3BOJIIOIIUS TPEACTABJIEHUHI OF ATOME:
ot /lemokpura 10 Xarni0oBa

(pa3MpbIlIeHUs HA 33/IAHHYIO TEMY)

Konppakos .M., lllkpyznues @./1. u [llapunosa C.H.

Kpu3uc e pusuxe npouzowén
0mmozo, Wmo y4éHvle He 3Haom
Juaaexmuxu

A.A. JIyuun

Hcmopuuecku  npedcmasneHus o6  amome  CAOKUAUCL 8
coomgemcmeuu ¢ pasgumuem npeocmasaeHull o npupode 8 UeaoM HA
Kaxc0OM KOHKpemHoM nepuode amoeo pa3sumusi. OHO W0 No AuHUU
agoaoyuu npedcmasaeHuil: mouxka - naAocKkocms > 0b0vem >
NpocmMpaHcmeeHHass  CMPYKMypa, Op2aAHU308AHHASL  ONPeOeNEéHHbIM
obpazom. A 8 nocaedHee 8pema 006asuN0CH omcymcmeyrujee 36eHO —
passumue udeu no AUHUU, HANPUMep, Mmeopusi cmpyH. M3secmua maxdce u
Hogass meopus cynepobsedunenus B.C. Jleonosa... Yebl,, makosvl
0CObeHHOCMU MO3HAHUA Memodom npod u owubok, KOmopbwlil NOKa MHO2UM
YUEHBLM 3aMeHsiem Memo00.102U0 UCCAe008AHUS 8 CUAY HENOHUMAHUS UMU
moeo gaxma, wmo u Hawu npedcmasAeHUs, KaxK CUCMeMbl, Pa38U8AOMC N0
onpedenéHHbIM 3AKOHAM, KOTNOPble MOXCHO NO3HAMb U UCNO0Ab308AMb 045 UX
NAaQHOMepHO20 paszsumus, a He mMemoodom mbuika. Ho noka ecé udém 8
coomgemcmeuu ¢ 3aKOHOM COXpAHeHUs 2Aynocmu: noka He Oydem
8blCKa3aHa 2aynocms A- nocsae eaynocmu A;, eaynocms b; He nosisumest...

OT HeZe IMMOT0 aTOMa K IeJIMMOM CHCTEME...

[IpuHATO cUMTaTh, YTO ATOMUCTHKA OepeT CBOE HAYaJio C ITOCTYJIaTOB
JleMOKpHuTa, CUMTAIOIIETO0 YTO BCE Teja COCTOAT U3 HEJEJIMMbBIX YACTHUI —

aToMoB (OT Ap.-Tped. & TONO0G — HeIETUMbIH, HEpa3pe3aeMbIii).

Kak ormeueno B kuure @.J[. IlIkpyaueBa [1]: «B moHATHH «aTOM»
BakHee Bcero YKASAHHME HA ®OPMY kKak ero HMCTOYHHK. ATOMBI
OT/IMYAIOTCA HE TOJIBKO durypoii, Ho pacIoyioKeHUeM U MOPIIKOM.
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UyBcTBaMu wuX Henb3d no3HaTh; artoM ectb YMOIIOCTUT'AEMAA
®OPMA, oHa 3puma u OMKpPLINA MOALKO 0A UHMeAreKmd...
HecoMHEHHO, 3TO TeHHaJIbHASA IOMBITKA IT0-HOBOMY OOBSICHUTh MHEHUS,
KOTOpble TpeKH HasbiBaiu doxa. JIeMOKPUT IPEeJIOKHUI ITPOJAyMaHHBIN
BapUAHT MEXaHUCTHUYECKOTO OOBsACHEHUs MHpa: ueaoe Y He20
npedcmasasem cof6oit cymmy uacmeil, a OecnopsdouUHoe
JdswiiceHUEe AMoMO08, UX CAYHUATIHble CMOAKHOBEHUS OKA3bl8AI0OMCes
npuuuHoit ece2o cywez2o». OH CcYATAJ, YTO aTOMbBI SIBJITIOTCS
HegenuMmbiMu dactunaMu — IIEPBOKUWPIIMYMKAMIM MATEPUMN.
3aTeM BBISICHIJIOCH, UTO Bce BellecTBa coctosAT u3 PA3SHBIX ATOMOB. /lanee
0Ka3aJI0Ch, UTO HEJIEJUMBIN aTOM JIEJIUM U COCTOUT W3 YACTHUIL IByX TUIIOB:
3apsKEeHHBIX ITOJIOKUTEIBHBIM U OTPUIIATEJIBHBIMU 3apAJaMH, XOTA A0 CUX
HET YeTKOTO IPeACTaBJIeHUSA YTO TaKOe MOJIOKUTEJbHBIM U OTPUIlATEIHbHBIN

3aps/l.
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Puc. 0. UcTopuyeckue Mogenu atoma

3a mociesHUEe 100 JieT pa3paboTaHO OOJIBIIIOE KOJHUYECTBO Pa3HBIX
MojieJield aTOMOB (pHC. O), HO ¥ OHHU He CTaJIi BCEOXBATHIBAIOIIMMU: KaKast
M3 MOJIeJiell OTpa’kaeT KaKhe-TO BajKHbIe CBOHCTBA aToMa, OOHapy:KeHHbIE B
SKCIIEPUMEHTAaX Ha MOMEHT €€ CO3/JaHUs B aBTOPCKOW TPAKTOBKE. ITOT
mporiecc OyZIeT MPOAOJKATHCS /IO TE€X MOP, TOKA BO3MOKHOCTH UYeJIOBEKA He
OyAyT orpaHUYEeHbl BO3MOXKHOCTSIMHU IPUOOPOB, C IOMOIIBI0 KOTOPBHIX OH
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usydaer atoMm. Ilpm aTom cmeneHb deaumocmu uau OpobAeHUS UCXOTHBIX
HceaeayeMbIX 00BEKTOB 803pacmaem 0 TaKOHW CTEleHU, YTO IOJIyYeHHBbIE
IIPU 3TOM «OCKOJIKM» OYAyT CYUTATHCSA NEPBOOCHOBOM MaTEPUM WJIU Jlajiee
HayKa W CaMO CO3HAHUE YeJIOBeKa JIOJDKHBI IMEePEeHTH HAa WHOU YPOBEHBb
MMO3HAHUS, YTOOBI TPOJIOJIKUTH UCCJIEIOBAHUE TOTO JK€ aTOMa, UCIIOJIb3Ys He
TOJIBKO METOABl JUAJIEKTUKH, HO U MeTOAbl 3SHEePronHGOPMAaIHOHHOU
JIUQJIEKTUKHU, KAaK UHCTPYMEHTHI IIO3HAHUS, HO M BO3MOXKHOCTH CBOEr'0 MO3Ta.
Kak mokaspiBaeT pa3BUTHE HAYKH B IIOCJTIE€IHEE BpeMs, BTOPOU IIyTh
MpEeTIOUTUTEIIbHEE.

[TpakTuuecku Bce M300pa’keHUs aTOMOB, KOTOPbIE IEMOHCTPUPYIOT TY
WIN WHYI0 €ro MOZEeJb, KaK IPAaBWJIO, IPEACTABIEHbI B BHUE IJIOCKOTO
PUCYHKA, TJle BOKPYT s/ipa Ha Pa3HbIX PACCTOSAHUAX HAXOAATCA 3JIEKTPOHBI,
KOTODPBIE, WJIN TMOKOATCS, WJIM BPAIAIOTCA IO 3aJJaHHBIM UM OpOMTaM, Kak
wiaHetbl BoOkpyr Cosana. Ha camom Jiesie, Bce aTOMbI HMEIOT
IIPOCTPAHCTBEHHYIO CTPYKTYpPY (pHC. 1.). O6 5TOM TOBOPUT HE TOJIBKO JIOTHKA,
HO ¥ peaJibHble CHUMKH, HaIIPUMeP, aToMa Bojiopoza (puc. 2, 2a.).

Puc. 1. Mnockas u o6bemMHasa mogenu atoma

Kak HaMm y»xe M3BECTHO, CYIeCTBYET MHOKECTBO Pa3JIUYHBIX Mojesei
aroma (pue. 0.). Kaxkyasa 3 Mojesiell oTpa)kaeT KaKue-TO CyIlleCTBEHHBIE
NpU3HAKYU, IpUHA/JIEXallue peaJbHOMy aroMy. Ho arom — 3HA4uT
HeleTUMbIA. I103TOMY €CTh CMBICJ BECTH pedb HEe O HEeJIEJTMMOU YacTHIIE,
npuaymanHou [lemokputom, a o Cucreme, HazpiBaemor ATOMOM,
MMeIOIIeld JIOCTaTOYHO CJIOXKHBIM COCTaB, CTPYKTYPY, (popMy W AWHAMUKY
MOBe/IEHUA 110 CPAaBHEHUIO C IITapUKOM JleMoKpuTa.
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s Puc. 2 a. nexrpoHHoe 06nako Kak Habop MOMEHTaZIbHBIX
. . e «dororpadmiin anexrpoxa:

LR B N

Puc. 2. doto aTéma Bogopoaa

a— BMA CO CTOPOHBI;
6 — BUf, B CEYEHMH,

B mesioM Bce uM3BECTHBIE MOJEIH aTOMa MCXOAAT U3 TOLO, UTO aToOM
BKJIIOUAET MACCHBHOE AAPO, COCTOSAIIEE U3 MOJIOKUTETbHO 3aPAKEHHBIX
NPOTOHOB (HE SICHO KaK OHU VAEPKUBAIOTCA B SApe OT JAeWCTBUSA
KYJIOHOBCKMX CHJI OTTAJIKUBAaHUA) U SJIEKTPUUYECKU HEHTPaIbHBIX
HEUTPOHOB, IIPU 3TOM Ha 3HAYUTEIBHOM OT SI/[pa PACCTOSTHUU PACIIOJIOKEHBI
OTpUIATE/IbHbIE YACTHIIBI — 3JIEKTPOHBbI. HO Bo3HUKaeT psj mpobieM, 6e3
pellleHusi KOTOPhIX HEBO3MOKHO II03HATh aTOM, U, KOTOpPbIeé MOYKHO
0000IIEHHO U3JI0XKUTDH TaAK:

- N3 KaKHX 4aCTHUIll COCTOUT AAPO aTOMa U CaM atom?

- KaKOBO COCTOsIHHME JJIEKTPOHOB B aTOMe — CTAaI[MOHApPHOE WJIN
HOABUXKHOE?

- KaKue CUJIbI 00eCIeunBaIOT B3aNMO/IENCTBHE 3JIEKTPOHOB C SI/[POM
atoma?

- KaKHe CHUJIbI 00eCIIeurBaloT CTaOUIbHOCTh ﬂnpa?

- KaKue CHJIBI obecIieunuBaioT B3auMO/ielicTBIE MEX/Ty
«IIPOTOHAMHU » U «HEUTPOHAMU », €CJTH OHU IIPUCYTCTBYIOT B S/Ipe?

- 13 KaKOU MaTEePUU COCTOAT YACTHUIIBI, COCTABJIAIOIINE aTOM?
- KaKoOBa IIpUpOJia rpaBUTALUN?

- MOKHO JIA BBIJIEJIUTh U3 OTPOMHOTO MHOKECTBA AaTOMOB
OT/IeJIbHBIE ATOMBI TOTO WJIM MHOTO 3JIEMEHTAa U MCCJIe0BaTh €ro CBOUCTBA U
UMEIOT JI KaKue 0COOEHHOCTH aTOMbBI KOCHON MaTEPUH U JKUBOM ?

- map.

Ha stu u apyrue Bompochl (PU3UKU NBITAIOTCA OTBETUTh, UCXOAA U3
aHaJIM3a TOM WJIM MHOU MOJIeJIM aTOMa, a TaKKe CJIOKUBIINXCA B (PU3UKE
IapajurM.



B O0GoJibIIMHCTBE KJIACCHYECKUX MOJeJiell 3JIEKTPOHBI 3aHHMAaIOT
CTaOWIBHO YCTOMYHBOE IIOJIOKEHHWE WM IIOABMIKHBI B OIIPEAeIEHHBIX
mpejieyiax:  yAep:KUBAIOTCA  KYJIOHOBCKUMM  CHJIAMH, JBHOKYTCA IO
paspemiéHHbIM OpOUTaM, PE3KO «CKadyyT» C OJHOM OpOUTHI Ha JPYIYIO,
ussydasi (ecoii Ha 60Jiee BBICOKYIO) WJIU TorJIoniasi (ecau Ha 6osiee HU3KYIO)
KBaHT CBETa, y/lep:KHUBasi aib0eIo aToMa Ha 3aJlTaHHOM YPOBHE H T.JI.

CWUNbl, QENCTBYIOLWME B SAPE

MEXAY YACTULAMW, BXOAALLMMU B AAPO, MEXAY NPOTOHAMM APA, SNEKTPUYECKW
AENCTBYIOT OCOBbIE CUibl B3BAUMHOIO OAHOUMEHHO 3APAKEHHBIMW YACTULIAMW,
NPUTSXEHWA - AAEPHBIE CUNbI AEVCTBYIOT CUNbl BAAUMHOIO OTTANKUBAHWUA

O CBOEW BENWYMHE SAEPHbLIE CWJIbl BBAUMHOIO NPUTHXXEHUA O POMHbI
W SBHAYUTENBHO NPEBOCXOAAT CUJibl BBAMMHOIO OTTANKUBAHUA NPOTOHOB

HecmoTrpsa Ha TO, 9YTO Macca spa 3HAYUTEIBHO IPEBBINIAET MaCCy
3JIEKTPOHA, IPOTOHBI A/pa U 3JIEKTPOHBI UMEIOT OFMHAKOBBIe 3apsAzbl. Ho
KakuM O00Opa3oM TIPOTOHBI B fA/pe He pas30eralwTcsa IO IeHCTBHEM
KyJIOHOBCKUX cuiI? Torga JoKHBI OBITH elfé 6oJiee MOIIHbIE CUJIBI, KOTOPbIE
y/Iep>KUBAIN TIPOTOHBI B sipe. DTy 3324y 110 UMEIOIIUMCSA IPEACTABICHUAM
BBITIOJTHAIOT 10epPHble CUAbL, ABJIAIOIINECS MEPOH CHJIBHBIX B3aUMOJEHCTBUM.
Ho ux HajmuumWe yC/IOXKHSAET caMy KOHCTPYKIIMIO spa ¥ IPOTHBOPEYUT
3/IpaBOMY CMBICITY, @ IPUPO/ia HE U300MIIYET CIA0KHOCTAMMU.

Ho, uT00BI OOBSCHUTH BCE SIBJIEHHs, MPOUCXOZSAIINE B aTOMeE, 3TUX
IpeJicTaBJIEHUI HEAOCTaTOUHO. [IlepedyrciieHHbIe MO/IEITH, a TAKKE YACTHUIIBI U
CHUJIBI, yUYACTBYIOIIHIE€ B OPraHU3AIUH aTOMa, KaK CUCTEMbI, HE OOBACHSIOT €rO0.

Hayka He crouT Ha MecTe, IIO3TOMY PACCMOTPUM HECKOJBKO HOBBIX
MOJIeJIEd aToMa, SIBJIAIONIMXCS OCHOBOW HoBBIX 3HaHuii: Mozenu JleBamoBa
H.B., JIlyuuna A.A. u XarbsiboBa A.M. U KaKk OHU CBSI3aHBI MEXKY COOON MU

MIPOTUBOPEYAT JIPyT APYTY.

