Anatosmmii TpyTHer

IIponcxoxaenne
CTA0MIBHBLIX  3JIEMEHTOB



Anarosmin TpyTHeB
IIpoucxo:xaenue
CTAa0MJIBbHLIX 3JIEMEHTOB

http://www.litres.ru/pages/biblio_book/?art=59970908
ISBN 9785005148858

AHHOTaAMSA

B  KkHMre Ha  OCHOBE  CMOJEIMPOBAHHOM  CHCTEMBI
B3aUMOJIEICTBMSI ~ MaTepUM W TPOCTPAHCTBA  MPEACTABIIEH
HOBbIﬁ B3I Ha IMPOUCXOKICHHUE CTa6I/IHLHbIX XUMHUYECKUX
9JIEMEHTOB. PacCMOTpEHBbI YCIOBUsI CHHTE3a 3JIEMEHTOB, UMEIOIINX
HauOOJIbIlIee PACPOCTPAHEHHE B COMHEYHON cHcTeMe. V3okeHbI
apryMeHTHPOBAHHBIE  JIOKA3aTeNbCTBA  pa3IMuMsl  MEXaHW3MOB
00pa30oBaHUsI CTAOUJIBHBIX M HE CTAOMJIBHBIX JIEMEHTOB



Conep:kanue

IIpenuciosue
['naBa I. [TporcxoxaeHus1 CTAOMIIbHBIX XUMHUYECKUX
3JIEMEHTOB
BBenenue
Meroauka MoaeIMpOBaHUSA
PesynbTarhl uccieoBaHuin
KoHner o3HakOMHUTEILHOTO (PparMeHTa.

13
15
25



IIpoucxo:xaeHue
CTAOMJIBHBIX 3JIEMEHTOB

Anaroauu TpyTHeB
© Amnarommit Tpytaes, 2020

ISBN 978-5-0051-4885-8
Co3naHo B MHTEJUIEKTYaJIbHOM U3/1aTesibckol cucteme Ridero



IIpeaucaoBue

KHura 3HaKOMMUT 4MTaresell ¢ TUIOTE30M IPOUCXOXKE-
HHSI CTAOMJIBHBIX XUMHUYECKHX JIEMEHTOB, KOTOpasi Oa3upyercs
Ha MPUHIMIAX B3aUMOJEUCTBUS MaTepyu U npoctpaHcTsa. [1o-
Oy/IUTEbHBIM MOTHBOM €€ BbIJBMKEHHUsI Oblla MOMBITKA TOMY-
YUTH OIIPEAEIIEHHBINM OTBET HA OHY U3 CAMBIX CJIO;KHEUIIMX ITPO-
671eM MHpPO3JaHusl — MPOOIEeMy IPOUCXOKICHHUSI aTOMOB XMMHU-
YECKUX IEMEHTOB. Y COBPEMEHHOM (PU3MYECKOU HAYKU B 9TOM
TUIaHe UMEIOTCSl TpaHAnO3HbIe ycriexu. HakoruieH nenslil B3au-
MOYBSI3aHHbIII TEOPETUYECKUN IIJIACT, BMECTE CTEM CJIELYET OT-
METUTh HAJIMYKE B HEM CYIIECTBEHHBIX MPOOEJIOB, HESICHOCTEH
U «Oenplx nsATeH» Llenp BeIABUraeMol rurnores3bl — 0003HAUYUTh
9TU IPOOeIbl U HAMETUTD MYTH UX YCTPAHEHUSI.

CornacHO COBpeMEHHbIM HAYYHBIM TTPEICTABJICHUSIM BCE XU-
MUYECKHE JIEMEHTBI OT TeJIs JI0 ypaHa, MOCIEHETO IEMEHTa,
BCTPEYAIOIIErocsi B €CTECTBEHHOM BHUjE B NpUPOJiE, 0Opa3oBa-
JICh B HEJIPax 3BE3]1 MPU MX JKU3HU WM B Pe3yJIbTaTe UX SIPKOM
«CMEpPTH», WM UX CIUSHUA. SIJIpa 3JIeMEHTOB OT Teius 0 Ke-
Jie3a CUHTE3UPYIOTCSl BHYTPHU 3BE3]1, a IMOCIe JKejie3a MpU B3PhI-
BaX CBEPXHOBBIX 3B€3/l U CJMSHUS HEUTPOHHBIX 3B€3]], HO MeXa-
HU3MbI 00pPa30BaHMsI CTAOMIIbHBIX M HECTAOMJIBHBIX 3BE31] B 000-
UX CJIy4yasx OJMHAaKOBbIe. B OCHOBe 000OMX MEXaHU3MOB JICKUT
CITUSTHUE O, -YaCTHII, 3aXBaT HEUTPOHOB SIIpAMU, UX «BIABJIH-



BaHUE» B spa, C MOCICSAYIOIIUM B—pacnazoM siaep Heperion-
HEHHBIX HeUTpoHaMu. B pesyibrare f—pacnasa HEUTPOHBI pac-
MaJJAI0TCS HA TIPOTOHBI U AJIEKTPOHBI, KOTOPbIE 3aTeM BBUIETAIOT
u3 szep. B urtore y szep yBenmumBaeTcs 3apsii M OHH TIpeBpa-
IIAIOTCSA B s1/ipa OoJiee TsKebIX lieMeHToB. [Tpu 9TOM Kakoe Me-
CTOIOJIOXKEHUE 3aiIMET HOBasl YacTHIIA B sApEe HE YUUTHIBACTCS.
Ho, kKak W3BECTHO, aTOMHOE SIIPO MPE/CTaBIISET COOOM CIIOXK-
HYI0O MHOTOYAaCTUYHYIO CUCTEMY C CHJIbHBIM B3aUMOJIEHCTBUEM
1 OOJIBIIIMM HAaOOpOM CBOMCTB. I OT TOro K KakoW 4acTu siji-
pa, IPUCOEMHUTCS HOBAsI YaCTHIIA, OyIIeT 3aBUCETh B OCHOBHOM
WY B BO3OYKICHHOM COCTOSTHHHU OyZIeT HAXOAUTHCS HOBOE SIIPO.
Bce 31eMeHThl epUOIUUecKOi CUCTEMbI UMEIOT TI0 HECKOJIBKO
U30TONOB. M30TOMBI OT BOZIOPO/IA 10 BUCMYTA OIMCAHHbIC B HEH,
HAXOAATCS B CTAOMIIBHOM COCTOSIHUM. OHU BBIIETISIOTCS Cpeu
CBOMX COOpaTheB KOMMUECTBOM COZIEPKAIIMXCS U PACTIONIOKEHH-
€M B UX S/Ipax HYKJIOHOB. DTH HU30TOIIBI SIBJISIIOTCS] CAMBIMU Pac-
MPOCTPAHEHHBIMU U30TONaMU B rpupoje. OcTaibHble OT MOJIOo-
HUSI IO ypaHa PaAlOaKTHBHBI.

