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Cepuio PRIMUS
COCTaBAT Ae6I0THbIE NPOCBETUTENLCKUE
KHUTN YYEHbIX M HaY4YHbIX XYPHANMNCTOB.

Cepus nosBunach 6narogaps COBMECTHOM
nHuymatnee “KHMKHbIX NPOEKTOB AMUTPUA 3UMUHA”
1 oHaa “IBonoumna” 1 U3JaeTca Npu UX NOALEPHKKeE.

IT0 MeXn3aaTenbCKMin MPOEKT:
KHUTY cepun ByayT BbIXOAWTb B Pa3HbIX U3LaTenbCTeax,
HO B eAIHOM 0hopMIEHUMN.
Ha aaHHbI MOMEHT B NPOEKTe y4acTBYIOT
ABa U3aTenbCTBa, Haubonee aKTMBHO
BbINYCKAMLWMNX HAYYHO-NONYAAPHYIO NUTepaTypy:
CORPUS n ANIbIMAHA HOH-OUKLLH.

KHU>KHEBIE IIPDOEKTBI &

AMUTpUSA 3UMHHA BOAIOLNS
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HayuHblt pepaktop AnekcaHgp MapKos, 4-p 61O, HayK
Penaktopbl BaneHtmHa bonorosa, Haranes Hapuyuccosa
XynoxecTtBeHHOe 0GOpMIEHUE U MaKeT AHapes boHaapeHKo

fictpebos C.
OT aTOMOB K ApeBy: BBeaeHWe B COBpeMeHHYI0 HayKy 0 %u3uu / Cepren fictpe6os. — M.: AnbnuHa
HOH-®MKILH, 2018. — 704 C.

ISBN 978-5-91671-899-7

13 yero coCTOAT XMBble TeNa U NpU Yem TyT ymepoa? YTo TaKoe reHeTMYEeCKUii Koa, KTO Takue BUPYCHI,
KaK yCTPOEHO 3BONOLMOHHOE APEBO M NOYEMY NPOM30LLIEN KeMOPUIACKNUIE B3pbIB? Mpeanaraemas KHura
[aeT aKTyanbHble OTBETbl Ha 3T M MHOrWe Apyrue BOMpoChl. «POKYCOM» paccKasa CyKMT 3BONKOLMA
HM3HU Ha 3emse: aBTop CYMTAEeT, YTO TONbKO NOA 3TUM YIOM 3PEHUs caMble pa3Hble 6MON0rUyecKue
npo6nembl 06PETaOT €ANHBIA CMbICA. KH1ra COCTOMT 13 YeTbipex YacTei, TeMbl KOTOPbIX NOCAEA0BATENb-
HO pacwupsIoTC: «XUMUA HU3HU», «MexaHU3M KWU3HW», «[IpeBO MM3HU» U «ACTOPUA KU3HW».
PeKoMeHAyeTcs WMPOKOMY Kpyry YuTatenei, BCepbe3 MHTEPECYIOWMXC COBPEMEHHON Guronoruen.

YDK 574/577

BBK 28.0

Bce npasa 3auymiieHbl. HuKaKas 4acTb 704 KHUMM He MOKET BbiTb BOCIDOM3BEAEHA B KaKo bl TO HM 6bUT0 OPME 1 KaKK-
MU Gbl TO HM GbITO CPEACTBaMM, BKIIOYas pasMelieHne B CEeTW MHTEDHET M B KOPMOPATMBHBLIX CETAX, @ TaKke 3ammchb
B namsits IBM /151 4aCTHOrO WM ny6AMYHOIO UCMOb30BaHHs, 6€3 MUCbMEHHOTO Pa3peleHns BAajebLa aBTOPCKUX NpaB.
[lo Bonpocy opraHu3aumm JOCTyna K 3NEKTPOHHON GubamnoTexe n3gatenbCTsa obpalyaitech no agpecy mylib@alpina.ru

ISBN 978-5-91671-585-9 © C. flctpe6os, 2017
(Cepua PRIMUS) © boHaapeHKo A., xyaoxectBeHHOe 0hOpMAEHHUE, MaKeT, 2018
ISBN 978-5-91671-899-7 © 000 “AnbnuHa HOH-OUKIWH", 2018
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MPEAUCITOBMUE ..o

Kak roBopwt u3BeCTHBIN 61oXuMuK cap Opemepuk Toymanm Xomn-
KUHC, )KU3Hb — 3TO TaKas IITyKa, KoTopas npoucxonut (life is
a thing that happens). Jpyrumu cioBamu, >XKU3Hb — 3TO IIPO-
Ilecc, MHOTIA OBICTPHINA, a MHOTA OYeHb MeJyIeHHbIA. [TpuMep
OBICTPOTO KU3HEHHOTO MPOIecca — CUHTEe3 U PaCIaji MOJIEKYI,
CHAOMKAIONUX KJIETKY DHepryel: BpeMs WX CyIeCTBOBAHUA U3-
MepsieTcsl CeKyHAaMmu. [IpuMep MeyIeHHOTO Iporecca — KpyT-
HbIE 3BOJIIOIIMOHHBIE M3MeHEeHUsI, KOTOpble MHOI/IA PaCTATHBa-
I0TCA Ha MWUIHAPE! jeT. O61acTh 3HAHUH, OXBATHIBAIONIAS CPa-
3y BCe 3TU SIBJIEHUS, MOKET CO CTOPOHBI ITOKA3aThCs HEOOBSATHOM,
KaK I1aCTh JIpeBHEeTro 60ra CMepTH, OffHA Ty6a KOTOPOTO JIOCTAeT
o Heba, a Apyras — 1o 3eMun® OTYaCTH TaK OHO U eCThb. buoso-
TUA — OYeHb MHOTOJIMKASA HayKa, K TOMY JKe ellle ¥ GYpPHO Pa3BU-
BAIOIIASICA IIPAMO ¥ HAC Ha I1a3aX (YTOOBI OLEHUTD 3TO, JIOCTATOY-
HO B JIIOO0M MOMEHT IIPOCMOTPETh, HAIIPUMeDP, pa3/iel HayIHbIX
HOBOCTel calita “DyiemeHTH”). HeyquBUTeIbHO, YTO OHA ceifdac
MHOTUM UHTepecHa.

3amaguMcs CIefyONUM BOIIPOCOM: KaKyH BBOJHYIO WH-
(dbopmMaIuio Hafo COOBIMUTh PA3YMHOMY U 3aUMHTEPEeCOBAHHOMY,
HO COBepIIeHHO HeCBeAyleMy B OMOJIOTUY YeJI0OBEKY, YTOOBI OH
Havas 6oylee-MeHee Pa3bUPaThCA B 3TOU HayKe M MOT IIOHMMAaTh
3HaYeHUe CBEXUX OMOIOTUYECKUX OTKPBITHI?

[IpepyiaraeMyo KHUTY MOXXHO CUUTATh IIOIIBITKOM OTBe-
TUTh HA 3TOT BOIPOC. Ee meanbHBIN YnTaTellb BUAUTCA aBTOPY
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KaK YUIOBHBIN “00pa3oBaHHBIN HeOHUOJIOT”, IIPEKPACHO (KTO MO-
KeT B 5TOM COMHEeBaTbhCA?) 3HAIOIIUHI Te HAyKH, KOTOPBIe OH CePb-
€3HO M3yJaJl, HO He UMeIOI[UI POBHBIM CYeTOM HUKAKOHM OHOJIO-
TUYeCKON IV XUMUYIecKor “6a3pl”. ECIM TaKO Y4eJI0BeK II0 JIIo-
601 MpUYMHe 3aMHTEepeCyeTcs GUOIOTHEeH, 3Ta KHUTAa — JJI HETO.
YPOBHA “KOLIA-TO YTO-TO YUILI B IITKOJIE, HO BCe 3a0bLT” AJIA HAYa-
JIa BIIOJIHE XBaTUT.

