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HPEANCJIOBHUE

«...H3vickanue o cmpoenuu mMupa - 0OHa U3 CAMbIX
BeNUKUX U OA2OPOOHBIX NpoOeM, Kakue mobKO
cywecmsyrom 6 npupooe...» lanuneo ['anunei

HexoTopsie Bexu ucTopum.

B 1815 roay Yunsman IIpayt (William Prout) mpennonoxmu, 4To Bce aTOMBI COCTOST
u3 amomos sodopooa ('protyle”).

B 1886 romy Oiiren Tonpamreiin (Goldstein Eugen) mokasan, 4To OTKPBITBIE UM
KaHAJIOBBIC JIYUH SIBIISIOTCS HOLONCUMETIbHO 3aAPANCEHHbIMU» dacTULIaMUA. A Buibrenbm
Bun (Wilhelm Wien) B 1898 rony mokasai, 94To caMble JIETKHE U3 HUX — UOHbL 6000POOd.

B 1911 rony Opuect Pezepdopn (Ernest Rutherford) Ha ocHoBaHMHM pe3yabTaToB OMBITA
10 PACCESTHUIO O.-YaCTHII BEIICCTBOM BBIJIBUHYJI THIIOTE3Y O HAJIMYUHU KPOIICYHOIO s20pa B
IICHTPEe aroMa, B KOTOPOM COCPEIOTOYCHA IMOYTH BCS Macca atoma. [lpm 3TOM OH
NPEIIONOXKIWI, YTO B COCTaB «sg0pa» aroMa JI00OTO XUMHUYECKOTO DJJIEMEHTA,
KNONONHCUMETLHO 3APSICEHHO20» TI0O €T0 MHEHHIO, O0SM3aTeIbHO BXOIAT A0pd amomos
8000po0a.



IIpenmnonoxxenne Pezepdopnia o HATUUUU ceepxniomHo20 10pa B IGHTPE aToMa ObLIO
npuHIATO B (u3mke He cpasy, a mocie paborei Hwumeca bopa (Niels Bohr),
copmynupoBasiiero B 1913 romy nocmynamul, cOrnacHO KOTOPBIM DJIEKTPOHBI MOTYT
JIBUTATHCSl TOJBKO IO OMNpPENENEHHBIM (CTAIlMOHAPHBIM) OpOUTaM BOKPYT s0pa atoma,
HAXO/ISICh Ha KOTOPBIX OHU HE U3JIyYarOT YHEPTHIO.

B 1919 rony Pesepdopn crenan BbIBOI, YTO OCBOOOJMBIIMICSA MPU CTOJKHOBEHUHU
aroMa a3oTa ¢ OBICTPOM O-4acTUIEH amom 8000poda SBIAETCS COCTAaBHOM YaCThIO sA0pa
azoTa.

HazBanue "npomown" mpemnoxeno Pesepdopaom B 1920 romy, kak co3BydHOE C
Ha3BaHueM “‘npomun” (protyle) Ipayra.

Heinimpon oOHapyxeH BrepBeie B 1932 romy J[Ixeiimcom UYenukom (James
Chadwick). C ToyHOCTBIO JIO IIPOIIEHTA UMEET Ty K€ MaccCy, YTO M HOH amoma 6000pood
— npotuid (IPOTOH), HO TI0 CPABHEHHIO C HUM HEHUTPAIbHBIHN, He 001a/1aeT «3aps oM.

[TocnencTBus OpUHATHSA s0epHOU MOJEIN aTOMOB, COCTOSIIIMX W3 6000POOHbBIX
amomos (npomornos N HelimpoHos) | SIEKTPOHOB, OTPOMHO JJis Beel (hu3uku. IlosBuiics
HOBBIM pazfen GU3UKd — s0epHas @usuxka. 3a Herw — Cmanoapmuas Mooenw
AIIEMEHTAPHBIX YaCTHI], OCHOBBI KOoTOpou Obutk 3anokeHsl B 1960 romy Ilxmmonom
['memnoy (Sheldon Glashow). U . .



B nmanHOM BHAECOPONUKE TPEACTABIACTCS KOHCMPYKMUBHBINU ~AHAIU3  OTBITA
Pesepdopna. HeoOXoMUMMOCTh Takoro aHajau3a BbI3BaHA OMKpblImMuem 00010YeUHO-
Y371068020 (MOJIEKYISAPHO-TIOT00HOTO, He3bsi0epH020) CTPOSHUS aTOMOB.

IMmo omxpuimue coeaaHo Hamu npu npeocmas.aeHuu
enepeavle 8 cpagdpureckom aude 00HO20 U3 XOPOUWLO
U36ECMHBIX HACMHbIX PewleHUU 80.1HOB020 YPABHEHUA U
00HapyiceHUU NPU ITNOM ACHO NPOCMAMPUBAEMBIX
3aKOHOMepHOocMel 8 CMpYyKmype NOAYUEeHHbIX 2padpurexux
oopas3oa.

Muozoyenmposasi  MONEKYISIPHO-TIOJIOOHAsE ~ Oe3bsifiepHas  CTPYyKTypa aroMa
KApOUHAIbHO OTIUYACTCS OT JIOMUHHUPYIOIIEH B COBPEMEHHOW (U3UKE s0epHOu
(0onoyenmposoti) aTOMHON MOJICIIH.

Wtak, packpeiTie MHPOPMAIUU, KCHPAMAHHOU» B CTPOTUX PEIICHHUSX BOJHOBOTO
ypaBHEHHUS O O€3bSJEPHOM CTPOCHHH aTOMOB, OOHAPYKEHHOW HAMH, CBEPIITUBIIHIICS
¢dakT. Tak 94TO HUYETO HE MOACHACIIb. C OTKPBITHEM Hesi0epHO20 CTPOCHUS aTOMOB,
credyrowum U3 HeTIOAIAIOIINXCSI COMHEHHIO peulenutl, TPUAETCS CUNTAThCA.



Jleno nelCTBUTENIBHO CEpbE3HOE, MOCKOIBKY KacaeTca ¢yHaameHTa ¢usuku. U
MHOTHE YK€ O0OpaTuid BHHMaHHE Ha 3TOT (akT. B 4aCTHOCTH, OTKpBHITHE BBHI3BAJIO
untepec y ¢pusznkoB ®TU um. Nodde B Cankr-IlerepOypre, rae B nponwiom 2023 roay
Ha koHpepeHurn AMS13SPb/2023 Muo0 OBLI c/ieNIaH AOKJIAJ Ha 3TY TEMY.

B orOoli cBf3M, MO HAIEMy MHEHHUIO, CIIEAYE€T BEPHYTbCA K HCTOKaM U
nepecMoTpeTh onbIT Pezepdopaa. Uto u ObUI0 HAMU ClI€NIaHoO.

Heobxonrmo oOpaTuTh BHUMAaHUE HA CTENIEHb YOSAUTEILHOCTH apryMEHTOB (M UX
JOCTAaTOYHOCTh), Ha OCHOBAaHMM KOTOpPbIX Trumnore3a Pesepdopaa o cyniectBoBaHUM
CBEPXIUIOTHOTO fAJipa B [IEHTPE aromMa OblIa NpUHATA B (PUBKKE.

B nanHoMm Buaeoponuke packpwigaem ciabvle Mmecta BbiBona Pesepdopaa, Ha
OCHOBAaHUU KOTOPOTO, B UTOTE, OblIIa MPUHSTA BBIABUHYTASI UM sI0epHas MOJEIb aToMa.

Ilpeocmasnsaemcsa TakkKe HO8asi meopus paccesHus, pa3pabOTaHHAsA C Y4YETOM
OTKPBITHSI MOJICKYJIIPHO-TIOAOOHOTO (MHO2OYeHmMpPO8020) CTPOCHHS aTOMOB, a TaKXKe
OTKPBITHSL BOJIHOBOI'O CTPOCHHMS M IOBEJACHMS COCTABJISIOIIMX aTOMOB — YacCTHII-
HYKJIOHOB.



B pamMkax HOBOW TEOPHH PACCESIHUS CeYeHUs PACCEesHUS BbIYUCTAIOMCS TOTUYECKH
0e3ynpedyHo U MPOCTO.

Pe3ynpTaThl BBIUKMCIICHUW, TMPUBEACHHBIE B HACTOAINIEH padoTe, MOJHOCTHIO
COITIACYIOTCSI € JKCIEPUMEHTAIBHBIMU JAHHBIMH, IPEICTABICHHBIMHA 3/1€Ch XK€ s
CpaBHECHUS.

[TosnyyeHHbIE pE3YNbTATBl  NOOMEEPHCOaom  CIPABEIJIMBOCTb  HOB0U  mMeopuu
paccesHus, COITIACHO KOTOPOM BCE HYKJIOHBI, BXOHISIIME B COCTaB J3JIEMEHTAPHBIX
HYKJIOHHBIX MOJICKYN (MHO20Y3€IbHbIX «aTOMOBY), PACIIONIOKECHHBIC B V31aX JTaHHBIX
MOJIEKYJ («aTOMOBY ), BHOCSIT CBOM BKJIaJl B pacCesiHUE MaJJal0lINX Ha BEIIECTBO YaCTHII.

