% HAVYKA YEPE3 [TPUI3MY BPEMEHU Ne 8 (113) 2026r.

V]IK 539.

Marepust pusnyecKoi Npupoabl.
IIpeanoculixku HoBoii aToMHO# U3HKH.
Yacrs 2.

Hannukun Cepreit AnekceeBud,
K.¢p.-m.H. [Tencuonep. Tomck.

AHHOTaNUs. Marepus BceneHHOM npeacTapieHa pacnpeaeiéHHON 0 KaTeropusaM JUIsl o-
HUMaHUS MecTa (pu3nueckor MaTepuu U apupa B Hel. PackpbiTo cTpoeHue GhyHI1aMeHTaIbHBIX YaCTHII
(U3MIECKOTO MUPA, COCTABIISAIOLINX OCHOBY BCEX aTOMOB. Y YACTHII, aTOMOB, MOJIEKYJI HET 3apsI0B.
Ectb nons, HazBanHsbie 1o 3ddexram cuiioBoro B3aumoaenctusd. [lons npencrapisior noToku 3¢upa,
CO3/1aBaeMbIC CTPYKTYPHBIMHU 3JIeMEHTaMH aTOMOB. [10TOKH, MOOOHO BETpPy, 00ECIIEUHBAIOT BHYTPH-
aTOMHOE M MEKMOJIEKYJISIPHOE B3aMMOJICICTBHE M MPUIAIOT BEIIECTBAM M IOJSM CBOMCTBA, HAa3BaH-
HbIE MAaTHUTHBIMU WJTU DJIEKTPUUYECKUMHU.
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Hacrosmas crares SBISE€TCS NPOJOJKEHUEM Pa3BUTHS KOHILIENIIMM BO3ZHUKHOBE-
HUs BeenmeHHoM, npemioxkeHHon B [1], 1 mocBdlleHa HEKOTOPBIM acCleKTaM Iepexo/ia
OT NIEPBO3JIAHHON MAaTE€pUU K COCTOSHHIO BEIIECTBEHHOW Marepuu. He permeHHbIX Bo-
ITPOCOB, KaCAIIKXCs (PyHAAMEHTANbHBIX OCHOB BEIIECTBEHHOTO MUPO3JAaHUS MHOTO.
Hayka He mMoxeT 00BACHUTH JIecATKHU siBieHnid. Hampumep, mpoTuBopednsi B MOACIIAX
aTOMOB U DJIEMEHTApHBIX YacTUll. HeT moHATHi, 4TO eCTh 3apsl, dJIEKTPUIECKUE U Mar-
HUTHBIE TIOJISI, YTO MPEACTABIIAIOT COOOW BHYTPHSAECPHBIE CUJIBI M CHUJIBI, YIEPKUBAIO-
e oObeIUHEHHE aTOMOB B MOJIEKYJaX, a MOJEKyJ B BeuiecTBe. HeBenombie cuibl
Ha3bIBAIOT CHJIBHBIM U clIa0bIM B3auMojencTBUEeM. UTO 3TO 3a cuiibl M OTKYya OepéTcs
DHEPrus Ui JUINTEIIBHOTO CUIIOBOTO B3aUMOJECHCTBUS YaCTULl U ATOMOB - HEU3BECTHO.

B ornuune ot QyHmameHTaIbHON MPOAYKTUBHEE pa3BUBAIACH MPUKIIAIHAS
HayKa. DMIUPUYECKUMH HUCCIEIOBAHUSIMU HAa OCHOBE MPOO U OMIMOOK YCTaHOBJICHBI
(h€eHOMEHOJIOTMYECKUE 3aKOHOMEPHOCTH, pa3padOTaHbl TEOPUU U MOMAEINH, MO3BOJISIO-
M€ B KAKOW-TO MEpE pelIaTh BAXKHBIE I YelioBeYecTBa 3aaaur. Ho cymiecTByromme
3HaHUA 00 OCHOBax (PU3MUECKOW MaTepuu, MPUBOIAT K JIOKHBIM MPEACTaBICHUSIM O
Mpoleccax, ONMUCAaHHBIX B €CTECTBEHHBIX HAYKaxX, YTO BO MHOI'OM CBSI3aHO C UTHOPHUPO-
BaHHEM B3aMMOCBSI3M MaTepuu (PU3UYECKOTO MHUpPA C HEMPOSBICHHOU, 0ojiee TOHKOU
Martepuel, obiagaroieil PHeprueit u nepenaroniei e€ Hamemy mupy. IMeHHO 3Ty B3a-
MMOCBS3b IBITAJINCh YCTAHOBUTH B MPOLIJIOM HUCCIEI0BATENN-IKCTPACEHCHI, PE3YJIbTa-
ThI KOTOPBIX UTHOPUPYIOT, UCKYCHO HAmpaBJsis PyHIaMEHTAIBbHYIO (PU3UKY Pa3BUBATH-
Csl B JIOXKHOM HampaBlieHud. be3 mo3HaHust UCTUHHOUN (M3UKKA aTOMOB TOPMO3HUTCS TIOJI-
HOLICHHBIN TEXHUYECKHUM TPOTPECC B MPUMEHEHUN aTOMHBIX TEXHOJIOTUM.

Uto0bl pa3zoOparbcs B (U3MKE aTOMOB - OCHOBBI BCEX BEILECTB, HEOOXOIUMO
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BepHyThcs Ha 130 ser Ha3ax, 10 Hayasa SUHIITEMHOBCKOM 3I10XHU, T.€. MOMEHTA, KOrja
Havanoch OypHOE pa3BUTHE KBAaHTOBOU (hn3uku. OU3MKY HAYaIH 3allOJHATH BBIMBICIIA-
MU ¥ OTKPOBEHHBIMHU (paHTa3UsIMHU, O0JIeKast MX B TPOMO3JKHI MaTeMaTHYECKHM ara-
paT, NOATOHSS PE3yJIbTaThl UCCIEIOBAHUNA MOJI BBIBOJBI A0OCTPAKTHBIX TEOPHUH, U B TO
K€ BpeMsI 3aMaJIuMBasi aJIbTEPHATUBHBIE TOYKH 3PEHUS HA U3y4aEMBbIE IPOLIECCHI.

Kak noka3aHo B craTbe, pe3yJIbTaThl 330TEPUUECKUX HUCCIIETOBAHUMN MOJTHOCTHIO
MEHSIOT MPEACTABIECHUE O CTPOCHUH aTOMOB XMMHUUYECKUX 3JIEMEHTOB, IPUPOJIC BHYT-
PUATOMHBIX U MEKMOJIEKYJSPHBIX cuil. Lleqb HacTos el cTaTbH — 32JI05KUTH OCHOBY
HOBOM aTOMHOM (pU3MKHU. B HEN PaCKPBITHL: MPOUCXOKICHUE FJIEMEHTOB, U3 KOTOPBIX
COCTOSAIT BCE aTOMBI; COCTaB, CTPYKTYpa U Macca HEKOTOPBIX aTOMOB, UTO AAET (PU3UKAM
Y XMMHUKaM BO3MO>KHOCTb IIEPECMOTPa MHOTUX TEOPUH B CBOMX 00IACTSIX.

Bcenennas COCTOMT U3 ITUCKPETHOM MaT€pUU OCHOBHOM XapaKTEPUCTUKOU KOTO-
pont sBuserca Macca U dHeprus. CIIEKTp MacC MPOCTUPAETCA OT IMEPBOMATEPUM CY-
nepMaibix «Yactun boray, 10 pa3snM4YHON IUIOTHOCTH U CIOKHOCTH MATEPHUM BELIECTB
¢u3nueckoro Mupa, HazpiBaeMoro ¢ ApeBHOcTU «IlmoTHeIM Mupom». UToOBI MOHSATS,
[I0YEMY PaJUKaAIbHO OTINYAIOTCS CYLIECTBYIOIIUE MPEACTABIEHUSA O CTPOEHUH aTOMOB
OT TOTr0, YTO OTKPBLIA H30TEPUUYECKAS HAYKA, HA0 NPEABAPUTEIBLHO PACCMOTPETH pac-
npejesieHne Matepuu 1no coctosiHusM. [logoOHoe pazneneHue Mmo3BOJsSeT MOHATh, Kak
CBOMCTBa HEBUAMMOM, HE (UKCUPYEMON MaTepHH, OTPaKalOTCA U IMPOSBIAIOT ceOsl B
ABJICHUSX B CBOMCTBAX (PM3NYECKOU MPUPOJIBI.

Bcro mareputo Beenennoit Oyaem enuTh MEX1y JByMsl YCIOBHBIMH KaTeropusi-
MH. KaTEropuu MPOSIBJICHHONW MATEPHUM U KaTEropuy HENposiBJIeHHOW matepuu. B
KQXKJIOM KaTeropuu BBIACISIIOTCS CeMb YPOBHeH (B 230T€pHUYECKON HaAyKe ypOBHEU
OoJIbIIIe M HA3BIBAIOT MX TUIAHBI U TIOJTUIAHBI). MaTepus HaXOUTCS Ha BCEX YPOBHSX OT
BBICHIETO C MEPBO3JAHHON (PYHIaMEHTAIBbHON MaTepuel, 10 HWXKHETro C MpeaesibHO
IJIOTHOM, BEIIECTBEHHOM MaTepyen. Y POBHU KaT€rOPUM HEMPOSBICHHON MAaTEPUH, Kak
0oJiee TOHKOM, HepapXUUYECKH PACMOJIaratoT BbIIIE YPOBHEW MaTEpPUM MPOSBICHHON Ka-
teropun. Ha KaxxioM ypoBHE 00OMX KAaTErOpHil CYLIECTBYET MaTEpHsi, KOTOpask TAKKe
MOJKET HAXOJUTHCS B CPENI€ BCEX HWIKHUX YPOBHEW M B3aUMOJICHICTBOBATh TaM C HEW,
Mo100HO TOMY, KaK ra3 MpUCYTCTBYET B KUAKOCTIX U TBEPJBIX TENAX.

Knaccudukauus cocrosnuit MaTepuu BeesieHHOM.

Karteropusi nposiBjienHoii marepun. K Heli oTHecéM MaTepuio (QPU3NUECKOTO
[TnmoTHOTO MHpa. ITO BCSI MATEpPUs CO BCEMU BUJAMH BELIECTB U SIBIICHUI, U3MEPSIEMBIX
TEXHUYECKUMH CPEACTBAMHM WJIM BOCHPUHUMAEMBIX HEMOCPEACTBEHHO YEJIIOBEKOM B
CBOMX omlymeHusx. [Ipupona MmioTHOTO Mupa MPeACTaBIsIET COOOM MUJUITMOHBI Be-
IIECTB, CO3JIaHHBIX U3 OCCUMCICHHBIX KOMOMHAIIMK Bcero TPéx coreH (!) aToMOB u3-
BECTHBIX XMMHUYECKUX IJIEMEHTOB. OU3NKU U XUMUKH (HaKTUYECKH H3Y4alOT MaTEpPHUIO
TOJIKO BEILIECTBEHHON MpUPObl. BemecTBo — 310 Cl0XHAas M0 CTPYKTYpe, pa3Has Ma-
Tepus, OCHOBA JIOObIX (M3MYECKUX TeJ. ['JlaBHOE CBOMCTBO BEIIECTB 3aKIIOUYACTCS B
BO3MOYXHOCTH NMPEObIBAHUM B KAKOM-TO arperaTHOM COCTOSTHHUU: ra3000pa3HOM, >KHJ-
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KOM, TBEPAOM, IUIa3MEHHOM. UelloBeuecTBY NOCTYNHBI 3HAHHUS O MAaTEPUU COOTBET-
CTBYIOLIETO YPOBHS B TOM pa3Mepe, B KAKOM OHO, IO Mepe CBOEl 3BOJIOIMH, CIOCOOHO
¢buKcupoBaTh, U3y4aTh U NPUMEHATH JJI yIOBICTBOPEHHSI CBOMX MOTPEOHOCTEH.

Marepust posIBICHHOW KaTErOpUU HaXOJUTCS Ha ceMH YPoBHsX oT E-1 ¢ mep-
BUYHBIMH, JOCTYIIHBIMA M3YYEHUIO DJIEMEHTAMM U3 KOTOPBIX CTPOSITCA BCE aTOMBI, 10
MaTepuu TBEPABIX BemiecTB Ha ypoBHe E-7. OdunnanbHON HayKoil M3ydaeTcsi TOIBKO
JOCTYyNHAasl perucTpauuu marepust ypoHed ¢ E-4 mo E-7. [Ins mydiiero nmoHumanus,
KAaK MAaTEepHUIO OTHOCAT K YPOBHSIM, IIOKaXXEM Ha IpUMepe €€ paclpeaesIeHNs I Hallle-
ro (pu3HYECKOro MHpa.

K camoMy HHMKHEMY YpOBHIO C UHAECKCOM E-7 OTHOCHTCS MaTepus B TBEPIOM CO-
CTOsHUU. YpoBeHb E-6 Bblllle 1 K HeMy OTHOCUTCS Matepus xuakocreil. K yposnto E-5
OTHOCSTCS OoJiee TOHKHE Ta3000pa3Hble OOpa3oBaHUS B BHUJE MOJIEKYJ, aTOMOB H
noHOB. K ypoBHIO E-4 0THECEM 4aCTHIBI, CUMTAIOIIMMHUCS DJIEMEHTAPHBIMH, — IPOTO-
HbI, HEUTPOHBI, AIEKTPOHBI, KOTOPHIE BBIACISIIOTCS M3 BEIIECTB IPH HUCKYCCTBEHHOM
BO3JICUCTBHUU: JABICHUEM, TEMIEPATYPOM, SJIEKTPUUECTBOM, JIFOOBIM HHBIM CIIOCOOOM.
Marteputo ypoBHs E-4 nponomkaroT u3ydars 10 SIBICHUSM B3aUMOJACHCTBUS MEKIY CO-
OOl M C BEIIECTBOM, HO CTPYKTypa 3JIEMEHTOB 3TOM MAaTEpUU OCTAETCS HEU3BECTHOM.
IToka coxpaHuM Ha3BaHUS YACTHUL, OTHECEHHBIX K 3TOMY YPOBHIO.

Marepust ypoBueit ¢ E-3 o E-1 Texunueckumu cpeactBamu He pukcupyercs. K
Martepuu ypoBHS E-3 M0XHO ObLIO ObI OTHECTH KBAPKHU, AKOOBI, COCTABJISIFOIINE OCHOBY
gacTull saaep aromoB. O kBapkax nucan C. @uyummrnc B paboTe « IKCTPACEHCOPHOE BOC-
npusitue kBapkoB». O kBapkax pacckaswsiBai K. 3aifiieB B razere «Opakym» N8, 2000r.
0/ 3aroJoBKOM «B3risig BHYTpb aToMa: KBapKH TJla3aMHu SICHOBUIALIETO». KBapku u
AHTUKBAPKHU — 3TO a0CTPAKTHBIC CTPYKTYPHI, U3 KOTOPBIX, KaK MBITAIOTCS JOKa3aTh yUé&-
HBIE, COCTOAT JJEMEHTapHble 4YacTHIlbl. HO HEBO3MOXXHOCTH pErucTpalu KBapKOB
ompaBjbIBaeTCs (PU3MKaMHU H3-3a KOH(AMHMEHTa — CBONCTBA, CBSI3aHHOTO C MHUMBIM
I[BETOBBIM 3apsaoM (?), HEe MO3BOJISIONIMM OOHAPYKUTh KBApKH B CBOOOJIHOM COCTOS-
Hun. Martepust ypoBHs E-3 SBHO BOCIpMHHUMAETCS JIFOABMHU C CEHCUTHBHBIMU CITOCO0-
HOCTSIMM Y HMYETO MOoJ00HOr0 KBapkam TaM He HaxoasaT. Ha ypoBusx ¢ E-3 1o E-1 ma-
Tepus IOCTyITHA SKCTPACEHCAM U CBEACHBS O €€ CTPOCHUU MOYEPIHEM U3 UX PadoT.

K ypoBHto E-3 OTHOCSTCS 3JIEMEHTBI aTOMOB, CO3/IaHHBIC B €CTECTBEHHON NMPH-
poje, a He BbIlyMaHHbIE KBApKH, KOTOPbIE MONPOCTY (PUKIMS. YUuacTBytomias B GopMu-
pPOBaHMM aTOMOB MaTepHsi, OTHOCSIAsACA K ypoBHIO E-2, sBnsieTcss mpoMeKyTOYHOM
ctpykTypoil. K ypoBHI0 E-1 OTHOCATCSI CTPYKTYPHO CJIOKHBIE 3JIEMEHTBI, U3 KOTOPBIX U
o0pa3yroTcsl Bce aTOMbl XUMHYECKHX 3JIeMEHTOB. MaTepusi B arperaTHbIX COCTOSHU-
ax ypoBHel E-7, E-6, E-5, BMecte ¢ matepueil ypoBHsa E-4 1 sicHO pa3nuyuMMBbIMH 3KC-
TpaceHCaMHu COCTOSTHUSIMU MaTepuu Ha TpEX BhIcIIMX ypoBHsX ¢ E-3 mo E-1, oOpa3zytor
ceMb YPOBHEH COCTOSIHMI MaTepuM NPOSIBJEHHOM KaTeropuu. Y poBeHb E-1 BbICTy-
MaeT rpaHULIed MKy HAlUM (PU3NYECKUM, BEIIECTBEHHBIM MUPOM U MTOTYCTOPOHHHUM,
CYIIECTBYIOIINM PEATBHO MUPOM HEMPOSIBIEHHONW MATEPUU — MUPOM, OCTAKOLIUMCS IS
Hac BO MHOT'OM TalHOM.
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Karteropusi HenmposiBJIEHHOM MaTepPUH — 3TO BHUJBI MAaTEPUU C Pa3MEPHOCTAMMU
CTPYKTYp, HEAOCTYIIHbIE PETUCTPALIMN HU OJHUM U3 U3BECTHBIX METOJIOB. XUMHUYECKUI
aToM, JI0 OTKpPBITHS Ha pyoexke XX BeKa YaCTHIIbl aTOMa — JJIEKTPOHA U PaIUOAKTUBHO-
ro pacmajaa pajiusi, CUMTalcsS HeIeTUMBbIM, CTAaOMIbHBIM, KOHEYHOM 4YacTUIEH Belle-
ctBeHHoU Martepuu. [lo Beipaxenuto J[x. Tomcona «BHyTpeHHOCTH aTOMa Oblia 00B-
SBJICHA TOW TEPPUTOPHEH, B KOTOPYIO (PU3UKY HHUKOTAA HE YJACTCS MPOHHUKHYTb...».
[ToaTOMY BCIO MaTepHI0 MeHbIIIe ATOMOB, T.€. ¢ YpoBHs E-4 u Bc€ uto BbIlIE E-1, OT-
HOCWIH K OIHOMY, HeenoMomy «lloryctoponHeMy Mupy» u HasblBaIn €€ 3QHUPOM.
Opnako, marepust ypoBHel ¢ E-4 u o E-1 oka3zanace 1oCTynHOW AJisl U3YUYEHUS JTHOb-
MU C CEHCUTHBHBIMU CIIOCOOHOCTSIMM U 3Ty MaTE€pPHUI0 HEOOXOIUMO TeNepb OTHOCUTH K
IIPOSIBJICHHOW KaTETOPUH.

K 3¢upy 060cHOBaHO OTHOCHM TOJIbKO HEU3BECTHYIO, HE JIOCTYIIHYIO HENOCPE-
CTBEHHOMY HM3YYEHHUIO MATE€pUI0. JTa MaTepus SBISAETCS OTPOMHOM, CKPBITOM ITOKA OT
HAC COCTaBJIAIONIECH BceeleHHol, nMeroIen, BUANMO, MHOTO U3MEPEHHM, U SBIISIONICH-
ca mpearedeilt ¢pusnueckoro mupa. O Held Mbl MOXKEM CYJUTh TOJIBKO MO KOCBEHHBIM
MpU3HAKaM WM B TEPMHUHAX BepOATHOCTU. CyOBEKTHMBHOE NMOHMMAaHUE MPUCYTCTBUS
ATOM MaTepuu MO HAOIIOJAEMbIM SIBICHHUSIM YIIOMUHAETCA YK€ BO BBEACHUM B KHUIE
«Kocmoronus» ITnotuna (205 — 270 r. H.3.), B Teocodpun E. braBarckoii. [2], B Teopuu
akagemuka A.U. Beitanka [3]. DTo mOHUMaHUE JOCTUTAETCS Ye€pe3 HHTYHUIIUIO MPH T10-
HCKE NPUYUHA—CIIECACTBEHHBIX CBA3EH MEXKIY CKPBITBIMUA U IIPOSIBICHHBIMHU IIpolLiecca-
MU U ABIeHUsAMU. Hroke npuBeaeHbl Ha3BaHUSA YPOBHEU paclpeiesIeHUsl HENPOsBIICH-
HOM MarepuH, OTHOCUMOW K THIOTETUYECKOMY 3(QHpYy, JaHHBIE UM B 330TE€PUUECKOMN
HayKe, ¢ KpaTKUM MOsSICHEHHEM 0e3 00CYKICHHs XapaKTepUCTUK CaMO MaTepHH.

B nmaHHOM KaTeropuu K BBICIIEMY, IEPBOMY YPOBHIO, HA3bIBAEMOMY B D30TE€pPUKE
AJM, OTHOCUM MEPBO3JAHHYI0 CyOCTaHLNIO «b0KECTBEHHON AMaHalMK», COCTOSIIYIO
U3 HEACNUMBIX, HCTHHHO 3JIEMEHTAPHBIX YACTHUI, C NPEIJIOKEHHBIM Ha3BaHUEM AHY
— KpolueyHble. JTa cyOCTaHIMs sBisieTcs PyHAaMEeHTAJbLHOI MaTepualbHOH OCHO-
BOM BCETO MPOSBICHHOIO U HE MPOSIBICHHOTO BO BceesieHHoMm. [ unorertnueckoe nosis-
JICHHUE 3TOM CyOCTaHIIUU B KOCMOCE paCCMOTPEHO B cTathe [1].

Crnenyromue 1o 330TepUYECKON KiIacCU(PUKALUKA YPOBHU — aHyNa aKa, HUPBaHU-
YeCKUi, OyIXUUECKUI U Kay3aJbHBIN — 3TO YPOBHH (POPMUPOBAHUSI HAYAIBHBIX CTPYK-
Typ U3 MEPBUYHON MaTepuu. Ha 3TUX ypoOBHAX, MO 330TE€pUKE, TPOUCXOAUT 00pa3oBa-
HHE 3apOJbIIICH KaK JYXOBHOM, TaK MU KOCTHOW cocTaBisirommx Mupa. Marepust 3tux
YPOBHEM, BO3MOXKHO, MPEACTABISIET COOOW CTPYKTYPhI — XpaHWJIUIIA KaK JOCTYITHOM,
TaK ¥ BO MHOTOM 3aKpBITOW 1Jisi Hac WHGOpMAIMHU, Ha3bIBaeMOW XPOHUKH AKAIllH.
BepHasckwuii moaran MecToM CyIiecTBOBaHHs 3TOoM nH(popMaiuu B Matepuu Hoocde-
pbl 3emuin. Martepusi Ha 3TUX YPOBHSIX MO MHOTUM HEOOBSCHHUMBIM (pakTtaM oOjamaer
cBOMcTBaMU (PMKCUPOBATH, HAKAIUIMBATh U 00pabaThIBaTh AaHHbIE, MOJOOHO CUCTEMaM
MMaMATH KOMITBIOTEPA, SABJISASACH SJIEMEHTOM CTPYKTYpPBI IO/ Ha3BAHHEM MHUPOBOE CO3Ha-
Hue. [lepcoHanbHOE CO3HAHUE HE SBIIAETCS CBOMCTBOM Jit000r0 (huzmyeckoro tena. OHO
JUIIb MOCPENCTBOM BELIECTBEHHOI'O Tesa peanusyer cedst B pusznyeckoM mupe. Tak E.
Pepux B «/lpeBHUE C COBPEMEHHBIE JIETEHABI . ..» MHUIIET O «CYIIECTBOBAHUU B KOCMOCE
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CYILLIECTB, KOTOpbIE 3HAIOT Oosblle Hamero. IIpocTpaHCTBO HANOJHEHO OOpa3LamMu
MbIciiell u 00pa3oB. CoBNajieHHEe PUTMOB MCUXUYECKOW PHEPTUU YENOBEKAa C PUTMOM
SHEPTHUH JIOKAJHHBIX 00BEKTOB B KOCMOCE, XpaHWJIHIL WH(OPMAIIUU, OTKPBIBAET €0 CO-
3HAHUIO 3HaHHE CKpbITON MH(popMaluu. I1o rojgoc beamonBus». Uaes o ¢puznueckom
HOCHUTEJISI MBICIIA C YPOBHSIMH Pa3jIMYHON TOHKOCTH MAaTEpHH, CIIOCOOHOM MPOHUKATH
IpyT B Ipyra U B3auMOJEHCTBOBATh JIPYT C APYTOM IO ONPEAEIEHHBIM MTPaBUJIaM, BbI-
ckazana Bepuukowm B [3, cTp.287]. Co3HaHuE MPOSBISAETCS, HAIPUMED, B BOSHUKAIOIIEM
KaK Obl HUOTKYy/la y YEJIOBEKA SICHO3HAHMHM, SICHOBUJECHBH, B BHJIE: HOBOTO OTKPBITHS,
M300peTeHNs], cpa3y KOHEUHOrO0 OTBETa Ha HE PELIAEMYIO CIOXKHYIO 3adady U T.1. O0-
IaTbCsl C TOHKUM MHUPOM, C BO3MOXKHOCTBIO MOJIYYEHHs HyKHOW MH(popmanuu, obia-
JArOT JIFOJIU C CECHCUTUBHBIMU CIIOCOOHOCTSIMU.

Ha 5Tux ’xe BBICIINX YPOBHSX, MO-BUAMMOMY 00pa3yloTcs CTPYKTYpbl MaTepuu,
Ha3bIBAEMbIE ATPETOPbl U MOHAbl. MOHabl — BUOPHUPYIOLIUE YACTHUIIBI, UMEIOLIUE OT-
JIMYUTEIIbHBIE IPU3HAKHA — MEPBI ONYXOTBOPEHHOM kKU3HU. IIpeanonararoT, 4T0 MOHAIbI
peanu3ytot ce0si B pU3MUYECKOM MUPE B BUJI€ MHOXKECTBA HEOPTaHMYECKUX U OpraHuye-
CKHUX BEIECTB. DTPeropbl — 3T0 OecTeNecCHble, TOHKOMATEpUAIbHbIE, YHEPreTUYECKU
MOIIHbIE O0pa30BaHMsI C OCOOBIM CBOWCTBAMU M CO3HAHHMEM, KOTOPBIE CO3MAOTCS U
MOAMUTHIBAIOTCS CYMMapHOW SHEPrUel MBICIEH U AMOIUM JItoei, 00beTUHEHHBIX 00-
IIMMH NpHU3HAKaMU. ECTb arperopbl KOJUIEKTUBHBIE U NIEPCOHANBHBIE, KOTOPBIE COAEP-
KaT MHPOPMAIMIO O CaMOM YEJIOBEKE, €r0 POJOBBIX KOPHSIX, HallMOHAJIBHOW MpUHA-
JEKHOCTH, mpodeccuu, ObITe U T.1. DTPEropbl BO3AECUCTBYIOT Ha JIIOJCH, BBI3bIBAs Y
HHX YaCTO HEOCO3HaHHbIE JieiicTBus. 00 srperopax Hamucano HekpacoBbiM [4].