1. Moageap atoMma o koHenuuu H.B. /IeBammosa

OmHuM u3 (QaKTOPOB, OIPENESIONMNX CTPYKTYPY M OPraHU3AI[UIO
JII060T0 0O'bEKTa MPUPOABI (ajiee NPUPOOHBLX cUCMeM) SABIISIETCS MepHOCHb
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MIPOCTPAHCTBA U, COOTBETCTBEHHO, COOCTBEHHAsT MEPHOCTh CaMOTO OOBEKTa
MIPUPOJTHOM crcTeMbl. Ciie/lyeT MOsSCHUTD, YTO U3MEHEHNE MEPHOCTH, 00pa3HO
rOBOpPs, MOAOOHO JEWCTBHUIO KaMHeAPOOW/JIbHOW MAaIlMHBI, pa3pylIaloiein
HMCXOHbBIE MAaTEPHUAJIBI 10 YPOBHSA MMEPBUUHBIX MATEPUH.

[Tpu 5TOM KaKABIM aTOM, B 3AaBUCHUMOCTH OT €T0 aTOMHOTO Beca,
B OoJIbllIell WJIM MEHBINEN CTEeNmeHH BJIHSET HAa MEPHOCTh CBOEro
MHKPOKOCMOCA, BHI3bIBasi BTOPUYHOE BHIPOKIEHUE MEPHOCTH [2].

JledopMmarlius mpocTpaHCTBa MPOUCXOAUT HE TOJIBKO B 30HE CaMOTO sif[pa
aroma. O6pasoBasieecs AAPo AedopMUPYeET TPOCTPAHCTBO BOKPYT cebs. Ho
ATOTO0 HW3MEHEHHUS CTPYKTYPhl IPOCTPAHCTBA HEJOCTATOYHO JJIs CHUHTE3a
BellecTBa U3 ceMu GopM MaTepuii, T.K. 3TOHN AedopMaIiu I0CTATOYHO TOJIBKO
JUISL CTUSTHUSI BOEUHO 1ecTH (pOpM MaTepH.

Hna cnuaaua cemu GOpM MaTepuil He XBaTaeT He3HAuYUTeJIbHOTO
HCKPUBJIEHUS MUKPOKOCMOca. MepHOCTh 3TUX 30H KoJie0JIeTcs B Ipeziesiax

2,9800<A<3,00017

B monmenu JlepamoBa H.B. 2/1eKTpOHBI pacrosiokeHbl (YCJIOBHO) IO
opbuTaMm, COOTBETCTBYIOIIUM UX MepHOCTH. Ha puCyHKax 3 U 4 371€KTPOHBI
JUIA KQKJIOTO 3JIeMeHTa ITIOKa3aHbl Ha OJTHOM ypOBHe MepHocTH: L= 2,885 114
aroma ypasa (puc. 5) u 2,880<L.<2,900 — 7y1s1 aToMa BOIOPOAA.

(Puc. 144) (Puc. 145)
9 {,

Puc. 3. Mogens atoma Bogopoaa Puc. 4. Mogens atoma YpaHa

OTO 0O3HAYaeT, YTO OHU MOTYT OBITh CUHTE3WPOBAHBI B JIIOOOU TOUYKe
IIPOCTPAHCTBA BOKPYT AApa — TaM, rfe coOCTBeHHAs MEPHOCTh 3JIEKTPOHA
COBHIAJIET ¢ MEPHOCTHIO IIPOCTPAHCTBA, T.e. IIPU YCJIOBUHU, UTO MEPHOCTH B
JTAHHOU TOUKE aTOMa HAXOJIUTCS B Ipeesax
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3,0001 < A3J1 < 3,00017.

[Ipu sTom, Osarozapsi Haauuwio (OHA, CO3ABAEMOTO PEIMKTOBBIM
u3jlyueHreM, OO0JIaIaloNIUM HeJIOCTAIoled /I CHHTe3a 93JIEKTPOHA
MEpHOCTBhIO AA, cenpmasi MaTepusi HAYUHAET CIUBAETCA C IIECTHIO
ocTanTbHBIMH. Kak W3BeCTHO, KaXKJblii (QOTOH mMpejCcTaBasgeT CcoOOH
MHKPOCKOIIMYECKOe HCKPUBJIEHHE IPOCTPAHCTBA, HACHIIIEHHOE KaKOU-JI160
[ . | OnHOI mepBuuHON  MaTepueil.
2005 | OHAKO CUHTE3UPOBAHHOE U3 CEMU
IIepBUYHBIX MaTepUil COeJIMHeHUe

<2900 | ouyeHb HEYyCTONYHUBO.
e HesnauurenbHbie U3MEeHEHUA

OKpY’Karollen cpeabl NPUBOAAT K
*28% | pacnagy 3TOTO coeIMHEHUA

MmaTepuii. VMeHHO 3TO, Kak
nokaszan H.B. JleBaiioB, sBiasgeTcs
2880 | MPUUYMHOM TOrO, UTO SJIEKTPOH
2475 | TIPOABJIAET cebsA W KaK dacTuna
Puc. 5. AToMbI ypaHa U BOJopoaa. (BemiecTBO), U KaK BOJIHA (JIyasin3m
2870 | CBOWCTB).

CiyieryeT OTMETHUTbH, UTO 3JIEKTPOH, 3JIEKTPOHHOE 00JIaKo, BOOOIEe He
ABHKETCA B QU3HUYECKH IIOTHOH cpefie, T.K. OH He SIBJIAETCS B IOJTHOM
cMbicie GUBUYECKH IUIOTHOM MaTepHeH, a ecTb, HU YTO WHOE, KaK KpalHe
HEYCTOMYMBOE TPAHUYHOE cOCTOsIHWEe 3ToN MaTepuu (Pume. 6). 9To KkpaliHe
HEyCTOMYMBOE TPAHUYHOE COCTOSIHHE IIPOSIBJISETCS, B TEPBYIO OYeEpEdb, B
IIOCTOSTHHOM IIE€PEXO0J/Ie MAaTEPUU K3 OJ[HOTO KAaYeCTBEHHOTO COCTOSHUS B
ZIPyroe B COOTBETCTBUU C 3aKOHOM II€PEX0/1a KOJIUUECTBO B KAYECTBO.

Ho u3 1o 3peHus yXOAUT €llé OHA Ba’KHAsA 0COOEHHOCTD 3JIEKTPOHA
- Ta, YTO IOCJE CUHTe3a OH BHOBb pACIAJIaeTCs HA COCTABJISAIONIUE €ro
IepBUYHBIE MATEPUHU B BUJIE «BJIEKTPOMArHUTHBIX W3JIyYeHUH», T.K.
MIPOUCXOJUT U3MEHEHHEe MEPHOCTH B IIPOCTPAHCTBE ero HaxoxkaeHus. Ho 1o
ATOT0 MOMEHTA OH ObLIT Hacmuuell, umerowuil anekmpuueckuil 3apsd. OTcioga
CJIeJIyeT, UTO CaAMH «3/1eKMPOMAZHUMHblE U3AYYEHUS» TaKKe JOJIKHBI
COCTOSITh U3 INEKMPUUECKOl MaAmepull, KaK U 31eKMpPOoH, KOTOPBIN U3JTydaeT
@domoH, uTo coryiacyercs ¢ KoHuenmued A.A. JlyumHa u JIUITHUNA pa3
MTOAYEPKUBAET, UTO IPUPO/A HEe N300MITyeT uaauiectBamu. Kpome Toro, kak
M3BECTHO M3 HapaaurMbl JleBaimioBa, KakAbIl (POTOH TpeAcTaBisieT cOOOM
MHKPOCKOITTYECKOE MCKPHUBJIEHUE ITPOCTPAHCTBA, HACBIIIEHHOE KAaKOW-TH00
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O/IHOM NIEPBUYHOU MaTepurel, 3TO JIMIIHUY pa3 o U€pPKUBaeT, YTO POTOH —
3TO 4YacTHUIA, LeJbHOe oOpa3oBaHHe B Impezenax AedOpMHUPOBAHHOTO
npocrpadcTa. Toraa, ¢ yuétom koHuenuuu Jlyurnsa A.A., BTopoil MaTepueu,
y4JacTBYIOIIled B CHHTe3€e YaCTHUIl aTOMa sIBJIeTCcsl MarHUTHas MaTepus B BUJe
OMIIONIAPHBIX MATHUTHBIX YacTHIl. Torgia CHUMAIOTCA MHOTHE HPOOJIeMBbI U
IIOZHATBIE BBIIIIE BOIIPOCHI.

Takum 00pa3oM, MPOUCXO/IUT IMTOCTOSTHHBIN CUHTE3 U PACIIaji BEIIECTBa,
obOpasyroIiero 3jeKTpoH. IIpu 3TOoM o00pasyercs 3JEKTPOHHOe 00J1aKo,
KOTOpO€e MOJKeT IprobperaTh HECKOJIBKO (opm: S-o6sako, P-o6sako, D-
obstako, F-o6s1ako (puc. 6).

ITU BJIEKTPOHHBIE O0JIaKa OTJIMYAIOTCS JIpYT OT Jpyra CBOWMH
MIPOCTPAHCTBEHHBIMU ()OPMaMH, UTO B CBOIO OYEPE/b, BJIUSIET HA CBOUCTBA
BJIEKTPOHOB W, B pe3yJibTaTe OHU CO3/IAI0T pPa3Hble ITPOCTPAHCTBEHHBIE
COeTMHEHUA MeXKIy coOoH (puc. 6) B CHJIy CJIOKHUBIIEWCS B 3TOT MOMEHT
MEPHOCTH B JJAHHOU TOYKE ITPOCTPAHCTBA.

‘oax*

S - opbuTans P - opbutans D - op6utans F - opbutans

Puc. 6. ®opmbl aTOMHBIX opbuTanen (3neKTPOHHbLIX 061akoB)

3/1ech MOXKHO HAOJTIOZaTh 3aKOHOMEPHOCTH Pa3BUTHSA (POPM I10 JIMHUU:
MOHO - OU - NOAU - CN0HCHbLe hopmbl (JIJIST CTI0KHBIX coeinHeHu) [3, 4]. [Ipu
5TOM HPOABJIAETCH 3aKOH eOUHCmaea u MHO2000pasus (hopm, 4TO TAKKe IIOKA3aHO
B crathe A.C. HukoHoBmua [5, 12]. Kak mnpumep, MOKHO HaOJIIOATh
obpazoBanue P-opOutasedi Mo TPEM OCAIM KOODJAMHAT JJIsl CJIOKHBIX
coenquHeHuil (pue. 7). Kak usBecTHO, OpOUTaJIb — 3TO IPOCTPAHCTBO, B
KOTOPOM C BEPOSITHOCTBIO Q5% MOXKET HaXOJIUThCA BJIEKTPOH. B maHHOM
cydyae peub HUAET O CIIAPUBAIOIIUXCA 3JIEKTPOHAX. BHeIHe MoJsiydyeHHast



dopma HAIIOMUHAET
& HecTUIyuyeBUK. He MCKII0UEHO, UTO
Y cllapuBaHMe JIyyel IecTUIyuyeBUKa
MPOUCXOUT IO TEM K€ 3aKOHaM,
YTO W y aTOMOB, HO TOJIbKO Ha
ZIpyTOM KauecTBEHHOM ypoBHe. [Ipu
| \) 9TOM MEXaHU3M MPOSBIEHUsI (HOPM
| | —X MIPE/ICTABJIsIETCS. OMHUM U TEM 3Ke€.
OpHakoO Ha MakpoOypoOBHE 3Ta
¢dopma nmeeT ipyroe KaueCcTBEHHOE
comep:kanue. M omsATh, nepexod c
MUKDPOYPOBHSL HA MAKPOYPOBEHL B
COOTBETCTBUU C 3AKOHOM nepexoda
Puc. 7. CnapuBaHue 3NeKTpoOHOB B KOAUYeCMBEHHbIX U3MeHeHUll 8
COXHbIX 0Bpa3oBaHNAX: KauecmeeHHbvle MIPUBOJIUT K

Kawgas P-opOutanb nonyyaer no OAHOMY
3NeKTpoHY, npexae YeM Ha4yHeTCA cnaprueaHne. CI/IHTGSY O6’BeKTOB HpHpOHHbIX
cucTeM 00HOll POPMbl, HO PA3HO20

Px-opbutans

KaiecmeeHHOo20 CanpijClHu.Fl.

Taxkum o6pasom, ¢opma UTpaeT CYIIECTBEHHYIO pOJIb B IIPUPOJE.
®dopma HaXOAUTCA B MPSAMOU 3aBUCUMOCTH OT C801ICME8 COCMABAAIWUX eé
9NeMeHmMo8,  Op2aHU3YWUX U  HOPMUPYOWUX  COOTBETCTBYIOIIYIO

cmpykmypy.

«ITpu coeqmHEHNH aTOMOB B MOJIEKYJIbI WJIM IIPU CO3/JAHUU U3 aTOMOB
KPUCTAJJINYECKON pemeéTky, Kak numer Hwukonaih BukropoBuu, -
3JIEKTPOHHBIE O0JIaKa Pa3HBIX aTOMOB CO3/IAIOT OOIIHME CHCTEMBI, KOTOPBIE
Oosiee ycrontunBbl. [Ipu 3TOM cucTeMy 00pas3yioT JBa 3JIEKTPOHA, UMEIOIIe
TaK Ha3blBaeMble, pasHble CHOUHBL. OJTO CBA3aHO C PAa3HBIM TUIIOM
WCKPDUBJIEHUSI MEPHOCTH MHKPOKOCMOCA, YTO TIPUBOAUT K IMPOTrudy
IIPOCTPAHCTBA KaK B O/IHY, TaK U B JIPYTYI0 CTOPOHY OTHOCUTEJIBHO HYJIEBOTO
(bastaHCHOTO) YPOBHS».

JJIEKTPOHHBIE CTPYKTYPbl COCEJHHUX AaTOMOB CJIMBAIOTCA B €JUHYIO
3aMKHYTYIO CUCTEMY.

YCeToHYHUBOCTh aTOMA OIPE/IE/ISIETCA HATMYHUEM KOJTHUECTBA 3JIEKTPOHOB
B HAPYKHBIX 3JIEKTPOHHBIX 000JI0UKAX: €CJIM aTOM HMeEEeT HEUETHOE UHCJIO
«HApYKHBIX» 3JIEKTPOHOB, TO aTOM — HEYCTOHYUB; €CJIU COJEpsKaT IO /Ba
3JIEKTPOHA KaKbIH, TO MPU 00bEeJUHEHUHU B €IUHYIO CUCTEMY, Ka’K/Ible /1B
aToMa OT/A0T 110 OJTHOMY «CBOOOHOMY» BJIEKTPOHY /1A 00pa3oBaHus 001Iei
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yCTOHYMBON cucreMbl. IIpu 3TOM oOOBeAUHEHNE BO3MOKHO IIPU
OMHAKOBOU KpPHBU3HE MEPHOCTH MHKPOKOCMOCAa AaTOMOB WM
HAJIMYUHU BHEIIHUX 3JIEKTPOHOB C IIPOTHUBOIIOJIOKHBIMUA CIIMHAMHU

[2].

(Puc. 146) ( Puc. 1465) (Pnc. 147)

Puc.8. CnapuBaHue ANEeKTPOHOB C pa3HbIMW CNMHAMK pa3HbIX BeLeCTB

[TpHHATO YCIIOBHO CUUTATH 3JIEKTPOH, JIBIKYIITUHCA
II0 YacOBOM CTpeJIKe BOKPYT fA/Apa, KaK HMMeIOIHun
MOJIOKUTEIbHBIA CIHMH, a JIBIDKYIIUNCA TIPOTHB
YacOBOH CTPEJIKH — OTPUIIATeJIbHBIN CIIUH (pHC. 8).