[TonTBepkmaercss TakuM 00Opa3oM  adeK8amHOCMb PealbHOCMU  MOLEKVISAPHO-
no0obHoe (0e3bsAepHOE, MHOTOLIEHTPOBOE) CTPOCHHUE aTOMOB — OTKpHITHE BoaHOBOM
Mogaenu.
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AHHOTALUA

OKCEpUMEHThI 10 PACCEeSHWI0 YacTUIl W BOJH B  BEIIECTRBE,
IPOBOAMBIIIECS CO BpeMeH Pesepdopaa, mopoauinn goepryro MOACIb aToMa.
OpnHako, BCe 3TH SKCTICPUMEHTHI HE JTalld YOSIUTEIbHBIX JI0Ka3aTeIbCTB TOTO,
YTO KaXKIBI aTOM HMMEET JIUIb 00HO MeCmo PACCESIHHS — s0p0, KOTOPHIM
IPUHITO CUMTaTh, KakK TMpeanonoxuwn Pesepdopa, KpolleuHyro 00J1acTh
NPOCTPAHCTBA B IIEHTPE aToMa, B KOTOPOM, 1O €r0 MHEHHIO, COCPEIOTOUCHA
PaKTUYECKH BCSA Macca aToMa.

HoBas Teopusi paccessHus 4acTHUIl U BOJIH B BEIIIECTBE YUUTHIBACT 8K1A0 B
paccesHue 6cex HYKJIOHOB — COCTaBJISIIOIIMX AaTOMAa, PACIOJOKEHHBIX BO
BHYTPEHHEM MNPOCTPAHCTBE aTOMA — €Tr0 nomeHyuaivbhvix yziax. CedeHus
paccesHus, MOJyYEHHBIE HA OCHOBE HOBOM TEOPUU, MOJHOCTHIO CONIACYIOTCS
C DKCIIEPUMEHTAJIbHBIMU TAHHBIMH.

[TonTrBepxaaeTca, TakuM oOpa3oM, 00O0JOUEYHO-Y3JI0BOE MONEKYIAPHO-
nooobnoe  (OE3BANEPHOC,  MHO2OYEHMPOBOE) CTPOCHHE  aTOMOB,
IPOCTPAHCTBEHHOE PACIOJIOKEHUE Y3JIOB B KOTOPBIX, KaK OBLIO BBISICHEHO
HaMM, OBUIO «CHOPSITAHHO» B OJHOM M3 YaCTHBIX PEHICHUA BOJHOBOTO
YPaBHCHUH.
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1. Beenenue

DTO BHUJICO SIBJISETCS JOMOJHEHUEM K IPYTHM, YK€ pa3MeleHHbIM aBTOPOM
Ha YouTube, MOCBAIICHHBIM OmMKpbImMusM, CACTAHHBIM B paMKax HOBOU
ooweu meopuu ¢usuxu — BonHoBo moaenu (BM), paspaboranHoii Ha 0a3e
akcuom ouanexmuyecxkou punocobuu u e€ JOTUKH,

ComacHO OAHOM M3 aKCUOM JUAJICKTUKHU, 6Ce 00bekmbl U 56/1eHUSl BO
BceneHHO MMEIOT BOJHOBYIO MNPUPOY M, CIEAOBATEIBHO, MOOYUHSAIOMCA
YHUBEPCATBHOMY («KJIACCUYECKOMY») BOTHOBOMY YPABHEHUIO.

AHaIU3UPys OJHO M3 YaCTHBIX peuteHuli JAHHOTO YPaBHEHHUS, MBI IIPUIILIN
K OmKpulmui, 4YTO BCE amomwvl DIEMEHTOB TaOmuilkl MeHpaeneeBa, 3a
uckaroueHuem npomusi (MPOCTEUIIETO OOHOHYKJIOHHO20 aTOMa BOJOPOA),
IPEJCTABIISIIOT CO00M anemenmaphvie (0€3bSIACPHBIC) HYKIOHHbBIE MOJEKYilbl,
y3JI0Basi CTPYKTypa KOTOPBIX UOeHMUYHA Y3T0BOU CTPYKTYPE CMOSYUX GOH B
chepudyeCcKoM MPOCTPAHCTRBE.



Hemunnvimu amomamu SBISIIOTCS UL 6000POOHbLE AMOMbL, K KOTOPBHIM
Mbl OTHOCHUM MPOCTEHIIUN amom 6000pooa — npomuii a TaKKe e20 UOH
(npomon) u netimpon. HeHTpoH B CBOOOTHOM COCTOSIHUHU CYIIECTBYET BCETO
mumib  14.64 MuHyYT, 3areM pacnagacTcs Ha HPOMOH, ONeKmpoH W
AIIEKTPOHHOE AHMUHEUMPUHO.

Onemenmapmvie HYKJIOHHbIE MOAEKYIbl («amombly) MPEACTABIAIOT COOOM
MHO20y3108ble (TO €CTh MHO2OUEHmMPOsble) 00Pa30BAHUS, B KAMCOOM Y3le
KOTOPBIX HAXOIUTCS, HE 00JIee 08X HYKIOHO8. A B KaXKIOM Yy3JIC OObIUHbIX
MONEKYN, CO2NACHO NpPeoCmAasieHusM COBPEMEHHOM (HU3MKH U XUMHUHU,
HAXOIHUTCS 0O0uH atoM (CO BCEMHM €r0 HYKIOHAMU, PACIIOIOXKCHHBIMU B €r0
sa0pe).

[Io cpaBHEHHUIO C O0ObIYHBIMU MOLEKYIAMU, B KOTOPBIX MeHCAMOMHbLE
C653U UMEIOT 1eKMPOMACHUMHYI0 TIDUPOAY, B 21eMEHMAPHbIX HYKIOHHbIX
MOJLEKYNIAX MEJCHYKIOHHble CBSI3M OMNPENCTSIOTCS cunbHulM («IISPHBIMY)
83AUMOOeUCMBUEM.



Takum  oOpa3zoMm, comiacHO  Bonnosou  modenu  (BKIIIOYAIOIICH
Junamuueckyro mooenv 3ieMEHTapHbBIX dYacTUL, U (O00104eyH0-)3108)10
MOJZIeJIb aToMa) amom TPEJCTABISIET COOON 2neMeHmapHy0 HYKJILOHHYHO
monexyny (3MEMEHTAPHYIO MOJICKYITY U3 6000POOHbIX ANMOMOB).

Llenmp maccer HYKJIOHA B KajcOOM y3le TAaKOTO aroMa KoleOIeTcs ¢
amnaumyoou mnopsaka 1,4-1013 cu wm uacroroir 1,8:108 ¢!, oGpasys Tem
CaMBIM OuHaMUu4eckoe chepuyeckoe npocmpancmeo, paguyc o0vema KoToporo
PaBEH aMILTUTY/IE KOJIeOaHMIA.

MIMEHHO 3TH OJuHamuueckue npocmparHcmea B IEHTPAX HYKIOHHBIX y3JIOB
aTOMOB M SIBISIFOTCS TEMU Mecmamu B aToOMax, KOTOpPhIE OTBEYAIOT 3a
Ha0II0gaeMYI0 0COOEHHOCTD pacCesHUs MaJaroluX Ha BEIIECTBO YaCTHIL.

C omkpvimuem 000J0YEUHO-Y3T0BOU MOAEKYIAPHO-NOOOOHOU CTPYKTYPBI
aTOMOB MBI, €CTE€CTBEHHO, CMOJKHYIUCL C HEOOXOIUMOCTBIO CO30aHUs
COOTBETCTBYIOIIEN meopuu paccesHus 4YacTHl] BEUIECTBOM, COCTOSAIIAM W3
TaKUX MOJIEKYJISIPHO-TIOAOOHBIX «anomoe», 4To U ObLIO HAMU CJIEJIaHO.

Crarbs Ha JaHHYIO TeMy OblIa onyoOyinkoBaHa Ha anruiickoMm B 2008 roay B
[1]. B HacTosmmeM BHICOPOIHMKE MPEACTaBICH €€ PyCCKUH BapHaHT.



2. Paccesinue no Pesepdopny

WccnemoBanusi paccessHHsl Ol-uacmuy aroMaMH BEIECTBa, HadaThIe
I'eiirepom u MapcaeHom [2], a Takke paccesHus [3-4acTHII, MPOBEIACHHBIC
Kpoyrepom [3], Ob1u nponomkensl Pesepdopaom [4], koTopelli B KOHEYHOM
UTOIe TPEIIONIOKIII, YTO B yYeHmpe aroMa HMEETCS OueHb Maids 110
CPaBHCHHUIO C pa3MepoM aroma o0JacThb IpOCTpaHCTBA («s0po»), T1Ie
cocpedomouena OCHOBHAS MACCA aTOMa B €T0 KHOJONCUMENbHbIU 3apsoy.