JIBa HIDKHUX ypOBHS, 6-1 1 7-#1, B 9TOM KaTeropuu, Ha CIyXy U3BECTHBI KAaK MEH-
TAJIBHBIN M acTpaJibHBIM. 110 MHOTrMM mpu3HaKaM Ha MEHTAJIBHOM M aCTPaJIbHOM YpOB-
HSX B HEMPOSIBJIEHHOM cpene copMUpOBaHbI CIIOKHBIE KinacTepbl. Ha MeHTanbHOM, OT-
BEUYAIOLIEM 32, TAK HA3bIBAEMBIN, MEHTAJIUTET HE TOJIBKO YEIOBEKA, MPEATIOT0KUTEIBHO
HAXOJIUTCSl MaTepualibHasl CTPYKTypa CO3HaHUs, OTBEUAloNias 3a pasyM (yM, IMaMsTh)
OTZIETILHOTO YENIOBEKa, XpaHsilas WH(POpMALKIO O COCO0E MBIIUICHHS, COBOKYITHOCTH
YCTOMYMBBIX YMCTBEHHBIX YCTAHOBOK MHPOBOCIPHUSATHS, KYJIbTYPHBIX HEHHOCTSX, CJIO-
xupmuxcs yoexaenuii /[MN/. (MU - uckyccTBEHHBINH UHTEIUIEKT).

AcTpanbHBIH YPOBEHb NMPUMBIKAET K ypoBHIO E-1 m moToMy almxuMuKamMu emy
naHo HazBaHue «HeOecHBIM MHpP», HO €ro TaK)Ke Ha3bIBAIOT MApCTBOM HILIIO3UN. Bce
MpeaMEThl U OOUTATENM acTPaIbHOTO MHUpA MPEACTABISIOT CTPYKTYPhI W3 TOHKOMN
a(HUpHON MaTEPHH, KOTOPBIC TaK )K€ pealibHbBI, KaK M MPEeJIMEThI (U3UICCKOr0 MUpa, HO,
B CHJTy CBO€H TOHKOCTH aCTPaJIbHBIH MUP CpeACcTBaMU (PU3UIECKOTO MUpa HE (DUKCUPY-
€TCSl ¥ TIOTOMY TPYIHO J0KazyeM. ACTpalibHas MaTepusi TaKKe Y4acTBYET B (popMupo-
BaHUU XMMHUYECKHX aTOMOB U BEIIECTB. ACTpPaIbHYIO PEaIbHOCTh HEJIb3s YBUJIETh (PU-
3UYECKUM 3PEHUEM, TT0JI0O0HO TOMY, KaK Mbl HE BUJUM MOJIEKYJI BO3lyXa, aTOMBI U JIPY-
rue MEJIKME YaCTHIbl, XOTS OHU U (DUKCUPYIOTCS TEXHUYECKUMHU CpeacTBaMmu. boiee
IJIOTHBIE CTPYKTYPbI ACTPAJIbHOIO YPOBHS HEMOCPEACTBEHHO BHUISAT HKCTPACEHCHI, a
OOBIYHBIE JIIOJM B COCTOSTHUM TpaHCa M B CHOBHJICHUSX. MaTepusi acTpajibHOrO YPOBHSI
0e3ycnoBHO peanibHa. AkaneMuk B. Ka3znaueeB, 3aHUMaBIIMICS C MEAUITMHCKUM YKJIO-
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HOM M3yYEHHEM SIBJICHHUSI CECHCUTHMBHOCTH YEJIOBEKA, epeayu U Mpuéma AUCTAHIMOH-
HO MbIciedopm, Ha3Ban obutareneil actpanbHoro mupa «llomeBoit GhopMoil KU3HNY.
006 acTpansHOM MUpPa MOXHO O0JbIIIe y3HATH U3 Oporropsl Y. Y. Jlenoutepa [5].

Crnenyetr OTMETUTD, YTO MaTEPHsl YPOBHEHW YKa3aHHOW KATETOPUHU OCTAETCs HEO-
CTYIHOW JUTsl WCCIICIOBAHUS W B JJaHHOW paboTe, KpoMe YpPOBHS AW W acTpaia, He
ynomuHaeTcs. [ToaTomy He 06cy)maemM MaTeprio, OTHOCUMYIO K IIECTH YPOBHSIM MEXK-
ny Amu u E-1. O 3TuX ypOBHSIX CKa3aHO ISl 00IIero Mpe/icTaBlIeHus o kaTeropuu. Bee
CTPYKTYphI HETIPOSIBIICHHOW MaTtepuu 3Qupa Mo-pa3HOMY B3aMMOCHCTBYIOT C Bellle-
CTBEHHOU cpejoii. Hayka He MOXET BOCIPHHHUMATH HEMPOSIBICHHYIO MAaTEpHUIO U TIO-
ATOMY HE€ YYHTBHIBAeT Tepexo] 3(upa B BEMICCTBO WIIU IMPOILECCOB B3aUMOJCHCTBUS
adupa ¢ BEIIECTBOM, TJe OH MpPOsBIsAeT ceds. IMEHHO 3TOT mepexo] OT HeMpOsBIICH-
HOI MaTepuu K MaTepuu (PU3NYECKOTO MUPA, TOJIHKO B MaJIOi YacTH, MOKa3aH HUXKE.

Ipencrasiaenus 00 3¢pupe.

OO0 »¢upe roBOPUTHCS JABHO, HO MPEACTABICHUS O HEM OCTAIOTCS pa3HOOOpas3-
HeIMU. VcTOpHs citoBa 3up, KOTOPBIH OTOXKISCTBIISUIA C BEPXHUM CIIOeM Heba, TocTa-
touHO ApeBHssA. CioBy okoiso 2500 jeT, a B HayKy 3(up, Kak CBETOHOCHYIO Cpefy, BBEI
Hexapt B 1630r. Emé Apucrorens, cienyst T€3HCy, «IpHUpPOJa HE TEPHHUT MTyCTOTHDY,
CUHMTAJI, YTO BCE MPOCTPAHCTBO 3aMOJHEHO HEKOM Marepuei, KOTOPYIO OH Ha3Baj IUIe-
HYM. DTO CIIOBO HE MpHeMJIeMO IJs 3(upa, T.K. OHO acCCOIMUPYETCS ¢ COOpaHUEM py-
KoBoJIsiIero oprana. [lnenym, oH ke 3¢up — 3T0 TOHKasl, HE U3YUYECHHAs] MaTepwsi, 00-
JIa1aro1as SHEPruei.

[IpoctpancTBo KOcMoca Bceenennoit He aOCOMIOTHBIN, a TIyOOKHI BakyyM H3-3a
OTCYTCTBUS B HEM B 3HAUUTEIHLHOM KOJMYECTBE (PU3MUECKON MaTEpPUH, HO KOHTUHYY-
MOM B HEM siBIIsieTCA 3QUpHAs cpelia, Ciay’Kallas MaTepuaIbHO — SHEPreTHUYECKOM OC-
HOBOH HE TOJIBKO (DM3UYECKON MaTepuu, HO U BCEX BUAMMBIX MPUPOJHBIX SIBIECHUN U
B3auMojeicTBuil. B a3oTeprke cuntaroTr «3(up — KBUHTICCEHLUEW BCEl BO3MOXKHOMU
SHEPIrUu U, HECOMHEHHO, 3TOMY YHHBEPCAJIIbHOMY MOCPEAHUKY OOs3aHbl B MaTepUailb-
HOM U JyXOBHOM MHpE MpPOSIBJIEHUS BCEX BUAOB 3Hepruu... I[Ipusnanue ¢akra cyuie-
CTBOBaHUA 3(upa, KaKk KOHTHHyyMa KOCMHUYECKOM cpe/ibl HEen30€KHO KacaeTcs JTH0bIX
BUJIOB MaTepUaIbHbIX 00pa30oBaHUil, BceX (PU3NUECKUX SIBICHUN U MPOLIECCOB, T.€. BCE-
ro ecrecTBo3HaHus. PU3NUECKUE SBIICHUS, K KOTOPBIM OTHOCSIT CBET, JIEKTPUUYECKHUE,
MarHuTHBIE, JIEKTPOMArHUTHBIE 10JIS, SIBJISIFOTCS. HE YEM MHBIM, KaK MPOSIBJICHUEM pa3-
HOCTOPOHHUX CBOWCTB M (opM ABUkKeHUS dpupa. HemoasmxHOro MUpOBOTO 3Pupa HE
cymectByeT! Ddup He MPOCTO TUNOTETHYECKAs cpefia, a PYHKITMOHAIbHAS, BCEMIPOHU-
Karollas, IepeMetlaroiascs B IpOCTPAaHCTBE CyOCTaHLIMS, JIeXkKAIlas B OCHOBE KU3HN.

He Benas o nepeHOCUYHKEe SHEPryy, HO OLIYIas BTEKAIOLIYIO B UEJIOBEKA JKU3HE-
TBOPSAIILYIO CHIY, Pa3Hble HAPOJbI Jajid €l CBOM Ha3BaHusA. Y kutauueB 310 Hu, y
anonueB — Ku, y cinasn — 7KuBa, Xapa, B ka00asie — AcTpaJjibHblii cBeT, 1o Opeiiny
— JIuoupo, B Unauu — Ilpana. B nepeBose ¢ caHCKpuUTa CIIOBO MpaHa O3HAYaET JbIXa-
HUE JKU3HU WJIM KU3HEHHAs dHeprus. Hu oaHO MarepuasibHOE TEo, OMYIIEBIEHHOE
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WJIM HEOYIICBIEHHOE, HE MOXET “9KUTh, HE TIOJTy4as >Ku3HeHHoU sHepruu! B dusnye-
CKOM IpHpOJE MpaHa He CO3MAETCs, a ToJabKo norpedisiercs. Ilpana aTpudyTt 3¢pupa.
UenoBek ¢ AbIXaHUEM, MTUIIEH, Yepes ria3a U KOy MOJydaeT 3TH MOTOKU MPAHbI U B TO
K€ BpeMsl M3TydaeT TOHYANIITYIO0 SHEPIHUIO KU3HEJAEATCIIbHOCTH OpraHu3Ma, C dMOILIUSI-
MU U MbIcsMU. [Ipennonaranoch, 4To AEKTPUUECKUNA TOK W MOTOK MpPaHbl MOJI0OHBI.
DKCTpaceHChl YCTAaHOBUJIM, UTO 3TO COBEPIIEHHO pa3HbIi TUN MOTOKOB. «IIpanndeckas
U DJIEKTpUYECKasi CUJIbl MOTOKOB HE BO3JEHCTBYIOT APYT HA JIpyTa, T.K. UMEIOT pa3HbIC
cBoiicTBa. [TogpoOHEe ATOT acnekT He uccieaoBaics» [19].

Kakue obmue cBenennsi 00 3¢gupe u3BecTHl Ha Hadamo XXI| Beka? ObGocHOBa-
HUIO CYLIECTBOBAHMSA B KocMoce 3(upa MOCBSIIEHO MHOXecTBO paboT. IIpobGnemoit
a¢upa oT Dnukypa u JlelOHUIA 10 HACTOALIETO BPEMEHU 3aHMMAJIOCh OOJIBILIE COTHU
yu€HbIX. EcTh MHOXECTBO 0030pOB UCTOPUU Pa3BUTHs KOHUEHIUN U Mozenel adupa ¢
pa3HOM CTENEHbIO MOAPOOHOCTEW MOHMMaHMS caMoro 3¢gupa. C ucropuei pa3BUTHUSA
B3IUISIZIOB HA 3UP MOXKHO 03HAKOMUTHCS Mo KHUram: B.A. AmtokoBckuit «O061mas >3¢u-
ponnaamukay [6]; P.K. HaneeB u T.P. HaneeB «3¢up Bcenennoi» [7]; A.W. BonyTen-
ko «Teopus crpoenust r¢upa u e€ npunoxenue» [8]. B mocienneit npuBoautcst 0630p
COBPEMEHHBIX B3IJISI0B HA CTPOEHUE U CBOMCTBA 3(upa.

Beiparomuecs QU3MKU OpeacTaBisiid 3(GUp MHOTOKOMIIOHEHTHOM Cpeiod, He
BBIJIETISAA ero djeMeHThl. HpioToH B MeMyapax oT 1675 r. nmpeanonaran «3dupHyro cpe-
7y, BO MHOTOM HMEIOIIYIO TO K€ CTPOCHHE, YTO M BO3AYX, HO 3HAUUTEIHbHO O0Je pas-
PSKEHHOM, TOHKOW U ynpyrou.... Henmb3s, oqHako, mpeanosiarath, 4To 3Ta cpeia ecTh
onHOOOpa3Hasi MaTepusi, OHA CKJIAJIbIBA€TCS BO MHOTOM TOJOOHO TOMY, KaK BO3AYyX
ciaraercs U3 KOCHOTO Tejla BO3/yXa, IepEMEIIaHHOTO C Pa3IMYHbIMU MapamMu». AHao-
rudHo BeickasbiBaiics J[.M. Mennenees, kotopsrit B 1905 . B ipuioxxeHuu k padore [9,
B 1.8], mucan o0 a¢upe: «MHE KaKeTCsl MBICIUMBIM, YTO MUPOBOM 3(pup HE eCcTh Co-
BEPIIICHHO OHOPO/IHBIN Ta3, a CMECh HECKOJIbKHUX OJIM3KHUX K MPEJACITHHOMY COCTOSIHHIO,
T.€. COCTaBJICH MOI00HO HaIllel 3eMHOU aTMOoc(hepe U3 CMEeCH HECKOJBKHIX Ta30B).

A. Ditamreitn B 1905r. uckmrounn a¢up, kak cpeny BceeneHHOH, 3asBUB, YTO
«BBenmeHnne cBeTOHOCHOTO Aupa ABIsgeTcs. .. u3aumHIMY. [10, ¢.35], Ho mo3xke B 1920-
1924 rr. B [11] BRIHYXACH MpU3HATH M CBSA3aTh C A(PUPOM PACTIPOCTPAHCHHE ITOJICH.
«...MbI HE MOXeM B TeopeTHdeckoil (usuke o0oNTUCH Oe3 ddupa, T.e. KOHTUHYYMA,
HaJIeIEHHOTO0 (DU3NYECKUMU CBOMCTBAMH, MOO ... Kakaas TEOpHUs OJM3KOJICHCTBUS
MpPEANnoaaraeT HaJu4dre HEMPEPHIBHBIX MOJICH, a CIeI0BATEIBLHO, CYIIIECTBOBAHUE d(H-
pa». Tem He MeHee, 2pup, Kak MaTepUATbHYIO Cpefly, B OpHUIHAIbHON (U3HKE YIIOPHO
UTHOPHUPYIOT CO BPEMEHU MPU3HAHUS PA3HBIX TEOPUN DUHIITEIHA.

B xuure B.A. Amrokosckoro [6, ctp. 106-108] 00 adupe ckazano: «ddup — mu-
poBasi cpesia, 3anoJIHAIOIIAas BCE MUPOBOE MPOCTPAHCTBO, OOpa3yroliasl BCe BU/IbI BEllle-
CTBa M OTBETCTBEHHAs 3a BCE BUIbI B3aUMOJACHCTBUMN, MPEJICTABIAECT COOON peanbHbIN,
T.€. BSI3KUH U CKUMAEMBIH ra3. OTOT ra3 COCTOUT U3 CYLIECTBEHHO Oojiee MEIKHUX, YeEM
AJIeMEHTapHbIE YaCTULIbI BEIIECTBA, YACTHI], KOTOpPbIE 11eJIecO00pa3HO Ha3BaTh TaK, KaK
OHM Ha3bIBAIKUCH J[EeMOKPUTOM B IPEBHOCTH, KPATKUM CIIOBOM — A'mep, T.e. (pU3N4eCKU
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HE U3MepsAeMas yacTulla MaTepuu, He UMEIOIas Mepb». DTO Ha3BaHHUE /10 CUX Mop Gu-
rypupyeT B pabortax mo ¢usuke sdupa. IIpy 3ToM 0 BO3MOXKHOW CTPYKType CaMoro
AMepa aBTOpBI Yallle He YIOMHHAIOT, CYUTas €ro AJIEMEHTApHOMN, HeJIeIUMOMN YacTUIICH.

CymecTByIOT pa3Hble TpefacTaBieHus o dactuie s¢upa. [lo AmroxkoBckomy
«Amep — 3TO MepyYaiias, uaeanbHo ynpyras cdepa, MOCISTHEeT0 YPOBHS JASITUMOCTH
Marepun. O0JiajaeT MOCTyNaTeIbHBIM U BPAIIATEIbHBIM JBUXKEHUEM. M3 3TUX yacTuil
(bopMHUpYIOTCS 3JIEMEHTApHbIE YACTHUIIBI (IPOTOHBI, HEUTPOHBI, ITEKTPOHBI, (POTOHBI) B
BU/JIC BUXPEBBIX U TOPOUIATBHBIX CTPYKTYP».

B.H. Bonocaros B kuure «®usuka s¢upay [12] nuier: «ABTOpY IPUIILIOCH 1aTh
Ha3BaHME 3THUM YaCTUIAM: YaCTHIIbl MpaMaTepuu, WIK NpaHa. ... [IpusHanue cymie-
CTBOBaHMSI YaCTHUI[ [IpaHa MO3BOJSET U OOBACHUTH, U MOHITH NPUPOLY OYEHb MHOTHX
(¢u3MUecKuX MPOLECCOB MAaTEPUALHOTO MUpa. ... MIMEHHO u3 3¢upa mpousolia Bes
Marepus, 1a U caMm 3(QUp — 3TO TOXKE 0aTOMHAs maTepus. AHainu3 CTpoeHus 3dupa
MO3BOJIMJI aBTOPY CAEJIaTh BBIBOJI, YTO YACTHUIIBI CBETOHOCHOTO 3Qupa, POTOHBI, IIEK-
TPOHBI, IPOTOHBI U1 MHOTUE JAPYTUE CTPYKTYPhl MaT€pUH, MPEACTABISAIOT COOOM CIIOXK-
HbI€ CTPYHHBIE, HUTEBUJHBIC MOCTPOEHUS M3 YAaCTHI] MpamMaTepuH MpaMa B BUJIE 3a-
MKHYTBIX CIIHPAJIbHBIX 00pa30BAHMI, Ha3BAHHBIX aBTOPOM «KITyOOK».

B crarbsax A.A. JlyGsiHko Haxomum: «DQup MpeAcTaBiIseT co0oil MaTepuro Ha
ctaauu cymectBoBanus JJO Toro, kak u3 He€ CTPOUTCS BCE M3BECTHOE (M HEU3BECTHOE
HaM ceiiyac) BemecTBo» [13]. Bece cTpykTyphl BelecTBa, BKIOUYAs dJIEMEHTAPHBIC Ya-
ctutibl, «ITocTpoeHBl M3 KOMOMHAIIMKM ABMYKSHHS OJHOTO THIIA ‘“DJIEMEHTA’’, HA3BaHHOTO
“A3” [14]. A3bl HE UMCIOT XPAHUMOMW B UX TPACKTOPHSIX IHEPTHH, OH HE NUMEET MACChI,
HE MMEET CTPYKTYPbI. A3 monydaer sHepruto yaapom (?). Ddup Bceobmas 6e3macco-
Bas Cpeja, 3aloHSIONIasl MyCTOTY BaKyymay, 4TO SIBHO MpoTHBOpeuuT (paktam. Het
Macchl, 3HAYUT HET MaTepuu. be3amaccoBas cpella HE UMEET IBUKEHUS U He 001aaaeT
sHepruen. Cuna mposBigeTcs Ojaronaps IHEpPruM, MMEIOIICHCS TOJBKO Y MaTepuu,
obnanaronieit maccoi. CienoBaTeIbHO, €CJIM HET MaTepUH, HET DHEPTrUM, HET yiapa,
HET UMITYJIbCA. 3HAYUT HET U 4acTull A3.

Hu onnHa wactuia u3 mpejuiaraeMeix Mojelie adupa He sSBIseTcs 001a1aTelb-
HUIIEH coOCTBeHHOM 3Hepruu. JIroOble YacTuIlbl, Kakue Obl IPOCTPAHCTBEHHBIC TEpe-
MEIIEHUsI UMH HE COBEPIIAINUCH, TPEOYIOT MPUJIOKEHUS] BHEUTHEH CUJIBI JJISI CBOETO
nBwkeHus. [lepemerniennsi Ten Bcerna oOyCIIOBIEHBI BO3JCHMCTBHEM HAa HUX CHIIBI, HE
BCeTJia MOHATHOW OTKyna Oepymeiics. CoriacHO KJIacCUYeCKOW MEXaHWKE, HET WHOTO
croco0a M3MEHHUTH TOJI0KEHUE MACCUBHOTO O0OBEKTa B MPOCTPAHCTBE, KPOME KaK BO3-
JCUCTBOBATh HA HETO BHEIIHEN CUIIOW. HeT 0TBETOB, OTKYy/1a NMEPEUNCIEHHBIE YACTULIBI
adupa MOTYyYarOT JHEPTUIO JJISI BCEBO3MOXKHBIX JBIWKCHHM, €CIIM OHU SIBJISIIOTCS
HAYAJIbHBIMU DJIEMEHTAMHU Marepuu BcCeneHHOW M 10 HUX HUKAKOW MHOM MaTepuu U
SHEPruu B KocMoce HeT. [lo MHEeHHIO BCceX aBTOPOB, JIEMEHTHI 3(upa CrOCOOHBI Kak
COCMHSATHCS B CJIOKHBIC, OOJBIINE CTPYKTYPHI, MPOSBIISIONINE PA3HOOOpa3HbIE CBOM-
CTBa Ha (PU3UYECKOM YPOBHE, TaK U pacnaaarhcs. UMEHHO OTCYTCTBUE TOHUMAHMUS, KaK
nosiBWIICS caM 3¢up, OTKyJa B HEM SHEPrus U Kak 3(hup y4acTByeT B 00pa30BaHUM aTo-
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MOB M B3aMMOJICHCTBYET C BEIIECTBOM, MPUBOJUT K OIIUOOYHBIM MPEICTABICHUSIM HE
TOJIBKO O (pu3uke 3pupa, HO U 0 HU3HKE BEISCTBCHHON MaTEPHH.

O6pa3oBaHue 3jieMeHTOB 3¢upa.

B npenpiaymieii crathe [1] gacTuiie aHy, Kak 3J€MEHTY MEPBO3IaHHOW MATEPHH,
U3 KOTOPBIX 00pa3yroTcs CTPYKTYpHI 3¢dupa, Bce GU3MUecKre YacTHIIbl U BEIECTBA, J1a-
Hbl o0mue xapakrepuctuku. OOnanas Maccold, BHYTPEHHEW SHEPrUEil U JBHKEHUEM,
IPOSIBIISIOLIEMCS. B BUOpAIMM, YACTHUIBl aHY CIIOCOOHBI COBMECTHO C JIPYTMMH 4aCTU-
11aMH, 00pa30BbIBaTh CJIOKHBIE CTPYKTYpbI, TUIIA HUTEH U CTPYH, KOTOPbIE MOTYT BXO-
IUTh B CTPYKTYpPY aTOMOB M B3aMMOJEHCTBOBATh C BellecTBOM. Ha HavaibHOM 3Tare
ABOJIIOLIMK BceneHHoil, He B MCTOpPUYECKOM, a B (PU3MUECKOM CMBICIIE, MPOUCXOTUT
npouecc 00pa3oBaHUs U3 MEPBUYHBIX, HCTUHHO 3JIEMEHTapHbIX, «b0KECTBEHHBIX 4a-
CTHUIL, 00JI€€ CIOKHBIX [0 CTPOEHUIO U IJIOTHOCTHU 3JIEMEHTOB MATEPUHU.

[TokaxkeM, Kak TUIOTETHYECKU W3 MEPBO3JAHHBIX YACTHI] aHY MOTYT O0Opa3oBbI-
BaTbCsl 3eMeHThI 3dupa. UToObl POpMUPOBANIHCH CIOKHBIE CTPYKTYpPbl, HY’KHO KOH-
TaKTHO€ B3aMMOJICHCTBUE YACTHUIL aHy, a AJI1 3TOr0 HEOOXOAUMO UX MPOCTPAHCTBEHHOE
nepeMeleHre. JIeMEeHTapHasi 4acTUla B HAYaJIbHOM COCTOSTHUM 00J1a/1aeT TOJIBKO CO0-
CTBEHHOM BUOpanueil. YacTulpl aHy B pe3yjbpTaTe BUOpauuu cHEepruuecKd CUMMETPHY-
HO CKMMAIOTCSI M PacIIUpPSIOTCS, BO3AEHCTBYSI CBOMMH OOOJIOUKH APYT Ha Apyra Mnpu
KOHTaKTe. Takoe B3aMMOIEWCTBUE MOXKET IPUBECTH K MEPEIade UMITYJIbCa KOHTAKTH-
PYIOLIMM € HEW 4acTHUIaM, YTO MPUBOJUT K B3aUMHOMY OTTAJIKMBAHUIO, WIH K HEYIIPY-
rOMy yJAapy, IpA KOTOPOM T€Jla COEUHSIOTCS APYT C APYTOM U JIBHKYTCSl KaK OJIHO Lie-
noe. [Ipu ynpyrom ynape sHeprus nepexoauT BO BHyTPEHHIOK YHEPTUIO YACTHIL.

bynem cuuTaTh HayajioMm MpouLecca ABWKEHHS BHYTPEHHENM MAaTEpPUM YaCTHILIBI
MOMECHT NMPHUIaHKS €l COOCTBEHHOW KU3HEHHOM CHIIbI, 0 4éM roBopmiioch B [1]. Yactu-
[[a CHayaja CKMMaeTcsi B 00bEME J0 HEKOTOPOW BEIIMYMHBI, KaK MpyXUHA, oOpeTas
BHYTPEHHIOIO DHEPIHIO, 4 3aTE€M, MO/ ICUCTBUEM 3allaCEHHON YHEPTUHA CHOBA yBEIUYH-
BaeTCs J0 KaKUX-TO Pa3MepoB, MOJA00HO MPYKUHHOMY MAATHHUKY. YUTEM, UTO OKpYKa-
IolKE €€ CO BCEX CTOPOH APYTHE YACTULIBI TOKE BUOPUPYIOT. ECIIM y KOHTaKTUPYIOMIMX
yacTul] (a3l BUOpALMi OKAKYTCS TAKMMH, YTO 3TH YaCTHUI[bl OCTAHYTCS] KOHTAKTHBIMH,
MPOU30MAET CBOEro poja coequHeHue dyactull. [Ipu coBnageHnn ycinoBUl KOHTaKTHO-
CTH, CBOETO pOJia pe30HaHce, GOPMUPYIOTCS KOHIJIOMEPAThl U3 3JIE€MEHTApHBIX BUOPH-
pyromux yactull. OOpa3yemble 0O0BEAMHEHUS MOTYT MPEACTABIATH KJIACTEPhl MPOU3-
BOJILHOUM (POPMBI M PA3HBIX Pa3MEPOB.

