3BOJIIOLIMSI IPEJCTABJIEHUN OF ATOME: ot
JlemokpuTa 10 XaTbi00Ba

(pa3MbILIUIEHUS HA 33JaHHYIO TEMY)
Kongpakos .M., lllkpynues @./]. u Hlapunosa C.H.,
Kpusuc 6 ¢usuxe npouzowien ommoeo,
Ymo yuéHvle He 3HAIoMm OUANEeKMUKU
A.A. Jlyuun

Hcmopuuecku npedcmasnenuss 06 amome CIOACUTUCL 6 COOMBEMCMBUU C
paszsumuem  npeoCmasieHull 0 npupooe 8 Yeiom Ha KAHCOOM KOHKDEMHOM nepuooe
amozo pazeumus. OHO WO NO JUHUU I60JIOYUU  NPeOCMAGIeHUll. Mmouka —
niocKoCmbs — 00beM — NPOCMPAHCMBEHHAs. CMPYKMYPd, OpPeaHU308aAHHAS
onpedenennvim 00pazom. A 8 nocneonee epemsi 006a8UNOCH OMCYMCMBYIOUee 36eHO —
paszsumue udeu no JIUHUU, Hanpumep, meopus cmpyH. M3zeecmna maxoice u HO8aASA
meopus cynepobvedunenus B.C. Jleonosa... Yevi, maxkosvi ocobennocmu no3Hanus
Memooom npood u owuUbOK, KOMOPsIL NOKA MHOSUM YUEHbIM 3AMeHsem MemoO0102UI0
UCCe008aHUS 8 CUTLY HENOHUMAHUSL UMU MO20 (aKma, 4mo u Hauiu npeodcmaesieHusl,
KaK cUCmembvl, pa3gusaiomcst no ONpeoeieHHbiM 3aKOHAM, KOMOopble MONCHO NO3HAMDb
U UCNONIL308AMb 0151 UX NAAHOMEPHO20 PA38UMUsL, A He Memodom muika. Ho noka ece
UOEM 8 COOMBEMCMBUU C 3AKOHOM COXPAHEHUsL 2IYNOCU. NOKA He OyOem 8blCKA3AHA
enynocmuv Az nocne enynocmu Ai, enynocms b1 ne nosigumcs...

OT HexeJIMMOro aToMa K JAeJJUMMOM CHCTEME...

[IpuHsATO CUMTaTh, 4YTO AaTOMUCTUKA O€peT CBOE Hayajo C MOCTYJIaTOB
JIeMOKpUTa, CUUTAOIECTO YTO BCE TEJIA COCTOSAT M3 HEJCTUMBIX YaCTHIl — aTOMOB (OT
Ap.-Tped. GTON0S — HEACTUMBIH, Hepa3pe3aeMblii).

Kak ormeueno B kaure @./1. lllkpynuera [1]: «B nmoHaTuu «atom» BaxkHEEe BCETO
YKA3AHUE HA ®OPMY kak ero uctounuk. Atombl OTJIMYAIOTCS HE
TOJIBKO ¢urypoi, HO pacnojio)KeHHEM W MOpsAKOoM. UyBCTBaMHM HMX HENb3s
no3Hath; atoM ectb Y MOIIOCTUT'AEMAS ®OPMA, oHa 3puma u omkpwvima
moavbKo 01 unmeniekma... HeCOMHEHHO, 3TO T€HHAJIbHAsI MOMNBITKA MO-HOBOMY
OOBSCHUTh MHEHHS, KOTOpblE TpEeKHd Ha3blBIM doxa. JIeMOKpUT MPeaAsIONKIII
OPOAYMaHHBIM BapHaHT MEXaHUCTHUUECKOTO OOBSICHEHUS MHUpaA: ueaoe y Heco
npeocmaenaem coooi cymmy uacmeil, a 6ecnopao0ounoe 08U ceHue amomos, ux
CAYUaiiHble CHOJIKHO6EHUA OKA3bl6AIOMCA NPUYUHOU 6ce2o cyuiezo». OH cuutal,
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yTO aToMbl ABiIgIOTCA HeneauMbIiMu vyacthunamMu - [IEPBOKUPIIMYUKAMMUAU
MATEPHUMU. 3areM BBIICHHIOCH, 4YTO Bce BemecTtBa coctoar u3 PA3HbBIX
ATOMOB. J/lasiee oka3ajioch, YTO HEJICIIUMBIN ATOM JI€JIUM U COCTOUT U3 YACTHIL IBYX
THUIOB: 3aPSIKEHHBIX MOJIOKUTEIBHBIM U OTPULATEIIBHBIMU 3apSIAAMHU, XOTS JI0 CUX HET
YETKOTO MPEICTABICHUS YTO TAKOE MOJIOKUTEIbHBIA U OTPULIATEIbHBINA 3apsI.
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Puc. 0. UcTopuyeckue Mogenu atoma

3a nmocnenuue 100 setr pa3zpaboTaHO OOJIBIIOE KOJIMYECTBO Pa3HBIX MOJEINEH
atoMoB (puc. 0), HO U OHM HE CTaJId BCEOXBATBHIBAIOIIMMU: Ka)xdas U3 MOJENen
OTpakaeT Kakue-TO Ba)KHbIE CBOWMCTBAa aroma, OOHapy)KEHHbIE B dKCIIEpUMEHTaX Ha
MOMEHT €€ CO3/1aHusl B aBTOPCKOM TPAKTOBKE. DTOT Mpoliecc OYAET MPOI0JIKATHCS J10
TE€X MOp, MOKa BO3MOXHOCTU YeJOBEeKa He OyIyT OrpaHUYEHbl BO3MOKHOCTSIMH
pUOOPOB, C MOMOIIbIO KOTOPBIX OH U3y4aeT atoM. [Ipu aTom cmenens oenumocmu
unu OpobneHuss NUCXOIHBIX UCCIEAYEeMbIX OOBEKTOB go3pacmaem 10 TaKOW CTENEHH,
YTO TOJTYyYEHHBIE TIPU ITOM «OCKOJIKH» OYAYT CUNTATHCS TIEPBOOCHOBOM MaTEPUH WU
Jajee Hayka U €caMO CO3HAaHHWE YeEJIOBEKa [JOJDKHBI IEPEUTH HAa WHOU YPOBEHb
MO3HAHMS, YTOOBI MPOJIOJKUTH UCCIIEIOBAaHUE TOTO K€ aTOMa, UCIOJIb3ysl HE TOJIBKO
METOJIbl JTMAJEKTUKH, HO U METOJAbl IHEProMH(OPMALMOHHOW IUANEKTUKHU, Kak
MHCTPYMEHTHI [TO3HAHUS, HO M BO3MOKHOCTH CBOEro Mo3ra. Kak moka3bIBaeT pa3BUTHE
HAyKH B MOCJeIHEe BPEMsl, BTOPOH MyTh MPEANOYTHTEIbHEE.



[IpakTiuecku Bce M300paKeHUsI aTOMOB, KOTOPbIE AEMOHCTPUPYIOT TY WU HHYIO
€ro MoJieJib, KaK IIPaBUJIO, IIPEACTABJIEHBI B BUJE IIJIOCKOT0 PUCYHKA, IJI€ BOKPYT s1pa
Ha pPa3HBIX PACCTOSHUSAX HAXOMATCA JJIEKTPOHBI, KOTOPBIE, WM IIOKOSTCS, WIIU
BpAaIIalOTCs 10 3aJJaHHBIM UM opOuTaM, Kak riaHeTsl BOKpyr Coinnia. Ha camom nere,
BCE aTOMBI MMEIOT MPOCTPAHCTBEHHYIO CTPYKTYpy (puc. 1.). OO0 3TOM roBOpHUT HE

TOJILKO JIOTHKA, HO M PeaibHbIC CHUMKH, Hal[PUMEp, aToMa Bojiopoa (puc. 2, 2a.).
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Puc. 1. lnockas n o6LeMHas mogenu atoma

Kak HaMm y»e HM3BECTHO, CYIIECTBYET MHOKECTBO PA3JIUYHBIX MOJEIEH aroma
(puc. 0.). Kaxnmas u3 Mojenell oTpakaeT KaKHE-TO CYIIECCTBCHHBIC MPU3HAKH,
MpUHAJIeKAIME pealbHOMY atoMy. Ho atoM — 3Hauut Hegenumsbiid. [loaTtomy ecthb
CMBICII BECTHM PE€Yb HE O HEACIUMOM 4YacTule, NpuayMmMaHHoOW JlemokpuToMm, a o
Cucreme, HaszpiBacmMoit ATOMOM, wumeromen J0CTaTOYHO CHOXKHBIM COCTaB,

CTPYKTYPY, hOpMy U TUHAMUKY MOBEJICHUS 110 CPaBHEHUIO C IIapukoM JeMokpuTa.

PHC. 2 3. dnekTpoHHOe 061aKo Kak Habop MOMEHTaNbHbIX

Puc. 2. doTo aToma Boaopoaa

«dortorpaduit» anekrpona:
a— BUA CO CTOPOHDI;
6 — BMA B CEYEHMM.




B 1enom Bce M3BECTHBIE MOJIENM aTOMa MCXOIAT M3 TOrO, YTO aTOM BKJIIOYaEeT
MAaCCHBHOE SIZIPO, COCTOSIIEE M3 MOJOKUTEIbHO 3apPsiZKeHHBIX MPOTOHOB (HE SICHO
KaK OHHU YyJICPKUBAIOTCS B SJPE OT JICWCTBHS KYJIOHOBCKHX CHJI OTTAJIKUBAHUS) U
IEKTPUYECKH HEHTPAJbHBIX HEHTPOHOB, TIPH ATOM Ha 3HAYMTEIBLHOM OT spa
PACCTOSTHUM PACTIOJIOKEHBI OTPUIIATEIBHBIC YAaCTUIIBI - JJeKTPOHbI. Ho Bo3HMKaeT
psin mpobiieM, 6e3 pereHus] KOTOPHIX HEBO3MOXKHO MO3HATH aTOM, U, KOTOPHIE MOYKHO
0000IIIEHHO U3JI0KUTH TaK:

- U3 KaKUX YaCTHI] COCTOUT SIAPO aTOMa U caM aToM?

- KAKOBO COCTOSIHHE JIEKTPOHOB B aTOME — CTAlIMOHAPHOE WJTU TIOJIBHXKHOE?

- KaKUe CHJIBI 00€CTIeYNBAIOT B3aUMO/ICHCTBHE JIEKTPOHOB C SAPOM atoma?

- KaKHe CHJIbI 00ECTICUNBAIOT CTAOMIBHOCTD spa?

- Kakde Cujbl O00ECTeYMBAIOT B3aUMOJICHCTBHE MEXKIY «IPOTOHAMHU» H
«HEUTPOHAMU», €CJIM OHU MPUCYTCTBYIOT B siApe?

- U3 KaKOM MaTepuu COCTOST YaCTHUIIbI, COCTABIISIOLIUE aTOM?

- KaKoBa MpUpoa rpaBUTALNAN?

- MOXHO JIU BBLACIIUTH U3 OFPOMHOIO MHOKECTBA aTOMOB OT/I€JIbHBIE AaTOMBI TOTO
WJIM WHOTO AJIEMEHTA M HCCJIEIOBATh €T0 CBOMCTBA U MMEIOT JIM KaKue OCOOCHHOCTH
aTOMBbI KOCHOM MaTE€pUHU U KUBOW?

- U JIp.

Ha >tu u qpyrue Bonpockl PU3UKK MBITAIOTCS OTBETUTH, UCXO/S U3 aHAINM3a TON
WJIM UHOM MOJIENI aTOMa, a TAK)Ke CIOXKUBIIMXCS B (PU3HUKE MAPaJUTM.

B OosbIIMHCTBE KIACCHUYECKUX MOJENEH 3JIEKTPOHBbl 3aHUMAIOT CTaOMIIBHO
YCTOMYHMBOE MOJIOKEHUE WM MOJIBUYKHBI B ONIPEIEICHHBIX MPEeNax: yIepKUBatOTCs
KYJIOHOBCKMMHU CHJIAMH, JBUXKYTCS IO Pa3pelIeHHBIM OpOUTaM, PE3KO «CKAdyT» C
OJIHOM OpOUTHI Ha IPYTYIO0, U3iIyyas (eciau Ha Oosiee BBICOKYIO) MM MOTJomas (eciu
Ha 0oJiee HU3KYIO) KBAaHT CBETA, yAEp:KUBas aibOeI0 aToMa Ha 3aJaHHOM YPOBHE U

T.1.

CUnbl, AENCTBYIOWMWE B AOPE

MEXXAY YACTULAMM, BXOAALLUMMU B PO, MEXAY NPOTOHAMMU APA, SNEKTPUYECKU
AEVNCTBYIOT OCOBbIE CUNbl BSAUMHOIO OAHOUMEHHO 3APFDKEHHbLIMW YACTULAMM,
NPUTKEHUA - ANEPHLIE CUNbI AEVCTBYIOT CUNbl BBAUMHOIO OTTANIKUBAHUA

NO CBOEW BENNYMHE AAEPHBIE CU/bl BBAMMHOIO NPUTSXXEHUSA OrPOMHbI
M SHAYUTENBHO NPEBOCXOAAT CUbl BBAMMHOIO OTTANKUBAHUA NPOTOHOB



HecMmotps Ha TO, 4TO Macca sapa 3HAYMTEIBHO MPEBBIIIAET MACCY AJIEKTPOHA,
OPOTOHBI fAJpa U 3JIEKTPOHBI MMEIOT OJMHAKOBBIE 3apsnbl. Ho kakum oOpazom
IPOTOHBI B sAJIpe HE paz0eraroTcs Mojl JeHcTBUEM KyJlIoHOBCkUX cui? Toraa momKHb
OBITH e1le 0oJiee MOIIHBIE CUJTBI, KOTOPBIE YACP>KUBAIIM MMPOTOHKI B sA/Ipe. DTy 3a/auy
10 UMEIOIIHUMCS MPEACTABICHUSM BBIIOIHSIIOT s0€pHble CUbl, SBISIOMIMECS MEPOU
CUJIbHBIX B3auMojeicTBUIl. HO MX Hanmuuue yCIOXKHSIET caMy KOHCTPYKIUIO sipa U
MIPOTUBOPEYHT 37APABOMY CMBICITY, & IPUPOJIa HE U300MITYET CIOKHOCTIMHU.

Ho, 4to0Obl OOBACHUTH BCE SIBICHUA, MPOUCXONAIIMNE B aTOME, 3THUX
pEeACTaBICHUN HEAOCTAaTOUHO. [lepeuncneHnble MOJIENH, a TAKKE€ YaCTULBI U CHUIIBI,
y4aCTBYIOIIIUE B OPTaHU3AI[MU aTOMa, KaK CUCTEMBbI, HE OOBSICHSIOT €TO0.

Hayka He cTouT Ha MecTe, TO3TOMY PACCMOTPUM HECKOJIBKO HOBBIX MOJEIIEH
aToma, siBJsronuxcst ocHoBoil HoBwix 3Hanuii: mojenu Jleramosa H.B., Jlyunna A.A.
1 Xarpi00Ba A.M. U Kak OHHU CBSI3aHBI MEXTY COOOM WIJIM MPOTUBOPEYAT APYT APYTY.

1. Moaean atoma no konuenuuu H.B. JleBamosa.

OngnuM u3 (axTOpoB, OMPENEISAIONIUX CTPYKTYpY M OpraHU3aluio JIH0O0ro
00bEKTa MPUPOBI (TATEe NPUPOOHLIX cuchem) SIBISETCS MepHOCHb TIPOCTPAHCTBA U,
COOTBETCTBEHHO, COOCTBEHHAss MEPHOCTh CaMOTO OOBEKTa MPUPOJHON CHUCTEMBI.
Crnenyer NOSICHUTh, 4YTO U3MEHEHNE MEPHOCTH, 00pa3HO roBOPsl, MOAOOHO AEHCTBHUIO
KaMHEJIPOOMIIbHONW MAaIIUuHBI, pa3pylIalolie HMCXOJHbIE MaTepHalibl 10 YpPOBHS
MIEPBUYHBIX MATEPHIA.