Cam asexTpoH H.B. Jlepamos usoGpazaer B BUA€E S- | Pyc. 9. 3nekTpoH

o0JIaKa, UMEIOIIETO CJIOXKHYIO CTPYKTYPY, UTO BBIJIEJIEHO Y
HETO I[BETOM U IIPEII0JIaraeT y HEro CJIOKHYIO CTPYKTYPY, T.€. €T0 0eAUMOCI b
(puc. 9). Cnenyer oTmeTuTh, YTO B pucyHkax JlesamoBa H.B. HeT HUUero
JIMIITHETO ¥ /AK€ IBET OTPAKAET CYTh
TOTO, YTO N300pa’keHO Ha HUX. B maHHOM
CJIyJae IMpeJICTaBJIeHbI BCE I[BETA PA/IYTHU.
B 1menTpe 3JjieKTpoHA — HAXOAUTCA
MAacCUBHOE /PO, CKOpee BCero us3
MAarHUTHBIX YaCTHUIl, T.K. UMEHHO OHU
CIOCOOHBI  yZiep:KaTh 3JIEKTPOHBI Ha
Puc.K-®-0.Mpouecc maTepuanusaumm | COOTBETCTBYIOIMX OPOUTAX M CaMoO SJIPO

bl 6es ero paspymenuda. Ilpomecc
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MaTepUuaIn3aluu dJIEKTPOHA IMpejacTtaBieH Ha puc. K-®-0. IlepBuunasn
MaTtepus G, Apadmomanca (OHOM Y-U3JIydeHUs U CO3/1aeT «SAAPO0» dJIEKTPOHA
nmpu ero cuHTe3e (corsiacHO KoHIennuu JlyunHa A.A.), Korja IepBUYHBIE
Marepuu psaga «A-F» co31ai0T «371eKTpUYeCKOe OKPYKeHUe ero Aapa.

CoenuHssICh B MOJIEKYJIbI WJIM CO3/1aBas KPUCTALTUUECKHUE PEIIETKH,
aTOMBI IepeXoAT B OOJiee YCTOMYHUBOE COCTOSTHUE. B 3TOM Iy1aHE 0cOOEHHO
WHTEPECHBI CO3/[aBaeMble aTOMaMH Pa3JIMYHOTO THUIA KPUCTA/TUYECKHE
PEeléTK, KOTOphle 00pa3yloT co00H TpU TPYHIbl: NPOBOAHUKM,
IMOJIYIIPOBOHUKH U U30JIATOPHI. Paszinurie CBOUCTB CBSI3aHO CO CTETIEHBIO
YCTOUYUBOCTH 3JIEKTPOHHBIX CTPYKTYD [2].

OO0mue 3JIEKTPOHHBIE
(Puc.148) | cHCTEMBI 'y TIPOBOJHHKOB
9 (; | HecTaOWJIBHBI, HAXOAATCA B
- ' : IOCTOAHHOM XaOTHYHOM
JBH2K€HUUN, OHU IIOCTOSIHHO
CUHTE3UPYIOTCS 17
pacnaaarTca. Ho cTout Tosabko
K HUM MIPUIOXKHUTH
PR A | bsexTpuueckoe 1ose, Kak IO
3 4 3 IPDOBOJTHUKY HAYMHAeT TeYb
3JIEKTPUUYECKUU TOK, KOTOPBIH
€CTh HEYTO HWHOE Kak
MEPUOINYECKOE TIepeTeKaHWe TEePBUYHBIX MaTepui, W3 KOTOPBIX OHHU
CHUHTE3UPOBAHBI, C (U3UUIECKOr0 YPOBHA Ha 3UpPHBIN 1 obpatHO. ITpu aTOM,
€CJIM  COeIMHUTh MeXAy co0OH JiBa pa3HbIX MeTayla C pa3HbIMHU
KPHUCTAJUIMYECKUM PEIIETKAaMHU, TO IPOSIBUTCSA TaK HA3bIBAEMBIA MYHHEAbHbLL
agpgpexm. Ecaum rxe CTPYKTYpbl 3JEKTPOHHBIX 000704eK OyyT pe3Ko
OTJIMYATHCSA JAPYT OT JIPyra, a TOYKA pacuajza U CUHTe3a OyJeT COCTaBJIATH OT
JTOJTY 10 TIATH MUJUIIMETPOB, MBI Oy/IeT UMETh JIEJIO C IIOJIyITPOBOTHUKOM (CM.
Puc. 10).

Puc. 10. TyHHenbHbIA achchekT

CTaHOBUTCS OYEBUHBIM H3MEHEHHE MEPHOCTH MHKPOKOCMOCa,
BBI3bIBaEMOE, KaK f/IpaMU aTOMOB, TaK U COeIWHEHUusAMH aTomMoB. Ho 3TO
MIPOUCXOUT Ha YPOBHE MUKPOKOCMOCA.

BaskeH Bompoc 06 o6pa3oeanuu sidep u ux ycmoitvusocmu. Kakue
CHJIBI CKPEIUIAIOT UX?
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fAnpo «mpocTo» BOAOpPOZA WMeEET OJWH HYKJIOH — MPOTOH (Maccoi —
1,672621777-10-27 Kr'. win 1836,152 672 Macchl 3JIEKTPOHA) — IOJIOKUTEJIFHO
3apsKEHHYI0 YacTUIly, 3apsAj KOTOPOUW HeWUTpajn3yeTcs OTPHULATEIbHBIM
3aps/IOM 2JIEKTPOHA, YTO obecleyrBaeT yCTOMYHUBOCTH aToma. JIpyrou
yacTtuueu, (GopMupymoled AApOo APYIHX aTOMBI, ABJAETCA HeUTpaJbHasd
yacTuma — HeHpoH (c maccoid mporoHa). IMEHHO B si/[pe COZEPKUTCS BCs
Macca aToMa — GU3UUECKH IJIOTHOE BEeIeCcTBO U3 CEMU ITEPBUYHBIX MaTEPUH,
KOTOpOe Je(opMUpyeT MHKPOIIPOCTPAHCTBO BOKpPYT cebs ¢ oOpaTHBIM
3HAKOM, HeUTpaju3ys H3HAYAIBHYIO JedopMaluio MHKPOIPOCTPAHCTBA,
BOCCTAaHABJIMBas YCTOMUYMBOCTH IPOCTPAHCTBA. JTO KacaeTcs U spa aroma
BOZIOPO/A.

ATOM BOJOpOZA — 3TO NEPBOKHUPIUYUK MaTEPUHU HalleHh
BcesleHHON ¥ UMEHHO OH MOCJIYKUJI CTPOUTEIbHBIM MaTepuajioM (puc. 11),
KaK JIJIs 3BE3]], TAK U BCeX OPY2UX U3BECMHBIX amomos (PUC. 12), KaK MHUIIET
H.B. JleBamioB, — KOTOpble BO3HUKAJIU B HeApaX 3BE3J 8 pe3yavmame
mepmosidepHblX peaxkyuil, MOSBJISIONIUXCSA B Pe3yJIbTaTe C3KATUsI BOJOPOIHBIX
3BE3/I—TOJTyObIX TUTAHTOB.

He cienyer 3a6bIBaTh, YTO aTOM BOIOPO/ia HEUTPAJIEH C TOYKHU 3PEHUS
HaJIM4Yus 3apsfa: B HEM 3aps/i MPOTOHA YPaBHOBEIINBAETCSA 3apsa/ioM
3JIeKTpoHa. B aTome ypaHa Takux aToMOB 238 IITYK, IO3TOMY, COBOKYIHOE
BJHSIHUE HA IPOCTPAHCTBO JBYXCOT TPHUJLATH BOCBMHU aTOMOB BOJIOpOjia
pUOJIM3UTEIBHO OyZIeT PaBHO CTENEHU BIUSHUS OJTHOTO aToMa ypaHa (pHc.
12.). Ho aBectu TpuanaTh BOCBMOUM aTOM BOJIOPO/JA OKAKETCS B TaKUX JKe
KaueCTBEHHBIX YCJIOBUSAX, KAK U OJJUH aTOM ypaHa—CTaHET HEYCTOUYHBBIM,
PaAUOAKTUBHBIM.

Takum obpasom, kak mokazan H.B. JleBamioB, — KasKJabId aToOM, B
3aBHCHUMOCTH OT €ro aTOMHOIO Beca, B 0OJIbIlIeNl WJIM MEHbIIeH
CTENeHU BJIMAET Ha MEPHOCTh CBOEro MHUKPOKOCMOCA, BbI3bIBasA
BTOPUYHOE BBIPOK/JI€eHNE€ MEPHOCTU.

Jedbopmanus IpoCTPaHCTBA MPOUCXOIUT HE TOJIHKO B 30HE CaMOTO f/Ipa
atoma. O6pasoBaBiieecs spo 1eOpPMUPYET ITPOCTPAHCTBO BOKPYT cebs. Ho
ATOTO0 W3MEHEHUs] CTPYKTYPhl IIPOCTPAHCTBA HEAOCTATOYHO I CHUHTE3a
BellecTBa U3 ceMu popm matepuii. Ho 31ech BOBHUKAET BOIIPOC: €CIU aTOM

! OTHOmIEHME MacC MPOTOHA M DIEKTPOHa, paBHoe 1836,152 672 1(14), ¢ Tounoctsio 10 0,002 % paBHO 3Hauenmio 6 = 1836,118...
M3mepenus pajuyca IPOTOHA € IIOMOIIBIO aTOMOB 0OBIYHOTO BOZIOPO/Ia, IIPOBOMMEIE pa3HbIMH MeToiaMu ¢ 1960-x ronos, npusemn (CODATA-2006)
K pesynbrary 0,8768+0,0069 Gemromerpa (1 dm = 107" M. (yrounennsiii pasmep 0,8418 . )
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ypaHa CcOCTOUT U3 238 aToMOB «BOAOPOJAa», fAApa KOTOPOTO WMEIOT
ITOJIOKUTEIBHBIA 3apsA/l, TO Kak 238 aTOMOB, HaXOJASACh KOMIIAKTHO B sifipe
KOMIIEHCUPYIOT JeHCTBHE KYJOHOBCKMX CHJI OTTaJKuBaHWA? UTO MelraeT
OTPHUIIATEJIPHO 3apsKEHHBIM 3JIEKTPOHAM, HMEIOIIUM TaKOH 3Ke, KakK Yy
IIPOTOHOB 3apsij, He MaJaTh Ha SI[PO, B Pe3yJIbTaTe Yero J0JI’KHA MMPOU30UTH
AHHUTWISIHUA B COOTBETCTBUH C IIPEACTABJIEHHAMH KBAaHTOBOH (PU3UKU?
BbIxoguT, 4TO OJTHOTO U3 3apsZIOB HE JIOJDKHO OBITh. DJIEKTPOH OOHAPY:KEH U
ero sapsja usMepeH. Ho BOT 3apsja mpOTOHA HUKTO He HU3MEPS, JIOTHYHO
[IPE/ITIOJIOKUTh, UTO €r0 MPOCTO HET U 3/IeCh IPYrOH MeXaHHU3M yCTpPOHCTBa
si7Tpa ¥ caMoro aToMa...

L =2878% Lo

”_

Puc. 11. Atom Bogopoaa Puc. 12. Atom ypaha

Taxkke cHopamuBaeTcsi, KaKONW HEBUJUMBIH  «IITAHTEHIIUPKYJIb»
KanuOpyeT BcCe IPOTOHBI U HEUTPOHBI, YTOOBI OHH IIOTOM OOpa30BaIN
(dusnyecku MJIOTHOE BelecTBO? YacTUYHO OTBET U Ha 3TOT BOIIPOC UMeeTCs U
B koHuennuu H.B. JleBamoBa: 3TO «BOJIHBI» raMMa HW3JIyd€HUs, KOTOpbIE
MMeIT Bechb Ha0Op HeOOXOAMMBIX JJIA STOTO0 YacTOT, KOTOpble U
CTPYKTYPUDPYIOT IPOCTPAHCTBO B JAHHOM ero obsiactu (Hampumep, s
CHHTe3a 5JIeKTPOHA...), obecrieunBasi HY>KHYIO JJI1 3TOTO MEPHOCTh B TOYKE
cuHTe3a yactull. Ho, mpu 5ToM He cieayeT 3a0bIBaTh, UTO KaXKAas IEPBUIHAS
MaTepus UMeET CBOIO «(popMy» (He MPUBBIYHYIO HAM CTPOTYIO TEOMETPHUYECKH
IIPaBUJIBHYIO), pa3Mephl U KaduecTBa. IIpu 3ToM popma mepBUUHBIX MaTepUil
He sSIBJISIETCS IIPUBBIYHON TeoMeTpUYecKou Gurypoi (kyo, mapasiesenuriesn,
nupamMuza u T.7.). [lepBuuHble MaTEPUU He ABJISAIOTCA «3JIEKTPOMAarHUTHBIMH
BOJIHAMU» B IIPAMOM CMBICJI CJIOBA, - 5TO YaCTULBl €UHON IIPUPOJBI,
HMMeIoIe Pa3Hble pa3Mepbl U Maccy. A YYUTHIBAasA, YTO B KOHIENIINU PEYb
UZET 00 5JIEKTPUIECKOM M MarHUTHOM II0JIIX, MOKHO YBEPEHHO YTBEPIK/IATH,
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YTO 3THU NEPBUYHBIE MATEPUH COCTOSIT M3 3JIEKTPUUYECKOHM M MarHUTHOU
MaTepuii. [Ipyu Haj0KeHUU ITEPBUYHBIX MaTEPUU JIPYT Ha Apyra MPOUCXOJUT
B3aMMO/IEHICTBUE KAUECTB KaXK/IOU MaTEPUH IPYT C PYTOM U IIPUBOZAIIEE 10
3aKOHAM CaMOOPTaHU3AIMU K POPMHUPOBAHUIO COOTBETCTBYIOIIUX CTPYKTYP B
BHU/le KyOWYeCKOH, TeTpauAaJIbHOMU, J0/IeKa3paIbHOU, MKOCAdIPATbHON U
JIPYTHX) PEeIIeTOK, KOTOPbIE U CTPYKTYPUPYIOT IIPOCTPAHCTBO ¥ THOPHU/THBIE
MaTepUH, PacIpeessas uX B COOTBETCTBUU C 3aKOHamMu rapmonwuu [7]. Ho B
CBOIO OUYepeib THOPUHASA MaTEPHs TaK}Ke CTPYKTYPHUPYET IIPOCTPAHCTBO, B
KOTOPOM HaXOJUTCS U BOKPYT ce0s1 B BUle PEIIETKH, KJIACTEPOB KyOUUECKOU,
TeTPauJaJIbHON, OJIeKas/IpaibHOM WM HHOW  KOHpuUrypamuu, B
COOTBETCTBHU C 3aKOHAMH TapMOHUH, CHHEPTETHKH WM CAaMOOPTaHU3aIlUU.
ATOT OpoIlecC UJET C MUKPOYPOBHSA /10 METaypoOBHs, T.e. CTPYKTYpHU3aIllMU U
caMmoii BecesreHHOH.

HNuaue roBop4, CoOeAMHEHHUE aToOMOB B MOJIEKYJIbI,
KPpUCTAJI/INYECCKUE peIIIéTKI/I BO3HHMEKACT, Kak CJI€eZCTBUEC U3MECHCHUA
MEPpHOCTH MHKPOKOCMOCA J9THX AaTOMOB TEMH WU HNHBIMHA
BHEIIITHMMMUA BOSI[efICTBHHMH. CinsaHMEe CTAaHOBUTCA BO3MOXKHBIM
IIpu OI[HHaKOBOﬁ KPpHMBHU3HE MEPHOCTH MHKPOKOCMOCaA aTOMOB MU
HAJIUYUHN BHCIIHUX JJICKTPOHOB C MPOTUBOIIOJIOKHBIMH CIIMHAMMAX

[2].

CraHoBUTCA OYEBUJIHBIM, YTO HU3MEHEHHE MEPHOCTHM MHKPOKOCMOCA,
BBI3bIBAEMOE, KaK sA7paMU aTOMOB, TaK W COEJIWHEHUSIMHU aTOMOB B BHUJE
KPUCTAJUTUUYECKUX PENIETOK Ha YPOBHE MHKDPOKOCMOCA, IIPUBOJUT K
(opMUpOBaHUI0O TeX WM HHBIX CTPYKTYP C HOBBIMH KayeCcTBAMHU WU
CBOICTBAMH.