YacTuiisl npy 0IMHAKOBOM YacTOTE BUOpAIIMK, HO CO CABUTOM (pa3, Wil C pa3HOM
4acTOTOW BUOpaIuid, HaXOAsCh B IMCCOHAHCE OyAYyT OTTAJKUBATHCS APYT OT Jpyra. Y
OTTAJIKMBAEMBIX YaCTHII, HapsAy ¢ COOCTBEHHBIM BHYTPEHHUM JBH)KCHUEM, OJIHOBpE-
MEHHO TMOSIBIIAIOTCS BpaIllATEIbHOE M MOCTynaTeabHOE ABMXKEHUs. [loctymarenbHoe
JIBUKEHUE B PE3YJTATE CTOJKHOBEHUU MOYET TOPMO3HUTHCA BIUIOTH IO OCTAHOBKH, C
OT/Jauei SHEPTUU BCTPEUYHBIM YACTHIAM, JIUOO YCKOPSTHCA, MOJTydasi JOTMOJHUTEIbHBIN
MMIYJIbC OT IPYTUX YacTull. BzauMoaeicTBUs YacTUI] CO34at0T MHOKECTBO BHJIOB Xa0-
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THYCCKOT'O ABMKCHUA. B xaoce MMPpOUCXOIUT 06p330BaHI/I€ CJIOKHBIX CTPYKTYD.

He tpyaHO mpenctaBuTh, 4TO KOMOWHALIMKA COEIMHEHUS YaCTHL] HEUCUUCIHMOE
MHOkecTBO. He Bce CTpyKTypbl U3 COEAMHEHUHN AJIEMEHTAPHBIX YACTHUL )KHU3HECIIOCO0-
Hbl. Kakue-1o u3 Hux OyayT pa3pymiaThesi CaMOIPOU3BOJIBHO B pe3yJIbTaTe BHYTPEHHUX
MPOLIECCOB, MO0 MPU yAApPHOM BO3ACHCTBHM APYTUX YaCTHUI, UMEIOUIMX KHHETHYe-
CKYIO DHEPTHIO, JOCTATOYHYIO JUIsl TaKoTo paspyuieHusi. Camas npocras, 0osee 101ro-
KUBYIAsl HayajgbHas KOMOMHAIUS — 3TO IMOCIEAOBATEIbHOE, OOBENNHEHNE YaCTUL] B
HUTh MPOU3BOJILHOM JJIMHBI. BO3HUKHOBEHUE TAaKOM CTPYKTYpbl Oojiee BEPOSTHO, TAK
KAK IIOIIEPEYHOE ABM)KCHUE YaCTHUIl HUTH OTPAHUYEHO JaBICHUEM OKPYIKAIOIIEH CpEbl.
Hutn pasHoOl JIMHHBI ¥ TOJIIMHBI MOTYT OOpa30BbIBaTh LIHYpbl U CIHpPaJIEBUHBIC

CTPYKTYDBHL.

NMeHHO Onaropaps BHYTPEHHEW BHOpalMM B CTPYKTypax, GopMHpYyIOTCA 0Opa-
30BaHMS B BUJE YCTOMYMBBIX KJIACTEPOB, LIETIOYEK WM CHOUpPATIECH, UMEIOUIUX Pa3iIny-
HYIO JJIMHY U TOJUIMHY CIUIETeHHs. BeposTHOCTh popMupoBaHusi MOJOOHBIX CTPYKTYP
MOATBEP)KIAETCA HAOMIOAEHUSMU B (PU3HMUYECKOM MHUpE. AHAJIOIOM MOXKET CIY>KUTh
nBoiiHas cnupans MakpoMosekynsl [JHK. CBépHyTas B KiiyOOK, OHAa UMEET JAHaMETP
2+2,4-10™°m, a B pa3BEPHYTOM BHUJIE JOCTUTAET JUTMHBI 10 2 METPoB. Bo Bcsikom ciyuae,
B JTI000OM 00bEME KOCMHUUECKOTO MPOCTPAHCTBA BCE OECUMCIEHHOE MHOXECTBO, MTOCTO-
SHHO 00pa3zyeMbIX U pa3pylIaeMbIX CO BPEMEHEM CTPYKTYp, OTHOCUTCSA K pa3IM4YHOMN
HENPOSIBIEHHOW MaTepHuH, HEJOCTYHON HAIIUM CPEJACTBAM KOHTPOJIA. DPUp peanbHO
MHOTOKOMIIOHEHTHAs CpeAa, a He CPEeIa U3 YaCTULL OHOTO pa3Mepa.

Bce BemnectBenHble Tena (HU3MUECKOr0 MHUpa coaepaT 3(up BHYTpU U OKpYKe-
Hbl CHapy>kH CJIOEM HEOJHOPOAHOro 3¢upa moa HazBaHueM aypa. OIHUM M3 JOKa3a-
TEJIbCTB HaIW4Ms 3QUPHON ayphl ciiyKaT (pororpaduu mosieil BOKpYr MHOTHX Bellle-
CTBEHHBIX TeJ, ToiyueHHble cynpyramu Kupnwman B 1935 r. fIBnenune 310 Ha3BaHO —
apdext Kupnuana [15], a ero pukcanms — KupiaunaHorpadueid, MpUMEHsIEMOW Ha TpaK-
tuke. Kupnuanorpadusi oTKpblia pa3inuue MExXAy KUBbBIMU U HEXXUBBIMU OOBEKTAMH.
HexuBble 00BEKTBHI OKPY>KEHBI aypoil - SHEPreTHYECKUM IO0JIEM, CBEYEHUE KOTOPOTO
MMeEET MOCTOSIHHYI0 MHTEHCUBHOCTb. Y JKMBBIX OOBEKTOB B aype HaOIIoAaeTcs urpa
LIBETOB - «JIBM)KEHHUE KU3HU». Y OOJIBIIMX KOCMUUYECKHUX TEJ, TUIMA IJIAaHET U 3BE3[, HE
UMEIOLUX SIBHOM (pu3nueckoil aTMocdepbl, X aypa MPUBOAUT K UCKPUBIEHUIO - pe-
bpaxkuuu ayyeil cBeTa npu MPOXOKJIECHUN CKBO3b HEOJHOPOAHOE 3(pUpHOE TOJIE, OKpPY-
JKarollee Teslo, MOATBEPKAas BOJHOBYIO mpuponay cera. Cuiia rpaBUTalUU B 3TOM
IIPOLIECCE HE YYACTBYET, YTO HEOJHOKPATHO T0KA3bIBAIOCh.

Hac Gosiee nHTEpeCyeT MOCTpOEHUE MATepUU (PU3NIECKOTO MHUpPaA U3 DJIEMEHTOB
a¢dupa, yem OyJIeT MOJATBEPKJICHO CYIIECTBOBAHME YACTUI] IEPBOMATEPUU U OJHOBPE-
MEHHO CYIIECTBOBaHHME caMoro ddupa. DieMeHThl d(upa, Kak MOKaKeM HIKE, Hars-
HO TPOSIBJICHBI HEMOCPEICTBEHHO B CTPYKType Marepuu ypoBHs E-1. Dta matepuaib-
Hasi CTPYKTypa B BUAEC (PU3HUECKUX DJIEMEHTOB SIBJISIETCSI OCHOBOM BCEX M3BECTHBIX XH-
Mudyeckux atoMoB. OHa BeIsIBIICHA M onrcaHa B kKoHIe XIX, Hauane XX Beka Oiaroja-
P SICHOBHUJIEHBIO IKCTPACEHCOB-HAOIIOJaTEIEH.
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MeTon sICHOBH/IEHBSI YHUKAJIEH U TPYAHO 00bsICHUM. CIIOCOOHOCTh 3KCTPACEHCOB
K SICHOBUJECHBIO, HAXO/ISICh B COCTOSIHUM OOJIPCTBOBAHUSA, a HE TPaHCA, OTIMYAETCS OT
(bu3MYECKOTO 3pEHUsl TeM, YTO BHJICHbE OOBEKTa MPHUXOAUT K HUM HE yepe3 IJasa, a
HANpPSIMYI0 B TAPaHOPMAJILHOM BOCHPUATHN MH(POPMAIMHU B TaK HA3bIBAEMOM «MHKPO-
ncu-3peHnn». OHU MHKPOOOBEKT BUIAT, Kak Obl OJHOBPEMEHHO CO BCEX CTOPOH U
BHYTpPHU HEr0. DTUM CBOMCTBOM IIEJIUTENN MOJB3YIOTCS MPU TUATHOCTUKE 3a00JIeBaHUMN
BHYTPEHHUX OpPraHOB JIOJEH WU >KMBOTHBIX. BbICHIEe 3peHHE MO3BOJISIET YEIOBEKY I10O-
3HaTh CYIIECTBOBAaHHE B KOCMOCE MaTepuu 0o0Jjiee TOHKOW, YeM OKpyXKarollasi ero rpy-
0ast MmaTepus. JloCTOBEpHOCTh BUIEHBS IPOBEPSIETCSI HE3aBUCUMBIM BUJIEHBEM OJHOM U
TOH K€ KapTHHBI Pa3HbIMU SCHOBUAAIMMU. KpaiiHe HEMHOTME KCTPACEHChl — YHHUKY-
MBI, CHOCOOHBI HE TOJIBKO BUAETh, HO U BOJIEW OCO3HAHO YINIPABJISTh HEBEJOMBIMH IICHU-
CWJIaMH, BIIUSASA Ha COJIEpIKaHUE, CTPYKTYpy U OpMY UCCIETyEMOr0 UMU O0BEKTa. ITO
HE BbIIyMaHHbIE CKa3KH, a peajuu. AOCOIIOTHOE OOJIBIIMHCTBO OOBIYHBIX JIIOJIEH, B
TOM YHCJI€ YYEHBIX CO CTENEHSIMHU, BOOOILE HE UMEIOT NIPEICTABICHUN O ICHOBUJICHBE U
BOCIIPUHUMAIOT paccKa3bl 0 HEM, Kak (paHTa3uu, a camMo SIBJIEHUE HE UCCIEAYyEeTCs MO
pa3HbIM, HE 00CYKJITa€MbIM 3/1€Ch TPUYHHAM.

DKCTPACEHCOPHOE BO3/ICHCTBUE HA BEIIECTBO MPUHITUIIMAIIEHO NHOE, HEeXenu (pu-
3udeckoe. Hukakas cuia, KpoMe CHIIbl BOJIM HE ObLTa UCIOJIb30BaHa UCCIIEIOBATEIISIMHU.
DTa cuja He NPUBOJUT K pa3pylLICHUIO IEJIOCTHOCTH CTPYKTYpP, 00pa30BaBIIMXCS €CTe-
CTBEHHBIM TyTEM, IO3BOJISISA TUIyOXKe NMPOHUKHYTH B aroM. McciemoBaTensM yaanoch
myTéM Jucconuaiuu (apobieHue, paciieryieHne) 000JI04eK aTOMOB, HAXOAIIUXCS TIPH
HOPMAJIBHBIX YCJIOBUSIX, MEPEBOJ] BHYTPEHHETO MAaTEPUAILHOIO COACPKMMOI0 aToMa ¢
OJIHOTO YPOBHS ITOCJIEOBATEILHO Ha 00JIee BEICOKHE YPOBHHM M TEM CaMbIM YCTaHOBUTD
KOMITOHEHTBI M CTPOEHHME aTOMOB. JTa OMepalus dHEPreTHUYEeCKOro BO3JACHCTBUSA MO-
n00Ha PU3MUECKUM METOJiaM TIepeBojia TBEPAOTO Tella B )KUAKOCTh, 3aTEM JKUJIKOCTh B
ra3, 4ToObl YCTAHOBUTH Y€Pe3 T'a3 MOJICKYJISPHBIN, a CICAYIOIIUM I1aroM — aTOMapHBIHA
COCTaB TBEPJOTO TeA.

(I)yHI[aMeHTaJIbHaSI MaTepusi XUMHUIECCKHUX aTOMOB.

JIr000i11 XMMHYECKHUIT aTOM BELIECTBA MOCJIEI0BATEIBHO PACILEIUISICS IKCTPACEH-
CaMHM Ha MEHEE CJIOKHBIE AJIEMEHThI, OTHOCUMBIEC K BBICIIMM ypOBHsM. [locne yeTBep-
HOTO pacIIeIyICHUs TIOCTUTAJICA TIPeNeNbHbIN, HauanbHbI ypoBeHb E-1 coctosuus du-
3MYECKOM MaTepuu, U3 KOTOpor (OpPMHUPYIOTCS JHOOBIE aTOMBI, U3BECTHBIE ceitdac. Sc-
HOBHJIEHbE MTO3BOJIMJIO YCTAHOBUTH COCTAB U CTPYKTYPY BCEX M3BECTHBIX HA Hayano XX
BEKA XMMHUYECKHUX DJIEMEHTOB, U OMMCATh CTPYKTYPY €IIE€ HEU3BECTHBIX, OTKPBITHIX
I1035K€ aTOMOB U U30TOIIOB.

Bnepsbie Mojiens cTpoeHus atoMma (Kak Ka3ajloch €My) MPEeICTaBuil MUOHEP B 00-
JIACTH MCCJICOBAaHMS 1[BETA U IBEeTOTepanuu DpBuH bedbOuTT B Tpyae «IIpuHIHIBI cBe-
Ta U upera. Mcuensonias cuia nsera» [16]. B npeaucnoBun k u3maHuio CBOETO TPy/a
OH TmIeT: «M0o€ OTKpBITHE (DOPMBI M CTPOCHHS aTOMOB, a TaK)Ke MEXaHM3Ma MX B3au-
MOJACUCTBUSA C dPUPHBIMUA CHJIAMH, PE3YIbTATOM KOTOPOTO SIBJISIFOTCS TEIUIO, XOJIOJ,
AIIEKTPUYECTBO, MAarHETH3M, XUMHUECKHE PEAKIIMK, CBET, I[BET U MHOTHE JIPyTHE SBIIC-
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HUsl, ObLIO OMyOIMKOBaHO B 18761, B roa crosieTus roOuies Hamied crpaHbl (AMepu-
ku)». ['maBa 3 tak u HazwpiBaeTcs: «¢dupHO — aTomapHas Qunocodus cuibl. Teopus
atoMa». Bor kak omnuceiBaeT BeOOHTT yBUACHHYIO UM CTPYKTYpy, MOKa3aHHYIO Ha
puc.l.

«ATOM» TIpeACTaBIsICT COOOM CKPYTKY CIHpaleld M T€ K€ CIHUPAIH MPOXOMAST
CKBO3b LICHTP «aToMa». Ha MoOBEpXHOCTH «aTOMa» pacloJIOKEHBI IECSITh HE CONTPUKA-
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Puc.1. ®opma «atoMay, BKITtoUas CIIUPAIH U NEPBbIE CTUPUILIBI,
BMECTE C BTEKAIOIIMMU U BBHITEKAIOIUMH TOTOKaMHU dpupa.
PucyHok B3sT u3 kauru beoourra [16].

CAIOLUXCS 3AMKHYTBIX CIUpPAJIEH, MOCPEICTBOM KOTOPBIX MPOSBISIIOTCS BCE LIBETA U3-
nydeHuid. CeMb BUTKOB TOHKHUX JUIsl BUIUMBIX U TPU CaMble OOJIbIINE CIMPAIHU JJIsl HE-
BUJIUMBIX, TEIIOBBIX Jiyyei CosHIla, UMEHYEeMbIX TepMallbHbIMU. [ pyniy Tepmocnupa-
Jedl B 30HE 3,3 UMEHYIOT MO3UTHUBHBIMH, MOCKOJIBKY OKPY’KaIOIIUE KKy CHUPAIIb
0oJiee TOHKHE CIMpalii, Ha3BaHHbIE CIMPUIIAMH, TOJIIE 10 BEJIUYUHE, YEM YacTh TOU
K€ Tpynnsl B 30HE 5,5, KOTOpass UMEHYETCSl T'PYIION HEraTUBHBIX TEpMOcCHUpaneil. 3a
TOJICTBIMU CIAPAISIMU  CJIEAYIOT HECKOJIBKO TOHKUX CHUpAJEd, MOANHCAHHBIX IS
KpacHOTo IIB€Ta, 3aTeM JJI OpaHKeBoro u T.4. OnosceiBas aToM 2,5 BUTKAMH U CTaHO-
BACh BCE MEHBIIIE U MEHBIIIE U TOHBIIE, 3TH K€ COUPATIU 00pa3yloT KaHAJBI I AJIEK-
TPUUECKHUX LIBETOB (1IBeTa B CTOpOHY Y @), BTATMBAsACh B BOPOHKY U NMPOXOJs BIOJb
ocH, MpUYEM Mpeodpasysach: TEpMaIbHbIE — B CUHE-3€JEHbIE, KPACHBIE — B CUHUE, JKEll-
Tble — B ()MOJIETOBBIE, 3€NEHBIE — B TeMHO (uonetoBbie U T.4. LHudpst 9 nl0 obo3naua-
10T 3(UpPHBIE TOTOKU, MPOTEKAIOIINE OT TEPMOCTIUpAICH, a 8 — MTOTOK CBOOOHOTO (Pu-
pa. DTH MOTOKH, MPOHOCSCh CKBO3b «aTOM», MPUIAIOT CKOPOCTh €ro BpalICHHIO, MO-
N00HO BeTpy, BpalawuemMy KpbLibs MeJdbHMIbI. CaM «aTtom» 00y1ajlaeT OrpOMHOM
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CWJION peaKTHBHOI'O BcacklBaHUs 3¢pupa. Eciu 3acTaBUTh «aTrom» B LIEJIOM BUOPUPOBATh
C 4YaCTOTOM, TAFOIIEN OJVH U3 CEMU OCHOBHBIX I[BETOB, CIIUPAJIb, OTHOCAIIUNUCS K 3TOMY
I[BETY, sApKO 3acusieT. [lonobHo 3BydalieMy KamMepToHy, 3QHUpHBbIC MOTOKH, UAYIIHE OT
CIHUpajeil OJHOTO «aToMay, Pe30HUPYIOT, BO30Yyk1as KoieOaHusl B TaKOM ke CIHpaIn
COCEIHETO «aToOMay.

Kak mepBooTkpwiBaTenb, . beOOUTT mocyuTal YBUACHHYIO UM CTPYKTYPYy 3a
cTtpoeHre aroma. OH He MOSICHSIET, KaK MOJy4HJI 3TO U300paKeHUE U KaKOTrO XUMHYe-
CKOro 3yieMeHTa. Kak BBISICHUIIOCH TMO3Xe, OTKphITas beOOUTTOM CTpyKTypa SIBIsIeTCS
HE «aTOMOM», & OJHUM JJIEMEHTOM, U3 KOTOPBIX CTPOSTCS BCE PEaJbHbIE XUMUUYECKUE
ATOMBI.

bosnee BepHOe ommcaHUE CTPYKTYpbl «aToMa» JaHO JAPYTMMH JKCTPACEHCAMH.
Brniepseie oo uznoxkeno A.besant u Y. Jlenburepom B 1895r. B pabote «OKKyIbTHas
xumusi» [17]. B Heli oHM omnrcaiy cTpoeHHe 57 aTOMOB. 3aTeM C JIOTIOJTHCHHEM M YTOY-
nenuamu Y. Jlenburepom mox tem sxe HaspanueM B 1919r. [18]. A Taxxke B 3-eM, 10-
noJHeHHOM m3/1anuu «OKKynbTHOM Xumun» [19], mox penakiuert Y. Jxunapamkana-
ca, C HOBBIMHU JIaHHBIMH, MOJY4YEHHBIMH BIUIOTH N0 koHna 1933r. K coxanenuto, B
JanbHEIeM MoI00HbIE MCCIEOBAaHUSI HE MPOBOAMINCH MO PANYy MPUYMH, BKIIOYas
OTJIMYUE CTPYKTYP aTOMOB JKCTPACEHCOB OT MOJEJIU CTPOCHHUS aTOMOB, Pa3BUBAEMBIX

OpTOIIOKC&JIBHOﬁ (1)I/I3I/IKOI‘;I, HE COBMECTHUMOM C JdaHHBIMH 3KCTPACCHCOB.

A. bezant u Y. JlenOurtep o0nagany HEOOBIYHBIMU MICUXUYECKUMH CIIOCOOHOCTSI-
MU K SICHOBUJICHBIO, MO3BOJISIONIMMU UM HAOIIOJATh SIBJICHUS B acTPaJIbHOM MUpE,
YBHUJIETh U ONUCATh HAYAJIBHYIO CTPYKTYPY XUMUYECKUX 3yeMeHTOB. OHu B KoHile XIX
BEKa MEPBLIMU YCTAHOBWIM, UTO ATOM JIeJIUM, MPEJICTABISAET CO00M CI0KHOE BHYTPEH-
HEE CTPOCHHUE U MMeeT 0CO0YI0 KOH(PUTypamuo 000/104€K, YTO COBEPIICHHO OTJIMYA-
€T UX OT MOJIEJIEl aTOMOB, OpUIIMATBHON (PU3KKH.

[{utupyembie HUKE BBIIEPKKU U3 MEPEUYUCICHHBIX Pa00T KOMITUINPOBAHbI, B3s-
Thl B KaBbIUKHU, U CONPOBOKIAAIOTCA U3MEHEHHUEM TEPMHUHOB, YTOUHEHUEM NIEPEBOJIOB U
nosicheHusiMA. CHavana TPUBEIEM CTPYKTYPBI 3JIEMEHTOB JUCCOLMALMN aTOMOB OT
ypoBHs E-5 o ypoBus E-1 Ha npumepe atMochepHBIX ra30B. BOJOPOAA, KUCJI0POAA U
a30Ta, KOTopble ObUTM ycTaHOBJIEHBI be3aHT u JlembutepoM B mepuoj HMccleq0BaHUN
1895-1900 romoB. DTH CTPYKTYpPhI H300paXKeHbI Ha pHC.2, B3SITOM U3 padoThI [18].

W3MeHeHus, MPOUCXOIAIINE C KaXAbIM aTOMOM IPU MOCJIEI0BATEIBHOW JIUCCO-
LAALNH, MTOKa3aHbl B BEPTUKAJIBHO PACIOJOKEHHBIX HAJl KaXIbIM aTOMOM SYCHUKaX.
['opr3oHTaNBHBIE TUHUN OTACIAIOT APYT OT ApPYyra CEMb YpPOBHEUW Marepun. CXeMsl Tel
HUKOUM 00pa3oM HE COOTHOCSITCS C UX peajlbHbIMU pa3MepaMu. «31eCh TOUKH MOKa3bl-
BAIOT JINHUM JAEUCTBUS CUJIbI, @ CTPEJIKHU — HAIPABICHUE NEHUCTBUS dTOM CHIIBI, KOTOPBIE
MPUBEIEHBI TOJBKO JJIA Ciiyyash BoJopoja. B3auMoBnusiHHE «aToOMOBY» OOYCJIOBIEHO
JNEUCTBUEM ITUX CHJI, COAEPKAHUE KOTOPBIX U MPEACTOUT BBIICHUTH. BYKBBI IPU3BaHBbI
MOMOYb YUTATENIO MPOCIEAUTh JBUXKEHHUE JI0O0r0 3JIeMEHTa B CTPYKTYype aroma IpH
nepexoJie C ypoBHS Ha ypoBeHb. Tak 31eMeHT d B XUMHYECKOM aToMe KHUCIOPO/Ia MOX-
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HO CHOBa HaWTU Ha ypoBHsX E-4, E-3 u E-2. KoneuHoe pa3ioxxkeHue MnpeacTaBieHO Ha
E-1 sniemeHTOM, Ha3BaHHBIM «IEPBUYHBIM ATOMOM), 0003HAa4YeHHbIM OyKBO# a. OH
OCTaéTcs HEM3MEHHOM, CTAOMIBPHON a-yacTHIeld Ha BCEX HI)KHHMX YPOBHAX Y JIHOOBIX
XUMUYECKUX aTOMOB.

o
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Puc.2. CTpykTyphbI 3JIeMEHTOB aTOMOB BOJIOPO/Ia,
KHUCJIOpOJa U a30Ta Ha ypoBHsxX oT E-1 ngo rasza Ha E-5.

[TepBbIM XUMUYECKHM 3JIEMEHTOM JIJISl UCCIIEIOBaHUS ObLT BEIOpaH BOAOPOA, KaK
caMblil JIETKUH. «ATOM rasza Bojiopojia Ha ypoBHe E-5 (cM. mepBblIif cTonOel) okazaics
COCTOSALIMM M3 IIEeCTH TeJI, 3aKII0YEHHBIX B 000JI0UKy siiieoOpa3noii popmebl. OHa
BpalllajjaCh C OFPOMHOM CKOPOCTBIO BOKPYT COOCTBEHHOM OCH M OJHOBPEMEHHO BUOPH-
poBana. BHyTpeHHHe Tena Toxe coBepluaroT BpauieHus. lllecTs Ten opraHu3oBaHbl B
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naBa HaOopa Mo Tpu, 00pasys JBa TPEyrojbHHKA, B3aMMOIPOHUKHOBEHHE KOTOPBIX Ha
MJIOCKOCTH PUCYHKa 0TOOPa3uTh HEBO3MOXKHO. 371€Ch TUHUH OTPAXKAIOT JIMIIb OTHOIIIE-
HUE TpHaj, a He HampaBieHue cuil. lllecTh Ten He OIMHAKOBBI, XOTS KaXKI0€ COACPKUT
1o TpU MEHbIIUX @-4acTuubl. [Ipu nepexone Ha ypoBeHb E-4 aduphnas crenka, orpa-
HUYMBAKOMIas chepous, pacmajaeTcs U IIECTh Tell OKa3bIBaloTCs Ha cBoOoae. OHu
MT'HOBEHHO TEPECTPanBarOTCs B 1B TPEYrOJIbHUKA BHYTPU OTPaHUUMBAIOIINX UX chep.
JlBa, oTmeueHHbIe OykBOi b Ha muarpamme, o0benuHsIOTCS ¢ b', 9TOOBI chopMupoBaThH
OJIHY TPEYTOJbHYIO TPOHKY, HUMEIOILYIO MOJIOKHMTEbHBIH xapakTep. OcTaBuIecs TpU
(bopMHUPYIOT BTOPYIO TPOHKY, MMEIOLIYIO OTPULATEIbHBIN XapakTep». YTo nmoHnMaeT-
csl 1101 XapakTepamMu, OyJieT MOHATHO Jasiee.