IIpu >TOM KaxkabIil ATOM, B 3AaBUCUMOCTH OT €r0 AaTOMHOI'0 Beca, B 00JIbIIeil
WIN MeHbIIlel CTeneHu BJIUSET HA MEPHOCTh CBOEr0 MHUKPOKOCMOCA, BbI3bIBasi
BTOPHYHOE BHIPOKIEHNE MEPHOCTH [2].

Jledopmarust TpOCTPAHCTBA MPOMCXOIUT HE TOJBKO B 30HE CAMOTO sJipa aToMa.
O6pazoBaBiieecs saApo  aeopMupyeT MPOCTpaHCTBO BOKpyr cebs. Ho a3toro
MU3MCHCHHS CTPYKTYPhI MIPOCTPAHCTBA HEJIOCTATOUHO JUISI CHHTE3a BEIISCTBA M3 CEMHU
dbopm Marepuii, T.K. 3TOH AchOpPMAIMK JOCTATOYHO TOJIBKO IS CIUSHUS BOCIUHO
mecTu (popM MaTepuii.

Jliis cnustHAs ceMu (popM MaTepuil He XBaTaeT HE3HAYMTEILHOTO MCKPUBJICHHUS
MHKpPOKOCMOca. MepHOCTb 3THX 30H KOJICOJIETCS B Mpeeiax

2,9800 <A <3,00017

B monenu Jleamosa H.B. amekTpoHbl pacnonoxeHsl (YCIOBHO) MO OpOUTaM,
COOTBETCTBYIOIIMM HX MepHOcTH. Ha pucyHkax 3 u 4 3JIeKTPOHBI ISl KaXKIOTrO
9JIEMEHTA TIOKa3aHbl Ha OJJHOM YpoBHE MepHOCcTH: L= 2,885 nis atoma ypana (puc. 5)

n 2,880 <L <2,900 — s atoMa BoJI0po/Ia.
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(Puc. 144)
2 ( »

Puc. 3. Mogens atoma Bogopoaa

(Puc. 145)

Puc. 4. Mogenb aToma YpaHa

DTO O03Ha4yaeT, 4YTO OHM MOTYT OBITh CHHTE3UPOBAHBI B JIO0ONl TOYKE

IPOCTPAHCTBA BOKPYT AJpa — TaM, IJie COOCTBEHHAsi MEPHOCTh 3JIEKTPOHA COBMHAJIET C
MEPHOCTBIO IPOCTPAHCTBA, T.€ MPHU YCIOBUHU, YTO MEPHOCTh B JAHHOH TOYKE aToMa

HaxoauTcCs B IIPpeaciax

3,0001 < 2»x < 3,00017.

HpH OTOM, 6J1ar0nap51 HaJIM49UIO (bOHa, CO3a4aBaCMOIo pPCIIMKTOBBIM H3JIYUCHUCM,

O6J'IaI[aIOIHI/IM HeI[OCTaIOIHeﬁ HJIA CHHTC3a JJICKTPOHA MCPHOCTBIO A;\., ccabMast

| -—
f

\U/.\ - } IJ/ \ 2

Puc. 5. ATombl ypaHa v Bofopofa.

MaTepus HAYMHAET CIIMBAETCS
C mecTbr0 ocTalbHbIMU. Kak
W3BECTHO, KaXIbld (OTOH
MPEACTABIISIET coboi
MUKPOCKOIIUYECKOE
HCKPUBJICHHE TPOCTPAHCTBA,
HACBIIIEHHOE KaKou-1100
OJHOM TEPBUYHOW MaTEpPUEH.
OnHako CUHTE3MPOBAHHOE M3
CeMH TIEPBUYHBIX MaTepuid
COEIMHEHNE OYEHb
HEYCTOWYMBO.
HesnauurenbHble U3MEHEHUS
OKpYyXarouen cpenbl
MPUBOAAT K pacmauy 3TOro
COEIUHEHUS MaTEepUM.



Nmenno 370, kak nokaszan H.B. JleBamos, SBI€TCS NPUUMHON TOTO, YTO SJIECKTPOH
MPOSIBIIAET ceOs M Kak yacTHila (BEIISCTBO), M KaK BOJIHA (IyaJli3M CBOKMCTB).

Crnenyer OTMETUTD, YTO JIEKTPOH, 3JIEKTPOHHOE 00J1aK0, BOOOIIE He IBUAKETCS
B (hU3MYECKU IJIOTHOM Cpelie, T.K. OH HE SIBIIECTCS B IOJHOM CMBICIE (PU3NYECKU
IUIOTHOM MATEPUEH, 4 €CTh, HU YTO MHOE, KaK KpalHE HEYCTOMYMBOE TPAHUYHOE
cocrosiHue 3Toi Matepuu (Puc. 6). D10 kpaiiHe HEYCTOMYNBOE TPAHUIHOE COCTOSTHHE
MPOSIBIISIETCS,, B MEPBYID OYEPE]b, B MOCTOSHHOM NEPEXOAE MATEPHH M3 OJHOIO
KaueCTBEHHOI'0 COCTOSIHUSA B IPYTO€ B COOTBETCTBUH € 3aKOHOM IE€PEX0/1a KOJINYECTBO
B KaQ4€CTBO.

Ho u3 nosst 3penust yxoaut ené ojiHa BaykHasi 0COOCHHOCTH 3JIEKTPOHA - Ta, YTO
IIOCJIE CUHTE3a OH BHOBb PACIIaJIa€TCs HA COCTABJISIOIINE €T0 IEPBUYHBIC MATEPUH B
BUJIE «BAJEKTPOMATHUTHBIX HW3IyYEHUI», T.K. NPOUCXOJUT MU3MEHEHHE MEPHOCTU B
MIPOCTPAHCTBE €ro HaxoxAeHus. Ho 10 3Toro MoMeHTa oH ObLI uacmuyet, umeroujull
anekmpuyeckutl 3aps0. OTcroAa CIeAayeT, 4YTO CaMU «I1eKMPOMASHUMHbLE UTYYEHUS»
TaK K€ JOJDKHBI COCTOSITh U3 DIEKMPUUECKOU Mamepuu, KaK u 31eKmpoH, KOTOPbIA
U3y4aeT ¢omon, 4TO coriacyercs ¢ KoHuenmued A.A. JlyumHa v JauIIHUN pas
NOJYEPKUBAET, 4YTO MPUPOAA HE H300mIyeT usnumiectBamu. Kpome Toro, kak
M3BECTHO U3 mnapagurMel JleBamoBa, KaxIpli (OTOH NpPEACTaBISIET COOOMU
MUKPOCKOIIMYECKOE HMCKPHUBJIEHHE MPOCTPAHCTBA, HACBHIIMIEHHOE KaKOW-TMOO OJHOM
IIEPBUYHONA MATEPUEH, ATO JIMIIHUM pa3 MOAYEPKUBAET, 4TO (POTOH — ITO YACTHILA,
LeJIbHOE 00pa3oBaHHE B IMpeAenax JAe(pOopMUPOBAHHOrO MpOCTpaHCTBa. Torna, c
ydeToM KoHuenuuu Jlyunna A.A., BTOpOW MaTepuen, y4aCTBYIOIIEHM B CHHTE3E
YaCTHI] aTOMa SIBJISIETCS MATHUTHASI MAaTEePUs B BUJI€ OUTIONAPHBIX MATHUTHBIX YACTHII.
Torna cHumaroTcss MHOTHE POOJIEMBI U TIOJHATHIE BbIILIE BOIPOCHI.

Takum o00pazoMm, HPOUCXOAUT TOCTOSIHHBIM CHHTE3 M pacmaj BeIIecTBa,
oOpasyroiero 31eKkTpoH. [Ipu 3ToM 06pasyercs 37eKTpOHHOE 00J1aK0, KOTOPOE MOKET
nproOpeTaTh HECKOJIBLKO opM: S-o01ako, P-o6mako, D-o6mako, F-obmako (puc. 6).

OTH  DNEKTPOHHBIE O0Jaka OTJIMYAOTCS JAPYyr OT Jpyra CBOMMH
MIPOCTPAHCTBEHHBIMU (OpMaMHu, 4YTO B CBOIO OuY€pelb, BIMSET Ha CBOMCTBA

‘oox*

S - opbutanes P - opbutans D - opbutans F - opbutans

Puc. 6. ®opMkI aTOMHLIX OpbuTanen (3aNeKTPOHHbLIX 00nakoB)




AJIEKTPOHOB M, B PE3YyJIbTaT€ OHU CO3JAI0T pa3HbI€ MPOCTPAHCTBEHHBIE COEIUHEHHUS
MeX Iy co00# (puc. 6) B CHITy CIIOKUBIICHCS B 3TOT MOMEHT MEPHOCTH B JIAHHOW TOYKE
MIPOCTPAHCTBA.

311ech MOKHO Ha0IrO1aTh

3aKOHOMEPHOCTH Pa3BUTHS (HOpM IO

JTWHAHA: MOHO - OU — NOAU — CIOJCHbIE
Gdopmer (M1 CIOKHBIX COCIUHEHUH)

Px-opbuTtansk
[3, 4]. IIpu >ToM IPOSABIAETCSA 3aKOH

P,
7

eOUHCmMBa U MHO2000pasusi hopm, 4T0
Takke TokazaHo B cratee A.C.
Hukonoruua [5, 12]. Kak mnpumep,
MOXHO Ha0mofaTh oOpa3zoBanue P-
opOuTaneil mo Tpem OocsM KOOpJUHAT
VIS CJIOXHBIX coenuHeHui (puc. 7).
Kak wu3BectHO, opOuTamp — 3TO

IIPOCTPAHCTBO, B KOTOPOM c
Puc. 7. CnapuBaHue 3neKTPOHOB B

CITOXHbIX o6pasoBavax:

Kaxnaa P-opOuTanb nony4aer no OAHOMY
3NEKTPOHY, NPEexX e YeM HA4YHeTCA CnapuBaHue. o CIIapHUBarOIuXCs 3JICKTPOHAX.

Buenne MOJTy4YeHHAst dbopma

BEPOSITHOCTBIO 95% MOXKET HAXOUTHCS
ANEKTPOH. B gaHHOM ciiydae peub uier

HAIIOMUHAET MEeCTUTy4YeBUK. He UCKII0YeHO, YTO criapuBaHUe JIydel MECTITyYeBUKa
MIPOUCXOJIUT MO TEM K€ 3aKOHAM, YTO U Y aTOMOB, HO TOJIKO Ha JIPyTrOM Ka4€CTBEHHOM
ypoBHe. [Ipu 3TOM MexaHu3M TposBICHUS (POPM MPEACTABISICTCS OJHUM U TEM XKE.
OpHako Ha MakpoypoBHE 3Ta (hopMa MMEeT APYyroe KauyecTBEHHOe coaepxkanue. U
OTIATh, NEpexo0 ¢ MUKPOYPOBHA HA MAKPOYPOB8EHb B COOTBETCTBHUH C 3AKOHOM
nepexooa KoIUYeCMBEeHHbIX UBMEHeHUll 8 KauecmeeHHble TIPUBOIUT K CHUHTE3Y
OOBEKTOB MPHUPOIHBIX CHUCTEM O0O0HOU (HopMbl, HO PA3HO20 KAUeCMBEHHO20
CO0epPIHCAHUAL.

Takum oOpazom, ¢gopma uTrpaeT CYLIECTBEHHYIO poyib B mpupoje. ®Dopma
HAXOAUTCS B TPSMON 3aBHCHUMOCTH OT CBOUCME COCMABIANWUX €€ INeMEeHMOos,
Op2aHU3YIOWUX U popMupyouyux COOTBETCTBYIOILYIO CIPYKMYPY.

«IIpn coenuHEeHHM aTOMOB B MOJIEKYJIbl WM IPU CO3JaHUM W3 aATOMOB
KPUCTAJUIMYECKOM pemeéTKr, Kak numer Hukomanl BukTopoBuY, - 3JIEKTPOHHBIE
o0Jlaka pa3HbIX aTOMOB CO3/Ial0T OOIIME CUCTEMBI, KOTOpbIe Oojee ycTouuBsl. [1pu
ATOM CHCTEMY 00pa3yIoT JBa AJIEKTPOHA, UMEIOIIME TaK HAa3bIBAEMbIE, pa3HbIE CITUHBI.
DTO CBSI3aHO C Pa3HBIM TUIIOM UCKPUBIICHUSI MEPHOCTH MUKPOKOCMOCA, YTO IPUBOIUAT



K mporu0y TpOCTpaHCTBA KaK B OJAHY, TaK W B JIPYTryl0 CTOPOHY OTHOCHUTEIHHO
HYJIEBOTO (0aIaHCHOTO) YPOBHS».

DNEeKTPOHHBIE CTPYKTYPhI COCETHUX aTOMOB CIMBAIOTCS B €AMHYIO 3aMKHYTYIO
CUCTEMY.

YCTOMYMBOCTh aToMa OMpEACISIeTCS] HATWYUEeM KOJMYECTBA DJEKTPOHOB B
HapYKHBIX JICKTPOHHBIX 000JIOYKAX: €CIIM aTOM HMEET HEUETHOE YHUCIIO «HAPYKHBIX)
AJIEKTPOHOB, TO ATOM — HEYCTOWYMB; €CJIM COJEPKaT 1O JIBa AJICKTPOHA KaXKIIbIH, TO
npu OOBETUHEHUW B CIMHYIO CHCTEMY, KaXJble JBa aroMa OTAAOT IO OJHOMY
«CBOOOJTHOMY» 3JICKTPOHY JJIsl 00pa3oBaHus 00111el ycToiunBo cuctemsl. [Ipu aTom
o0beTMHEHHE BO3MOKHO MPH OJIMHAKOBOW KPHBH3HE MEPHOCTH MHKPOKOCMOCA
ATOMOB H HAJIMYHHM BHEIIHHUX 3JIEKTPOHOB ¢ IPOTHBOIOJIOKHLIMHI CIIMHAMH [2].

(Puc. 146) ( Puc. 146a) (Puc. 147)

Puc.8. CnapuBaHue INIEKTPOHOB C pa3HbIMK CMTUHAMW Pa3HbIX BeleCcTB

[IpUHATO YCIOBHO CYMTATH IEKTPOH, IBUKYIIIUNCS [0 YaCOBOM CTPEIKE BOKPYT
Apa, KAK UMEKIIMU IOJIOKUTEJIbHbIN CIHUH, a JIBWKYUMWACS IMPOTUB YaCOBOU
CTpEJIKK — OTpPUIATeIbHbI cniuH (puc. 8).