KoHeuHO, He MOXeT OBITh U PeYr O TOM, YTOOBI PacCKa3aThb
B OJJHOM KHHTIe Cpa3y IIPO BCIO COBpeMeHHyIo Ouosioruio. OT-
60p MaTepuasia — Ha COBECTH aBTOPA, U 3a IIpeJieJIaMU COBCEM
YK a30yKU OH JIOBOJIBHO CyObeKTHUBeH. Tawm, I7ie yIIOMUHAeTCs Ka-
Kasg-To CIIOPHAs WK HOBad WH(OpMaIys, CTOAT CChUIKU Ha Hayd-
HBIe CTaTbH, U3 KOTOPBIX OHA B3ATa. BayKHBIe TEPMUHBI, KOTOPBIE
IIPUTOJATCA AJIA IIOHUMaHUA JaJTbHeNIIero pacckasa, IIpu Iep-
BOM YTIOTpeOIeHUU BBIEIIAIOTCA KYPCHUBOM.

KHura coctouT u3 yeTeIpex yacren: “Xumus >ku3Hu”, “Mexa-
HU3M XU3HU”, “JIpeBo »ku3Hu” U “Vcropusd >ku3HN". B IepBo 4ya-
¢ty (“XuMUS KU3HU”) COOBIAeTCs, U3 Yero, COGCTBEHHO TOBOPS,
COCTOMT XUBas Marepus. Bropas dacTs (“MexaHNU3M »XKU3HU ") pac-
CKa3bIBaeT O TOM, KaK JKUBbIe CyIecTBa 0OpaIaTcsa ¢ HHGOp-
Malfiel u ¢ sHepruei. TpeThbs 4acTh (“[peBo KU3HU") — 3TO 06-
30p BCeoOIIIero 3BOJIIOIIMOHHOTO peBa. B Hell BKpaTie 00Cy»xzia-
eTcs, KaKye CYILIeCTBYIOT OOJIbINYe IPYIIIEI )KUBBIX OPTaHU3MOB,
KTO M3 HUX KOMY POZHA, KaKMe MeXAy HUMHU eCThb BaKHBIE Pas-
gnaus. M HakoHeIl, B yeTBepToH 4acTH (“VicTopus *KU3HU”) BCA
YKU3HB Ha 3eMJIe paccMaTPUBaeTCs KaK eJHoe IfeJioe U MBI IIPOo-
CIeXUBaeM IVIaBHbIe COOBITHA, IIPOM30IIIe/[IINe Ha Halllel IIaHe-
Te 3a IoCJIeJHHe YeThIpe C JUIIHUM MUUIHAPAA JIeT.

TeM, KTO COIIPHUKOCHYJICS C Ouosoruell 6osee Wiu MeHee
BIIepBbIe, JIy4llle YUTaTh 3Ty KHUTY IIOAPAZ, II0 BO3MOXKHOCTU
He IIPOITyCKas WIaB. [IpofBUHYyTEIE YUTaTeIN, KOTOPBIX B HAllle
BpeMs TO)Ke XBaTaeT, CKOpee BCero, COpPUeHTHUPYIOTCA caMU. AB-
TOp HaZleeTcs, YTO HEKOTOPBIe PasZiesibl MOT'YT OBITh MHTePeCHBI
1 IpodecCHOHAIbHBIM OMOJIOTaM (3TO B OCHOBHOM OTHOCHUTCS
KO BTOPOM IIOJIOBHMHE KHUTH). M TpeThs, U 4eTBepTas 4acTu HaMe-
PEHHO HaIlMCaHbI TaK, YTOOBI JIIOOYIO M3 HUX MOYKHO OBLIO YUTaTh
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KaK CaMOCTOSATENbHBIN O4YepK. [103ToMy, ety OGUOIOTHYecKast
‘6a3za” y Bac eCTb — BBI COBEPIIEHHO CIIOKOMHO MOKeTe YUTaTh
KHUTY C CePeINHbI, a B HAYAJIO 3aTVITHYTh II0TOM, eCJTU TIOXKeIaeTe.

Korma HaGpoCKW mepBOM YacTU KHUTHM BBIKJIQ/IBIBAJIICH
B KK, aBTOpY pery/spHO 3aaBaivl OAMH U TOT >Ke BOIIPOC: ITove-
My TaM TaK MHOTO XuMHUH? OTBeT: IOTOMY YTO 3JIeMeHTHas 6a3a
’KUBBIX CUCTEM — XUMHYecKas. OT 3TOro HUKyZA He JeHeIIbCs.
U motoMm, pa3Be He UHTePECHO 3HATh, YeM, Harpumep, GpyKTo3a,
U3BECTHBIN KOMIIOHEHT INeTUYeCKUX CJIAJIKUX ITPOAYKTOB, OTJIU-
YaeTcsA OT OOBIYHOTO Caxapa, WIN II09eMy IIUIUH CIY>KUT yCIIO-
KaWBaIOUIVM CPeICTBOM, WJIN KaKOB MEXaHM3M JeNCTBU Kode
Ha HEPBHYIO CUCTeMY, WM BpeZieH JIM Ha CAaMOM Jejie [IyTamMat?
C IOMOIIBI0 OGMOJIOTMYECKON XUMUY TIOHATh TAKUE BeIllU JIETKO,
a 6e3 Hee COBepIIIEHHO HEBO3MOXKHO. B 11060M cirydae, o6 oCcHO-
BaX XMMHUU TYT PACCKA3BIBAETCSA C HYJISI W HA TAKOM VIIPOIeH-
HOM YPOBHe, YTO aBTOPY OyZleT Zja’ke HeJIOBKO Iepe] YU TaTesLIMU-
XUMHUKaMU, eCJIU 3TO COUNMHEeHMe TI0IIa/leT UM B PyKU.

OriurpadoM Ko Bcell KHUTe, HaBepPHOe, MOKHO ObUTO GBI ITOCTa-
BUTH 3HaMeHuThIe ¢yioBa Peomocusa JobpikaHckoro: “HudTo B 610-
JIOTUY He UMeeT CMBICIa MHaJde Kak B cBete sposronuu” (Nothing
in biology makes sense except in the light of evolution):. lo6p-
YKAaHCKUH, pa3dyMeeTcs, 6bUT abCOITIOTHO ITpaB. JIro6ast 0c06eHHOCTh
JII060TO GHOJIOTIECKOT0 OOBEKTa B KOHEYHOM CUeTe SIBJIIETCS pe-
3yJIBTATOM KaKOTI'O-HUOYZb SBOIFOIIMIOHHOTO — a MOXKHO CKa3arTh,
U “UCTOPUYECKOr0” — COOBITHS. Hafio TOMBKO BBIICHUTH KaKOTO.
ABTOpY XOTeJIOCh TIOIBITAThCS IPUMEHUTD 3TOT CITOCOO OOBSICHE-
HUA aOCOMIIOTHO KO BCeM IIpeAMeTaM Pa3roBopa, OT aTOMOB M MO-
JIEKYJI IO SBOJIIOIIMOHHOTO IpeBa (0TCIofa U Ha3BaHUe KHUry). Ha-
CKOJIBKO YAAYHO 3TO IIOJIYIMIOChH, PEIIaTh YUTATeILIM.