«IlonoxurenvHas Tpuaaa Ha E-4 npu nepexone Ha ypoBeHb E-3 TepsieT cTeHKU
cdhepsl U cTaHOBUTCS ABYyMs. OfHA U3 HUX COCTOMUT M3 JBYX Tell, OTIMYAIOIIUXCS JIU-
HEHHBIM PaCIOJI0KEHUEM MEPBUYHBIX (PU3NUCCKUX «AaTOMOBY», OTMEUCHHBIX Kak b, 3a-
KJIro4aeTcs B cepudeckyro o0oouky. Jpyras, Oyayuu TpeyrojbHOW Ha ypoBHe E-4,
CTaHOBUTCS cBOOOAHOW. OTpullaTeNnbHas Tpuaaa npu nepexoge Ha E-3 ¢opmupyercs
aHasiornyHo. Tpu e€ TpuaIbl BBICBOOOXKIAIOTCS U MIEPECTPAnBAIOTCA TaK, YTO 00pazyeT-
Csl TEJIO, COCTOSIIIee M3 ABYX TPHAJ, OTMEYCHHBIX D', 3aKIMOYEHHBIX B CHEPUUECKYIO
000J104Ky, a OJIHa TpUaJa CTAHOBUTCA CBOOOAHOM. DTa cBOOOHAS TpHaJa HE OCTAETCS
Ha E-3, cpa3y nepexomsr Ha E-2.

[Tpu nepexone Ha ypoBeHb E-2 Teno, ¢ TUHEHHBIM pacloJIOKEHUEM @-YaCTHII,
pacnasiaeTcsi Ha JBa MOJIOKUTEIbHBIX, 3aKJIIOUEHHBIX B CBOM 000JIOYKH, a TeJa C Tpe-
YTOJIbHBIM PACIIONOKEHUEM CTAaHOBATCA — OTPMUATEJbHBIMU. DTU J1B€ (POPMBI Mpe-
CTaBJIAIOT BoopoA Ha E-2, HO mogo0HbIE Tena B ’TOM COCTOSIHUM MaTE€pUH BCTPEUArOT-
Csl B KOMOMHAIUAX, HAIIPUMEP, YV a30Ta, YTO BUIHO Ha ypoBHE E-2 B TpeTheM cTomnbOIe
puc.2. Ilpu nmanpHelmieMm, 4eTBEPTOM IEepexoAe Ha ypoBeHb E-1, orpanmumBaromiue
CTCHKH MCYE3aI0T U COJEPIKAIECs B HUX @-YaCTHI[bI OCBOOOXAAIOTCS, IEMOHCTPH-
pyS TpeeNbHbIN WIN «nepBUYHbIA Pusnyeckuit atom». Hudpor 18, 290 u 261 — sto
KOJIMYECTBO MEPBUYHBIX A-YACTHUI], OOHAPY>KEHHBIX B KaXJIOM XUMUYECKOM JIEMEHTE.
Pasnoxxenue apyrux, 60jee CI0KHBIX XUMUYECKUX AJIIEMEHTOB MOKAa3alio, 4TO (pOpMHu-
pOBaHHUe BCceX aTOMOB (pM3MYECKOr0 MUPa HAYNHAeTcsi ¢ MaTepuu ypoBHs E-1, co-
aepxkame a-4acTULbD).

CTpyKTypa 3JIeMEHTOB, YBHJIEHHBIX SCHOBUIIIaMU Ha ypoBHe E-1, oka3zanace mno-
xoxell Ha «atom» beOoutra. [loueMy B 330TepuKe 3Ty CTPYKTYpYy Ha3BalH «IepBUY-
HbIH pusndecknii atom»? IIoToMy, «4TO ITOT «aTOM» HEJIb3s PA3JI0KUTh JaJee C Ie-
PEXO0M Ha aCTPaJbHBIA YPOBEHb, ITOCKOJIbKY, €CIIA MPU NAIbHEUIIEH AUCCOLMALNN
¢busnueckas cuia Oyner mojaBiieHa YCHUJIMEM BOJIH, MPEBBIIIAIONIUM MOPOT CUJIBI acT-
paibHOTO YPOBHS, (PU3NYECKU «aTOM» MIHOBEHHO Hcue3aeT ¢ ypoBHA E-1 ¢ pacnagom
€ro Crupayieil U nepexoJoM YacTel crupaieil B HEMposBICHHYIO Mareputo 3¢upa. Ha
acCTpaJIbHOM YPOBHE HEJIb3s1 YCTAHOBUTH 3JIEMEHTOB, KOTOPHIE€ CBUIETEILCTBOBAIIU OBl O
KakoM-JIn0o ¢pusnueckoMm arome. Cam 3up HE UMEET XUMUYECKUX CBOMCTB, MOATOMY
€ro HEBO3MOXXHO BIIUCATh, KaK HU MBITAUCH, B TAOJIHIy XUMUYECKHUX 3JIEMEHTOB MeH-
JeeeBa.
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B Ty nopy skcTpaceHchl o J0roBopeHHOCTH nau «IlepBuynomy ¢uzuvecko-
MY «aTOMY» Ha3BaHHE AHY, KaK IPOCTOW TEPMHUH Ui 3TOM NEPBUYHOU YaCTHUIIBL»
[lepBuuHbI GU3NYECKUIN «aTOMY, ABIISETCS HE CAaMbIM IEPBUYHBIM U MajeHbKUM. [lep-
Bo3aanHasa «Yactuna bora» HenenmMa U HAMHOTO MEHBIIE NEPBUYHOIO «aroMay. Ilo-
aTomy B pabote [1] gactume bora mano Gonee cOOTBETCTBYIOIIEE €l Ha3BaHHE — AHY.
IlepBu4HOMY «aTOMy», KaKk KpaeyroJbHOMY KaMHI0O aTOMOB BCeX XUMHYECKHX dJIe-
MEHTOB (pU3NYECKOr0 MHPA, COXPAHSIIOINIEMY CTa0WIBHYIO CTPYKTYpY, Mpeiiaraem
JaTh, Ha3BaHue A'Mep, KOTOpPO€ JaBajoch HEACIMMOW dacTuile 3(pupa, cuuTaBIIEHCS
CTPOMUTENBHBIM MAaTEpUAIOM ATOMOB. AMep — NepBas MUHHMMAJIbHasl, CTA0WIbHAsA
MaTepHAJIbHAS CTPYKTYPa B (PU3MUYECKOM MHpe, AMep N300pakeH Ha puc.3.

AMep-1 MoJ0XKUTETBHBIN. AMep-2 OTpUIIATEIbHBIN.
Puc. 3. CTpoeHue nepBUYHOTO «aToMay - aMmepa.
KapTtunku B3siThI 13 padoThI [19].

B nmpuBoAMMBIX HIKE BBIIEP)KKAX W3 IUTUPYEMBIX paOOT Ha3BaHHE aHYy 3aMeHe-
HO Ha amep. «IlepBuuHBIi HU3HMUECKUIT «aTOMY» CYIIECTBYET B IBYX MoauduKaiusax. B
ATOM, HayajJbHOM COCTOSIHMM (U3WYEecKo maTepuu Ha ypoBHe E-1, nabGmromatorcs
CXO0’KH€ dJIEMEHTHI, Ha3BaHHbIE AMep-1 u Amep-2. I1o cTpoeHHNIO U KOIUYECTBY CIIUpa-
JIed ¥ COUPWILT OHM MJICHTUYHBI 32 UCKIIIOUEHHEM HANIPaBJICHHUS 3aKPYTKH CIIMPAaJIei,
ABHKeHUs] 3(pUpa Mo CNUPAJAM U BBIXOAALIUX M3 aMepoB CTpyi 3¢upa B BUIe
BHXpeil ¢ pa3HbIM HanpaBJjeHueM BpameHus. Criupaiy CiyCKaroTCs BHU3 OOK 0 00K,
3aKpy4HBasich Ha 2,5 000poTa MMOO MO YacoBOii, TMOO MPOTHB YaCOBOM CTPENIKE U MPO-
XOJIAT BHYTPHU TIO LIEHTPY aMepa, TakKe 3aKpyurBasich Ha 2,5 oboporta. Bece amepsl cy-
IIECTBYIOT B OJIHOM M3 3TUX JIBYX (POPM B BHJIE€ XUPATbHBIX PA3HOBUIHOCTEI.

EcTtecTBeHeH Bompoc — KaKk BO3HHKAET CTPYKTYypa caMmoro amepa? Bot kak sic-
HOBHU/ILIBI-UCCIIEIOBATENM OMMUCHIBAIOT BOCCO3JaHHBI MUMHU 3TOT mpouecc. «C 1emnbro
HCCJIEN0BATh YCTPOMCTBO 3TUX AJIEMEHTOB, HCKYCCTBEHHO, ITPY MTOMOIIX ONPEAECIEHHO-
IO MBICJIEHHOT'O YCHJIMSI BOJIM MCCIIEIOBATENS, Pa3KaB U OTPAHUYMUB JBUKEHHUS CIUJIOLI-
HOM KOCMHUYECKOU cpeibl 3pupa, Co3/aBAIOCh MPOCTPAHCTBO C MPOEMOM — «JIbIPOil». B
ATOT MPOEM HE3aMEIIUTEIHLHO BTEKAET MOTOK A(Hpa U MOSIBISIOTCS TPU BUXPS, OKPY-
KAIOUINE «IBIPY» CBOUMHU TPEMS TOJCTBIMH COUPAISIMHU. 32 HUMU Cpaszy MOSBISIOTCS
ceMb 0oJiee TOHKUX CIUpAJICH, KOTOPBIE CIEIYIOT 3a MEPBLIMU TPEMS IO BHEITHEHN TO-
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BEPXHOCTH TeJla, TOXE coBepias 2,5 o6opoTa. 3areM pacIIeIIssCh B CaMOW HUKHEH
TOUYKE amepa Ha LEMOYKH U3 TPEX U CEMU CIUpaliel, MOJHUMAIOTCSI BHYTPH Tella K CBO-
eMy UCTOYHHKY, CEpALEBUIHOMY BXONY, IO crupaiu B 2,5 oboporay. Kaxxnas u3 cnu-
paneit ceuta u3 0oJjiee MEITKON CITUpay, Ta B CBOIO OUepelh, U3 el 60jee MEIKOM, Kak
noka3ano Ha Fig.133. u Fig. 134, B3saThIX U3 padoTsl [16]. OTH, Oojice TOHKHE 1O JTHa-
MeTpy cnupaiu beOOUTT Ha3Bal CIUPHUILIIAMH.
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Fig. 134. Extra Spirals
and Intra-Spirals.

Fig 133. Piece of Atomic Spiral with 1st
2nd and 3rd Spirillae.

«CTpyKTypa aMmepa IpeacTaBisieT co00il Ype3BbIYaiiHO CIIOKHYI0, CBUTYIO U3 3a-
MKHYTBIX COUpaJIed 00BEMHYIO MOIYI0 KOHCTPYKIUIO MOYTH chepruueckoit Gpopmel. B
BEPXHE YacTU BHUJHA CBOEr0 poja BOPOHKA C IIMPOKHM BXOJOM, HAIIOMHHAIOIINM
M300pakeHHE Cep/lia, B KOTOPYIO BTATMBAETCs 3(hHUp, CHIION MOTOKA MPUAAIOIINI aMe-
py opmy. B HmkHe#, y3koil yacTd MOTOK 3dupa uzauBaercs. IGUp MPOHU3BIBAET
KOKIYI0 CHUPAIb U KAKIYIO CIIMPWIIY U CBOEW CHIIOM akTUBU3HMpyeT crimpanu. [Ipu
ATOM OJIHA U3 CIHpaell MOKET BUOPUPOBATH aKTUBHEE JPYTUX U M3J1y4aThb OTTEHKH
BeTa, KOTOPhIE MEHSIOTCS 0 MEPE TOTO, KAK OJIHA CIMPAJb 3a IPYTrOM CTAHOBATCS aAK-
TUBHBIMU. [[BET OT OJTHOM cniMpanu K APYrod MEHSETCS, IMPOSABISISACH B BUAE OJHOM U3
OCHOBHBIX ILIBETOB B 0€JIOM CBETE, BOCIPHUHMMAEMOIO Kak BUAMMOE u3iydeHue. Ilo
BCEU BUJUMOCTH ATH CEMb CIIMpaJel CBOMMHU BUOPAIMSIMHU BBI3BIBAIOT KoJiebaHue d(hu-
pa (Kak BOJHBI OT MOAEPrHUBaHUS IOIUIaBKA B CIIOKOMHOW BOJE), MPHUBOJS K PacIpo-
CTPaHEHUIO BOJH, M3-3a 4ero 3(up Ha3BaJIM CBETOHOCHBIM». JTO €€ OJHO MOJATBEp-
’KJICHHE BbIBOJIAa O TOM, YTO CBET €CThb BOJIHA, KaK IMPOSBICHUE B (U3NYECKOM MHpPE
YHUKAJIBHBIX CBOMCTB TOHKOMATEpHUAILHOM cpebl 3(upa, a He MOTOK (POTOHOB, OMHUCHI-
BAaE€MbIX MPOTUBOPEUMBON TEOpUEN KBAHTOBOW ONTHKHU, OIIMOOYHOCTH KOTOPOU yOeau-
TEJBHO JI0Ka3bIBacTCs B cTaThe: CBeT — He MOTOK (POTOHOB, a BostHa [20].

«Amep coctout u3z 10 «mpoBOAOBY», KOTOpBIE NENATCS Ha JBa Tuma. IlepBbiit
BKJIIOUYAET TPHU TOJICTBIX MPOBOA, BTOPOM ceMb TOHKUX. KaxkJIbIit TPOBO OKPYKEH CBO-
€ro pojia OIIETKONW M3 MEHBIUX CIHPAJCK — CIUPUIUI, T€ OKPYXKEHBbI U3 emeé Oosiee
TOHKUX CHOUPWILI, OTACIEHHBIX IPYT OT Apyra U HUTAE HE compuKacarommxcs. Ecim y
KaKI0M u3 TpEX, Oosee TOJCTHIX CHUpaNiel, pacmyTaTh €€ CHUPATBbHYIO YKIAAKY, TO
MOJyYUM 3aMKHYTBIA KPyr — IUIOTHO CKPYYEHHBIM OTPOMHBIM BUTOK U3 CIIAPAJICH.
Kaxxnas u3 cemu 6osiee TOHKUX CIUpaliel Takke o0pa3yIoT 3aMKHYThIN Kpyr. CaMm Kpyr
MIPEJICTABIISIET CMpaib, umeronryto 1680 BuTkoB. B nelicTBUTETLHOCTH 3TO CaMOCTOS-
TeNbHAsl CIHpadbHAs KOHCTPYKIIMS, COCTABJICHHas W3 emi¢é 0ojiee TOHKUX CIHpajeil-
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CIIMPUJUI, HAKPYUYEHHBIX APYT Ha Jpyra. X MOKHO pa3BopayuBaTh Jajblie. JTOT MPO-
11ECC, MIOBTOPAIOT, MOKA HE Pa3BEPHYTHCS BCE CEMb HAOOPOB CIMPHUILT KaXKIOW CIIUPAIIH.
[TomyyuM THraHTCKYO, 3aMKHYTYHO OKpPYXHOCTh W3 MEJIbYaHIIUX TOYEK, MOJI00HO
KEMUYTy, HAHHU3aHHOMY Ha HEBUIMMYIO HUTb. UTO0BI COCTABMTH OJMH aMep HAJ0
1,4-10"° mTyK TAaKMX KeMUy:KUH». JKeMuyKHHa — ’TO HAUMEHBIIWN YBHJIEHHBIN 3KC-
TPAaCEHCAMU JJIEMEHT, COCTOSIINN U3 MAaTEPUU BBICIIMX YPOBHEU HENPOSBICHHOTO MU-
pa, BKJIIOYAs YaCTHUIIbl aHY C UX 3HEpPrueil BUOpALMiA, MOATBEPKAAs TEM CaMbIM CyIIle-
CTBOBaHUE Oosiee TOHKOW MaTtepuu. Marepusi 3¢upa siBJIsIeTCHA CTPOUTEIbHBIM Ma-
TepUAaJIOM VISl QyHIAMEHTAJIbHBIX (PU3HUYECKHX YACTHIl. «AMep opmupyercs mo-
TOKOM 3(Qupa, CylIecTBYeT 0JIaroaps eMmy u uc4ye3aeT IMPHU ero NpeKpameHnm).

OxauH amep MOX0K Ha POJHUK, U3 KOTOPOro ObET MOTOK, APYroi Kak AbIpa, B KO-
TOpOil MOTOK Hcue3aer. Y Amepa-1 s¢up BiIuMBaeTcs B BOPOHKY, B TOM 4YHCIE U U3
«BHE», U3 MPOCTPAHCTBA C HENMPOSABICHHON MaTepuel U, MPOXOs Yepe3 Hero, mpuaaBas
emy (opMy U BpalleHHe, U3TUBaeTCA B (pU3nyecKkuili Mup B BUjae BUXps. Amep-1, uepes
KOTOPBIM MOTOK 3(Upa BIUBAETCS, BO3JIEUCTBYS Ha (PU3NUYECKUE TENA, YCIOBHO Ha3BaIU
no0McumenbHpIM. AMep-2 y KOToporo 3(up BTSATUBAETCS B BOPOHKY U3 (PU3UUECKOTO
MHpa U MOXKET YXOJHUTh YE€pe3 aMep «BO BHE», B HEMPOSBICHHBIA MUP, TUO0 B BOPOHKY
APYyroro amepa, Ha3Bajau ompuyamenbHovim». Tak nX 0003HaAYMIN HIKCTPACEHCHI.

Awmep - Bomuok. OH He uMeeT cOOCTBEHHOM 000JI0YKH, HO, BPaIlasiCh C OTPOMHOM
CKOpPOCTBIO, CO3AaET BIEYATICHUE HAIMYMUS Y HErO TaKOH O00OJIOUKM 32 CUET JTaBJICHMUS
OKpyxaromien cpeabl 3¢upa. OnosAchBaIONINE CIUPAIH, IPOXOAs BHYTPH aMepa CiKu-
MAaroTCsl MPU OXJIAXKICHUM U PACIIUPSIOTCS Npu Harpese. Cam amep, CBUTHIA CIUPAIIb-
HOM TIPY>KUHOM U MPUTATHBAIONMUN d(PHp, TODKEH 00J1a1aTh OTPOMHOM CUJIONW BCAChI-
BaHus. Ilynbcanmm amepa NMpPOUCXOMAT 3a CYET ABMIKEHHUs CIMPAJIEH, KOTOpOE, HECO-
MHEHHO, CBSI3aHO C BUOpalMeil YacTull aHy, BXOASIIMX B COCTaB KEMUyXUHbD). Bc€ B
3TOM, JAOCTYIIHOM /I YeJIOBeYecTBa (pu3nveckoM MHpe, cyllecTByer Ojaroaaps
HeNpepbIBHOMY MNOCTYIUICHUIO <«7KH3HEHHOH CWJIbD> - JHEPruM, KOTOPOl M3HAa-
YAJbHO 00J1aJAK0T 3JIEMEHTHI MEPBO3IaHHOM cyOocTaHuuu - «YacTunsl bora» - any,
U3 KOTOPBIX CO3/1aHa d3(UpHas MaTepusi, COCTaBIAIONIAs OCHOBY BEIIECTBEHHOr0 Mupa.
[Ipu 3TOM CTpOE€HHE camMOil YacTHUIIBl aHy U MapameTpbl €€ BUOpaluid OCTaHyTCS Tau-
HOM.

Kak Obuto oOHapyxkeHo, «AMepy, HE3aBUCHMMO OT JIFOOOTO BHEIIHEro BO3JEH-
CTBUSI, IPUCYILIA TPH €ro COOCTBEHHbIE IBUKECHUS.

1. OH HenmpepbIBHO KPYTUTHCA BOKPYT COOCTBEHHOW IIEHTPAJILHOM OCH, Bpalla-
ACh, KaK BOJTYOK, TPUUEM KaK/IbI aMep BpallaeTcs B JIEBYI0 UJIM NPABYI0 CTOPOHY B
3aBUCHUMOCTH OT 3aKPYTKH CIIUPAICH.

2. OH ONKUCHIBAET CBOEH LIEHTPAIHHOM OChIO MaJIblii KPYT, T.€. 0Ch BOJYKA Mpe-
HeccupyeT, OCTaBasiCh MPU 3TOM MPOU3BOJILHO OPUEHTUPOBAHHOM.

3. OH coBepIIaeT paBHOMEPHYIO MyJIbCAIHMIO, MOA00HO0 OHMEHHMIO cepala, CXKaTh-
€M U paclIMpeHUuEM NMPOKAYuBaeT yepe3 cedst 3¢up, co3aaBas BUXPEBbIE OTOKHU, ac-
coruupyemblie GU3UKaMU C AIEKTPUUECKUMU U MAaTHUTHBIMU TOJISIMHU.
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NMeHHO myJibcaliuv aMepoB 00€CleunBalOT MPOKAUKy 3dupa, co3aaBasi IOTOKH,
KOTOpbIE NPUTATHBAKT WIN OTTAJIKHUBAIOT, TIOTAIAIONINE B 3TH TTOTOKH OJM3KO pac-
MOJIO’KEHHBIE ApyTue amepbl. Mexmy amepamul B 000JI0UKE aTOMa BO3HUKAIOT YPaBHO-
BEIIIMBAIOIIHME JPYT ApyTra MOTOKH 3(upa ¢ oOpazoBaHWEM TOJIEH, B KOTOPHIX aMephl
OCTalOTCsl CBOOOIHBIMH, COXPaHsisl YCTOMYMBOE MPOCTPAHCTBEHHOE MOJIOKEHUE.

AKIIEHTHpYEM BHUMaHUEC HA HAJIMYHME Y AMEPOB BXOASIIIIUX U BbIXOASIIUX I0-
TOKOB 3¢upa. DT MOTOKH, OJI0OHO JABJICHUIO BETpPa, CUJION BO3JIEUCTBYIOT HA JPY-
rue aMephbl, YIEpKUBasi UX B CTPYKType aTOMOB. DTUM MOTOKaM 00s3aHO, BBEJIEHHOE
MIOHSITUE — CUIbHOE A0epHoe g3aumoodelicmeue. PeaibHO BHYTPH aTOMa HeT HUKAKUX
YACTHIL C 3aps/IaMU, U siiep ¢ TJII0OHAMM, a CYHIECTBYIOT MOTOKH 3(pupa, odecrneuu-
Bas CTAOWJIBHOCTb €ro CTPYKTypbl. iIMeHHo adup ga€t amepy “3apsin” sHEpruu JUis
BUOpaIuu, 61arogaps KOTOpoi co3aaércsi MOTOK MaTepuaibHOro 3(pupa, BbI3bIBas (-
(eKT MPUTHKEHUS WU OTTajdKuBaHudA. [IposiBieHHE STUX CUJI HA3BIBAIOT KYJOHOB-
cknmu U Ban-nep-Baaabca. [lotoku s¢dupa oT amepa Ha aTOMapHOM YPOBHE SIBIISIFOT-
Csl STUMHM CWJIAMU, 3HAUCHHUE KOTOPBIX MPEACTOUT YTOUHATH (PU3UKAM U XUMHKAM.

«IIpu moBeAeHUU K amMepy BHEIIHEH CHUJIbI, HAPUMED, DJICKTPUUECKOTrO HaMpsi-
KEHUS, OH TAHILyeT, OpocaeTcst U3 CTOPOHBI B CTOPOHY, COBEpIIAET HanboJsiee ObICTPbIE
U YJIMBUTEIbHBIE KPYTOBBIE JIBH)KEHHUS, HO TPU 3TOM TPU €TI0 OCHOBHBIX JIBUKEHUS
MIPUCYTCTBYIOT MOCTOSIHHO. DJEKTPUUECKUN TOK, MPOIMYIIEHHBIA 4Yepe3 amepsl, clep-
KUBAET UX COOCTBEHHOE JBMKEHUE, T.C. 3aMeJUISIET UX. AMepbl, MOJIBEPrHYTHIE Jeii-
CTBHEM HANPSZKEHHS, PACHOJIATAIOTCH NAPA/UIeJIbHBIMU JUHUAMH, H B KAKI0U
JIMHUM CepAlleBHIHOE YIIy0JIeHHe MOJIy4YaeT MOTOK, KOTOPbIA MCXOAUT U3 Mpeabl-
AylIero amepa. AMepbl CTAHOBATCS MOCJI€J0BATEIbHO IO HANPABJICHUIO TOKA.
JIeHCTBYET JIM 3JIEKTPUYECTBO HA CaM aMep, WM Ha €ro 3JIEMEHTHI, WJIM UHOTIa Ha TO, a
nHor/Aa Ha Jpyroe? [leranbHO JEeWCTBUE AJEKTPUUECTBA HA 3TH CTPYKTYphl B paboTax
HE paccMaTpUBAIOCHY.

3HauUT caMH amepbl MPOMYCKAIOT uyepe3 celds MOTOKUM 3(]upa, KOTOpbIE, Kak
MPEANOoaraji 3KCTPACEHCHI, BEPOSTHO SIBIISIOTCS TOKOM. «DJIEKTPUUYECKUNA MOTOK CO-
3naércd 3neMeHTamMu 3¢upa U ASHCTBYET MOJ00HO BETPY, CO3/1aBasi CUJIOBOE BO3JIEH-
CTBHUA B cpejie pacnpocTpaHeHus». CBOOOJHBIE aMep-3JIEKTPOHBI MO IEMCTBUEM DJIEK-
TPUYECKOTO IOJSI CO3JAIOT TOK B JJIEKTPOHHBIX PEHTTEHOBCKMX M TEJIEBU3HOHHBIX
TpyOKax, B IepefaTyrkax 1 NpuéMHUKaX, IOCTPOCHHBIX HA 3JIEKTPOHHBIX Jamnax. Uro
ABJISIETCS DJIEKTPUYECKUM TOKOM B MPOBOJAHMKAX, MOTOK 3apsyKEHHBIX YaCTHLl UJIM T0-
TOK 3(Hpa, 10 CUX MOP OCTAETCS CIIOPHBIM.