Cam nanmektpon H.B. JleBamor m3o0pakaeTr B Buae S- 00J1aKa, WMEOIIETO
CJI0KHYIO CTPYKTYPY, YTO BBIACJIEHO Y HETO I[BETOM M MPEANOJIAracT Y HErO CI0XKHYIO

CTPYKTYpY, T.€. ero deaumocmsp (puc. 9). CiaeayeT OTMETHUTD,
4T0 B pucyHkax Jlesamosa H.B. HeT Huuero aumHero u gaxe
I[BET OTPaXKaeT CyTh TOTO, YTO N300pakeHO Ha HUX. B 1anHOM

Clydae MpeACTaBI€Hbl BCE LBETa paayru. B wmeHtpe
Puc. 9. 3nekTpoH DJICKTPOHA HAXOIUTCI MACCHUBHOE SIpPO, CKOpEE BCEro M3
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MarduMTHbIX 4YacCTul, T.K. HMCHHO OHH

CIOCOOHBI  yAEp)KaTh  AJIEKTPOHBI  HA
COOTBETCTBYIOIIUX OpOUTaxX U caMo SAPO
6e3 ero pa3pymeHus. [Tpornece
MaTepUalIn3alui 3JEKTPOHA NpEACTaBIeH
Ha puc. K-®-0. Ilepsuunas martepus G,
ABIAOmasAcs (HOHOM  Y-U3IY4YCHHUS H
CO3/IaeT <«SIIPO» DJIEKTPOHAa NpU  €ro

Puc.K-®-0.lMpouecc matepmnanusaumm
3NeKTpoHa. cuHTe3e (corjacHO KoHmeniuu Jlydnna

A.A.), KorJ1a IepBUYHBIC MaTEPUH psiia «A-
F» co31at0T «3IeKTPUIECKOE OKPYKEHUE €ro sapa.

CoenuHssicb B MOJICKYJIBl WJIM CO3/aBas KPUCTAJUIMYECKUE PEIIETKH, aTOMBI
nepexoAsaT B Oojee yCTOMYMBOE COCTOSHHME. B 3TOM I1aHe O0COOEHHO HMHTEpPECHBI
CO3/IaBa€MbI€ aTOMAaMHU PA3JIUYHOTO THUMNA KPUCTAIUIMYECKHE PEHIETKH, KOTOphIE
00pa3yroT coOOM Tpu TPYIIbl: MPOBOJAHUKH, TOJYNPOBOAHUKU U WU30JSITOPHI.
Pasnuune CBOMCTB CBSI3aHO CO CTEIIEHBIO YCTOWYMBOCTH JIEKTPOHHBIX CTPYKTYD [2].

OO01mme 31eKTPOHHBIE CHCTEMbI Y IPOBOIHUKOB HECTA0OWIbHbBI, HAXOAATCH B
NMOCTOAHHOM XA0THYHOM JIBMKCHUHM, OHH TIIOCTOSIHHO CHHTE3HPYIOTCH H
pacnagawrcsa. Ho CTOUT TOIBKO K HUM MPWIOKUTH SJEKTPUUECKOE MOJIe, KaK IO
MPOBOAHUKY HAYMHAET TE€Ub IJIEKTPHUUYECKHH TOK, KOTOPBIM €CTh HEYTO MHOE Kak
MEPUOANYECKOE MEPETEKAHNE MIEPBUUHBIX MATEPUd, 13 KOTOPHIX OHU CUHTE3UPOBAHBI,
¢ (huznueckoro ypoBHs Ha 3PpupHbIA 1 oOpaTHO. [lpu 3TOM, €ciu COCUHUTD MEXKIY
co0o¥i IBa pa3HBIX METaJIa C Pa3HBIMU KPUCTATUIMYECKUM PEIIETKAMU, TO MPOSBUTCS
TaK Ha3bIBAEMBIN myHHeNbHblE IPhekm. Ecam ke CTPYKTypbl SJIEKTPOHHBIX
00o0104ueKk OyayT pe3KO OTJIMYAThCS IPYT OT APYyTa, a TOUKa pacnaaa u CUHTe3a OyeT

COCTaBJIATb OT JOJU A0 IMATH
( Puc. 148) MUJITUMETPOB, MbI OYJIET UMETh

G JIEJI0 C TIOJIYTIPOBOAHUKOM (CM.
Puc.10).

CranoBuTcs O4YCBHUIHBIM

2

U3MCHEHHUE MEPHOCTH
MHKPOKOCMOCA,  BBI3BIBAEMOE,
KaK sapaMu aTOMOB, TaK W
coenuHeHusIMHu atomMoB. Ho »To

IIPOUCXOIUT Ha YpOBHE
3 4 3 MHKPOKOCMOCA.
Puc. 10. TyHHenbHbIN achchekT Baxen BOIPOC 00

oopazoeanuu adep WM UX

ycmoutuugocmu. Kakue cuiibl CKpEIUIsitoT ux?
10



SAnpo «mpocTo» BOAOPOJA HMEET OJWH HYKIOH — MPOTOH (Maccod —
1,672621777-10?7 xr'. man 1836,152 672 Macchl DIEKTPOHA) — IOJOKUTEIHHO
3apsHDKEHHYIO0 YacTHUILy, 3apsii KOTOPOM HEWTpaIu3yeTcs OTPULATENIbHBIM 3apsaoM
AJIEKTPOHA, YTO oOOecleyuBaeT yCTOMYMBOCTH artoMa. Jlpyroil wactuiei,
dbopmupyromel Sapo APYTHX aTOMBI, SBISETCS HEUTpaibHAs YacTUIA - HEHPOH (C
Maccoi mpoToHa). VIMEHHO B sIpe CONEPKUTCS BCS Macca aTtoMa — (DU3HYECKH
IJIOTHOE BEIMIECTBO U3 CEMHU TEPBUYHBIX MAaTepuil, KOTOpoe aeGopMUpYeT
MHUKPOITPOCTPAHCTBO BOKPYT ce0si ¢ 0OpaTHBIM 3HAKOM, HEUTpAIN3ysl H3HAYAIHHYIO
nedopMalio MUKPOIPOCTPAHCTBA, BOCCTAHABIMBAS YCTOMYMBOCTH MPOCTPAHCTBA.
DTO KacaeTcs U A/1pa aToMa BOJOPO/Ia.

ATOM BOAOpPOAa — IJTO NMEPBOKMPNHYMK MaTepum Hameil BceneHHol u
UMEHHO OH MOCITYXXHJI CTPOUTEIBHBIM MatepuanioM (puc. 11), kak i 3BE3M, TaK |
Bcex opyeux uzeecmuvix amomos (puc. 12), kak mumetr H.B. Jleamios, - KoTopbie
BO3HMKAJIM B HEJIpax 3BE3[l 8 pe3yibmame mepmos0epHblX peakyuil, NOSIBIASIOINXCS B
pe3yabTaTe CKATHUSl BOJOPOIHBIX 3BE3—T0JIyObIX TUTAHTOB.

He cnenyer 3a0b1BaTh, 4TO aTOM BOJOpPOAa HEHUTPAJIEH C TOYKU 3PCHUS HATUUUS
3apsiia; B HEM 3apsi IPOTOHA YPaBHOBEIIMBAETCS 3apsiIOM AJIEKTpoHA. B aTome ypaHa
TaKuX aTOMOB 238 MTYK, HO3TOMY, COBOKYITHOE BJIMSIHUE HA MIPOCTPAHCTBO JIBYXCOT
TPUALIATH BOCBMH aTOMOB BOJIOPO/Ia TPUOIU3UTEIHLHO OyI€T PaBHO CTCTICHH BIUSHUS
omHoro aroma ypana (puc. 12.). Ho nBectd Tpuamarh BOCBMOHM aToM BOJOpOJa
OKa)KETCsl B TAKMX K€ KAUYECTBEHHBIX YCIIOBUSIX, KaK M OJIMH aTOM ypaHa—CTaHeT
HEYCTONYUBBIM, PAAUOAKTUBHBIM.

L = 28789 L=

Puc. 11. Avom Bogopoga Puc. 12. Atom ypana

! OrHoleHue Macc MPOTOHA M BJIEKTPOHa, paBHoe 1836,152 672 1(14), ¢ Tounoctsio 0 0,002 % paBHO 3HaueHuio 6m° = 1836,118...
Vi3mepenus pajamyca NPOTOHA C MOMOLIBIO aTOMOB OOBIYHOTO BOJOPOAA, IPOBOIMMEIE pa3sHbIMU MeToxamHu ¢ 1960-x romos, npusemn (CODATA-
2006) k pesynbTary 0,8768+0,0069 Gemromerpa (1 dpm = 107"° M. (yrounennsiii pazmep 0,8418 dm. )
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http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/CODATA

Takum o0pazom, kak nmokazan H.B. JleBamios, - ka:kablii aTOM, B 3aBHCUMOCTH
OT ero aTOMHOI0 Beca, B 00JIblIel WM MEHbIIell CTeleH! BJMseT HA MEPHOCTh
CBOEro MUKPOKOCMOCA, BbI3bIBAasi BTOPUYHOE BBIPOKICHHE MEPHOCTH.

Jledopmarust mpoCTpaHCTBA MPOUCXOIUT HE TOJBKO B 30HE CAMOTO sIpa aToMa.
ObpazoBaBiieecs: sapo  aedOpMUPYET MPOCTPAHCTBO BOKpyr ceds. Ho astoro
MU3MEHEHHS CTPYKTYPhI IPOCTPAHCTBA HEIOCTATOYHO JUIsl CHHTE3a BEIIECTBA U3 CEMU
¢dbopm matepuii. Ho 31ech BO3HMKAET BOMPOC: €CIIM aTOM ypaHa COCTOUT U3 238 aTOMOB
«BOJIOPOJIAY», AIpa KOTOPOTO MMEIOT MOJIOKUTENbHBIN 3apsia, To Kak 238 aToMOB,
HaXOJsIChb KOMIIAKTHO B SpE€ KOMIIGHCUPYIOT JEMCTBUE KYJIOHOBCKHUX CHII
oTTajkuBaHusA? UTo MemiaeT OTpPHUIATENBHO 3apsDKEHHBIM AJIEKTPOHAM, MMEIOIIUM
TaKoW K€, KaK y MPOTOHOB 3apsj, HE MaJaTh Ha SIPO, B pe3yJbTaTe 4ero AOJDKHA
MIPOU30UTH AHHUTHJISIIAS B COOTBETCTBHH C MPEIICTABICHUSIMH KBAaHTOBOW (hU3uKm?
BbIxoauT, 4To OJHOTrO U3 3apsA0B HE TOJIKHO ObITh. DJIIEKTPOH OOHAPYKEH U €r0 3apsij
u3MepeH. Ho BOT 3apsii mpOoTOHA HUKTO HE U3MEPSLI, JOTUYHO MPEANOI0KUTh, UTO €T0
MIPOCTO HET U 3[E€Ch IPYTrOd MEXaHU3M yCTPOMCTBA Apa U CaMOro aToMa. ..

Takxe cnpamumBaercs, KaKOl HEBHJIUMBIN «IITAHT€HIIMPKYJIb» KaaUOpyeT Bce
IIPOTOHBI U HEUTPOHBI, YTOOBI OHU TOTOM 00pa30BaIH (PU3UUECKH ITIOTHOE BELIECTBO?
YacTtuyHO OTBET M HA 3TOT BOIPOC uUMeercs U B KoHuenuuu H.B. Jlesamosa: 31o
«BOJIHBI» FaMMa M3JIy4€HHUs, KOTOpPbIe UMEIOT BECh HA0Op HEOOXOIMMBIX AJISl 3TOrO
4acTOT, KOTOPbIE U CTPYKTYPUPYIOT IPOCTPAHCTBO B JaHHOM €ro 00Jy1acTu (Hanpumep,
JUIS CHHTE3a JJIEKTPOHA...), OOecrleunBas HYXHYIO JUISS 9TOIO MEPHOCTh B TOYKE
cuHTe3a yactull. Ho, mpu 3TOM He cienyeT 3a0bIBaTh, UTO KaX/aAasi IEpBUYHAS MATEpUs
UMeeT CBOIO «(opMy» (HE MPUBBIYHYIO HAM CTPOTYIO T€OMETPHUUYECKH MPaBUIIBbHYIO),
pa3Mepsl U kauecTsa. [Ipu 3ToM (popma nepBUUHBIX MaTEPHil HE ABISAETCA TPUBBIYHON
reoMeTpudeckon gurypoi (kyO, mapajuienunuren, nupamuaa u T.71.). [lepBuunbie
MaTepUu HE SBIIAIOTCS «JIEKTPOMATHUTHBIMHU BOJHAMM» B IIPSIMOM CMBICII CJIOBA, -
3TO YacCTULbI €IMHON MPUPOJBI, UMEIOIINE pa3HbIe pa3Mepbl U MacCcy. A y4uThIBas,
YTO B KOHLEMNUUU pedb UAET 00 3JIEKTPUYECKOM M MAarHUTHOM MOJSIX, MOYHO
YBEPEHHO YTBEDPKIATh, YTO ITH MEPBUYHBIE MATEPUU COCTOAT U3 DIEKTPUUYECKOU U
MarHUTHOM Matepuid. [lpu HanoXeHWM NEPBUYHBIX MATEpUM Jpyr Ha JApyra
IPOMCXOJNUT B3aMMOJECHUCTBUE KAayeCTB KaXJOWM MaTepuu Jpyr ¢ JAPYIrOM H
MPUBOJSIIEE MO 3aKOHAM CaMOOpraHU3alud K (OPMUPOBAHUIO COOTBETCTBYIOLIUX
CTPYKTYP B BHJI€ KYOMYECKOM, TETpanIaIbHOM, 10/1eKadIpaTbHOM, MKOCAdAPATLHOMN U
APYTUX) PEUIETOK, KOTOPbIE U CTPYKTYPHUPYIOT IPOCTPAHCTBO U THOPUIHBIE MATEPUH,
pacmpeziensisi X B COOTBETCTBHM C 3akoHamu rapmonuu [/]. Ho B cBOrO ouepensb
ruOpuIHas MaTepus TakKe CTPYKTYPHPYeT MPOCTPAHCTBO, B KOTOPOM HAXOJIUTCS U
BOKpYr ce0sd B BHUJE PpEIIETKH, KJIacTepoB KyOWYECKOM, TeTpauajbHOM,
J0JIeKadIpaibHOM UM MHOM KOH(UTypaliu, B COOTBETCTBUM C 3aKOHAMU TapMOHUH,
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CUHEPreTUKM WM CaMOOpraHu3alHud. OTOT MNPOUECC HAET C MHUKPOYPOBHS [0
METaypOBHsl, T.€. CTPYKTYpHU3ALMU U camor BceneHHou.

WNHaue roBOps, COeJMHEHHE ATOMOB B MOJIEKYJIbl, KPHCTAUIHYECKHE
PEeIIéTKH BO3HMKAET, KAK CJIeICTBHE H3MEHEHHUS MEPHOCTH MHKPOKOCMOCA ITHX
aTOMOB TeMHM WJIH MHBIMM BHEIIHMMHU BO3AeHcTBUAMH. CiIMsIHHE CTAHOBUTCH
BO3MOKHBIM IIPH OAMHAKOBOW KPHMBU3HE MEPHOCTH MHUKPOKOCMOCA ATOMOB H
HAJIMYUM BHEIIHUX YJIEKTPOHOB C IPOTUBONOJI0KHBIMHM CIIMHAMM [2].

CraHoBHUTCS  OYEBMAHBIM, YTO H3MEHEHHE MEPHOCTH MHUKPOKOCMOCA,
BBI3BIBAEMOE, KaK sJIpaMH aTOMOB, TAaK M COCIMHECHHUAMM AaTOMOB B BHJE
KPUCTAJUIMUECKUX PEIIETOK Ha YPOBHE MUKPOKOCMOCA, IPUBOJIUT K (POPMHUPOBAHUIO
T€X WIHA UHBIX CTPYKTYp C HOBBIMM Ka4eCTBAMHU U CBOMCTBAMU.

Takum  oOpazom  Temepp  MOXHO  OTBETUTh Ha  BOIPOC, KAKUM
«WmaHeeHyupxKynemy KaruOpyroTcss IpOTOHBI? — VIM SIBIIA€TCS crmpyKmypupogeanHnoe
B OIIPENEICHHOM YaCTOTHOM JHMamla3OHE IPOCTPAHCTBO, B SAYEHUKaX KOTOPOTO
MEPHOCHLb MONHCOECMEEHHA COOCMEEHHOII MepHOCmuU npomona [6, 7].

