUN.

Meran, coctasmstonii 13% MapHUKOBBIX Ta30B, HAa3bIBAIOT TakkKe OOJOTHBIM Tra3oM. MeTaH BBIIEISETCS TPHU
THHCHUH PACTEHHWH, OCOOCHHO HAa pPHCOBBIX TMOJSX, OaKTEpUsSMH, pa3laraloliiMH OPraHWYecKOe BEIIeCTBO B
YBIQKHEHHON MOYBE W B KHIIEYHHKE MHOTHMX >KUBOTHBIX (BCIIOMHHM KOPOBBIO OTPBIKKY). MeTaH MOpoKaaeTcs
YeJIOBEYECKON JEATENIbHOCTHIO NMPH BEACHUHM TOPHBIX pabOT M TPaHCIOPTHPOBKE MCKOIAEMOIO TOIJIMBA, Pa3I0KCHUH
TBEPJBIX OTXOAOB Ha CBAJKAX U pa3BEJICHUM JOMAIITHETO CKOTA.

3akuch azoTa cocTaBisieT 6% MapHUKOBBIX TA30B M BBIACHSCTCS C€CTECTBEHHBIM ITyTEM OKEaHOM M B pe3yibTaTe
MMOYBCHHOM NEeSTEeNbHOCTH OakTepuil. UenoBeK MPUBHOCHUT 3aKHCh a30Ta MOCPEICTBOM a30THBIX yIOOPEHHUH, yCTaHOBOK
10 OYUCTKE CTOYHBIX BOJ U BBIXJIOIOB JIETKOBBIX M I'PY30BBIX aBTOMOOMIIEH.

[IpumepHo 5% NApHUKOBBIX Ta30B IMOCTaBISIFOTCS HCTOYHHKAMHU YENOBEUECKOW aesTenbHOCTH. Cioma OTHOCSTCS
BogopoaHo-propucteiii  yriuepon (HFC), mepdtopuposannsiii yrimepon (PFC) u mectudropucras cepa (SF6)*,
HCIIOJIb3YEMBbIE B PA3JIMUHBIX IPOMBIIUIEHHBIX IPOU3BOACTBAX.

HepmaBHue mporHO3bI MO TMOBOJY ITOBCEMECTHOTO TOTEIJICHUSI MPOOYAMIN MHTEpeC K MapHUKOBBIM razam. Kak u B
ciyyae C J000H oOmIeyenoBedeckoil mpoOieMo, 37ech MMEIOT MECTO HaydHas, TeXHHYecKas, SKOHOMHYECKas u
sTHyeckas cocraBisonme. IlockonbKy paccMoTpeHue Ooinblieli MX YacTH BBIXOAWT 32 PaMKU Halledl KHHTH,
COCPEIOTOYMM BHUMAHHE JIMIIb HA HEKOTOPBIX HAYYHBIX aclIeKTaX, CBA3aHHBIX C 00CY>KIEHUEM TEMBbI IIOTOJIbI B TIL. 5.

CHauana paccMOTpUM pHc. 1.6, TIe NPUBOIATCS MOKAa3aHUS TEMIIEPATyPhI 33 TPOLLIBIC TOJIBL.

Ha rpaduke BuaHO, 4TO CpeqHss TeMIeparypa y MOBEepXHOCTH 3emiiu 3a nociennue 100 net nogHsiaack NpuMEpHO Ha
1°F

* CJ'Iy)KI/IT Fa3006pa3HbIM N3014TOPOM ANS BbICOKOBOJIbTHbIX YCTAHOBOK, MO3TOMY €LUE Ha3blBAE€TCA 3/1€ra3oM.
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N3menenus TEMIIEPATYPbI Y IOBEPXHOCTHU 3emun

Puc. 1.6. Cpeansisi TeMneparypa y noBepXHoCTH 3eMJIn
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[5/9°C]. OtctymnuieHne JeTHUKOB, TasHUE JICTHUKOBOTO MoKpoBa Ha CeBepHOM K HOKHOM moimocax, yBElIHYECHHUE
HUCIAapeHusi W KOJMYECTBA OCAaIKOB M IMOABEM YPOBHS OKeaHa CIy>KaT [JONOJHHUTEIBHBIMH CBHICTEIbCTBAMH
[IOBCEMECTHOTO IOTEMJICHUs B NpoIioM. O4eBUIHO, 3eMJIsl CTAHOBUTCS Oo0Jiee TeIION.

Ho BBI3BaH /1 Takoil pocT TeMnepaTyphl HEJaBHUM YBEIHUEHHEM KOJUYeCTBa MapHUKOBBIX ra3oB? B3risHem Ha puc.
1.7.

®unancupyeMas OOH u cocrosiias u3 2500 ydyeHbix MeXnpaBUTENIbCTBEHHAS] KOMHUCCHS IO BOIPOCY HU3MEHEHUS
KIIMMa-
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Conepxanne B aTMoc(epe Tpex HIMPOKO PACPOCTPAHEHHBIX MIAPHUKOBBIX I'a30B

Puc. 1.7. Cogepxxanue B aTMocdepe NapHUKOBBIX I'a30B

A syokuch yriepona 15,

60 - ]
= . ' 1.0
[~ #

] _ 0.5
0o v ‘ﬁ-vﬁvvﬁwevd‘wwf 400

€O, (ppm)
[ SO & I - T R % |
S 8833

— i 1 1 1

Meran .

-y —
g o
g8 8

3 1

1250

CH, (ppb)

:

750y msgim, app ufwseDfe ende

A

Conepxanuc » armocthepe

=
o
PaauauvonHoe Bosneitctehe, Bm/mt

310 | 3aKuCh asoTa j

ho
8
L
o
=)

=+ 005

N2O {ppb)

270k, . T A 100

250 ; .
1000 1200 §400 1600 1800

2000 loan
275

ta (IPCC) npumuia K 3akII0OYEHHUIO, YTO BUHOM BCceMy IapHUKOBbIE Ta3bl (cM. y3en Bcemupnoit IlayTunbl
www.ipce.ch/). YIcxoas 13 3HauYUTENbHO OOJIBIIErO YHMCla MPUPOJHBIX UCTOYHUKOB MAPHUKOBBIX Ta30B IO
CPaBHEHMIO C aHTPONOT'€HHBIMU UCTOYHUKAMHU, MOKHO TIOJyMaTh, YTO POCT 0ObEMOB CaMUX ra30B 00YCIIOBIEH
YeM-TO WHBIM, MOMHMO JeATENbHOCTH 4eioBeka. OJHAaKO KIMMATOJIOTH YTBEP)KIAIOT, YTO €CTECTBEHHbBIE
WMCTOYHUKU U TIOTJIOTUTENN MPUMEPHO ypaBHOBEIIMBAIOT APYT ApPYyra, Tak YTO OTMEUYEHHBIH POCT, BEPOSITHO,
BBI3BaH aHTPOIOT€HHBIMU HCTOUHUKAMH.

[TomMuMoO moOCTaBKU YTJIEKUCIIOrO ra3a CXUTaHWEM HMCKONAeMOro TOIUIMBA M JIPEBECHHBI OOJIBIIOE BIUSHUE
Ha cOCTaB aTMoc(epbl OKa3bIBaeT APYTol BUJ YEJIOBEUECKON AEATEIbHOCTH — BBIpYyOKa JecoB. 3aroToBKa Jieca
Y pacYMCTKa 3€MJIM TIO/] TTAITHIO ¥ AacTOMIIA B TPOITMYECKOH 30HE MPUBOIAT exkedacHo K morepe 3500 akpos [1
akp = 4046,86 M| IeCHBIX yroauii. YIJIEKUCIBIA ra3 IOCTYNAET B aTMOC(EPyY NMPH CKUTaHWH JEPEBBEB, TOT/IA
KaK 00€3JIECEeHHE COKPAIAeT YUCI0 UMEIOIUXCs Ha 3eMJIe MOTJIOTUTENIEH 9TOr0 YIVIEKUCIIOTO rasa.

Heo0xoanMo Takke M3yyuTh JOJITOBPEMEHHBIN KPyrooOOpOT aTMOC(EpHBIX ra3oB Jjisl OTBETa Ha BOIPOC,
HE HOCAT JIM HBIHEIIHUE KoyebaHus Oojee JUIMTEIBHOro Xapakrepa. Ha ocHOBe M3ydeHHs 0caJ04YHbBIX TOPOX
BBISBIISIIOTCS. OOJIBIIME IUKIMYECKHE HW3MEHEHHsI B COJAEP)KAaHUM YIJICKHCIIOro ra3a B JaJeKOM MpOILUIOM,
OJTHAKO JAHHBIX 3TUX MAJIO M TTOKA HESICHBI IPUYMHBI IOJOOHBIX N3MEHEHHIA.

Ecnu TeHaeHIMs K NOTEIUIEHUIO MPOJODKUTCS, 3TO NMPHUBEAET KO MHOTUM HEXKEJIaTeNIbHBIM IOCIIEACTBUSAM.
[ToMrMO 04YEBHIHOTO pOCTAa YPOBHS OKEaHa, YTO CJAETaeT HENPUTOAHBIMU ISl OOWTaHUS HEKOTOPHIE
NpUOpexKHbIE pallOHbI, a TAKXKE BBI30OBET YBEJIMUEHHE COJIEHOCTH MPECHOBOAHBIX 03€p U PEK, KIMMAaT CTAHET
0oJjiee cypoBbIM, IPUBEAS K UETIOBEUECKUM U MaTepUaIbHbIM NOTEpsM. Bee 3To oTpa3uTcs Ha 340pOBbE JIOJCH:
TPOIMUYECKUE HACEKOMbIE U OOJIE3HH NEPEeMECTATCS B YMEPEHHYIO 30HY; CYLIECTBEHHO BO3PaCTET PHCK

3a00JeBaHMs AUA0ETOM, MAISIPUEH, TETJIOBBIX YIapOB, TEIIOBON MPOCTPALINHU M OJIBIIIKH.
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Kaxk YKE TOBOPWJIOCH B TIJI. 5, MAlIMHHBIC MOACIIMW KJIMMaTa COACPKAT MHOI'O HCACHOI'O, YTO CBSA3AHO C
TPYAHOCTSAMHU  MOJCIUPOBAHHA; HN3MCHCHHEM COJTHEYHOM AKTUBHOCTH;, TICPEMCHYNBBIM  XapPAKTCPOM

00JIaYHOCTH; CJIO)KHOCTBIO MAaTEMaTHYECKOrO ammapara, OOyCIIOBJICHHOM XapaKTEpU3YIOIMIMMU KJINMaT
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B3aMMOCBS3aHHBIMU HEJIMHEHHBIMH MEPEMEHHBIMU, OOPATHOM CBS3bIO; CIUIIKOM OOJBIIMM pPa3MEPOM sSUEEK
[MOKpBIBAIOIIMX CUHONTUYECKUH paliOH CETKH| M KpailHE MaJibiM KOJIMYECTBOM JaHHbIX. Kak M B ciydae ¢
MOTO/ION, 3aKifoueHue MexnpaButeabcTBeHHOW kKomuccuu [IPCC ocHOBBIBanoCh Ha COOPHOM TIPOTHO3E.
[IpenckaspiBasioch HEOIArOMPHUITHOE BO3JACHCTBHE HA 3/I0pPOBbE 4YEIIOBEKA, MPUPOAHBIE HSKOCUCTEMBI U
3eMJIe[eNIbYECKOe U MTPUMOPCKOE HACEICHHE, HO C OTOBOPKOM BBUAY OOJBIIIOTO YHCIa HEYYTCHHBIX (DaKTOPOB.