B cTpyktype pusmdeckoit MaTepuu dIEKTPUICCKUN 3apsii OTHOCAT K dJIEMEHTap-
HbIM yacTtuiiam. Ho 4To 3T0 3a 4acTulibl, CyIIECTBYIOT JIU OHU B TOM BUJE, KaK UX TpaK-
TYIOT U YTO B HUX SIBJISIETCA 3apsAoM? DIeKTpudeckue 3apsiabl ¢ 1742 r. no npemioxe-
Huto b. ®pankiuHa pa3fensioT YCIOBHO Ha MOJIOKHUTENIbHbIE W OTpULAaTeIbHbIe. Ya-
CTHUIly B CBOOOJJHOM COCTOSIHUM, UMEIOIIYI0 OTPULATEIbHBIA 3apsii Ha3BAIU IJIEKTPO-
HOM. YacTtully, paBHYIO 10 Macce, C TAKUM K€ M0 BEJIMYUHE, HO C MOJOKUTEIbHBIM 3a-
PAI0M, Ha3BaJIu MO3UTPOHOM. U TakuM ke 10 BEJIMUMHE 3apsAI0M 00J1aaeT MPOTOH.
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MIMeHHO CBOMCTBa «3apsijay, MPUTSKEHUS WIA OTTAJIKUBAHUS, MPUCYIIH JABYM
aMepaM ¢ OJMHAKOBBIMH MaccaMH W MOTOKaMu 3(upa depe3 HUX, paBHBIMU IO BEIIH-
YUHE, HO TPOTHUBOIOJIOKHBIMH TI0 HANIPABJICHUIO TBIKEHUS MOTOKOB. [loToku 3dupa,
CO3/laBacMbI€ aMepaMHM, aCCOLIMUPYIOTCA C MOJIAMH, a aMep Hajaenunu “3apsaom’. Lle-
JIOCTHOCTh aMepOB 00ECTeUnBAET MOCTOSHCTBO BEJIMYWHBI €T0 “3apsnma’, 9TO CBHUJC-
TEILCTBYET O HEBO3MOKHOCTH TOSBJICHUS TPOOHBIX 3aps0B, KOTOPHIMHU HayKa HaJEsI-
€T BbIJlyMaHHbIC KBAPKU M AaHTUKBAPKU. Y CJIOBHO CBOMCTBO OTPHUIIATENHHOTO “3apsiaa’
JIaJIAM aMepy-3JIEKTPOHY, a MOJOKUTEIBHOTO “3apsaia’” — aMepy-TO3UTPOHY.

DAeKTPOH — dacTuia, obnajaromas OTpHUIATEIbHBIM 3apsiaoMm (e7). Haykoi
CTPOEHHUE 3JIEKTpOHA He omnpeneneHo. CuuTaroT, 4To «JIEKTPOH BpaIaeTCs MO aTOM-
HbIM OpOMTAaNIsIM, MMEs BOJHOBYIO IPUPOIY, a COCTOSHHUE ONMCHIBAETCS 3aKOHAMHU
KBaHTOBOW MEXaHUKH YEpE3 BEPOSITHOCTHOE pacnpesencHie. OH CYUTAETCSl TOUYEYHOH,
OECCTPYKTYpPHOM, AJIeMEHTapHON (PyHIaMEHTaIbHON YacTUIIEH, BHYTPHU HErO0 HET HUKA-
KX cocTaBHBIX Yactei» /MU/. «3apsg B aOCTpaKTHOM CMBICIIE SIBIISIETCSI HEKOTOPHIM
T€HEPAaTOPOM HENPEPBIBHO TeKyIlIero Toka. CyOcTaHuus, KOTOpas TEYET B 3TOM TOKE,
SIBIISICTCS DJICKTPUICCKUM TosieM». /Bukunenus/ MaTtepuajibHasi npupoaa 3apsiaa u
3JIEKTPUYECKOro MoJisA He packpsbITa. [lonem BeimonHsieTcss paboTa ¢ 3aTpaTol 3HEp-
ruu. A oTkyzaa Oepércsi OECKOHEUHasl SHEPIHsl Y AJIEKTPUUECKOro 3apsiia, CO3JAI0LIEro
I10JI€, KOTOPOE B TEUEHUH MWUIMAPAOB JIET CWJIOW BO3JECUCTBYET HAa MHBIE YaCTHULbI B
atome? He mMoryT ¢u3uku oObSICHUTH CoJiep KaHue MOJIsl, OCPEICTBOM KOTOPOIO OCY-
LIECTBJISETCS BO3JICHCTBUE HA JPYTHE YaCTULIBI.

Io3urpon (PS) — crabwibHas aHTHYACTHIIA, JBOMHHK DJIEKTPOHA, OTKPHIT B
1932r. Poxnenue sneKTpOH — MO3UTPOHHOM Mapbl HAOIIOIATU B TPEKOBOUM Kamepe
Buiibcona oOmydast KpUnToH y-KBaHTOM sHeprueit >1 M»B. Macca u cniuH mo3uTpoHa
OKA3aJIUCh TAKMMHM K€ KaK y 3JIEKTPOHA. DIIEKTPUUECKUM 3apsif (€7) paBeH MO BEIMUYUHE
AJIEKTPOHHOMY (€7), HO TIPOTUBOIOJIOXKEH 1O 3HAKy. Bpems sku3HM CBOOOIHOTO IMO3H-
TpOHA B BaAKyyMe HE OrpaHUYEHO, a B 0OBIYHOM cpeJie OH, SIKOObI, aHHUTUIIUPYET C 00-
pa3oBaHUEM Y-KBaHTOB.

Kyna ncuesaer 3aps KakI0H 4acTUIIBI P aHHUTHJISAIINHU, €CITU 3apsii MaTepHa-
nen? He yOenurensHa W Teopus MPEBpPAIICHUS B KyJOHOBCKOM TIOJIE SIIEpP Y-KBAaHTOB
(OTOHOB, HE UMEIOIIIUX 3apsAJia, B AJIEKTPOH-TIO3UTPOHHYIO TIapy, 00JIaaoIuX 3apsia-
Mu. C TOMOIIBI0 IBYX aOCTPAKTHBIX KaTerOpUid, HE UMEIOIINX (PU3UIECKOTO COJEpKa-
HUS, CO3/IaHbl TOPbl HAYYHOW MaKyJaTyphl, 0OECIEYMBAIOIINE HE3BIOJIEMOCTh JTHUX
byHIaMEHTANIBHBIX HAa3BaHUM — (DOTOH CBETa M 3apsAn yacTull. [lomoOHbIe Teopun mpe-
CTaBJSIOT cO00M HAOOp MaTeMaTHUYECKHX MAHWMYJSIUNA, B OCHOBE MOCTPOCHHBIX Ha
UTPE C HEM3BECTHBIMU JIJIsI CaMUX (PU3HMKOB, UTO, IO CYyTH, €CTh (POTOH WIIH 3apsil.

[To nayke «B aTomax OObBIYHBIX BelleCTB MO3UTPOHOB HET; OHU HAXOJSATCS B
COCTaBE 0CO00M KOPOTKOKHUBYIIEH CUCTEMBI — aToMme Tto3utponus» /M/. Emé B 1895r.
AKCTpaceHcaMu 3aUKCUPOBaH (DaKT MPUCYTCTBUS HEU3BECTHOM B Ty MOPY YaCTHIIHI,
COCTOSAIIEH U3 MOJIOKUTEIBHOIO U OTPULIATEIBHOTO aMepoB. BOT kKak omucaHo 3TO co-
eaunenue [18]. «/IBa amepa, MOJOXKUTENIBHBIA U OTPULIATENIbHBIN, OyIy4d MOMEIIEHbI
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HEJAJIEKO JIpYT OT Apyra, NPUTATUBAIOTCA U HAUYMHAIOT 00paIiarbes OJUH BOKPYT ApY-
roro, oopasysi HEMTpajlbHYl0, OTHOCUTEIbHO CTAOMIIbHYIO Mapy (B CTaTbe Ha3bIBAIOT
«MOJIEKYJIO» )».

Takass koMOMHAIMsI aMepOB MOTJIa OBITh MOXOXKEH Ha YacTUIly, OOHAPYKCHHYIO
M. Jlotiuem B 1951 1. DT yacTHIpl, HAa3BaHHBIC MO3UTPOHUI, TIPETIOTHOCST KaK «IK30-
TAYECKHUHA JETKUI aTOM, COCTOSIININ U3 3JEKTPOHA U TIO3UTPOHA, 00Ia1afoIIero oomen
maccoi 0,001097 a.e.m., paBHOW yJIBOEHHON Macce CTaHIApTHOTO 3JEKTpoHay. KopoT-
KO€ BpeMsl CYIIeCTBOBAaHMS MO3UTpoHUs, MeHee 1077c, 1 COMHHTENIbHAST Macca, HE paB-
Has IBYM MaccaM aMmepa, HE COOTBETCTBYIOT «MOJIEKYJie» 3KcTpaceHcoB. K »Toil ponu
OoJiee moaxoAUT MIOH. Macca MrooHa orieHuBaeTcs paBHoit 0,1134 a.e.M., yTo 6M3KO
K Macce 1Byx amepoB, paBHor 0,111 a.e.m. [TosBriiock coobmienue B 2020r. B xxypHae
®uszuk Pesro o penxom 1 Ha 10* ciiydaeB pacrnaje MoOHa Ha JIEKTPOH U TTO3UTPOH.

VY BeleCTBEHHBIX BOJIYKOB, AHAJIOTOB aMepaM, CYIIECTBYET JBa BpaIlCHUS: JIEBO-
CTOPOHHEE W MPABOCTOPOHHEE W B CIIydae MX CTOJKHOBEHHS TMPOUCXOIUT OCTAHOBKA
BOTYKOB. [IpM CTONKHOBEHHWH IBYX aMepOB C pa3HOHAIIPABICHHBIM BPAIICHHEM WX
CIIUpAIA MOTYT pa3pymiaThCsl (AHHUTHIIMPOBATH) C MEPEXOJOM OCTATKOB B HEIMPOSB-
JICHHYI0 cpeny d(upa, Bo30yKaas Mpu 3TOM B HEM BOJIHY, BOCIPUHUMAEMYIO KaK raM-
Ma-u3JIydeHre. MelKue 9acTh pa3pymeHHOTO aMepa MOYKHO OTHECTH K MCKOMBIM a0-
CTPAKTHBIM YaCTHIIaM HEWTPHHO ¥ AHTHHEHTPHHO, HO UX OOHAPYKEHHE CPEeIH IO-
JTOOHBIX KJ1acTepoB ahupa HEBO3MOKHO. TOr X morcka OyJieT HyJIEBBIM U €CJIH BbI/Ia-
€rcs akT UX perucTpaiyu, To 3TO JUO0 OCO3HAHHBIM 00MaH, Tu00 3a0IyKICHUE B pe-
3yJIbTaTe BO3JCHCTBUS Ha allllapaTypy WHBIX MPUYUH. DTHX YaCTHUII B TIPUPOJIE HET.

HelTpruHO ¥ aHTUHENTPHUHO BBIAyMaHHbIEC, HE CYLIECTBYIOLIUE YaCTHUILIbI, BBEC-
HUE KOTOPBIX NMOTPEeOOBANIOCh M3-32 HEOOXOJUMOCTH B PEaKLMIX pacnajga o0ecrneunThb
3aKOHBI COXPAHEHUSI SHEPIrUU U MOMEHTa UMITysibca. Ho 3TM mapameTpbl pacCUMTHIBA-
I0TCSI, ONEpPUpPYs HEBEPHBIMU MaccaMu (0 4€M HUXKE) M OMOOYHBIMHU (opMyIamMu
KBAaHTOBOM MeXaHWKH, TUNa E=MC?, kak 3kBUBaJICHTa Macchl U 3Hepruu. CKOpOCTh CBE-
Ta HE KOHCTaHTa YacTHI, a JHIIb NpeaeJbHas CKOPOCTb, IIPU KOTOPOUM YacTHUIA MOXKET
MMETh TAKYI0 KHHETHYECKYI0 SHepruto. PeanbHas KWHETUYECKasi SHEPTHUs SJIEKTPOHA B
peakiusx pacrnaaa ot 0 1o 750 k»B. CxopocTh M0JXKHA OLIEHUBATHCS, UCXOs U3 (hak-
TUYECKUX U3MEPEHNUI U OHA MHOTOKPAaTHO HUYKE CKOPOCTH CBETA,

CprKTypbl aTOMOB XUMHYECCKHX 3JICMECHTOB.

Mexny coctosHueM matepuu ypoBHS E-1 u marepuu B ra3000pa3HOM BHUIE CY-
IIECTBYIOT TPU YPOBHSI TPOMEKYTOUHBIX coctosinuii ¢ E-2 no E-4. Coctosaue dusnde-
CKOM Matepuu Ha ypoBHe E-2 npuBeneHo Ha puc.4, B3siToM u3 padotsl [18]. Heckonbko
KOMOMHaIUK Map aMepoB ¢ UHJIEKCaMu 1 — V U JBUKEHUE B HUX MOTOKOB 3(pupa npuse-
JIeHO Ha puc.4.
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Puc.4. KomOuHanmm amepoB, HaXOIAITUXCS B OJTHOM o0oouke Ha E-2.

«Tema Ha E-2 n1eMOHCTPUPYIOT MHOKECTBO XAPAKTEPHBIX, CAMBIX IPOCTBIX KOM-
OWHaIUiA, TJIe aMephbl, TOKa3aHHbIE B BUJIE CepJieuka, 00pa3yloT B OJHOM 000J0UKe MPO-
cTeire 00beAMHEHHS OT IBYX JO CEMH aMepoB U He Oosee. JIuHuu, Bceraa BXOas1IUe
B YIUIyOJIEHHE U UCXOJSIINE U3 BEPIIMHBI aMepa, MOKa3bIBAIOT PE3yJIbTUPYIOUIUE MTOTO-
KU CHUJIBL, TaM K€, TJi€ JINHUHU, BXOJIIeH B yriayOseHue, He UMEeTCs, SHEPTUs BIMBAET-
Csl C aCTPAJIBHOTO YPOBHSI; KOI1a OTCYTCTBYET JIMHUS, UCXOJAIIasl U3 BEPIUMHBI, SHEP-
I'Msl ICYE3aeT B aCTpaJIe; MECTA, HAXOASIIHUECS BHE aMepa, Yepe3 KOTOPhIE SHEPTHS BXO-
JUT ¥ BBIXOJUT, IOMEYEHbI TOUKaMuy». JIMHUM CUIIbI MOTYT OBbITh 3aMKHYTBI B CTPYKTY-
pe, Ha MoJo0Me MAarHUTHBIX CUJIOBBIX JMHHM, CBSA3BIBAIOLIMX IOJIIOCa Maruura. Jlua-
rpaMMbl MPEACTABIIAIOT TPEXMEPHBIE 0OBEKTHI U aMepPbl HAXOAATCSA HE B OJHOM IJIOCKO-
ctu. Kaxnoe Teno okpyXeHO BUIUMOM KIETOYHOW CETKOM, cepoil WM OBaJOM, CO-
3IaHHBIX JIABJICHUEM Tejla Ha OKpYKarollyto mareputo 3¢dupa. Tena Bpamarrcs, Ky-
BBIPKAIOTCSI, 0ECKOHEYHO CTAKUBAIOTCA APYT C APYTOM, MEUYTCs TyAa — CIOJ1a MO MpHU-
YrHaM, KOTOpbIE HE ONpeAeNeHb». Bee 3Tu Tena HaxonsaTes B cpeae a¢upa v, BUIUMO,
UCIIBITHIBAIOT Xa0TUYECKOE JBMXKEHHE B HEM Ha M0J001ue OpOYHOBCKOTO JBUKEHUS.

Ha ypoBnsx E-3 u E-4 marepust umeet 6oJiee CIIOKHbBIE TPYMIIOBbIE KOMOWHAINH,
KOTOpbIE TaKke MpHUBOAATCS B padorax [18,19]. DT rpynmsl 00pa3oBaHbl OT GopM
MEepBOM AE3UHTErPALIMM XUMUUYECKUX aTOMOB. ['pymiibl paszieTarorcs, IpUHUMasi pa3Ho-
oOpasnbie GopMbl, 00JIEe UIIN MEHEE TeOMETPUUYECKUE. DT KOMOWHAIIUKA MOTYT, KaK U
matepus ypoBHs E-2, cymectBoBath camocrositenibHo». Couetanust TpéX u Oojee ame-
POB MOTYT B IIEJIOM OBITH MOJIOKUTEJIbHBIMHI, HEHTPAJIBLHBIMHM UJIM OTPUIIATEILHBI-
MH B 3aBUCHUMOCTH OT KOJIMYECTBA aMEPOB C “3apsiioM” + WK — U UX B3aUMHOUN OpUEH-
tanuu. Ecnu B rpyIine paciuMpeHHbIe YaCTH aMepOB HaIPaBJI€HbI K IIEHTPY — CTPYKTY-
pa IMOJIOKUTEIIbHA, €CJIA OT LEHTPA — OTPULIATENIbHA.

CroBa MoOJIOKUTENbHBIN (+) ¥ OTpULIATENLHBINA (-) UCIOJIB3YIOT B UX XpEeCTOMa-
TUHHOM 3HAYEHUH, HO JI0 CUX MOp HE OOHAPYXHJIM HUKAKMX MPU3HAKOB, TIO0 KOTOPHIM
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XUMUYECKUH 2JIEMEHT MOYKHO OBLJIO OBbI Cpa3y OINpPEeAeIUTh MOJOKUTEIbHBIN OH WU OT-
punatenbHbid. TOMBKO U3 B3aMMOACUCTBUN. DNEKTPUUYECKUE COOTHOIIECHHUS SJIEMEHTOB
HE SIBJISIOTCS a0COJIIOTHBIMM, a H3MEHSIOTCS B 3aBUCUMOCTH OT COCTOSIHUS COETMHEHUH,
B KOTOPOM OHM CYHIECTBYIOT. Tak 4TO pa3fAennuTh XUMUYECKUE JIEMEHTHI IO JJIEKTPHU-
YECKOMY CBOWCTBY HEBO3MOKHO. CyIIECTBYIOT BEHIECTBA, Y KOTOPBIX MPOSBISIIOTCS
JIBOVICTBEHHBIE CBOWCTBA, HAIPUMEP, METAIUI U HEMETAIUT. K HUM OTHOCATCS, Hanpu-
Mep, aTIOMUHHM, IIUHK, 0J0BO, CBUHEL, Oepmunii, XxpoM. PaccMoTpenue cTpykTyp He-
KOTOPBIX aTOMOB HAYHEM C CAMOT'0 MPOCTOI0 XMMHUUYECKOT0 3JIEMEHTA — BOJOPO/IA.

Bogopoa (*H). DkcTpaceHChl ucceoBald MEPBBIM BOJAOPOJI, KaK CaMblid IMPO-
CTOM aToM, KoTopoMy ToJibko B 1933r. xumuk I'. FOpu nan HazBanue — npoTuid. « AToM
nmpoTust Ha ypoBHe E-5 mpencrasiser coboii oBalbHBIN, siilieo0pa3Hoi popMbl chepo-
ua. AToM cocTouT u3 18 amepoB, 0003HaYEHHBIX 3HAKAMU — WK +. OHU pa3MelIeHbI B
IIECTH HE OJIMHAKOBBIX MAaJIEHbKMX C(HEpPUYECKUX Tejax,
HaXOJIAIIMXCS BHYTpHU cdeponsia, Kak MOKa3aHO Ha puc.S.
Kaxxnioe Teno coaepkut mo Tpu amepa. B uetbipéx cdepax
TPU aMepa pacIoIOKEHbI B yIilax TPEYTOJIbHUKA, & B IBYX
— IO IPSAMOM JIMHUHU. DTUM TpHaaam JaHbl cuMBOJbsl H3 —
tpeyronbHas U H31 — nuneitHas 1 uaeHTuQuKalum mno-
NOOHBIX CTPYKTYp B JApPYruX, OOJee CIIOXHBIX aTOMax.
Cdepsbl ¢ TMHEMHO PacHON0KEHHBIMA aMepaMU SIBJITFOTCS
MOJIOKUTEIIbHBIMM, & COJEPIKAIUE TPEYroJIbHUK — OTPH-
nareabHpIiMU. Cdepbl 00beUHEHBI B JBa YCTONYMBBIX
TpeyroibHuKa. OAUH TPEYroyibHUK U3 9 amepoB mpu-
3HAH MOJOKUTEIBHBIM, T.K. B HEM D TOJIOKHUTENbHBIX U 4
oTpulIaTeIbHBIX amepa. [dpyroii, Toxxe u3 9 amepoB ¢ 5
OTPULIATEIILHBIMU U 4 TIOJIOKHUTEIbHBIMU, TIPU3HAH OT-
pUIATEIBHBIMY. JTH TPEYTOJbHUKH B3aUMOCBSI3aHbI, HO MPU 00BETUHEHUN C IPYTUMH
aToMaMH KaKJaasi TpeyroyibHas (popMa MOXKET CTaTh CaMOCTOSTENbHOWU. CTPYKTYpbl
JTUCCOIMAalNK TPOTUsl Ha ypoBHAX OT E-4 no E-1 mpuBenens! Ha puc.l. XuMuueckux
aTOMOB C MEHBIIEH Maccoil, 4UeM y MPOTHsl, KAK U C MEHBILIUM COJAECPKAHUEM aMEpPOB HU
AKCTpPACEHCAMU, HU XUMUKaMU HE 0OHAPYKEHO.

HYDROGEN

Puc.5. CtpykTypa npotusi.

B 3eMHBIX yC10BHSIX HET aTOMapHOro nporusi. OH CylEeCTBYET TOJBKO B CO-
cTaBe MOJIeKyJ. B aTomapHOM BuJe NpOTUH HAOJIOMAETCS B YCIOBHSIX KOCMOCA, TJE
€My TPYIHO HaWTh mapy. HepaBHOMepHOe pacmpeneneHne amepoB-3apsoB B aTOME
JOJDKHO CO37aBaTh SJCKTPOHHBIN AMMONbHBIH MOMeHT (D/IM), dem o0OBSICHAETCS
CTpPEMJICHHE TPOTHUSI K OOBEAMHEHUIO C IPYTHUMHU aTOMaMH B BHUJIC YCTOWMYUBBIX MOJIC-
kyJ. I[lo Hayke atom npotus He umeeT DJIM. U 3T0 yTBEepk’IAEHUE HE COOTBETCTBYET
(dakTam. MarauTHbI MOMEHT paBeH mMaraetony bopa (p) =9,27x107** J»/Tn u cuura-
10T, YTO OH OOYCJIOBJICH CIIMHOM JJICKTPOHA, KOTOPOTO, KaK BUIMM, B aTOME MPOTHUS
HET.

Beiie onucana onHa u3 Mogudukanuii aroma npotus. «Bropas moauduxanus
BBISIBUJIACH TIPU HAOJIIOICHUU 3JIEKTpoJii3a Bojbl. Korjga OuHapHOoe coeuHeHre pasia-
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raeTcsi SJEKTPUYECKUM HaANpPsDKEHUEM, JIBAa 3JIEMEHTA CO3/AI0T «TOK», MPOSBISAACH Ha
Pa3HbBIX MOJIOCAaX. DIEMEHTBI, KOTOPbIE BEICBOOOXKAAIOTCA Y OTPULATEIBHOTO TOJIIOCA,
HA3BIBAIOT JJIEKTPOIIOJIOKHUTEIFHBIMUA, a BBICBOOOXKIAIONIUECS Y TOJIOXKHUTEIBHOTO,
HA3BIBAIOT 3JIEKTpooTpHulateabHbiMu. B cheponanoit monekyne H:O ogun atom mpo-
THSA COOTBETCTBYET OMMCAHHOMY, a BTOPO MMEET AeCATh IOJOXHUTEIbHBIX U BOCEMb
OTpHUIATENBHBIX aMepoB. OJMH aTOM UMEET MEePBYI0 MOAM(PHUKAIUIO, a BTOPOH — Jpy-
ryto. 9ta MoaudUKalus CUIBHO MOJNIOKUTEIbHA. [Ipu 35eKTposan3e BOAbI MOT0KUTEIb-
HbIC MOHBI MPOTHS MPUTATUBACTCS K OTPULIATEIILHOMY DJIEKTPOAY, Iie 00bETUHSIOTCS B
HEUTpasbHbIE MOJIEKYJIBI Bojopoaa». O6a aToma npoTus B BojJe nojoxkurenbubl! [1po-
TUA B mape oOpasyer moJgekyiay Hz, xoTopas sBIs€TCS CUIBHBIM JIHaMarHETUKOM.
Nmenno monekyny Hz Hy>KHO Ha3pIBaTh BOAOPOAOM, KaK MPOU3BOJIHYIO (POXKIEHHYIO)
OT Ha3BaHUS BOJABI, @ aTOM — MpoTHeM. «B cTabWiIbHON MOJIeKyJie BOJIOPOJa aTOMBbI
MPOTHUSL OCAMHU BPAllleHUs 00pa3yloT NPSAMOM YroJl OTHOCHTEJIbHO APYT APyra.

Moekyna Boabsl mojspu3oBaHa. He mmeeT MarHMTHOrO MOMEHTa. BemwmumnHa
O/IM pasna 1,854 Jle6as (1 nebait ~3,33564x1073°Kn M), 94T0, BUIUMO, U SIBISETCS
MPUYHHON 00pa30BaHUs B BOJIC JKUJIKHX KPUCTALIOB C COECP)KAaHUEM B HUX OT €IMHUII
70 COTEH MOJIEKYJ, U MX KOJUYECTBO BIUSCT Ha KPUCTALIUYECCKYIO PEIICTKY JIba U
y30p CHEXKMHOK, a TAaK’KE€ Ha Ka4eCTBO BOBI, HA3BIBAEMYIO «KUBOW» B «MEPTBOMN.

B ¢usuke arom Bogopona (pakTHUECKH MPOTHUS) CUUTAETCS HEUTPAJIbHBIM, CO-
CTOSIILIUM M3 SIAPA, B BUJIE OJHOIO MPOTOHA, U OJHOTO 3JIEKTPOHA, BPAIIAKOLIETOCs BO-
KpyT npotoHa. Ilapasokc B ToM, 4TO HH MPOTOHA B BHJE AAPa, HA YJIEKTPOHA, Bpa-
HIA0LIerocsi BOKPYT s/ipa, B aroMe npotust Het! Hukakux yacTuil MeHblIe aMepa B
cocrtaBe atoMa He HaOmonaercs. Her B aTome nmpu3HAKOB NPUCYTCTBUA (POTOHOB.
BuayTpu aroma HaxomuTcs Be3necymiuil dpup, sIBHO MPOSBISIOMIUICS B 000J0YKaX U
cnupayisax amepoB. Konebanus cnivpaneil aMmepoB, BUOpalusi KOTOPbIX nepeaaétes a¢u-
Py, CO31AI0T HANPABJIEHHBIE BOJIHBI, BOCIIPUHUMAEMBIE KaK U3JTyYEHHUE.

Macchbl 2JIEMEHTOB aTOMA.