Heckonpko CJIOB 0 TOM, 4ero B KHuTe HeT. I[Ipexnie Bcero,
B Hell HeT HU OJHON MaTeMaTU4eCKOM GOPMYJIbL: BCe U3JI0KEHO
Ha KayeCTBeHHOM ypoOBHe. Ha mmepBhIi IUIaH BhIBEIeHa KIaccuye-
CKasi COOBITUITHAS UCTOPUS — UCTOPUS KUBBIX OPraHu3MoB. [1o-
MeIlleHHbIN B Hayajie KHUTU 0030p XUMUYECKUX OCHOB KU3HU
Hy)XeH B OCHOBHOM JIJISI TOTO, YTOOBI JIy4Ille TOHATH 3Ty UCTOPUIO
(11 ee CTOKN).
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Het 1 Koe-KaKuX pasfiesioB, KOTOPble TPAAUIIMOHHO BKJIIOYA-
I0TCA B KHUTH ITOJJOOHOTO POJIa U OTCYTCTBHE KOTOPHIX HaBepHKA
3aMeTUT KPUTUYECKU HaCTPOEeHHBIN YUTaTeshb. YTOOBI 00IeTInTh
eMy 337Ia4dy, MOKHO yyKe B IIPeJUCIIOBUY IIePeYNCIUTD HECKOJIBKO
SAIBHBIX YIIyIIeHUH. Bo-lepBhIX, ITIOYTH YTO HU CJIOBA He CKa3aHO
O COBpEeMEHHOU 3BOJIOIMOHHON TeOPUHU. BO-BTOPBIX, IIPOUTHO-
prpoBaHa IpobyeMa >KU3HEeHHBIX ITUKJIOB M X 9BOJIIOIINHU (JaKe
MUTO3 U Meli03 He 00CyXK/Ial0TcA). B-TpeThuX, pasroBop Ipo 3BO-
JIFOLIMIO IIJIAHOB CTPOeHU S MHOTOKJIeTOUHBIX KMBOTHBIX 3aKaHUU-
BaeTcsdA, He Ha4aBIIMCh. BHavasle aBTOP XOTeJI IIOCBATUTH KK 0N
U3 3TUX TeM II0 IVIaBe, HO B XOZie PabOThI CTAJIO IIOHATHO, YTO 3TO
HEBO3MOXKHO CZleJIaTh, eCJIM He IIPeBPaIlaTh KHUTY B MHOTOTOM-
HUK. Bce Tpu Ha3BaHHbIe TeMbI — OYeHb MHTepeCcHbIe, 1 IIpobe-
raTh UX MUMOXOJOM He xoueTcsa. O HUX HaJj0 paccKas3blBaTh OT-
JIeJIBHO.
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BJIATOOAPHOCTU ...

Besmkomy mucaTtento YM6epTo DKO — 3a HasBaHwue. S pelw,
yTo “OT aTOMOB K JIpeBy” 3BYIHUT He XyKe, YeM “OT JpeBa K j1abu-
PUHTY.

TeHMaIbHOMY IOIYJIApU3aTOPY HAyKU Ali3eKy A3HMOBY —
3a 3a04YHBIE YPOKU, KOTOPBIE OH ILeJPO PACCHIIIAI ITI0 CBOUM KHU-
raM, U 3a HeBePOATHYIO »KKIY 3HAHUM, KOTOPOX OH yMeJ 3apa-
3WUTh YUTATeNIA.

[Namene Kemm u Kapen ApMc, aBTopaM 3aMedyaTeabHON KHU-
ru “BBeeHVe B OUOJIOTUI0”, KOTOPYIO 51 BIIEPBbIE ITPOYUTAIT
B 13 JIeT ¥ KOTOPasi CIY>KUT I MeHs 06pasIioM TOTo, KaK o100~
Hble KHUTH HaJ0 ITUCaTh.

MHOTOYHCIeHHBIM YUTATeIIM HaydHOTO OJIora caenogenesis.
livejournal.com — 3a 06paTHyI0 CBsA3b, KOTOPAsA ObLIA OCOOEHHO
Ba)KHA B Hayasle paboThl ¥ KOTOPYIO S IIOJIyIHJI B TIOJTHOU Mepe.

KomnextuBy JleTHell skosoruyeckoi mkousl (JIDII) u Becen-
Hel 5KOJIOTUYeCKOU Kokl (BOII), e s YuTasl JIEKITUU, TTOCTY-
YKUBIIIE OCHOBOU J/Is1 HECKOJIBKUX IJIaB 3TOM KHUTH.

CoTpyZHMKaM >KypHaIa “XUMUA U KU3HB”, I7ie ObLIa IIpeBa-
DUTEIPHO OIyOJIMKOBAaHA B BUJie CEPUU CTaTel YeTBepTas YacThb
kauru (“Ucropus xusHu”). OTmenbHAs GJIATOJAPHOCTD JIMIHO
Enene KieeHko, paboTaTh C KOTOPOM — OIPOMHOE YIOBOJIBCTBHE.

Ace KazaHnnepoi u JleHucy 3emiiefiesiblleBy — 3a TO, YTO OHU
B3SUTU Ha e TPy, IPOYUTATh Y€PHOBUK U BBICKA3aTh ITOJIE3HbIE
3aMedyaHusd.
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Mapuu EropoBoif — 3a To, 4TO OHa, Oyaydu IO IIpodec-
CUU JIMHTBUCTOM, TOCHIYKIJIA MOZEJIbI0 UeaJIbHOTO YUTaTeId,
U 33 MHTepeCHble KOMMeHTapuH.

Anexcanzapy BragumupoBudy MapKoBy — 3a TIATEIBHYIO
Hay4HYIO PelaKTypy, B pe3ysbTaTe KOTOPOI KHHUTA CTaja JIydIle,
U B [1€JIOM 34 IIOAJEPXKKY.

Biarogapio Kosier — BBICOKOKBATM(UIIIPOBAHHBIX OMO-
JIOTOB, COIVIACHUBIIMXCA BHUMATEJIBHO IIPOYUTATh U OTKOMMEH-
TUPOBaTh OTAEJbHBLIE pa3fesibl KHUTM: Muxawia AJleKcaHIpo-
Br4a HukutuHa, Muxauia BanepbeBuya Iloropesnoro, Anexces
BukTtopoBuua YepHsblmieBa, [mutpus AnzapeeBuda IllabaHoBa
u ocobeHHO JIMutpus BukTopoBuya JIeOHThEBA, KOTOPBIN OY€Hb
IIOMOTI MHE CO CJIOXKHeHIeld B HaydHOM OTHOIIEHWH TpeTbeil
YacTbIO.

U HakoHern, Gecrpe/iesibHasA GJIATOaPHOCTE — MOUM yHU-
BePCUTETCKUM yduTesaM: bopucy Jmutpuesudy Bacuibey, Pe-
Jukcy AHoBuuy [I3epKuHCKOMY, AnekcaHapy Cepreesuuy PayTu-
any, Bragumupy BacunbeBudy ManaxoBy, AHZpero AJIeKCaHIpO-
Bruy KameHckomy, IOpuro TapuyaHoBu4dy JpAkoBy 1 JleoHUmy
CrenaHoBuuy [y3ero. C HEKOTOPBIMU U3 IepeYNCIeHHBIX A 00-
IAJICA MHOTO U TeCHO, LPYTUX 3HAJ TOJBKO II0 JIEKIIUAM, HO II0-
BJIVAJIM Ha MeH: OHU Bce. Hazfelocs, 4TO B KHUTE 3TO OTPA3UJIOCE.
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Mblwb no6bUT Mapmenapg, notTomMy 4to B HEM MHOI0O KMCANOT.

IOPUW ONELIA. TPU TOJICTAKA

U3 yero coCToAT KUBbIe OPTaHU3MBI?

OTBeTUTH Ha 3TO OYEHB JIETKO: KMBbIe OPraHU3MEI, KaK U He-
»KUBBI€E TeJIa, COCTOAT 13 aTOMOB.