[IpoTHBONONIOXHASI, AOCTaTOYHO APTyMEHTHUPOBAHHAS TOYKA 3PEHHUS COCTOMT B TOM, YTO HBIHEIIHEE
MMOBCEMECTHOE TIOTEIUICHHE BBICTYIIAET JIUIIH YACThIO0 HEKOETO 00Jiee JUIUTETHHOTO IIUKIIA, HAM MTOKa HE SICHOTO,
1 mo6as yenoBedeckas AeATeIbHOCTh KpailHe Majio OTpa)kaeTcsl Ha HEM.

JlonrocpodHble AEWCTBHSI IO YMEHBIIEHUIO BHIOPOCA MAPHUKOBBIX T'a30B MOKA TOJIBKO M3Y4YaIOTCS, OJHAKO

HESICHOCTH HAy4YHOI'O CBOWCTBAa PUCYIOT MEpel TEMH, KTO NMPUHUMAET DPELICHUS, CMYTHYIO KapTUHYy — IO
KpaliHel Mepe CEeroJHs.
Cwm. y3el AMepUKaHCKOT0 reopu3nIECcKoro oOmecTBa http://www.agu.org/eos_elec/ |

www.agu.org/eos_elec/991483.html JInst modydeHUs: caMbIX CBEXKHMX HOBOCTEH MPOBOAMTE MOUCK B MIHTEepHETE
10 KJTIOUEBBIM CJIOBaM «ITAPHUKOBBIC Ta3b» (greenhouse gases) Win «TrI00aIbHOE TTOTETUICHHUE).

B nanbheiimem, ecnu pa3BUTHIE CTpaHbl YMEHBIIAT MOTPEOJICEHHME MCKOMAEMOro TOIUIMBA U OOpaTATCS K
BO300HOBIISIEMBIM HMCTOYHHKAM DSHEPTHHM THIIA BOISHBIX, BETPSHBIX M COJHEYHBIX, OCTPOTY MPOOIEMBI
MOTEIUICHUS yJacTcsi CHATh. B EBpore ncnonb3yror siAepHyIo SHEPIUio, HO €€ MPOU3BOACTBO U MOTpeliIeHne
COIPSDKEHO ¢ BOIIpocamMu 0€30MacHOCTH W YTHIIU3AIMH O0TX0/A0B. Jlajee, cTpaHaM TPeThero Mupa HeoOXO0aUMO
CHHM3HUTb YPOBEHb poxkaaeMocTu. lIpexe 4eM mpoBOIUTH B JKU3HB TOT WJIM WHOW IUIaH, CIIEAYET Y4ecTh BCE

OTUYCCKUEC, DKOHOMHNYCCKHEC U ITOJIUTHYCCKUEC (baKTOpBI.
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11. 3emuisi: ucropusi HeaAp

B xone ¢opmupoBaHus 3eMIIM TATOTEHUE COPTHUPOBAJIO MEPBUYHBIA MaTepHall B COOTBETCTBUH C €r0 IUIOTHOCTBIO:
OoJiee TIIOTHBIE COCTaBIISIIOIINE OMYyCKaJINCh K LIEHTPY, a MEHee MJIOTHBIE TIaBalld CBEpXy, o0Opa3oBaB B urore Kopy. Ha
puc. 1.8 npencrasiena 3emis B pa3pese.

Kopa — BHemHsisA 000/1049KA.

Kopa — BHemnsis o6onouka. OHa o0agaeT HAUMEHBIIEH MIIOTHOCTBIO U PACKOJIOTa HA MHOTOYHMCIICHHBIE TOHKHE U
KECTKUE KaMEHHbIE IUTMTHI, MEJUICHHO JIBIDKYIIUECS BBUAY IIEPEMEIIEHHS HIDKENeKallel MaHTHH.

Manmusa — ciaenyromas 000J1049Ka.

Manmuss — caenyromas obonouka. OHa camas TOJICTas U3 BceX OOOJIOYEK, OTHOCHTEIBHO TeIUlas W KHAKas 10
CPaBHEHHIO C KOpOH, MMEET IopsAdyue TOYKH, MOPOXKIAIIINE KOHBEKIMOHHBIE NOTOKH (IIPEICTAaBbTEC 3aBUXPEHHS B
3aKHIAIOIIEH BOJE, TONBKO 3HAYMTEIBHO MEUICHHEEe IBIDKyIIrecs). [IoTOKM B MaHTUM MEpEeMEIIalOT TUINTHI, BHI3bIBAS
3eMJICTPSCCHHS, BYJIKAHU-

Puc. 1.8. Crpoenue 3eman

B KAMEHHbBIE MAUTHI, caMasl TOHKad -
v WL J. L

e ey / oBonoyKa

MauTUd — BLICOKOIUIOTHAN% CKANb-
Had nopojd, MELNEHHO nepeMellnarn-
LIAACS, caMasi TOJICTas 000I0YKa

BxelHee sapa — Gonee BRICOKOH
TLUTOTHOCTH, COCTOAWICC npcumyme—
CTBCHHO H3 XKMIKOLO XEAe3a W
IHHUKETH

R RN - BHyTpeHHee aapo — caMasi BbICOKAA

T EYCELY MIOTHOCTb, COCTOMT MPEHMYIUECTBEHINO

M3 TBEPAOTO XKeEJie3d H HUKCAA
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YeCKHe U3BEP)KEHHMS, PaCIINPEHHEe MOPCKOTO JIHA U Apel() KOHTUHEHTOB.

Janee mzmeT ropsiuee JKUIKOE 6HeuiHee SA0pO, COCTOAIIEE W3 IUIOTHOTO JKele3a M HHUKEIs M IUICHIylleecs BBUIY
BpaliCHUA 3emnu. 3eMHOI MAara€Tu3M, BO3MOKHO, BBI3BAH MCCTHBIM JIBUKCHUEM BHYTPHU 3TOI 000T0YKH.

Camast HWKHss 000J104Ka UMEHYeTCsl gHympenHum sopom. OHa XOTs U COCTOUT U3 PACIUIaBICHHOTO JKeje3a U HUKEJIs,
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M3-32 OTPOMHOTO JABJICHHUS OKa3bIBACTCS TBEPIOM M CaMOH TUIOTHOW 00O0JIOUKOH.

3a moapoOHOCTMH MpoLecca CO3MaHMs STOH MOJETH U MOATBEPKIAIOIIUMHE €€ OTBITHRIMU JaHHBIMHU OOpalnaiitecs K
Hamrel kaure [lams kpynuetiwux npeocmasienuii 6 Hayke (The Five Biggest Ideas in Science. N.Y.: John Wiley & Sons,
Inc., 1997).

Crnenytomue y3nel Becemupnoii [layTunbl cofepxat cBexy0 HHPOPMAIIUIO U TPEKPACHBIC

WJIJTIOCTPATUBHBLIC MATCPUAJIBI:
http://www.hartrao.ac.za/geodesy/tectonics.html
http://pubs.usgs.gov/gip/dynamic/dynamic.html
http://www.seismo.unr.edu/ftp/pub/louie/class/100/plate-tectonics.html
http://scign.jpl.nasa.gov/learn/plate.htm

12. Teopus xaoca

O TArocTb NErkocTn, CMbICI MyCTOThbI!
BecdhopMeHHbIM xaoc npekpacHbix dhopm!
Y. Wekcrnimp. Pomeo n [KynbeTra

Kak yxxe roBopuioch B IJl. 5, XaoC HE CIEQyeT MyTaTh C MPOU3BOJIOM. Xa0C O3HA4YaeT CKopee Ype3BbIYAHHYIO
BOCIIPUMMYHMBOCTh KOHEYHOI0 pPe3yjJbTaTa K MaJIbIM U3MEHEHHSM B HAYAJIbHBIX YCJIOBUAX. Kak moetcst B crapoi
KOJTBIOCTHHOM:
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He 6b1n10 reo3asa —

Moakosa nponana.

He 6b110 NOAKOBbLI —

JNlowaab 3axpomana.

Nowapab 3axpomana —

KomaHnaup youT.

KoHHuua pa3buTa,

ApMusa 6exuT.

Bpar BcTtynaet

B ropoa,

MneHHbIX He Wwaas,

OTTOro 4YTo B Ky3HuLe

He 6b1n10 reosasa!