[IpoTuii Mo ONPENEHEHUIO HE COAEPKUT HEUTPOHOB M, 3HAsI KOJIMYECTBEHHBIN CO-
CTaB aTOMa, JIETKO YCTaHOBUTh MAacCy €ro KOMIIOHEHTOB, MCHOJb3ys BHECHCTEMHYIO
aTOMHYIO €IUMHUIy Macchl — a.e.M. OHa, KaK 3TaJlOH, CUUTAETCS] TOUHOU (PU3UUYECKOM
BennunHo. 3a 1 a.e.M. ¢ 1961r. mpunsta 1/12 maccel JErKoro cBOOOAHOIO M30TOMA
yriepojaa *2C). Hogas a0COITFOTHAS Macca 1 a.e.M., paBHas
m,=1,66053906892x107*r., yctanoBieHa MexayHapoaHbiM KomuTeTroM B 2022r.
/Mutepuer/. OTMeTnM, 4TO 3HadYeHHE a.e.M. oOHOBisieTcss komutetom CODATA, mo-
CKOJIbKY 3aBUCHUT OT HEMPOCTOM 3aJjaui — TOUHOTO U3MEPEHHS MOJIIPHON MaccChl U TOY-
HOTO TOJICYETa KOJMYECTBA AJIIEMEHTOB, CO3JAIONIMX STy Maccy — dmcia ABOTrajipo,
3HaueHue kotoporo N=6,02214076%10* monb ' yrBepxkaeHo B 2019r. Cuuraem, uro 1
a.e.M. B TpaMMax OIlpeieJieHa BEPHO. ITO OOCTOSITETLCTBO TO3BOJISIET pacCunuTaTh Mac-
Cy JIF000T0 aToMa, 3Hasi KOJIMYEeCTBO aMePOB, BXOIAIINX B €ro cocTaB. Vmu onpenenuTs
KOJIMYECTBO aMEPOB 10 N3MEPEHHON Macce aroma.
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Atom yraepoaa *C no mojacuéram dKCTPACEHCOB COCTOUT POBHO U3 216 amepos,
a 1/12 gacte cocrapnsier 18 amepoB u mpotuii comepxkut 18 amepon. CienoBarensHoO,
Macca MpOTHs paBHA TOYHO ATATOHHOMY 3HadeHUI0 Mp=1,660539%107* r. wim 1 a.e.m.
HaxonuMm abcoroTHYI0 Maccy amepa: M,= My, /18=9,225217%107%¢ r. Eciin runoreTu-
YEeCKHUE JIEKTPOH U TO3UTPOH SIBIISIIOTCS] aMepaMu, 3HAUUT Macca 3JIeKTpOHa M. U Macca
MO3UTPOHA My, paBHBI U cooTBETCTBYIOT 0,0555 a.e.m. Ilocie Toro xak MusmkeH B
1909r. ompenent BenmumuuHy 3apsaa nekTpona €=1,602x107"° Kn (1K =6,2415%x10'®
3apsiiaM 3JIEeKTPOHOB), TOMCOHOM M3 M3MEPEHHOW MM BEJIUYMHBI YICIBHOTO 3apsia
e/m=1,76x10"Kn/kr, Obula ycCTaHOBJIEHa Macca IOKOSIIETocs 3JICKTPOHA, paBHas
mM¢~9,1093837%1072%r. Macca amepa-3iekTpoHa oka3biBaercs B ~101 pa3 Gosbiiie, yeM
y “KJlaccuyeckoro” anekTpoHa. Takas pa3HuIla, BO3MOXHO, BbI3BaHA CIEIYIONUMU (Du-
3UYE€CKUMU TPUUUHAMH.

He BepHO 3HaUeHUE yAEIBHOIO 3apsiaa, ycraHoBieHHoe TomconoM. HetouHna Be-
JUYMHA CaMOTro 3apsija, MOCKOJIbKY B 3KCIIEpUMEHTE MHIJIMKEHAa HE YUYUTHIBAJICA JIM-
MOJIbHBIA MOMEHT MOJIEKYJl Macila U, BO3MOKHO, UHbIE (pu3nyeckue (pakTopbl. AMep-
3JIEKTPOH He uMeeT “3apsiga”. OH BTATMBAET U MPOITyCKAaeT yepe3 cedsl MOTOK 3upa,
KOTOPBIN aCCOLIMUPYETCS C DJIEKTPUUYECKUM II0JIEM, a B3aUMOJICHCTBHUE IOJEH amepa-
AJNIEKTPOHA M MOJOXKHUTEJIBHOTO MOTEHIMala HAPsHKEHUs, CO3AaHHOrO APYTUM TOJIEM,
MOET OBITh OIIEHEHO HEBEPHO. DTH MPUUYUHBI TPEOYIOT OTIEIBHOIO PACCMOTPEHUS.
Bennunnaa camoro “3apsiga” Hy»KIaeTcsl B yTOUHEHUHU.

Ecnu mpoToH cuutath coctosiimuM u3 17 amepoB 06e€3 amepa-aJieKTpOHa, TO €ro
Macca mM,= M,x17=1,568286x107%*r., a otHOUIEHNE Mp/M,=17. B dusuke u xumMuu ot-
HOIIICHHE MacChl MPOTOHA K Macce 3yiekTpoHa M,y/m.=1836,152. Y auBuTensHO, HO 3TO
3HAYECHHE HAyKOM HUKAaK HE KOMMEHTHUPYETCS, MPOCTO IPU3HAHO KOHCTaHTOM. Ilpwm
HAy4YHOM OTIPEJEIICHNN MacChl TPOTOHA B3sSITa HE KOHKPETHO Macca MpOTHs, a Macca
aToMma “Bogopona” paBHas 1,673529x10724r. Macca aroma “Bojiopoja” 3aBEOMO BBbI-
I1Ie, TTIOCKOJIBKY SIBJIICTCS CpeAHEeB3BelIEeHHOM Maccoil BCeX M30TOIOB BOJOPOA, TO-
ATOMY MPU3HAHHASI Macca MPOTOHA 110 OTPEICIICHUIO HE BEpHa.

VYBepsIoT, 4TO Macca MPOTOHA U3MEPEeHa TOYHO METOJ0M OTHOCHTEIHHOTO B3Be-
MIMBaHUS 3apsDKEHHBIX YAacTHIl B AJICKTPOMArHUTHBIX JOBYIKax W paBHa 1,007276
a.e.M. wn 1,6726219%107**r. Ecnu BenuunHa 3apsijga HEBEpPHA, TO B3aUMOCBSI3aHHAs C
Hel macca mpoTtoHa Toxke Oyzaer ommOouHor. KapaunanbHasi ommOKa, BOZHUKAIOIIAS
IpU YCTAHOBJICHHH MAacChl JJIOOOTO aromMa XHUM. 3JIEMEHTa, UCKyCCTBEHHO 3aJI0’KEHA B
MIPUHITUTT HAXOXKJEHUs MacCc. JTO HarJIAIHO BUIHO Ha mpumepe aroma yrieponaa. Co-
rJalleHueM MPUHSITA BEIMYMHA a.e.M. Kak 1/12 Macchl aToMa TOJIbKO M30TOIa yriepoaa
12C. OnHako, BO BCEX CIPABOYHMKAX W HAYYHBIX CTAThsIX Macca aroMa yrjiepojia Bblaa-
érca kak paBHas 12,011 a.e.m. OHa siBisieTCsl CpeAHUM 3HAUYEHUEM H30TOIOB yTJIEpoa,
BCTpeYaronumxcs B npupojae. Jis BceX MpUPOIHBIX aTOMOB, PHUBEAEHHBIX B TaOIUIIE
Menpeneesa, 3Ha4eHHE MAcC PacCYMTAHO MOJOOHBIM 00pa30M, YTO MOXKET MPUBOIUTH
K OIIMOKaM.
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dakTHUeCcKH Macca NPOTOHA, KAK U Macca HEUTpOHa JEKIapUpOBAaHbl U HAXOAT-
Csl MyTEM BBIYMTAHMS COMHUTEIBHON MAacChl 3JIEKTPOHA U3 HEBEPHOI MacChl aTOMa BO-
J0pO/a, YTO MPUBOAUT K HENPABUIBHBIM OLEHKAM HE TOJIBKO MAacC aTOMOB XUMHUYECKHX
3JIEMEHTOB, HO U HECYIIECTBYIOUIETO B pealbHOCTH JedekTa Macc. B mobom ciyuae
BOIIPOC, CYIIECTBYET JIM MPOTOH Kak (pyHIaMEHTaJlIbHAas YacTHUIla CO CBOMCTBAaMH, JaH-
HBIMH €My HAyKOW, W YTO MOTYT pEajbHO MPEACTaBIATH COO0l MPOTOH M HEUTPOH,
OCTAETCSI OTKPBITHIM?

Heiitepuii (D). OTKpbITHE U ONKCAHHWE OYCHBb PE/I-
KOI'0, CBETSIIEroCcs ra3a ¢ aroMaMu I0J] Ha3BaHUEM AJbsi-
puii, 66110 onyonukoBano B 1932 r. B 1931 roay I'. IOpu
OTKpBLJ CTaOMJIBHBIN aTOM, Ha3BaB e€ro aerepuii. OH co-
OTBETCTBYET AIbSIPUI0. «ANbApUNA UMEET C(HEepUUYECKYIO
dbopMmy coepiKallyro aMepbl, KOTOpble 00pa3yIoT JABa TET-
parapa — ¢opma TPEyroiabHOW MPU3MBI HA TPEYTOJIbHOM
OCHOBaHUH, KakK MOKa3aHo Ha puc.6. YeTsipe rpynmsl mo 3
amepa (4x3=12), pacnonararoTca B YETBHIPEX yriax
oxHoro Tterpasapa (unaekc Ad12). 3xmech BHEPBBIE  pyc 6 CTpYKTYDa neiTepus
BCTpEYaeTCsl TETPAdP, KKl YroJl KOTOPOro 3aHsT
NPU3MOBUIHON Tpymnmoid m3 6 amepoB (4%X6=24), oOpa3ylomMX BTOPOW TETPadIp
(Ad24). Ilpusma Bparaercss ¢ OrPOMHOIM CKOPOCTBIO BOKPYT CBOESH MPOIOJLHON OCH U
BBITJISJIUT KaK CUTapa WM KapaHjaill, 3aTOYeHHbIH ¢ 000UX KOHIIOB. JIBe cUrapel nme-
10T MOJIOKUTEILHBIN 3apsl, a 1Be — OTpullatenbHbii. [Ipu3ma, no-suagumMomy, obianaer
BBICOKOU CTETEHbIO MOCTOSHCTBA, MOCKOJIBKY 3Ta MpU3MaTudeckas opma B TeTpalrape
BCTpEYaeTCs B IPYTUX aTroMax, Hampumep: 16 TeTpa’apoB B 30510Te, 2 B Teuu-4, B TpU-
THH, BO BCEX MHEPTHBIX ra3ax, MEIu, OJIOBE, ypaHe, U B JAPYyrux atomax. B peiltepun
aMepoB POBHO B 2 pa3a OoJible, 4yeM y atoma npoTus. Beero 12 + 24=36 amepa.

[To Hayke sapo aeiTepust — ASHTpoH, o Macca paBHoe 2,013553 a.e.m., cocTout
13 HYKJIOHOB - MPOTOHA U HeliTpoHa. Hu kilaccuueckrx MpOTOHA M HEWTPOHA, KaK U
3JIEKTPOHA B CTPYKTYpE aToMa ACWUTEpPUs BBIACIUTH HENb3s. JledTepuil mpeacTaBisieT
HMHTEpEC B MPAKTUYECKOM ILJIaHE, OCOOEHHO MOMBITKOW HC-
MOJb30BAHUSL €r0 B TEPMOSIACPHBIX YCTAHOBKAX, MOATOMY
0CTaéTCcs aKTUBHOM TEMOMW HCCIEeOOBAaHUN U MOKHO HaJIesITh-
csl, 4TO JaHHas uHpopmalms o HEM OyJeT He HampacHOU U
BOCIIpUHSTA HUBHKAMHU.

Tpuruii CH). Ha6mogarenun emé B 1895r. mccnemno-
BAJIM aTOM, Ha3BAaHHbBIA OKKYJbTHH, U CUYUTAIU €r0 HHEPT-
HbIM ra3om, noka B 1907r. He oTtkpwsun renuid. Toapko B
1934r. ObuT OTKPBIT aTOM, MO MAacC€ CXOXKUU C OKKYJIbTHUEM.
Nwm oxazancs tputnil. CTpyKTypa OKKYJIbTUS NPHUBEICHA Ha
puc.7. B HEM TIJIaBHBIM SBIETCS TETPAdAp, AHAJOTHYHBIN
Ad24 «Han tetpasapom HaxoauTtcs ¢urypa B (dopme
BO3IyIIHOTO mapa u3 9 amepoB, chopMUpOBaHHAS, TIO-

Puc.7. CtpykTypa TpuTHS.
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BUJAMMOMY, IIPUTSDKEHUEM TeTpasapa. Teso moa TeTpa’apoM BBIMIAUT KaK KaTyLIKa C
JIECKOM B BHJIE IIJIOCKOTO KOJIBLIA, PACIIOIOKEHHOIO HAKIOHHO M coJeprkalero 15 ame-
poB. B HéM cunia HampaBieHa OT OCHOBAHMsI OJHOTO amepa K BEPIUMHE CIENYIOLIETO,
o0pa3ys koiblLo. J[Be ManeHbkue cdepsl coaepkat kaxaas Tpumier H3. B arome tpu-
THA Bcero 54 amepa». ATOM TPHUTHS 11O HAyKE B LEIOM HEUTPAJIEH, COCTOUT U3 MPOTO-
Ha, IBYX HEHTPOHOB U OAHOI0 3JIeKTPOoHA. Hu NpoTOHA, HU BpallaroIEerocs MeKTpo-
Ha, HU HEUTPOHOB B TPUTHH HET.

[Ipu3HAIOT CyIIECTBOBAHUE TPEX “U30TONOB” . MPOTHIA, AeTepHUH U TPUTHIA, CO-
CTaBJISIONIMX TPYMIy aTOMOB IOJ OOIIMM Ha3BaHHeM Boaopoa. IIpusHaTh uzoTonamu
ATU aTOMbI HET OCHOBAaHUM. DTO OTHEIbHBIE, CAMOCTOSTEIIbHBIC, €CTECTBEHHBIE XUMHU-
YECKHE aTOMbl C OTIMYAIONIMMHUCS CBOMCTBAMH, HUMEIOIIMMHU TOJBKO OJIMHAKOBYIO
BHEIIIHIOI OBaJbHYIO ()OpMYy, HO pa3HOE BHYTPEHHHUE CTPOCHHE, Pa3HOE KOJIMYECTBO
CTPYKTYpPHBIX 3JIEMEHTOB, pa3Hble Macchl. OCOOCHHO OTIMYAIOTCS MX (PU3UYECKUE
CBOMCTBA: TeMIEpaTyphl IJIABJICHUS U KUTICHUS; INIOTHOCTHU B KUIKOM U ra3000pa3HOM
coctosiHuu. Mx HeoOxonumo nomectuth B [lepuoauyeckyro Tabnuily, HapsiAy ¢ Ipyru-
MU JTOJTOXUBYIIUMH, CTAOUIIBHBIMU aTOMaMU, KOTOPBIX CeHYac TOXKE BBIIAIOT 3a U30-
Tombl. Bo3MOXXHO TIpaBUJIbHEE aTOMBI C OJMHAKOBOW MaccOi M KOJUYECTBOM DJIEMEH-
TOB, HO C pPa3HbIMU CBOMCTBaMHU, CYUTATh M30TONMAMM COOTBETCTBYIOIIUX XUMHUYECKUX
AJIEMEHTOB.

OaHUM U3 TaKUX 3JIEMEHTOB SIBIISIETCS TeJIMi-3, HEU3BECTHBIM OKKYJIBTUCTAM, U
MIOATOMY CTPYKTYpHI €ro HeT. CUMTaeTCs, UYTO TPUTHUH, KaK TSHKEIIbId U30TOI BOAOPOAA
c mepuojoM moiypacnana 12,32 roga, pacmnagaercs ¢ UCIYCKaHUEM JJIEKTpOHA € U
AIIEKTPOHHOTO AHTUHEHUTPHUHO €., MpeBpaliasch B CTAOUIIbHBIN, HEUTPAIbHBIN, HE pa-
JTMOAKTUBHBIN Tenuii-3. J[oBooM mepexojia TpUTHS B IPYroe BEIIECTBO, SBISIETCS TI0-
SBJICHHE WHOTO Ta3a B 3aKPBIThIX EMKOCTAX, cojepkamux Tputuid. [lorpeburento He
BAXHO, KaK HA3bIBAIOT U U3 YETO COCTOUT MMPUMEHIEMOE Ha MPAKTUKE BEIIECTBO B BUJIE
renusi-3. JIJisi HEyKu BaXKHO YCTAaHOBUTH UCTUHY. | enuii-3, SKOObI, COCTOUT U3 2-X MPO-
TOHOB, O/THOT0 HEHTPOHA U 2-X JIeKTPOHOB. Kak omnpenenén coctas renus-3, €CIU OH
He BxoauT B [lepuomnyeckyro TabauIy, B KOTOPOM MO MOPSIKOBOMY HOMEPY CYIST O
KOJIMYECTBE MPOTOHOB Z, a MO OKPYINIEHHOMY JI0 IIEJIOr0 MAacCOBOMY 4uciy A, 3a BbI-
YETOM YKCJIa MPOTOHOB, ONPENEIOT KondecTBO HelTpoHoB N. dopMyna mosiBieHus
aToMa reyvsi-3 mpu pacrajie TPUTHs, PEICTaBICHHAsA B BUJIC!

H3He + e +e,,

BBI3bIBaE€T COMHEHHE. OMH HEUTPOH TPUTHSI PACTIAACTCs, 1aB BTOPOU MPOTOH U DJICK-
TPOH, BolIeAmre B aToM renus-3. OTKyaa B3sICS TpeTuid, yka3aHHbld B opmyie (1),
YJIETEBIIHM SJIEKTPOH, €CITU B T€IUU-3 MPUCYTCTBYIOT 2 3JIEKTpOHA?

BeposiTHee Bcero, CTpykTypa aToMa TPHUTHS W3MEHHJIACh 3a CUET TEperpyIu-
POBKH aMepOB 0€3 UCITyCKaHHsI YaCTHUI] M TPUTHI CTall HE paJHOAKTHBHBIM U C IPYTUMHU
¢bu3nyeckuMu CBoWcTBaMHU. TakoW BBIBOJ HAaIpalllMBaeTCsA MOTOMY, YTO Macca aroma
remms-3 = 3,016029 a.e.m. Macca tputus <3,016049 a.e.m. 'enwmii-3 mo macce u 1Mo Ko-
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JUYECTBY aMEepOB, paBHOMY 54, MpPaKTUUYECKU COOTBETCTBYET TPUTHIO U CYIIECTBEHHO
otnuyaetcss oT He-4 mo Koau4ecTBy amMepoB W Mo macce. [ 'enuii-3, BO3MOKHO, UMEeT
CTPYKTYpY, 4acTUYHO coBnagatouryro ¢ He-4, sBnsisich nepexoaHbIM aTOMOM OT TPUTHS
Kk He-4. [lono6Hyto neperpynnupoBKy MOATBEPKIACT CTPYKTypa dIEMEHTOB, BO3HUKA-
IOLMX NP AMCCOUMANU TpUuTus ¢ ypoBHS E-5 Ha ypoBeHb E-4, npuBeaéHnas Ha puc.8
u3 [18]. [IBe cdepsl ¢ TpuIuieTaMu 0Ka3bIBAIOTCS BHYTPU KOJIbIIA, & BO3AYIIHBIN mIap ¢
9 amepamu ctai cepoil u MOT IEPECTPOUTHCS B OJIUH TPEYTOJBHUK MPOTHUS.

Puc. 8. Ctpykrypa 351eMeHTOB TpuTHs Ha ypoBHE E-4.

[To cBoiicTBaM renmii-3 cxox ¢ reaueM-4. OH Takxke HE 00pa3yeT MOJEKYJISPHBIX
COCIMHEHUI U HE BCTyMNAaeT B Kakue-I1u00 XMMUYECKHUE pPeakiuu. [ 1aBHOEe OTIMYne Te-
us-3 OT Tenusi-4 B TOM, 9TO Y HETO MHOTO HIDKE TEMIIEPATyphl CKIDKCHHS U 3aMep3a-
HUSI, 4YTO OKa3aJIOCh Ba)XHBIM TPU MPUMEHEHUU B HEUTPOHHBIX JETEKTOpax U B MEAU-
IIUHE.

I'enauii-4 - XUMHUYECKUI DJIEMEHT, BO3IVIABJISIONINN
rpymniy MHepTHbIX ra3oB B [lepuomnueckoit cucreme JI.H.
MenneneeBa. «ATOM Tenusi UMEET SULEBUAHYIO (hopMmy, B
KOpHE OTJIMYasiCh MO (OpME OT OCTaJbHBIX WHEPTHBIX Ta-
30B. CocTaB aTomMa reiausi COCTOMT U3 3JIEMEHTOB, BXOJIf-
X B MPOTUH W AeUTEepud M mokazaH Ha puc.9. Uersipe
AJIEMEHTa TeIusl TPENCTaBISAIOT JBa pa3fei€HHBIX Tpe-
yroJIbHUKa aToMa MpoTus W JBa TeTpa’dapa Ad24, kak y
nentepusi. B mieHTpe pacmonokeHo Teno, uMmeroriee Gopmy
oBasna. OBajn COCTOUT U3 ABYX c(ep, COAEpKALIUX TPUAIbI
H3. Terpas>apsl BpaiaroTcs BOKPYT LEHTPAIBHOTO OBa-
Ja, a TPEyroJbHUKH BPAIIAIOTCA CaMOCTOSITEIBHO, BO- Puc.9. Crpykrypa remus-4.
KpyT cOOCTBEHHBIX oceil. [lomoxuTenbHbIe — OJUH TET-
pasap Ad24 u oxHa TpeyroabHas CTPYKTypa HMPOTHS CBS3aHbI C OTPHUIIATEIIBHBIMU TET-
pPa’ApOM U TPEYTOJbHUKOM M Tenii-4 0Ka3bIBAETCS MOJTHOCTHIO COATAaHCUPOBAHHBIM TIO
“3apsmam”. ATOM cocTOUT U3 2 3ieMenToB Ad24, umeromux 48 amepos, + 2 Tpeyroib-
nuka mo 9 (2H31+H3)+(3H3), B cymme 18, + oBan u3 6 amepoB. Beero B arome remust
72 amepa. B 1ieHTpe reiust BIepBbIe MOSBUIOCH SIIPO, KOTOPOE C YBEIUUECHUEM B HEM
AJIEMEHTOB CIIYXKUT TE€M LIEHTPOM, BOKPYT KOTOPOTO COOMPAIOTCA CTPYKTYpPbI, 00pasy-
IOIIUE CIOKHBIE aTOMbI». [0 Hayke renwii cOCTOUT M3 2 MPOTOHOB, 2 HEUTPOHOB U 2
a1ekTpoHOB. Kak BUAMM, B CTPYKTYpe aToMa rejiusi-4 3TUX KOMIIOHEHTOB HeT.
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«Y OCTallbHBIX MHEPTHBIX Ta30B BHEWIHAA (opMa — IJIOCKas, LIECTUITy4YeBas
3Be3/a, Kak moka3zaHo Ha puc.1l0, B meHTpe KOTOpoil mATh
B3aWMOINPOHUKAOMMX TeTpadapoB Ad24. llentp HeoHa
comepxkut 5x24=120 amepoB. Snpy HEoHa JaH CHUMBOJ
(N120), Bokpyr xoToporo (GopMUpyeTcs 3Be3Ja - Xapak-
TEepHasi YepTa HEOHa, KaK U €ro MHEPTHBIX aHAJIOrOB: apro-
Ha, KPUNTOHA, KCEHOHa, pajoHa». OmnucaHue CTPYKTYp
MHEPTHBIX ra3oB JaHO B [19]. Y uHepTHBIX ra3oB HEeT MO-
JekyJa. Ou3uku OOBACHSAIOT 3TO MOJHBIM 3aMOJIHEHUEM
AJNIEKTPOHHBIX OPOUT, XOTSI aTOMBI HE COJEPKAT DJIEKTPO-
HOB. He o0beuHsI0OTCS OHM MeXIy co00H n3-3a (POopMBI UX

000JI04YeK U SIBHOM OTCYTCTBUHU Yy HUX DJIM B cTabuibHOM
COCTOSIHUH.

Puc.10. 3Be3nnas popma
WHEPTHBIX T'a30B.

«ATOMApPHBIX Ta30B CPEAU OCHOBHBIX KOMIIOHEH-

ToB armocdepsl HeT. Bee onn npeacrasiensl moaekyinamu Nz, Oz, Hz, CO:2 u3 Heno-
JSIPHBIX, HEUTPAJIBHBIX aTOMOB. POPMBI ATOMOB OCHOBHBIX aTMOC(EPHBIX Ia30B MpPHH-
LUIIAAJIBHO OTJIMYAIOTCS OT (JOpM aTOMOB B TpyIIax, KOTOPbIE OHU MOYEMY-TO BO3-
IIABJAIOT, pacronarasck B Tabnuue MeHneneeBa. OHM yHMKalbHBI 110 ()OpPME U IO
BHYTpeHHeMY cTpoeHuto. Hayka cuurtaer popmMy aTOMOB 3THX Ta30B cpepuyecKoi, He
JIUMOJIBHON U 00BACHAET 0Opa3oBaHHE MOJIEKYJ W3 HEUTPAJIbHBIX aTOMOB B3aUMHBIM
3all0JIHEHUEM BAJICHTHBIMM JIEKTPOHAMM WX BHELIHUX AJIEKTPOHHBIX 00O0JIOYEK, YeM,
AKOOBI, 00ECIIeUnBaETCs UX dHEpreTudeckas cTaOMiIbHOCTh. Takoe 0ObeIMHEHUE aTo-
MOB B MOJIEKYJIbl Ha3bIBalOT KOBAJIEHTHBIMU CBSA3SIMHU. UTOOBI yOEIUTHCS B OTCYTCTBUU
AJIEKTPOHOB U 3JIEKTPOHHBIX 000JIOUEK Y BCEX aTOMOB, PACCMOTPHUM aTOM KHCJIOPOJa,
MMEIOIIHM SIPKO BBIPAXKEHHYIO 0€3 3JIEKTPOHHYIO CTPYKTYDY.