M3noxeHHass B KHUIe TAIIOTE3a IMO3BOJISIET 1I0 MHEHUIO aB-
TOpa YCTPAHUTH BBIIIIE U3JIOKEHHBIN OTHOOOKHIA MOAXOM K TOU
npoOieMe MpeICTaBUTeNel TpaJuiMOHHON (pu3uKu. Pe3ynbrarsl
€€ MCNOJIb30BaHMSI XOPOIIIO KOPPETUPYIOTCS C JAHHBIMHU IO pac-
MPOCTPAHEHHOCTH XMMHUYECKHX 371eMeHTOB B mipupoze (I'. 3iocc,
I'. IOpu 1956).

Kpome nporicxox/ieHnsi CTaOWIbHBIX 3JIEMEHTOB B KHUTE pac-



CMOTpPEH Ppsifl MPOOJIEMHBIX BOIIPOCOB HE MMEIOIIMX OIHO3HAY-
HBIX OTBETOB B COBPEMEHHOM (PUBMUYECKON HAYKE C MIO3ULIAU CH-
JIOBBIX HATEW MTPOCTPAHCTBA, PEAJIBHOCTb CYIIECTBOBAHUS KOTO-
PbIX IMEET MHOKECTBO KOCBEHHBIX JI0Ka3aTenbeTB. OHU NpHBe-
JEHBl B KHATrax aBTopa: «Pu3nka MpocTpaHcTBa», « TaMHCTBEH-
Has rpaBUTalMs», « HOBBIM B3I HA IPUPOAY MAaTEPUU U ITPO-
cTpaHcTBa». 1o mporHo3am psga y4eHbIX B IIPEACTOSILEM JECs-
TWJIETUU « OXOTa 3a IPU3PAYHBIMU HUTSAMU IIPOCTPAHCTBA — BpE-
MEHHU MOXET OBITh YCTIEITHOM».. U CUJIOBbIE HUTH OYIyT OTKPBI-
THI.



I'nasa 1. IIpoucxoxaeHusn
CTA0MJIbHBIX XUMHUYECKHUX 3JIEMEHTOB

BBenenne

[To coBpeMeHHBIM MpeacTaBiIeHusAM (PU3MKOB Haia BeesneH-
Hasl BO3HUKJA B pe3ynbrate Bonbinoro BipeiBa. OorienpuHs-
TO CUMTATh, YTO BHE3AITHO W3 HUYETO BO3HUK OTHEHHBIN Iap

o 2 —4 _
¢ temneparypou 10 32K. B teuenne 107+ - 107 CEKyH-
Ibl Tiocsie B3pbiBa HacTynwiia TUIAHKOBCKasl 3M0Xa, MpU KOTO-

POV He EMCTBOBAJ HU OJIMH U3 U3BECTHBIX (PU3MYECKUX 3AKO-

HoB. Korga Bo3pact BeenenHoi poctur 1039 CEKyH]l, B HeW
MPOU30ILIE] SKCIOHEHIIUAbHBIN (MH(IISLIMOHHBII) B3PbIB, B pPe-
3yJbTaTe KOTOPOro €€ MEPBOHAYAJIBHBIA pa3MeEp yBEJIUYWICA

10> pa3. B sToT nepuoa Bo BceneHHol TOMUHUPOBAIIU KOJIOC-
CaJIbHbIC 3HAYEHUS TEMIIEPATYPbl U TUIOTHOCTU SHEPIUM U3ITY-

yeHus. [locne OKOHYaHMSA ITOrO Mepuojia B TEYEHUE 10—

10— CEKYH/Ibl, B pe3y/bTaTe 3HAUMTEbHOTO CHUXEHHS TeM-
niepaTypbl HavaJICcsl EpUojl 0Opa30BaHUsI KBAPKOB U aHTHKBAp-

KOB (KBapKO-INIIOOHHOM I171a3Mbl). 1o ucreuenne Bpemenn ¢ 10

* 1o 10° CEeKYH/bl, Temreparypa Bo BceneHHoii ynana 1o 3Ha-

YEeHUH, TIO3BOJISIIONIEH KBapKaM W aHTHUKBapKaM OOBEIMHSITCS



B ITPOTOHBI U AHTUIPTOHBI. [lanbHelliee CHIKeHre TeMIiepary-
pbl U TJIOTHOCTU W3JTyYeHUs] SHEPTruu, MPOU3OIIE/IIee B Teue-
HUE 3-X MUHYT CJIeJIaJI0O BOBMOKHbBIM JeUCTBUE (DyHJAMEHTAIb-
HBIX (PU3MUYECKUX CUJ U OOpa30BaHUE JIEMEHTApHBIX YaCTHUIL
(9MEKTPOHOB M TIO3UTPOHOB) B COBPEMEHHOU (hopme, a 3aTeM
siiep BOJOPO/A, Tefius, TUTUS U APYTHUX JIETKUX aTOMOB XUMUYe-