Takum oOpaszom, cormacHo Peszepdopay, B aroMe €CTh TOJIBKO O0O0HA
dbuzryeckas Touka, pacceusarouias Majaaronme Ha aToM O-4aCTHUIIBI.

JlpyruM OpUHLOMOWAIBHO BaXXHBIM B Teopuu Pesepdopra sBisieTcs
MOJIOKEHHE, COITIJaCHO  KOTOPOMY  PAacCEMBAIOIICH  CHUJIOH  SBISETCS
atekmpocmamuyeckoe OTTaJIKUBaHUE TAJAIOIICH 1010 CUmMenbHo 3apsHKEHHON
O.-9AaCTHUIIBI OT «HOJONCUMENLHO 3APANCEHHO20» THUIIOTETUUECKOTo sipa,
«leKMpU4ecKUull 3apsao» KOTOPOTO «pacnpeoeien B €ro 00bémey.

Nnes Pesepdopna mopoauina, TakuM 00pa3oM, 0OHOYEHMPOBYIO S0EePHYI0
MOJIeJIb aTOMa W, COOTBETCTBYIOIIYIO 3TOW MOJCIH, Meopuro paccesuus B
KVIOHOBCKOM (DIEKTPOCTATHYECKOM) TIOJI€ HEMOABIKHOTO TOJIOKHUTEIBHO
3apsIKEHHOTO SAIpa.



Opnako, umo Takoe «3apaoy»? UYTo d3TO0 3a  «pPagHOMEpHO
pacnpedenennoe»? HeuszBectHas dopma marepuun? duszuka HE 3HaAJIA U JI0
CUX IIOp HE UMEJIa OTBETA HA 3T BOIIPOCHL.

dopmyia Pesepdopaa 115 paccestHus oL-4aCTUIl UMEET BU/T
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e N - gucio o-uacmuy, magarIMMX Ha TOBEPXOCTh METAIINYCSCKOM
(b 0oIbIu — MUIIICHHU;
dN - cpeaHee YKCIIO O-4aCTHII, pACCESIHHBIX HA yroi 3 B Ipeaeax
TeecHoro yna dQ;

N - gucio saep paccestHus B 1 cms3;
M - Macca o.-4acTHIIbI U U €€ CKOPOCTh Ha OOJIBIIIOM PACCTOSIHUM OT

anpa;
Ze - «3apsany» aapa.



DKCIIepUMEHTaIbHbIC JIaHHBIE II0Ka3aJM, YTO OTKJIOHEHHUE O-YaCTHII
noguunHsaercs Gopmyne Pesepdopaa He nmonmHocThio. Pesepdopn ormerni [4]
B 3TOM CBs3U, uTo «Torga paccesHue Ha Ooabuiue W Majble YTIIbl HEIb3s
OBLJIO OOBSICHUTH MPEANOJIOKEHHUEM O TOM, UTO IEHTPaJIbHBIA 3aps)i UMEET
OJIMHAKOBYIO BEIUYHHY .

“The large and small angle scattering could not then be explained by the
assumption of a central charge of the same value”.

Ho JaJIec OH HaIIrcaJl. <<PaCCManI/IBa$I A0Ka3aTcJIbCTBA B IICJIOM, KaKCTC
IpOIIE BCETO MPEAIOIOXKHUTh, YTO aTOM COAEPKUT YEeHMPAIbHblU 3apslo,
pacnpeoenentblil B OYCHb HeOOIbUloM 0Obeme, U 4TO OOJIbIINE OTACIbHbIC
OTKIJIOHCHUA O6YCJIOBJIGHI>I OCHTPAJIbHBIM 3apaaoM B HOCJIOM, a4 HC Cro
COCTABJIAKOILIIUMMU.. .»

“Considering the evidence as a whole, it seems simplest to suppose that
the atom contains a central charge distributed through a very small
volume, and that the large single deflections are due to the central
charge as a whole, and not to its constituents...»



Takum 00pa3omM, Ha OCHOBAHUM BCEX HAKOIUICHHBIX K TOMY BpPEMEHU
JAHHBIX, CBSI3aHHBIX C PACCEIHUEM B BEIIECTBE, W NPEAIOIOKEHUS O
CYILIECTBOBAaHUHM KPOIIIEYHOIO aTOMHOro sjapa, Pesepdopa cosznan meopuro
paccesiHusi HAJIETAIONIMX Ha BEHIECTBO YACTHIl, & TAK)KE BBIABUHYI SL0EPHYIO
Mooenb amoma, KOTopas Oblla TMPUHSATA MU, CO BPEMEHEM, IOJHOCTHIO
Pa3BUBIINCH, CYIIECTBYIOT 10 HACTOAIIETO BPEMEHMU.

AHaMU3Upys pe3yibmamol BCEX JAHHBIX MO paccesHur0 4acTUIl U BOJIH B
BEIIIECTBE, MPOBEACHHBIX Pe3epdopioM M ero mocieaoBarelsiMu, CIeIyeT
OTMETUTH CJICAYIOIIECE:

Bo-nepevix, Bce OHM JIUIIL KOHCTATUPYIOT (PAKT HAJTUYHUS Y aTOMOB MECT
paccesHus 4aCTHIl.

Bo-emopuwix, Teopusi Peszepdopra ocHoBaHAa Ha MNPEACTABICHUH O
KYIOHOBCKOU (DIIEKTPOCTATUUECKON) npupode paccesiHus W, CIEA0BATEIIbHO,
OMUCBHIBAET TOJIBKO pACCesHUE 3APAHCEHHBIX YACTULL, TAKUX KaK O-Yacmuysl N
npomonsvt. Ho He onucvieaem paccesanue neumpoHog, 3HAHUE KOTOPOTO
HanOoJee BaYKHO JJIsl MPUKIIATHOW aTOMHOM (PU3UKHU, ATOMHOW TEXHOJIOTUH U

T. 1.



B-mpemuvux, npupona maccel U snekmpuiecko2o 3apsoa Oblna OOJbIION
3a2a0Kol TOrO0 BPEMEHHU (M OCTaBajach TAKOBOW JI0 HACTOSIIETO BPEMEHM).
COOTBETCTBEHHO, 0€CCMBICIICHHO TOBOPUTH 0 «DABHOMEPHO
pacnpeoenieHHoM» 3apsjie, HE 3Has, 4TO TaKOe 3apsi.

B-uemeépmuix, HET OHHO3HAYHOIO IIOHUMAHHUS TOIO, YTO O3HAYACT
OTKJIOHEHHE (WJIM PACCESHUE) YacTHIl Ha aToOME€, €CJIM YacTUIbl IPU 3TOM
BEIIyT ce0s KaK 80/1HO8ble 0OPA308AHUAL.

B-namuix , BCC IIPOBCACHHBIC JOKCIICPUMCHTBI HE Janu HUKAKAX
A0Ka3arcjJabCTB TOI'O, 4YTO K&)KI[BII\/'I amom HMEET TOIBKO OOHO Mecmo
PACCEAHUAL.

Boobue Bce naHHbBIe, monydeHHbIe Pesepdopaom [4, 5] m npyrumm,
MOKa3bIBAIOT, UYTO TOBOPUTH O KOHyewmpayuu (TJIOTHOM YIAKOBKE) BCEX
HYKJIIOHOB aroMa B kpouteynou (10 CPaBHEHUIO C pPa3MEpoOM aroMma)
HEHTPAJIbHOU obnacmu €ro TPOCTPAHCTBA — CBEPXIUIOTHOM s0pe —
HEYyOETUTENBHO.



«OQuubku 3ameyams He MHO2020
cmoum, 0ams Heumo Jjyduiee -
80M, UMO NPUIUYECmB)Yem
00CMOUHOM) YeN08eK)»

Muxann JIoMmoHOCOB

3. PaccesiHne HA HYKJIOHAX MOJIEKYJISIPHO-TIO00HOI0 aToMAa

Pezepdopa 0TOXKIECTBIS yenmp paccesinHusi ¢ KPOXOTHBIM HOAOHCUMENLHO
3aPSHKEHHBIM C6EpXHIOMHbIM U meepobim sopom (pazmepom okono 108 cm),
rJe, Kak OH Ipeanojaraji, COCpeloTOYeHa OCHOBHasi macca aroma (KpoMme
NIEKTPOHOB). Ero mnouemy-Tro He CMyIliajgo, 4YTO IUIOTHOCTh TAaKOTO
TUIIOTETUYECKOTO 00pa3oBaHUsl JOJDKHA MMETh HEBEPOSTHO OTPOMHYIO
(aHTaCcTHYECKYIO Ben4uHy, mopsaka 1014 o/cas.

OTKpBITHE 000104euH0-Y31080U (MOJIEKYJISIPHO-TIOJO0HOM, O€3bAAECPHON)
CTPYKTyphl aTOMOB B pamkax Tteopuii Boanoeot mooeru (BM) [6-8]
noTpeOOBAIO CO3JAHUS Meopuu paccesHus SIEMEHTAPHBIX YacTHUI[ BCEMU
HYKJIOHAMH, PACIOJIOKEHHBIMU B y3JlaXx TaKUX MOJIEKYISPHO-TIOJJOOHBIX
aTroMoOB. DTO OBLIO CICIIAHO HAMU M BIiepBbIie onmyOnukoBano B 1996 romy [9].