[FBo3ab u noakoBa.
MNep. c aHrn. C. Mapuwaka]

o 1960-x ToI0B CyIIeCcTBOBAI HEKHil CyTry00 MaTeMaTHICeCKI METO/, KaKk 0Ka3alloCh, CBI3aHHBIN C TEOPHEH Xaoca.
I'acton Mopuc Kyana

TI'acton Mopuc Xynua, MareMatuk U3 AJKUpa, MOCJIE paHEHUs B cpakeHUsX IlepBoii MUpPOBOIl BOITHBI BBIHYXAEH
ObUT HOCUTH Ha JIUIlE KOXKaHYIO MOBSA3KY, 3alMIIABIIYIO CHJIBHO MCKaJIeueHHBIH HOC. V3-3a MHOTOUNCIIEHHBIX ONeparuit
€My NPUXOIWIOCH JONI0 CKUTAThCS MO TOCHUTAISIM, TAe, YTOOBI Kak-TO CKOpOTaTb BpeMs, OH 3aHUMAaics
MaTeMaTHYeCKUMH BBIKIanKkaMu. B 25 et oH mumeT «3amucKy o MpHONMIMKEHUH PallMOHANBHBIX (QyHKIU». PaboTy oH
JIeNall B CBSA3HM C TeMOH, 00bsaBIIeHHOH B 1915 romy ®dpaHiy3ckoi akageMueli Hayk Ha COMCKaHUE TJIaBHOU mpeMun 1918
roja, KOTOPOW W YIOCTOWJICS; XOTs (paHiy3ckuii maremMatuk u actpoHoMm Ileep XKozed Jlym dary (1878—1929)
omyOnukoBan B fnekabpe 1917 roma paboTy Ha Ty ke TeMy, ogHako JKyjma OTocnan CBOIO CTaThlo B AKaJeMHUIO HAayK
pasbie. OYHKIWS MPEICTABIseT COO0H MaTeMaTHIeCKOe IPABUIO BBIYHCICHUS HAOOOUE CIemyromero: f(x) — x* +
const. Ecmu x = 2, a const = 3, To 3HaueHue (yHKuUU coctaBuT 7. [IpubnmkeHue (UTepamusi) OCYLICCTBISETCS
HCTIOJIb30BaHUEM BBIUMCIICHHOTO IJIs f 3HAUCHHS B KayecTBE CIeAyIoUlero 3Hauenus i x. Mrak, ecnu x = 7, 10 f (x) =
52, u 1. 1. XKynua nccnenopan Oonee crnoxxHbIe BeIpaxkeHUs1. Ocob0 ero 3aHuMany GYHKIMHA U 3HAUYEHUS, TIPH KOTOPBIX
BO3MOKHO MHOTOKPAaTHOE TIPHOIIKeHIE 0e3
280

OECKOHEYHOTO POCTa UTOTOBOM BENIMYHMHBI [caMol (YyHKIUH]|. 3HAYEHHUS X, [UIS KOTOPBIX IMOBTOPSIOUINECS UTepaIluu
JaBaJId KOHEYHBIN pe3ynbTaT, CTajJl HIMEHOBAThCS TNIEHHUKAMH [0OBIYHO TOBOPAT O MHOXECTBE TOUEK MPUTSHKEHUS, WIN
artpakropax]. [Ipu cTpemineHnn K O6ECKOHEYHOCTH MTOTOBBIX BEJIMYMH MX HA3BIBAIOT «Oerjenamm» [0OBIYHO TOBOPAT O
MHOJKECTBE TOUEK OTTAJIKUBAHUS, WIH pereiuiepax |. BeraucneHus Beiarch BpyYHYIO U ObLTH KpaliHe TPYAOSMKUMU JaKe
uta ipocteix (yHKImil. XoTsa XKXynua u o0pen HeKyro cliaBy B MaTeMaTHYeCKHX KpyTaxX, ero TPy ObUT OCHOBATEIbHO
3a0BIT, ¥ BCIIOMHHIIIN O HeM yxe B 1970-e rosl.
Benya Manaeas0por

benya Mannennsbpora, pogusmierocs B [lonsmie B 1924 roxay, co crartbert XKynmua nmoznakomu B 1945 romy pomaHoi
s, npodeccop marematuku. B To Bpems uaem JKynma ero He 3amHTepecoBanmu. Ho cmycts 30 jer mocie
TOJIOBOKPYKUTENFHOW Hay4yHOW Kapbepbl MannenpOpoT odyTwics B Kommanuu [BM w oOpartun momps OBM Ha
ATepaTUBHBIC BRIUUCICHHS JKynmna. MaHAenb0poT MEepBEIM pa3padoTal MeToa TpadudIecKoro MOCTpoeHus, korna 9BM
BBIBOJIUT Ha 3KpaH 00pa3 CXOKICHUS M PACXOXKICHHS PUOIIDKaeMoi (yHKINH.
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XAOC: KAPUKATYPA
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Puc. 1.9. MuoxkectBo Mangean0porta

[IpexpacHble 00pa3bl, MOpoXKAaeMble MeToAaMu utTepanuu MannensOpora u JKynna, cmocoOCTBOBaIM OJHO BpPEMs
MOSIBIIEHUIO OECUYHMCIICHHBIX KHUT U y3710B BeemupHoit [layTunsl. BoT HEKoTOphIe U3 HUX:

Gleick J. Making a New Science. N.Y.: Viking Penguin, 1987.

Exploring Chaos — A Guide to the New Science of Disorder / Nina Hall (Ed.). N.Y.: W. W. Norton & Company,
1991.

http.://hypertextbook.com/chaos/
http://www.wfu.edu/ | http://www.wfu.edu//~petrejh4/chaosind.htm (?)

B 2002 romy CruBen Byndppem wu3pman kHury mo cMexHoil Temarmke A New Kind of Science (cm.
http://www.wolfram.com). Ero Tpym ocHOBaH Ha COOCTBEHHBIX HCCJICIOBAHHAX B OOJACTH KJIETOYHBIX aBTOMATOB,
NPEACTABISIIONINX cOOOM PSJi OAMHAKOBO 3alpOrpPaMMHPOBAHHBIX aBTOMATOB, WHAUYE «KJIETOK», B3aMMOJEHCTBYIOIIUX
JpyT ¢ JAPYroM IO ONpeaclieHHbIM TpaBuiaM. C MOMOIIBI0 OYSHb MPOCTHIX MPABHI MOXKHO CO3[aTh OYCHb CIIOXHBIC
o0paspl. HekoTopelie U3 3THX O0Opa3oB OYEHb MOXOXKHM HA MPHPOJHBIE OOBEKTHI, OJHAKO YCTAHOBJICHUE CBS3H MEXIY

MaTeMaTHKO# Xxaoca 1 MIPUTOAHBIM OIMMCAHHUEM PCAIBHOI'O MHpa BCC CUIC KACT CBOCTO Haca.
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[Ipenckazanuii 3emnerpsiceHuid ceromHsi MHoro. IlomckoBele MamuHBl B MHTepHere Ha 3ampoc «llpeackazanue
3eMIIeTpsCEHUI» BeIIanAyT Bam Oonee 50 Thic. y3moB BcemupHoii [laytunbl. HekoTopele mpeackasaHus IemaroTcs Ha
OCHOBE «IaHHBIX» 3KCTpaceHCoB (cMm.: Wynn Charles M., Wiggins Arthur W., Harris Sidney. Quantum Leaps in the
Wrong Direction: Where Real Science Ends... and Pseudoscience Begins. Washington, 2001). [Ipyrue ycuiust cBS3aHblI ¢
COOTHECEHHEM 3EMIICTPSICCHUH C 3EMHBIM JJICKTPUYECTBOM, TOBEJACHHEM >KHUBOTHBIX, PACIONOXCHUEM IUIAHET WIH
uHBIMH sABIeHUsAMH. HecMoTpst Ha ommOO4YHOCTH OOJBIIMHCTBA MPOIHO30B, XOTS OBl OAMH HEIPEMEHHO OKa3bIBACTCS
BEPHBIM.

[Ipennonoxxum, mpusTens npexaiaraet Bam mapu: «CraBmro 20 HoiymapoB Ha TO, YTO B CIEAYIOMIEM MecsIe
MIPOM30HAET KPYITHOE 3eMIIETPSACCHHE B IIOMEUEHHOM TOYKaMHU BOT 37€Ch Ha KapTe 00JIacTuy.

He mpunumMmaiite BbI3oBa. Bamr mpustens HaBepHsKa BeIUTpaeT. [lomedeHHas ToukamMu obiacts Ha kapte (puc. 1.10)
COOTBETCTBYET I'PaHMIaM IUIHT, COCTaBIIIIOINX 3eMHYI0 Kopy. Korma
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Puc. 1.10. 3oHb1 3eMiIeTpsicCeHU

& "
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KOHBEHIIMOHHBIE TOTOKH B MaHTWHU (cM.: Crmcok wmnei, 11. 3emis: WCTOpPUS HeAp) YBIEKAIOT 3a COOOW ILTUTEHI,
TIPOUCXOJISIT 3eMIICTPSICEHHUS. XOTS HEKOTOPHBIE 3EMIICTPSICCHHS CIYyYaloTCs W B WHBIX MECTaX, MMOMHUMO OKOHEYHOCTEH
IUTAT, UMEHHO Ha OKOHEYHOCTH U TIPUXOIUTCS TMOJABJIAIONIAS YaCTh TaKUX COOBITHA. CTaTUCTUYECKHE MAHHBIE O
3eMIIETPSCEHUSIX PA3INIHON CHIIBI 33 TOJ] TAKOBBI:

Cuna 3eMJIeTpSICEHHS 110 IIKaJe Konmyectso
Puxtepa (uem OombIlie BEIMYHMHA, | 3€MIICTPSICECHHIA
TEM pa3pyIIUTeIIbHEe B I'0J

3EMIIETPSICEHUE)
4-4.9 6200
5-5,9 800
6-6,9 120
7-7,9 18

3aMeTuM, YTO YCJIOBHUS Napu OBUIM JOBOJBHO TyMaHHBL UTO Takoe kpymHoe 3emierpsiceHne? Ecnm peus uper o
3HAUYCHHUAX TI0 MIKaje Puxtepa BeIme 6 0amioB, TO TakuX COOBITHH MPOUCXOAWT Oojiee AeCSATKA B MECAIl H
MPEUMYIIECTBEHHO B TIOMEUEHHOW TOUKamMH 00JacTH. BBIpakeHHs «3a MeCAI» W B «IIOMEYCHHON 00JIaCTH» JOBOJLHO
pacmeiBUaThL. Ecnu BB KUBETE B MpeeNax NaHHOW 00JacTH, MOAOOHO MIIDIMOHAM JPYTHX JIFOJCH, HYXKHO JIM BaM
ye3kaTh oTciofa? JlamHoe Tpeacka3aHue COOOIMIAeT CIIMINKOM Majlo CBEACHHWH, Y4TOOBI MPEACTABIATh XOTh KaKyIO-TO
1eHHoCTh. B 1970-¢ TOABI HEKOTOPHIE TeOOTH OBUTM HACTPOCHBI ONTUMUCTUYHO B OTHOIICHUH TOYHOTO W HAEKHOTO
npencKkazanus 3emieTpsicenuit. [losBunack qaxxe pa3sHOBUIHOCTh TEOPHH Xa0ca, Ha3BaHHAs TEOpUEH KaTacTpod, KoTopas
MIPEJICTaBISIACh TPUTOAHON IS TPEICKa3aHus TaKUX HEOXKUIAHHBIX COOBITHH, KaK MOTEps YCTOWYMBOCTH Yy Oalok,
pacTpecKuBaHHE aCOECTOLIEMEHTHBIX TITUT, a TAK)KE 3eMIICTPSICEHUSI.