N3BecTHO, YTO AnpO aTtoMa COCTOUT U3 IIPOTOHOB» U «HEUTPOHOBY», IPUYEM
HEUTPOH 00pasyeTcs TOr1a, KOorja y aToMa BOAOPO/a 3JIEKTPOH MEPEXOAUT Ha OpOUTY
HU)KE KPUTUYECKOM M BOJOpPOJ HEOoOpaTUMO MEpPEXOJUT B HOBOE KadecTBO.
«HeuTpon», HE HMMEKOMMI SIEKTPUYECKOTO 3apsla, CTAHOBUTCS CTPOUTEIBHBIM
MAaTepUAIOM IS OPYTMX aroMoB. Ecim ke aapo atomMa BOJOPOAA YAEPKHUBAET
DNEKTPOH HA TAaKOM pPACCTOSHHMM, YTO 3apsl OJJIEKTPOHA HE KOMIIEHCUPYETCS
«3apsAIoM» Apa, TO B 3TOM CIIy4ae MOXKHO BECTH PE€UYb O IIPOTOHEY», Y KOTOPOIO HET
3apsija, T.K. B IPOTUBHOM Ciy4ae, €clid Obl OH ObUI MOJOKHUTEIbHBIM, OH YHUYTOXKHUII
(aHHUTHIMPOBAIT) OBI 3apA]T ANEKTPOHA.

Takum 00pa3zoM mpencTaBieHHas Mojelb atoma mnapagurmel H.B. JleBamosa
SIBJISIETCS LIEJIbHOM M OTBEYAOIIMI HA BCE MOCTABJICHHBIE BBIIIE BOMPOCHI.

BrIBOALI:

1. CornacHo mapamurme Jlepamosa H.B. [2, ¢. 150], mepBuuHbIe MaTepum
SBJISIIOTCSL B TEPMHUHAX KBAHTOBOU (UBUKH <«QJIEKTPOMATHUTHBIMH BOJHAMM,
CHEKTP KOTOPBIX OXBaThIBA€T JOCTATOYHO IMUPOKUN JHWamna3oH, CBS3aHHBIN
kod(dduimeHToM KBaHTOBaHMs Yi U mepernanomM MepHoctu AX = 0,020203236 viu
KOHKPETHOM OKTaBOW M OHHU SIBIITFOTCS] CTPOUTEIBHBIM MAaTEPHAIIOM JIJIsl BCEX BEIIECTB
Bcenennoi.

2. «DJIEKTpOMArHUTHBIE U3JIYYCHUS» HE SBISIOTCS  AJICKTPOMArHUTHBIMU
BOJIHAMHU, & COCTOSIT U3 91eKMPULEeCKOU Mamepuu, KaxK u 271eKmpoH, KOTOPbIN U3IIy4aeT
¢omon, T.e. IPEICTABIAIOT COOOM MOTOKM YACTHUI] M3 JJIEKTPUYECKOW MaTepuu, a
TAK)K€ U3 MATHUTHOW MaTEPUU.
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3. DNeKTpOH M 4YacTHIBl sApa aroMa SBJSIIOTCS MPOU3BOJHBIMU  OT
B3aUMOJICUCTBUS JIEKTPUUECKON U MATHUTHON MaTEpHUi.

4. TIpocTpaHCTBO HE SIBIAETCS MYCTHIM, OHO CTPYKTYPHUPOBAHO B COOTBETCTBUU C
COOCTBEHHOW MEpPHOCTBIO, T.€. 00pa3yeT NPOCTPAHCTBEHHBIE PEIIETKH, KOTOPHIE
OPraHMU3yIOT MAaTEPUI0 HAa KaXXJAOM M3 KBAHTOBAaHHBIX YPOBHEHM B BHJE YACTUIL]
(«<HEUTPOHOB» M «IIPOTOHOBY).

5. DNeMeHTapHbIE YACTHUIIbI, CHHTE3UPYEMbIE U3 NEPBUYHBIX MATEPHUl, UMEIOT
COOCTBEHHYIO MEPHOCTb, KOTOpasi U ONpeeNsieT ux GopMy U pa3mMepsl.

6. AToMbl (QOPMUPYIOT TNPOCTPAHCTBEHHBIC KJIACTEPhl, 0Opa3ys BEIIECTBO,
KOTOPOE 3aIl0JIHAET JAaHHOE ITPOCTPAHCTBO.

2. Moaeab aToMa 1o koHuenuuu Jlyunna A.A.

Mopens atroma JlyunHa A.A. mNOCTpo€Ha Ha OCHOBE IPOBEIEHHBIX CaMHUM
aBTOPOM M JPYTUMHU HCCIIEIOBATEISIMU SKCIEPUMEHTOB, YacThb W3 KOTOPBIX Oblia
MMOBTOPEHA ABTOPOM JIAHHOM CTaThU, NOATBEPAUB cAcTaHHble JIydnHbIM A.A. BEIBOJBI.

Jlyuyun A.A. UCXOAUT U3 TOTO, UTO HAIl MUP 00Opa30BaH U3 ABYX TUIIOB MaTEPHIA:
ANEKTPUYECKON U MArHUTHOWU. OTCIOa BBIIEIIACTCS ABA TUIA YACTHULL: 91eKMPUUECKUE
(boTOHBI) U MacHumHbIE 6 8UOE OUNONAPHBIX YACMUY, U3 KOTOPBIX CHOPMHUPOBAHBI BCE
MaTepHuaibHble CTPYKTYpPhI Hamero Mupa. OH CYMTAET, YTO B MPUPOJIE HE CYLIECTBYET
TIOJIO’KUATEIIBHBIX 3apsIOB M MPeiaraeT CBOK Mojieib aroma (puc. 13).

Atom 1o JIlyunny A.A. COCTOUT U3 IJIOTHOTO s0pa, BKIIOYAIOIIETO MACHUMHbLE
yacmuyvl U (QOmMOHbl, HA PACCTOSHHM, OOECIEUMBAIOIIEM pPAaBHOBECUE CHJI
MPUTSHKEHUS, CO3/1aBa€MOT0 SIPOM, BOKPYT HETO HAXOSATCS CTAOUIIbHBIE TOJIBUKHBIC
B HEOOJIBIINX MpeNenax 91eKmMpPOoHbl, C8A3AHHbIE HCYMUKAMU (CUNOBLIMU TUHUAMU) C

‘ F | sA0poM u  ewbInycKalowue ux 60 6He,

P

1- ;
L cayscawue O0ns COeOUHeHus: ¢ Opyeumu

3. CHNOBLIC ATYTHER NONRA

Pl

amomamu U 00OpA306aHUSA  PA3TUYHBIX
r coeOuHeHUll (MOaeKyl, KpUCmanios u m.o.).
Bpawenusa nem. C napyscnoii cmoponst y
2 | amomo8 pacnonodicenvl no paouycam om

‘/i,
? y yenmpa amoma wynanivya nosneti
é‘ JJIEKNIPOHOB, 20noessvle COCOUHUMBCSL  C
N

g

2

1 opyeumu amomamu (puc. 13) 6 monexyiuvl
(puc. 14) unu kpucmannel (puc. 15) [6, 7].

[Ipu 3TOM paamycel OEUCTBHS IMOJIEH

AJIEKTpPOHA U MpoToHa paBHBI R = 0,65*10 -
Puc. 13. Cxema atoma (auameTpansHoe ceyenue). O = 10° r (pamuyc snekrpona). Uro
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KacaeTcs KOHCTPYKLUHH f/ep aTOMOB, TO OHO COCTOUT M3 NPOTOHOB, 3aIIOJJHEHHBIX
MAarHUTHOM MacCO¥ CO CBOMMM LIYNAJIBLAMH MOJIEH, KOTOPBIE CLENUBIINCH, CO31AI0T
IApONOJOOHYI0  KOHCTPYKLMIO, TIpU 3TOM  MarHUTHOE II0JI€  IPOTOHA
HECKOMIIEHCUPOBAHO 3JIEKTPUUECKUM, [T03TOMY OH BEJIET ce0s1 KaK «IOJI0KUTEIBHO
3apsbKeHHas yacTtuia. 1lo3ToMy y MpOTOHA HET M HE JOJIKHO OBITh AJEKTPUYECKOrO
3apana. OTO MarHuTHas d4acTula. EE€ KOHCTPYKTHMBHBIE 3JIEMEHTHI OWIOJISIPHBI,
MO3TOMY HUKaKOW HEOOXOJUMOCTH YJEp’KUBATh OYEHb IUIOTHYIO Maccy MpOTOHA
KaKOM-TO APYroM MaTepuen, KpoMe MarHuTHOM. UTo KacaeTcss HEMTPOHA, TO OH TO XK€,
YTO W NPOTOH, HO C 3aMKHYTBIM MAarHUTHBIM IIOJIEM, KaK 3TO IPOUCXOIUT C IOJIEM
[IOJIKOBOOOPA3HOr0 MarHuTa, KOIja €ro IoJiIoca 3aMKHYThl MAarHUTHOW JKElIEe3HOU
IIJIACTUHOM.

Cnenyer OTMETUTH, YTO B
NPUPOAE HET HeuzMeHseMblX U
HEeNnoOBUMICHLIX I1eMEeHMO8: MUP
U3MEHSIEM,  HEOJIHOPOJEH |
nuHamuyeH. U Tonbko 6maronaps

ATOMY B MHpPE CYLIECTBYET
OTPOMHOE  KOJMYECTBO,  TaK

%\]%m“
Ha3bIBACMBIX, bu3HIecKux
Puc.14.Monekyna

s dextoB u siBieHuil. [Ipuuém,

BCAKOE H3MEHEHUE NPOUCXOAMT B COOTBETCTBUM C 3aKOHAMU TapMOHHMU TaKUM
o0pa3oM, 4ToOBI IIPU 3TOM Ha HEro He TpeOOBaNacCh JOTOIHUTEIbHASI SHEPTHSL.

«llone, kax cuumaem Jlyuun A.A., — 23mo npocmpancmeo, 6 KOMOpPoM
Haxoosmces mamepuu, obaaoaroujue C80UCMEOM NPUMANCEHUS U OMMATKUBAHUSL.
Ceoticmeom ommankusanus 0o1aoaem 31eKmpudeckas mamepus 8 suoe omonos.
Ceoticmeom npumsoiceHus obnadarom MacHuUmHvle OUNOJIAPHbIE YACMUYbL, OHU Jice

obnadarom U  CBOUCMEOM

ommaiKkuearus 6

MarHnTHble sasucumocmu om
dacthubl 3neKTpoHbI

OpUeHmMuUpoO6KU nojarocos.

Inekmpuyeckas
_ mamepus Xopouio

HryTuKm
npum:iazcueaenici K JZIO60My

e nosocy MazHuma
(macnummnou yacmuywi)» [8].
Ilome MPEICTABISAECT

Puc.15. Cxema cTpyKTypbl KpucTanna

co0Ol MpOCTPAaHCTBO, TIJE€ PAacHOJIOKEHA JJIEKTpUYecKass Marepuss B BHJE
HUTEOOPa3HBIX KT'YTUKOB YIIPYTHUX U KECTKUX, XOPOIIO MPUJIUMAKOIIUX K MATHUTHBIM
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gactuuaM. Y (OTOHA, BJEKTPOHA, APYIHX 3apsDKEHHBIX Te IIyrnajiblia ToJei
pacronararoTcs 1o paguycam Ha paccrosame R = 10°r, rne r — paamyc doroHa,
AIEKTPOHA.

[lo xonumenmuu Jlyunna A.A. mons umeroT ABe (GOPMBI CYIIECTBOBAHMUS:
CTaTH4YecKyl0 (TOJi1 TOCTOSHHOTO MAarHMWTa, IOCTOSHHOTO TOKa, 3apsKEHHOTO
AIIEKTPUYECKUM 3apsAI0M IIapa, B KOTOPBIX IIyTNajblla MaTePHil TOJISl OTPaHUYCHBI U
HETIOZBIKHBI) U KHMHETHYECKYI0 (B KOTOPBIX MaTepus MOJS MPEACTaBIsIET co00i
KOPIYCKYJISIPHBIN Ta3, ABWXKyLuica ¢ 000l ckopocThio. KopmycKyJsipHbI ra3
COCTOMT U3 (POTOHOB U MAarHUTHBIX YACTHII.

BricBoOokaeTcsi maTtepusi ToOJiel M3 DJIEKTPOHA WHEPIMOHHBIMU CHIIAMH,
UMEIOLINX 3HAYUTENIbHbIC BEIMYHHBI.

Matepuss  snextpuueckas — (poroH,  oOnamaromuii  CIIOCOOHOCTBIO K
OTTAJIKUBAHUIO) W MArHUTHBIE YAaCTUIIBI COCTABJSIIOT HAYUHKY JJIEKTPOHA
(motHOCTE — 15000 T/eM® = 15%10%° kr/m®). ®oTOHBI «CHAOXKEHB» KECTKOMH
«IIEPCTHIO» — CUJIOBBIMU KT'YTUKAMU, KOTOPBIE MPUIIUNAIOT K MArHUTHBIM YaCTHUIIAM,
U TEM pelaeTcs npodiemMa o0beIMHeHUs WU, KaK €€ Ha3bIBAIOT B OPTOJOKCATIHLHOM
Hayke, mpobsiemMa B3aumo ieicTBui (puc. 16.).

ITo JIyunny A.A. ¢pomon — 310 4acTuLa U3 DIIEKTPUIECKON MAaTEPUU, UMEIOIIAs

| CKOpOCTh, PaBHYIO CKOPOCTH CBE€Ta M
maccy nopsiaka 107 kr.

EENENNENNEINELNEN C npyroii cropossl, (GOTOH —
MarHnTHas YacTuua
KBaHT CBETAa: OH U YaCTHUI]a — IIApUK C

pamuycom Iy ~ 10'8m, or xoroporo

Puc. 16. "cunosas nuHUA" MarHUTHOro nons
paCXOI[HTCH BO BCC CTOpOHBI KTYTUKHN Ha

paccrosuue 10 3m, u Bonna, ;ymuoit A = ¢/v. Ho Tak 1 510?

IIo konmenmum  A.A.

T°p”°f{;;’;§f"°“"' JIyuuHa (dortoH ABJISIETCS

C
\Qmm «COJEPKUMBIM»  DJICKTPOHA U
OPOSIBIACTCS IIPU  IIEPEXOE
MarHuTHble p P p a
3neKTpoHBI & - yacTtuusl | JJ1IeKmpoHna C OOHOTO
p. e e YHEPreTHYECKOTrO OBHA Ha

V% :E-:E-EE-%V1>C p yp

S=yt=—pi=s JPYro#, OTpaxas OJHOAKTHBIN
MPOLIECC: MPOUCXOIUT
Cy TOPMOXECHHME DJJIEKTPOHA M 3a

CYET CHJI MHEPLIMHU MarHUTHBIC U
Puc. K-M-1. PasgeneHune notoka 3/fieKTPOHOB Ha

NnoToK (hOTOHOB U MarHUTHbIX YacTHL. SJICKTPUHCCKUC HaCTHIIBI o

KBaHTa CBECTa BBI6paCBIBaIOTC$I u3
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HEero B Buje (HOTOHA (dIEKTpHUUECKas MATEPUS) CO CKOPOCMbIO c8ema U MASHUMHOU
yacmuywl co ckopocmolo, 3asucsuei om eé maccol (puc. K-M-1). [Tpu sToM a51eKTpoH
CBSI3aH C MArHUTHBIM SIIPOM aTOMa KI'yTUKaMH (ILIETI0YKa U3 Yepeayromuxcs GOTOHOB
Y MarHUTHBIX YacTHUI), YAEPKUBAIOIIUMU €r0 Ha «opOouTe» (pa3pelieHHOM YPOBHE,
puc. 13). 1 B caMoM 371eKTpOHE IIEKTPUUECKUE YACTHUIIBI — (POTOHBI — CBSI3aHBI C
OUMOJIIPHBIMA MarHUTHBIMH YaCTUIIAMHU, HAXOSAIIMMHUCS B €T0 siApe, TIPU TOM Macca
MarHUTHBIX YaCTHUIl Ha HECKOJIBKO TIOPSIKOB 00JbIe Macchl (oTOHOB. KoHCTpyKIHs
¢dorona (ycIoBHO NIOKa3aHa Ha puc. 18) BHeIIHE MOX0Ka Ha KOHCTPYKIIUIO SJICKTPOHA
(puc. 17).