CKMX 37ieMeHTOB. Yepes 3 10° JIeT, korna Beenennas, nociaeno-

BaTeJIbHO PaCIIMPAACh, OXJIaJUIACh 1O TEMIIEPATYPbI 3000 K,
JIEKTPOHBI HAYaJIM COEIUHATBCA C TPOTOHAMU U AAPAMMU TN,
¥ 00pa30BBIBATh aTOMBI BOJIOpOJa U reus. B pesynbrate mare-
pus Bo BeceneHHoM crasa mpo3payHou 11 IIPOXOKIEHUS CBETO-
BBIX BOJIH, 4 Yepe3 MUUIMOHBI MOCEYIOUIMX JIET KOCMHYEeCKas
Martepus JIOKaJIU30Bajlach (CKYUMJIach) U YIUIOTHWIACH A0 TaKO-
IO COCTOSIHMSI, UTO TMOSIBUJIMChH 3BE3/Ibl U TalaKTHKH. TakoB 00-
HICTNPU3HAHHBIN B HACTOSAILEE BPEMS CLICHAPUM POXKJICHUS U pa3-
BUTHS BeesleHHOI, XOTS ero OKOHYaTe/IbHbI BAPUAHT HE pa3pa-
60TaH ewié 10 cux nop. B Hem octanock emeE MHOro BOIPOCOB,
Ha KOTOpbIe Beayle (PU3UKU TEOPETUKU IBITAOTCSA OTBETUTD,
UCTIONB3Ys] COBPEMEHHbIE TEXHOJIOTHH TTPU HAOJIOICHNH 32 acT-
pOoU3NIECKUMH OOBEKTAMHU.

OnHuM 13 caMbIX JUCKYCCHOHHBIX BOIIPOCOB B 3TOM CLIEHA-
puu siBiIsieTcst 00pa3oBaHUe siiep XUMUUYECKHUX JIEMEHTOB BCEl
NepUOIMYECKON CUCTeMbl MeH/ieneeBa, 3a UCKIIOYEHUEM siIep
BOJIOPO/IA U TeJHsl, KOTOphle B OCHOBHOM 00pa30BaJIMCh B Tiep-
BbIE MUHYTHI X1U3HU Beenennon. CoracHO JOKTPUHE COBPEMEH-
HOU (PU3MYECKOU HAyKU OOMICTIPUHSITO CUYUTATh, YTO UCTOUHH-



KOM 00pa3nBaHus sijiep OOJMBITMHCTBA XUMUYECKHUX JIEMEHTOB
SIBJISIETCS TIOCJIEIOBATEIbHOCTh MPOTEKAHUS TEPMOSIIEPHBIX Pe-
akui, [lepBbiM 371eMEHTOM HYKJIEOCUHTE3a B SIAEPHBIX TOIMKAX
3Be31 sABisiercs requid. Ero sigpa oOpasyoTcs B LEHTPabHON

7
yacTu 3Be3/1bl npu goctukenuu temneparypsl 10" C. ITpoucxo-
JIUT 3TO B pPe3y/ibTaTe CIUSIHUS YEThIPEX MPOTOHOB C BbIJIEJICHU-

em 12,85 M»>
4p —%He +2e*+2v, + Q.

3areM, Ipu AOCTUKEHUU TEMIIEPATY Pbl 108C siIpa reJivst Ha-
OMpaIOT CKOPOCTh, MO3BOJISIONIYI0O UM COJTM3UTHCS Ha PacCTosI-
HUE JIOCTATOYHOE ISl CIIMSIHUS UX B siipa Oojiee TSKeJbIX XH-
MHUYECKHX JIEMEHTOB (YIJ1epol, KUCIOPO/, HEOH U Jp.). Tak Ha-
3bIBa€Mble YETHBIE JIEMEHTDI, Y KOTOPBIX 3aps] AApa cpazy Io-
BBIIIAETCS HA JIBE eAMHUIBL. HeueTHble 31eMeHThl 00pa3yloTcst
IpyruM criocooom. B Hauasie siapo 3axBaThiBaeT HEUTPOH, B pe-
3yJIbTaTe ero Macca yBeJIMYMBAETCS HA eJUHHUILY, a 3apsi]] OCTa-
ercs npexxHuM. [1pu aTom, ecitu 0Opa3oBaBIleecs siIpo OKaKeT-
Cs1 He CTaOMIIbHBIM, TO TIPOM30iIeT OeTa-pacnaj, HeUTPOH Ipe-
BPATUTCS B MPOTOH. 3apsi/l y TAKOTO Sijipa BHIPACTET HA eMHUILY
Y OHO MPEBPATUTCS B SAPO CIEAYIOIIEro 0osee TSKENIoro e-
MEHTA.

Anpa TsaKenee xene3a B TEPMOSIIEPHBIX PeaKIUsIX He 0Opasy-
10Tcs. MexaHu3m nx 00pa3oBaHUs IPYroi. YUeHsle mperoara-
I0T, YTO OHU OOPa3yIoTCs B IBYX BUAX SJICPHBIX PEAKIUsX, CO-



MPOBO’K/IAIOIIMXCS 3aXBATOM OJHOTO MJIM HECKOJIBKUX HEHTpPO-
HOB. B nepBoMm ciyuae siaepHast peakiys OCyILEeCTBIseTCs Me-
JIEHHO JIBWKYIIMMHUCS HeMTpoHamu. Takoii mporiecc Ha3bIBaeTCst
S-IpoLIecCOM (MeJIeHHBIH mpoliecc). TakuM crocoOoM CHHTe-
3UPYIOTCS TSIKEJIbIE IIEMEHTHI TIOCHIe JKee3a BIUIOTh 10 30/10Ta.
Bo BTOpOM cityuae sinepHble peakiy MPOUCXOAAT B pe3y/bTare
OBICTPOrO 3aXBaTa HEUTPOHOB, TaK HA3bIBAEMOT'O — I-IIPOLIECCa.
Ero cyTe 3akiodaercst B 3aXBaTe s,JpOM HE OJIHOTO, @ HECKOJIb-
KHX HEUTPOHOB cpazy. Torna nmpu Gera-pacnane CUHTE3UPYIOTCS
SIIpa TSDKEJIBIX M CAMBIX TSDKEJTBIX SJIEMEHTOB OT 30J10Ta BILIOTh
1o Topus 1 ypaHna. Ho, rie Takue mporiecchl MOTyT UITH, Y (u-
3MKOB TEOPETUKOB Ha 3TOT CUET HET €IMHOro MHeHus. [ nop-
JepKaHMs1 STOTO MpoIecca B HEIpax 3Be3/Ibl HEOOXOAUMO HaJIU-
qye OOJIBIIOrO KOMYECTBAa CBOOOIHBIX HEUTPOHOB. OHO MOXET
NIPOSIBUTHCSI TIPY BCIIBIIIIKE CBEPXHOBOM 3BE3/IbI B KOHIIE SBOJIIO-
LIM MacCUBHOM 3Be3/Ibl, KOI/Ja JIEKTPOHBI CIMBAIOTCS C MPOTO-
HAMU ¥ B pe3yJibTaTe 00pasyeTcst OOJbIIOe KOTMYECTBO CBOOO/-
HBIX HeUTpoHOB. Kpome Toro, Takke MHOro CBOOOIHBIX HEHTPO-
HOB TIOJTy4aeTCsl PH CIMSHUM JIBYX HEUTPOHHBIX 3BE3/I.