OmHAaKO BBISICHIIIOCH, YTO IOCTPOSHUE MaTEMATHUECKUX MOJIeIeH TTOBECHHsI BHYTPEHHUX 000I04YEeK 3EMIIH CTOJIb Ke

TPYAHO, KaK U IMOCTPOCHUC MOHQHeﬁ IIOBCACHUA 3eMHOI aTMOC(l)epLI. Henerko cocraButh YpaBHCHUEC, TOYHO OIIMCBIBAIO-
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1Iee MoBeAeHNE MOJENH, U ake NPUOIIKEHHbIC YPaBHEHUS! OKa3bIBAIOTCS Ha PEJKOCTh HEIMHEHHBIMHU, BBIKA3bIBAS
KpalHIOI0 4yBCTBUTEIBHOCTh K HadaJdbHBIM YCJIOBUSAM, CBOMCTBEHHBIM XaOTHYECKUM cucTeMaM. K ToMy ke momydeHne
CBEIEHHH O TEKYyILEM COCTOSHUM IIOPOA BHYTPU KOPBI U MaHTHH CJIOXHEE, YeM H3MEPEHHE IapaMeTpoB arMoc(hepsl,
BBHJly HEJIOCTYTTHOCTH HEJp KOPBI U MaHTHUH.

B craree 1997 rona (xypuan Science: [Geller R. J., Jackson D. D., Kagan Y. Y, Mulargia F. Earthquakes cannot be
predicted // Science, 1997. Vol. 275]) u3BectHbie Teonoru Pobept I'emtep u3 Toxutickoro, JpBun xexcon un Su Karan
u3 Kamudopuuiickoro yausepcureroB u @pandecko Mynapmxa u3 YauBepcutera bonmonsn (Mtanus) yTBepKAaroT, 4TO
«KOHKpETHBIE 3eMJIETPSICEHNUS, IOX0XKE, N3HAYAIIbHO HEMPEACKa3yeMbD».

3a noapobHOCTAMH OOpaiaiTecs Ha cailt Bcemupnoii [layTunst:
http://scec.ess.ucla.edu/~vkagan/perspective.html

Bor €IC HEINIOXHUEC UCTOYHUKHU

http://quake.usgs.cov/research/parkfield/index.html

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
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http.//www.nature.com/nature/debates/earthquake/equake frameset.html

14. CocTaBjieHHNe 3Be3IHBIX KATAJOI0B

Crnenmyrommii HETOJHBIN TEepedeHb 3BE3IHBIX KaTaJOTOB OTPaXaeT CTPEMIICHHE 0N K YIOPAIOYSHHIO
OKpY’Karolllero MHUpa U MOUCKY ONpe/eIeHHbIX 3aKoHOMepHocTel. Hameuarores eme Gosiee rpaHAHO3HBIE 3aMBICIBI 10
CO3JIaHMI0 KOCMUYeCKUX o0cepBaTOpui, B ToM unciie Ha Jlyne u Mapce.

3Be37pl MMEHYIOTCS COTJIACHO KaTaJloTy, TAE€ OHW BCTpedaroTcs. MHOrue spKue 3Be3[lbI 0003HA4YaloT COTJIACHO
MPUBOJIUMBIM B Kataniore baiiepa Ha3BaHMIM.

Haubonee spkum 3Be31aM kaxaoro co3se3aus baliep mpucBamBan OyKBbI rpedeckoro ajadaButa B HOPsSIKE yOBIBaHUS
ux
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ceetumoctd. Hanpumep, Ilomspnas 3Besna umenyercs f Ursae Minons (o Manoit MenBeamiisl), TIOCKOJIBKY OHa
camas fpkasg B cO3Be3quu. JpyruMm mpuMepoM MOXKET CIY>KUTh IepBas BUAUMAs 3Be3Ja—CIyTHUK YEPHOM HBIpBHI,
Ha3anHass HDE 226868 moTomy, 4TO BIlepBbIE MOSBWIACH B pacuiupeHHOM Kataiore ['enpu [lpeiinepa, u, Takum
00pa3oM, ee MECTOHAXOXJICHUE TaM COOTBETCTBYET uuciy 226868,

TI'opg Ha3zBanue CocraBuTreiib KoauvectBo |[Ipumeyanus
KaTaJjora He0eCHBIX
U 0003HAaYeHne TeJl
3Be3]
350 mo H. In HI>H6 800 Kwurait
9.
300 o H. Tumoxapuc [lepBriii HacTOSIILMI
3. 3BE3IHBIA KaTaJIor
130 mo H. Tummapx 1080
9.
120 u.5. Anvmazecm Kiasanit 1022 Cum. npumeyanwue |
IItonemen
1540 1. 3. |De le Stelle Fisse Anecarapo 48 rpeueckux
ITnkxkonoMuHu CO3BE3 NN
1602 H. 5. Tuxo bpare Ok. 1000 CwMm. mpumedanue 2
1603 Uranometria Norann batiep Kpacounsrii;
(mepeuncisioTcs B KOOPAHWHATHI B3STHI
BHJE: TpedecKas u3 DaHHBIX bpare
OyKBa ILTIOC
JIATUHCKOE
HAaNMMCHOBAHHEC
CO3BE3/1s)
1678 Onmynn Nanneit IlepBsIit kaTanor
HeOecHoM cdepbl
IOxHoro
Oy Iapus
1690 Sternverzeichnis Woransn I'epenuii Ocnapusaer
BBIBOJIBI [ amiest
1725 Historia Coelestis Jxon @nemctua 3000 [TepBsrit
Britannica KOPOJIEBCKUI
aCTPOHOM; CM.
npuMedanue 3
1762 Jxetimc Bpamneir |60 000 Tperuit
KOpOJIEBCKUI
ACTPOHOM
1771 TymanHOCTH, [apms Meccre Bonee 100 CMm. 171. 6
MOy YUBIINE B
HaNMMCEHOBaHUU
Oyksy M
1801 Horann bone Bocnonbs3oBancs
NIPEXHUMHU
CBEJICHUSMHU
286
1863 Bonner- Opuapux B. A. 1160 000 |bonHckas
Durchmusterung (BD +|Aprenanzgep u ap. oOcepBaTopus
CD + CPD)*
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MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).



AHko Cnasa (Bubnuoteka Fort/Da) || http://yanko.lib.ru

1864 General Catalog of Opuapux 2500 Cum. npumeyanue 4
Nebulae (GC) Buerensm
I'epuens,
Kapomnuna
I'epiens,
JIxoH V. 'epuiesnb
1888 New General Jx. JI. 3. Hpeiiep |13 000 CwMm. mpumeyanue 5
Catalog
of Nebulae and
Star Clusters
(NGC u 10)*
1918-1924 |Henry Draper Catalog |dnyapn Y. 400 000 CM. mpumedaHue 6
(HD u HDE) [TukepuHr, DHHN
Jxamn Konnon
1966 CMHUTCOHOBCKAS 260 000 Maymnt-Ilanomap u
ACTPOHOMHYECKAs Ip.
obcepBaTopust
1989 Hipparcos (HIP) n 2 500 000 TouHOCTB
Tycho (TYC)
1979- Guide Star 1 mupa Jlnst HaBemeHust
MIPOJI0JI- [Teneckomna]
KaeTcst Xab0ia
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IHpumeuanus

1. NTonemMeeB A/ibMarect COCTaBSiE€T OCHOBY HbIHELWHWX aCTPONOrMYECKNX AaHHbIX, XOTS 3eMHas 0Cb C TeX MOp CMeCTUiacb TakuM
o6pasomM, 4YTo co3Be3ans 3o0aMaka b6osiee He COOTBETCTBYIOT NMPUHATLIM ANs HUX MecsiuaM. K ToMy xe nocne MNMTonemes

* BD — BOHHCKOE 0603peHue, KaTanor B 4 TOMax U MPUSIOXKEHHbI K HeMy 6onbluoi aTnac Heba Ha 324 188 3Be3a (AononHeH 3.
LLéHdenbaom B 1886 roay no 457 857 ewe 133 659 3Besgamu), Bnammbix B CeBepHoM nonywapun; CD — uepes 50 net nocne
coctasneHns ®. AprenaHaepom katanora boHHckoe obo3peHue B ApreHTuHe (Kopaosckasa obcepBaTopus) BbIWIO MPOAO/IKEHME ANS
BMANMbIX 3Be34 KOxHoro Heba «Kopaosckoe o603peHune Heba» (Cordoba Durchmusterung — CD), Bkitoyatowee yxe 578 802 3Be3bl
1 coctaeneHHoe B 1892—1914 rogax konnektusoMm obcepsatopum noa pykosoactsoM hxoHa Tome ( 1843— 1908) ; 6bin10 noseaeHo
0o lOxHoro nontoca B 1930 rogy; CPD (Cape Photographic Durchmusterung) — ®oTtorpaduyecknin 063op ¢ Mbica Jobpon Hagexabl,
katanor 454 875 3Be3p HOxHOro nonywapwusl, coctasneH B 1896—1900 rogax rosnaHACKMM actpoHoMoM fAkobycom KopHenucom
KanTteiiHom (1851 — 1922).