JlaHHBIE O ceuenusax paccesnHus HeUmpoHo8, TOJYYCHHBIE B paMKax
HOBOU meopuu pacceanus TPAKTAUECKU I BCEX AJIEMEHTOB TaOIHUIIbI
MeHnpeneeBa U paccessHUsT KOPOTKMX PEHTICHOBCKUX JIyYEH, OKa3aJucCh
MMOJIHOCTBKD  COTTIACYIOIIUMUCS C  OKCIIEPUMEHTAJIbHBIMUA  JTAHHBIMM.
ITokaxxeMm 3TO.

Cornacio BM amomwr ipeicTaBisitoT cO00M annemenmapHvie HYKIOHHbIE
monexynvl. Llenmpamu paccesnusi NAJAOIMAX YacTULl W BOJH B HUX
ABJISIIOTCA ~ OomoenbHble HYKIOHbl, COCTABISIONIME TaKUX «aTOMOBY,
PACnoNodCceHHble B Y31ax HYKIOHHBIX 000JI04eK aToMOB. Pa3zMep HyKJIOHOB
(MX paguyc) HMMEET MOPSJAOK OOpPOBCKOIO paauyca, HampuMep, paouyc
npomona r, =0.528421703x10"°cm [10].

llenmp macc y3710BOTO HYKJIOHA COBEpIIAET B Y3JI€ paodudivHvle
konebanus ¢ amnaumyoou nopsaaka 1.4-1013 cm u wacroroit 1.8-1018 51,
OTu  KojJeOaHUsS OXBaThIBAIOT 00veM chepuueckoeo HnpoCmpancmaa,
MONEPEYHOE CEUEHHE KOTOPOr0 HMMEET paouyc, PpPaBHBIN amnaumyoe
KOJICOaAHUH.



WMeHHO 3TO Ounamuueckoe npocmparncmeo, paguycom 1.4-1013 cm, asnsercs
oonacmeio paccesinuss HYKIOHA, OIIMOOYHO OTOXKJIECTBISIEMOM B (PU3UKE C
MHUCTHYECKUM TBEPIBIM «20POM».

Kak W3BECTHO, COIIACHO  ONPEACICHUK)  8EPOAMHOCMb  PACCESAHUS

OIIPECACIACTC CICAYIOIMINM OTHOIICHUECM.
dN

dw = N (2)
rae N — uucno yactun, naremarowux Ha TOHKUK aucT Gonbru, a AN — wucno
paccesiHHblX YaCTUIl; 3HaK «-» yKa3piBaeT, uTo AN ecTh moTepst YacTHIl M3 OOIIEro
notoka (u3-3a paccesuus) [9].



Beposmnocmoe paccessaus (2) MpormopIioHaibHa moyiHe MaTepPHaIbHOTO
citost dX npouteduteco 4acTUIAMU JIyda.

_AN _ (3)
N

rae o =dw/dx eCcTh IUIOTHOCTBh geposimHocmu paccesHus. OTCroma, 3aKOH

paccesHus UMCCT BU
N =N, (4)

B cooTBeTcTBUM C o00OonoueuHo-y31060t MOAeIblo aroma [6-8, 11]
Halemarowue 4YacTUIIBI PACCEHMBAIOTCS Ha HYKJIOHAX, PACIHOJIOKEHHBIX B
y3nax. Yucno y3710B TPUMEPHO PABHO HONOBUHE AMOMHO20 8eca
(omHocumenvroll aATOMHOM MAacChl).

Haneraromas yactuna pacceusaemcsi TPEUMYIIECTBEHHO Ha 0OHOM
HYKJIOHe V31d, K KOTOPOMY OHA MPUOJIMKAETCS.



HyknoH kasxcoozo y3na obnamaeTr OTHOCUTEIBHONM CBOOOION JBHKCHUS B
npeaesiax CBOETO  HOMmeHyuanbHo2o obwvema. LleHTp Macchl HYKIJIOHA
Konebiemcsi B y3Iie ¢ aMIUTUTYI0M

w_ A _ N [2hR (5)
Zm,n Zm,n rn0C

e h=2mmu,r, =6.6260693(11)-10*" erg-s — nocrosHHas [Inanka,

R

o0

T @+m, /m,)

=109677.5833cm™ — nocrosHHas Punbepra,
r, =0.5291772108(18)-10° cm — boposckwuii paguyc,
c=2.99792458-10cm-s™ — CKOpOCTh CBETA,

Z,n — kopuu Qynxumii beccens [12],

my,=m

p Maca IIpoTOHaA.



[lepBblit Mmaxcumym  KuHemuyeckou KOMIIOHEHTBI cdepuyeckor (QyHKIUU
nynesozo nopsaka ( z =b! =2.79838605 ) ONpPENEIACT aAMIUIMTYLy CMeujeHus

CJIEIYIOIIEH BEJIUYMHBI,
P =3.219483546-10 " cm (6)

Cornacuo (5), ompenenénnHas cdepa paccesHUS COOTBETCTBYET KaKIOMY
KOpHIO Z., .. Hampumep, ecnu xopens  Z,, = a;; = 4.49340945 COOTBETCTBYIOIIHIA
MAKCUMYM)Y NOMEHYUAIbHOU KOMIIOHEHTHI cdepudeckor (QYHKIMH H)1eso2o

MOPSIAKA, TO MBI IMEEM
¥ =2.005016-10" cm

Hynu nomenyuanvuvlx 1 KuHemuueckux KOMIOHEHT CHEpUUECKUX (PYHKIIMH
beccens HylIeBOTO MOPSAIKA PABHBI, COOMEEMCMEEHHO, CIETYIONIUM 3HAYECHUSIM:

7T
Zy, =7N  and Zon =5 (20-1) (7)



Cwmemenue (5), BBI3BaHHOE ITyJbCAUIMH CHEPHUCCKOH 00010uKU
HYKJIOHA Ha pyHOAMeHMANbHOU yacmome ®, [7], onpenensier cghepuueckutl
00vém Konedbanutl yenmpa maccol Hykiaona [13]. Cdepa, orpannyuBaronias
IPOCTPAHCTBO ATOTO KPOIIEYHOTO 00beMa, ABJISIETCS cPepoil lIeHTpa MaccChl
HyKJI0HA. OHA U SIBISETCS chepoli paccesHusi HYKIOHA.

Ceuenue cghepuol paccesnus,
c, =n¥? (8)
ABJSIETCA MEPOU pacCesiHusl YaCTUIl U BOJIH.

[lycTh oghpexmusnas niowads UEHTPA paccesiHus paBHa G, TOTIA NOIHAS
n10waob paccesanusi YaCTUI] aTOMaMu Memaniudeckou (pojbru paBHa

Stot = A%f cYnnSd (9)

rae Ay — uYucio0 HYKJIOHOB B aTOME, YYacCTBYIOIIMX B PaCCEIHUM YacTHIL] WU
BOJIH; N — KOHYeHmpayusi aToMoB; S — niowaos ¢onbru u d — ee monwuna.



IInomnocmo eepoimHocmu PaCCCIHUA OIIPCHACIIACTCA KaK

AN S
_— = tot - I%f Gnn ) (10)

Nd Sd
OTCIOZA, YOelbHas NIOMHOCHb BEPOATHOCTU PACCESTHUSA
o A;o,n _ A o,
ge Amn A m,
rae A, — omHocumenvras atoMHas Macca, g=1g/cm3 — abconromnas eounuya
NJ10MHOCMU, € — OTHOCUTEJIbHAS IUIOTHOCT.

S

, (11)

Ecnu BBeCTH anemenm pacceusarowei maccvl AM=geSX yepe3 yoenvH) o

mojury pacces;Husl,

Am
X, = — = g,EX (12)
s
3axon paccesnus (4) IpUHEMAET BU;

N = Noe " (13)



9(1)(1)CKTI/IBHOC HYUCN0 HYKJIOHO6, PACCCUBAIOIIUX ITAJA0OINIUC YaACTHUIbI HJIN
BOJIHBI, OIIPCHACILACTCA Cnenenbro HNUX 63dUMHO2CO0 nepekpsiniusi B BCHICCTBC
d)OJZbZM U xapaxkmepom HNX KOJUJICKTHUBHOI'O g3aumooelcmeus ¢ InaaaromumumMun
qaCTHllaM 1 BOJTHAMMU.

WrHopupys nepekpbITHe, Mbl UMeeM A, = A,

B ciydae, xorma paccewBarOIIMM OOBEKTOM SIBISICTCS amoMHblU 00beM,
NJIOMHOCMb  BEePOSIMHOCMU  paccesHus JO0JDKHA OBITh IPOMOPIIMOHANIbHA
OMHOCUMENLHOU AMOMHOU Macce, o~ A .