O030p pazIMuHbIX cIOCOOOB 00Pa30BaHUSA AJep XUMUYECKUX
3JIEMEHTOB CBHUJETEJbCTBYET O TOM, YTO BCE OHM B OCHOBHOM
CBOIATCS K CJAVSHUIO O -YaCTHIl ¥ 3aXBaTy HEUTPOHOB SI/IpaMH,
UX «BJIaBJIMBAHUSA» B A]pa, C MOCIEAYIOIMM [3—pacraioM saep
HeperoNHeHHbIX HelTpoHamu. B pesynbrate 3—pacnasia

HEUTPOHBI PACTIA/IAIOTCSl HA MPOTOHBI M AIEKTPOHBI, KOTOPHIE
3aTeM BBUIETAIOT U3 siaep. B utore y snep yBennumBaetcs 3apsif



Yl OHM TIPEBPAIAIOTCS B siapa Oojiee TSIKENbIX JieMeHToB. [1pu
9TOM KaKO€ MECTONOJIOKEHHE 3aiiMeT HOBas 4acTuIila B sijipe
He yYMThIBaeTCsl. B Toxe BpeMs clielyeT OTMETUTh, YTO aTOMHOE
PO TIPEACTAaBISAET COOON CIOKHYI0 MHOTOYACTUYHYIO CHCTe-
MY C CHJTbHBIM B3aUMOJIEHCTBUEM 1 OOJIBIIIM HAOOPOM CBOFCTB.
U1 or Toro K KakoW 4acTHl sipa MPUCOSIUHHUTCS HOBAsl YacTH-
11a, Oy/ieT 3aBUCETh B OCHOBHOM WJIM B BO30YXkJIEHHOM COCTOSI-
HHUU OyIeT HaXOAUTHCSI HOBOE s1po. Takol Mojxos K U3y4eHuIo
MPOUCXOKACHUS SiJIep XUMHUYECKUX JIEMEHTOB, HaXOISIIMXCS
B CTaOMJIBHOM (OCHOBHOM) COCTOSTHMM HE JaeT TOJTHOW KapTH-
Hbl MEXaHU3Ma UX POXJIeHUs1. MHOro HesICHOCTE! TaKkKe OCTaB-
JISTOT CYIIECTBYIOIIHE CITIOCOOBI ONMCAHNsI BHYTPEHHETO YCTPOH-
CTBa spa, MO0 O CHX MOP HE CYIIECTBYET IOC/IeNOBATEIbHON
TEOpPHH CIIOCOOHOW BOCIPOM3BECTH B TIOJHOM OOBbEME TMOBejie-
HHE HYKJIOHOB BHYTpH $1/1pa, U3-32 OTCYTCTBHSI 3HAHUI O CBOA-
CTBax siiepHbIX CHI. B maHHOW crathe cenaHa MOMBITKA AaTh
HOBOE (PU3NYECKOE OCMBICIICHHE TIPHBE/ICHHBIX BBIIIIE BOIIPOCOB
Y TIOJTY YU Th Ha HUX OITPeJie/ICHHbIE OTBETHI C TOMOIIBIO CMOJIEIIH-
POBAaHHOW CHCTEMbI B3aMMOJICHCTBISI MATEPUU U TIPOCTPAHCTBA,
OasupyIoIIeics Ha CASAYIONMX MPUHIHIIAX



MeToquka MoaeJIMPOBaAHMS

R=W+P,

rae W — marepus, P — npoctpaHcTBO
T — BpeMs (hopmMa B3aMMOJENCTBHA MAaTEPUM U TPOCTPAHCTBA.
E — snHeprus ¢popma B3aMMOCBSI3U MaTepUM U IPOCTPAHCTB

dopMynMpoBKa OCHOBHBIX TIOCTYJIaTOB

1. Peasumn (R) okpyskaromero Mupa sBJIAI0OTCA pe3yIbTaTOM
B3aMMOJICVICTBUS MaTepuu U npocrpaHcTsa [locnennen Henenu-
MOW YacTULIEW MaT€pUU SIBJISIETCS MOJIOKUTEIBHO 3apsSKEHHBIN
I'PaBUTOH, & IPOCTPAHCTBA OTPULIATENIBHBIN ITPOCTOH.

2. dopMoii MX B3aUMOCBS3U SIBJSETCA SHEPrusi, KOTOpast
3I€Ch BBICTYNAET B JIByX MHocTacax: sHeprun marepuu (Ep,)
¥ SHEPIUM MpOCTpaHcTBa ( — Ep.), KOTOpbIe B3AUMHO TIEPEXOMIAT
JpYT B apyra.

3. IIpocTpaHCTBO B CMOAEIMPOBAHHOM CUCTEME TIPE/ICTaBIIE-
HO COBOKYITHOCTSIMH IIPOCTOHOB, COOPAHHBIX B «CHUJIOBBIE HUTH»,
KOTOpHhIe, B CBOIO Ouepe/ib, 00pa3yloT CBOCOOPA3HYIO «CEThb»,
PABHOMEPHO HANIPSKEHHYIO BO BCEX HAIPABJICHUAX 32 CUYET CHII
OTTAJIKMBAHUS OJIHOMMEHHBIX 3apsAO0B.

4 Marepusi B CMOAEIMPOBAHHON CUCTEME MPECTABIISIET CO-
6011 COBOKYITHOCTh TPAaBUTOHOB, Pa3MeIIEHHBIX OMpeIeIeHHbIM



00pa3oM Mek/ly CUIOBBIMU HUTSIMU TIPOCTPAHCTBA.