** I1C — Index Catalogue, pBa AONOSHUTENbHbIX KaTanora, nossmewmxca B 1895 n 1908 rogax.
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6bIN10 OTKPBLITO OFPOMHOE YNCNO 3BE3/ U AaXe HECKOJIbKO MIaHET, HO 3TO, MOXOXE, HE 3aHUMaeT acTposIormio.

2. Tuxo Bpare, nocnegHuin Benuyanwuii HabnwogaTenb 3Be34HOro0 Heba HEBOOPYXEHHbIM T1a30M He u3gaBan COH6CTBEHHOro
KaTanora 3Be3j. JTa 3afjaya Bbinasa Ha A0/ ero NOMOoLHNKa, AOCTOMHOro yBaxxeHns MoraHHa Kennepa, BHecwero nenty B KOMWKY
ACTPOHOMUWYECKMX 3HAHWI, YCTaHOBUBLUErO, YTO MJaHEeTbl ABUXYTCS HE MO KPYroBbIM, @ BbITAHYTbIM (31MNTUYECKUM) opbutam.

3. MxoH ®nemctng (1646—1719) ocHoan KoponeBckyto MpuMHBMYCKYO 06cepBaTopuio, CTaB €e NepBbiM ANPEKTOPOM W MEpBbIM
KOPOJIEBCKMM aCTPOHOMOM. DTO 6bln KpaHe cKpynyne3Hbli HabntoaaTesnb, Yel CNMCOK 3Be34 MO YMCIEHHOCTM M TOYHOCTM KoopauHaT
npes3oLllen BCce MpexHue kKaTtanorn. CoBpeMeHHWKM SaMyHA lannen un WMcaak HbloToH yepe3 Koponesckoe o6LecTBo TOponuau
®nemctnaa obHapoaoBaTb CBOM HabnoAEHWSA KaK MOXHO paHblue, XOTb OHM U 6bIIKn ele He 3aBeplueHbl. HakoHel 6e3 cornacus u
pnaxe Begoma ®dnemctnpga B 1712 rogy 6bina HaneyaTaHa 4yacTb ero HabnwogeHuit B 400 3k3., KOoTopble 6bLIM MCMONb30BaHbl U.
HblOTOHOM npyv 060OCHOBAHMM 3aKOHa BCEMWPHOro TAroTeHus. OpHako dNeMcTua HacTossl Ha YHWUYTOXEHMW 3TOro U34aHus M
npeanpuHsan HOBOe, Ha3BaHHoe MM «Historia coelestis Britannica». MNpu xu3Hu ®nemMcTnaa BblWeN Wb NEPBbIA TOM, BK/IOYaBLUNA
ero HabnwoaeHus, npousBeaeHHble B [eH6bu un puHBuue Hag ConHueMm, JlyHOW, 3Be3gamu, nnaHeTamu, cnyTHukamu lOnutepa,
nsTHamum Ha ConHue. BTopoi TOM copepXWUT MepuanaHHble HabnwaeHus B puHBMYe, TpeTuit (1725) — wncTtopuyeckmini ovepk
OMMCaHUA MHCTPYMEHTOB W 3HaMeHuTbIn «BputaHckmin» kaTtanor 2884 3Be3a. Yxe nocne cmeptn ®. 6bin n3pgan (1729) ero «Atlas
coelestis».

4. Cop Yunbsam lepwenb (1738-1822) 6b1n ypoxxaeHHbIM ®puapuxoMm BunbrenbMom 'epteneM n NosiBUACA Ha CBET B HEMELIKOM
ropoae MaHHoBepe. CbiH 6eaHOro MysbikaHTa, [epwenb NOCTYNUA Ha Cnyx6y NpocTbiM MOSKOBbIM FO60MCTOM, HO MOXOAHAs XW3Hb
eMy He MnoHpaBwunacb, U yxe B 1757 roay OH Ae3epTUpoBan C BOEHHOW cnyx6bl n npubbin B AHMINIO, KyAa HECKONbKO paHee
nepecenuncsa 6pat ero MakoB, kanesbMelcTep raHHOBEPCKOro nosika. 3aeck epwenb cTan OpraHUCTOM U yYnTenem My3blku. B 1772
roay K Hemy npucoeauHunace cectpa KaponuHa Jlykpeuuns. Bckope y Hero npobyamncsa uHtepec K acTpoHOMUMK, Tak yTo Hpaslive y
HEero ypOKW MY3blKM YYEHWKW MOCTUrannM He TOSMIbKO MY3blKy, HO M acTpoHOMuio. He umes goma noMelleHvs ANs Teneckona, OH
YCTaHOBW/I €ro Ha ynuue. 3TO 3penulie npuenekano noceTutenen, OAHWM W3 KOTOPbIX OKasasncs AOKTOp YwuibsMm BaTcoH, 4neH
Koponesckoro obuiectsa, NnpeAcTaBUBLUNI Ha €ro cys HekoTopble 3aMeTKu Mepliens o BbicoTe rop Ha JlyHe.

B nocnepytowme asa roga Mepwens obHapyxun spkoe HebecHoe Teno TaM, rAe NMpexHue KapTbl He MOKasbiBaliv HUKaKUX 3Be3[.
3T0 MeAneHHO ABUXYLLEeecs Teno oKasasochb NiaHeTon, HasBaHHoON Mepwenem Georgium sidus («3Be3gon Meoprus»), B UecTb KOpons
Feoprua III, no3xe nepeMMeHOBaHHOM B YpaH. DTO OTKpblITME onpenenuno kapbepy [epwens; koponb [leopr III, nwbutenb
acTPOHOMUM M MOKPOBUTENb raHHOBepueB, CHabaun ero cpeacTBamu Ans NOCTPOMKM oOTAenbHoW obcepsatopumn B Cnoy, 65nm3
BuHa3opa, v Ha3Haumn eMmy exerogHoe cogepxaHuve B 300 ruHen. 3pech epwenb C IOHOWECKMM XapoM M HeoOblIKHOBEHHbIM
ycepaveM MPUHSAACS 3a acTpoHOMMYeckue HabnoaeHus. Mo cnosam 6uorpada, oH BbIxoAun n3 obcepsaTopun TOMbKO ANS TOro,
yTO6bI NpeacTaBnaTb KoponesckoMy ob6LecTBy pe3ynbTaTbl CBOMX HEYCbIMHbIX TPyAoB. OH Bbinucan n3 MaHHoBepa cecTpy KaponuHy,
KOTOpasi 3aTeM He nokuaana 6pata 4O camMoi ero cMepTM W 6blla NMPeBOCXOAHbLIM MOMOLLHMKOM; OHa He TONbKO 3anwucbiBana
HabnwogeHns, HO U npousBoawna BbluucneHus. [lepwenb 6bin nM3bpaH uneHom Koponesckoro obuiectBa, noayyYnn 3BaHWe
NpWABOPHOro acTpoHOMa HapsAy C CECTPOA M MOMOLLHMKOM.

50-neTHun Meplenb XeHUTCca Ha BAoBe Mepu MUTT, KOPEHHOW aHrMvyaHke. Y HUX poxaaeTcs CbiH, [XOoH dpeaepuk, yUmBLIMIACS
BHavane B Kembpuaxe Ha maTtematu-
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Ka, HO 3aTeM 06paTMBLUMIACSA K aCTPOHOMUMU, YTOObI 3aBEpLUNTb 3BE3AHbIW KaTasor CBOero oTua.

5. MoxaH Jlogsur (OxoH Jlyuc) Smunb [peitep (1852-1926) poauncs B KonewrareHe ([dawua). B 1872 roay oH paboTan
rnoMowHnKoM [Yunbama MapcoHca] nopaa Pocca B ero nomectbe bup-Kacn 6nu3 MNapcoHcTtayHa, 4yto Mexay Ay6nnHoMm n JinMepukom
B Wpnanamn. Jlopa Pocc noctpoun KpynHenwuin B Mupe Teneckon, 72-Al0MMOBOE 4yaulie, npo3BaHHoe JleBnadaHoM w3
MapcoHcTayHa. B 1845 roay, OTMEYEHHOM CTpalUHbIM ronoAoM, HabnaeHusa 6bi1M CBEPHYTHI, HO KOrAa Teneckon BHOBb 3apaboTan,
[penepy ynanocb BbiBUTb MHOMO yAaneHHbiXx HebecHbix Ten, aobasusB B O6wmii katasor (New General Catalog) Mepwensa Tbicauy
HOBbIX MMeH. OcHOBHOM Tpya Opeiep npogenan B obcepsatopun r. ApMa, rae no 3agaHuto Koponesckoro obwectsa coctaBun HoBblik
obwmi katasor (New General Catalog — NGC).

6. l'eHpu Opeiinep (1837-1882) 6bl1 MeaAUKOM M acTpoHOMOM-ntobutenem, B 1872 roay caenasBlMM MNepPBbI CHUMOK criekTpa Yy
3Be34bl, KOTOpPOlM OKasanacb Bera. [Mocne 6e3BpeMeHHON KOHYMHbI [lpevinepa BAOBa yypeawna Ha ero cpeacrtsa GoHA MOOLLPEHUS
paboT no doTorpacdmyeckomMy M3y4deHUto crekTpa 3Be3a B [apBapackon obcepBaTopum, KOTOpbIM Bo3rnasun daBapa MNukepuHr (cM.
rn. 6).

Mocne 1910 roga onHa U3 NpeAcCTaBUTENbHUL MUKEPUHIOBCKOrO «rapema», DHHM [xamMn K3HHOH nmpucTynuna Kk knaccubukauum
3Be34 no wmx crnekTpy. OHa paspaboTtana cxeMy pacnpegeneHus 3Be34 MO CnekTpanbHbIM knaccam OBAFGKM (ans nydwero
3anoMWHaHKa CTyaeHTaMu yntaetca kak Oh, Be J1 Fine Girl (Guy), Kiss Me), knaccuduumposas no 50 Teic. 3Be34 B rog, Tak 4to 3a 40
net paboTbl el yaanocb oxBaTuTb cBoel cxemoin 400 Teic. 3Be34. B 1938 roay, 3a ABa roga A0 yxoda Ha MEHCUIO, OHa nosiyymna
[O/MKHOCTL B NapBapae nogobHO TOW, YTO 3aHMMan acTpoHOM Yunbsam Kpanu BoHg (1789-1859).