Ecnu paccesiHue ONpENeNsieTCs amoMHOU NAOWAObI0 (OUAMEMPAnIbHO2O
ceueHus amoma), T0 o, ~ A% ; €CJIM OHO PEaM3yeTCs Ha amOMHOU JUHUU, TO
o~ A%’ :

Takast npubnuscennas oyenxa TO3BOJAET 3aMUCATh PSIA BOZMONCHbLIX

3HAYCHUN 3ghhekmusnoco uucia HYKJIOHOS8, YUYACTBYIOIIUX B PACCETHUHU
MaJarolIUX YaCTUIl U1 BOJIH:

A=A, A® A® (14)



C yuerom (5) u (8) sdbdexTuBHOE ceueHUE paccesHUs, MPUXOIAIICeCS Ha
aroM, OyzieT onpeaensaTbest GopMymon )
Gy = A0, = TtA; (15)
Zm,n
B cnyuyae paccesnus 601 OTHOCUTENBHO KOpomKux Onur (B CPaBHEHUU C
pa3MepoM HYKJIOHA) OyzieT mpeobiiaiarh obvemMHoe paccesHue, TI03TOMY CIeayeT
IPUHATL A, = A . Torna yoerwnas nromnocme paccesnus (11) npumer Bun

2

_C,_ [ A
oc—mo ol 2 (16)

mn

Orcrona, A7 MaKCUMyMa MepBOM KHHETUYECKON 000104KH, Z,,, = by, (cMm.(6)),
MBI IMEEM

a, =0.1955 g -cm? 17)

[TonydeHHOE 3HAYCHHUE MOYHO COBnadaem C IKCHEePUMEHMAIbHbIM, PABHBIM
a,=0.2g"-cm’, MNpakTUYEeCKH JUId BCEX MHUILIEHEHl B cCIydae KopoOmKux
penmeenosckux nyden [14]. Xopomee coenacue (17) ¢ 3xcrieprMeHTaIbHBIMU
JaHHBIMH CBHJETEIBCTBYET OO0 aJeKBAaTHOCTH PCajlbHOCTH H3JIOKECHHOIO
TCOPETUYECCKOTO MOIXO0/IA.



B caydae paccesnus uyacmuy TpOSIBIAET C€€01 amoMHas HNIOCKOCHb
paccestHusa. COOTBETCTBEHHO, 3(hghekmuernoe ceuenue pacceamus, TPUXOMs-
ieecss Ha 0OUH amom, paBHO 2

o =TEAr% Zﬁ (18)
mn

D¢ dexTUBHBIE KOPHHU Z, , 3a6UCAN OT CTPYKTYPbl HYKIOHHbIX 000104€eK U OT
SHepeuu TANAIONIMX YaCTUIl WU UHMEHCUSHOCMU BOIH, HAIPABICHHBIX B
IPOCTPAHCTBO MCCIICyEMOr0 BEIICCTBA.

HecMoTpss Ha yKa3aHHYI HEONPEAEICHHOCTb, Pa3syMHO CPAGHUMb
meopemuyeckue  ceyenus,  paccumtannele 1o ¢dopmyre  (18), ¢
IKCHEPUMEHMANbHLIMU JTAHHBIMH.

B Tabmamime 1 mpencraBieHbl TakKHe JaHHBIC. CpeoHue 3HAUCHUS,
HOJAy4YEHHBbIC oxcnepumenmanvio [15] nmns  maxceennosckoeo  cuexrpa
Helimponog G, (3Heprus ot 0 no npumepHo 14 M>B, u ¢ sneprueit Bcero 0,75
M>5B), u paccuumannvie o dhopmyne (18) sgpgpexmusnvie cewenus paccesnus
o, (B Oapwn, 1barn(b)=102*cm’® ) ans kopHel ¢pynkumit beccens, nexamux B
IICHTPAIbHON YaCTH 3KCICPHMEHTAIBHOIO 3HAYCHHS.

[TockoabKy paccesHue SBISICTCS MACCOBbIM NPOYECCOM, SKCIIEPUMEHT
OIIPECIACT IPPeKmusHoe 3HAUEHUE CEYeHUsl PAcCcesiHusl, COOTBETCTBYIOIICE
cpedHeMy 3HAUCHUIO psjia kopHeul (GyHKIUN becces.



Taoauua 1. Ceyenus paccesHus Aj1s1 MAKCBEIJIOBCKOTO CIIEKTPa HEHTPOHOB

OkcnepuMeHT [15] O, D - pacuérabie nanubie o popmye (18)
DneMeHT Ciopr D Gy D Zon [12] 3HadeHue 7, ,
1 2 3 4 5

,He 1.0£0.7 1.11 Joa 2.40482556
oL 14+0.3 1.604 Jox 2.40482556
.Be 71 8.129 VR 1.16556119
C 48=+0.2 5.420 Yiza 1.57079633
N 10+1 10.90 VR 1.16556119
g0 42+0.3 4.776 J11 1.84118378
oF 39+0.2 3.761 Vo1 2.19714133
1oNe 24+0.3 2.135 Y121 2.97508632
11Na 40+0.5 4.271 Vo1 2.19714133
Mg 3.6+0.4 3.699 Joa 2.40482556
1Al 14+0.1 1.287 by, 4.22227640
1491 1.7+0.3 1.737 Vi1 3.68302286
5P 5+1 5.100 Y o1 2.19714133
169 1.1+0.2 1.159 a2 4.71238898
17Cl 16 +£3 20.257 VET R 1.16556119
18AT 1.5+05 1.476 a’y, 4.49340946




OkcriepuMenT [15] O, D - pacuérasie nanusie o popmyie (18)
DneMeHT Giotr D Gy D Zon [12] 3nauenue 7,
1 2 3 4 5
10K 1.5+0.3 1.455 a’y, 4.49340946
219C 24 + 2 23.73 VR 1.16556119
vl 4+1 3.799 Y121 2.97508632
23V 4+1 4.475 b’yq 2.79838605
24Cr 3.0£05 3.18 a’,, 3.34209366
,sMN 2.3+0.3 2.353 Yo,2 3.95767842
,sF€ 11+1 10.99 J11 1.84118378
,7CO 7+1 6.677 Jox 2.40482556
,gNi 175+1 15.6 Yi21 1.57079633
2qCU 7.2+0.7 8.41 Y01 2.19714133
302N 3.6+04 3.54 Y21 3.38424177
51Ga 4+1 3.868 a’s, 3.34209366
2,Ge 3+1 3.023 J11 3.83170597
33A\S 61 5.787 b’oq 2.79838605
3498 11+2 10.83 a’y, 2.08157598
35Br 6+1 5.344 Y 121 2.97508632
36Kr 7.2+0.7 8.066 J 31 2.46053557
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OkcriepuMenT [15]

O, D - pacuérasie nanusie o popmyie (18)

DneMeHT Giopr D Gy D Zon [12] 3nauenue 7,
1 2 3 4 5
5,RDb 12+ 2 11.42 a’i, 2.08157598
26T 10+1 10.42 Y11 2.19714133
20Y 342 3.24 Ysi21 3.95952792
w0Zr 8+1 8.535 Jls21 2.46053557
4ND 5+1 4.683 a’y, 3.34209366
1Mo 7+1 6.824 o1 2.79838605
4RU 6+1 5.93 J'aa 3.05423693
;RN 5+1 5.007 a’y, 3.34209366
46Pd 3.6+ 0.6 3.656 Yo.2 3.95767842
7Ag 6+1 5.855 j121 3.14159265
4sCd 7+1 6.829 Vi1 2.97508632
4ol 2.2+0.5 2.284 J2a 5.13562230
53N 49+0.5 4.667 Jlsi1 3.63279732
5,Sh 43+05 4.266 J11 3.83170597
5o Te 5+1 4.897 Jlsi1 3.63279732
530 3.6+05 3.648 J 31 4.20118894
5, Xe 43+0.4 4.205 Yo.2 3.95767842
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OkcriepuMenT [15]

O, D - pacuérasie nanusie o popmyie (18)

DneMeHT Giopr D Gy D Zon [12] ., Value
1 2 3 4 5

55CS 20+ 10 19.59 J11 1.84118378
-sBa 8+1 7.668 Vi1 2.97508632
,La 15+5 14.17 Y01 2.19714133
55Ce 9+6 8.784 b’o4 2.79838605
s3EU 8+1 7.784 J o1 3.05423693
ssEl 15+4 16.04 Y01 2.19714133
g1 M 7+3 6.977 a’y, 3.34209366
0Yb 12+5 13.08 J a1 2.46053557
- Hf 8+2 8.173 Juza 3.14159265
sla 5+1 5.208 Yo,2 3.95767842
AW 5+1 5.264 Yo,2 3.95767842
sRe 14+ 4 13.73 J a1 2.46053557
2605 11+1 10.77 Va1 2.79838605
-gPt 10+1 9.69 Vi1 2.97508632
26AU 93+1 9.25 J o1 3.05423693
soHd 20+5 20.17 a’y, 2.08157598
g 11 14 +£2 14.61 J a1 2.46053557
goPD 11+1 11.4 Va1 2.79838605
g3BI 9+1 9.099 Jip1 3.14159265
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B coBpemeHHOW Teopuu atoMa a¢hpexmusHslili napamemp paccesHus,
L =,/o, / ®, onpeaensier aghghexmusHwlli paouyc amomHozo s10pa.