[To Jlyunny A.A. ¢oTOH — uyacTuIla, KOPITyCKYyJa, JIOKaJU30BaHHAs B
OnpefeieHHOM O00BEME BHYTPEHHETO MPOCTPAHCTBA JJIEKTPOHA, TMOITOMY OH
MOTJIOIIAETCS UIIM U3ITydaeTcs «1eJuKkoM». DOTOH BXOJUT B «COCTaB» 3JIEKTPOHA, UX
B HeM npuMepHO 3*10° mITYK, TOMMMO TaKOTO K€ KOJIMYECTBA MATHUTHBIX YACTHII,
@DOTOH NPUTATUBAETCS K JTIOOOMY MOJIIOCY MAarHUTHOM YaCTUILIbI, HO OTTAJIKUBAETCS OT
ceOe moA00HBIX YacTHI] - (POTOHOB.

Ho marnuTHbIEe 4acTHUIIbI, KAK UMEIOIINE
OOJIBIIYIO MacCy U CBOMCTBO MPOHUKATH Yepe3
To0bIe TIperpajbl, M0 WHEPIUU IMPOJIOIKAIOT
CBO€ [BWKCHHE JaJbllle, «pa3pylias» TeM
CaMbIM HApOJMBIIMMICA 3JIEKTPOH. MOXKHO

Sapo 83— IPEATONIOKHTE, UTO MacHUNHbLE Yacmuybl (1)
JacTuy

B CBOEH OCHOBE mMaKyce CcOCMOAmM U3
Inekmpuyeckoi  mamepuu, pa3  (OTOH
MPUTATUBACTCS K MArHUTHOW 4YacTUIle, YTO

3HAUUT, YTO OHU UMEIOT OOIIyI0 MPUPOAY H

HEYTO CMOCOOCTBYIOIIEe UX NpUTsHKeHHI0. Ho
Ha 3TOT BOMNPOC OTBET MOTYT JAaTh TOJBKO
AKCTIEPUMEHTHI.

3mech TOSIBISETCS €Ile OJHa 3ajadya,
CBs3aHHasi C (opmMuUpoBaHHEM OHUIOJISIPHBIX
YacTHUIl U3 JJIEKTPUUECKOW Martepuu. MOKHO
OpociHeanuTs W 3Ty JIMHUIO  Pa3BUTHUSA
OUMOJNSIPHBIX YACTHII, TTIOKA MPEJCTABICHHYIO B
BUJIe paboYeil TUIIOTE3HI.

Puc. 18. ®oton.

brnaromapss OUIONAPHOCTH, KTYTHKU
(tommuna ~ 107 M.) cTanMoOHAPHBIX MATHUTHBIX IIOJIEH 3aMKHYTHI U IIPUOIMKAFOTCS

mo ¢opme K dYacTaM OkpyxkHoctH. DOTOH mpencraBiser coboMl SApo U3
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SIIEKTPUUYCCKOM MAaTEPUH, @ BOKPYT HETO 10 PaJnycaM PacxXoIATCs )KIYTHKH «CHIOBBIX
nuHuit» (puc. 18). Paguyc gorona ry ~ 108 m., a paguyc ero nons Ry = 10%m. B
¢otone m ero xkryrukax, TommuHoi ~10°° M., HaxomMTCA TONBKO BIEKTpUUECKAs
marepus. B 3JEKTpOMAarHUTHBIX MOJAX KPOME 3JICKTpUYecKoi Matepuu ((POTOHOB)
HAXOIATCA eIé U MarHUTHBIC YacTHIb [8].

Jlyaun A.A. cyuTaeT, YTO UMEHHO M3 TAKUX YACTHIL U COCTOST 3JICKTPOH ¥ (POTOH:
3JIeKTPOH COCTOMT U3 3JIEKTPUYECKUX M MATHUTHBIX YaCTHIl, 3 MATHUTHOE I0JI€ -
TOJBKO M3 MATHUTHBIX YacTull [6]. [Ipu 3TOM 3JIEKTPOH CO3MAET IJICKTPUUECKOE
T0JIe, «KTYTUKW» (CUJIOBBIC JIMHIUK) KOTOPOT'O PACpPOCTPAHSIONINECS Ha PACCTOSHHE
R, =10°r (r = 2,81¢10°m — paguyc snexrpona) (cm. puc. 17). Paguyc nelicTBus mosns
atoma Ra = 2R.,.

[IpoBeneHHbIe 3KCIIEpUMEHTHI 0 MeToauKe A.A. JlydnHa MOATBEPXKIAET €ro
UJICIO O TOM, YTO DJIEKTPOH SBJIAECTCS AeJUMOM YaCTHUIEH, T.K. COCTOUT U3 MATHUTHBIX
U JIEKTPUUECKUX YacTull. MHaue 3TOT 3P PeKT HE OOBSICHUTD, T.K. MBI UMEEM JIETIO CO
CTAllMOHAPHBIMU IIOJSAMH: CTATUYECKUE 3apsabl He CO3Ja0T MarHUTHOTO II0JId,
KOTOpPO€ MOTJIO OBl ObITh IPUYMHON 3TOTO MPUTSDKEHUS U HE AJIEKTPU30BAIM OBl caM
MAarHuT 3apsil0M IPOTHUBOIIOJIOKHOT'O 3HAKA.

Utak, nmo Jlyanny A.A. «popMyna» 3JieKTPOHA = (POTOHBI + MATHUTHbIE
YACTHUIbI, TTO3BOJIAIONINE MOJYYUTH 3P PeKT NPUTSKEeHUs] WIN OTTAJIKHBAHMSA,
oOecrieunBasi TapMOHHIO CUJ. Y (OTOHA €CTh YIPYrHe «IIyHalIblbl», KOTOPHIE
NPUTATHBAKT MarHUTHBIE YacTUIIbI JTr000r0 moitoca [8]. CTpyKTypa «UrymnaiblieBy
WJIM CHJIOBOM JIMHWHM MAarHUTHOTO TIOJICH TIPEICTaBIeHa Ha puc. 16.

@DOTOHBI M MAarHUTHbIE YaCTUIbl HAXOAATCS B «IOJOCTW» JJIEKTPOHA B
xommyectBe 3x10° mr. Pammyc MarmutHOM wacthmel ~10% M. ®orom -
DuekTpuyeckas Mmatepus, paauyc GoTona ry ~ 1018 M; paguyc ero mons R= 101 wm.
Nmeer maccy mokos. Macca ¢orona pasna 0,3x103° kr. ®orom — HOCHUTEID
JJieKkTpuYeckoi (obmamaromieii OTTAJKMBAKIIMM CBONCTBOM) MaTepum (a He
3apsa) ¥ MArHUTHAsl YacTUIA, HOCUTEIh MATHUTHOW MaTepuu U 00Jaaaromias
CBOMCTBOM NMPUTSIZKEHH 3JIEKTPUUECKON MaTepru JIFOObIM U3 TOJIFOCOB. DOTOH — 3TO
u yactuna nepsuyHoil marepun (IIM) B BHIE «IIIEKTPOMArHUTHBIX KOJICOAHMI»
OTIpEIEIICHHOW OKTaBbI WM MepHOCTH [1, 2]. [IpaBuibHee OyaeT roBOPUTH O POTOHAX,
KaK MTOTOKE YaCTHULl AEKTPUUECKON MaTepuu.

[IpuBenenHass KOHCTPYKIHSI TIO3BOJISIET (DOTOHY JIETKO OTpakaTbCs OT
ANEKTPUYECKUX aTOMApHBIX MoJied MNoBepxHOcTel Teia. (OKa3aBIIMCh B IOJOCTH
MeTasuia, ()OTOH B HOPMAJIBHBIX YCIOBHSIX HE MOXET IMPEOJIOJIETh MOTEHIIUATHHBIN
Oapbep TOBEPXHOCTHM MeTaJla M CO3/aeT BHYTPU MeTajla 3HAYUTENIbHBIN
ANEKTPUUECKUN MOTeHIMald. be3 BHEIIHEro MarHUTHOrO TOJii BHYTPU MAarHurta
CO3/a€TCs Xa0C U3 ATUX JIBYX YACTHII.
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[Ipy BO3MEMCTBUM BHENIHETO0 MATHUTHOIO TMOJISI B CO3JABIIEMCS XaocCe
obOpasyeTcs opraHu3ymollee Hayaio, KoTopoe GOpMUPYET U3 MAarHUTHBIX YaCTHUI] HUTH
U BBIOpAchIBaCT WX M3 MarHuTa IO HAIpPaBJICHUIO TEUCTBUS OPTaHU3YIOLIETO IOJIS.
BriOpomieHHass HUTh (OKTYTHK) IMEepeMeIIaeTcss OT MarHuTa J0 TeX Iop, MoKa cuia
NPUTSHKEHUST (DOTOHOB K MAarHUTy HE OCTAaHOBUT A3TO JBWXKEHHUE, a CHJIBI IOJIS
MIPOTUBOIOJIOKHOTO MOJIFOCA HE MOBEPHYT 3TOT JKT'YTUK K IPYTOMY KOHIly MarHuTa u
3aMKHYT C 10JieM ()OTOHOB.

Hrak, ®0OTOH — KBaHT CBETA: OH YaCTHIA — «IIAPHK» C paguycoM g ~ 10718m,
OT KOTOPOT'O pacXoAATCsl BO BCE CTOPOHBI KI'yTHKHU Ha paccrosiuue 103m., cocrout n3
KTYTUKOB U3 DJICKTPUUECKON MaTEPUH, TPUBSI3AHHBIX K SJIPY TAKKE U3 DJICKTPUIECKOU
marepuu. POTOH, CKOpee BCEro, JACIUM TakK ke, Kak M 3JIeKTpoH. Kaxawiii ¢hoToH
MPEJCTABIACT CO00N MUKPOCKOIMYECKOE UCKPUBJICHUE TPOCTPAHCTBA, HACKIIIICHHOE
KakoM-1m0o oaHo# mnepBuyHON Marepueil. OH, Kak HeJbHBbIN OOBEKT, IJIaBHO
noryionaercs (BbIOpACHIBAETCSA) MPOCTPAHCTBOM, TJIE€ MEPHOCTh TakoBa, 4YTO MPHU
MOSIBJIEHUU (MCXOJI€ U3 HETO) B HEM (DOTOHA, OYZET CUHTE3UPOBAH 3JIEKTPOH C HOBBIMU
rmapaMeTpaMi. 3J7eCb caM TIPOILECC MOXKET OBITh ONKMCAaH MaTeMaTUYeCKH, Kak
rapMOHUYECKHM, BOT C ATUX IMO3HUIMH (POTOH Kak ObI IIPOSIBIISET BOJHOBBIC CBOMCTBA.
®DOTOH, KaK MaTepUaIIbHbIA OOBEKT, JOJIKEH UMETh CBOM aHTHUIIO/ B BUJIe aHTU(OTOHA.

Uro kacaercs rpaBuTaumu, To, Kak numer Jlyann A.A. B cBoen crarbe «O
Kpuzuce B (HU3MKE W O TpPAaBUTALHMM». «...BCe TeJa HA 3eMJle XOpolIo
HAJJIEKTPU30BAHBI €€ JJIeKTPUYECKHUM I10JIeM, NOTOMY OHM NPUTATMBAIOTCHA
MATrHUTHBIM I10JIeM 3eMJIH, YTO paHee JIIOAU Ha3BaM rpasuranueii. U 3to Bce!»
DaKT NPUTHKEHUSA OJHOI0 TeJIa APYTMM HACTYNAET, KAK TOJbKO CHJIOBbIEC

HIYNAJbIa CTATHYECKOr0 MOJIsi OJIHOTO TejJa KOCHYTCS CHJIOBBIX HIyNAJbIEB
nmoJst Apyroro tenaa [9].

Hcxons u3 npuBeacHHON MH(DOPMAIIMK MOXKHO MPEICTAaBUTh MOJIEIbh aTOMa IO
koHuenuu A.A. Jlyauna (puc. 19).

DNEeKTpOHBl HAxXOIATCA B IIpeaesiax 30HbI B, e OHUM CHHTE3UPYIOTCS H
pacnagaroTcs Ha COCTaBIIOIIME UX MATEPUH, a TAKKE MEHSIOT CBOE PACIOJIOKEHUE
OTHOCHUTENIBHO siipa Onarofaps KojeOaHWsM TMOJ JEWCTBUEM TeIUla, a TaKkkKe
COyJlapeHUsI DJIEKTPOHOB C cebe Moao0HbIMH, (OTOHAMU WM MarHUTHBIMHU
yactuamu. [Ipu 3TOM MeEHsieTCs MEpHOCTh B MECT€ B3aUMOJECHCTBHUSA, KOTOpas U
CO3JaeT YCJOBHUS Ui TMOIJIOUIEHUS WM u3iaydeHus (oroHoB. B mpenenax 30HBI
mpuHoi (A + C) nposBIIeTCs] aKTUBHOCTD )KT'YTUKOB 3J1€KTPOHOB. Kak u3BecTHo U3
koHUenuu XarteiOoBa A.A.: atomHas ctpykrypa HE MOXKET wumers xkEcTkuii
Kapkac. Pa3Mepbl aTOMHO# CTPYKTYpBl MOT'YT MEHAThCS B nipeaenax (+/-) 24%. Dto
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OTHOCHUTCA N K «Op6I/ITaM>> 9JICKTPOHOB. H3-3a rHOKOCTH KT YTHUKOB aTOM JIOCTATOYHO
caMoaaaliTuBHasA 1 TapMOHUYHAA CUCTEMA.

30Ha pacnoNoOXeHNUA ANEKTPOHOB YT TR,
30Ha UX CMHTe3a W pacnaga |
30"3 AKTUBHOCTH )KI'YTMKOB b )Krymxu aapa

3NEKTPOHOB (AanbHsAR)

\ \ " (npotoHos)

30Ha aKTUBHOCTH XIYTUKOB
Onuxanwas K agpy

MpoToHsI

INeKTPOHbI

/\ HelTpoHsI

MarHUTHbeIe YacTulbl

D=2R + 2*10°r

Puc. 19. Moaene atoma A.A. JlvyuHa.

BbiBoabl mo koHuenuuu Jlyunna A.A.:

1. CornacHo napagurme, Jlyanna A.A., «3JIEKTPOMAarHUTHOE TOJIE» COCTOUT U3
($hOTOHOB (JIEKTPUUECKON MATEPUH ) U MATHUTHBIX YacTHUIl (MAarHUTHOU MaTepun). [lpu
S9TOM MarHuTHas Marepus UMEET IUIOTHOCTh Ha 4-5 MOPSAAKOB OOJbIIE MJIOTHOCTH
¢dboTOHa, a CTPYKTYypa €€ CUIIOBBIX JIMHHM TOJIS TaKas ke, KaK Y TOCTOSIHHOTO MarHuTa,
OHAa CIIOCOOHA MPUTSAHYTH K cede LIymnajblia MeKTpUudecKoro mnois ¢potoHa. OHa MOKET
OpPTaHU30BHIBATH PA3NINYHBIC CTPYKTYPHI B CHITY CBOEH OumossipHocTu (puc. 6).