3a Oosiee moAPOOHBIMU CBEEHUSIMU OOpaliaiiTech Ha y3en BecemupHoii [layTrnel
http://www.seds.org/~spider/ | www.seds.org/~spider/Misc/star cats.html (?)

15. Tpyabl DUHIITEHA: IOMUMO TEOPHUH OTHOCUTEJILHOCTH

AnnOept DiinmTeiiH B 1905 romy Hamedaraja B FepMaHCKOM €XKEMECSYHOM KypHaJe 1o Gusuke Annalen der Physik
und Chemie T cTaTel.
B mnpeacraBnennoit llropuxckoMy YyHUBEpCUTETY B ampeiie M 3amuiieHHoW B utoie 1905 roma mokropckoit
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mucceptanny «HoBoe onpeaesneHue pa3MepoB MOJIEKYJI»
«HoBoe onpenesneHue pa3MepoB MOJIEKYJD)
o o 23
DHHIITEH IOKA3al, KaK ONPEJCINTh YMCIO ABOragpo (3HaMeHHTYIO Bemmumuy 6,02 x 107, paBHyo gnciy
comepkamuxcss B 1 Moyie BeIecTBa MOJEKYJ) W pa3Mephl MOHOB B PAacTBOPE HA OCHOBE M3MEPEHHBIX 3HAUCHHM

OCMOTHYECKOTO AaBlieHus 1 koddduuuenrta nudpdysuu. an-
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HBIH TPY[ PUHEC eMy 3BaHHE AOKTOpa (uiocopun u ciycts yxe nourd 100 jieT ocraeTcs oMHUM 13 Hanboliee 4acTo
LUTHPYEMBIX B HAyUYHOU JIUTEpaType.

«O 1BMKEHNH B3BEIIEHHBIX B MOKOAIIEHCS KUAKOCTH YaCTUIl, TPeOyeMOM MOJIEKYISIPHO-KHUHETHYEeCKOM
TeopHel TemI0ThD)

B pabore «O nBUM:KEHMH B3BEHIEHHBIX B NOKOSINEHCH KUAKOCTH YACTHI, TpedyeMoM MOJIEKYJISIPHO-
KMHETHYEeCKOil TeopMeil TeIJIOTBI» pa3bsICHAIOCh, KaKMM 00pa3oM 3HUr3aroobpasHoe JBM)KEHHE MOJIEKYJ,
HabIronaeMoe MOJ MHKPOCKOIIOM, BBI3BIBAJIOCH CTOJKHOBEHHSAMH C IBIDKYLIMMHUCS MOJIEKyJIaMH B XKuIKOCcTH. Camu
MOJIEKYJIbl M3-32 Majold BEJIMYMHBI HE ObUIM BHUIHBI, HO WTOIOBOE IBIKCHHE OoJjiee KPYNMHOro Teja HabIromanoch
MHKpPOCKOTICTaMH, B ToM uucie PobGeprom bpoyHom. Takoe nBMKEHHE CTaN0 Ha3bIBATHCS OPOYHOBCKUM. CTaThs
OHHIITENHA YKpEenmia CBsI3b MEXy KHHETHYECKOH Teopreit 1 HabJIl0JaeMBbIMU SIBICHUSMHU.

Cratbs «O0 01HOI IBPUCTHYECKOH TOUYKE 3peHUs1, Kacawlleiicss BOSHUKHOBEHNS U MTPeBpalleHusl
cBeTa

Cratpio «O0 0QHOH IBPHUCTHYECKON TOYKe 3peHHs, Kacalllelcsi BOSHMKHOBEHHUS! W TNpPeBpALleHHs CBeTa»
OWHINTEHH Ha3bIBAI PEBOIOITMOHHON, UTO Ha CaMOM Jiee Tak u 0su10. He-290

YI[OBHGTBOpeHHBIﬁ OIMMMCaHHUEM MAaTEprUU KaK JUCKPETHOI'O COCTOSAHUSA, IPOTHUBOIIOCTABISACMOIO HereprBHOﬁ
MIpUPOJE 3JIEKTPOMArHUTHOTO H3ITyuYeHUs, DWHINTEHH MPEeanoIOKWII, YTO CBET B HEKOTOPBIX OTHOLIEHMSAX CIEAYyeT
paccmaTtpuBath MonoOHO wyactuiaM. OH IOKas3ajd, YTO JaHHBIM TOIXOA coOrjacyercssi ¢ uccienoBaHueMm llmanka
M3IIy9aeMOro HarpeThiM TeJIoM cBeTa. Ilomoiias ¢ Toi ke Mepkoi K GoTodsiekTpuaeckomMy 3P QeKTy, Koraa maaaromni Ha

Yurrnuc A., YuHH Y. MaTb HepelweHHbIX npobnem Haykun / ApTyp YurrmHc, Yapn3a YuHH. — Mep. ¢ aHrn. A. lNapbkasoro. — M.: ®AUNP-
MPECC, 2005. — 304 c: un. — (Hayka & XXu3Hb).
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METAJTMYECKYI0 MOBEPXHOCTh CBET NMPHUBOIMI K HMCIYCKaHUIO ATOH IMOBEPXHOCTHIO JJIEKTPOHOB, DWHINTEHH CyMel
OOBSCHUTH HEKOTOPBIE PE3yJIbTAaThl, COMBABIINE C TOJIKY IPYTUX yueHbIX. JlaHHAas CcTaThsl CIIOCOOCTBOBAJA YTBEP)KICHUIO
HOBOTO B3IJIAJla Ha CBET, TJe aBTOp C OOJNBIIMM BHHMaHWEM OTHecCs K BbIBOJaM llimaHka, HeXelmn OH caMm,
paccMaTpuBaBIINK CBOE TOJIKOBaHWE AMCKPETHOCTH HCITyCKaeMOW CBETOM JHEPIHH CKOpee KaK MaTeMaTHYeCKYIo
XUTPOCTh, a HE KaK TOUHOE 0TOOpakeHHe AeUCTBUTENbHOCTH. [Ipex e ueM HanucaTh CTaTbio, DUHIITEHH MOYTH IIATh JIET
Pa3MBILUISIT HaJl ’TUM CBOMCTBOM CBETa.

«K aj1iekTpoquHaAMuUKe IBMKYIIUXCH CPea»

«K 3JexTpoaMHaMuKe JABHKYIIMXCSl cpel» — 3HAMEHUTass cTaThd OMNHINTEHHA O CHEHUAJIBHOM Teopuu
OTHOCHTEIBHOCTH. B Hell roBoputrcss 00 OOOOIIEHWH KIACCHYECKOW OTHOCHUTENBHOCTH, COTJIACHO KOTOPOW 3aKOHBI
(hHM3UKY TTpaBOMEPHEI IS TI000T0 HAOI0OMATENs, IBIKYIIETOCS ¢ IIOCTOSTHHOW CKOpOCThI0. Hanpumep, ecim moadpocuTh
MY BHYTPH JBHKYIIETOCS aBTOMOOWIIS, OH B3JIETUT M OITYCTUTCS TaK, CIIOBHO BBl HETIOABIKHO CTOMTE Ha 3emiie. Bropoit
[IOCTYJIaT OTHOCUTENBHOCTH MOMCTHHE peBomonroHeH. OH onpoBepraer npeacrasieHre HpioToHa: ckopocTh cBeTa A
BCeX HaOroaTeNei, IBIKYIUXCS C TIOCTOSHHOW CKOPOCTBIO, IIOCTOSIHHA, 8 TPOCTPAHCTBO U BPEMS — OTHOCHTEIBHBI IO
OTHOUICHUIO K HEMY, B OTJIMYHE OT MpuaaBaeMoro uM HproToHOM abcomoTHOTrOo Xapakrepa. Kak sBcTByeT W3 muchbma
OHHIITEllHA CBOEMY BHYKY, YYEHBIH pa3MBIIULUT HajJ JaHHBIM BOIPOCOM IO MEHBLIEH Mepe CeMb JIET, MpekIe 4eM
MTOSIBUJIACH Ha CBET 3Ta CTATHA.

«3aBHCHUT JIM HHEPUHS TeJIA OT COAepKALIEHCA B HEM SHEPrUum»
[ocnenusist cratba 1905 roma «3aBucuT JHM MHepUHUsI Tejla OT colep:Kalleiics B HeM JHeprum», Oyayyd

AOIOJIHCHUECM IIPCABI -
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IyIIel cTaThH, CTalla CBOETO POJa MaTeMaTHUECKOW CHOCKOW K CHEIHaTbHOW TEOPHH OTHOCHTEIHHOCTH, ITOCKOIBKY
coJIepyKala CBA3BIBAIOIICE MACCY M SHEPTHio ypaBHeHHe. OHO ObIIO BEIpAXEHO Kak m = L/V7, rae V/ — cKOpoCcTh CBeTa, a
HE B IIPUBBIYHOM JUIS BCEX HBIHE BUE £ = mc’,

3a Gonee moApOOHBIMYU CBelleHUAMH oOpataiitecs k kuure: Einstein's Miraculous Year: Five Papers That Changed the
Face of Physics. Princeton, 1998.

bnaromapss orpoMHOMY BKIaay B psa oOjacTeid (DM3MKH HEBOJIBHO CKIIAIBIBACTCS BIICUATIICHHE, YTO ONHINTEHH
BECbMa CEPBhE3HO OTHOCHJICS K CBOMM HAay4HBIM 3aHATHAM. HO BOT 4TO OH MUILIET IO MOBOJY CBOMX YEThIpeX cTaTel
omuskomy npyry Konpamy ['abuxty 18 mas 1905 roga:

«Mexmy HaMH BOIAPUIIOCH TaKO€ MOIJYaHHE, YTO S OIIyINal ce0s YyTh JIW HE CBATOTATIIEM, Hapyllas ero CBOMM
HEBpa3yMHTENBHBIM JielleToM. MTak, 4To e MPOUCXOAUT ¢ TOOOM, Thl, OECUyBCTBEHHBIN cyxaph?.. [lodemy 10 cux mop
TaK ¥ He MpHcal cBoei auccepranuu? PasBe He 3Haellb, YTO ST ONWH M3 MOJIYTOPa FOPEMBIK, YTO MPOYUTAIHU OBI ee C
MOOOTBITCTBOM U YAOBOJIBCTBHEM, UepT OBl TeOs moOpai! S ke obemaro Tede B3aMEeH YeTHIpe CTaThU. B mepBoii pedb
uaeT 06 U3MTyuYeHNH U SHePreTHYeCKUX CBOIICTBAaxX CBETa, M OHA JOCTATOYHO PEBOIOIMOHHA, B YeM caM yOeTUILbCs, €Clu
BHauaje MpUIUICIIb MHE CBOM omyc. BTopas 3aHsTa ompejeneHreM MCTUHHBIX pa3MepoB aTOMOB. TpeThsi JOKa3bIBaeT,
4TO Tena TMOPAAKA '/100) MM, B3BEIICHHbIC B JKHIKOCTH, BHIHYKICHBI COBEPIIATh HAOTIONAEMOE CIydaiiHOe IBIIKCHHE,
00yCITOBIIEGHHOE TEIUIOBBIM [IBM)KCHHEM. YeTBeprass e TMpeACTaBIseT IOoKa JHIIs HAaOpOCOK W  KacaeTrcs
SIEKTPOIUHAMUKY JBUKYIIUXCS TEN C MPUBJICUCHUEM BUJOU3MEHEHHON T€OPUH MMPOCTPAHCTBA U BPEMEHIY.