Takum o6Opa3omM Temepb MOXKHO OTBETUTh HaA BOIPOC, KaKUM
«WMaH2eHyupKy.1em»  KaJuOpyloTcss  NPOTOHBI? — WM sABisercs
cmpykmypuposaHHoe B OIPEJeJIEHHOM  YacTOTHOM  JIMalla30He
IIPOCTPAHCTBO, B sfYeHKaX KOTOPOr0 MEepPHOCMb ModicoecmaeHHa
coO6cmeeHHolU MepHOcMu npomoHa [6, 7].

N3BecTHO, YTO SIAPO aTOMa COCTOUT U3 IPOTOHOB» U «HEHUTPOHOBY»,
MpUYEéM HEUTPOH oOpasyeTcs TOTZa, KOrJa y aToMa BOJIOPOZA 3JIEKTPOH
IIePEXOUT HAa OPOUTY HIKE KPUTHYECKOU U BOZOPO, HEOOPATUMO IIEPEXO/TUT
B HOBOe KauecTBO. «HeWTpoH», He HMEIONUN 3JEKTPUUECKOrO 3apsfa,
CTAHOBUTCS CTPOUTEJIBHBIM MaTepUasoM JJjis Apyrux atomMoB. Eciu ke Anpo
aToMa BOJIOpOZAa yJlep:KUBAaeT 3JIeKTPOH Ha TAaKOM PACCTOSHUM, UTO 3apsi/l
3JIEKTPOHA He KOMIIEHCUPYETCA «3apsAAoM» fA7pa, TO B 3TOM CJIydae MO>KHO
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BECTH PeYb O «IIPOTOHE», Y KOTOPOTO HET 3apsza, T.K. B IPOTHBHOM CJIy4ae,
ecad Obl OH OBLI ITOJIOKUTEIBHBIM, OH YHHYTOXKWJI (aHHUTUJIUPOBaI) ObI
3aps/l 3JIEKTPOHA.

Takum o6pas3oM IpejAcTaBieHHas MOjiesJib aToma mnapagurmbsl H.B.
JleBaiioBa sBJifgeTCA II€JIBHOH M OTBEUAIOIIMH HA BCE IIOCTABJIEHHBIE BBIIIIE
BOIIPOCHI.

BbBIBOBI:

1. CorstacHo mapaaurme Jlesamora H.B. [2, c. 150], mepBu4HbIE
MaTepuu SIBJISIOTCA B TepMUHAaX KBAaHTOBOU usuku
«3JIEKTPOMATHUTHBIMH BOJIHAMM», CIIEKTP KOTOPBIX OXBaThIBAET
JIOCTaTOYHO IUPOKUU JINana3oH, CBA3aHHBIN KOA(PPUITEeHTOM KBAaHTOBAaHUSA
yi u mepenazomM MepHOCTH AA=0,020203236 Wi KOHKPETHOH OKTaBOH U
OHU SIBJIAAIOTCA CTPOUTETHLHBIM MAaTEPHUAJIOM JIJIsI BCEX BellecTB BeesreHHO.

2.  «JJIEKTPOMarHUTHbBIE H3JTydeHUS» He SIBJISTIOTCSI
3JIEKTPOMArHUTHBIMU BOJTHAMU, & COCTOAT U3 3/1eKMpPUUecKol Mamepuu, Kak
U 2/1eKMpPOH, KOTOPBIA U3JIydaeT (POMoH, T.e. MPEACTABIAIOT COOOH IMOTOKHU
YACTHI] U3 BJIEKTPUYECKON MaTEPUH, a TAK)Ke U3 MAarHUTHON MaTepUH.

3.  OJIEKTPOH W YACTHIIBI f/ipa aTOMa SIBJISIOTCS IMPOU3BOHBIMH OT
B3aUMO/IEHCTBUSA SJIEKTPUYECKOU M MAaTHUTHOUM MaTepHU.

4. IIpocTpaHCTBO He SIBJIAETCA IyCTHIM, OHO CTPYKTYPHPOBAHO B
COOTBETCTBHHU C COOCTBEHHON MEDHOCTBIO, T.e. 00pa3yeT IPOCTPAaHCTBEHHBIE
PEIIETKN, KOTOPblE OPTAaHU3YIOT MATEPUI0 HA KaXKJIOM U3 KBAaHTOBAHHBIX
YPOBHEH B BH/Ie YacTull («k HEUTPOHOB» U «IIPOTOHOB» ).

5. ~OneMeHTapHbIe YACTHI[Bl, CHHTE3UPyeMble U3 IEPBUYHBIX
MaTepuil, UMeIOT COOCTBEHHYIO MEPHOCTh, KOTOpPAas U OIlpejiesiseT ux Gopmy u
pa3Mepsl.

6. AtoMbl GOpPMUPYIOT TPOCTPAHCTBEHHBIE KJIACTEPHI, 00pasys
BEIIleCTBO, KOTOPOE 3aI0JIHSAET IAHHOE ITPOCTPAHCTBO.

2. Moaeab aroMma nmo koHuenuu Jlyarnna A.A.

Mopens atoma JlyanHa A.A. mocTpoeHa Ha OCHOBE ITPOBEJEHHBIX CAMUM
aBTOPOM M JIDYTUMM HCCIE0BATENAMH 5KCIEPUMEHTOB, YaCTh U3 KOTOPBIX
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OblJ1a TOBTOpPEHA AaBTOPOM JIAHHOW CTaThH, IIOATBEPAUB CJleJIaHHBIE
JIyqyuHbIM A.A. BBIBO/JIBI.

JlyanH A.A. UCXOAUT U3 TOTO, UTO HaIll MUP 00pa30BaH U3 JIBYX TUIIOB
MaTepui: 3JIeKTpUYecKOM M MarHuTHod. OTcroo/ia BhIAessAeTcs JBa TUIIA
yacTtuil: asnexkmpuueckue (GOTOHBI) M MA2HUMHblE 8 6ude OUNOASAPHBIX
yacmuy, U3 KOTOPbIX CGOPMUPOBAHbI BCE MaTepPHUAJIbHBIE CTPYKTYPHI HAIIEro
Mupa. OH cuuTaeT, YTO B IPUPO/Ie He CYLeCTBYeT II0JI0KUTEIbHBIX 3apAJ0B U
IIpe/jIaraeT CBOIO MO/ieJIb aToMa (pHc. 13).

Atom mo Jlyuyuny A.A. cOCTOUT M3 IUIOTHOTO 20pd, BKJIIOYAIOIIETO
MazHumHble dacmuysl u ¢HOmoHsl; HA PpaCCTOAHUU, 0bOecrednBaroIIeM
paBHOBeCHe CUJI IPUTSKEHUA, CO3/4aBaeMOro AAPOM, BOKPYT HETrO HaXOAATCA

cTabuibHBIE TO/ABIKHBIE B HEOOJIBIIUX

R mpefiesiax ~ 31eKMpPOHbl,  CBS3aHHble
1-%apo;
3 Sy " sceymukamu  (Cun08bMU  AUHUSMU) C
- CHAIOBSIN ATYTHER NONA 2
; A 3 | A0poM u sevlnyckawmwue ux 80 B6He,

cayxcawue 04 coeduHeHus ¢ Opyaumu
amomamu u ob6pazoeaHusl PA3AUUHBIX

.N!//k. . coedumeHull (Moaekya, Kpucmannos u
.;; 4‘ m.0.). Bpawenua mem. C napyicHoll
.4 ¥. : CMOPOHbL Y AMOMO8 PACNOA0HCEHbL NO

(1)\x paduycam  om  uyewmpa  amoma

WYnaavua noaeill INeKmpoHos, 20Mmoeble
coeduHumwsca ¢ Opyaumu amomamu
(puc. 13) 8 monexyavt (puc. 14) uau
kpucmananwt (pue. 15) [6, 7].

[Ipu aTOM pajmychl JeHCTBUSA IOJIEd 5JIEKTPOHA U IPOTOHA PaBHBI
R=0,65%10-10M=105 r (paauyc syiekTpoHa). UTO KacaeTcs KOHCTPYKIIHHU
AXEP aTOMOB, TO OHO COCTOHUT M3 IPOTOHOB, 3aIIOJJHEHHBIX MarHUTHOU
Maccol CO CBOMMH IIyHaJbIlaMU ITI0JIEH, KOTOPbIE CIENMUBIINUCH, CO3HAIOT
IIApPOIIOZIO0OHYI0 KOHCTPYKIIMIO, IIPH 3TOM MATHHTHOE II0Jie HPOTOHA
HECKOMIIEHCUPOBAHO 2JIEKTPUUYECKHM, II03TOMY OH BeJ€T cebs Kak
«TIOJIOKUTEIbHO» 3apsiKeHHas dacTuna. [losTromMy y mpoTOHA HET U He
JIOJDKHO OBITh SJIEKTPUYECKOTO 3apsAaa. JTO MarHWTHas dYacTuna. Eé
KOHCTPYKTUBHbBIE 3JIEMEHTHI OUIIOJISIPHBI, [IO3TOMY HUKAKOU HEOOXOUMOCTHU
yAEPKUBATh OUYEHb IJIOTHYI0 Maccy MPOTOHA KaKOW-TO APYroM MaTepuen,
KpoMe MarHUTHOH. UTO KacaeTcss HEMTPOHA, TO OH TO Ke, YTO U IMPOTOH, HO C
3aMKHYTBIM MATHUTHBIM IIOJIEM, KaK 3TO IIPOUCXOJUT C TIOJIEM

| -

Puc. 13. Cxema atoma (quamerpanbHoe ceveHue).
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IMOZIKOBOOOPA3HOTO0 MAarHuTa, KOT/Ia €ro TIOJII0Ca 3aMKHYThl MarHUTHOUH
JKeJIe3HOU IUIACTUHOM.

\ ' \|/ ¢ Crnenyer oTMeTUTD, YTO B

! MIPUPOJIE HET HEUSMEHAEMDbIX U

N’% : g N’% HENoOOBUNMCHBIX ~ /1€MEHIMO8:

= w — »<_ MHUD U3MEHseM, HEOJHOPOJEH

%N = m U JuHAMUYeH. U TOJIBKO

' Osarozapss 9TOMy B  MHUpE

Puc.14. Monexyna CylIeCTBYyeT OT'POMHOE

KOJINUECTBO, TaK Ha3bIBAEMBIX,

pusnueckux spdexToB u ApaeHn. Ilpuuém, Besikoe U3MeHEHUE TPOUCXOUT

B COOTBETCTBUU C 3aKOHAMH TapMOHUU TaKUM 00pa3oM, YTOOBI IMIPU 3TOM Ha
Hero He TpeOOoBasIach OMOJHUTEIbHAS SHEPTHA.

«Ilone, kak cuumaem Jlyuun A.A., — 3o npocmpancmaso, 8 KOmopom
Haxodames mamepuu, obaadarwwjue CB0OUCMBOM NPUMANCEHUS U
ommanxusaxusa. Ceolicmeom ommanxkusavus obaadaem adnexkmpuveckas
Mmamepus 6 e6ude ¢omoHos. Csolicmeom npumsdceHus obaadarom
MazHumHbsle OUNOASPHDBIE

yacmuypl, OHU JHce
MarkuTHble o \ obaadarom u ceolicmeom
YacTuubl 3neKTpoHbI
. ) ommanxkueaHus 8
; LT — / 3asucumocmu om
4 \\'\\\
—— Pa— -~ OPUEHMUPOBKU NOAIOCOS.

-

dnexkmpuueckaa mamepus
Xopowo npumsaausaemcs
K Arbomy noawocy
mazHuma (maznummnoit

Puc.15. Cxema CTPYKTYpbl KpucTanna

yacmuuys)» [8].

[Tone mpencraBasier CcoOOM TPOCTPAHCTBO, TAE€  PACIOJIOKEHA
dJIeKTpUYecKass MaTepus B BHJIE HHUTEOOPa3HBIX JKIYTUKOB VIIPYTHUX U
JKECTKHMX, XOPOIIO IPWIXMNAKIIUX K MarHUTHBIM dacTumaM. Y ¢OTOHA,
BJIEKTPOHA, APYTUX 3apsKEHHBIX TeJI IIyNasblla MOoJIeN PacloIaraiTcs I10
paauycam Ha paccrosgsHue R=105r, r1ie r — paguyc ¢OTOHA, 3JIEKTPOHA.

ITo xonuennun Jlyunna A.A. oy UMerOT JiBe POPMBI CyIeCTBOBAHUA:
craTUYeckyr (IMoJii TOCTOSTHHOTO MAarHWUTa, IIOCTOSTHHOTO — TOKa,
3apsXKEHHOTO 3JIEKTPUYECKUM 3aPsAI0OM IIapa, B KOTOPHIX IIyIaIbIla MaTEPUN
TI0JIS OTPAHUYEHBI ¥ HEIIOJBIKHBI) I KHHETHYECKYIO (B KOTOPBIX MaTEPUs
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MOJIA TPEACTaBJIsAeT COOOM KOPIYCKYJIIPHBIM Ta3, ABIKYIIUUCA € JI000H
CKOPOCTHI0. KOpIycKy IApHBIH ra3 cocTOUT U3 GOTOHOB ¥ MAarHUTHBIX YACTHII.

BricBoOOXKIaeTcsA MaTepus MoJiell U3 32JIEKTPOHA WHEPIIMOHHBIMU
CUJIaMU, UMEIOIUX 3HaYUTeIbHble BeJTUYUHBI.

Marepus anmekrpuueckass (¢GpoToH, 00JaZIAIOMIUN  CIIOCOOHOCTBIO K
OTTAJIKUBAHUIO) U MAaTHUTHBIE YACTUIHI COCTABJIAIOT HAYUHKY 3JIEKTPOHA
(IwtotHOCTP — 15000 T/cM3 =15%1010 Kr/m3). ®OTOHBI «CHAOKEHBI»
JKECTKOU «IIEPCThI0» — CHJIOBBIMU JKTYTUKAMHU, KOTOPbIE IPUJIUIIAIT K
MarHUTHBIM YaCTHUIIAM, U TeM pellaeTrcs mpoodJjeMa o0beIuHeHUus Wil,
Kak e€ Ha3bIBAIOT B OPTOJIOKCAJIbHON HayKe, mpoOjeMa B3auMOJIENCTBUMN
(puc. 16).

ITo Jlyunny A.A. ghomomn — 3TO
YacTUIlA U3 3JIEKTPUUYECKON MaTepu,

EENEAENEENEINEINEN
P HMeMIasd CKOPOCTb, PABHYI0 CKOPOCTH

CBeTa M Maccy mopsiika 10-35 Kr.

Puc. 16. “cunosas nuHua" marHuTHOro nons o
C ppyroii cTopoHbl, (POTOH —

KBaHT CBeTA: OH U YaCTUIA — IIAPUK C
paauycom r®~10-18M, OT KOTOPOTO PACXOATCA BO BCE CTOPOHBI JKI'YTUKH Ha
paccTosinue 10-13M, U BOJIHA, yTMHON A=c/v. Ho Tak jiu 3T10?