2. DJEeKTpOMAarHUTHBIX BOJH B TMpuUpoAe HeT. ECTh KOpIyCKYJSpHbIC
MOJYJIMPOBAHHBIE MPOIIECCHI.

3. Panuo, TemyoBble M CBETOBBIE IMPOLIECCHl peaTU3ylOTCs (OTOHAMH C
Pa3HBIMH CKOPOCTSIMU JIBIDKEHUS. DTO — DJICKTPUUECKUE U3TYyUCHHUS.
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4. PeHTreHOBCKO€ W3Iy4YeHHUE, Y-U3TydeHHe C OOJbIION NpOHUKAOLIEH
CIIOCOOHOCTBIO PEATU3YETCsI MATHUTHBIMH YaCTHIAMM C Pa3HBIMU CKOPOCTSIMU
JNBH>KEHUSI. DTO — MArHUTHBIE U3TyYCHHUS.

5. MaraurHble U3JIy4eHUS UMEIOT CHJIbHbIE OHOJIOTMYECKHE U XUMHUYECKHE
BO3JICVICTBUS.

6. Mup co3maH U3 JABYX «BJIEMEHTApHBIX» YacTHI] (POTOHA — HOCUTEINA
AIEKTPUYECKON MaTepuu (MaTtepuu, a HE 3apsA/ia) U OMIMOJSPHONW MATHUTHOMI
YacTUllbl, 001a1ar0Eeld CBOMCTBOM MPUTSKEHUSI AIEKTPUUECKON MaTepuu JIFOOBIM U3
MOJTKOCOB.

7. VYxe cedyac eCTb MarHMTHbIE T'€HEpPaTOphbl, CIOCOOHBIE C/HeJATh
MATrHMTHBIMH JI00bIe MPeAMEThI U AK€ BIUATH HA MIOroAy. B TeueHne HECKOJIbKUX
MUHYT MOXHO BbI3BaTh JOXK]Ib U TPO3Y.

8. MaruuTHasi yactumna, obGnamas coOUpaTeNbHBIM CBOWCTBOM, SIBIISIETCS
OCHOBOM MOCTPOEHHS Tesl U BemecTB. OHa )K€ MOXKET UX U Pa3pyLIUTh.

9. OOe 3THM YacTUIBI MMEIOT HEOTPAHHUYEHHYIO /10JT0BE€YHOCTH B HaIlIeM
4aCTHOM 00pa30BaHUU MUDA.

10. PoguresieM TIOJIEBBIX YACTHIl SIBISIETCS JJEKTPOH, B KOTOPOM HX
cogepxkutcss ~3¢10°IWIT., SABIAIOMMXCSA CTPYKTYPHBIMH OOPa30BAHUAMM HAIIETO
yacTHOro Mupa.

11. ...Bce Tena Ha 3eMJI€ XOPOIIIO HAdJIEKTPU30BaHbBI €€ JICKTPUUECKUM MOJIEM,
IIOTOMY OHU IPUTATHUBAIOTCS MAarHUTHBIM ITOJIEM 3€MIIM, YTO PaHEe JIIOAW Ha3BaJH
rpasuranuei. U 3to Bce! Makt NpuTIKEHUST OJHOTO Tela APYTUM HACTYIIAET, KaK
TOJBKO CHJIOBBIE IIyMaJiblla CTATUYECKOrO IMOJsi OJHOTO Tella KOCHYTCS CHJIOBBIX
LIyHaiblEB MOJS IPYroro Tena.

12. 3akoHBl MaTEPHUH €IMHBI HA MAKPO U MUKPOYPOBHSIX.

3. Moaean atoma o kounenuuu A.M. XaTeiooBa:

Hcrtopust mosiBieHHss OYEPEIHOM MOJEIM aroma, IPECTaBisieMas aBTOPOM
KOHIICTIIINK, KaK MPABUJIO, 3TO MOMNBITKA YTOYHUTh HEKOTOPBIE ACIEKThl CTPYKTYPHI
aToMa, BBITEKAIOIIHE U3 TTOCISAHUX HAOIIOICHUH U TOCTH)KCHUN HayKu. B mociaennee
BpeMsl TCOPETUKH OT (PU3UKKM OYE€Hb CHJIHHO YBJCKJINCh MaTeMaTHUKOW, KOTOpas
SBJISIETCS HE OO0JIee YeM «HOXXOM W BWJIKOW» Il TIpenapupoBaHus (PU3NUECKOTO
«Omo1a» M OHAa HE CIOoCOOHA M HE JIO/HKHA JIaBaTh MPEJICTABICHUS O «BKYCE», O
pelenTe MPUroTOBJICHUS «OJII0/1a» U JIp. €ro acrneKkrax. 3aMeHa (pu3nueckoil Moaenu
SIBJICHHS WJIA MIPUPOJTHOW CUCTEMBI HA MATEMATUYECKYIO — 3TO YBOJ MUCCIIEIOBATENS B
MareMaTH4decKue 1eOpH, 3a KOTOPBIMHU, KaK M 3a JIECOM, HEe BHUJIHO T10JIe, HA KOTOPOM
npopacraet Mcruna.
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[IpencraBum cebe, 4TO MBI MUMEEM BO3MOXXHOCTh YBEIMYUTH aTOM JI0 TEX
pa3MepoB, KOrJja HAYMHAIOT MPOSBIATECA €TI0 OTJIMYUS OT IPEAbIAYIIEH MOJEIH, T.€.
HOSBJIAIOTCS KaueCTBEHHbIE OTauuud. [lpum sTOM Kaxknas Mozaens OyJaeT oTpaxarb
CTPYKTYpPY aToMa Ha KOHKPETHOM CHUCTEMHOM YpPOBHE pa3BUTUS HaIIUX
npeacrasieHnii. Hanpumep, moxens atoma /[eMOKpUTa MOKHO paccMaTpUBaTh KAk
pEANBHYI0O MOJIENb HAa ypOBHE pasMepoB szapa atoMa (~10"°m) - sto «mapuk», u3
MHOKECTBa KOTOPBIX cOOMpaeTcs Bce ocTalibHOe B 3TOM Mupe. [loka HU O Kakoif
CTpyKType peus He uaét. Ho Ha yposre atoma Pesepdopaa, Bopa (~107%m)— 310 yxe
CTPYKTYpa, COCTOSIIIAsL U3 B3AUMOJAEHCTBYIOIIUX IPYT C IPYTOM siApa U HAXOAAIIMXCSA
Ha OTPE/ICIICHHOM PACCTOSHHE O HEro AIeKTPoHOB (puc. 0). A ¢ y4eToMm JeIuMOCTH
COCTABJISIIOLIMX aTOM YaCTHI], ITO YK€ OYEHb CII0KHAS CTPYKTypa CO MHOKECTBOM
noacucreM. Ho paccMOTpeTh MOSBUBINYIOCS KApTUHY MEIIAIOT «MaT€MAaTHYECKHE
OUYKM», HCKaXAIOIME UICTUHHYIO KapTUHY. HO BOT KTO-TO CHSIJI 3TH OYKHU U MOMBITAIICA
PacCMOTPETh HCTUHHOE YCTPOMCTBO aTOMA. ..

Bce 310 MBI BumuMm B pusuke XarsiooBa A.M. U, u camoe rinaBHoe, B 3TOM
Mpollecce MO3HAHUSI — MOHUMATh YTO Takoe MmoJie U (U3HMKY ero oOpa3oBaHUs U
nencTBus. XaTbl0O0B A.M cuuTall, 4To CyIIeCTBYET OJIHO — DIEKTPUUECKOE MOJIe, a BCe
OCTaJIbHbIE SABJSIOTCA €r0 MNPOSIBICHUEM B Pa3HbIX YCIOBHUSAX. KOHEUHO, 3TOro
HEJIOCTATOYHO JUISl PACKPBHITHS (U3UYECKOW CYTH «IOJs1», HO OHO HECET HEKOe
MOHATHE O CJIOKHOW CTPYKType 0O0pa3oBaHHsl, KOTOPOE MBI Ha3bIBaeM aTOMOM, W,
KOTOPBIN UMEET TeHICHIINIO K TpaHCHOpMAIIMK ¢ U3MEHEHUEM BHEITHUX YCIOBHM €ro
cymectBoBanus. [loaromy aromuas crpykrypa HE MOZKET nmeTs )kE€CTKNI KapKac.

Kak wm3Bectno wu3 O®DY  rpsazger
3aBEPIICHUE DJHEPTETHYECKUX CTPYKTYPHBIX
0a30BbIX  MpeoOpa3oBaHU  OKpyKaromiei
Cpeapl, KOTOpOE IIPUBEIET K OOOOIICHHBIM
W3MEHEHUSIM U OCOOCHHOCTSIM Ha IIEPBOM JTarie
nepexoaHoro nepuoaa. OHU HEMOCPEICTBEHHO
MOBJIUAIOT Ha W3MEeHeHue GopMbl U crocoda
obiTHs Bcero oOmiectBa Ilnanersl. K HuM, B
JaCTHOCTH, HE00XO0 MO OTHECTH:
TPAHCMYTAIMIO BCEX XUMHYECKHUX JIEMEHTOB C
U3MeHeHHeM aToMapHoii cTpykTypsI [10].

Cnenyer OTMETUTH, YTO C MOSBJICHUEM
kounernuuii Jleramonsa H.B., JIlyuuna A.A. u XateiOoBa A.M. B HayKy BO3BpaIiaeTcs
CUCTeMHBIM T1OaX0M, ¢uiaocopus PYCCKOro KOCMH3Ma, KOTOpas HCXOAUT U3
B3aMMOCBSI3M BCETO CO BCEM, T.€. OTPa)kaeT 3aKOH €MHCTBA OKPYKAIOIIEro MHUpA.
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[ToaTOMY HETOCTATOYHO MPOCTO, HATPUMED, BBIJICIUTH U3 BEMIECTBA OTIACIHHBINA aTOM
U UCCJIeIOBATh €ro, 000pBaB BCE €ro CBSI3U C APYTMMHU KOMIIOHEHTaMH BEIIECTBA.

Xatpi00B A.M. ymOpoIIEHHO aTOM MPEACTABISIET B BUJIE CUCTEMBI, UMeloleH 4
pabounx noBepxHoct - NA, LA, FA, RE u 40 netitpanpubix [11].

HasBanus mnoBepxHocTel He caydaiiHoe. lIpm BHeEmHEM BO3IEHWCTBUM HA
COOTBETCTBYIOIIMX YAaCTOTaX aTOM MOXHO pa3pymuTh. Kaxkmas MOBEpXHOCTH
COJICPKUT Y3JIbl (JIOPUIBI).

NA - 60 y3710B (IpOoTOHHAs);

LA - 30 y3510B (3JIeKTpOHHAsI HOMEP 2, WJIH TLTIOC);

FA - 20 y310B (351eKTpOHHAss HOMEp 1, WJIM MUHYC);

RE - 20 y310B (HeWTpHUHHAS).

B aTome HeT y370B 6€3 CBS3M - KaX/IbIi y3eJd UMeeT 1Mo 2 BXoJa U 2
BBIXO/IA.

OTmeTHM, 4TO BCE YUCIIA B CTPYKTYPE aTOMa MOJTHOCTHIO COTTIACYIOTCH,
TO €CTh MMEIOT BCE T€ CBOMCTBA, KOTOPHIC ONMHUCAHBI B TCOPUNA CHMMETPHH:

18 oceii cummeTpuu; 6 TpaHcannuii; 24 rnementa cummerpuu (18
+ 6) - aITUTUBHBIN PEIKUM;

108 3;1emenTOB cuMMeTpuu (18*6) - MyJIbTUIUTMKATUBHBINA PEXKHM.

OcHoBoOI pacyera y3na (Jopuja) SIBISETCS MEHTA, HO TMEHTAa - 3TO YXKE Pl
®uboHayuu, rjae BMecTO mocieaoBatenbHocTH 1, 2, 3, 5, 8, 13, 21, 34... (psag 1)
UCIIONB3YyeTCs TocienoBaTenbHoCTh 4, 8, 12, 20, 32, 52, 84, 136...(psx 2).

W3BecTHO Takke W3 UCTOPUM Pa3BUTHS HAyYHBIX TMPEACTABICHUH 00
UCCIIEIYEMOM OOBEKTE, YTO TIO3HAHHE OKPYXKAIOIIETO MHUpa HAET MO IEeTMOYKe:
MO3HAHUE COCTABA 00BHEKTA UCCIIEIOBAHNS, 3aTEM — €70 CTPYKTYPbI, PACI0JI0KeHHE
yacTeil B MPOCTPAHCTBE APYI OTHOCUTEJILHO JPYra, v, Jajee ero ajanTauuu K
OKPYXKAIOIIUM YCIIOBHSIM 4Y€pe3 MEXaHU3Mbl OuHaAMU3AYUU W, HAKOHEI, IBOJTIOIHA
00BEKTa BO BPEMEHU | MPOCTpaHCcTBE. VcX01s 3 MHOTOYPOBHEBOCTH HAIIIETO MHUPA
crieayeT moMuuTs [1, 11]:

1. [Toctpoenue BCEX ATOMHBIX CTPYKTYD UIyT 1o
CXEME: 8bICOKOOP2AHU3Z06AHHASA NIIAIMA — MAMEPUATIbHOE MEI0 — HCUOKOCHb —>
2a3, TO eCTh mocjienaoBareabHoCcTh okTaB ((128) — (126 - 74) — (72 - 66)) — (64) —
(62 - 34) — (32-28)-(24 - 26) — (22-16). OkraBa 64 - 3TO MaTepHajbHas
cTpykrypa. AtomHas ctpykrypa - ITO coero poga IMPAMMUIA (ue o dpopme, a
Mo cojepkanuio). BepivHa nupamubl - oktaBa 128 (aToMHBIE CTPYKTYphl BCETO
®KUBOro, ot 128 okrarsl 10 16). Bcé€ octanbHOE mocTpoeHo 6e3, Ho okTaBbl 84 — 16.

2. He cymectByer uwactuiy 6e3 3apsga - npocto HET ITPUBOPOB mis
M3MEPEHUS 3apsaa WM HET CPEIbI IS €T IMPOSBICHHUS.
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3. Her u e moxer ObIThb mpuOOpoB B cpene 64 okTaBbl AJsi W3MEpPEHUS
XAPAKTEPUCTUK CTPYKTYP B 128 - 66 oxraBax.

4. Bce aTOMHBIE CTPYKTYpbl B3aUMOYBSI3aHbI - Ka)XJas CTPYKTypa HaXOIUTCS
BHYTPU onpenenénnoit PEHIETKH.

6. MO3I' (cTpykTypbl OKTaB 66 - 72) chopMupoBaH B BUIE COT.

7. Bce pacdéThl B aTOMHBIX CTPYKTYpPaxX MPOU3BOISATCS TOIBKO C UCIIOIH30BAHUEM
dpakranos 30JIOTOI'O CEYEHMUS B 12-0ii cucTteMe CunClIeHHUs.

8. Atomuas ctpykrypa HE MOKET umets x€écTkuii kapkac. Pazmepbl aTOMHOM
CTPYKTYPBI MOTYT MEHSThCS B mpenenax (+/-) 24%.

Ham Atom (mns 3emiau) HMMEET JIOCTaTOYHO CIOXHYIH KOHCTPYKIHIO H
cieayromue ocooennoctu (Pue. K-10) [1]:

- 7 TPaBUTALIMOHHBIX [TIOBEPXHOCTEN;

- | mpoTOHHAs NOBEPXHOCTBH;

- 2 3JIEKTPOHHBIX TOBEPXHOCTH;

- 1 HEeUTpOHHAsA MOBEPXHOCTH;

— | HEUTpUHHASA MOBEPXHOCTb.