Kakum o0pazom DHHIITEHHY yAaI0Ch HAMKCATh TATh CTaTeH, CTONb MOBIUSBIINX HA Pa3BUTHE (PU3UKHU, BCETO 3a rox?
Bo3MoxxHO, BBI CKakeTe, 4TO OH OBUI MaTeMaTHYeCKHM TeHHEM, MPEycCleBal B IIKOJIE, MHOTO YUTAl W TPYAWICS B
Hay4HOU
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00cTaHOBKE, KOTOpAsl TaBajla MHOTO BPEMEHH ISl TEOPETHUECKON paboThI. DTO HE TaK.

B 1905 rony AnpbepTy DUHIITEHHY UCIIOIHUIOCH 26 JIET, OH IEJIBIMU JHAMHU ObUT 3aHAT B 11IBeliiapckoM maTeHTHOM
oropo bepna, cocrosin B Opake ¢ MuneBoit Mapuu (1875—1948), Bo3:mr00IeHHOH el1ie CO CTYACHYECKOW CKaMbH, U OBLIT
OTIIOM TOJIOBAIOTO pebeHka, ['anca AnpbepTa.

Bort HeckonbKko BhICKa3bIBaHUN ATbOepTa DUHIITEIHA O cebe:

«Y MEHs HeT HUKAaKOT0 0CO00Tro TanaHTa. 5 BCero JIMIIb TI0003HATENCHY.

«51 BOBce He Tak yX U YMEH, IPOCTO s OOJIbIIIEe IPOCIIKUBAIO HAJ BOIIPOCAMEID.

«CaMu MBICTH HE TIPUXOIIA B HEKOU CIIOBECHOM 00010uKe. S BOOOIIE peIko MBICITIO ClIoBaMH. [IpuX0oauT B TOJIOBY
MBICITb, | 5 JIUIIb MBITAIOCHh 00JIeYb €€ B CIIOBaY.

OpnHaxap!l DUHINTEHH B OTBET Ha IPOoCchOy 12-neTHel AeBovkH [13 BpykirHa] MOMOYE €if ¢ BHITOJHEHUEM JIOMAIITHETO
3aJIaHAS TTOCITAJT € TTICHMO ¢ TIEJI0N CTPaHUIICH GOPMYII, COTIPOBOXKIAS UX TAKUMH CIIOBAMH:

«IIycTp T€Os HE CMYIIAIOT HETaAbl C MATEeMAaTHUKOI; 3aBepsI0 Te0s, y MEHS UX OBLIO 3HAUUTEIHHO OOJIBIIE.

[opoti 51 cnpammBaio ce0s, Kak MHE YIaJlOCh CO3aTh TEOPHIO OTHOCHTENbHOCTH. [IprunHa, Mo MoeMy pa3yMeHHIO, B
TOM, YTO OOBIYHBIN B3POCIHBIM MPOCTO HUKOTIA HE 3aAyMBIBA€TCA HAl BOMPOCAMU MPOCTpaHCTBA W BpeMeHH. OHHU
BOJTHOBAJIM €ro, Korja oH Obul pebeHkoM. Ho Moe yMCTBEHHOE pa3BUTHE 3alo3/1ajlio, OTYEro JIOOOMBITCTBO K
MPOCTPAHCTBY U BPEMEHH Y MEHS MPOOYAUIIOCH, KOTIa 51 Y’KE BBIPOCY.

Mmuorue Omorpadbl, TTOBECTBYsI O paHHUX ToAax ydeObl DWHINTEHHA, OTMEUYAIOT €ro He3aBHCHMOCTh, HEKEIaHWe
CIIeJIOBaTh aBTOPUTETaM W MHOTOYHCICHHbIE HEyAadd. HeKoTopele 3akKfo4yaroT, YTO OH CTpajall HeoO0ydaeMOCThIO,
BO3MOXHO JHCIEKCHeH (HecrmocoOHOCThIO K uTeHHIo). Cienyroliee BBICKAa3bIBaHHE, BO3MOXKHO, BHECET HEKOTOPYIO
SICHOCTB: «UTeHne mocie onpe-

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
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JICJIEHHOTO BO3pacTa CIUIIKOM YK OTBJIEKAeT YM OT €r0 TBOPUECKUX YCTpeMJIeHUH. ToT, KTO CIMIIKOM MHOTO YUTaeT
U CIUIIKOM MaJIO MOJIb3YETCsI COOCTBEHHBIMHU MO3TaMH, IPUOOPETAET JIECHOCTh MBILICHUS).

Koneuno, yMCTBEeHHBIE CIIOCOOHOCTH DWHINTEHHA OBLIN 3HAYUTEIHLHO BEHIIE CPEIHUX, HO, MOXKAIYH, BaxHee OBLIO
ero yMEHHE cocpefoTauuBaThcs. HekoTopble Ha3Bamu OBl 3TO YIOPCTBOM, HO Jap HAampaBiiATh CBOM HE3aypsAHBIC
CIOCOOHOCTH Ha YTO-TO OJHO €ro M3psiAHO BbIpydas. OIHAKO MOMIOMICHHOCTh HayKOH, BUAMMO, HE MOIJa CAeaTh U3
HETO HIEIBHOI'O My’ka M OTLA. 3aBOEBAaB M3BECTHOCTh CBOMMM HAyYHBIMH TpyJaMH, OWHIITEHH CTan MOJIydYaTh
MIPUITIALIEHNS 3aHATh TY WIM MHYIO aKaJeMHYECKYI0 JOJDKHOCTh, U €My IPUXOJMIIOCh MHOTO pa3be3karb. Bce 310 He
npouuio gapoMm, u B 1919 rogy onu ¢ MuneBoir pasBoastcs. OgHUM M3 YCIOBHM pa3Boja 3HAUWIACH BBIIIATa
OiiamTeiiHoM MuseBe gactu ero oymaymei Hobenesckoit mpemun. HobeneBckyro mpemuto emy npucyawid B 1921 romy
(3a oObsicHeHHe MexaHu3Ma (GoTodneKTpudeckoro 3ddekra), U ObIBIIAS KEHA C JICTHMH IOJYYWIM TPUYUTAFOIIHECS
JEHBTU.

B 1919 rogy Anpbept DUHINTEHH KEHUIICS Ha BIOBE CBOETO JIBOIOPOIHOTO Oparta Dib3e, MPOJI0IDKAI CBOI0 HAYYHYIO
paboTy ¥ MHOTO €371, Be3/le Urpas Ha CBOEH CKpHIKe. XOTS HEMHOTHE pa30Hpannuch B €ro TEOPUH, A3BIK MY3BIKH ObLI
noHsATeH BceM. B 1919 romy mnpumuio mepBoe OMBITHOE MHOATBEPKACHHE €ro OoOIIeH TEOpUH OTHOCHTENBHOCTH,
nobasuBiiee eMy cnaBbl. C MPUXOAOM K BiacTd B ['epMaHui HAIMCTOB MUPOJIOOLY U €BpEl0 DUHINTEHHY MPUXOIMIOCH
Bce Tpyanee. B utore on 6exut B CIIA. B [IprHCTOHCKOM HHCTUTYTE BBICIINX MUCCIIEIOBAHUN OH 0€3yCIEITHO TBITAJICS
MOCTPOUTH O0BeNMHEHHYI0 Teopuio mond. [lo xoHma cBoeit »xku3um (1955) OHHImTENHH oOcTaBajics HempepeKaeMbIM
aBTOPUTETOM B (PU3HUKE.

«Mup HYXITaeTcsi B TeposiX, M Jydine, 9ToObl 3T0 ObUTH 0e300HMIHBIC BpOAEC MEHS JIIOIH, a He 3JI0JeH Haromobne
T'utnepar.

Anvbepm Dtinwmetin
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Teopus «OONBIIOTO B3PIBa» O MOPOXKACHHH BceleHHOW yTBEPKIAaeT, UTO BCE BEIIECTBO U SHEPrus OepyT Havao 14
MJIpJI JIET Ha3aJa U3 OJTHOM TOYKH, MOocie 4ero BcereHHas Hadama pacumpsthes. Ha mepBbix mopax pacmmpeHue ObLIo
CTPEMHUTEINILHBIM, TOJyYUB Ha3BaHUE pa3ayBaHus (MHQOIALMHU), a 3aT€M H3-3a BIHSHUS TATOTEHUS OHO 3aMEJUIMIIOCH.
Teneps k¢ OHO BHOBb YCKOPSIETCS TOJT ACUCTBUEM TEMHOM SHEPTHH.

3a Oosnee TOMPOOHBEIMH CBEICHHUSMH, COJIEPIKAIMMH OIBITHBIC MaHHBIC, OOpamaiTech K Hamel kuure [limob
xkpynueuwux npeocmasienuil 6 nayke (The Five Biggest Ideas in Science. NY, 1997).