ITo xoHnenuuu A.A. JlyunHa

TOpMO3UT 3NEKTPOHBI

- Mperpaga poToH fABIAETCA «COAEPKUMBIM»
W Gorons BJIEKTPOHA W TMPOSBJIAETCA IIPU
MarHuTHbIe nmepexonae acrexmpoHa ¢ OAHOIro
L N | acraus 1 SHEPreTHYecKoro  ypoOBHA  Ha
Vv . Cmm Cam 4 o o
% 7 el il [ JPYyrov, oOTpaxasd OJHOAKTHBIN
am Cam Cam
mporiecc: MIPOUCXO/TUT
cpr TOPMOXKEHUE 3JIEKTPOHA U 3a CUeT

CWJI WHEPUWH MATrHUTHBIE W
BJIEKTPUYECKHE YACTHUI[BI — KBaHTA
CBeTa BBHIOpPACBHIBAIOTCS W3 HETO B
BUJie PoTOHA (2JIEKTPUUECKAst MAaTEPHUSI) CO CKOPOCMbIO C8ema U MA2HUMHOU
yacmuybl co ckopocmnwio, 3asucsauell om eé maccol (puc. K-M-1). IIpu aTom
BJIEKTPOH CBSI3aH C MArHUTHBIM fPOM aToMa JKIyTUKaMu (I[ermoyka u3
yepenyomuxcss GOTOHOB M MarHUTHBIX YaCTHIL), YAEPKUBAOIINMH €ro Ha
«opbute» (paspeméHHOM ypoBHe, puc. 13). U B camMoMm BdJIEKTpOHE
3JIEKTPUUYECKHE YACTUIIBI — (DOTOHBI — CBSA3aHbI C OUIIOIAPHBIMHA MarHUTHBIMH

Puc. K-M-1. PasgeneHue noToka 3NeKTPoOHOB Ha
NMOTOK hOTOHOB M MarHUTHbIX YacTull.
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YaCTUIAMH, HAXOSAIUMHUCS B €T0 spe, IPU 3TOM MacCa MarHUTHBIX YACTHUII
Ha HECKOJIBKO TOPSAKOB 0osbie Macchl (hoToHOB. KoHeTpykuus doToHa
(ycsioBHO ITOKa3aHa HA pUC. 18) BHEITHE MOX0Ka HA KOHCTPYKITUIO 3JIEKTPOHA

(puc. 17).

ITo Jlyunny A.A. GOTOH — yacTuna, KOPIYCKYJIa, JIOKAJIN30BaHHAA B
oIpejieJIeHHOM 00beMe BHYTPEHHETrO IIPOCTPAHCTBA 3JIEKTPOHA, IO3TOMY OH
NOIJIOLIAETCA WJIA M3JIy4aeTcd <«IeJUuKOM». DPOTOH BXOAUT B «COCTaB»
3JIEKTPOHA, UX B HEM IIPUMEPHO 3¥105 MITYK, IOMUMO TaKOI0 XKe KOJIU4eCTBa
MAarHUTHBIX 4dacTul]. QOTOH HNPUTATUBAETCA K JIIOOOMY IOJIIOCY MarHUTHOM
YaCTHUIIBI, HO OTTAJIKUBaeTCA OT ceOe Mo0OHBIX YacTUI] - POTOHOB.

Ho MarHuTHBIE dYacTHIBI, KakK
uMemomye OOJBIIYI0 Maccy M CBOMCTBO
IIPOHUKATh Yepe3 JII0Oble Iperpajpl, IO
MHEPIUU IIPO/IOJIKAIOT CBOE JIBH)KEHUE
JaJyipllle,  «paspymas» TeM  CaMbIM

flapo ua — o
MarHUTHBIX HApOIUBIINUACS 2JIEKTPOH. Mo3KHO
sacruy
; MIPETI0IOKHUTD, YTO  Ma2HUmMHble
== yacmuust (1) B CBOEH OCHOBE makaice
TYTHKH o
cocmoam u3 anekmpuueckoil

Mmamepuu, pa3 GOTOH IPUTATUBAETCA K
MarHUTHOH YaCTHIIE, YTO 3HAYUT, YTO OHHU
HMEIT OOINyl0 TMPUPOAY U  HEYTO
criocoOCTBYIOIIlee X MPUTsKeHU0. Ho Ha
3TOT BOIIPOC OTBET MOTYT JaTh TOJIBKO
SKCIEPHUMEHTHI.

31ech OSABJISIETCA €I€ OJ[HA 33/1a4a,
CBfI3aHHAA c dopmupoBaHueM
OUIIOJIIDHBIX YACTHI[ U3 3DJIEKTPUUECKOU
MaTepuu. MOXXHO MIPOCJIAEAUTh U 3Ty
JIMHUIO Pa3BUTHUA OUIOJAPHBIX YaCTUII,
MIOKa MPE/ICTaBJIEHHYIO B BUJIe paboUell rumoTesspl.

Puc. 18. ®oToH.

Bnaromaps  OWMOJISIDHOCTH, JKTYTUKH  (TOJMIMHA ~10-30 M.)
CTAIlMOHAPHBIX MAarHUTHBIX MMOJIEH 3aMKHYTBI U MPUOIMIKAIOTCA 110 GOpMeE K
yacTAM OKpy>KHOCTH. POTOH MpeiCTaBisgeT cOO0U SAPO U3 BIJIEKTPUUECKOU
MaTepUH, a BOKPYT HETO M0 PaJycaM PACXOAATCS JKTYTUKU « CUITOBBIX JIMHUH »
(puc. 18). Paguyc ¢porona r¢p~10-18 m., a paauyc ero nmosisi Rp=10-13m. B
(doToHe W ero JKryTHMKaX, TOJI[MHONH ~10-30 M., HAXOJHUTCSI TOJIBKO
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aJIeKTpUYecKasi MaTepus. B 3JIeKTpPOMarHUTHBIX MTOJISIX KPOME BJIEKTPUYECKOHN
MaTepuu (POTOHOB) HAXOAATCSA €IE U MarHUTHbBIE YacTUIhI [8].

JIyaun A.A. cuuTaer, YTO UMEHHO U3 TaKUX YaCTUI] U COCTOAT BJIEKTPOH
1 (POTOH: 3JIEKTPOH COCTOUT U3 IJIEKTPUUECKUX U MATHUTHBIX YACTHUII,
a MarHUTHOE I0JI€ — TOJIbKO M3 MAarHuTHBIX uactury [6]. [Ipu sTtom
AJIEKTPOH CO3/IaeT 3JIEKTPUUYECKOE II0JIe, <«IKTYTUKH» (CHJIOBBIE JIMHUH)
KOTOPOTO pacIipocTpaHsomuecs Ha pacctosinue Ra=105r (r=2,81-10-15m —
pazauyc ajaekTpoHa) (cM. puc. 17). Paguyc neiictBus mosist atoma Ra=2Ra.

[IpoBei€HHBIE SKCTIEPUMEHTHI 110 MeTo/inKe A.A. JlyunHa OITBEPKAAET
€ro U0 O TOM, UTO BJIEKTPOH SABJISIETCS IEIMMOM YACTUIIEH, T.K. COCTOUT
13 MarHUTHBIX U 3JIEKTPUUECKHX YacThll. THaue 3ToT 3 deKT He 0OBACHUTD,
T.K. Mbl UM€EM JIEJIO CO CTAI[MOHAPHBIMH MOJIAMH: CTaTUYECKHE 3apsAAbl He
CO3/1aI0T MArHUTHOTO TOJISI, KOTOpPO€ MOTJI0 OBl OBITh NMPUYUHOH STOTO
NPUTSOKEHUsT W He  DJIEKTPU30BaiM OBl  caM  MarHUuT  3apsaoM
MIPOTHUBOIIOJIOKHOTO 3HAKA.

Urak, mo Jlyumny A.A. «dopmyna» sjeKTpoHa = (OTOHBI +
MAaTHUTHBIE YACTUIIbI, [I03BOJIAIONIHUE MOJIYIUTDh 3PP EKT MPUTIKEHUA
WIH OTTAJIKUBaHUA, 00ecrieunBas rapMOHHUIO cuil. Y (OTOHA €CTh YIIpyTrue
«IIYTaJIbIbl», KOTOPblE IPUTATUBAIOT MAarHUTHBIE YaCTUIBI JIIOOOTO
nosioca [8]. CTpykTypa «ImymajablleB» HWJIN CHJIOBOH JIMHUHU MarHHUTHOTO
I10JIel mpejicTaBjieHa Ha pHC. 16.

®OTOHBI U MAarHUTHbBIE YACTUIILI HAXOJIATCA B «IIOJIOCTU» 3JIEKTPOHA B
KOJIMUeCTBe 3X105 IIT. Pajimyc MarHUTHOW YacTHIBl ~10-23 M. POTOH -
duekTpuveckasa Mmarepus, paauyc GotoHa r¢p~10-18 M; pazguyc ero nosus
R=10-13 m. meeT maccy nokosi. Macca ¢poTona paBHa 0,3:10-35 kr. ®oToH
—  HOCUTEJb 3JeKTpuueckou (obyiamaroned  OTTAIKHBAIOIIAM
CBOMCTBOM) mMaTepuu (a He 3apsAaa) ¥ MarHUTHAasI YaCTUIIA, HOCUTEb
MarHUTHOU MaTepud U o00Jajapiias CBOWCTBOM HPUTAKEHUA
AJIEKTPUYECKON MaTepuu JIIOOBIM W3 TMOJII0COB. POTOH — 3TO U YacTUIA
nepBuuHOi Mmatepuu (IIM) B BHUJE «BJIEKTPOMAarHUTHBIX KOJIEOAHUH »
OTpeAeIEHHON OKTAaBbI WJIM MepPHOCTH [1, 2]. IIpaBuibHee OyAeT TOBOPUTH O
(oToHax, KaK MOTOKE YACTHI] BJIEKTPUUECKON MaTEPHUH.

[IpuBen€HHAA KOHCTPYKIIUA MO3BOJAET (POTOHY JIETKO OTPAXKATBHCA OT
BJIEKTPUUYECKUX aTOMapHBIX IIoJled mnoBepxHocTell Tesl. OkazaBIINCH B
II0JIOCTU MeTajyla, GOTOH B HOPMAJIBHBIX YCJIOBUAX HE MOXKET IPEOJ0JIETh
MIOTEHIINAJIbHBIN Oapbep IMOBEPXHOCTH MeTaylyIa U CO3/4AET BHYTPU MeTajljia
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3HAYHNTEJILHBIN BJIeKTpI/I‘IeCKI/II‘/JI noTeHyas. be3 BHEMIHEro MAarHUTHOTO IOJIA
BHYTPHU MaruuTa COB,ZIaéTCH Xa0C U3 9TUX ABYX HAaCTHUII.

[Ipu BO37€lCcTBUU BHENTHETO MAarHUTHOTO IOJISL B CO3JABIIEMCS Xaoce
obpasyercsi opraHu3sylolllee Hayajio, KOTopoe (GOPMHPYET W3 MarHUTHBIX
YaCTHI[ HUTH U BBIOpACHIBAET WX W3 MArHUTA II0 HAIIPABJIEHUIO JIEHUCTBUSA
OPraHU3YyIoIIero 1oJsiss. BeiOpomieHHas HUTh (KTYTHK) IlepeMellaeTcs OT
MarHuTa A0 TeX IMOop, IOKa Cujia NPUTSKeHUus (POTOHOB K MATHUTY He
OCTAHOBUT 5TO JBHUKEHUE, a CWIbl MOJIA IPOTHUBOIOJIOKHOTO IOJIOCA He
[IOBEPHYT O3TOT KIYTUK K JPYroMy KOHI[y MarHUTa U 3aMKHYT C IIOJIEM
(poTOHOB.

HUtak, ®OTOH — KBaHT CBeTa: OH YACTUILlA — «IIapUK» C PaJuyCcoOM
rp~10-18M., OT KOTOPOrO0 PACXOJATCA BO BCE CTOPOHBI KTYTHKH Ha
paccrossHre 10-13M., COCTOUT W3 JKTYTUKOB W3 3JIEKTPUUECKOU MaTepuu,
MPUBA3aHHBIX K fAJIPY TaK)Ke U3 dJIEKTpuueckod marepuu. POTOH, ckopee
BCETO, ZIeJIMM TaK JKe, KaKk U 31eKTpoH. Kaxkiprii GOTOH IpejicTaBiisieT cCo00H
MHKPOCKOIIMYECKOe UCKPUBJIEHHE MPOCTPAHCTBA, HACHIIEHHOE KaKOU-JI160
OMHOU TepBUYHOU Marepueid. OH, Kak IEJbHBIN OOBEKT, IJIABHO
norsionaercs (BbIOpachiBaeTcs) MPOCTPAHCTBOM, I7le MEPHOCTh TaKOBa, UTO
Ipu MosIBJIeHWHu (Mcxone W3 Hero) B HeM (OTOHA, OyZeT CHHTE3UPOBAH
3JIEKTPOH C HOBBIMH MapamMeTpaMu. 3/IeCh caM MPOIecC MOKeT ObITh OIUCAH
MaTeMaTHYECKH, KaK TADMOHUYECKUU, BOT C 3TUX MO3UIHUN (HOTOH KaK OBI
MPOSBJISIET BOJTHOBBIE CBOMCTBA. POTOH, KAK MaTepPUAIbHBIN 0OBEKT, JI0JKEH
MMeTh CBOW aHTUIIO/ B BUJIe aHTU(HOTOHA.

Yro KacaeTcs TpaBUTALMU, TO, KaK nuieT JIyuanH A.A. B cBoeii ctathe «O
Kpusuce B QU3MKE U O IPABUTAIUU». «...BC€ TejJa Ha 3eMJIe XOPOIIO
HA3JIEKTPU30BaHbI €€ JJEKTPUYECKHM I10JIEM, IIOTOMY OHH
NPUTATHBAIOTCA MATHUTHBIM IoJieM 3eMJId, YTO paHee JIOAU
HasBaJIu rpaBuTtamuei. U sTo Bce!» PaKkT NpUTAKEHUA OJHOTO TeJia
APYTAM HACTYIIaeT, KAaK TOJbKO CHUJIOBbBIE IIyNAJbIA CTATHYECKOTO
IOJIA OJHOIO TeJa KOCHYTCHA CHJIOBBIX IIyNAJbIIEB IOJA APYroro
TeJga [9].

Hexona u3 npuBeféHHON MHOOpPMAIMM MOXKHO IIPEJCTaBUTh MOJIENhb
aTroMma 1o KoHuenuu A.A. Jlyauna (puc. 19).

SJIGKTPOHI)I HaXoaATCA B IIpeaeiaX 30HbI B, A€ OHU CUHTE3UPYIOTCA U
pacnagarTcd Ha COCTAaBJAAKOIINE WX MAaTEPpHUH, a TaKXe MEHAIOT CBOE
PacCIIOJIOKEHHNE OTHOCUTEJIbHO AJpa 6ﬂaroz[apﬂ KOJIEOAHHUAM 101, IleﬁCTBI/IeM

21



TeIlIa, a TAKXKE COyZ[apeHUs DJIEKTPOHOB ¢ cebe moA00HpIMYU, (OTOHAMHU WJIH
MarHUTHbBIMU 4actuiamu. IIpu 3TOM MeHseTcsI MEepHOCTb B MeCTe
B3aUMOJIENCTBUSA, KOTOpPAsA ¥ CO3JAET YCJAOBUA JJid IIOIJIOLIEHUS WIN
usiydeHus: poroHoB. B mpenenax 3oHbI mupuHON (A+C) mposiBisiercs
AKTUBHOCTh JKTYTUKOB 3JIEKTPOHOB. Kak u3BeCTHO U3 KOHIEMIUU
Xatpi60Ba A.M.: aromHas ctpykrypa HE MOZKET umeTh KECTKUU KapKac.
Pazmepnpl aTOMHOU CTPYKTYyphl MOTYT MEHATbCA B Ipefesax +24%. 910
OTHOCHUTCSI M K «OpOMTaM» 3JIEKTPOHOB. V3-3a THOKOCTH JKT'YTUKOB aTOM
JIOCTATOYHO CaMOQIalITUBHASA U TaADMOHUYHAs CHUCTEMA.

30Ha pacnonoXeHUs ANEeKTPOHOB B Ll
30Ha ux cuHTe3a u pacnaga

|
30Ha aKTMBHOCTH XKIYTHKOB //r’_\ Giins ~ KryTukm sgpa

3NEKTPOHOB (AanbHARA) \ (nporonos)

30Ha aKTUBHOCTH XKIYTUKOB
onuxanwan K sgpy

MpoToHeI
P S
OneKkTpoHbI

/ finpo

/ MarHUTHeIe Yactuubl
_— il
D =2R + 2*10°r [

Puc. 19. Monens atoma A.A. JlvyuHa.