Kucaopoa (*°0). «Atom raza (puc.2, cronder 2) npeacrapisieT codoit Ha E-5 Te-
JI0O CBOEOOPa3HOTO CTPOCHHUSI AILTUNICOUMAHON (popMbl. BHYyTpH HaxoauTcs CBEpHYTOE B
crupalib 3MeeBUAHOE 00pa30BaHUE, IPEACTABIIAIONIEe COOON ABOMHYIO CIIUpailb U3 HE-
3aBUCUMBIX TMOJIOKHUTENbHBIA U OTPULATENbHBIA cnupanein. Cnoupanu BpallaroTcs BO-
KpyT o0111eil ocu ¢ OOJIBIION CKOPOCTHIO B MPOTUBOIOJIOKHBIE CTOPOHBI, IEMOHCTPUPYSI
HETPEPHIBHYIO TIOBEPXHOCTh. Ha Kak/ioM rpeOHEe MONOKUTEILHON CIUpAd CHUSIET sip-
KU JTUCK, KOTOPBIX TSATh B criupaiu. Ha oTpunatenbHON crivpanu 5 AUCKOB Pacmosio-
YK€HBI BO BIIQJWHAX [0 OTHOIIEHUIO K IMOJIOKUTEIIbHOW cripainv. Kaxaplid JUCK coaep-
UT 110 CEMb AMEPOB, HO OHU MO-PA3HOMY YCTPOEHBI; B MOJOKUTEILHON 3MEUKE B JUC-
KE aMephl PacIioioKEHBI B OBaJie, a B OTPUIIATEIILHON B BUJIE 3arjiaBHON OykBbl H. O1n
3MENKH JIEMOHCTPUPYIOT HEOOBIYAHYIO0 aKTUBHOCTD KPYTACH, CKUMASICh U CBOpAYMBa-
ach cnupainblo. IlonoxutenbHas 3Meiika colepX UT 55 cdep mo 2 amepa B KaxKIOM,
IUTIOC 5 TUCKOB 10 / aMmepoB, Bcero B cnupanu 145 amepos. Ilocuuranu, 4to oTpuIla-
TeJbHas 3MEHKa M0 CBOEMY CTPOCHMIO aHAJIOTUYHA TIOJIOKUTEIIbHON U TaK)Ke COJEPIKUT
145 amepoB. ATOM KHCIOpOAa COCTOMT M3 2 cnmpaJjei, cojepxkamux B cymme 290
amepoB. OHaKo, U3MEPEHHAsl Macca aToMa KUCI0poAa TaKOBa, YTO OH Kak Obl JOJIKEH
conepxath 288 amepoB, Ha OAHY c(epy MeHbIIIE B Kakoi-To u3 3Meek. Hukakux op-
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OUT ¢ 3JIEKTPOHAMH M S/Ipa ¢ HYKJIOHAMHU B aTOMe KHMCJIOPOJAA OJHO3HAYHO HeT!
[Tpunstas B 1932r. npoTOH — HEHTPOHHAN MO/eJIb SI/IEP AaTOMOB OKA3bIBAETCS SIBHO
OIIMOOYHOM.

«CnupanbHasi CTPYKTypa aToMa KHUCJIOpOAa MPU HOPMAJbHBIX YCIIOBHSX Mpe-
cTaT Kak cBepkaromias Oenas macca. Ho xorma atom pasnmensercs Ha JIBE 4acTH, C Tie-
PEX0JIOM 3JIEMEHTOB Ha ypoBeHb E-4, TO MojoXUTEeNbHAS YaCTh MPUHUMAET KPaCHBIN
IIBET, a OTpHUIIATENIbHAs — CHHUI». DTO MHTEPECHBIN (PakT, KOTOPHIA MOJO0CH paHee
M3BECTHOMY M OIMMMCAaHHOMY XMMHUKOM-CEHCETHUBOM PeiixeHb6axoM (akTy, UTO CEBEPHBIM
MOJIIOC MAarHUTa CBETUTCS CHHUM, a I0KHBIM — KPAaCHOBATO-)KEJITBIM CBETOM. 3HAYUT
KHCJIOPOJ SIBHO 00J1alaeT MarHUTHBIMM CBOMCTBaMH. IMEHHO CIMpalieBUAHOE 3MEEIo-
n00HOE Teno MpUIaéT MOJIEKyJie KHCJIOpPOJa MOIIHBIH MarHUTHBIH MOMEHT, KOTOPBIH
MPOSBIISICTCS B MapaMarHUTHBIX CBOMCTBAX, MO3BOJISIIOIIMX KUCIOPOAY B KUJIKOM BUJIC
MPUTATUBATLCA K MAarHUTY - K OJHOMY M K Jpyromy noJirocaM. [lelicTBue cuii, y4acr-
BYIOIIIMX B 00pa30BaHUM aTOMa KHUCJIOPOJAa M MPOTEKAIIMX B HEM, OoJjiee MOAPOOHO
omnucaHo B [19].

Kak ycTaHoBieHO, KUCIOPO, KpoMe aroma '*Q, umeeT 1Ba cTaOUIIBbHBIX U30TOIA
70O u 0. 1o Hay4yHBIM JaHHBIM Macca u3oTona kuciopoaa 'O pasna 16,999 a.e.m.,
410 cooTBeTcTBYeT Macce 306 amepon (16,999%x18=306), a u3oron *0 ¢ maccoii 17,999
a.e.M. umeeT 324 amepa. GaKTHUUECKH ATO OTICIbHBIE aTOMBI CO CBOEH CTPYKTYpOMl U
oTnuyaronuMuca maccamMu. CHOBa BOSHUKAET BOMPOC O KPUTEPHUSAX NMPUCBOCHUS aTOMY
WM MOJIEKyJie poiib u3oToma. Mornekyna kuciopona Q2 oOpa3zoBaHa ABYyMs aTOMaMu
uzorona '*Q. Kak cumraercs, CymiecTByeT ajuIOTpPONHAasi MOAUGUKAIUS KUCIOPOTHON
MOJIEKYJIbI, COZIeprKalasi Tpu aToMa KUCJIOpoJa — 3TO 030H. B Xumudeckoil Hayke Tep-
MUH «aTOM 030HA)» HE CYIIECTBYET, TaK KaK CUMTAIOT O30H TPEXATOMHOU MOJEKYJIOU
U3 aTOMOB KHCIIOPO/Ia, 9YTO MPOTHBOPEUYUT OKKYJIBTHBIM HaOmtoaeHusM. [ e uctuna?

O30H - HecTaOWJIBHBIN, OBICTPO pa3pyIIAOIIUICS Ta3, COAEPKUT KOMIIOHEHTHI
CTPYKTYpbl kKuciaopoaa. [1o OKKyJIbTHBIM JaHHBIM « XHUMHUYECKUM ATOM 030HA BBITJISIUT
KaK CIUTIOCHYTBIM cepous. OH COCTOUT U3 IBYX ‘“3MEEBUIHBIX CIUpajeil’” Kuciopoaa
W OJHOM HE3aBUCHUMOW CIHpalid, MPEACTABISIONIYI0 OJHY W3 CHUpaled KUCIOPOAA.
Cnmpanu CWIBHO CKaThl B LIEHTPE, COCTABIISIIOT PABHOCTOPOHHUI TPEYTOJbHUK HA OJI-
HOM IUIaHE W TPeObIBAIOT B CHHXPOHHOM ABIKCHHMH. MMerorcs aBe MoauduKanuu
030HA. OMH U30TON COCTOMUT M3 JIBYX IMOJOKUTEIbHBIX U OJHON OTPUIATEIILHOMN CITH-
paseii. BTopoi 1eMOHCTPUPYET ABE OTPULIATEIBHBIX U OJIHY MOJIOKUTEIBHYIO CITUPAIIH.
[TonoxuTenpbHBIC YK3EMIUISPHI 030HA JAIOT O0JIee SIPKOE OIIYIICHUE YUCTOTHl BO3TyXa.
ATOMBI 030Ha HEYCTOWYHMBHI, PACaal0TCS Ha TPU CIIMPATIU M U3 HUX OBICTPO 00pa3y-
FOTCSI CHOBA aTOMbI KHACJIOPOAA C ABYMS CIIUPAIISIMID.

ATOM 030HA COAEPKHUT 3 3MEHKH, a B aTOM€e Kucjaopoja 2 3melku. 13 6 atomoB
kuciopona (6x2=12 3meek) oOpasyrorcss 4 atoma o3oHa (4x3=12), T.e. KOJHUYECTBO
aTOMOB B 00bEME yMEHbIIUJIOCH B 1,5 pa3za. YMeHbIlIeHHE KOJIMYECTBA aTOMOB IPH T1€-
pexoJie KUCIOpoJa B 030H, YMEHbIIIAET 00bEM ra3za o3oHa. Eciam Obl 030H cocTosil U3
TpEX aTOMOB KUCIOPOAA, TO €ro 0O0BEM HE JOJKEH U3MEHUTHCA M0 CPABHEHUIO C KHC-
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JIOPOJIOM, T.K. O0IIIee KOJIMYECTBO aTOMOB B 00béMe He u3MeHuwsioch. Emeé 1860r. skc-
MEPUMEHTAIBHO JIOKAa3aHO, YTO TPU TMPEBPAlIEHUU KHUCIOpPOJa B 030H 00BEM Trasza
yMenbmaercs B 1,5 pasza. Ilo OTHOmIEHHIO K KHUCIOPOAY IUIOTHOCTh O30HA JEWCTBU-
TenbHO B 1,5 pa3za Beimie. /cM. O30H/ Pa3nnuune mIOTHOCTEH SIBHO MPOSBIISCTCS B MKHJI-
KOM COCTOSIHUM 3TUX Ta3oB. [InotHocTh kujkoro kucinopona npu T= - 183°C paBna
~1,141 r/cm?, a IUIOTHOCTH KHUJIKOTO 030HA MPH TOH ke Temrneparype paBHa ~1.71 r/cm?,
410, B ~1,5 pasa BeIIIe, KaK ¥ y ra30B P HOPMATBHBIX YCIOBHSIX.

Cuunrast 030H COCTOSAIIUM U3 TPEX aTOMOB KUCJIOPOAA, XUMHUKAMH HEMPABHIIBHO
OlleHeHa MOJsipHasi Macchl 030Ha. OHa paccyuTaHa MPOCTHIM YMHOKEHHEM Ha 3 MO-
JsIpHOM Maccel atoma kucinopoaa 16x3=48r/monab. He BepHa paccuntaHHass TeM XKe
crocobom, abcomroTHast Macca 2,66x1072% x3=<7,97x10723r. o30Ha. AOCOJIOTHAsT Macca
atoma o30Ha B 1,5 paza MeHnbiie u paBHa <3,9853x107%*r. B aroMe o30Ha pacu€THOE
KOJIMYECTBO amMepoB — 432, KOTOpHIE JAlOT TOYHO YKa3aHHYIO Maccy o3oHa. [loarsep-
KIAETCA BEPHOCTh OKKYJBTHBIX JAHHBIX, & MPEJICTABICHUE XUMUKOB 00 030HE HeBepP-
HO. O30H HE MOJICKYJISIPHBINA, 2 aTOMapPHBIA ra3, BO3MOXXHO, 00pa3yIolui MOJICKYITY
P TIEPEXO0/JIE B JKUJIKOCTD.

Hu B 01HOM M3 pacCMOTPEHHBIX aTOMOB HET siJIep, HET 000JI0YEK B BUJE OpOUTa-
JIEW € AJNEKTPOHAMHU Ha HUX. DTO HAIJISHO NOATBEPMIIA CTPYKTYypa aToMa KHACIOPOAA.
3HAYUT HAYYHAsl TPAKTOBKA 00Pa30BaHMsI MOJICKYJI MEPeX0A0M 3JIEKTPOHOB C Op-
OMTHI OTHOTO0 ATOMA HA OPOMTY APYIrOro aTOMa, HA3BAHHAA JABONHON KOBAJICHTHOM
CBSA3bI0, HE UMeET OCHOBAHMM.

«bBBUIO YyCTAaHOBIJIEHO, YTO BCE XMMHYECKUE 3JIEMEHTHI, 32 UCKIIFOUEHHEM BOAOPO-
1a, KUCJIOpoAa, a30Ta, Tefius, UMEIOT CJIOKHbIe BHeIHue Gopmbl. OHU AensaTcs Ha 7
IPyII, UMEIOIIUX HA3BAaHUS: ILUIIbI, TAHTENH, TETPadIpbl, KyObl, OKTa3pbl, KPOCCUHT -
OosiBaHKM (CTEpKHU), 3BE31bI. Hanmpumep, «ogHa TeTpadapuyeckasi TpyIina COCTOUT U3
OepuyuIMsi, Kajablus, CTPOHLMS M Oapus. Bce OHM mapaMarHUTHBIE U TOJIOKUTEIBHO
«3apspkeHHbIe». Jlpyras TeTpasapuueckas rpynmna BKIIOYAET KUCIOPO, XpOM, MOJIMO-
IeH, BoJibppaM M ypaH. OHU TOKE MapaMarHUTHbIE, HO OTPHUILATENILHO «3apsHKEHBD».
[Ipuuém KHUCIOPOA OJIMH U3 CAMBIX JIEKTPOOTPULATEIBLHBIX ATOMOB BEJIMYMHA KOTOPOH
no mkane [lonuara coctaBnser 3,44. Oromy ¢pakTy IpOTHBOpPEYAT JaHHBIE OTCYTCTBHS
y kuciopoaa 3/IM.

Korma ogmH XuMHU4YeCKHil 3J1eMEHT OOBEIUHSETCS C JAPYTMM B MOJIEKYJY, €ro
aTOMBI TOYTH BCErJa pa3OMBAIOTCS HA TPYMIIBI, KOTOPhIE 00pa3yloTCs MpPU AUCCOIHA-
MM aTOMOB. B 3TOH CBsI3W Ba)XXKHO 3HATh CTPYKTYPHI DJIEMEHTOB aroMa XOTs Obl Ha
ypoBHe E-4. OObeauHssCh, AJIEMEHTHl TNEpecTpauBaroTCs, GOpPMHUPYS CTPYKTYpYy H
hopMy XUMHUUECKON MOJIEKYJIbI, 0OecrieunBas e crenuduyeckre PU3nKo-XuMHUIECKUE
CBOMCTBa. B kadecTBe mpumMepa MOKaeM TaKoe MEPECTPOCHHUE DJIEMEHTOB TMPOTHS B
nporiecce 00beAUHEHUS ¢ KUCTIOpo0oM, oOpasytomuM paaukain OH - ruapokcu, KoTo-
Pl CUMTAETCS OTPUIATEIIBHO 3apSHKEHHOW YAaCTUIIEH, BXOJAIIECH B COCTaB €AKHUX IIie-
JIOYEMN.
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«I'mapookucs OH noctatoyHo MpouyHOE, CTaOUIbHOE
COEIMHEHHE, YTO MO3BOJISIET €l COXpaHATh CBOIO (OpMy BO
MHOTMX COCTaBax. B meHTpe rpymnmsl pacronokeHa ABOMHas
croupalib KACIOpOJAa, Kak nokazaHo Ha puc.ll. Ilporuii nes-
MHTETPUPOBAH U €T0 TPEYTOJIbHUKH PACIIONOKEHBI HaJ U 10T
KMCJIOPOAHOW cnupanblo. BepXHUI TPEYTOJBHUK ITOJOKUATE-
JIEH, HWKHUN OTpUUaTeseH. Mexay TpeyroabHUKaMH coXpa-
HSETCA ONpENeN€HHAas CWIbHAs JHEpPreTHYecKas CBs3b, I0-
CKOJIBKY PE3yJIbTUPYIOIIAs CHUJIA IPOXOIUT Yepe3 LICHTP CIU-
panu M CBSA3BIBA€T BCE JJIEMEHTH BOeAWHO. Bces cucrema
OBICTPO BpallaeTcs BOKPYT OCH, a TPEYTOJIbHUKU BPAILAIOTCS
U OJIHOBPEMEHHO BUOPHUPYIOT, NIEPEMEILASCh HEMHOTO BBEPX Puc. 11.
u BHKM3. OH nmeer DJIM paBubiii 1,66 /lebas. MaruutHbIi
MoMmeHT coctaBisieT 1,8 — 2,0 maraetona bopa.

CrpykTypa Mosekybl nepekucu Bogopoaa H202 o0pa3oBaHa u3 IByX 3JIEMEHTOB
TMJIPOOKHCU. B Hell cnmpanu KuCIopoja pacloIoKeHbl PsiioM, HO OfHa 0ojee MoJo-
KUTEJIbHA, YEM JApyTash». 3HAUYUT U COUPATU aTOMa KUCIOPOJa MOAUPUIIMPYIOTCS, Me-
HSAS CTPYKTYphl. BUIMMO 3T0 mpuBOAUT K ToMy, 4To MoJiekyida H:0: B HOpMalibHOM
COCTOSIHUY TMAMAarHuTHa, €€ MarHUTHbIM MOMEHT, B oTianuue ot OH, pasen nymo. [lo-
JOOOHBINA (paKT MO3BOJISIET Y Pa3HbIX MOJIEKYJ C OJIMHAKOBBIMU aTOMAMM BBISICHUTDH MpU-
YUHY HAJIMYMUS U OTCYTCTBUS MarHUTHOT'O MOMEHTA.

N3 cTaOuiabHBIX aMepOB OOpa3yrOTCs BCE aTOMBI. TOJBKO aMmephbl, MpOKadYMBas
a¢hup, 00ECIEYNBAIOT aTOM SHEPIrHeH, MOJJICPKUBAIOT OMPEACIEHHYIO CTPYKTYPY H
XUMHUYECKHE CBOMCTBA aTOMOB M OHHM €, BEPOSITHEE BCEro, MOTOKaMH d(upa, CO31at0T
crienu(puyecKre CBONCTBA B3aMMOICHCTBUSI, BbIIABAEMbIC 32 JIEUCTBUE AIICKTPUUECKHUX
Y MarHUTHBIX MOJICH. 3HAYUT TOJIBKO CAMH aMEPbl U UX COCAUHEHHUS BBICTYNAOT B POJIH
CTPOUTEIIBHOTO MaTeprualia aTOMOB M MOJIEKYJ. B 3TOM CBS3M BO3HUKAET BOIPOC, YTO
NpeACTABJSIIOT c000ii Ha3pIBacMbIe HAYKOH MPOTOHBI U HEHTPOHBI?

IIporon u HelTpoH. B (Qu3uke Kiaccuyeckuid MpOTOH UMEET “3apsia’ MO MOJIY-
JI0 OJIMHAKOBBIA C AJICKTPOHOM, a Maccy My=1,6726219x102r.8 1836 pa3 Gosbire
ANEKTPOHHON. HEeWTpOoH MMeeT mouTu Takyro ke maccy My=1,6749274x107%r., u He
nMeeT “3apsna’. B ¢cBOOOIHOM COCTOSIHUM HEUTPOH CYIECTBYET Bcero ~ 878,4 cexyH,
MocJje 4ero “‘pacnagaercs’, MPEBpaIlasch B MPOTOH C UCIyCKaHUEM 3yieKTpoHa. [Ipu
ATOM YKCTO MaTEMATUYECKU KaK Obl HapyIIaeTCs 3aKOH COXpaHEHUs YHEPTUHU (MACChl) U
MOMeHTa umiyibsca. B. [laynu npeamnonoxumn, 4To pacnag HEUTPOHA COMPOBOXKAAETCA
MCITyCKaHUEM DJIEKTPOHA ¥ TOSBJICHUEM HOBOW YaCTHUIIbL. TEOPETUKH TPHUIyMaH pac-
naj HEMTPOHA CONPOBOAMUTH MCITyCKAaHUEM DJIEKTPOHHOTO(?) aHTHHEHTPHUHO C IpeBpa-
IIIECHUEM HEUTPOHA B MPOTOH Mo dopmyse N°—p* + e +€,. AHTUHEHTPUHO U BCE JIPY-
rue HEUTPUHO — 3TO OE3MaccoBbIe, HE OOHAPYKHUBAEMbIE, CIEAOBATEIbLHO, d(eMEpHBIC
YJaCTHIIbI, KOTOPBIX HET U OBITh HE MOXKET 1O MMPUYHHAM, O YEM TOBOPHIIOCH BHIIIIE.
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Pa3Hble HEMTPUHO BBENW AJis OajlaHCa PHEPTMU U MOMEHTa UMITYJIbCA, SIKOOBI,
YHOCHMBbIE 3TUMHU KOMIIOHEHTaMH sifjpa mocie ero pacnaga. CoOmioan 3aKoHbI COXpa-
HEHUS, Yero JOCTHYb HE yAaBaJOCh 0e3 MpHAyMaHHBIX 4YacTHIl Ha (OHE OMIMOOK IO
MaccaM M HEBEPHBIX OIIEHOK SHepruit mo ¢opmyrne E=mCc?, coBepiieHHO HE MpUemIie-
MOM JJIsl yCIIOBUI pacnajaa, HO YCJIOKHUIU MOJIEIb HOBBIMH, HUYEM HE MOATBEPKIEH-
HBIMU Tumnore3amu. HensBecTHa mpuyuHa pacraja MU3EpHOT0, HO CBOOOIHOTO HEUTPO-
Ha, B TO BpeMsI KaK B TSKEJIBIX aTOMaxX XHUM. 3JIEMEHTOB, KaK Obl HAaChIIIEHHBIX HEUTPO-
HaMH, OHU HE pacnajaroTcs. Bormpocsl OTHOCUTEIBHO IPOTOHOB U HEUTPOHOB, KOTOPBIE
MOSBJIAIOTCS TIPU pacCIIajie aTOMOB U PACIICIUICHUN «SAEP» HA YCKOPUTEISX OCTAHYTCS
0e3 0TBeTa, I0KA COXPaHIETCs Hay4YHasl apajiurma CTPOCHUs aTOMOB.

BoiaBuraem rumoresy, 1o KOTOpOi MPOTOH M HEHTPOH MPEICTABIAIOT COOOM
HU YTO MHOE, KaK CTPYKTYpPHBbIC M30MePbl ATOMA MPOTHSA, KOTOPBIA MoauUIIMpyeTcs
B 3aBUCHMOCTHU OT YCJIOBHI CBOETO HAXO0XXJICHUSI B CBOOOJHOM WJIU B CBSI3aHHOM C JIpY-
TUMU aTOMaMU COCTOSIHUSIMU. I 3TOMY ecTh 000CHOBaHUS:

1. AGComIOTHBIE MacChl MPOTOHA U HEUTPOHA, MOJICJIEHHBIE HA MACCy aMepa JIaloT
(haKTHYEeCKU OJIMHAKOBOE KOJIMYECTBO, paBHOE 18,1, T.c. menbix 18 aMepoB 13 KOTOPHIX,
HECOMHEHHO, COCTOAT JAHHBIC YACTHIIbI. DTO K€ KOJWYECTBO AMEPOB COAEPKUT MPO-
TH, BKIIFOYasd aMEpPbl, HA3BAHHBIE 3JICKTPOHAMM M MO3UTPOHAMH. B aToMax OoTAENbHBIX
HEUTPOHOB HET. B mpolieccax paJMOaKTUBHOIO pacraja WM UHBIX PEAKIUSAX BBIIEIS-
FOTCSl U3 CJIOKHBIX, MHOTOAMEPHBIX aTOMOB HEUTPAJIbHBIE 3JIEMEHThI, TPUHUMAEMBIE 32
HedTpoHbl. CTpyKTypa CBOOOJHOTO HEHTpOHA SIBHO HECTaOWJIbHA IMPU OTCYTCTBUU
BHEIIHUX CHUJI, YTO NPUBOJUT K €€ nepecTporke. [IpOTOH 1 HEUTPOH OTIIMYAIOTCS HE 3a-
pAlaMu U Maccou, a BHYTPEHHEN CTPYKTYpOW, PU PABHOM KOJIMYECTBE aMepoB. Bia-
MMHOE TOJIOKEHHUE aMEPOB MOKET MEHSTBhCS, MEHSS MOTOKH dupa, coznanas d3PphexT
HEUTPaJIbHOCTH WJIM HAJIMYKE TMOJIOKUTEIBHOrO “3apsiaa’, mpucyliee NpoToOHy U aToMy
npotus. B HHXEKTOpax yCKOpUTENEH MOHU3UPYIOT MOJIEKYJY BOAOPOJIA, MOTy4dasl HE
MPOTOHBI, a Mapy aTOMOB MPOTHA, KOTOPBIE MOCIIE paciaaa MOJIEKYJIbl BOJAOPOJA Po-
SIBJISIFOT CBOM TTOJIOKUTEIbHBIE CBOMCTRBA.

2. Ilpu GomOapaMpOBKE aTOMOB MPOTOHAMU WJIM HEUTPOHAMH UTOTOM SIJIEPHBIX
peakIuii CTAaHOBSTCSI HOBBIE aTOMBI, PUOOPETAIOIINE WU TEPSIOIINE MPEKHIOI0 MaCCy
Ha BEJIIMYMHY, KPATHYO MACCe€ NPOTHUS. bONBIIMHCTBO peaklUil ONMKUCHIBAIOT, IPUMEHSIS,
KaHau 3 - pacniaga. BeigensieTcs 11 B peaJbHOCTH JIEKTPOH B TAKUX PEAKIIUSAX WM 3TO
MIPOCTO MAaTeMaTUYECKasi MAaHUITYJISIIUA? AMEPBI-3JIEKTPOHBI BBIICIAIOTCA B IIPOIIECCax
pPa3HOTO poja dMUCCHUSX (TEIIoBOH, PoTo, paauanronHoi). [Ipu 3ToM HaBepHSKA UAYT
MTHOBEHHBIE MPOIIECCHI 3aMEIICHUS UX B aTOMax 3a cu€T 3¢upa, Kak 3TO MPOUCXOTUT
MIPU CTPOUTENHCTBE aMepa, UITH 3a CYET CBOOOTHBIX aMEPOB-3JIEKTPOHOB.

3. OU3MKO-XMMHYECKHE CBOMCTBA Pa3HbIX MO Ha3BAHHUIO aTOMOB, UMEIOLIUX CO-
BEPUIEHHO OJMHAKOBBIE MACChl, a TAKUX COUYETAHUH, KaK CIEAYyeT U3 MPEACTABICHHOU
Ta0IUIBI MHOTO, 3aBUCAT OT BHYTPEHHEUW CTPYKTYphl aTOMOB U MOJIOKEHUSI B CTPYKTY-
pe “aNeKTpOHOB” M “TIO3UTPOHOB”, a HE MPOTOHOB U HEUTPOHOB. Hayka 1o Homepam B
tabnuie MenaeneeBa NPUIMCHIBAET aTOMaM KOJIMYECTBO MPOTOHOB Z 1 HEUTpoHOB N B
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CyMM€ Jarolmx mMaccoBoe yuciao A. Y uzoronos c¢ paBHbIMU Z, U N, Oy1yT paBHbIE
3Ha4Y€HHU MacCoBbIX yncen A. IIpu 3ToM caMu U30TONBI OTHOCATCSA K Pa3HbIM aTOMaM,
YTO JIEMOHCTpPUpPYETCS B MpHUBOAMMOM Tadimue. Hanpumep uzoromnsl: kanua-40, apro-
Ha-40, kanpuua-40 win tutana-50, Banagausa-50, xpoma-50 uMer0T paBHbIE MACCHI.