B3auMozeiicTBue moBepxXHOCTEN, 00pa30BaHUE MArHUTHBIX, AJIEKTPUUECKUX H
IpPaBUTALlMOHHBIX HMMIIYJbCOB OINHUCaHbl B pabotax A. XarpiooBa u noka HE
ABJIAIOTCSH nyOnuyHbIMH.

Ho O4Y€BHUIHO, YTO OT BBICOKOOpFaHHSOBaHHOﬁ IJ1a3Mbl 10 MaTCPpHUAJIbHOIO TCJIa
JICKHUT AJIMHHAaA OCIIO4YKa O6paSOBaHHﬁ, oTpakaromasa CHCTCMHOCTDb HAIICTO MHpPaA.

Ho u3 Toit nudopmaruu, yTo mpeacTaBieHa BbIIIE, CASAYET, YTO IS U3YUCHUS
CBOWMCTB aToMa CJIEAYET HUCXOIWTh M3 TOrO, YTO CIEAYET HCCIENOBAaTh ATOMHBIE
CTPYKTYPbI, KOTOPbIE 00pa3yl0T UCXOAHbIE KOMIIOHEHTBI, YTO HET OTJEIBLHOIO aToMa
B BHUJIE NPUBBIYHBIX aTOMHBIX CTPYKTyp Tuma aroma Pesepdopna, bopa, Ileppena,
Haraoxku u ap., rae sapo U3 onpeaeeHHbIX YaCTUIl B3aUMOICHCTBYET C AJIEKTPOHAMH,
pPacnoJIOKEHHBIMU B POCTPAHCTBE BOKPYT siapa. Ha camoMm nene, kak moka3aHo BBIIIIE,
IIOCTPOCHUE BCEX ATOMHBIX CTPYKTYp HIAET IO CXEME: 6bICOKOOPZAHU30CAHHAA
naasma — mMamepuaibHoe meno — HCUOKOCmb — 2a3, T.€. KAXKIOU CTPYKTYype
COOTBETCTBYET OIpE/eNieHHas OKTaBa, KOTOpas (OPMHUPYET COOTBETCTBYIOIIYIO €M
peuietky. MHaue TOBOpsS, OHa OMNpENENIeT THUIN PEIIETKH W, COOTBETCTBEHHO,
CTPYKTYpy aroma. Bce aTOMHBIE CTPYKTYpbhl B3aMMOYBSA3aHbI - KaxJas CTPYKTypa
Haxoautcss BHYTPH onpenenénnon PEIIETKH. U3 storo CIIEAYET, YTO aTOM,
MPEXKJEe BCEro, CIOXKHAsA CTPYKTypa, KJIacTep, a Hall MHUP COCTOUT U3
B3aMMOBJIOKEHHBIX JpPyr B Jpyra IO «IPUHIMIY MAaTEPIIKW» SHEPreTUYECKUX

CTPYKTYp B BHUJI€ PEHIETOK. ATOM — 3TO HE Kakas-TO MpocTas KOHCTPYKIIMS,
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COCTOSIIIAsA U3 HECKOJILKUX MPOCTHIX AJIIEMEHTOB, & CKOPEE 3TO CIOYKHASI KOHCTPYKIIHS,
oOpa3ymomas ¢ cede MoJOOHBIMU KOHCTPYKIMSIMU Ha Pa3HBIX CHCTEMHBIX YPOBHSIX
ycToiiunBble (POPMHUPOBAHUS B COOTBETCTBHHM C 3aKOHAMHU TapMoHHH. llpu 3ToM
aTOMHBIC CTPYKTYpPbl (OPMHUPYIOT B KOCHOE, U JKUBOE BEIIECTBO, MEKY KOTOPHIMHU
eCcTh o01ee U ocodennoctH, onrcannbic H.B. JleBamrosbim [13].

[Ipu  oOpa3zoBaHMU  pEUICTKU  ghopmupyromea  noaoOHCUmMenIbHoe U
ompuyamenvHoe MAZHUMHOE U INEKMPUUECKoe U ZPAGUMAUUOHHOE NOJIA CO2TIACHO
éekmopam noeopoma oceil. Jlenenrie Ha DIEKTPUYECKHUE, MAarHUTHBIE U
IpaBUTAIIMOHHBIE TOJS YCJIOBHO, T.K. B JAHHOM CIydyae peyb HUJET O pa3HbIX
HaIpPaBJICHUSIX BEKTOPOB IMOJISL.

Kak oTmeueHo BbIlIe, HE CYLIECTBYET 4YacTHIl Oe3 3apsaa, CleOBaTENbHO, H,
MO>KHO IPEINO0JIOKUTh, YTO MAarHUTHBIE YaCTUILIbI, KaK U (DOTOHBI UMEIOT 3apsii, XOTs
MarHMTHbIE YaCTHUI[Bl MOTYT OBbITb IPEACTABIEHbl KaK OTIEJbHbBIE IIEJIbHBIE U
HEJCNMMBbIE Ha pacCMaTpUBAEMOM YpOBHE OHMOJsApHbIE yacTulpbl. OTinuue,
BO3MO>XHO, COCTOUT B TOM, YTO MarHWTHBIC YACTHUIIBI 00PA30BaHBI U3 AJIEKTPUIECKON
MaTEpUU C HEKOTOPHIMHU OTIUYUTEIHHBIMU JIPYT OT JIpyra CBOMCTBAMH, M CBA3AHHBIX
MEXIy COOOK TaK, 4TO OHH OOpa3ylT JWIOJb, IOTOMY UX TPYAHO pa3leiuTh Ha
OTAeNbHbIe YacTHIbl. OJHAKO ATOT BOIPOC elle TpeOyeT CBOEro UCCIe10BaHM.

Hcexons u3 Toro, 4to CTpyKTypa aToMa — rapMOHUYHAsA CUCTEMA, BCE PACUETHI B
ATOMHBIX CTPYKTypax MpOU3BOAATCA TOJIBKO C MCHOJIb30BAaHUEM (PpaKTaIoOB
30JI0TOI'O CEYEHMUAL.

Kpome TOro, aroMm uMeer OJIHO YYAECHOE CBOMCTBO — JHEpPreTUYecKas
KOHCTaHTa aTOMa paBHA HYJIIO, HO B TO K€ BPEMsSI aTOM fIBJISIETCH IPABUTO-MAarHUTO-
yjiekTpuyeckum ['eneparopom... B aToMe (aHTHATOME) HUYETO HE «JIETACT». Amom

= — 9mMo KonedamenbHblil KOHMYp.
Yaen 1o
B B nepBoM npubamkeHun MOACHb
Uucno cenzei e
S—— p aTomMa  XaTblOOBa MOXHO  OyjaeT
X
H MpPEJICTaBUTh MNPUMEPHO TakK, Kak
o
L noka3ano Ha pucynke K-9. [Ipu stom
dneno ceRaen. . aTOM TIPEJICTABJICH B JIByX HIOCTACSX:
. OH MMeEeT UHEPIIUOHHBIE (TTOBEPXHOCTH
: 1-10) v HewHEepIMOHHBIE (TOBEPXHOCTH
\ " 11-12) cocraBaustoniue.
fgpo atoma — a
I'pynima aTOMOB o0Opa3zyeT
Puc. K-9. YcnoBHas KOHCTpyKUUA Mogenu atoma

teTpa’zip (4 atoma). I'pynna Bogopoaa
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uMeeT Habop 10 9 aTOMOB, KaXK/IbIii HAOOP XapaKTepu3yeTcs 8 BUIaMu CBsi3eH, T.€. 48
U008 6000pP00A MOJbKO 6 HeUmpoHHOM npocmpancmee. Kaxnas CTpykrypa
oOpaMiIeHa CTPYKTYpOH IPYroro mpocTpaHcTBa, obpasys naxe HE CJIOEHBIN
I[IUPOT', a B3BBECb. Ota B3BeCh COCTOUT U3 CTPYKTYP ATOMOB, aHTUATOMOB (MOTYT
COOTHOCHUTBLCSI B Pa3HbIX MPOCTPAHCTBAX II0 OKTaBE CBS3M), HEUTPOHHOU W
HEHTPUHHBIX perieTok [1].

N3 tpynoB A. XaTrbi00Ba H3BECTHO: «A166€00 — 1TO CBOWCTBO H3MEHSTH
ANEKTPUYECKUN  TMOTEHIMad IMOoJA  JCHMCTBMEM  MAarHUTHOTO  HMMIyJbCa |
IPaBUTAIIMOHHON BOJIHBI. 'paBUTALIMA — 3TO CBOWCTBO JIEKTPHYECKOT0 3apsaia»
[1, 9]. O6 aTom Benét peus u A.A. JIydrH B CBOCH KOHIICTIIINH.

B o0miem Buze 3apsi UMeeT HEHTPaIbHYIO YacTh U pyOamky (KOHTYp). 3apsia
JIBUTACTCS MeMCOy Y31amMu UKOCAIOPA, VMES YIroJl CKOJbXKEHUA W NOTEHIHAI
(puc. 20). B cTpykType nKocasipa pyoOaiika He Hy)KHa, BEKTOpP CTPYKTYpbI HalpaBjieH
K LEHTPY 3apsla M caMm 3aps] MOJBEPKEH BO3ACHCTBUIO BHEIIHUX cui. s
o0ecrieueHns yCTOMUMBOTO COCTOSTHUS 3aps/ia KK bl MKOCadAp «o0pamMiIEH» IByMs
J0JIeKadIpaMu.

Jlonekasipel - 3TO CTAOMIM3UPYIOIIME CTPYKTYphl. 3apsii HE MOXET
cymectBoBath oauH. OTMeTuM: pelOpa BHENIHETO [OJAEKa’pa U BIHUCAHHOTO
MKOCa3/pa paBHbI, a peOpO BHYTPEHHETrO J0JI€Kaj/ipa MEHbIIE Ha KBAJPAT 30J0TOrO
ceueHus. Ipgpexm paznocmu péoep (B u C, puc. 20.) u cozoaém ocHosbl
pasumayuu.

P . .\\. _C-1 0,618'=0,618

Puc. 20. [iBnxeHune 3apaaa Mexay y3namu ukocasgpa.

[Ipu sToMm, Hampumep, 4-s1 MOBEPXHOCTb OMNpENEisieT TUI aromMa (aToM —
AHTUATOM) IO YTy CKOJBXEHUS TyYKOBOW IPABUTAIMOHHON BOJIHBI.
N3 konnenuuu XateiooBa A.M. U3BECTHO, YTO TpHU TemmepaTrype cBbie 10

MUJUTHAPJIOB T'PaayCoB OCTAETCS TOJBKO «IPABUTAI[MOHHBIN» aTOM — OCTaJbHBIE
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00O0JIOUKH COpAachIBAIOTCS WM MOTJIOMIAIOTCA «YEPHOM JBIPOil», T.€. «IpHU
00pa3oBaHUU «YEPHOU IBIPH» MPOUCXOAUT Pa3pyLICHUE 3IIEKTPOHHON O00O0JIOUYKH
aToMa, MPU 3TOM BEKTOp IPaBUTALIMM HAIIPABIICH K LIEHTPY aTOMa, a Ha JIEKTPOHHOMN
000JI0YKE MPOUCXOJUT pa3pyllleHHe MArHUTHOTO U TPaBUTALMOHHOTO TOJIEH,
OCTaBIIUECS «ITPOAYKTHD) MOTJIOMAIOTCS Y€pHOM AbIpoi» [1]. B He€ nMerot «rocTymy
TOJIBKO «3JIEKTPOHBI», KaK «OBIBIIME» HOCUTENIN DSJICKTPUUECKOH W MarHUTHOU
Martepuid. MOXHO MPENOIOKNTH, YTO JIEKTPOHBI UMEIOT IOMUMO 3JIEKTPUUYECKOUN U
MArHUTHOW MaTEpPUX HEUYTO HEUTPAJIBbHOE — TO, YTO W IOMAJAECT B LEHTP «UEPHOU
IBIPBD», CIIOCOOCTBYS B AaJIbHEHIIIEM — MPHU B3pbIBE 3BE3/bl B HOBOM IPOCTPAHCTBE, -
dbopmupoBats Hosoe BemectBo. U 3TO «HEHTpalIbHOE» TaKkKe AOJAKHO COCTOSITh U3
TOM K€ MAaTepuu, YTO U BJIEKTPOHBI, HO OHU JOJDKHBI UMETh CBOM OCOOEHHOCTH,
HaIpyuMep, He TOJDKHBI BPAIAThCs BOKPYT CBOEU OCH WM 110 cniupanu u T.11. [Ipupona
HE U300MIIYEeT CI0KHOCTSIMU.

Takum oOpazom, UépHas abIpa — 3TO CPEJOTOYME MArHUTHOM MAaTEpHUH U ellé
KAKON-TO HEUTpaJIbHOM, €€ MEPHOCTh — UCKPHUBJIIEHUE — HalM4yue OOJIBIIEro 4yucia
pPa3HbIX, HO KBAaHTOBAHHBIX MArHUTHBIX YACTHI[ - OCHOBA JJIA COOMpPAHMS JNPYTUX
KBAaHTOBAaHHBIX MATHUTHBIX M DJEKTPUYECKUX YaCTHUI, HEOOXOJUMBIX JJIs
oOpa3oBaHMs BCETO MHOI000pazne XMMHUYECKUX 3JIEMEHTOB IPU CHUHTE3€ MCXOJHBIX
Marepuii B @IIB. Cama! yepHas Jpipa» - 3TO «KOTEM» MO NEpepadOTKE MaTEpHH,
MIOCTyHaKwIIe B HEE, W, 3aTE€M BBIXOIAIIAs B HOBOM IIPOCTPAHCTBE B BUIE
MHOT000pa3us nepBuuHbIX Matepuid (IIM) npu B3pbIBE 3BE37, KOTOPOrO HAUUHAETCA
HOBBII BUTOK 3BOJIIOLIMM 00Pa3yOIIUMXCs PU B3PbIBE METABCEJICHHBIX.

JlelictBuTensHO, Hanpumep, npu cuHte3e cemu [IM obpasyercs usmyecku
miotHas matepust (@IIM), xoTopas B OTIMYHE OT JAPYrux oOpaszoBaHuii (cdep:
A(UPHON, acTpaIbHOM M YETHIPEX MEHTAIBHBIX) HUMEET «TpaBUTAIUIO» - dhdEKT
MapyCHOCTU (CBOEro poja cOoii»), MPOSIBISIONIMNACA 32 CUET BO3ACHCTBUS MaTEpUH
«G» na ®IM. C nozunmii napaaurmel Jlyanna A.A. npu nwxenun [IM «G» ot
OoJplIIEl MEPHOCTH K MEHBIIEH, T.e. K LUEHTPY 3eMiu (B HalleM Ciy4ae), OHU
crainkuBatoTcs ¢ aromamu @IIM u ¢ ux ’eKTpoHAMU, BHIOMBAsI U3 HUX MAarHUTHBIC
YaCTHULIbI, IPOSIBISIONINE CBOMCTBA HHEPIMU. MHauye roBops, kak nuiieT Jlyaun A.A.
B cBoeil cratbe «O Kpusuce B (pU3MKE U O I'PAaBUTALUU»: «...BCe TeJa Ha 3emiie
XOpOIIO HAYIEKTPU30BaHbl €€ JJIeKTPHYECKUM I0JeM, IO0TOMY OHHM
NPUTATUBAKTCA MATrHUTHBIM T0JIeM 3eMJId, 4YTO paHee JIIOAM Ha3BaAJH
rpasutanueii. 1 3to Bce!» MakT NpUTSZKEHUsI OJTHOTO TeJIa IPYTrUM HACTYIAeT,
KAaK TOJBbKO CHJIOBBbIC IIYNAJbIA CTATHYECKOrO MOJSI OJHOI0 TeJa KOCHYTCS
CHJIOBBIX IIYNAJbIEB MOJIs Apyroro Tejaa [9].