BoeiBoabI o koHIenuuu JlyunHa A.A.:

1.  CorsacHo nmapagurme, Jlyunna A.A., «3J1€KTpOMarHuTHoOe II0JIe»
cocTouT u3 (GOTOHOB (DJIEKTPUUECKON MaTepUy) M MAarHUTHBIX YaCTHUIL
(marHuTHOUM MaTepumn). [Ipu 5TOM MarHuTHas MaTepusl UMeeT IIOTHOCTh Ha
4-5 TOPAAKOB OOJIbIlle IUIOTHOCTU (OTOHA, a CTPYKTYpa €€ CHJIOBBIX JIMHUU
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IIOJISI TAKAs JKe, KaK Y IIOCTOSTHHOTO MarHuTa, OHa CIIOCOOHA IPUTSAHYTH K cebe
IIynajgbla 3JeKTpUYeckoro mossg ¢oroHa. OHAa MOXKET OpPraHU30BHIBATH
pasJIMYHbIe CTPYKTYPHI B CHJLY CBO€H OUIOJIIPHOCTH (pHC. 6).

2.  JJIEKTPOMAarHUTHBIX BOJIH B IPUpOJe HeT. EcTh KOpIyCKyJIspHbIE
MO/TyJTUPOBAHHBIE TTPOIECCHI.

3. PaI[I/IO, TEIIJIOBbIE 1 CBETOBBIE ITPOLECCHI PEAJTITU3YIOTCA (bOTOHaMI/I
C pa3HbIMHU CKOPOCTAMM ABHUKECHUA. 9T0 — SJIEKTPUYECKHUE U3JTYyUYCHUA.

4. PeHTreHOBckOe  W3JIy4eHHe, Y-H3JydeHUe ¢  OOJIBIIOH
IIPOHUKAIOIIEN CIOCOOHOCTHIO peain3yeTcsi MarHUTHBIMU YaCTUIAMHU C
Pa3HBIMU CKOPOCTSIMH JABUKEHUS. DTO — MATHUTHBIE U3JTyIEeHUS.

5. MarHuTHbIE W3JIyYEHUs HWMEIT CHJIbHbIe OWOJIOTUYECKHE U
XUMUYECKHUE BO3JEUCTBUSI.

6. Mup co3maH U3 JBYX «3JIeMeHTapHbIX» dYactul ¢oTroHa —
HOCUTEJISA 3JIEKTPUYECKOU MaTepUH (MaTepuu, a He 3apsAAa) U OUMOJIsAPHON
MarHUuTHOH YaCTHUIIHI, obJiaaronen CBOMCTBOM NPUTSXKEHUS
3JIEKTPUYECKOH MaTePUH JIFOOBIM U3 TTOJTIOCOB.

7. Yke celiyac ecTb MarHUTHBIE TeHepaTophl, cIrocoOHBIE caeaarb
MArHUTHBIMH JIIO0ObIE nmpeamMeThbl U JaXXe BJIHUATH HA IIOTOAY. B Teuenue
HECKOJIbBKUX MUHYT MOKHO BbI3BATh JOXKAb U I'PO3Y.

8. MarHuTHas dJacTtuiia, o0sazas coOupaTeJbHBIM CBOHCTBOM,
SIBJIAETCA OCHOBOM IMOCTPOEeHUA Tes W BemiecTB. OHA JKe MOXKET UX U
Pa3pyIINUTE.

9. O6e 3TH YacTUIBI UMEIOT HEOTPAHUUYEHHYIO OJITOBEYHOCTH B
HaIlleM YaCTHOM 0Opa30BaHUHU MHPA.

10. PoauresieM moJeBbIX YACTHUIL ABJIAETCA 3JIEKTPOH, B KOTOPOM
UX COZEPIKUTCA ~3J+105IIT., ABJIAIONUXCA CTPYKTYPHBIMH 00pPa30BAHUSIMH
Hamero yactHoro Mupa.

11. ..Bce TeJa Ha 3eMJie XOpOIIO Ha’JIeKTPU30BAHbI €€
9JIEKTPUYECKHUM II0JIEM, IIOTOMY OHHM IPHUTSATHBAIOTCS MArHUTHBIM I10JIEM
3eMsn, UTO paHee JIIOAW Has3Baiu rpaBuramueii. M1 sto Bcé! dakr
MIPUTSKEHUSI OTHOTO TeJla APYTUM HACTYIIaeT, KAK TOJIBKO CHUJIOBBIE IIyTIajIbIla
CTaTUYECKOTO IT0JIs OTHOTO TeJIa KOCHYTCS CUJIOBBIX IIYIAJIbIEB IOJIS IPYTOTO
TeJa.

12. 3aKOHBI MaTEepPUU eAVHBI HA MAKPO U MUKPOYPOBHSIX.
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3. Mogeap atoma o koHnenuuu A.M. XaTrpIi00Ba

Hcropust mosiBieHHs odYepeIHON MOJend aToMa, IpeJicTaBiseMas
aBTOPOM KOHIIeNIINY, KaK IIPaBUJIO, 3TO IOINBITKA YTOYHUTb HEKOTODHIe
aCIleKThl CTPYKTYpPBhl aTOMa, BBITEKAIOIMe W3 IOCJIeHUX HaOII0feHuil u
JIOCTHKEHUU HayKu. B mocsiesiHee BpeMs TEOPETUKHU OT (PU3UKU OUEHb CUIIBHO
YBJIEKJIUCh MaTeMaTUKOH, KoTopas fABjseTcsi He 0OoJjiee 4YeM «HOXKOM U
BIJIKOU » JIJISI IPeNapupOBaHUs (PU3HMIECKOTO «OJII0/1a» U OHA He CIIOCOOHA 1
He JIOJKHA JaBaTh IPEJICTABJIEHUS O «BKyCE€», O PellenTe MPUTOTOBJIEHUS
«Oyroma» W Ap. ero acmekTax. 3aMeHa (PU3WMYeCKON MOJIeTU SIBJIEHHS WJIN
IIPUPOZTHOM CHCTEMBI Ha MaTeMaTH4ecKyl0 — B5TO YBOJ, HCCJIe[IoBaTess B
MaTeMaTH4ecKre 7ebpy, 32 KOTOPbIMHU, KaK U 3a JIeCOM, He BUJIHO II0JIe, Ha
KOTOpOM Iipopactaet VMcrtuHa.

[IpescraBuM cebe, UYTO MBI KME€EM BO3MOKHOCTh YBEJTHUUTH ATOM JI0 TEX
pa3MepoB, KOTrJa HAaYMHAIOT IPOSBJIATHCS €ro OTIMYUS OT IPEabIIyInei
MOZIEJIH, T.€. OSABJIAIOTCA KaueCTBEHHbIE OT/INYHUs. [IPH 9TOM KaK/1ast MOJIENTh
Oyzmer oTpakaThb CTPYKTYPy aToMa Ha KOHKDETHOM CHCTEMHOM YpPOBHE
pasBUTUA HAIIUX IpejcTaBieHuii. Hampumep, mozenb atoma JleMOKpuTa
MO’KHO paccMaTpHBaTh KaK peaJIbHYI MOJeJb Ha YPOBHE pPa3MepoOB szpa
aroma (~10-15M) — 3TO «IIapUK», U3 MHOKECTBAa KOTOPBIX cOOUpaeTcs Bce
ocTaJIbHOE B 3TOM Mupe. Iloka HU 0 KaKou CTPYKType pedb He uzaer. Ho Ha
ypoBHe atroma Pe3epdop/ia, bopa (~10-10M) — 3T0 y:Ke CTPYKTYpa, COCTOSIIIAsI
U3 B3aWMOJIEUCTBYIOIUX JAPYT C JAPYrOM s/pa ¥ HaXOJAIIUXCS Ha
OIIpEeJIEJIEHHOM pACCTOSSHHE O HEro 3JIEKTPOHOB (pHcC. 0). A ¢ y4éTom
JIeJTMMOCTH COCTABJISIONINX aTOM YaCTHII, 3TO YK€ OUEHb CJIOJKHAs CTPYKTypa
CO MHOXKECTBOM mozicicTeM. HoO paccMOTpeTh MOSBHUBIIYIOCS KapTHHY
MeEIIAI0T « MaTeEMaTHYECKHE OUKH », UCKaXKaIoIe UCTUHHYIO KapTuHy. Ho BOT
KTO-TO CHSUI 3TU OYKHM M TIOMBITAJICA PACCMOTPETh HMCTUHHOE YCTPOHCTBO
aToMma...

Bce aTo Mbl BuziuM B (pusuke XatbiooBa A.M. U, u camoe Ty1aBHOE, B
9TOM IIpoIlecce MO3HAHMSA — IMOHUMATh UTO Takoe IoJie U (PU3UKY ero
oOpazoBaHUSA W JeUCTBUA. XaThIOOB A.M cuMTas, UTO CyIIECTBYeT OJTHO —
BJIEKTpUYECKOE TI0JIe, a BCE OCTAJIbHBIE ABJIAIOTCSA €ro MPOSABIEHNEM B Pa3HbBIX
ycaoBusax. KoHEUHO, 3TOTO HEOCTATOYHO JIIA PACKPBITHs (QU3UUECKOH CyTH
«TIOJISI», HO OHO HECET HEKOe MOHATHE O CJIOKHOU CTPYKType 0Opa3oBaHMA,
KOTOpOe MBI Ha3bIBAEM aTOMOM, U, KOTOPBI HMeeT TEHJIEHIIUI0 K
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TpaHchopMalld C M3MEHEHUEM BHEIIHUX YCJIOBHUM €ero CyllecTBOBaHUS.
[Tosromy aTomHuas crpykrypa HE MOZKET umMmeTh *KECTKUHN KapKac.

Kak wuszBectHo usz O®PYU rpaxger
3aBeplieHne SHEPreTUUeCKUX
CTPYKTYPHBIX 0a30BBIX MHpeoOpa3oBaHUM
OKpY?Kalolllel cpefibl, KOTOPO€e IPUBEJET K

0000IIEHHBIM U3MEHEHUAM "u
0COOEHHOCTAM Ha IIEPBOM JTame
IIEPEXO0THOTO epuopa. OHu
HEIMOCPEJICTBEHHO IIOBJIAAIOT Ha

n3MeHeHue GopMbI U criocoba ObITHS BCETO
obmecrBa Ilnanersl. K HUM, B yacTHOCTH,
HeoOX0IIMO OTHECTU: TPAHCMYTAIIUIO BCEX
XUMHUYECKUX 3JIEMEHTOB ¢ U3MEeHeHNeM
aTOMapHOM CTPYKTYPHI [10].

CnemyeT OoTMETUTH, YTO C TMOsABJIeHHEeM KoHmemnmuil Jlepamosa H.B.,
Jlyauna A.A. u XarsiboBa A.M. B HayKy BO3BpAaIllae€TCsl CUCTEMHBIA ITOAXOI,
dutocodus pyccKoro KocMu3Ma, KOTopast UCXOJUT U3 B3AaUMOCBS3HU BCETO CO
BCEM, T.e. OTPa)kaeT 3aKOH eQUHCTBA OKpyKawinero wmupa. llostomy
HE0CTaTOYHO MPOCTO, HAITPUMED, BBIZIEJTUTH U3 BEIeCTBa OTAEIbHBIN aTOM U
HCCJIeIOBATh €r0, 000PBaB BCe €T0 CBS3H C APYTUMU KOMIIOHEHTAMU BEIIlECTBA.

Xatpi00B A.M. YIPOIIEHHO aTOM IIPE/CTaBJseT B BUJIE CHCTEMBI,
umemwIen 4 pabounx nmopepxHocta — NA, LA, FA, RE u 40 HeATpasibHbIX [11].

HazBauus noBepxHocTel He cirydaiiHoe. [Ipu BHeIITHEM BO3/IEHCTBUU HA
COOTBETCTBYIOIIUX YACTOTaX aTOM MOXKHO pa3pylinuTh. Kakiasa moBepxHOCTh
COJIEPKUT Y3JIbI (JIOPHUJIBI).

NA - 60 y3710B (IIpoTOHHAas1);

LA — 30 y310B (3/71eKTpOHHasI HOMEp 2, UJIH ILIIOC);
FA — 20 y3/10B (371€KTpOHHAsI HOMED 1, IJIU MUHYC);
RE — 20 y3/10B (HeUTpUHHAS).

B atome HeT y3710B 06e3 CBA3H — KaXKJIbIH y3€JI UMeeT 10 2 BX0oja U 2
BBIXOJIA.

OTMeTHM, YTO BCE YHCJIA B CTPYKTYPE aTOMa IOJTHOCTHIO COTJIACYIOTCA,
TO €CTh UMEIOT BCE T€ CBOMCTBA, KOTOPHIE OMHCAHBI B TEOPUU CUMMETPHUH:
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18 oceit cumMmerpum; 6 TpaHCAAIMNA; 24 3JJIE€EMeEHTA
cuMMeTpuM (18+6) — aiTUTUBHBIN PEIKUM;

108 3;1eMeHTOB cuMMeTpuM (18*6) — MyJIbTUIIZINKATUBHBIN PEXKUM.

OcHoBoM pacuéTta y3sa (JIopujia) siBJsSeTCA IIeHTa, HO MEHTAa — 3TO YiKe
psa ®uboHayyw, e BMECTO ITOC/IeI0BATENbHOCTH 1, 2, 3, 5, 8, 13, 21, 34... (s
1) HUCIIOJIB3YETCs TIOCJIE0BATEILHOCTD 4, 8, 12, 20, 32, 52, 84, 136...(psx 2).

W3BecTHO Tak:Ke W3 HCTOPUU Pa3BUTUSA HAYUHBIX IPEJCTaBJIEeHUN 00
rceaeayeMoM 00beKTe, YTO MO3HAHNE OKPYIKAIOIIEro MUPAa UJIET IO IEMOYKE:
MO3HaHHE cocTaBa OObBEKTa WCC/IeOBAaHUS, 3aTEM — €ro CTPYKTYPHI,
PacmoJio:KeHNe Yacreil B MPOCTPAHCTBE APYT OTHOCUTEJIBHO APyra,
¥, Jajiee ero ajanTaiyy K OKPYKAIIUM YCJIOBUAM 4Yepe3 MeXaHU3MbI
JuHamu3ayuu v, HAKOHEII, 9BOJIIOIUA 00'bEKTa BO BPEMEHHU U IIPOCTPAHCTBE.
Vcxo/ist 13 MHOTOYPOBHEBOCTH HAIIIETO MUPa CyIeAyeT TOMHUTD [1, 11]:

1.  Ilocrpoenue BCEX ATOMHBIX CTPYKTYP UIyT 110
CXEME: BbICOKOOP2AHU308AHHAN NAA3MA - MaMepuaitbHoe meao -
ycuokocmsv - 2a3, TO ecTh MocjaemoBaTeabHocTh OkTaB ((128)-> (126-
74)-> (72-66))—> (64)—> (62-34)~> (32-28)-(24-26)>(22-16). OktaBa 64 — 35TO
MaTepuajibHasi CTPyKTypa. AToMHasi crpykrtypa — ITO cBoero popa
IINMPAMM/IA (He o dopme, a o copep:kaHuio). Bepmuaa nmupamMugsl —
OoKTaBa 128 (aTOMHBIE CTPYKTYPHBI BCETO *KHBOTO, OT 128 OKTaBbI /10 16). Beé
OCTaJIbHOE IMOCTPOEHO 0e3 TaKTa, HO OKTaBhl 84> 16.