B obonoueuno-yznosoti momean atoma [8] (yuuThIBaromel IHHAMHYECKOC
noBeaeHUe daeMeHTapHbIX yactull [10]) sghdexmusnwiii napamemp paccesnus
L, kak crexyet u3 (18), cBs3an ¢ 4wmcioM HYKIOHOB B arome A. U cdepoit

pacCCiaHns HYKJIOHA,
L=4/G—;=A%Zi (19)

Cohepa paccesanus (00beM) HyKIIOHA onpenensercs avniumyoou ¥ =A [z,
(5) nynvcayuti ero yenmpa Macchbi.

Macca nmMeeT npucoeounHéHHbll XapakTep, U Macca nokosi HyKJIOHa, Kak 1
BCEX DJIEMEHTAPHBIX YACTHUIl, B COOTBETCTBUU C JlnHamudyeckor MoOebro
(JIM) ux cTpoeHHs U IOBEIICHUS, He Cyujecmayen.

W konyenyuss TBEpAOTr0 aTOMHOTO s0pa (IpUYeM HEBEPOSTHO T'MTaHTCKOM
IJIOTHOCTH) HE MMEET CMbIca. TOYHO Tak jke, KaKk HEeT CMBICIIa TOBOPUTh, KaK
YK€ OTMEUAJIOCh, O KHOAOHNCUMENbHOM 3apsioe, PACNPEeOeleHHOM NO 00bemy
sA0pa», He 3Has, 4To Takoe 3apsn [16, 17].



IKcnepumenmanvHo, CEUCHUE pacCesTHUs aToMa onpeaeiseTcs GopMynoit
1 |
O =—In| = (20)
nd I
rie |y u | — HHTEHCUBHOCTH TIOTOKOB nadarowux (HANETAIONINX) U NPOUeOUuUx
YACTHI] WUIM BOJIH, d — TOJIIIIMHA MUIICHHU.

Ha ocuoBannu (18) u (20) (cM. taxxke (5)) HaxoguM SKCIIEpUMEHTAIbHBIHI
paouyc HyKIIOHHOH cghepul paccesinus

4
pon (67) (21)

KOTOPBIXA XOPOILO COINACyeTcs C MPEACTABIEHHOU 3/1€Ch TEOPUEH paCCEAHUS.

B cnydae uetimponno2o NOTOKA SKCTIEPUMEHTHI C ONPEICICHHON CTENEHbBIO
NpUOIKEHUS TOATBEPKAAIOT CIEAYIOIIEE PAaBEHCTBO!

. = A’ (22)
tot n
[TocienHee TakXKe COINIACYETCS C TEOPHEN paccesHus, PacCMOTPEHHOM

3]1€Ch, OCHOBAHHOW Ha KOHIIEMIIHUAX HOBOW 001Iel Teopun pusznku — BomHoBoM
Mopenu.



4. OBCYKJIEHHUE

CpaBHUM Temnepb JBE€ NPUHUMUIUAIBLHO pa3Hble GOPMYJIbl  paccesiHus,
TIOJTyYCHHBIC JBYMS Pa3HbIMH TeopusAMHU paccesHus: Gopmyny Pesepdopna (1)
(w1 o-yactun) 1 dopmyay BM (18) (mis gacTuIl B KOPOTKUX PEHTTCHOBCKHX
Jay4en):

d_N__Ze2de :%zz%iz
(1) N_ndc_n(Muzj (87 2) u Gy =AY =nA (z j (18)

m,n

Kak BHIUM, YHUCIO pacCesHHBIX dYacTwil cormacHo (opmyne (1) cuiabHO
3asucum om yena paccesHus 3 (yera MEXIy BEKTOPAMH CKOPOCHU NAOEHUsI W
KOHEeYHOU CKOpOCmU O.-4aCTHUIl) U OBICTPO BO3PACTAET C YMEHBILICHUEM J.

®opmyna (1) mo3BodsET paccuuTaTh Apeexkmusroe ceuenue paccesiHus o.-
JACTHUIIBI HA KYIOHOBCKOM NoJjie sifpa ¢ 3apsajaoM Ze, oughgepenyuanrvroe do/dQ
U unmeepaivioe o(9>9,):

do(9) Z( z¢? ] 1 40(9) 4y _ 77 do(®)

23 , dQ =
(23) dQ Mv’ ) sin*(8/2) o dQ é[,.([ dQ

sin8d8de  (23a)

Ecin B dopmyine Pesepbopma (1), coxpansis Bce OCTalbHBIE YCIOBUA,
U3MEHSTh TOJIBKO yTOJ 3, TO JIOJIKHO OBITh



dN -sin*(8/2) = const (24)

DTOT BBIBOJ OBLI nposepen B TIEPBYIO odepeab. bonee wmiam meHee
YIOBJIETBOPUTEIBHOE  COMNIACHE JKCICPUMEHTAJIBHBIX  PE3YyJIbTaTOB  C
TpeOoBaHUAMHU TeopuH (24) OBLIO MONYYEHO, OJHAKO, HE IS BCEX CIydacB.
B 3TOM MOXHO yOEIUTHCS, B YaCTHOCTH, HA IIPUMEPE JAHHBIX, TTOJTYUYCHHBIX
B DKCIIEPUMEHTE C 30710moti (POIbIroi, IpeacTaBIeHHbIX B Tabnuie 2 [18].

Taoauua 2. Paccesaue o-4acTUIl JUCTOYKAMH 30J10Ta

9° |1/sin*(9/2) dN dN -sin*(8/2)
150 1.15 33.1 28.8
135 1.38 43.0 31.2
120 1.79 51.9 29.0
105 2.53 69.5 27.5
75 7.25 211 29.1
60 16.0 477 29.8
45 46.6 1435 30.8
30 223 7800 35.0
15 | 3445 132000 38.4
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Comnmacue ¢ ycinoBueM (24) uMeno MeCTO MPEUMYIISCTBEHHO B CIydasx
paccestHus Ha JINCTKAX MAMCEIbIX Memaniogé W HE CIMIIKOM OBICTPBIX O-
yactuil (¢ sHepruei He Oonee 20 MoB), npudueM He IS Bcex ymioB. Ilpu
Manvlx yriaax HaOIIMAarTCs HauOoJiee CYIIECTBEHHBIC OMKAIOHEeHUs OT
3HAYCHUS KOHCTAHTHI (24).

BreiBogs dopmyny (1), Pesepdopn nonacan, 4to yemmpamu paccesnusi
SABJISIFOTCSL NONOHCUMENbHO 3APSHKEHHBIC 20pa aTOMOB. To €CTh OH cuUMTall, 4YTO
Kaxcoblli amom UMEET TOJIBKO 00uH pacceusarouwiuti yewmp. CienoBareiabHO, B
dopmyie (1) N — yucno adep paccesnusa B 1 v,

Ho »T10 Huomxyoa wne cnedyem W 10 CUX TIOp He HNOOMBEPIHCOEHO
JOCTAaTOYHO YOCIUTENbHO dKCcnepumenmanvho. C TaKUM K€ YCIIEXOM MOXKHO
paccMaTpuBaTh KaKIbIH W3 HYKJIOHOB, BXOIAIIMK B COCTaB aTOMOB, Kak
pacceuBaroIUi LEHTP.

Peszepdbopn He mpeamnonaran (B KadeCTBE ajbTEPHATUBBI), YTO HYKJIOHBI
(Oynyun CWIBHO CBSA3aHHBIMU JAPYr C JPYromM) MOTYT pacrojararbCs BO
BHYTPEHHEM MPOCTPAHCTBE aroMa OTACJIBHO, HAa OMPEACIEHHBIX PACCTOSHUAX

IpyT OT JIpyra.



30paBblid CMBICH BOCCTA€T MPOTUB HNPUHAMOU KOHYenyuu, COIIIACHO
KOTOPOUl 6ce HYKIOHblI B aTOME€ HAXOHSATCS B C8EPXNAOMHO YNAKOBAHHOM
COCMOAHUY B YPE3BBIYANHO MaJoM (U3NYECKOM OObEeME — B OJHOM
(U3MUECKON TOUKE B LICHTPE atoma (s1pe).

WNtak, MBI BUIUM, UYTO TEOPETHUYECKAs KOHCTPYKIUS OOHOYEHMPOBO2O
(SLAEpHOT0) CTPOCHUS aTOMa, KpaliHe HeybeoumenvHa.

HamporuB, B dopmyne Bornosoi Mooeru (18) nna 3¢ddekTuBHOTO
CEUCHUS] PACCESTHUSI cooepoicumcss OTHOCUTENbHAs aToMHas macca A, , T. e.
napaMeTp uucia HyKJIOHO8 B aToMe. DTO yKa3blBaeT Ha TO, YTO B JIAHHOM
dbopMye yudTeHbl 3ghhekmusHble ceueruss PACCEIHUS KaHcO020 N3 HYKIOHO8,
IPHUCYTCTBYIOIIHNX B aTOME.