3HaveHUe 3TOrO YTBEPKAEHNs, YTO Ha3bIBAeTCA, TPYAHO IIepe-
oneHuTh. HoGeeBcKuii jlaypear Pruapn GelfHMaH rOBOPII B Ha-
yajie CBOUX 3HaMeHUTHIX “PelTHMaHOBCKUX JIeKIIUY 10 pusnke”:

“Ecti 6BI B pe3ysibraTe KaKOM-TO MHPOBON KaTacTpo(dbl Bce

HaKOIUIeHHbIe HAyJHbIe 3HAHUS OKA3TUCh OBl YHUITOKEHHBIMU
U K TPAAYIIUM TTOKOJIEHUAM JKUBBIX CYIECTB Tepelnia Obl TOMb-
KO omHa (pasa, TO KaKoe yTBepKIeHUe, COCTaBJIeHHOe U3 Hau-
MEeHBIIIeTO KOJIMYECTBA CJIOB, IIPUHECIO OBl HAOOJIBIIYI0 MHMOP-
Manuio? f cauTaro, 4TO 3TO aTOMHAas TUIIoTe3a (MOyKeTe Ha3bIBaTh
ee He TUIIOTe30H, a (paKTOM, HO 3TO HUYero He MeH:AeT). Bce Te-
JIa COCTOSAIT U3 aTOMOB — MaJIeHbKUX TeJIell, KOTOpble HaXOJATCS
B GeCIpephIBHOM JIBMIKEHUU, TIPUTATUBAIOTCI HA HEOOJIBIIIOM
PaCCTOSTHUM, HO OTTAJIKUBAIOTCS, €CJIV OAHO U3 HUX IUIOTHee IIpU-
»KaTh B IPyTOMy”.

CkazanHoe PelfHMaHOM, KOHEUHO, paBaa. OmHaKo J06o0e
HAyJIHOe yTBep)KJeHre 00s3aHO UMETh Te WJIU WHbIe IPAHUITHI
IIpUMeHUMOCTU. ITonineM ux 1 TyT. ATOMHas TUIIOTe3a — 3TO Be-
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JINKOe JOCTIDKeHUe YeJIoBeueCKOM MBICIU, HO IeIMKOM Jiu Bce-
JIeHHasA COCTOUT U3 aToMOB? U Bce i KUBBIE OPIaHU3MBI COCTO-
AT TOJIBKO U3 HUX?

Ha mepBBIf M3 3THX BOIIPOCOB OTBET, KaK HU CTPAHHO, Oy-
JleT OHO3HAYHO OTpUIlaTesbHBIM. HaureM c Toro, yro Hama Bce-
JIeHHas BO3HMKJIA B pe3yJsibraTe BOJBLIOrO B3phIBA IIPUMEPHO
13,8 MwLIMapza JeT Hasaz, U C TeX IIOp ee COCTaB CUWIBHO HM3Me-
HwiIcA. HacKoJIBKO MOXXHO CyZIUTh, B IIepBBIE 300 000 JieT BO Bce-
JIEHHOU He OBLIO HU OJTHOTO aTOMa (XOTsI OBLTU YaCTHUITHI HECKOITh-
KUX pyrux TanoB). Ho ¥ mocje Toro, Kak aTOMbI BO3HUKJIN, OHU
He CTaJIM NIaBHOM COCTaBJIAIONIeH KocMmoca. [1o JaHHBIM KocMude-
CKOM obcepBaropuu “IlIaHK”, HBIHEIHsA BceeHHas Ha 4,9% co-
CTOUT U3 OOBIYHBIX ATEMEHTAPHBIX YaCTHUII, CIIOCOOHBIX CJIOKUTHCS
B aTOMBEI, Ha 26,8% — 13 TeMHOI MaTepUuu (KOTOpas He IIPOABJIIeT
HUKAKUX HAOII0ZIaeMbIX CBOMCTB, KDOMe MAacChl) U Ha 68,3% — U3
TEeMHOU SHePruu (IIpo KOTOPYIO BOOOIe HEIIOHATHO, CBA3aHA JIN
OHA XOTb C KAKUMU-HUOYTH MaTePUATHLHBIMU TeJIAMU)*. [py0o roBo-
P, BceneHHast cocTouT 13 OOBIMHBIX aTOMOB He OOJIbIIe YeM Ha 5%.

[TomgepkHeM, 4TO 3TU COOTHOLICHUSA OTPAKAIOT COBPeMEeHHOe
TIoJIOXKeHUe Belrell. HecKonbKO MUITUAPIOB JIeT Ha3aj, OHU Ha-
BepHsKa ObUTU UHBIMU, BeJlb BcesleHHas HeTIpephIBHO Pa3BUBAET-
CS1; 9TO TIOATBEP)KIAETCA U pacdeTaMU Ha OCHOBe O0IIel Teopuu
OTHOCHUTETBHOCTH, ¥ TIPSIMBIMU HAOMIOAEHUAMH KOCMIYECKOTO
PEeJINKTOBOTO U3MydeHU:. MTaK, JaHHbIe UCCIeN0BaHUN ITOKa3bl-
BAaIOT, YTO cefyac 4acTy BcesleHHOM, ITOCTPOEHHBIE U3 OOBIIHO-
TO BEIeCTBa, MPEeJCTABJIAIOT COOO0M, IO CyTH, BCETO JIUITH OCTPO-
Ba Cpeiyl OKeaHOB TEMHOU MaTepPUU U TEMHO SHEPTUH, B IIIyOU-
HBI KOTOPBIX JIIOJAM ellle TOJIbKO IPeACTOUT 3alIAHYTh. (Mexmy
TIPOYUM, UMEHHO O TaKMX HUCCIeOBAHUAX MeuTaeT JOKTOP Xayc
B IIepBOM CepUU BOCHBMOTO Ce30Ha 3HAMEHUTOTO cepraIa.)

A BOT Ha HaIll BTOPOU BOIIPOC — BCe JIX YKUBBIE CHUCTEMBI CO-
CTOSIT U3 aTOMOB? — OTBETOM Oy/leT yBepeHHOe “ma”. B aToM Iuia-
He GHOJIOTMYECKII MUD TOpa3o MeHee Pa3HO0Opa3eH, yeM (pr3u-
yecKuiL. JIro6oe JKUBOe CYIeCTBO TTOCTPOEHO U3 aTOMOB, U TOJIEKO
U3 aTOMOB, B IIOJIHOM COOTBETCTBUM C KJIACCTYECKOM aTOMHOM I'-
11oTe301. IIpuMephl UHBIX, He aTOMHBIX GOPM >KU3HU MOXKHO IIO-
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Ka HaWTH JIUIIb B Hay4HOU ¢aHTacTuKe. Hampumep, B BRJIIKOM PO-
MaHe Cranuciasa Jlema “CosApuc” YIIOMUHAIOTCA XUBBIE CYILIeCT-
Ba, CO3IAHHBIE HE U3 aTOMOB, a U3 OYeHb JIETKUX JIeMeHTapPHbIX
gacTul, — HedTpuHO. Ho 3T0 He Gostee yeM MBICTIEHHBIH dKCIIepU-
MEHT, IIOCTaBJIEHHBIH ITHcaTesieM. B pealbHOM GMOIOTMY HAM IIPU-
XOZWTCS UMEeTh JIeJI0 TOIBKO C aTOMaMU U X yCTOMYHUBBIMU COYeTa-
HUAMU, KOTOPbIe Ha3bIBAIOTCA MOJIEKYIAMU. A U3 MOJEKYJI, B CBOIO
ouyepenb, CKJIAABIBAIOTCA BelllecTBa. Kak mucan ToT jxe PeltHMaH,
JII060e BeIeCTBO — 3TO CBOU THUIT PACIIONIOMKEHS AaTOMOB.

Mup aToMOB JOBOJIBHO pa3HOoOpa3eH. Ha MoMeHT Hammca-
HUA 3THUX CTPOK y4eHBIM M3BeCTHO 118 BHJOB aTOMOB, KOTOpbIE
IIPUHATO Ha3bIBaTh XUMUYECKUMU 37IeMeHTaMu. [IpaBza, B »Ku-
BBIX TeJIaX BCTPeYaroTCA JaleKo He BCe U3 HUX, a Te, YTO BCTpeda-
eTCs, pacIpesiesieHbl TaM OYeHb HepaBHOMEPHO.