2.  He cymectByet uacrtuy 6e3 3apsga — npocto HET IIPUBOPOB
JIJ1 U3MEPEHU 3apsAJa UIN HET CPebl JJIA ero MPOsABIEeHU.

3. Her u He MoxeT ObITH IPUOOPOB B cpefie 64 OKTaBBI /I
n3Mmepenusa XAPAKTEPUCTUK CTPYKTYP B 128-66 okraBax.

4. Bce aTomMHBIE CTPYKTYpBI B3aMMOYBA3aHBI — KaKJasd CTPYKTypa
naxoaurcs BHYTPU onpenenéunoit PEIIETKIA.

5. MO3T (cTpykTypbl OKTaB 66-72) chhoOpMUPOBaH B BU/JIE COT.

6. Bce pacu€Tbl B aTOMHBIX CTPYKTypax IIPOU3BOJATCA TOJIBKO C
rcrnosib3oBanueM ¢pakraiop 30JIOTOT'O CEYEHUSA B 12-0U cucreme
CUUCJICHUA.

7. AromHasa crpykrypa HE MOKET wuMmeTp >XECTKUH KapkKac.
Pazmepbl aTOMHOH CTPYKTYPHI MOTYT MEHAThCA B IIpeziesax +24%.

26



Ham Atom (a1 3eMuin) ©MeeT JOCTaTOYHO CJIOKHYIO KOHCTPYKITUIO B
caenymwoinue ocobennoctu (Puc. K-10) [1]:

- 7 TPaBUTAIIMOHHBIX IOBEPXHOCTEN;
- 1 IPOTOHHAsA NOBEPXHOCTB;

- 2 3JIeKTPOHHBIX I0BEPXHOCTY;

- 1 HEUTPOHHAs IOBEPXHOCTD;

- 1 HeUTpUHHAsA IOBEPXHOCTbD.

BzaumopenictBue TIOBEPXHOCTEMH, obpaszoBaHue MAaTHUTHBIX,
DJIEKTPUYECKHUX U TPaBUTAIIUOHHBIX HMIIYJIbCOB OIMCAaHbI B paboTax
A. XarpiooBa 1 noka HE ABJISAIOTCS my0iuaHbIMU.

Ho oueBusiHO, 4YTO OT BBICOKOOPTaHM30BAaHHOW IJIa3Mbl  JI0
MaTepHUaJIbHOTO TeJjla JIEXKUT JUTHHHAS IleroYka 00pa30BaHUM, OTpayKaroIast
CHCTEMHOCTD HAIllETro MHUPA.

Ho u3 Toii mHdopmanuu, 4To Ipe/icTaBjieHa BBIIIe, CJIeIyeT, YTO I
HU3y4YEeHUsI CBOUCTB aTOMa CJIeJIyeT UCXOJIUTh U3 TOTO, UTO CJIEJTyET UCCIIE/I0BATh
aTOMHBIE CTPYKTYPBI, KOTOpble 00pa3yiT HCXO/HbIE KOMIIOHEHTHI, YTO HET
OTZEJIPHOTO aToMa B BHJle IPUBBIYHBIX ATOMHBIX CTPYKTyp THIA aToMa
Peszepdopaa, bopa, Ileppena, Haraoku u jfp., rie sSpo U3 ONpeJleIEHHBIX
YaCTHIL B3aMMO/IENCTBYET C 3JIEKTPOHAMU, PACIIOJIOKEHHBIMHU B IIPOCTPAHCTBE
BOKpYT AApa. Ha camoM fiesie, Kak MOKa3aHO BHIIIIE, IIOCTPOEHUE BCEX aTOMHBIX
CTPYKTYP HAET IO CXeMe: 6bLCOKOOP2aAHU308AHHAA naazma -»
mamepuarvHoe meao - Huodkocms - 2a3, T.e. KAOKIO0U CTPYKType
COOTBETCTBYET ompesiesIEHHAsA OKTaBa, KOTOpas dopmupyer
COOTBETCTBYIOIIYIO el peleTKy. FIHaue roBops, OHA OIpeiesIsAeT TUIl PEIIETKU
U, COOTBETCTBEHHO, CTPYKTypy aromMa. Bce aTomMHBIe CTPYKTYpHI
B3aUMOYBS3aHbI - Kaxkjasa cTpykTypa Haxoautcsi BHYTPU omnpenenéHHON
PEIIIETKN. U3 »storo cienyer, 4YTo aToM, IIpeXK/Je BCero, CJa0KHad
CTPYKTYPA, KJIacTep, a Halll MUP COCTOUT M3 B3aNMOBJIOKEHHBIX JIpYT B Zpyra
[0 «IPUHIUIY MaTEePIIKU» S9HEPTETUUECKUX CTPYKTYP B BUJie PellleTOK. ATOM
— 9TO He KaKasa-To IIpocTasd KOHCTPYKLMA, COCTOAIIAA U3 HECKOJIBKHUX IIPOCTHIX
3JIEMEHTOB, a CKOpee 3TO CJIOKHAA KOHCTPYKIHsA, obOpasymomas c cebe
MO0OHBIMU KOHCTPYKIIUSAMHU Ha Pa3HbIX CHCTEMHBIX YPOBHSX YCTOHYUBBIE
(opMupoBaHUsA B COOTBETCTBUU C 3aKOHAMU rapMOHUU. [Ipu 5TOM aToMHBIe
CTPYKTYPBI (POPMUPYIOT U KOCHOE, 1 YKMBOE BEIIlECTBO, MEXK/Iy KOTOPBIMH €CTh
ob11ee 1 ocobeHHocTH, onrcanubie H.B. JleBamoBeim [13].
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[Ipu 06pa3zoBaHUM PEUMIETKH HOPMUPYIOMCA NOA0HCUMEAbHOE U
ompuyameavHoe MazHUMHoOe u anexmpuueckoe u
2pasumayuoHHoe NoAas CO2AACHO 6eKMOopam noeopoma oceil.
JleneHue Ha 3JIEKTPUYECKHE, MATHUTHBIE U TPAaBUTAI[MOHHBIE T10JISI YCJIOBHO,
T.K. B JTAaHHOM CJIy4ae peub UAET O Pa3HBIX HAIIPABJIEHUSIX BEKTOPOB ITOJIA.

Kak ormedeHo Bblllle, He CyIlecTByeT d4acTul] 0e3 3apsja,
CJIe0BATENbHO, U, MOXKHO IPEJIIIOJIOKUTh, YTO MarHUTHbIE YACTHULBI, KaK U
(OTOHBI UMEIOT 3apsA/, XOTS MarHUTHBIE YACTUIIBI MOTYT OBITH IIPE/ICTABJIEHBI
KaK OTJeJIbHBbIE IleJIbHble W HeJeIUMble Ha PpacCMaTPUBAEMOM YypPOBHE
6unosAapHble yacTunbl. OTInYNe, BO3MOKHO, COCTOUT B TOM, YTO MarHUTHbIE
yacTurpl 00pa30BaHbl M3 9DJIEKTPUYECKOH MaTepuy C HEKOTOPBIMH
OTJINYUTEIFHBIMU JPYT OT IPyTa CBOMCTBAMU, U CBA3AHHBIX MEXK/TY COOO0I0 TaK,
YTO OHU 00Pa3ylT JHUIOJb, TOTOMY UX TPYAHO Pa3/IeJINTh HA OT/IeJIbHBIE
yactuipl. OHAKO 3TOT BOIIPOC elll€ TpeOyeT CBOero nccaeJ0BaHuA.

Hcxonst U3 TOTO, YTO CTPYKTypa aToMa — TapMOHHUYHAasl CHCTEMa, BCE
PacyéThl B aTOMHBIX CTPYKTypaxX IMPOU3BOIATCS TOJIPKO C HCIIOJIb30BAaHUEM
¢pakranos 30/I0TOI'O CEUEHUA.

Kpome TOrO, aTOM MMeeT OJHO UyJeCHOE CBOHCTBO — BHepreTHYecKas
KOHCTaHTa aToOMa paBHA HYJII0, HO B TO K€ BPEMs aTOM ABJIAETCA IPaBUTO-
MAaTrHUTO-3JIeKTpuYeckuM 'eHepaTopoMm... B atome (aHTHaTOME) HUYETO
He «JIeTaeT». AITNoOM — 3Mo K0.1e0amenvHblit KOHmyp.

o B  mepBoMm  mpuOJMKEHUU
5 MOJieJIb aToMa XaTbhlOOBa MOKHO
5 OyZeT IIpeICTaBUTh IIPHUMEPHO Tak,
5 Kak IokazaHo Ha pucyHke K-9. Ilpu
| 2 5TOM aTOM TIpeJCTaBJeH B JBYX
p UTIOCTACAX: OH HUMeeT WHEPIHOHHBIE
@ (TmoBepxHOCTH 1-10) u
H HeHHepIHOHHbIE (I0BEPXHOCTH 11-12)
Ty COCTaBJIAIOIIHE.
Puc. K-9. YcnoBHas KOHCTpyKUMA Mogenu aToma I'pynma aToMOB o6pa3yeT
A.M. XaTbi6oBa CTPYKTYpPY, HalIpuMep, BOAOpPOa —

tTetpaszap (4 aroma). ['pynma Bogopoaa
“MeeT HabOP /10 9 AaTOMOB, KaK/[bIil HA0OP XapaKTepu3yeTcs 8 BUJaMH CBs3EH,
T.e. 48 6udoeé eodopoda Moabko 6 HellMPOHHOM NpocMpaHcmae.
Kaxmas cTpykTypa obpamiieHa CTPYKTYPOU JAPYroro IpoCTpPaHCTBa, 00pasys
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naxxe HE CJIOEHBIM IIMPOI, a B3BECH. DTta B3BeCh COCTOUT W3
CTPYKTYpP AaTOMOB, aHTHAaTOMOB (MOTYT COOTHOCHUTbCSI B Pa3HBIX
MIPOCTPAHCTBAX 10 OKTaBE CBSA3M), HEUTPOHHOU M HEUTPUHHBIX PEIIETOK [1].

N3 TpymoB A. XarTpiooBa HU3BECTHO: «AAbOEO00 — 3TO CBOHCTBO
U3MEHSTH 2JIEKTPUYECKUH OTEHITUAJ 10T IEMCTBHEM MarHUTHOTO UMITYJIbCa
M TPAaBUTAIlMOHHOM BOJIHBL. I'paBUTAiAi — 3TO CBOWCTBO
aJIEKTpUUYecKoro 3apama» [1, 9]. O6 stom Ben€T peub u A.A. JlyuuH B
CBOEH KOHIIEIIINH.

B ob6miem Buzie 3apsa UMeeT IeHTPAIBHYIO YacTh U pybariky (KOHTYD).
3apsi/] IBUTAETCS MeHCOY Y3AaMuU UKOCAIOPA, UMesl YTOJ CKOJbKEHUA U
noreHuain (pue. 20). B crpykType ukocasapa pybaiika He HY»KHa, BEKTOD
CTPYKTYpbl HampaBjJeH K IeHTPy 3apsijla H caM 3apsj] I[OJABep:KeH
BO3/IECTBUIO BHENIHUX CHJI. JIjiA obecriedyeHUs YCTOWUYUBOTO COCTOSTHUS
3aps/ia KayKIbIHd UKOCA3/Ip «00paMJIEH» JBYMS 0/IeKaspaMU.

Jlonexkasapbl — 9TO CTAOMJIM3UPYIOIINE CTPYKTYPBL. 3apsj HE MOXKET
CyIIecTBOBaTh oiuH. OTMeTUM: pebpa BHEIIHETO 0/eKas/Iipa U BIIMCAHHOTO
MKOCa3/[pa paBHbBI, a peOpPO BHYTPEHHEro J0J/leKasApa MeHbIle Ha KBaJApar
30JI0TOTO ceueHusA. dPgexm pa3nocmu pédep (B u C, puc. 20.) u
€030aém ocHO8bl 2pasumayuu.

C=1-0618"=0,618

Puc. 20. [isvxeHne 3apaga Mexay yanaMu UKocasapa.

[Ipu 5TOM, Hampumep, 4-1 MOBEPXHOCTH OIIPEJIeIsieT TUII aToMa (aToM —
QHTHATOM) TI0 YTJIY CKOJIbKEHUS IIyIKOBOU rPaBUTAIIIOHHOHN BOJTHBI.

W3 kounenuuu Xarpi008a A.M. U3BECTHO, YTO IIPU TEMIIEPATYPE CBBIIIIE
10 MWJIMAp/AOB TPaZlyCOB OCTAETCA TOJBKO «IPDAaBUTAIMOHHBIN» aTOM —
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OCTaJIbHBIE 000JIOYKU COPAChIBAIOTCS HJIM IOTJIOMIAIOTCH «YEPHOU JBIPOM»,
T.e. «IpH O0Opa30BaHUM «YEPHOM JBIPbI» IPOUCXOJAUT PpaspylleHue
3JIEKTPOHHOHN 00O0JIOUKU aTOMa, IIPH 3TOM BEKTOP I'PABUTAIMU HAIIPaBJIEH K
I[EHTPY aToMa, a Ha DJJIEKTPOHHOU OO0O0JIOUKE IIPOUCXOAUT pa3pyllieHHe
MarHUTHOTO W TPaBUTAIMOHHOIO IIOJIEH, OCTaBIINECA «IIPOAYKTHI»
MIOTJIOMIAIOTCA YEPHOU JAbIpoii» [1]. B He€ HMET «JI0CTym» TOJIbKO
«3JIEKTPOHBI», KAaK «OBIBIIME» HOCUTENH 3JJIEKTPUYECKOH U MAarHUTHOM
MaTtepuid. MOKHO HPeANOJIOKUTh, YTO DBJIEKTPOHBI HMEIT IOMUMO
3JIEKTPUYECKON W MarHUTHOM MaTepuil HeuTo HeWTpaJibHOE — TO, YTO U
IIOIIaJIaeT B IEHTP «YEPHOU JBIPBI», CIIOCOOCTBYS B JajibHEWIIeM — IIPU
B3PBIBE 3Be3/Ibl B HOBOM IIPOCTPAHCTBE, — popMmupoBaTh Hosoe Bemecrso. 1
9TO «HEeUTpaJbHOE» TaKKe JOJIKHO COCTOSAATh U3 TOH K€ MaTepuu, 4To U
3JIEKTPOHBI, HO OHH /IOJDKHBI HWMETh CBOM OCOOEHHOCTH, HAIpUMeEpP, HeE
JIOJIKHBI BpalaTbcs BOKPYT CBOEN ocu WM IO cnupaiu u T.1. IIpupozaa He
U300MITyeT CIOKHOCTSMH.

Takum ob6pazom, U€pHaa apIpa — 3TO CpelOTOYME MAarHUTHOM
MaTepUU U eIll€ KAKOU-TO HEUTPAJIbHOU, €€ MepHOCTh — HCKPUBJIEHUE —
Ha/In4yre OOJIBIIEro Yrcsia Pa3HbIX, HO KBAHTOBAHHBIX MAarHUTHBIX YACTHUI] -
OCHOBA /IJI1 COOMPaHUSA JIPYTUX KBAHTOBAHHBIX MAarHUTHBIX U BJIEKTPUUECKUX
YaCTHIl, HEOOXOTUMBIX JIJIs1 00pa30BaHUsA BCEr0 MHOTOOOpa3ue XUMHYECKUX
3JIeMEHTOB NP cUHTe3e ucxoAHbIXx MaTepuil B ®IIB. Cama! uépHas apipa» -
9TO «KOTEJ» II0 IepepabOTKe MaTepuu, IOCTyHawIleldl B HeE, W, 3aTeM
BBIXOZAINAsE B HOBOM IIPOCTPAHCTBE B BHUJIE MHOTOOOpa3us IEPBUYHBIX
matepuii (ITM) mpu B3pbIBe 3BE3][, KOTOPOTO HAYMHAETCA HOBBIA BUTOK
SBOJIIONIY 00PA3YIONIUXCS TPU B3PHIBE METABCEJIEHHBIX.