I'paBUTOH (g) ITO CryCTOK 3HEPruM MaTepud, a IPOCTOH
9TO () CryCTOK SHepruu nmpocrpancTsa. CrycTku 00pa3oBasIvCh
B HaYaJIbHOM cTaguu oOpa3oBaHus BeenenHoil. Yactuipl oquHa-
KOBBI TI0 MOJYJTIO U OOPATHBI 110 3HAKY

Bce marepuanbHble Tena (0T YacTHIL 10 TAJITAKTUK) JABHKYTCS
B CWJIOBBIX HUTSX MPOCTPAaHCTBA U AedopMUpyIoT ux. I[IpoTon
CKMMAET, a 3JIEKTPOH pacIUMpsET CUJIOBbIE HUTH ITPOCTPAHCTBA,
B 9TOM MX (PyH/IaMEHTaJIbHOE CXOACTBO U pasianuue. Hecmorps
Ha TO, YTO IIPOTOH Tskesee 1ekTpoHa B 1840 pa3, y yacruil
OJVHAKOBBIE 110 BEJIMUMHE, HO Pa3HbIE M0 3HAKY 3aps/bl.

B coBpemeHHOM Mupe Bce (pusnyeckre, XuMU4ecKue, O1oo-
TMYECKUE, AAECPHBIE MPOLIECCHI, SABJIEHUS, B3aUMOJIENCTBUSA MPO-
VCXOZAT IMPU HENOCPEICTBEHHOM YYaCTUM SHEPIUU MaTepuu
Y HEPruM rpocrpaHcTBa. OHM B3aMMHO NEPEXOIAT APYT B ApY-
ra U CJIy’KaT OCHOBOM /17151 (hOPMUPOBAHMsI BCETO MHOT00Opa3us
Pa3IMYHBIX BUJIOB MaTepPUAIBHON SHEPTHU U CIOCOOOB UX Iepe-
XOJ1a OTHOTO BHUJIA B APYTOM.



Pe3yabTaThl HCCJIeJ0BAHNI

CornacHo 6a30BBIM MPUHIMIIAM CMOJIETMPOBAHHON CHCTEMBI
BCE YaCTULIbI, U3 KOTOPBIX COCTOSAT aTOMa M MOJIEKYJIbI ITPEACTaB-
JIIOT COOOM COBOKYITHOCTH T'PAaBUTOHOB, OMpejieJIeHHbIM 00pa-
30M pACIIOJIOKEHHBIX B CHJIOBBIX HUTSIX MPOCTpaHCTBA. JBura-
SICh, TPABUTOHBI C)KUMAIOT CHJIOBBIC HUTH B HAIlPABJICHUU [IBU-
keHus. [Tpy 3TOM BbIIEIACTCS SHEPrUsl MaTepHU, 3aKOHCEPBH-
pPOBaHHAsI B CWJIOBBIX HUTSIX B pe3ysbrare Bonblioro B3phiBa.
Ota HEPrusi U Pa3TOHSET MOJIEKYJIBI 3BE€3/IHOTO Ta3a, YBEINIH-
BaeT CTereHb C)KaTHsl CUJIOBBIX HUTEH MTPOCTPAHCTBA U TTOBHIIIIA-
eT TEMITEPaTyPy BHYTPH 3BE3/IbL.

B undnsumonHsi nepuoa pa3sutus BeenenHoit B Helt chop-
MupoBasiach MHUpoBasi ceTh U3 CHJIOBBIX HUTEW MPOCTPAHCTBA.
Torna ke Temmieparypa v CBsI3aHHASI C HElO CTENeHb CKATHUS CH-
JIOBBIX HUTEW AOCTUINIM CBOEro Makcumyma. 3ateM BcenenHas
HavaJia OCThIBaTh, & CTENeHb CxKaTusl ymeHbinarbesi. Korna Bee-

JIEHHas1, OXJIaInJIach 10 TEMIIepaTypbl 3000° K, ona crama po-
3pavyHOl IJis MPOXOKAEHUS CBETOBbIX BOJIH, CTerneHb CKaTus

—1
IIpA 3TOM CHU3WJIACh 10 10 8M U OOJIbIIIE HE YBEJIMYMNBAJIACh

Y OCTaeTCsl MOCTOSIHHOM B Tpejesiax oT 0° bie} 3000" K.
Creniensp cxxaTvsl CUIOBBIX HUTEH npoctpaHcTBa (R) 310 pac-

CTOSTHUE MEXIY ABYMSI COCEIHUMU CHIIOBHIMU HUTSIMH. C po-

crom temnepatypbl (T) BemiectBa OHO yMEHbIAETCS, a MPU



OXJIAXJCHUH, HA00OPOT BO3PACTaeT.

rae kg — Koa(ppULMEHT CBA3M MEX/1y CTETIEHBIO CXKATUSA U TEM-

T

=R/ ks

NepaTypou, U OH paBeH 033102

Tabnuua 1
Haumeno- |CumBon Konuuectso |O6uiee CreneHb CKa-
BaHMe CTabMILHOTO |S11e PHBIX KOJIMYECTBO |THUSI CUIIOBBIX
3JIeMEHTOB |M30TOra, 000/104eK  |M30TOIOR, B |[HUTEI TIPO-
MMEIOLIero |B sipe CTa- |TOM YMCIe  |CTPAaHCTBA
Haubosbliee [6UABHOTO | CTabMIAbHBIX |OTIpe AesIio
pacrpocr-  |3neMeHTa uast o6paszo-
paHeHMe B BaHMe CTa-
npupone, % GUIIbHBIX
3JIEMEHTOB, M
1 2 3 4 5




Bopopon 'H 99,9 0 3/2 0,3310°%
Tesmii 'H 99,9 1 8/2 0,22 10°%
Jhumii Li 92,5 2 9/2 0,19 10°%
Bepuanuit fBe 100 2 12/1 0,16 10
Bop B 80,2 2 18/2 0,13 10°%
Venepon 2C 98,9 2 16/2 102

Asor N 99,6 2 14/2 0,33 1077
Kucnopog 0 99,8 2 7/2 0,31 107
Heow “Ne 90,5 2 19/3 0,24 10
drop 9 100 2 18/1 0,29 10%7
Kpemuuit G 92/3 3 21/3 0,21 10°%7
JKeneso *Fe 91,8 4 24/4 1037