XopoIlras HOBOCTb 3aKJIIOYAeTCSI B TOM, YTO aTOMbI YacTo Ob-
BAIOT OYeHb JIOJITOBEYHBIMMU. B Tex mpolieccax, KOTOpbIe HeItoCpe-
CTBEHHO HM3y4JaeT OHMOJIOTHsA, OHM IIOYTH HUKOIZIA He PacIaJiaioT-
€1, He BO3HUKAIOT 3aHOBO M He IIPeBPalaloTCA APYT B pyra. OTO
He 03HayaeT, YTO OHU He IIPeBPaIlaloTCs PYT B IpyTa BOOOIIe HU-
KOIJIa: OY€Hb CKOPO MBI YBUJIUM, YTO, €CJIU OBbI He OBLIO B3AMMHBIX
IIpeBpallleHUI aTOMOB (TOUHee, UX sfiep), Bo BceleHHOM He cMorIa
6Bl BOSHUKHYTD JKM3Hb. OITHAKO I IOHUMAaHUs TOTO, KaK YCTPO-
€HBI JKIBbIE TeJIa, HaM Oy/IeT BIIOTHe JJOCTATOYHO YINUTHIBATE B3aU-
MOJIeTICTBIE TOTOBBIX Y HEM3MEeHHBIX aTOMOB MEXKITy COOOTA.

KPaTKO NP0 @TOMBI ..............cccuveineeiieeeeeeeeeeeeeeceeeeeee e e e

WTak, aTOMBI.

YKe IOBOJIBHO JaBHO U3BECTHO, YTO OHU COCTOAT U3 TPeX TU-
II0B 2JIeMeHTapHBIX YaCTHUIL: IPOTOHOB, HEHTPOHOB U JIEKTPOHOB
(cM. puc. 1.1A). IIpoTOHEI 1 HEUTPOHBI — YaCTULIBI OTHOCUTEIBHO
MacCCHUBHBIe, JTII000H M3 HUX IPUMEPHO B 1800 Pa3 TshKesIee JIeK-
TpoHa. VI3 IPOTOHOB ¥ HEUTPOHOB COCTOUT aTOMHOE ALpO, a U3
TEKTPOHOB — BHEITHSAA 000JI0YKA aTOMa, KOTOPYIO OOBIYHO IIPs-
MO TaK U Ha3bIBAIOT JIEKTPOHHOU 060JI0YKOM. DJIeKTPOHBI, 06pa-
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3yIoIIyie 0O0JIOUKY, IIepeMeIaroTCs BOKPYT Spa M0 IYpe3BhlYai-
HO (JIOXKHBIM TPAeKTOPUAM, HO, KaK IIPaBWIO, He CJIUIIKOM OT He-
TO yHAJIAACH.

Camoe Ba)kHOe JJIs1 HAC CBOMCTBO dJIeMeHTapHBIX YaCTUI] Aa-
)Ke He Macca, a dJIeKTPUIeCKUH 3apsil. 3/1eCh AeHCTBYIOT abCOITIOT-
HO YeTKUe U OYeHb IIPOCThle 3aKOHOMEPHOCTH.

e TIPOTOH 3IeKTPUYECKU 3aPsDKEH ITOJIOKUTETBHO, EeKTPOH —
OTPUIIATEIHHO, A HEUTPOH He MMeeT HIUKAKOTO0 3aps/a.

e  Tlo BeJIMUMHE OTPUIIATETBHBINA 3aps], JEKTPOHA CTPOTO pa-
BeH IIOJIOXKUTEJILHOMY 3apsLy NMpoToHA. [IpUHATO CYMTATH,
YTO IIPOTOH MMeeT 3apsif +1, & JIEKTPOH —1.

*  YuIo 351eKTPOHOB B aTOMe 110 YMOJTYaHHIO PABHO YUY IIPO-
TOHOB, TaK 4TO 3apsJ IIeJIOT0 aToMa paBeH Hyuo. Ecu ke yu-
CJIO JIEKTPOHOB OTVIMYAETCA OT YHCJIA IIPOTOHOB, 3HAYUT, I1e-
pell HaMH He IIPOCTO aToM, a 3apsDKeHHasA YaCTUIlA — HOH.

®usuxku eme B XVIII Beke BBIACHWIIY, YTO dJIeKTPHUUIECKYE 3aPAbI
OBIBAIOT JIBYX THUIIOB: ITOJIOKUTENBHbIE U OTPUIlaTeIbHbIE. TakKe
OHM OOHApYKWIU, YTO Pa3HOMMEHHbIe 3aps/ibl IPUTATUBAIOTCA,
a OHOMMEHHBIE OTTAIKUBAIOTCA. OTOT 3aKOH Ha3bIBAETCA OCHOB-
HBIM 3aKOHOM 3JIEKTPOCTaTUKH, WU 3akoHoMm Kynona (Ha caMoM
JleJle OH 3aIllMChIBaeTCA (POPMYJION, ITO3BOJIAIOIIEN TOYHO OIIpe-
JIeJIUTDh CUJTYy IPUTSDKEHUS WIN OTTAIKUBAHUSA, HO MBI TyT 000M-
Jemcs 6e3 MaTeMaTUKY). 3aKoH KystoHa JIefiCTByeT I7ie yTOHO, B
TOM YMOIe U BHyTpHU aromMa. COOCTBEHHO TOBOPS, 3JIEKTPOHBI U
IIPOTOHBI ITIOTOMY U 00Pa3yIoT eAUHBIN aToM, YTO OHU 3JIeKTPO-
CTaTUYeCKU IIPUTATHUBAIOTCA JIPYT K ApyTy. g cIpaBKU Jo06a-
BHUM, YTO IIPOTOHBI U HEUTPOHBI “CKJIEMBAIOTCA” B aTOMHOE AP0
IIPUTDHKEHNEM COBCeM JPYroro pozia — TaK Ha3blBaeMbIM CHJIb-
HBIM AZIePHBIM B3aUMOZEHCTBHEM, KOTOpoe Ha MaJIeHBKUX pac-
CTOAHUAX TOPa3fo MOITHee JIeKTPOCTaTUYeCKoro. MiMeHHO 1o3-
TOMY IIPOTOHBI B AZipe JepKaTcs BMeCTe, HeCMOTPA Ha OTTAJIKUBA-
IOLIYIO UX APYT OT JpyTa KYJIOHOBCKYIO CHILY.

CaMbIli JIaBHBIH ITapaMeTp JII0O0ro aToMa — 3TO YUCJIO IIPO-
TOHOB, WJIN aAMOMHbLL HoMep (Z). BemuuHa Z OGHO3HAYHO OIIpe-
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JlefifeT TOJIOXKeHUe TaHHOTO aToMa B MepUOANYecKOl crucreMe
JIEMEeHTOB, TO eCTh B Tabiuile MeHzieneeBa. Kak MbI yoke 3HaeM,
YUCJIO 3JIEKTPOHOB OOBIYHO PABHO YKCITY IIPOTOHOB. A BOT UTO Ka-
CaeTcA 4rCjia HEUTPOHOB, TO OHO MOXKET IIPU OZHOM U TOM Ke
YHCJIe TIPOTOHOB OBITh PAa3HBIM. ATOMBI, IMEIOIIYe OJMTHAKOBBIHI
aTOMHBIY HOMep, HO pa3HOe YHCJIO HeUTPOHOB, HAa3bIBAIOTCA U30-
monamu. ECJI (JIOBO “U30TOIBL” He YIIOMUHAETCA, 3HAYUT, YUCIO
HeUTPOHOB HaM B JIAaHHOM CJIydae HeBa)KHO. Bce aToMbI, uMero-
1ye OAUHAKOBOEe YUMIO IIPOTOHOB, II0 OIpeJleJIeHUI0 OTHOCATCS
K OTHOMY XUMUUECKOMY JLeMeHNTY.