JleficTBUTEIbHO, HallpuMep, npu cuHTe3e cemu IIM obpasyercs
¢dusmueckn mwiotHasa marepus (®@IIM), xotopasg B OTJIWYHE OT JPYTUX
obpazoBanuii (chep: 3UPHOH, aCTPaTIbHON U YETHIPEX MEHTAJIbHBIX) UMEEeT
«TpaBUTAIIO» — 3 deKT mapycHocTH (cBoero poza c60ii» ), IPOABIAIONIANCA
3a cuér BozzaeicTBus marepuun «G» Ha ®IIM. C mo3unuil mapagurmbl
Jlyamna A.A. pu nmkeHnu IIM «G» OT O0JIbIIEN MEPHOCTH K MEHBIIIEH, T.€.
K IeHTpy 3eMuu (B HAIIEM cJIy4yae), OHU cTajkuBaioTcesa ¢ aromamu ®IIM u ¢
UX DJIEKTPOHAMU, BbIOMBAs M3 HUX MAarHUTHBIE YACTUIIBI, MPOSABJIAIOIINE
cBolicTBa nHepIUH. F1Haue roBops, kak numiet Jlyaun A.A. B cBoeil cratbe «O
Kpusuce B (PU3HKE W O rPaBUTAIlMU»: «...BCE TeJIa Ha 3€MJI€ XOPOIIO
Ha’%/JIEKTPU30BAaHBI €€ DJJIEKTPUYECKHM II0JIEM, IIOTOMY OHH
NPUTATUBAIOTCA MATrHUTHBIM IIOJIEM J3eMJIH, YTO paHee JIOAH
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Ha3BaJIu rpaBurtanuei. 1 sTo Bce!» @akT npuTAKeHUA OJHOTO TeJja
APYTMM HACTyIIaeT, KaK TOJbKO CHUJIOBBIE IIyNAJbIA CTATUYECKOIO
II0JIA OJHOIO TeJla KOCHYTCA CHWJIOBBIX INyIAJbIieB IOJA JAPYyroro
Tesa [9].

CrnesoBaTeslbHO, €CJIM 3TU 3JIEKTPUUYECKHE YaCTUIBI HEUTPAIU30BaATh
WK OJIOKMPOBATh MAarHUTHOE II0JIE, TO MOKHO YCTPAHUTh «TPABUTAITHIO».

OTO ¥ MPOUCXOIUT B XUTUHOBOM CJIO€ JITAIOMIUX KYKOB U apyrux. Eciu pan
OKTaB II€PEBECTU B «OOBIYHBIE» UACTOTHI, TO MOJIYYUM CJIEAYIOMINN CIEKTP:
1038 — 105 TI'm. PeHTreHOBCKMU yYacTOK CIIEKTPA COCEJICTBYET C
yabTpadroaeToBbIM. HacTOThl pEHTTEHOBCKUX U3JIyUeHUH JIeXKaT B Ipeiesiax
OT 6-10%5 710 3:109 TePII, YTO COOTBETCTBYET BOJIHAM OT 493 JI0 0,1 aHTCTpeMa.
OnAaTh MBI UMEEM JIEJIO0 C «3JIEKTPOMarHUTHBIMU » MIOJISIMU BO BCEM JIUATIa30He
YacToT, (QOPMUPYIOIIUX HAIl MHUP, W COCTOAIIUX U3 DJIEKTPUUECKOU U
MarHUTHON Marepuii. I[IpuuéM, BOJIHOOOPA3HOCTh U3JIYYEHHUH MBI
HCIIONIB3yeM C MHeJbl0  YnpowjeHus NOHUMAHUSL BCeX  IPOILECCOB,

YcnosHas cTpykTypa atoma

™
HeATPHHHARA NOBEPXHOCTL
312 yanos \ S

He#Tpounas nosepxHocTs
184 yana M'-.G,
G

o}

/: vaori MMpOTOHHAR NOBEPXHOCTL =
./" ‘\., 132 yana M
S=1/4, 3/4 Snexrp n:o:: NOBEPXHOCTH ’ "
yanos E
73 ONEXTPOHHAR NOBEPXHOCTD
-
-
L
—~ b s}, PaBuTaUNOHHAR NOBEPXHOCTL Ne7 ’M
,\:: = /,.:,\ 8 “ Go
’f;\‘—d- 87 A “ IpasuTauMoHHaR NOBEPXHOCTL Neb S
R 5 { P>
EN ” M
S$=1/2, 1/2 ¢ n s SE
Gucno consed PABATAUMOHHAA NOBEPXHOCTD <
Hanpasnexne Bpawenna > - W
7
. X
; :;,‘f‘/ [pasuTaUWNOHHaR nosep b Ned ‘f}’é
o Sl S -
I'pasuTauMoHHaR NOBEPXHOCTL Ne3 G'
PABUTALMOHHAN NOBEPXHOCTS Ne2 G'

Hanpasnexue BekTopos nonen:
G ~ rpaBvTaLMOHHOTO = |

E — aneKkTpuyeckoro = ;

M — MarHMTHOro =» ;

Puc. K-10. MonepeyHbii pa3pe3 aTOMa (ykasaHbl Tonkko NOBEPXHOCTH)

Aapo aroma (MPasUTO-MarHTo-3NEeXTpUNEecKHi reHeparop)

[pesuraumonnan nosepxmocts Nei - Gy
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MIPOUCXOMAININX B U3JIydaeMOM aToMe. DTO MaTeMaTUYECKHU IMPHEM, a He
omobpadiceHue ucmuHHol npupoodst Tiponiecca. Ha camom pesne, Hampumep,
aTOM HM3JIydyaeT KBAHT CBETA — TO €IMHUYHBIA aKT, HO CJEAYIOIIEe 3a 3TUM
HOBOE W3JIydeHHE — YK€ MOJYyJIMPOBAHHBIA IPOIECC, KOTOPBIA MOXKHO
MPE/ICTaBUTh B BUjle KosieOaHuss. OCHOBHBIMU XapaKTEPUCTUKAMH CBETa KakK
BOJIHOBOTO ITPOIIecca SIBJIAIOTCS YacToTa Vv JJIMHA BOJIHBI A. KopmyckyasapHbie
CBOMCTBA CBeTAa XapakTepusywTca (GoroHamu, T.e. yactTunamu. OUeBUIHO
37€eCh HY)XHO HaBOJUTh IOPSAJIOK TIOHATUSAMHU: YTO IIPUBHECEHO U3
MaTeMaTUKH, a UTO U3 OIBITA.

Kak GbLI0 OIIpe/iesIeHO paHee, «Halll» aToM (a TakyKe aHTHATOM) HMeeT
cIeayriyo cTpykrypy (puc. K-11):

- IIeHTp aTOMa ¢ HallpaBjeHueM I'PaBUTALIMIOHHOTO MOJIA K IEHTPY;

- 7 TOBepxHOcTed (rpaBUTAlMOHHBIX), HalpaBJieHHE BEKTOPOB
TPABUTAIUN — K IEHTPY (APYTuX MOJIEN HET), COOTHOIIIeHUE S=1/2;

- 3JIEKTPOHHAS ITOBEPXHOCTD, 108 y3JI0B, COOTHOIIIEHUE S=1/4, 3/4,
K IIEHTPY aTOMa HalpaBjIeH BEKTOP 3JIEKTPUUECKOTO OTPUIATETLHOTO TOJIA,
BEKTOP TPABUTAIMOHHOTO TIOJIA HampaBJjieH OT IeHTpa aToMa, BEKTOp
MAarHUTHOTO IT0JIsl HaITpaBJIeH M0 KacaTeIbHOW;

- IIPOTOHHAsI MOBEPXHOCTh, 132 y3Jia, COOTHOIIeHHWe S=1/4, 3/4,
BEKTOPBHI TPABUTAI[MOHHOTO U JJIEKTPUYECKOTO II0JIell HaIpaBJIEHbI 10
KacaTeJIbHOM, BEKTOP MAarHUTHOTO I10JIsl HAIIPaBJIEH K IIEHTPY aTOMa;

- HEHUTPOHHAas MOBEPXHOCTh, 184 y3ja, cooTHOIeHUe S=1/4, 3/4,
BEKTOP TPaBUTAIMOHHOTO TOJI HampaBjeH IO KacaTeJbHOH, BEKTOP
MarHUTHOTO I10JIS1 HAaITpaBJIeH K [EHTPY aToMa, 3JIEKTPUYECKOTO M0JIs HET;

- HEeUTpUHHAsA MTOBEPXHOCTh, 312 y3JI0B, COOTHOIIIeHUE S=1/4, 3/4,
BEKTOP TPaBUTAIIMOHHOIO IIOJIA HAIpaBJIe€H II0 KacaTeJIbHOH, BEKTOP
MAarHUTHOTO II0JIs1 HalIpaBJieH OT IeHTpa aToMa.
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YCNOBHaR CTPYKTYPA BHTHATOME
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Puc. K-11. YcnoBHble cTpyKTypbl aTOMa U aHTUaTOMa.

Crnenyet BbIIEJTUTh HEKOTOPBIE O0OIIME TIpaBUJIa JJjisl aToma [1].
ITIpaewno 1. ATOMBI IIO OJTHOMY HEe COOUPaIoTCH.

N3 sTOro mpaBmisia CJAEAYET, YTO BHYTPU JIFOOOW COTOBOHM SUYEUKH He
MOJKET CyIIEeCTBOBATh OJIMH OTJIEJIbHBIN aToM. /3 3aKOHOB CHMMETPUU
cleyeT, YTO MHUHUMAJIbHOE KOJIMYECTBO aTOMOB, COODABIIUXCS BMECTE,
PaBHO 4.

N3 BOmOpOJIHBIX OJIOKOB cobOupaercss Bcs TabJyuIla 3JI€MEHTOB
MenzeneeBa ¢ OTHUM JIMIIb YCIIOBUEM:

IIpasuwro 2. Hu ogun atom (aHTHATOM) He mepecekaer 30HY O-
nepexoaa. MUMO aTOMOB COBEPIIIEHHO CBOOOTHO «PA3TyJIUBAET» BCE TO, UTO
npucklIaeT HaMm Kocmoc.

Bcio Tabnumy siemeHTOB MeHaeneeBa MOXHO coOpaTh  IIpH
«KOMHAaTHOW » TeMItepaType Bcenennoit — 3,6 0K. Kaxxpiii 6710k (vyiu cOopka
6JIOKOB) 3amepT B KJIETKYy U HHUKOIZIA, HU NPU Kakux yciaousax eé HE
IMOKU/JIAET (BeuHBIH B3aKJIHOUYEHHBIN). biok (wim cOopka) MOXKeT
00pa30BaThCA UM BHOBb PacIacThCsl, HO TOJIBKO B Ipejiesiax OJioKa.

IIpasuao 3. IIpocTpaHCTBO CTPOrO0 KBAHTOBAHO C IIE€JIBIO
HeJIOMyleHUusl 6e300pa3uid.

BeiBOABI IO KOHIenuu XaTtbeioosa A.M.
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1. [TocTpoenue BCEX aTOMHBIX CTPYKTYD UJTyT 110
cXeMe: 8bICOKOOP2AHU306AHHAA NAAZMA - MAMEPUAABHOE MENO =D
ycuokocmsv -> 2a3, TO €CTh IocjaenoBaTebHOCTh OKTaB ((128)->(126-
74)->(72-66))->(64)>(62-34)>(32-28)-(24-26)>(22-16). OkraBa 64 — 3TO
MaTepHuabHas CTPYKTypa.

2.  Crpykrypa aromMa — TapMOHHUYHAas CHUCTEMAa, BCE PACUYETHl B

aQTOMHBIX CTPYKTypaX MPOU3BOAATCA TOJIBKO C HCIOJIBb30BAaHHEM (PAKTATIOB
30/71I0TOIO CEYEHUA.

3. AtoMm umeer ABe (OpPMBI CyIIECTBOBAaHUA — HWHEPIUOHHYIO U
HEHUHEPIHOHHYIO.

Atom ABJISIETCA TPaBUTO-MAarHUTO-3/IEKTPUYECKUM
I'emeparopom... B arome (aHTHAaTOME) HUYETO HE «JIETAET». AMOM — IMO
KoebamenvHblil KOHMmyYp.

4.  Anpbeno aToma Bcerja paBHO HYJTIO.

BBIBOABI 11O TPEM MOAEJISIM

CpaBHeHUe TpexX KOHIENIUH II0Ka3ajl0, YTO B HUX 3aKOHBI MaKpOMUpA
¥ MUKpPOMHUDpA eJIJUHBbl U OHU He co/iep:KaT NpoTuBopeunii. Ham mup eguH.
ATOM — 3TO MHOTOYPOBHEBAsA CUCTEMA, CO3/JaHHAA B COOTBETCTBUU C 3aKOHAMHU
rapMoHuu. [lepBOOCHOBOU /yIsi aTOMa ABJAIOTCA OECKOHEUYHOE MHOXEeCTBO
KBAHTOBAHHBIX IEPBUYHBIX MaTepui B BUJE 3JE€KTPUUYECKOU M MArHUTHOU
MaTepui, UMeIONUX pa3Hble K03GPUINEHTHI KBAaHTOBAHUA Yyi. 1A KaXKq0T0
k02¢dUIMEHTa Yi CYLIECTBYEeT «CBOS» TPYyNIa COBMECMUMbBIX MeHCoY
CcOo001l TIEPBUYHBIX MaTEPUH, COCTOSIINX U3 BJIEKTPUYECKONW U MarHUTHOM
MaTepUl B BUJIE AJIEKTPUYECKUX U MAarHUTHBIX YaCTUI PA3HBIX [0 pa3Mepy U
Mmacce. IIpy 3TOM MarHuTHBIE YacTHIBI 00JIaal0T CBONCTBOM IPOHUKATH
CKBO3b JIIOOOE MaTepuasibHOE Teyo. 37ech Ko3(h@UIIMEHT KBAHTOBAHUS
aHAJIOTUYEH OIPENEIEHHOMY «Pa3Mepy», [0 KOTOPBIH IIOAXOAAT IIEPBUYHBIE
MaTepuu JAHHOTO TuUma. B pesysbraTe B3aMMOJAENCTBUA APYr C APYrom
IIepBUYHbIEe MAaTE€pPUU CTPYKTYPUPYIOT IIPOCTPAHCTBO, KOTOPOE CTPOTO
KBAHTOBAHO.

B nmpenmenax Bcero crekTpa OKTaB BceleHHOW IPOCTPAHCTBO
CTPYKTYPHPOBAHO, 00pasysl SHEPreTUUECKHE PEIIeTKH, KOTOPBIE BJIOXKEHBI
JIpYT B Jpyra U He IIepeceKaroTcs APYr C JIPYyTOM, YTO OOEeCIeunBaeT UX
YCTOWUYHMBOCTb.
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ATOM uMeeT CJI0KHYI0 CTPYKTYpPy W HpOSABJISe€T CBOU CBOMCTBA Ha
MHEPIUOHHOM U HEMHEPIIUOHHOM YPOBHSX.

ATtoMBI 00pa3ylOT KOCHYI0 U JKUBYIO MaTepUU B BHJE CJI0KHBIX
00pa3oBaHUM U3 OTHUX U TEX K€ KOMIIOHEHTOB, HO CYIIIECTBEHHO OTIMYAIOTCS
JIPYT OT Ipyra Mo CBOUM CBOMCTBAaM: BO3MOXKHOCTBIO CO3/1aBaTh CBOU KOIIMU B
BH/Ie MHEPIIMOHHBIX U HEMHEPIITUOHHBIX MacCC.

Mopgenu atomMoB IO IpUBEAEHHBIM KoHIenunusam JleramoBa H.B,,
Jlyauna A.A. u Xatpi60Ba A.M. paccMaTpUBAIOT aTOM Ha Pa3HbBIX CUCTEMHBIX
YPOBHSAX, HE MIPOTUBOPEYAT, a JOMOJIHSIOT IPYT JIpyra.
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