[IpOTOHHO-HEUTPOHHBIA COCTAB SIAEP HAYKOW OINpPENEHACTCS MO MOPAIKOBOMY
HOMEpY TMOMEIIEHUSI aTOMOB B HEKYIO TaONUIly, HE YUYUTHIBAIOIIYIO CYIIECTBOBAaHUE
MHOTHX XHUMHUYECKHX 3JIEMEHTOB, OTHOCUMBIX K m3oronam. Tabnuma [[.1. Menneneena
ObLJa cOCTaBJIEHA IO MPUHIMITY BO3PACTAHUSI MacC XUM. JIEMEHTOB, @ MacChl YCPEIHe-
HbI MO0 BceM u3oTomnamM. Cama Tabiuia HYKJaeTcs B MEPEeCMOTpe, UMEsl BHYTPEHHHUE
MPOTUBOPEYMS] MCXOJIHOTO MPHUHIIKIIA MOCTPOCHHUS], UTO SMU30JUYECKU MBITAIOTCS CHe-
naTh, HO O6e3ycnenHo. Tak, HanpuMep, KaJluid, 001aias MEHbIIEH Maccoil, pacroIoKeH
3a aproHom c Oosbuieit maccol, a moutu 20 aKTUHOWJOB, BKJIIOYAsk TOPUM, IPOTAKTHU-
HUH, ypan-238, ypan 235, mIyTOHUN U UCKYCCTBEHHBIE TPAHCYpPAHOBBIC DJIEMEHTHI, 00-
JaIal0IIKe COBEPIICHHO Pa3HBIMU (PU3UKO-XUMUYECKUMHU CBOMCTBAMH TI0 CPAaBHEHHIO C
akTUHUEM, U 14 JmaHTaHOWJIOB BOOOIE BBIJICJICHBI U3 TAOJUIBI B OTACJIBHBIC PSIbI.
«CoBpeMeHHasl TPAKTOBKA MEPHOANYECKOr0 3aKOHA CBOAUTCS K TOMY, YTO CBOIi-
CTBAa XHUMHUYECKHUX IJIEMEHTOB HAXOAATCH B NMEPUOIMYECKON 3aBHCHMOCTH OT Be-
JMYHHBI 3aPAI0B siAep UX aTOMOBY. J(ekIapupoBaTh KOJIUYECTBO MPOTOHOB MO MPO-
M3BOJILHO YCTAHOBJICHHOMY HOMEPY aroMa B TabJuiie abCcypHoO.

CBoaHasi Ta0IMIIa XUMHYECKHUX DJIEMEHTOB.

B npencraBnenHoil Hmke Tabiuile MpUBEAEHA TOJIBKO HEOOJbINas 4acTh (MpH-
MEpPHO TPETh OT OOIIEro KOJIMYECTBAa) CTAOMIBHBIX WUIU JIOJTOKUBYIIUX PATUOAKTUB-
HBIX (p/a) U30TONOB XUMUYECKUX 3JIEMEHTOB. ATOMBI IOMEILIEHBI MTOCIEA0BATEIBHO, 110
Mepe yBeIUYeHHUs UX Macchl. Bo BTopom cToJOIe psMO Tiepe]] Ha3BaHWEM OJHOTO U3
n30Tona ¢ 0oJbpIIe Maccor CTOST UU(MPBI, COOTBETCTBYIOLIME HOMEPY aToMa B TaOJIH-
ue llepuoguueckoi cucteMsl 35ieMeHTOB MeHieneeBa. OTHOCUTENBHOE COJICPKAHUE B
MIPUPOJIC U30TOMA KaKJA0TO HAMMEHOBAHUS IPUBEJICHO MOCIIe €ro Ha3BaHUs. BrijeneH-
HbIE KUPHBIM HMIPU(TOM aTOMBI MCCIIEAOBAHbI SKCTPACEHCAMHM, ISl KOTOPBIX IMEpBEil-
el npoo6siemoit 6puIa UACHTU(GUKAILIMS aTOMa, T.K. Ha aTOME HET OMPOK C Ha3BaHUSIMU.
B TpeTheM cTonOI1e yKa3aHO KOJIMUYECTBO aMEpOB, COAEPKAIINXCSI B aTOME, MPSIMO TTO/I-
CUMTAHHBIX WJIM PACCUMTAHHBIX MO €ro WU3MEpPEHHOW Macce. Macca OTHOCHTCS K KOH-
KpPETHOMY H30TOIly. PaccuMTaHHOE 3HAY€HUE a.e.M. U30TOIAa MO KOJIMYECTBY AMEPOB,
MPUBEJCHO B YeTBEPTOM CcTOJOIIE. OHO paBHO KOJMYECTBY aMEPOB B U30TOIE JEIEHHOE
Ha 18. YcraHoBieHHas HayKoW a.e.M. JlaHa B MATOM cTojioue. HesnaunrenbHbie pac-
XOXKJEHUSI a.e.M, PACCUMTAHHBIX IO amMepaM M Hay4HOe, CJCACTBUE OIMUOOYHOTO
HAYaJIbHOTO YCPEIHEHMS] HAYKOW MacChl BOJIOpoa. AOCOMIOTHBIE MAacChl IPUBECHBI B
nmocjaeAHeM IecToM crojbme. [  pacuéroB ATUX Macc B3ATO 3HAYCHHE
Mp=1,660539%1072r., 1 3HAYEHUS OKPYTJICHBI 10 YETBEPTOTO 3HAKA MOCIIE 3aMSTOM.

KoppekTupoBka NoJCYMTAHHBIX 3KCTPACEHCAMH aMEpOB CBsi3aHa C T€M, YTO IO

NPU3HAHUIO CaMHUX HaOIoJaTeNel, «BCTPEYaMCh TPYMIBI, Ha MEPBBIA B3I MOXO-
K€, HO MOTYT OTJH4YaThCcs Ha 1 - 2 amepa, 1 0COOEHHO CII0KHO BECTH MOJCYET aMepOB
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Y TSDKEJIBIX 3JIEMEHTOB € OOJIBIIUM YHCIOM aMEPOB, YTO, BO3MOKHO, BBI30BET OLLIMOKHU B
ux nonacuérax». Tak «Habmronenue 3a KpynmHBIMU TeJlaMU B aTOME a30Ta ObLIO HEMoJI-
HBIM, YTOOBI OBITh HaJEKHBIM B KOJIMYECTBE COCUYMTAHHBIX JIEMEHTOB». BTopas mpu-
YMHA, BUJIMMO, CBsI3aHa C MOJCYETOM M YCPEIHEHHEM aMEpOB Y Pa3HbIX M30TOMOB, OJ-
HOTO XMMHUYECKOT'0 3JIEMEHTA, 0 YEM B Ty IOpY He nojo3peBaiu. KoauuecTBa aMepoB B
aToMax M3MEHSUIOCh Ha BeMMYMHY (£) OT YCTAaHOBIICHHOM SKCTpAaceHCaMH IO ABYM TIO-
Ka3aTeJsIM: €CIIM PacCUMTaHHas M0 aMepaM a.e.M. He SBJISUIACH LIEJION, WK a0COMIOTHAs
Macca, pacCUMTaHHas [0 aMepaM, 3HAYUTENIBHO OTJINYAIACh OT U3MEPEHHOM.

Ta0auna.

0 Ne B TaGiuie Menneneesau | Koimue- | a.e.M. 110 a.e.M. 10 Macca B . x10%
1/ % OTHOCHUTEIILHOTO COJIepXkKa- CTBO MPOTUIO yriepony |~ aMepaM | 10 Hayke
Il HUS U30TOIA B IPUPOJIE amepoB
1 1. IMpormii 99.985 |18 1 1,00782 1,6605 1,6735
2 JeiiTepuii 0,0115 | 36 2 2,0141 3,3210 3,3435
3 Tputnii 54 3 3,01605 4,9816 5,0084
4 Tennii -3 0,00014 | 54 3 3,01603 4,9816 5,0083
5 2. Tenmii -4 99,999 72 4 4,0026 6,6421 6,6466
6 Jlunii-5, p/a - 90 5 5,01254 8,3026 8,3237
7 JIutnii-6 7,5 108 6 6,01512 9,9632 9,988
8 3. Jlurnii-7 925 [126 (-1) |7 7,0160 11,623 11,65
9 bepunnuii-7 cuensl | 126 I 7,01692 11,623 11,652
10 | 4. Bepuaanmii -9 100 162 (-2) |9 9,0122 14,944 14,96
11 bop -10 19,6 | 180 10 10,0129 16,605 16,6
12 | 5. bop-11 80,4 |198 (-2) |11 11,0093 18,266 18,3
13 | 6. ¥Yraepoa-12 98,93 | 216 12 12,0000 19,926 19,926
14 Yrnepon -13 1,07 | 234 13 13,0033 21587 21593
15 | 7. A3sor-14 99,636 | 252 (-9) |14 14,0067 23,247 23,253
16 Aszor -15 0,364 | 270 15 15,0001 24,908 24,908
17 | 8. Kucaopon -16 99,759 |288 (-2) | 16 15,9994 26,568 26,561
18 Kucaopon -17 0,037 | 306 (-4) |17 16,9991 28,229 28,2
19 Kucmopon -18 0,204 | 324 18 17,9991 29,889 29,9
20 | 9. ®DTop 100 | 342 (+2) | 19 18,9984 31,550 31,55
21 | 10. Heon -20 90,48 | 360 20 19,9924 33,210 33,199
22 Heon -21 0,27 | 378 21 20,9938 34,871 34,862
23 Heon -22 9,25 |39 (-6) | 22 21,9914 36,531 36,518
24 | 11. Harpwmii 100 | 414 (-4) | 23 22,9897 38,192 38,17
25 | 12 Marunuii-24 78,99 | 432 24 24,304 39,852 39,83
26 Marunii-25 10,0 | 450 25 24,9858 41,513 41,49
27 Marunii-26 11,01 | 468 26 25,9826 43,173 43,15
28 | 13. AnroMuHMii 100 | 486 27 26,9815 44,834 44,80
29 | 14. Kpemuwuii -28 92,21 | 504 28 27,9769 46,495 46,458
30 Kpemuuii -29 4,67 | 522 (+2) | 29 28,9765 48,155 48,118
31 Kpemuuii -30 3,12 | 540 30 29,9737 49,816 49,774
32 | 15. ®ocdop 100 | 558 31 39,97 51,476 51,428
33 | 16. Cepa-32 95,02 | 576 32 31,972 53,137 53,092
34 Cepa -33 0,75 | 594 33 32,971 54,797 54,75
35 Cepa -34 421 | 612 34 33,967 56,458 56,405
36 | 17. Xgop -35 75,77 | 630 (-9) |35 34,9688 58,118 58,068
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37 Cepa -36 0,02 | 648 36 35,967 59,779 59,726
38 Apron-36 0,337 | 648 36 35,9675 59,779 59,727
39 Xiop -37 24,23 | 666 37 36,9659 61,439 61,385
40 Apron-38 0,063 | 684 38 37,9625 63,100 63,054
41 | 19. Kaumii -39 93,26 | 702 (+1) | 39 38,9637 64,760 64,702
42 Kaumnii -40 0,0117 | 720 40 39,964 66,421 66,363
43 | 18. Apron-40 99,6 | 720 (+6) | 40 39,948 66,421 66,336
44 | 20. Kaabumii-40 96,941 | 720 40 39,9626 66,421 66,361
45 Kanuii-41 6,73 | 738 41 40,9618 68,082 68,02

46 Kanpumii-42 0,647 | 756 42 41,9586 69,742 69,68

47 Kanpunii -43 0,135 | 774 43 42,9588 71,403 71,34

48 Kanbuuii-44 2,08 | 792 44 43,9555 73,063 72,99

49 Ckanamii-44. p/a - 792 44 43,9594 73,063 72,998
50 | 21 Cxkauguii-45 100 | 810 45 44,9559 74,724 74,762
51 Kanbnii-46 0,004 | 828 46 45,9536 76,384 76,308
52 Turan-46 8,25 | 828 46 45,9526 76,384 76,308
53 Turan-47 7,44 | 846 47 46,9518 78,045 77,967
54 Kanpunii-48 0,187 | 864 48 47,9575 79,705 79,629
55 | 22. Twuran -48 73,72 | 864 48 47,867 79,705 79,71

56 Turan-49 5,41 | 882 49 48,9479 81,366 81,282
57 Turan-50 5,18 | 900 50 49,9448 83,026 82,937
58 Bananuii-50 0,25 | 900 50 49,9471 83,026 82,941
59 Xpom-50 4,54 | 900 50 49,9460 83,026 82.939
60 | 23. Bamagmii-51 99,75 | 918 51 50,9439 84,687 84,596
61 | 24. Xpom -52 83,78 | 936 52 51,9961 86,348 86,344
62 Xpom-53 9,5 |954 53 52,9406 88,008 87,912
63 Keneszo-54 5,85 | 972 54 53,9396 89,669 89,571
64 | 25. Mapranei 100 | 990 (-2) |55 54,938 91,329 91,229
65 | 26. Kese3o -56 91,75 | 1008 56 55,9349 92,990 92,884
66 Kenezo-57 2,12 | 1026 57 56,9354 94,650 94,546
67 KobGaabT ?, p/a - 1044(+8) | 58 57,9357 96,311 96,206
68 XKeneso -58 0,28 | 1044 58 57,9332 96,311 96,202
69 | 28. Huxenn-58 68,077 | 1044 58 57,9353 96,311 96,206
70 | 27 Kobanbt -59 100 | 1062 59. 58.9331 97,972 97,863
71 Hukeas 59, p/a - 1062 (-2) | 59 58,9343 97,972 97,865
72 Hukenb-60 26,223 | 1080 60 59,9307 99,632 99,519
73 Huxkenp-61 1,139 | 1098 61 60,931 101,29 101,180
74 Huxkenb-62 3,59 | 1116 62 61,9283 102,953 102,837
75 | 29. Menn-63 69,17 | 1134 (-5) | 63 62,9296 104,614 104,499
76 Huxenb-64 0,91 | 1152 64 63,9379 106,274 106,173
77 | 30. ITunk-64 48,6 | 1152 64 63,9291 106,274 106,159
78 Mens-65 30,83 | 1170 65 64,9377 107,935 107,834
79 Inuk-65, p/a - 1170 65 64,9292 107,935 107,82

80 I{unk-66 27,9 |1188 66 65,926 109,595 109,475
81 Iunk-67 4,1 |1206 67 66,927 111,256 111,137
82 Innk-68 18,8 | 1224 68 67,9248 112,916 112,794

Kak BuanM, KaxJbIi CIEAYIONIMN aTOM TsDKeiee MPEAbIIyIero aToMa U yBeJH-
YUBAaeT CBOI0 MAacCy TOYHO Ha BEJIIMYMHY MacChl atoma MpoTus. Tabiuily Jerko mnpo-
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JOJDKUTh ¢ y4€TOM CTAOWIIBHBIX HM30TOMNOB, A0 KpanWHEro, CO3JaHHOro mnpupoaou, 94
aneMeHTa B Tabnuie MenaeneeBa. Her aToMOB ¢ mpoMeXyTOUHOM TpOOHON Maccoil.
HekoTtopsle H30TOIBI pa3HbIX 10 HAMMEHOBAHUIO aTOMOB UMEIOT OJIMHAKOBBIE MACChl U
KOJIMYECTBO aMEPOB M TOJBKO CTPYKTYPbI PACIOJIOKEHUS aMEpPOB, a HE MPOTOHBI U
HEUTPOHBI B aTOMAX, JIETAIOT UX (U3UKO-XUMHUYECKHE CBOMCTBA Pa3HBIMH.

B pamkax orpanudeHusi no o0bEMy KypHaJIbHON CTaThbU HEBO3MOYKHO OXBATHUTh
OTPOMHBIN TUIACT MH(POPMALIMU, KACAIOIMIUNUCI Pa30opy OCOOEHHOCTEH BCceX XUMUYeE-
CKHX 3JIEMEHTOB JIa’K€ MO MX COCTaBy M MaccaM, HE TOBOPS O BaXKHEHIIMX MapaMmeTpax
— DHEPreTUYECKOM COJCPKaHUU, DHEPTUSM BHYTPUATOMHON U MEXKMOJIEKYJISIPHOU CBSI-
3u. PaccmoTpenne (pyHIaMeHTaIbHBIX OCHOB BEIIECTBEHHOIO MHpa C MpEAJiaraeMbIX
MO3UIIUM, TIO3BOJIUT KOPPEKTHO chopmupoBaTh HoBy10 aToMHy10 PU3HUKY, HAYAJIO KO-
TOPOM 3aJI0KEHO C YYETOM CIEAYIOIIUX BBIBOJAOB U TOJIOXKEHUM.

B CTPYKTYP€ aTOMOB HE CYIIECTBYET Opﬁl/lT C BpamaroumuMHuCHd HA HUX JJICK-
TPOHaAMM BOKPYT 00J1ee MJIOTHOIO smpa! Het u camoro gjpa, coaepkamero Hyk-
JIOHBI — IIPOTOHBI H HeﬁTpOHLI, KOTOpbIC, HKOﬁLI, COCTOAT U3 3(l)eMepH1>1x KBap-
KkoB. B POJIH NPOTOHOB H HeﬁTpOHOB NMPpEANOJO0KUTEIbHO BBICTYIIAKOT CTPYKTYP-
HbI€ H30MEPHLI aTOMA IIPOTUIL.

Bcé pasHooOpa3ue XUuMHM4YECKHX aTOMOB CO3aHO KOMOMHAIMSIMHU JBYX 3JIe-
MEHTAPHBIX (PU3MYECKUX YACTHIL - AMEPOB, KOTOPbIE MOKHO CHUTATDH JIEKTPOHOM
U MO3UTPOHOM, OJJMHAKOBBIX MO CTPYKTYpPe U Macce, HO Pa3HbIX (PYHKIMOHAJIBHO.
Bce amepbl yaep:xuMBalOTC B CBOMX KOMOMHAIIUAX BHYTPH aTOMA CHJION NMOTOKOB
3¢upa, NpoTeKANIUX Yepe3 HUX, CO3AaABasA MOJA C HIEKTPUIECKUMHU U MATHMT-
HBIMH CBOWICTBAMM, OTTAJIKMBAsI WU NPUTATUBASA aMepPbl APYT K APYrY.

Ilnanerapuas moxeiab aroma Pesepdpopaa — bopa, kak M KBaHTOBO-
MeXaHHYeCKasi MOAeJb aTOMa M3 A/Ipa ¢ NMPU3PAYHOH IJICEKTPOHHON 000/109K0il B
BH/Ie JJIEKTPOHHOI'0 00J1aKa U3 OpOUTAJIeH, OTBEPralTcs, MOCKOJIbKY IIPOTHBOPe-
YaT KJIACCMYECKHM 3aKOHAM /[IBUKEHHUsl, U He NOATBEP:KIAKTCH CTPYKTYpaMH
aToMOB. ATOMHAasi U KBaHTOBasl ()M3UKU B OCHOBE CO3/1aHbl HA OUIMOOYHBIX MPEACTaB-
JICHUSX O CTPOCHHUH aTOMOB, (PU3HKE AIEMEHTAPHBIX YACTUI U (PU3UKE U3ITyUESHU.

Bed nposiBnennas ¢usudeckass marepust BeceseHHou coctout u3 ¢gyHIameH-
TAJIbHBIX YACTHI, Ha3BaHHbIX amep. [lepBbIM aTOMOM, BO3HMKIIMM M IOBCEMECTHO
NMPOJ0J/IKAIIMM BO3HMKATh B KOcMoce, siBjasiercsi mporuii! [TosTtomy Bomopona B
KocMmoce Oosbiie Bcero. IIpoTHii Cy:KHUT CTPOUTENbHBIM MATEpPUAJIOM ISl BCeX
XHMHMYECKHX 3JIEMEHTOB 1 BCE HOBBIE aTOMbI BO3HUKAIOT MOCJIEI0BATENBHO, YBEIUYH-
Bas CBOIO MacCy Ha BEJIMYHMHY, KpPaTHYIO Macce MpoTus. Takyro TUMOTE3y UHTYUTUBHO
BbiABUTaN XUMUK Y. [IpayT, emé B 1815-1816 ronax, HO OTBEPrHyTYIO M3-3a IPOOHBIX,
SIKOOBI, MACC HEKOTOPHIX aTOMOB, XOTS B PEAJIbHOCTH 1O MIPABUJIBHO HAWJIEHHBIM a.€.M.
HUKAKOU IPOOHOCTH MacC HET, 0 YEM CBUJIETEILCTBYIOT IU(PPHI B 4 cTO1011€ TaOIUIIBI.
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OOpazoBaHue aTOMOB MOKET MPOUCXOAUTH B JIFOOOM MECTE KOCMUYECKOTO Mpo-
CTpaHCTBa BCJIE]] 3a IPOTUEM IPH CYIIECTBYIOMIMX JJIs 3Toro ycinoBusx. Hanbonee Be-
POSATHO Takoe 0Opa3zoBaHUE UIET MYTEM XOJOAHOTO CHHTE3a UX 3(Upa BHYTPH IJIOTHBIX
T€J - CIyTHUKOB, IJIAHET WJIM 3BE3]. 3HAUUTEIHbHOE KOJUYECTBO MPOTHUS HEMPEPHIBHO
CHUHTE3UpYyeETCs B 00bEMAX ykKe CYHIECTBYIOIIUX 3BE3/, I/I€ OH CTAHOBUTCS MaTEpPHAIOM
111 OECKOHEUHBIX TEPMOSIACPHBIX peakuuidl. OOpa3yeTcs OH U B 3eMHBIX yCIOBHUSX, CO-
3/1aBas C CUHTE3UPYEMBIM KHCIOpoAoM Boxy. OOBEM 3eMHBIX BOJ, KaK U Macca 3eMiu
CO BPEMEHEM BO3PACTAET, YTO OTPAKAETCA B €€ NBUKECHUU U I'€OJOTHYECKOM CTPOCHHUH.

B cpene mo0bIX KOCMUYECKUX OOBEKTOB IMPOUCXOIUT €CTECTBEHHBIM XOJIOTHBIN
CHHTE3 HOBBIX XMMUYECKHX HJIEMEHTOB C IOCTEIIEHHBIM yBeIUYeHUuEeM ux Mmacc. [Ipu-
yéM HaOIIOAAaeTCss MPUHIMII — MOJ00HOE NPUTATUBAETCS K IMOJA0OHOMY, YTO, IIO-
BUJUMOMY, CIIy>)KUT MPUYMHON OOpa30BaHUS HE TOJIBKO JIOKAIBHBIX MECTOPOKIECHUMN
MOJIC3HBIX MCKOMAEMBIX, HO B LIEJIOM MPHUPOCT MACCHI, KaK U MOCTOSHHBI MUJUTHAP/IbI
JIET IPUPOCT MPOTHUS U3 BCIOY IpoHHUKarouiero 3¢upa. Heobxonum nepecMoTp moJjo-
’KCHUH KOCMOJIOTUU M OCHOBAHWSI JUISI TOTO PACCMOTPEHBI TakXkKe B cTaThe [21].

HeBo03M0KHO mpeacTaBuUTh, 4TO0bI 0€3 BHEIIHEr0 BMELIATEJbCTBA, KAK U
corBopenure BcesieHHOM, Aaxke 3a MMJUIMAPABI JIeT, MOIJIM 00pa3oBaTbCsl ecTe-
CTBEHHBIM IYTEM B KOCMOCE CTOJIb HEHMOBEPHO CJIOKHBIE CTPYKTYPbI aTOMOB, CO-
CTABJISIIOLINE OCHOBY MHOTOYPOBHEBOI0, BelIeCTBEHHOI 0, MHOI000pa3noro Mupa.
YenoBeuecTBO HE MOXKET HE IPU3HATH BBICIIETO 00’KECTBEHHOT'O YYacTHsI B COTBOPEHUU
BceneHHOM cO BCEMHU SIBJIICHUSIMH, BOCIPUHUMAEMbIE U OTPAKa€Mble HALLIMM CO3HAHMU-
eM. Bonipoc B TOM - Bcerza i Mbl IPABWIBHO OTPAKAEM CYLIECTBYIOIIYIO PEaIbHOCTb.
Hanpumep, oco3HaTh 11 MPUHATH pe3yabTaThl OKKYJIBTHBIX UCCICIOBAHUN IIPU HAKOII-
JICHHBIX 32 CTOJICTUE PA3IUYHBIX TEOPUN M MATEeMAaTHYECKUX MOJENEH, U, TKOOBI, TOJI-
TBEPKIAEMBIX JKCIEPUMEHTAIIBHO, KpaliHEe He mpocTo. HaBepHska HaumyTcs Kenaro-
e AUCKPEAUTHPOBATH 3TOT MaTepuan. OJIHaKo, yepe3 MpU3My BPEMEHH HEOOXOIUM
MEPECMOTp CYIIECTBYIOIIUX MPEACTaBIECHUN O (yHAAMEHTalIbHBIX OCHOBaX (u3Nue-
CKOM MaTepuu B MHTEpEecax MO3HAaHUS MPUPOAbI BEIIECTB, YTOOBI HAIIPACHO HE TPATUTh
KOJIOCCAJIbHbIE (PMHAHCOBBIE U MHTEJJIEKTyalIbHbIE PECYPCHI HA CO3JJaHUE CIOKHEUIINX
YCTaHOBOK JUJII IOCTAHOBKH M MPOBENECHUS COMHUTENIBHBIX SKCIIEPUMEHTOB.

B 3axmouenne npuBeaém oOpalieHue K moromkam, HanrcanHoe B 1932r. «O3na-
KamiiMBasi Bac ¢ uHQopMmanuen, n3noxkeHHo B « OKKYJIbTHOM XUMHHY, MOCTapaliucCh
NPEIOCTaBUTh T€ 3HAHUS, KOTOpbIE CIHOCOOHBI OXBAaTUTh LIMPOTOM CBOErO MO3HAHMSL.
Takoe pacmmpenue ObuUIO HEM30€XKHO, TaK KaK HAllld KCCIIENOBaTEeNd — SICHOBHLIBI,
TPYIWINCH HAJl 3TOM 3ajauell B TeueHue Oosiee Tpuanatu jet. OHu He TpeOoBaIu MoI-
TBEPIXKICHUSI CBOMX HAOJIOJIEHUN CO CTOPOHBI XUMHUKOB WM (PU3UKOB, TaK KaK MPUHS-
Tasg WM OTKJIOHEHHAs uaes WM JIto0oH (aKT, ICHO 3aMEUYE€HHBIN MPU UCCIIEI0BAHUU,
OyIyT paHO WJIM MO3[IHO CIJIETEHbI B €IUHYIO0 TKaHb MpaB/bl. PaKT COCTOUT B TOM, UTO
Halle MOKOJEHUE YUYEHBIX €/Ba JIM YTO-HUOYAb MPUMET WIM JaXe 3aX0YeT IMOHATH
MPEAJIOKEHHbIE TOHKUE UJIEH HAlllel SKCTPAOPAMHAPHON pabOThl, TAK KaK Mbl paccMaT-
pUBaeM JNal€Kue NEPCHEKTUBBI HAYYHOTO MPOrpecca, KOTOPBIE MOKa U1 YYEHBIX HAXO0-
JSATCS JIMIIb B TaliékoM Oyayiiem». EcTh Hagekaa, 4To 310 Oyayiiee HACTYIIJIO.
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