CaMBIM IPOCTOM M3 BCeX BO3MOXKHBIX aTOMOB — BOZOPOZ,
(Z=1). OH cocTOUT M3 OZHOTO IIPOTOHA W OJHOTO dJeKTpoHa. Heli-
TPOHOB B HEM MOKeT He ObITh BOBCE (XOTsS MOTYT U OBITh, B 3a-
BUCHUMOCTH OT TOTO, KAKOU 3TO M30Tom). ECJI JTUIITNUTH OOBIIHBIN
MIPOCTeNIINI aTOM BOZOPO/A ero eANHCTBeHHOTO 3JIeKTPOHa, OT
HeTO OCTaHeTCs IOJIOXKUTEIBHO 3apsLKeHHBIN MOH, B JAHHOM CIIy-
Yyae TIpeICTABJIAIONINI COO0M He UTO MHOe, KaK “TOJIBIN” TPOTOH.

Eme B Hayase XIX Beka aHIMNUCKUN XUMUK U Bpad YWIbIM
[IpayT BBIIBUHYJ OIlepeAUBIIYIO CBOe BpeMs THIIOTe3y, YTO aTo-
MBI BCEX APYTUX XUMIIECKUX 2JIEMEHTOB 00Pa3yIOTCs B pe3yJIbTaTe
00BeIMHEHISI TOTO WJIM MHOTO KOJIMYECTBA aTOMOB BOIOposias. U oH
OBbUT He TaK YK JJAJIeK OT UCTUHBL Bce aTOMBI IeHICTBUTETTHHO COCTO-
ST U3 OHOTUITHBIX YACTHII, CAMBIN IIPOCTOM BO3MOKHBIN Habop KO-
TOPBIX JIaeT He YTO MHOoe, KaK aToM BoZIopofia (Z=1). Bropoi o ciox-
HOCTU aTOM — TeJIui (Z=2), TpeTUl — JIUTUH (Z=3), Hy a JaJIblile B
HallleM PacropsDKeHUH Bes Tabmuna MeHieneeBa. CaMble TSDKeTTbIe
aTOMBI COZIEPYKAT OOJIBITIE COTHU IIPOTOHOB U OKOJIO JIBYX COTEH Heli-
TPOHOB. HO C TaKMIMM YyZIOBUIIIAMU MBI B OHIOJIOTVIH He BCTPETUMCSL.

XUMUUECHHNE CBABM .........ooceveeieeneeeeeeeeecieeeceneeeeteeeeenrreeesneeenn
CaMBbIF BayKHBIH I HAC CIIOCO0 B3aMMOIECTBUA aTOMOB Ha3bIBa-
eTCs KOBANEHMHOIL c843b10 (CM. pHC. 1.1B). DTO CBA3B, 0Opa3yemast 00-

H.Iefl HapOﬁ SJIEKTPOHOB — II0 OJHOMY OT KAXKAOT'0 13 ABYX ATOMOB.
MOXXHO CYUTATh, UTO SJIEKTPOHBI aTOM IIapbI IIPUHAJIEKAT oborM
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aTomMaMm cpasy. Ha rpadguaeckux GpopMysax, 0ToOpaskaloIiux CTpoe-
HIle MOJIeKYJI HaIVISI/THO, KOBAJIEHTHYIO CBA3b 0003HAYAOT IIPOCTOM
YepPTON MEeXIy CMMBOJIAMU XUMWYECKUX JIeMeHTOB. VIMeHHO Ta-
KUMU CBSI3AMH U COEJHEHBI aTOMBI B OOJIBIIITHCTBE OOBIYHBIX
MoseKys. [IpuMep — Morsekysa Bofopoza. OHa COCTOUT M3 ABYX
aToMoB Boziopozia (H), 06pa3yronux eqHCTBeHHYI0 KOBAJIEHTHYIO
CBA3b MeKy coboi: H-H, wim coxkpamenso H .

VHOT/Ia KOBaJIeHTHBIE CBA3M OBIBAIOT 080LHbIMU — 0OPa30-
BaHHBIMU Cpa3y [JByMA IIapaMHU NIEKTPOHOB — HJIM JlaXKe mpotl-
HbIMU — O0OPa30BaHHBIMHU CPa3y TpeMs ImapaMu. YeM BhIIIe Kpat-
HOCTB CBfI3U, TeM 3Ta CBA3b IIPU IPOYNX PAaBHBIX YCIOBUAX IIPOY-
Hee. J/IBOIiHbIe KOBaJIeHTHBIE CBA3U BCTPEYAIOTCA B OHOJIOTHU
o4eHb JacTo. TpoliHble — HaMHOTO peXke, HO 3HAaThb 00 UX CylIle-
CTBOBaHUM BCe-TAKU He IToMelnaeT. Ha rpadpuyeckux ¢popmynax
JTBOMHBIE U TPOUHBIE CBSI3U 0O03HAYAIOT, COOTBETCTBEHHO, JTBOMA-
HBIMU WIN TPOMHBIMH YePTOYKAMU MEKIYy CMMBOJIAMU aTOMOB.
Hampumep, mexay atomamu kuciiopoza (O) BItoyiHe MoXkeT o6pa-
30BaThCA ABOMHAA CBA3b. B pesysbTaTe MoayIuTcs Mosekysia O=0,
i cokpamenHo O,. Kcraty, 5T0 U eCTh TOT CaMbIii aTMocdep-
HBIN KUWIOPOZ, KOTOPBIM MBI JIBIIIKM.

Topasno pexxe KOBUIEHTHOU (IO KpaliHel Mepe, B XKUBOU Ma-
TepUU) BCTPEYAETCSA UOHHAA (893b, TIPEICTABIIAIONAS COOOU dIIeK-
TPOCTaTUYeCKOe IPUTDKeHNe 3apshKeHHBIX 9acTull. MBI yxke 3Ha-
eM, JTo IT10 3aKOHY Ky/loHa ofHOMMeHHBIe JIeKTpUIecKue 3apsibl
OTTAJIKMBAIOTCS, & PasHOMMEHHbIe — IPUTATHUBAIOTCA. [ToaToMy
TIOJIOKUTEIPHO 3apsDKeHHasd YacTHUIla (Kamuox) U OTPULIATeIBHO
3apsDKeHHAs (AHUOH) 003aTeIbHO TIPUTAHYTCA JIPYT K IPYTY. Yke
YIIOMUHAJIOCh, YTO UOHOM HA3BIBAETCSA JII00AS CAMOCTOATEIBHO Cy-
IIeCTBYIOIIASA YaCTUIIA, B KOTOPOU YM(IO JEeKTPOHOB OTVIMYAETCA
OT YMCJIa IPOTOHOB. CaM 3TOT TepMUH, IIpeIoYKeHHBIN MaliKkiIoM
dapazieeM, IIPOUCXOIUT OT IPeYeCcKOro CJI0Ba, O3HAYaIoIIero “uiy-
ITUH”: B PacTBOPe, Yepe3 KOTOPBIH IIPOITyIieH JeKTPUIecKU TOK,
TIOJIOXKUTEJIBHO 3apsbKeHHbIe MOHBI ABIDKYTCA K OTPULIATE/IBHOMY
TIOJTIOCY, @ OTPUIIATENIbHbIE — K IIOJIOKUTEIBHOMY ATOM CTAHOBUT-
Csl IOHOM, eCJIM OH IIPUOOpeJT JIMITHUH 2JIeKTPOH WIN, HA000POT,
YaCTh CBOMX JIEKTPOHOB I7ie-TO IIOTePL.
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OTIMYHBIN IpUMep MOHHOM CBA3HU JeMOHCTpUpYyeT BceM U3-
BecTHasA noBapeHHasa conb NaCl (HaTpuil xJyop), GopMysy KOTO-
poii MOXKXHO nepemnucaTh Kak [Na*][ClT]. DTo o3Ha4aeT, 4TO KpH-
CTaJ/UI COJU COCTOWUT M3 IIOJIOXKUTENBHO 3apsSKeHHBIX HOHOB
HaTpuA U OTPULATEIBHO 3apshKeHHBIX HOHOB XJIOPa B COOTHOIIIe-
HHUHU ONUH K ONHOMY. B JaHHOM OJIydae KaKIblil aTOM XJIOpa Kak
OBl OTOMpaeT ONH 3JIeKTPOH Y COCeIHero aToMa HaTpuA.