Suatrnatabud OUAL Setno JeALGNAE IR o0 NEXOGAMY NI

50 «Sonbw %&wﬁ%». Ber vf«mja w’aLSUU@D\AD 4 A MELAGAL.
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HUcTouHnKHU A1 yIUIy0JI€HHOT0 U3yYeHUsA

M cToYHUKH 00111€er0 Xapakrepa

Kuaurn

Anton Ted. Bold Science; Seven Scientists Who Are Changing Our World. N.Y.: W. H. Freeman and Co., 2000.
Kaku Michio. Hyperspace. London: Oxford University Press, 1994.
Kaku Michio. Visions. N.Y.: Anchor Books, 1997.
Kuhn Robert L. Closer to Truth Challenging Current Belief. N.Y.: McGraw-Hill, 2000.
Ilepuoauyeckne M3IaHNA
Discover
Science
Science Week

Scientific American (W www.sciam.cont)
Y3en BcemupHoui MayTuHbl
www.mkaku.org

['maBa 1. Bunenue nHayku
Knaurn
Mahne John. Unsolved Mysteries of Science: A Mind-Expanding Journey through a Universe of Big Bangs, Particle Waves, and
Other Perplexing Concepts. N.Y.: John Wiley & Sons, Inc., 2001.
The Next Fifty Years — Science in the First Half of the Twenty-First Century / Brockman, John (Ed.). N.Y.: Vantage Books,
2002.
296

['naBa 2. ®usuka. [loueMy oHM YacTUIIbI 00JIAIAIOT MACCOM, a APYrUe HET?

Knurn

Brennan R. P. Heisenberg Probably Slept Here: The Lives, Times, and Ideas of the Great Physicists of the 20th Century. N.Y.:
John Wiley & Sons, Inc., 1996.

Gordon K. Super symmetry: Squarks, Photinos, and the Unveiling of the Ultimate Laws of Nature. Cambridge, Mass.: Helix
Books, 2000 [Ha pyc. 513.: [ opoon K. CoBpemeHHas pU3MKa dJIeMEeHTapHbIX YacTull. M.: Mup, 1990;

Tosapo O. X., I'opoon JI. K. Obnanaer nu npupoaa cynepcummerpueid? / B mupe Hayku. 1986. Asr. C. 26].

Peat F. D. Superstrings and the Search for the Theory of Everything. N.Y.: Contemporary Books, 1989.
Ilepuoauveckue u3xaHus

Arkani-Hamed N., Dimopolous S., Dvali G. The Universe's Unseen Dimensions // Scientific American. 2000. Aug. A Matter of
Time // Scientific American. 2002. Sept. Special Issue.

Overbye D. Remembering David Schramm, the Gentle Giant of Cosmology. New York Times. 1998. Ne 10. Febr.

Weinberg S. A Unified Physics by 2050? // Scientific American. 1999. Dec.
Y3asl Bcemupnoii ITayTuHbl

CERN (Conseil Europeen pour la Recherche Nucleaire) — y3en Eeponeiickoil opzanuzayuu no a0epHbIM UCCIe006AHUAM:
http://public.web.cern.ch/Public/Welcome.html | Attp.//welcome.cern.ch/welcome/gateway.html (?7)

IIpoexm ooyuenusn cospemennoii pusuxe (Contemporary Physics Education Project):

www.cpepweb.org/

Y3en Hauuonanvnoit nabopamopuu evicokoInepzemuueckux uccnedosanuii umenu Inpuko @epmu (Fermilab, Fermi National
Accelerator Laboratory — FNAL) ¢ bamaeuu, wumam Hnnunoiic:

www.fnal.gov/

Xuezzcoewl nonsa:

www.hep.yorku.ca/what is_higgs.html

Xuezec:
http.//magazine.uchicago.edu/0104/features/higgs.html

Duzuka evicoxux Inepzuii 6 1a6. Pepmu (Fermilab):

www.hep.net

Oxoma 3a evicuiumu uzmepenuamu (Hunting for Higher Dimensions // Science News Online. 2000. Ne 19. Febr.):

www.sdencenews.org

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
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Ilymeeooumens ons nrwoumensn no M-meopuu («A Layman's Guide to M-Theory»), asmop M. J. Duff:

http://arxiv.org/abs/hep-th/9805177
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Vzen «llpukntouenus wacmuuy (Particle Adventure):

http://particleadventure.org/particleadventure/index.html

Cosem no uccneoosanuio ¢ oonacmu guzuku uacmuy u acmponomuu (Particle Physics and Astronomy Research Council):
www.pparc.ac.uk/

Keanmosas meopus nons:
http://theory.caltech.edu/people/ihs/strings/stril4.html

V3en Cmangpopockozo yenmpa nuneiinozo yckopumens (Stanford Linear Accelerator Center):
www.slac.stanford.edu/

I'maa 3. Xumus. Kakoro poja XuMu4eckue peakiiui NoTOJKHYIIU aTOMbI K 00pa30BaHUIO

MEPBBIX KUBBIX CYIIECTB?

Kuuru

Adams F. Origins of Existence: How Life Emerged in the Universe. N.Y.: The Free Press, 2002.

Duve Ch. de. Life Evolving: Molecules, Mind, and Meaning. Oxford: Oxford University Press, 2002.

Ridley M. Genome. N.Y.: HarperCollins, 2000.

Shapiro R. Planetary Dreams: The Quest to Discover Life Beyond Earth. N.Y.: John Wiley & Sons, Inc., 2001.
Hepuonnqecm/le U3aaHusA

Ridley M. The Year of the Genome// Discover. 2001. Vol. 1. Ne 1. Jan.

Wade N. Inside the Cell, Experts See Life's Origin // New York Times. 1999. Ne 16. Apr.
V3abl Bcemupnoii [layTunbt

Archaea:

www.ucmp.berkeley.edu/archaea/archaea.html!

Hauano scusnu na 3emne:

www.sigmaxi.org/amsci/articles/95articles/cdeduve. html

Life in the right universe:

www.discover.com/nov_00/featlife.html

IlIpoucxoxcoenue ycusnu:

hitp.//origins.jpl.nasa.gov/
www.resa.net/nasa/origins life.htm
http://taggart. glg. msu.edu/isb200/oolife. htm

Ilpoucxoorcoenue rxncusnu na 3emne, asmop Leslie Orgel:
www.geocities.com/CapeCanaveral/Lab/2948/orgel. html

Ilpemusa «llpoucxoxncoenue sncuznuy (Origin of Life prize):

www.us.net/life/

Hpoucxomdenue U cCmaHoeieHue HCu3nu:

www.chemistry.ucsc.edu/Projects/origin/home.html
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B3zenaovl Bukpamacunxza (Wickramasinghe) u Xoiina (Hoyle) na npoucxoscoenue sxcuznu:
www.actionbiosdence.org/new frontiers/ wickramasinghe/wickhoyle.html

I'naBa 4. buonorus. KakoBo cTpoeHue u npeiHa3HauyeHue mpoTeoma?

Knaurn
Raven P. H., Johnson G. B. Biology, 6th Edition. N.Y.: McGraw-Hill, 2002 (Ha pyc. s3.:
Peusn I1., Deepm P., Atikxopn C. CoBpemenHas 6otanuka: B 2 1. / [lep. ¢ anrn. B. I'magkoBoii u 1p. M.: Mup, 1990).

Y3asl Bcemupnoii ITayruHbl

Ilpuxnaonas MoneKynApHAA 2EHEMUKA:

YurruHc A., YuHH Y. MaTb HepelweHHbIX NpobnemM Hayku / ApTyp Yurrnuc, Yapns YuHH. — lMep. c aHrn. A. NapbkaBoro. — M.: OAUP-
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http://www.biochem.arizona.edu/classes/ | www.biochem.arizona.edu/classes/bioc47l/pages/Lecture3.html (?)

Bbuouunwi:

http://157.98.13.103/docs/1995/103-3/innovations.html (?)
http://www.arrayit.com/ | http://arrayit.com/Company/Media/PrintMedia/printmedia.html (?)
www.goertzel.org/benzine/FodorProfde.htm | www.goertzel.org/benzine/FodorProfde.htm (?)

Dnexmpogopes 6 zene:
www.iacr.bbsrc.ac.uk/notebook/courses/guide/dnast.htm (?)

TI'enemuueckuit koo:

http://www.newton.dep.anl.gov/askasci/ | http://newton.dep.anl.gov/askasci/mole00.htm (?)

«bpocosasy /THK, unu xax?:

www.iacr.bbsrc.ac.uk/notebook/courses/guide/dnast.htm (?7)

3amemKu 0 MOIEKYAAPHOU OUOI02UU:

www.iacr.bbsrc.ac.uk/notebook/courses/guide/dnast. htm (?)

Monekynapunas zenemuka:

http://www.newton.dep.anl.gov/askasci/ | http://newton.dep.anl.gov/askasci/mole00.htm (?7)

['maBa 5. I'eoniorus. Bo3moKeH 1 TOYHBIN JOJITOBPEMEHHBIN MPOTHO3 MOTOJIbI?

Iepuoauveckue u3xaHus
Scientific American Presents Weather // Scientific American. 2000. Vol. 11.Ne 1.

V3abl Bcemupnoii [layTunbt

Jeo na Jlyne:
http://nssdc.gsfe.nasa.gov/planetary/ice/ice_moon.html

Bo3nuknoeenue 600vt na 3emne:
http://scienceweek.com/ | http://scienceweek.com/swfr065.htm (?)

Mooenuposanue npedckazanusn no2o0vl Ha NEPCOHAILHOM KOMRbIOmepe :

http://www.climateprediction.net/index.php | www.climateprediction.com (?)
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3anyck 30n0a Venera na Beuepy:

http://nssdc.gsfc.nasa.gov/planetary/planets/venuspage.html
http://mssdc.gsfc.nasa.gov/planetary/venera.html

['naBa 6. Actponomusi. [louemy Beenennas pacimmpsiercsi co Bce 00JIbIei CKOpOCThIO?

Kuuru

Bergstrom L., Goobar A. Cosmology and Particle Astrophysics. N.Y.: John Wiley & Sons, Inc., 1999.

Boss A. Looking for Earths: The Race to Find New Solar Systems. N.Y.: John Wiley & Sons, Inc., 2000.

Fox K. C. The Big Bang Theory: What It Is, Where It Carne From, and Why It Works. New York: John Wiley & Sons, Inc., 2002.
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