C pocTOM I'paBUTAlIMOHHOTO CXKaTHs B HEApax 3BE3[ YBE/U-
YMBAETCs TEMIIepaTypa 3BE3IHOIO BEIECTBA U CTENEHb Aedop-
Malyu (CKaTusi) CUJIOBbIX HUTEH BHYTPHU 3BE3AHOTO MPOCTPAH-
crBa. [Ipy NOBBIIEHNM B LIEHTPAJIbHOM YaCTU 3BE3/bl TEMIIEPA-

TYpbl OKOJIO 107 K crenenb cxaTusi CUJIOBBIX HUTEH COCTABUT

0,33 1075 M (tabmurial). DTO HECKOJIBKO MPEBBIINIAET CTENICHN
CKaTvs UX BO BHYTPUATOMHOM ITPOCTPAHCTBE aToMa BOIOPO/aA,
B pe3y/bTaTe JIEKTPOH MPEOAOICBAET NPUTSKEHUE s1/Ipa U Bbl-
neraet u3 aroma. O0pasyeTcs « OYJIbOH « U3 BRICOKO SHEPIUYHBIX
U BBICOKO CKOPOCTHBIX IMPOTOHOB U 3JIEKTPOHOB. JlasbHeliee

TMIOBBIIIIEHUE TEMIIEPATYPHl 10 107 K u cBs13aHHOTO ¢ Heil yBEJIU-
YeHUs CTEIlenH CKaTus CIIOBBIX HUTER 0o 0,22 107> m pu-
BOJIUT K CJeQyIOMMM Tporieccam. [IpoToHBI MOMIOMIAIOT SJIeK-

TPOHBI ¥ TIPEBPALIIAIOTCS B HEUTPOHBI. 3aTe€M MPOTOHBI OObEH-



HSIIOTCSI C HEUTPOHAMM U 00pasyoT nerTpoHbl. Kak Tonbko cre-
MeHb CKAaTUsl JIOCTUTHET BEJIMUMHBI PAaBHOW TaKOBOH B siApe re-
JIVisl, 1B JISUTPOHA CIIMBAIOTCS M 00Pa3yIoT SAPO rejisi. 3aKOH-
CEPBUPOBAHHAS B CBA3SIX TPOTOH — HEUTPOH SHEPrUsl POCTPAH-
CTBA MEPEXOUT B SHEPIUI0 MATEPUU U BBIJICIISICTCS B BUJIE SITIEP-
HOW 3Hepruu. S1npo remvs mpeacTaBisieT coOOM MepBYO HEP-
TeTHUYECKYI0 000JIOUKY (), BXOASAIIYIO B COCTaB sIIEP BCEX XH-
Muuyeckux 3nemMeHToB (Puc.la). Kaxaplii HyKJIOH B siipe Haxo-
JIUTCS B KBAHTOBOM COCTOSIHHMHM, 00JIa/IaeT ONpeIeIEHHBIM KOJIH-
YECTBOM SHEPrvM U MOMEHTOM BpaiiieHust. COrjiacHO MPUHIINIA
[aynu, B OAHOM COCTOSIHUM MOTYT HAXOAUTHLCS HEe O0Jiee OTHOTO
MPOTOHA W OTHOTO HeTpoHa. OOO0I0YKA COCTOUT U3 JIBYX JHEP-
TeTUYECKUX YPOBHEMW: yPOBEHb IPOTOHOB U YPOBEHb HENTPOHOB.
OHa MoJIHOCTBIO 3arojIHEHa HyKJIoHamu. M3oton atoma renvs

C AIpOM *He crabuien u umeer TMOBBILLIEHHYIO YCTOMYUBOCTD.
Bokpyr sigpa obpamiaiorcs [Ba SJeKTPOHA C aHTUTIAPAJIETBHBIMU
crimHamMu. O0a 3JIeKTpOHa HAXOIATCS HAa CaMOU HU3IIIEH 110 SHep-

TUu OpOUTAIU 15, IPaHUYHAs TIOBEPXHOCTh KOTOPOI1 SIBJISIETCS
CUMMETPUYHO-C(PEPUUECKON. BHYTpY 3TOM MOBEPXHOCTH CHUJIBI
CKaTHs ypaBHOBEUIMBAIOTCS CUJIAMH PACIIUPEHUS. 31ECh IEK-
TPOHHAS IJIOTHOCTh TOCTUTAET CBOEI0 MAaKCMMAJIbHOTO 3Haye-
Hust. CreneHb qepopmaninu (cxaTve) CUIOBbIX HUTEH MPOCTPaH-
CTBa J10 TPAHAYHOM ITOBEPXHOCTH BBICOKA Y OJTHOPOJHA, A 32 HEW,
TO €CTb BOKPYT 3((PEKTUBHOIO paguyca aToMa) OY€Hb HE3HAUH-
TeJIbHA, YTO [IEJIA€T XUMHUYECKYIO CBSI3b Iejiusl C APYrUMHU dJe-
MEHTAMU TPYAHO TOCTYITHOM.



[To Mepe BbITOpaHUsI BOAOPO/IA B IIEHTPE 3BE3/Ibl YCHIINBAET-
Csl TPABUTALIMOHHOE CKAaTWE W MPU AOCTUKEHUU CTENIeHU CXKa-
TUs CUJIOBBIX HUTeN 10 0,16 1072 M JIBa si/Ipa rejiusi HAYMHAIOT

cOMMKEHUE M CIIMBAIOTCS B OMPeeIeHHOM MOJIOKEHUH, 00pasys

SIPO U30TOMNA OepUILIHS 8Be. V uzotona atoma OepwLus JiBe
sHepreTraeckue odonouku q u f. (Puc.1.b). B kaxmoit 060104-
K€ HaXOUTCSI IO /IBa TPOTOHA U IO ABa HEUTPOHA, KOTOPbIE B3a-
UMOJICUICTBYIOT C JIEKTPOHAMU, HAXOISIIUMUCS Ha OPOUTAIISAX
C pPa3IUYHBIMU SHEPreTUUYECKUMHM TMOKA3aTeIsIMU. DIEKTPOHBI,
yIpaBJisieMble IPOTOHAMU BTOPOUM 0OOJIOUKH, HAXOASATCS HA Op-

212 o o
outaiu 1s” 2s” 1 06;1aa10T OOJIbIIIEN SHEPrueil, Yem ABa Ipyrux
9MeKTpoHa. OHU UMEIOT BBICOKYIO BAJIEHTHYIO CIOCOOHOCTb, T10-
TOMY OEpUJUTHI XMMUUYECKN aKTUBHBIN 1eMeHT. 13 Bcex u30-

Toros *Be onvH cTadmieH. Ero pacnpocTpaHeHHOCTh COCTaBIISA-
et 100%.