DKCIIepUMEHTaIbHBIC  JlaHHBIC, MpPEACTaBICHHBIE B  TaOmmie 1,
INOATBEPXKIAIOT  Koppekmuocms  popmyner  (18), a  3HauuT, W
@dyHOamenmanvHvix npedcmasieHuil, Ha 0CHOBE KOTOPBIX 3Ta (popmyiia Oblia
BBIBEJICHA. JTO BOJIHO6As Npupoda TPOUCXOKIECHUS M TIOBEACHUS BCEX
YaCTHIl U 000104e4HO-Y31080€ CTPOCHNE aTOMOB.



Ha »T0 yKka3eiBaeT amniumyoa KoneOauuti TEHTpPAa MacChl HYKJIOHA B
aTOMHOM y31e W =A /z B dopmyne (18) (oxono 1013 cm, (6)), rme 7, , —
KopHM QyHKIMM beccens, pewenus 6onnooeo ypasHeHusl.

Kak ymoMuHaaoCh BEIIIC, aHAIW3 OONBIIOIO YHCIA AaKTOB pacCesiHusl,
3apEeTUCTPHPOBAHHBIX JUIS O-9acTUIl Ha 3070me (cM. Tabn. 2), BIOJHE
VIAOBIIETBOPUTEIBLHO  n0oOmeepousl  TPEACKa3aHHYI0  paBeHCTBOM  (24),
cienyromuM u3 dopmynsl Pesepdopna (1), yerosyro 3asucumocms st Bcex
YTIIOB, KPOME MAJIbIX.

Ho nmns amomunus, Oonee neckoeo Metanna, Pesepdopn oOHapyKui
NPOMUBONONIONCHYIO  OCOOEHHOCMb.  PACCESHHUE TIOH  MAIbIMU  YeldMu
OIYNHSIIOCH PaBEHCTBY (24), a noo 6onvuiumu yrjaaMa — Hem.

Pe3epdopa mpuien K BbIBOY, UTO COOBITUSL C OONbUUUM WA MALIM YTIIOM
paccestHus 3aBUCST OT MacChl U, CJIEIOBATEILHO, pa3Mepa apa.



Anbda-dactuibl (o), Kak OH paccykaaji, Jaiie NpuOImKarTcs K Oonee
msoiceNbiM SIAPaM, MHOT/IA TIoTIagasl B HUX, yem K 00JIee 1ecKuM.

OnmHako, 3TO JHIIb cro8ecHoe OObICHeHHE Pesepdopma, macca wim
paszmep s0ep He BXOIAT B ero ¢popmyny (1).

Cywecmeennoe paziuyue CEUEHUM PACCESIHUSA Ha JIecKUX W MAHCeblX
MeTaiax, Hanpumep, Al u AU (Ju1st HEUTPOHOB HU3KKMX dHEPTUi ¢M. Tabm. 1),
JIOTUYECKHU Oe3yINpedyHo oowsacHiemcs B pamkax BM Onaropapsi napavempy
A, , conepxxamemycs B popmyre (18):

Al & A =269815, W¥=2.133767898-10-3cm, o,=1.287b
Gy = 14 £0.1

Au = A =196,96657, ¥=2.949790094-10-%3 cm, Gy =9.25Db
Cexp = 9.3+0.1



5. BLIBOJBI

HUtak, ¢ yuemom OTKPBITUH B0HO6020 MOJIEKYISIPHO-TIOIOOHOTO
CMpOeHUst amomos, a TAKKE 0NIHOB0U TIPUPOIBI CMPOeHUsl U NOGeOeHUs NX
COCTaBJISIIOIIUX — HYKIOHO8 — Pa3paboTaHa HOBASL MeOopUsi paAcCesiHUSL.

B paMkax HOBOW TEOpUH ceueHuss paccesHusi BBIYUCISIOTCS JTOTUYECKU
Oe3ynpeyHo U npocmo.

IToayueHHble 0aHHbIE NOTHOCNBIO CO2AACYIOMCA C
IKCNEePUMEHMANbHBIMU.
Tem cambim noomeeprHcoaemcs npasuibHOCMb
KOHUenuuu, C02AacHO Komopoit

KaXiCcOblil HYKAOH, 8X00WUlL 8 COCMAB dAeMeHMAaAPHOU
HYKAOHHOU MOACKYAbL («amoma»), pACNOAONHCEHHDBLIL 8 eé
y3.ae, BHOCUM C801il 8K1a0
6 paccestHUuUu nadaruwux Ha eewecmaeo uacmuu.
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Cormmacno BonHoBou Mopenu yenmp maccvl HyKaoHa, pa3smep KOTOPOTO
cocrasmsieT 0,528...-108 cu [10], coBepimaeT B y31e MONEKYISPHO-TIOTOOHOTO
aroMa paouanvHule konebanus ¢ amnaumyoou nopsaaka 1.4-10-12 cm u yacroroii

1.8-1018s1,

KoniebaHusi 0XBaTbIBAIOT 00beM chepuuecko2o NpocCmpaHcmed, pajinyc
KOTOPOTO PaBEH amniumyoe KojieOaHuH.

Imu cgepureckue oo.racmu KoaredaHuil UeHMpa Maccobl
u onpedeanom xapakmep paccestHU Hacmuy eewecimnaom.

Obvem KonebamenvbHo20 NPOCMPAHCMEA, PagUyC KOTOPOTO I, Ha namb
nopsi0kog  MEHBIIC paduyca C€amoro npomoua, r,=0.528421703-10° cm
(coracHo BM), a uMeHHO [y =2.65-10°°r, u ecTb Ta obracme npocmparcmea
(mo mopsiaky BenuuuHbl B 100 ThICSY pa3 MeHbIasi pa3MepoB aroMa), KoTopas
ObLTa CyOBEKTUBHO TIpUHsATA Pe3epdopaom 3a ceepxniomuoe meepooe «s10po»
aToMa U paccmampusaemcsi TAKOBOM B PUBUKE 00 cux nop.
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6. SAKJIIOUEHHUE

C mex nop xak eunomesa, BblaBUHYyTas Pesepdopaom, Oblia mpuHsaTa
(U3UYECKUM COOOIIECTBOM, 2unomemuyeckoe s0po, B KOTOPOM SIKOOBI
CKOHYeHmpupoearna TPAKTUYECKU BCA Macca aroMa, CTAJIO0 ITOCTEIEHHO
paccMaTpuBaThCsl B HayKe, 0€3 BCAKOIO COMHEHUS, KaK pedibHas CYIHOCTD.

CdopmupoBaiicst HOBBIH pazien GU3UKU — s0epHas pusuxa.

Amomnasa n s0epras GuU3UKa, TEOPUS IEMEHMAPHLIX YACmMuy CTaIu
Pa3BUBATLCS  MPUOEPHCUBASACL ~TPUHITONM  KOHUENIMU  CYIIECTBOBAHUS
CBEPXNIOMHO20 KPOULEYHO20 «A0pa» B LEHTPE aromMa. A TaKXe C yuémom
COOTBETCTBYIOIINX napamempos (pazmepoé W NiIOMHOCMU), NPUNUCAHHBIX
«s10py» U 4aCTULIAM-HYKIOHAM — €70 COCTABJISIOIINM.

C mosiBIEHHMEM HOBOM o0O01IeH Teopun (YU3MKHU, Oa3upyrowelcs Ha
axcuomax ouanexkmuxu, Bonnooir Mopenu, Hayascs Mpouecc nepecmompa
CYHICCTBYIOIIIUX TEOPUM COBPEMEHHOW (PUBUKH, Oasupyrowuxcsi Ha
abOCmpaxkmHo-mamemMamuyeckux nocmynamax, K HAM OTHOCUTCSI U TEOpHUs
aroma.



B pesynbrare, BCKphITa 0uubO0uHOCMb A0epHOU MoOeny CTPOSHUS amoma,
HeaJeKBaTHOCTh e€ peanbHOCTH [19-21], mecoenacosannocms ¢ OCHOBHOM
aKCHOMOW JWAJIEKTUKU O 60IHOB0U Npupode BCETO CYIIEro BO BceneHHOM.
OT10 oTHOCUTCS M K Cmandapmuoti Mooenu SIEeMEHTapHBIX JacTHIl [22].

Pemennss BM  (nuanektudeckod (QU3MKHA) NPUBEIU K OMKPLIMUIO
HESAJIEPHOTO 000/104eYHO-Y3/108020 CMPOEHUsT aTOMOB, COIIACHO KOTOPOMY
BCE AaTOMBI  SIBISIFOTCA  3/1€MEHMAPHbIMU — HYKAOHHbIMU  MOJEKYJIaMHu
(monexynamu 6000pOOHLIX AMOMOS).