3neM8HIbI HUBHU et rceececereeeensesnnsnn

XUMHUYeCKUM COCTaB >KUBOM MaTepuu JOBOJIBHO OFHOOOpa3eH.
JI71s1 TOTO YTOOBI B IIePBOM IIPUOIIDKEHUN Pa3oOpaThCs B yCTPOU-
CTBe >KMBOM KJIETKU, JOCTATOYHO 3HAaTh BCEro-HaBCero IIATh XU-
MHWYeCKHUX 3JIeMeHTOB. JT0 Bozopoy, (H), kucropog, (0), asor (N),
yrnepop, (C) u pocdop (P). Ha aToMHBIe HOMepa 3TUX 3JIeMEeHTOB
MBI ITOKa He OyzieM 06paInaTh BHUMAHUSA: BO-IIEPBbIX, HET HUIYETO
Jlerdye, yeM HaWTU UX B Tabiuile MeHzeneeBa, a BO-BTOPBIX, I
Hac celidyac ropaszio BakHee JPyroi rokasaTenb. CaMoe INIaBHOe,
YTO HaM HY)KHO 3HATh O JIIOOOM XUMHYEeCKOM 3JleMeHTe, — 3TO
€ro 8aIeHMHOCNb, TO €CTh YUCJIO KOBAJIEHTHBIX CBA3el, KOTOpble
MO>KeT 06pa30BaTh €ro aToM.

WTak, BaJIeHTHOCTh BOJOPOZA PaBHA 1, KUCIOPoAAa — 2, a30-
Ta — 3, ymepoga — 4 1 pochopa — 5. OTHU YMEIA HAZLO IIPOCTO
3aIIOMHUTE. VIHOTZIA Y HeKOTOPBIX U3 IIePeYMCICHHBIX 3JIeMeHTOB
OBIBAIOT U IpyTUe BAJIEHTHOCTH, HO, 3aHUMAasACh OMOJIOTHel, 3TO
MO>XHO UTHOPUPOBATh BO BCeX (JIy4asX, KpOMe HEMHOIMX 0CO00
OroBOpeHHBIX. OJHOBaJIEHTHBIM BOAOPOZ, [IBYXBAJIEHTHBIU KUC-
JIOPOJI, TPEXBAJIEHTHBIM a30T, YeThbIpeXBaJIeHTHBIY YIJIepos, U Iis-
TUBAJIEHTHBIN (pochHOp — IIaBHBbIE XUMUUYECKHe ClaraeMble >KH13-
HU (CM. DHUC. 1.2).

MHorza 1o Xo[y pasroBopa HaM OyZyT BCTpeuaTbCsa U ApyTrHue
aToMbl, HarrpuMep cepa (S), Hatpui (Na), xiop (Cl), kanui (K) mwiu
»kesie30 (Fe). Ho mocTossHHO ITIOMHUTH O HUX He Hafo. [1ATu Ias-
HBIX 0U02eHHbLIX (TO €CTh 00Pa3yIOIIMX KU3Hb) XUMUYECKUX dJIe-
MEeHTOB /I HadyaJla BIIOJIHE JIOCTaTOYHO.
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H— —o0— N —C— —P—

asor

BOAOPOS Kucnopog,

yrnepog dochop

Puc. 1.2. Xumunyeckue “cnaraemble” KnU3HU

CBEPXHOBBIE M HNBHD ..............oecureeereeenreeereeeneeeareeeneeenneeneene

He momymeXxuT coOMHEHUIO, YTO GOJIBIIMHCTBO ATOMOB B HaIllei
BcenmeHHOU — 3TO aTOMBI BOZOPOJa U renud. ACTPOPU3UKU YT-
BepXKAAIOT, UTO 13 MIWUIMAPZOB JIeT Ha3aJ, TO eCTh “BCero JIMIIL”
yepe3 HeCKOJIbKO COT MUJUIMOHOB JIeT ITocIe BoJbIoro B3pbiBa,
COOTHOIIIeHUSA OBUTH CJIeIyIOUTMMU: IIPUMEPHO 75% BCeX aTOMOB
BO BcesleHHOM COCTaBJIAIM aTOMBI BOLOPOJA, IIPUMEPHO 25% —
aTOMBI TeJivs, @ Ha aTOMBI BceX OoJiee TSDKeJIbIX 3JIEMeHTOB, BMe-
CTe B3ATBHIX, IPUXOLUIOCH 0,00007%* KoHeuHO, c Tex mop Bce-
JIeHHas U3MeHuIack. Ho 1 ceifyac Bce ajileMeHTBI, KpoMe BOZOPO-
Jla ¥ TeJINA, COCTABJIAIOT B CyMMe He OoJIblile 2% CyIleCTBYIOIINX
aroMOB. MexXly TeM O4eBUJHO, YTO U3 BOJOPOJA, BAJIEHTHOCTD
KOTOPOTO paBHA eUHUIIe, U TeJINA, KOTOPBIM BOOOIIe HEOXOT-
HO 00pa3yeT XMMIYeCKre CBSI3U, HUKAKUX CJIOKHBIX MOJIEKYJI He
IIOCTPOUIIIb.

CpaBHUB KOJIWYECTBO Pa3HBIX BUJIOB aTOMOB B COBPEMEHHOM
BcesleHHOI, MBI Cpa3y YBUAUM, YTO CaMble PAacIIPOCTPaHEeHHbIe
B Hell ITowyie BOLOPOZAA U TesuA 3JIeMeHThl — KUCIOpoZ (Z=8),
ymIepoZ, (Z=6) u asoT (Z=7). DTo MOXXHO HaIJIITHO ITOKAa3aTh Ha
rpaduke, N300pKAIOIIEM OTHOCUTEIEHOE OOIINe XUMITIeCKIX
2JIeMeHTOB B Halllel rajlaktuke MiedHbit [1yTs (cM. puc. 1.3). ITo
TOPU30HTAJIBHOM OCHU TaM MOXXKHO OTJIOKUTH aTOMHBIN HOMeD (Z),
a II0 BePTUKAJIBHON — PaCIPOCTPAaHEHHOCTh IeMEeHTOB, IIPU-
yeM >KeJIaTeJIbHO B JIOTapU(pMUYecKoM MacluTtabe (IIOIIPOCTY To-
BOP#, 5TO O3Ha4aeT, YTO KLKAAA “CTylleHbKa” Ha BePTUKAJIBHOU
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OCH COOTBETCTBYeT pasHMIle He Ha eMHMUILYy, a B 10 pas). Ha Ta-
KOM rpaduKe IIepBHIM JIeJIOM 6pocaeTcs B IVIa3a yKe U3BeCTHBIN
HaM (akxT: Bogopoza U renus B [ajJlakTHKe BO MHOTO pa3 0oJIb-
1IIe, YeM BCeX OCTAIbHBIX XMMUYEeCKUX 2JIeMeHTOB BMeCTe B3ATBIX.
OTH /1Ba 2JIeMeHTa — BHe KOHKypeHIuU. B obmactu tutus (Z=3),
Geputua (Z=4) u 60pa (Z=5) HaAOIIOAAETCA IBHBIM IIPOBAJ, TO-
TOMY YTO fZIpa 9TUX aTOMOB OTHOCHUTEIBHO HEYCTOMYMBHIL: B CU-
CTeMe siZIepHBIX PeaKIWi, IIPONCXOIAIINX B 3Be3/jaX, OHU JIeTKO
CHHTEe3UPYIOTCA, HO TaK »Ke JIETKO M PaclafaloTca. Anpo »xeesa
(Z=26), Ha06OPOT, UCKIIOIUTETIFHO YCTOMYNBO. MHOTHe fiZlepHbIe
peaknuy, uaylue B HeJpax 3Be3Jl, Ha HeM 3aKaHYMBaIOTCs, I10-
3TOMY Kesle30 JlaeT Ha rpaduke BBICOKMU NUK. Ho caMmble pac-
IIPOCTPaHeHHBbIE II0CJIe BOLOPOAA U IesIvA JIeMeHTHl B MiledHOM
IlyTy, HECOMHEHHO, KUCJIOPOJ, YIVIEPOZ, U a30T, UMEHHO Te, KOTO-
pble CTaJu XUMUYECKUMU “KUPIIUNYUKAMU”~ XKU3HU. Bpag jiu 510
CJIy4aliHOCTb.