Korja B 1ieHTpe 3Be3/1bl TEMIIepaTypa JOCTUTHET 10% K, a cre-
TleHb CKAThs CUJIOBBIX HUTel coctaBur 1020
cOnmmxeHue saep OepusuTus

M, HAaYMHAETCH

siapamu rendsi. CluBaloTes siapa reus B ONpeesieHHON Ho-
CJIEOBATEIBHOCTY U B PE3YJIbTATE TPU s/Ipa Tejusl MpeBpalia-

I0TCS1 B OJHO SIAPO yrjiepoaa I2c. SAnpo sToro uzoTona yriepona,
KaK M pO U30TOMa OSpUILIHS UMEET JIBE siIEpHBbIE OOOIOUKH,
HO y HETO B 9TOH 000JIOUKE HAXOSATCS He [IBa, a YeThIpe MPOTOHA
(Puc.1.c). M3oton crabusieH u umeeT OOJBIIOE paclpoCTpaHe-



HUe. BHelHMe 3/IeKTPOHBI aTOMa YIJIepojia 3aHUMAIOT JIEKTPOH-
HYyI0 OpOHMTaNIb 2p, HO POCTPAHCTBEHHASI OPUEHTAIIM ST BHEIITHE-
I'0 3JIEKTPOHHOTO CJI0sI IIPY BO30YKAEHUH aTOMa JIeJIaeT BO3MOXK-
HBIM IPOMOTHPOBAHUE OTHOTO U3 CIIAPEHHBIX JIEKTPOHOB C OP-
ourasu 2s Ha opOutais 2 p. B pesynbrare yriepon oopasyer 00-
HIMPHBIE XUMUYECKUE CBSI3U.

fAnpa atoma Kucjaopoga HauMHAOT (pOPMHUPOBATHCA B sIlIEp-
HOM TOIIKE 3B€3/1, KOT/1a TeMIeparypa peBbICUT 10K, a creriens
AT CUIOBBIX HuTeii coctasut 0,31 1072 M. OOpa3oBBIBaTh-
cs1 OHM OyyT IyTeM MPUCOETUHEHUS sIep refvs K siApaMm yrie-
pona. [IpucoenuHenne OyaeT MPOUCXOMUTh HANIPABJIEHHO C 00-
pa30BaHUEM OMPEEIEHHON (DOPMBI SIPa, TP KOTOPOM KaKIbIA
MIPOTOH OyAET B3aMMOJEHCTBOBATh TOJIIBKO C COCEHUMU HYKJIH-
JIAMU U C 3JIEKTPOHAMU ONpeieieHHON opouTanu. Mtorom sToro

npotiecca OyJleT CUHTE3 N30TOoIa KUCI0pojaa 1%0. Ou cradusen
Y IIMPOKO IMPEJCTaBJIEH B MPUPOJE. MOCIE BOIOPOAA U TeJusl.
V Hero nBe snepHbIX 0007104KK. Bo BTOpOil 000/10UKe N30TOMA
(pynkumonupytor mectb npotoHoB. (Puc.1. d). Yersipe u3 HUX
1epOopMUPYIOT (CKUMAIOT) CUJIOBBIE HUTH IIPOCTPAHCTBA BHEII-
HETO 3JIEKTPOHHOI'O CJI051 ¥ CO3/1AI0T IIPOCTPAHCTBEHHYIO HAIIPAB-
JIEHHOCTh AEWCTBHS BaJleHTHOW opOutanu 2p. Bee 310 B coBo-
KYIHOCTH JIeJIaeT KUCIOPOJ OHUM U3 CAMBIX arpeCCHUBHBIX XH-
MUYECKUX IEMEHTOB. 110 XMMU4ecKor aKTMBHOCTH KHUCJIOPOL
YCTYIAET TOJILKO (PTOPY.



Puc. 1. Cxema oOpazoBanus siiep 6epusuius, yriaepojaa u Kuc-
JIopofia My TeM CIIMSHUSA siiep relust, b — sapo Oepuius, ¢ — sij-
po yriepona, d — siipo Kucaopoaa

Hcromenre 3anmacoB aTOMOB I'eivs U YIJIEPOAB BHYTPU 3BE3-
Jbl BBI3BIBAET €€ IPABUTALIMOHHOE CKAaTUE, YTO IIPUBOAMT K JaJIb-
HEHIIIEMY pOCTY TEMIEPATypbl U CTEIIEHU CKATWsI CUJIOBBIX HU-

Tei B €€ ueHrpe. [Ipu noctuxenun crenenu cxarus 0.24 107

2
7 M HAQYMHACTCA CIIMAHUC AOCP KUCIIOpoda U AICp I'CJInA. An-

pa rejimd IpUCOCINHAIOTCA K AApaM KUCIIOpOda TAKUM 06pa30M,



YTO B Pe3y/bTaTe CUHTE3UPYIOTCS spa M30TOMa HEOHA CO CBOE-
00pa3HOM, TOJIBKO MM TMPUCYINeH KOH(pUTypanuei. Y sapa ato-

Ma neona “’Ne umeercs JIBE SIIEPHBIX OOOJIOUKH, HO B OTJIU-
yule OT siIep aTOMOB JIPYTHX 3JIEMEHTOB, €ro BTOpasi aTOMHast
000JI0YKa MOJTHOCTHIO 3aroiHeHa Hykmaamu (Puc.2.e), mosato-
My SIIpO HeOHa 00J1aaeT MOBHIIIEHHON YCTOMYMBOCTBIO. Y aTo-
Ma HEOHa Ha BHEIHEH JeKTPOHHON BaJeHTHOW OpOMTAIM 2p
HET CBOOO/IHBIX JIEKTPOHOB, OHU BCE CIIAPEHHBIE, TIO3TOMY aTOM
HEOHA XMMUYECKU MHEPTEH.