B kaxIoM y3le anemMeHmapuulX HYKJIOHHBIX MONeKY1 («aTOMOBY)
pacrojaraercsi, B OCHOBHOM, IO 08ad CHApeHHbIX HYKJIOHA.

CocTaBisiOIIME «aTOMOB»  YACMUYbI-HYKIOHbl TIPEJCTABISIOT COOOM
nynvcupyrowue cpepudeckre oOpazoBaHUS U3 TOHKO-MaTE€PUATBLHOTO ITOJIS-
IPOCTPAHCTBA dupa.

Bonnosoe npoucxooicoenue ¥, COOTBETCTBEHHO, BOHOB0E HOBEOEHUE
YaCTHLl onpeoesiom He TOIbKO 0COOCHHOCTb paccesiHusl YaCTHUIl BEIIECTBOM,
HO U Opyeue sA61eHus, Ha0aIaeMble B IIPUPOJIE.



B d4actHOCTH, BOJHOBasg MpPHUPOJA CTPOCHUS W TMOBEACHUS amoMO8
6000po0a OTBETCTBEHHA 3a WX MUKPOBONIHOB0E€ (DOHOBOE U3NYYEHUE
(otkpeiTie BM), xoTOopoe HaOMIOMAaeTCa B MPOCTPAHCTBE KAK KOCMUYECKUU
MUKPOBOJTHOBBIN ¢hon [23, 24].

Onpenenser ucmuuuylo npupody TaK HA3bIBAEMOW  KAHOMAAUU»

MACHUMHO020 MOMEHMA 31eKMpPoHa W TIPUPOAY A9MO06CK020 cOsuea (TaKKe
oTkpbeiTus BM [25 — 27]). U T. 1.

YIOMSIHYTBIE BBIIIE 56/1€HUS ONUCHIBAIOMCS JIOTHUECKA O€3ynpedyHo |
IIPOCTO HAa OCHOBE yueTa KojneOanull TICHTPA MACChl yacmuy M UX B0JHOBLIX
obonouek, napameTpos BM.

llepecmomp W3BECTHBIX uU3uUUeCKUX A81eHULl HA OCHO8e NPedCmasieHull
BosiHoBOM Mojienu puBen 1 K ApYyTUM PYHOAMEHMAIbHbIM OMKPOIMUSM.

HoBbi€ JaHHBIE O CTPOCHUU DJIEMEHTAPHBIX YACTHUIL U ATOMOB CTaBAT IO/
COMHeHUe KIIOYEBBIE NpeocmasieHus Xumuu, B YaCTHOCTH, O poju
9/1eKMpOoHO8 B O0PA30BAHUM XUMUUECKUX CB53ell. ITO YPE3BbIYAHO BAXKHOE
IUTSL HAYKU CJIEICTBUE OTKPBITU BM.



Kak cnenyer u3z BM, dbopmupoBanue eeomempuyeckou gopmvi 00b14HbIX
MOTeKYl, TO €CTh NPOCMPAHCIMBEHHO20 PACNONIOMNCEHUS C853ell B MOJIEKYIlax,
OTNPENIECTIACTCS. TEOMETPUEH PACTIONOKECHUS GHYMPEHHUX MENHCHYKIOHHBIX
cés3ell BO B3aWMOJCHCTBYIOIIMX «amomax», HO HE TaK Ha3bIBAEMbIMU
«9NIeKMPOHHLIMU OPOUMANAMU», CYOBEKTUBHO MPUITHUCAHHBIM aTOMaM.

A UMEHHO @HewiHue cA3U MEXIY PA3TUYHbIMU «amomamu» (KOTOphIE
IPEJCTABISAIOT COOOW  anemenmapuvie  HYKIOHHbIE — MOLEK)VIbl) TIPU
00pa30BaHUM OOBIYHBIX MOJICKYI U Kpucmaniog [28] peaausyroTcs CTporo
800/lb  XAPAKTEPUCTUUECKUX  HANpPABICHUN  BHYMPEHHUX  CUNbHBIX
MEJNCHYKIOHHbIX ~ C6s3€ell  B3aUMOJICUCTBYIOIUX «aTOMOBY». JJIeKmpOHbl
OTBETCTBEHHBI TOJIBKO 3a MPOYHOCHIL ITUX MEHCAMOMHBIX MENCY3E/IbHbIX
ceszeti [29].

Emé omHuMu U3 BaXHBIX creocmeui,  Hapsaay C JAPYyrUMUA HE
YIIOMSHYTBIMHU BBIIIE, SBISETCS PACKPBITHE HEOOOCHOBAHHOCTH BBEACHUS
(moctynara) KOHIEHIUMU ‘“‘amomMHblX opbumaneu’”, a TaKXKe KOHLEHIINU
“eubpuouzayuu amomuulx opoumaneu’, 4TO0 YOEIUTEIBbHO IIOKAa3aHO B
pabotax aBropa, Hanpumep B [30, 31].



«He ucmunwl nayxu mpyouwi. A pacuucmka uenoseyecko2o
CO3HAHUSL OM 6Ce20 HACIEOCMBEHHO20 XAaMd. . .»
Aunexcanjp I'epuen

IHOCJIECJIOBHUE

240 net tomy Hazanm (1784 rox) Pene-XKioct Arom (Rene-Just Hally) ycranoBui
00wl npuHyUn™, COrJaacHO KOTOPOMY BCE Pa3HOBHUIHOCTH OJHOTO KPHUCTAJIMYECKOIO
BEIICCTBA 3aK/IIOYAal0T B cebe, KaK D3JIEMEHTAapHYIO s4YeiKy, 4YacTh KpHUCTaJlIa,
00J1aIAfOIIYI0 KHPUMUMUBHOU U NEPEOHAYAILHOU (POPMOTL C80E20 POOa».

OH Ha3Baj ATHU AJIEMEHTAPHBIC SUYCHKU «unmezpupyrouwumu monexyiamu». To ecTb
Awou paccMarpuBail amomsl JHOOOTO BEUIECTBA KaK 2leMeHmapHvie MONeK)Jibl,
CTPOEHUE KOTOPBIX onpeoensiem hopmy Kpucmaniios.

A uaytb 6onee 200 et Tomy Hazan Yunvman [paym (1815 rom) mpeamnonokui, 4To
BCE aTOMBI COCTOSIT U3 amomMo8 8000p00d.

[Tponwto 100 net ¢ Toro momeHnTa (npenmnonoxenus [Ipayra), B TeUeHHH KOTOPOTO,
Orroct bpaBe (Auguste Bravais), k coXalleHHIO, 3aMCHHJI <unmespupyroujue
Monexynvl» (aTOMbl) AIOM IICHTPaMH UX TSOKECTH ((pusmueckuMu Toukamu) (1848 ron),
a Pesepdop ocymecTBiII CBOM 3HAMEHHUTBIN OMBIT 110 paccesHuto (1911 rom).



[IpunsB  BbIBOA, chaemaHHbii  Pesepdopmom Ha  OCHOBaHMH  PE3yNIBTATOB
MPOJICTIAHHOTO UM OMbITa, B (DU3UKE CTAJU CUUTATh, YTO amomsl 8o0opoda llpayta
pacroyiararoTcsi BO BCEX OCTaJIbHBIX aTOMaX B UX IIEHTPAX B BUAC CBEPXNIOMHOU KYUKU
(KpOXOTHOTO «sg0pa») HHUYTOXKHO MaJioro pa3mepa, npumepHo B 100 Teicsu pas
MEHBIIIETO Pa3MEPOB CaMUX aTOMOB.

IIpormio emé mpumepro 90 net. IlosBmirack HOBas oOmmias Teopus (QU3UKH —
Boanosas Mogens. U ceepxniomnas xyuxa («s0poy) crana paszsanuseamocs. Bee e€
COCTABJISIOIINE — 8000POOHbIE AMOMbl, K HUM Mbl OTHOCHUM UOHbI aTOMa BOJOpOja
npomusl, NPOMOHbL, U HelUMPOHbl, TPUOOPETIU CBOI0 UCTUHHYIO NEPBOPOAHYIO GOpMY U
pasmep.

BepHynuch MX CBOWCTBA M TOBEJIEHHE, OOYCIOBJICHHBIE BOJHOBOM MPUPOIOM
npoucxoxaeHusi. CraB KomMnoHeHmamu OCTAJIbHBIX amomo8, PACHOJOXKWINCh B HX
y3J7lax, CTPYKTypa KOTOPBIX MOAOOHAa CTPYKType OOBIYHBIX KPHUCTAUIOB, COIIACHO
obweco npunyuna, ycranoBieHHoro Pene Aroun 240 et Tomy Ha3za.

N emé€ opvo 3amedanue. [lpomuii, npomon W HeUumpoH — Pa3IAYHbIC
AHEPreTUUECKUE COCTOSIHUS amoma 6o0opoda IlpayTa.

Bor Bkparue u Bcs uCTopus.

*) René-Just Hally, «Essai d ‘une théorie sur la structure des crystaux»
(«Ouepx meopuu cmpoenus kpucmannos»), [lapuxk, 1784.
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