CJ'IGI[OB&TCJ'IBHO, CCJIIM OTH DJJICKTPUYCCKUC YaCTHIIBI HeﬁTpaHHSOBaTB 150051
6J'IOKI/IpOBaTB MardamuTHOC I10JIC€, TO MOKHO YCTPAHUTDL «T'PaBUTALIHUIO)).
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OTO U NMPOUCXOAUT B XUTHHOBOM CJIO€ JIETAIOUIUX KYKOB U Apyrux Ecnu psn
OKTaB [IEPEBECTH B «OOBIYHBIE» YACTOTHI, TO MOJTy4YHM cieayromuii cnexkrp: 1038 — 10°
['11. PeHTreHOBCKUI y4acTOK CHEKTpa COCEACTBYET C yJabTpaduoiaeToBbIM. YacTOThI
PEHTIEeHOBCKMX M3JIydeHHWii Jexar B npegenax or 6010 no 310 repn, uro
cooTBeTcTBYyeT BosHaM OT 493 nmo 0,1 anrcrpema. OnsTe MBI UMEEM JENO C
«AJIEKTPOMArHUTHBIMI» TOJIIMA BO BCEM JUANa30HE 4acToT, (OPMHUPYIOIIUX HaIlll
MHp, W COCTOSAIIMX W3 OJJIEKTPUYECKOM M MarHuTHOM Marepuil. llpudem,
BOJTHOOOPA3HOCTh U3ITYYEHHUI Mbl HCHIOJB3YEM C LIENIBIO YNPOWEeHUs NOHUMAHUS BCEX
MPOIIECCOB, MPOUCXOISIINX B U3Ty4aEMOM aTOME. DTO MAaTEeMAaTUYECKUI Mpuem, a He
omobpasiceHue UCmMuHHOU npupoosl Tpolecca. Ha camom nene, Hampumep, aTom
M3IIy4aeT KBAHT CBETA - 3TO €MHUYHBIN aKT, HO CJIEIYIOLIEE 32 ’TUM HOBOE U3IIyYCHHE
— y>K€ MOJYJIMPOBaHHBIN MPOLIECC, KOTOPBIA MOXHO MPEICTABUTh B BUJIE KOJICOAHUS.

YcnoBHas cTpykTypa atoma

- " N
HeATPUHHAR NOBEPXHOCTH | L
312 yanos G

HeflTponHan nosepxHOCTL
e

184 yana
/1’ E o
ysen MPOTOHHAR NOBEPXHOCTL <=
.f\b ’ 132 yana M
S=1/4, 3/4 ONeXTPOMHAA NOBEPXHOCTHL
2 108 yanos A M

INEXTPOHHAR NOBEPXHOCTL

8
N t‘, lpasuTauMonnan nosepxHocts N7 4

= ™ A
Nog (‘(‘ x4 e
7T\ | 7 % “ G
ot & pasuTauMoHHan NOBEPXHOCTL Neb -

e A '. M
S$=1/2, 172 _G’ " 1 GE
Uueno consed J } PaBUTaUMOHHAA NOBEPXHOCTL NS5 g i

Hanpasnexwe spalyenns s { /) 'M

s
i Py n GiM
e PABNTAYUMOHHER NoBEPXHOCTL Ned
8D E :
MPaBUTAUMOHHARA NOBEPXHOCTL Ne3 G'

PasUTaUMOMHAR NOBEPXHOCTL Ne2 G'

Hanpasnexue BeKTOPOB none: [pasuTayMonHan NoBEpXHOCTL Ne1 G{

G — rpasuTalUOHHOIO = ;

E — aneKkTpuyeckoro =» ;
M — MarHUTHOIO =» ; AApo aroma (MpasuTO-MarHKTO-aNeKTpUNEcKkMid reHeparop)

Puc. K-10. ﬂonepeqnblﬁ paspes aTOMa (ykasaHbl TONbKO NOBEPXHOCTH)

OCHOBHBIMM XapaKTEPUCTUKAMH CBETA KAK BOJHOBOTO MPOLECCA SBIISIIOTCS YacTOTA
V IUIMHA BOJIHBI A. KopmyckyasipHble CBOWCTBA CBETA XapaKTEPU3YIOTCS (DOTOHAMH,
T.c. yacTuuaMu. OUYEBUIHO 3/1€Ch HYKHO HABOJWTH MOPSAOK IMOHATHUSIMH: YTO
IIPUBHECEHO U3 MATEMATUKH, a UTO U3 OIBITA.
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Kak Obpl10 ompeneneHo paHee, «HAm» aroM (a TakKe aHTUATOM) HMEET
CJIeayILyIo cTpykTypy (puc. K-11):

o IICHTP aTOMa C HAMPaBJICHUEM IPABUTAIIMOHHOTO MO K HEHTPY;

o 7 IOBEpXHOCTEN (IPpaBUTALIMOHHBIX ), HAIIPABIICHUE BEKTOPOB IPaBUTALIMU — K
HEHTPY (ApYTHX MOJIeH HeT), COOTHOIIeHne S=1/2;

¢ DJIEKTPOHHAsI MOBEPXHOCTh, 108 y31moB, cootHomenue S=1/4, 3/4, k ueHTpy
aToMa HampaBlieH BEKTOpP JJIEKTPUUYECKOrO0 OTPUIATENIbHOTO TMOJs, BEKTOP
IPaBUTAIIMOHHOTO TOJSl HAaMpaBieH OT IEHTpa aToMa, BEKTOpP MAarHUTHOTO TOJIs
HaIlpaBJIeH MO0 KacaTelIbHOM;

¢ IPOTOHHASI TOBEPXHOCTh, 132 y3ma, cooTHomeHue S=1/4, 3/4, BEKTOpHI
I'PABUTALIMOHHOTO U 3JIEKTPUYECKOrO MOJIEH HampaBJeHbl MO KacaTeIbHOU, BEKTOP
MarHuTHOTO TOJIsl HAIIPaBJIEH K UEHTPY aToMa;

e HSUTpOHHAsI TOBEpPXHOCTh, 184 y3ma, cooTHomenue S=1/4, 3/4, BekTOp
IPABUTALIMOHHOTO TIOJISI HAIpPaBJIEH IO KacaTeIbHON, BEKTOP MArHUTHOIO TMOJIA
HaIlpaBJICH K IEHTPY aTOMa, 3JIEKTPUYECKOTO MOJISl HET;

e HETpUHHAST TOBEPXHOCTh, 312 y31moB, cooTHomieHue S=1/4, 3/4, Bektop
IPaBUTAIIMOHHOTO TMOJS HaIpaBJ€H MO KacaTelbHOH, BEKTOP MAarHUTHOTO TOJIS
HaIlpaBJICH OT LIEHTpPa aToMa.

YenosHan cTpyxTypa aHTHaroma YENOBHAR CTPYKTYPa aTOMa
?’ll HOdTpuss MOBgIOC Ty ATt AOReDIN TY 'L
312 yanow / 311 yance .S
Hedspommas nosepmncerts / Hettpossan sosepanccts -
'-”;u T8 e NN\ KO 188 ywe “‘.‘-’

(POTORNIN SOMOGINIC T m el
/ 132 yuna M

3
7 BreIpoman noRepONTY %
’ 124 yance £ ‘

7 _D00UTPORMER NOBEPANSCTY

Ml (osssrageoman soseguecrs Mt  Cpasuragucman nosepucre Nt fut
| 71 > Ge

TRIRATRNPO= AR POBEDIMICTY Ml _TDMs T npeomeas 00pepa T Mol
(POBHTRUAOHER AOBEPINICTE N~ S TDIIATEGAOIIS NOMPANICTL NS g i
4(—' (ORI SOROSENTG Th N’ N N patwragecmean nosepamccty Ned '“'2&
¢ TpanaTaymoman sosegmwcty M/ / \ R T se— %
.':; [PIRETRPIOIIAN NEBEREICTY Ne2/ / / ) '-,_.:‘.""{Muw-o-n POBOPINE Te 2 r,.

.“ [PARrTRLACIIA AOBEEIMEE T wr/ / bélnpannem BEKTOPON NONOR S paseT i piran RosepaIc Ty N1 '
| ~ TPADUTALMONNOTD = \
/ E — 3NOXTPAHIOCKIND = | \

FADO aToMn (TR TO- Va0 A0S TPeaCrmd (s piTepy M = MATHHTHOMD | \FEPO AToA (TDABKTO-MENET0- 308X Ewat tnd 1omepiTop)

Puc. K-11. YcnoBHble cTpyKTypbl aTOMa ¥ aHTUaToMa.

Crenyer BbIICIUTH HEKOTOPBIE 0OIIIKE MpaBuiia s atoma [1].

Ilpasuno 1. AToMbl 110 OTHOMY He COOMPAIOTCS.
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N3 sroro mpaBuiia cieayer, 4To BHYTPH JOOOW COTOBOM SUCHKH HE MOXKET
CyLIECTBOBAaTh OJWH OTJCIbHBIM aToM. I3 3aKOHOB CUMMETPUHM CIIENYET, YTO
MUHUMAJIbHOE KOJIMYECTBO aTOMOB, COOpPABILIMXCSl BMECTE, paAaBHO 4.

N3 BomopoaHbIX 0JI0KOB coOupaercss Bcs Tabiuua sneMeHToB MeHeneeBa ¢
OJIHUM JIUIIb YCIOBUEM:

Ilpasuno 2. Hu oqun atoM (aHTHAaTOM) HE Tiepecekaet 308y O -nepexoaa. Mumo
aTOMOB COBEPIIEHHO CBOOO/IHO «pa3TyIHBaeT» BCE TO, YTO MpHchlaeT HaMm Kocmoc.

Bcro Tabnuiy sneMeHToB MeHeneeBa MOXXHO coOpaTh HpU «KOMHATHON
temneparype Bcenennoit - 3,6 °K. Kaxmpiii 610k (Mam c6opka OIOKOB) 3amepT B
KJIETKY M Hukorjga, Hu npu kakux yciaoBusix ee HE INOKMIAET (Beunslii
3aKII0YeHHBIN). biiok (mmm cOopka) MOKeT 00pa30BaTHCS WM BHOBH PACIacThCs, HO
TOJIBKO B TIpejenax Oyoka.

Ilpaguno 3. IIpOoCTPAHCTBO CTPOr0 KBAHTOBAHO C ILEJIbIO HEAOMYIICHUS
0e300pa3uid.

BeiBoabI MO KOHIENNIMHA XaThIOOBa A.M.

1. Tloctpoenue BCEX aTOMHBIX CTPYKTYD UayT 1o
CXEME: 6bICOKOOP2AHU306AHHASL NAA3MA — MAMEPUAIbHOe Meno —
HCUOKOCMb — 2a3, TO €CTh MOCIe0BaTeNbHOCTh OKTaB ((128) — (126 - 74) —
(72 - 66)) — (64) — (62 - 34) — (32 - 28) - (24 - 26) — (22 - 16). OxTaBa 64 -
3TO MaTepHalbHasi CTPYKTypa.

2. CTpykTypa aTtoMa — TapMOHHYHAs CHCTEMa, BCE pacuéThl B aTOMHBIX
CTPYKTypax  MPOU3BOAATCA TONBKO C  HCIOJb30BaHHEM  (ppakTanoB
30JI0TOI'O CEYUEHMUA.

3. Atom umeert aBe HOPMBI CYIICCTBOBAHUS — HHEPIIMOHHYIO U HEUHEPIIUMOHHYIO.

4. AToM siBJsieTCS TPAaBUTO-MAarHUTO-djieKkTpuueckum IeHepartopom... B
aToMe (QaHTHATOME) HUYETO HE «IeTaeTy. Amom — Imo KoebamenvHblil
KOHmYyp.

5. Anpbeno aToMa Bcerja paBHO HYJIIO.

BbIBoaBI 10 TPEM MOJEJISIM.

CpaBHEHHME Tpex KOHLENUMI IOKa3ajlo, YTO B HUX 3aKOHBl MakpoMmMupa H
MHKPOMHpA €IMHBI U OHU HE coJepKaT npoTtuBopeunii. Ham mup egun. Atom — 310
MHOTOYpOBHEBasi CHCTEMA, CO3JaHHas B COOTBETCTBUHU C 3aKOHAMH TapMOHUHU.
[lepBoocHOBOM i1 aToMa SABISIIOTCS OECKOHEYHOE MHOKECTBO KBAaHTOBAaHHBIX
MEPBUYHBIX MAaTE€pUil B BUAE JJIEKTPUUECKOW W MArHUTHOM MaTE€pHUi, UMEIOIIUX
pa3Hbie ko3¢ puLreHTsl KBaHTOBAaHUSA ¥i. [L1st kaxkioro ko3 puiirienta i cymecTByeT
«CBOS» TPYIIIA COBMECHIUMBIX MeMHCOY cOOO0Ul TIEPBUYHBIX MATEPUM, COCTOAIIUX U3
AIEKTPUYECKOM M MAarHUTHOM MaTepuil B BUJAE NEKTPUYECKUX U MATHUTHBIX YACTHIL
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pasHbBIX MO pa3zmepy u macce. [Ipu 3 TOM MarHUTHBIE YaCTHUIBI 00JIaAl0T CBOMCTBOM
IIPOHUKATh CKBO3b JIFDOOE MaTepuaabHOE Teo. 3/1eCh KOI(PPHUIIMEHT KBAaHTOBAHMUSI
AQHAJIOTUYEH OIPENICICHHOMY «pa3Mepy», IMOJ KOTOPbIA MOJIXOASAT MEPBUYHBIC
MaTepuu JaHHOTO Tuna. B pe3ynbraTe B3aMMOJCUCTBUS APYT C APYrOM MEPBUYHbBIC
MATEPUHU CTPYKTYPHUPYIOT MTPOCTPAHCTBO, KOTOPOE CTPOrO KBAHTOBAHO.

B npenenax Bcero criektpa oktaB BcelleHHON NpOCTPAHCTBO CTPYKTYPHUPOBAHO,
o0pa3ysl DHEPreTHYEeCKHUE pPEHICTKH, KOTOpPbIe BIJIOXKEHBI JPYr B Jpyra U HE
MEePECEKAIOTCS APYT C APYTOM, UYTO 00ECIIEUNBACT UX YCTOUIUBOCTD.

ATOM UMEET CIIOKHYIO CTPYKTYPY U MPOSIBIIIET CBOM CBOMCTBA HA MHEPLIMOHHOM
Y HEMHEPIIUOHHOM YPOBHSIX.

ATOMBI 00pa3yIoT KOCHYIO U ’KUBYIO MaT€PHH B BUJIE CJI0KHBIX 00Opa30BaHUM U3
OJIHUX U TEX )K€ KOMIIOHEHTOB, HO CYIIECTBEHHO OTJINYAIOTCS APYT OT APYra IO CBOUM
CBOMCTBAM: BO3MOKHOCTBIO CO37aBaTh CBOM KOINHM B BHAE HWHEPUHOHHBIX U
HEUHEPUHUOHHBIX Macc.

Mogenu atoMOB mo NpHUBEICHHBIM KOoHIenuusMm Jlepamosa H.B,, Jlyunna
A.A. u Xarpi6oBa A.M. paccMaTpHBalOT aTOM Ha Pa3HBIX CHUCTEMHBIX YPOBHSX, HE
MPOTUBOpEYAT, a JOMOJHAIOT IPYT ApYyTa.
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