C BbIrOpaHWeM YIJIEPOJAHO — KUCJIOPOAHOIO sjipa B LIEHTpE
3BE3/Ibl MPOJIOJIKAETCS POCT TEMIIEPATYPHI U CTENIEHU CKATHSI CU-
JIOBBIX HUTEN U MPU AOCTUKEHUU €10 BeinurHbl 0,24 102" M na-
YuHaeTcs ropeHue saep HeoHa. OHO COMPOBOXKIAETCS] OTPHIBOM
OT fJIep HEOHA 0L -YACTHI] (1P reJivs) U NOCIELYIOIIHUM ITPUCO-
€IMHEHUEM MX K JIpYTMM siApaM HeoHa. B pe3ynbraTte npucoenu-
HEHUsI OTHOM O -4aCTUIIBl 00pa3yeTcs siIPO MarHus, JIByX spoO
kpemHus1. [IpucoequHeHre MPOMCXOOUT TaKke, Kak U B TIPE/Ibl-
IYIIMX CHHTE3aX HOBBIX 9JIEMEHTOB, HAIPaBJIEHO C 0Opa30BaHM-
€M ONpelesieHHON KoH(purypauuen sapa. Mzoron sigpa Kpem-

s 25Si nmeer TpH HepreTudeckue odonouku (Puc.2.k) B Tpe-
Thel (y) oOonouke HaxonsATcs 4nporoHa u 4 Heirpona. [Ipoto-
Hbl B3aUMOJIEICTBYIOT C IByMsl JIEKTPOHAMH BHEUIHEN BaJIEHT-
HOHM opOuTanu 3p, a Takke Yy Hero JiBa CHapeHHBIX JEKTPOHA
Ha opOMUTAIM3S MPOMOTHPYIOT Ha BaKaHTHYIO opOuTaib 3d, mo-
TOMY KPEMHMI YEThIPEXBAJIEHTEH. DTO JIa€T BO3MOKHOCTb aTo-



My KpPEMHHUs MPOSIBIIATh ceOs KaK XUMUUYECKU aKTUBHBII 3Jie-
MeHT. KpemHuil ABISIeTCA OAHMM M3 IIAPOKO PaclpOCTpaHEH
HBIM 2JIEMEHTOM B IIPUPO/IE.

KpeMHuii sBisercs NOCAEAHUM 3JIEMEHTOM CHOCOOHBIM
K TEPMOSIEPHBIM 3K30TEPMUUYECKMM PEaKLUsAM. TepMOCHHTES

C €ro y4yacTheM HauMHAeTCs IIpu TeMIiepaType 10° K u cre-
MeHu cxathsg crioBbIX HuTen 0,21 10727 M. U3 3a BHICOKOI
TEMIEPaTypbl YaCTh SIIEP KPEMHUs MoABepraercsi poroaucco-
LIMALAN C BBIJEJIEHHEM 0L -4aCTUII. 3aTeM CBOOOIHBIE O ~4aCTH-
16l TIOCJIEIOBATEIbHO MPUCOESTUHSIOTCS K OCTABHIUMCS siipam
kpemHusl. [Ipucoenvuenue o -4acTuil K s1py KPEMHUS MMPOUC-
XOIUT HAMPaBJIeHO C 0Opa30BaHUEM OIpeeSICHHON KOH(pUrypa-

HHeﬁ AACP IMMPOMEKYTOUYHBIX 9JICMCHTOB M TaK BIUIOTb OO AOCP

xene3a. M3orom siipa xenesa Fe umeer 4 siIepHBle 000J1049-
ki (Puc.2.u). B yerBeproii (j) 060M0uKe HAXOAATCSA 8 MPOTO-
HOB U 8 HEUTPOHOB. [IpOTOHBI B3aMMOJEHUCTBYIOT C JIEKTPOHA-

MU BHEIITHE! BaJICHTHOW OpOWTaIN 45>, Ha KOTOPOM HAXOIAT-
cs 3 BAJIEHTHBIX IEKTPOHA, NIOTOMY KEJIE30 TPEXBAJIEHTHOE,
HO 3a CYET MPOMOTHMPOBAHUS KOJMYECTBO BAJIEHTHBIX JIEKTPO-
HOB MOXeT yBenuuurcs 1o 8.7Kene3o cpegHer aKTUBHOCTU Me-
Ta1. Ha KprBOM pacnpOCTpaHEHHOCTM XMMHUYECKUX JIEMEH-
TOB OHO BXOJMT B IIAATEPKY JIMIEPOB: BOJOPOL, I€JINM, KUCIOPOI,
HEOH, keJie30, Ho, mepBble YeThipe 351eMeHTa rasbl, a KeJle30 Me-
TaJIJ1, CJIEAOBATEIBHO OHO SABJISIETCS CAMBIM PaCPOCTPAHEHHBIM
MeTa/uioM B COJTHEUHOU CUCTEME.



Puc. 2. Cxema oOpa3oBaHus siiep HEOHA, KPEeMHUSI U XKeJe3a.
€ — HeOH, k — KpeMHHMIA, U — kese30

Slnpa reausi 1 cBOOOTHBIE HEUTPOHBI B OONBIIMX KOTAYECTBAX
BCErJa MPUCYTCTBYIOT B SIEPHBIX TOIMKAX 3BE€3[. DTH YaCTULbI
SIBJISTIOTCSL OCHOBHBIMU KOMIIOHEHTaMH 00OPa30BaHMs HOBBIX XU-
MHUYECKHUX JIEMEHTOB B HeJlpax 3Be3/1. Ecnu u3 o -yactu (s1aep
revsi) oOpa3yloTcsl YeTHbIE SJIEMEHThI TePHOJUYECKON CHCTe-
MBI, TO JIs1 (DOPMUPOBAHUS HOBBIX HEUETHBIX JIEMEHTOB HEOO-
XOOMMO ydacTue JedTpoHoB. Tak, oOpa3oBaHue sapa CTaOMIIb-

HOro HEYETHOI'0 aToMa JINTUA 7



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npenocraBieH OO0 «JIutPec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha JIutPec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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