Kpowme TOTO, HENIB35 HE 3aMeTUTb, YTO I'PadrK OOMIINS XIMU-
YeCKUX JJIeMeHTOB B [AJlaKTUKe — OTYeT/IMBO “3y0Ouathiii”. Diie-
MEHTHI C YeTHBIMU aTOMHBIMU HOMePaMHU B CpeZlHeM BCTPeyYaroT-
¢ BO BcesteHHOM HaMHOTO Yaille, YyeM JIeMeHTBI “IIPUMePHO TOTO
»Ke JOCTOMHCTBA” C HeYeTHBIMU. Ellle CTO JieT Hasaz, Ha 3TO Hesa-
BHCHUMO APYT OT Apyra 00paTwIv BHUMaHMe /IBa XUMUKa — WTa-
JnbaHer [xysemnie Onno U aMepUKaHel YUIbAM XapKUHC. VX cTa-
TBU BBIIIUIM, COOTBETCTBEHHO, B 1914 U 1917 Irofaxs. A IpaBumio,
COIJIACHO KOTOPOMY 3JIEMEHTEHI C YeTHBIMU HOMePaMHU IIpU IIPOo-
YUX PaBHBIX YUIOBUAX IIPeoOIafjaloT Hafl JIeMeHTaMU C HevyeT-
HBIMU HOMePaMH, [0 CUX IIOP Ha3bIBAeTCA B UX 9eCTh IIPAaBUJIOM
Onmo — XapKuHCa. DTO MPAaBWIO 00513aTeIbHO IIPUXOAUTCSA IIPU-
HUMaTh BO BHUMaHUe, HalIpuMep IIPU aHaJI3e XUMUIeCKOTo CO-
CTaBa 3eMHOU KOPBI®.

Pasrazxa nmpaBwia Oxio — XapKuHca ObLIa IIpe/ijIoKeHa yke
€r0 IepPBOOTKPLIBATEIAMHU. [leJI0 B TOM, YTO aTOMHBIE A/pa TsKe-
JIBIX 3JIEMEHTOB 00Pa3yIoTCs B OCHOBHOM 3a CYeT CIMSAHUA Oosee
JIETKUX Afep. MeXxly TeM ACHO, 9TO IIPU CJIUSAHUU JByX OJWHAKO-
BBIX aTOMHBIX SIZIep B JIIOOOM CJIydae IIOJIyIHUTCS SPO dIeMeHTa
C YeTHBIM YMCJIOM IIPOTOHOB, TO €CTh C YeTHBIM aTOMHBIM HOMe-
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ATOMHBIV HOMep (Z)

9NUMNQGO 90HALS1LNIOHLO

Puc. 1.3. TpaduK pacnpocTpaHEHHOCTU XMMUYECKUX INEMEHTOB B Hallel lanaktuke
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pOM. A 3aTeM 00pa30BaBIIVECS SAPA CJIMBAIOTCS JIPYT C IPYTOM,
JlaBas OILATH Ke B IIePBYIO O4epellb 3JIeMeHTHI C YeTHBIMU HOMe-
pamu. HanipuMep, “ropeHue” renusd (Z=2), Ip1 KOTOPOM ero fAApa
O0BEIUHAIOTCS JIPYT C IPYTOM C OOJIBIIMM BBIXOZIOM SHEPTHH, Ja-
€T CHavyaJla HEYCTOMYMBHIE KOPOTKOKUBYIIKE s/pa OepruIus
(Z=4), moToM sazapa ymiepoza (Z=6), a motoM U Kuciopoza (Z=8).

Jo Havama 3Be31006pa3oBaHus BO BceseHHOUW OBUIM TOJH-
KO BOZIOPOZ, TeJIul U CIefloBble KOJIM4ecTBa JIUTUA. Hackoabko
MBI Ccelyac 3HaeM, BCe 3JIeMEeHTHI TshKeylee JIUTUA CUHTe3UPYIoT-
CA TOJIBKO B 3Be3/1aX U PaCIPOCTPAHAIOTCA B pe3ysIbTaTe B3PBIBOB
CBEPXHOBBIX’. DTO 03HAYAET, UTO )KUBBIM OpPTaHU3MaM ObLIO IIPO-
CTO He U3 4eTro 00pa30BaThCsl, IOKA He 3aKOHYIICS KU3HEHHBIN
IIIKJI XOTS OBI IIEPBOTO IOKOJIEHUS 3Be3] U 3TU 3Be3/bl He B30D-
BAJIKCh.

ABTOpaMU CaMOMN 3HAMEHMTOM CTaTbM, OIIMCABIIeN Mexa-
HU3M CHHTe3a XUMUYeCKUX JIEMEHTOB B 3Be37IaX, ObLIN YeTBepO
ydeHbIX: Maprapet bepoumxk, xeddpu Bepoumk, Yiuibam Pay-
sep 1 ®pep XoMs. DTy CTaThIO YaCTO HA3bIBAIOT 110 MHULMAJIAM
aBTopoB “B?FH” (“63-kBajpar-ad-am”). MTHUIIMATOPOM HCCIIeTOBa-
HUA ObUT acTpOodU3UK XOIWI: UMEHHO OH IIePBBIM JOTafaJICs, YTO
B 3Be37]laX MOXKeT CUHTEe3NPOBAThC He TOJIbKO TeINi, HO U yIJIe-
pon. Biiarogaps Xoiny B paboTy BKJIIOULIUCH CTIEpPBA IPOodeCcCcro-
HAJIBHBIN Qu3uK-amepiuk daysep (moHavasxy OH ObUT HACTPOEH
CKeNITUIeCKy, HO XOWI ero Iiepeybenw), a IOTOM aCTPOHOMEI
Bepbumxku. B ceTy 1erko HalTH 3aMevareIbHyIo poTtorpaduro, Ha
KOTOPOU BCe YeTBepO OTMeYaloT 60-1 IeHb POXKAeHUs CTapIliero
u3 Hux — Paysepa, a MOCJIeAHUN pafyeTcs JeWCTBYIOIel MoJe-
JIV IapOB03a, KOTOPYIO €My IIOAAPWIN KOJIJIeTH.

Cratest B°FH ompoBepria 6ojiee paHHIOIO TUmoTe3y leop-
rusA [aMoBa, KOTOPBIM CYUTAJ, UTO A/Apa BCeX 3JIeMeHTOB CHUHTe-
3UPOBAJIUCH IPAMO BO BpeMs BosbIIoro B3peiBa U C TeX IOP UX
KOHIIEHTPAllUM OCTAIOTCA MPUMEPHO IIOCTOSAHHBIMU. Ha camom
JleJie TOPa3/l0 BepoATHee, YTO B IIepBble MUJLIMAP/EL JIeT IOCIe
BoubItioro B3psiBa BeeneHHas 6bU1a YUCTO BOAOPOTHO-TETEBOM.
V TOJIBKO ITOTOM OHA CTajIa 000TanaThCs TSHKEIBIMU dJIeMeHTaMU
C TIOMOIIIBIO CBEPXHOBBIX 3Be3[, (“TsHKeJIbIMU dJIeMeHTaMU~ MbI
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