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MHP

BCTYNNEHWE

«MUP - 510 BCE! «MUP 6511 BCETJIA». «MHP COCTOUT U3 IYCTOTHI ¥ aTOMOBY.

Tak rosopui JleMokput, koraa ero cupamusand o MUPE.

B coeit kaure «®U3UKA KOCMOCA» s nan takoe onpenenenue Bceenennoit. «BCEJIEHHAS, 9TO
BECKOHEYHOE IIPOCTPAHCTBO, BO BCEX WU3MEPEHUAX, B KOTOPOM MATEPUA
OCYIIECTBJISAET CBOE BBITHE.

C TeueHHEM BpEeMEHU Y MEHsI CO3pENIO MOHATHE, YTO 3TO onpeaeneHue Mupa, Ho MUP u Beenennas 3to He
OJIHO U TO e. Sl mpesyiararo Cieayrouye onpeieeHusl.

«MNP-TO OBBEKTUMUBHAA PEANBHOCTbIOABVWOCHUWAEKHL O HE
CYWECTBYIOWASA CAMA NO CEBE. 3TO BECKPAWHEE, BECKOHEUYH(
(nyctoTta) BO BCEX W3MEPEHWNAX, BMECTE C MATEPWEWN, OCY

CBOE BbITUE.

BCENEHHAHA
CaMo CJI0BO «BCEJICHHAS TOBOPUT O TOM, YTO p€Yb I/IJIéT 0 TOM, 4YTO BCCJICHO Kyaa-ToO.
Asmaunt BCEJTEHHATBCA wMaTike@meipas ocylwecTBngeT CBOEé O6bTwH
beckpainHemM npocTpaHcTBe MUPA.
MMUP Beuen, matepust — BedHa. OHU CYIIECTBYIOT BCET/A.

Bpewma.

Ectp 1mut Takoe ¢pusnueckoe ABIeHNE WK cOOBITHE - B P € MI8Koro (hM3MYecKoro sSBICHHS WIN COOBITHS B
npupoje HeT. EcTb apyrue sBieHus, ecTh Ipyrue coObITus. Bpems e, - MpocTo MoHATHE. JTaJOHOM BPEMEHH
(OCHOBOI1) CITY’KUT HPOJOIKUTENILHOCTD KAKOT0-TO COOBITHS. HBEIOTOH 0OYeHb MyIpO OIPEAEIII BpeMs KaK «BMe-
cTrnIe coobITui». «CTpena BpeMeHH CXOIUT M3 OECKOHEYHOTO MPOIILIOro U YCTpEeMIIeHa B OecKOHEUHOE Oy-
nymiee. Kax1oi Touke 3TOM CTPENbl COOTBETCTBYIOT COOBITHSI, KOTOPBIE MPOUCXOIUIIHN, IIPOUCXOAAT WK OyayT
npoucxoauts B MUPE». Bpewms - aTo dunocodckas kareropus (He sBieHue, He coObITHE!) s onrcaHus 00beK-
TOB MaTepUalibHON PeaNbHOCTH, XapaKTEePU3yoLIas JJIUTEILHOCTh X CYLIECTBOBAHMS, B3aUMOICHCTBUS, OCIIe-
JIOBaTEJIbHOCTh MPUYMHHO-CIIEJCTBEHHBIX OTHOIIEHUH M cMeHbl hopMm Matepuu. (Buk.) Ho atu paccyxnenus
SIBJISIFOTCSI PE3YJIbTaTOM JIeSTEIbHOCTH YEI0BEYECKOro pazyma. Tonbko pa3yM MOKeT pUKCUPOBATh 0003peBaTh U
aHaIM3UPOBATh COOBITHS... HO MBI ke YyBCTBYEM 3TO BpeMsi, MbI OLIyIl[aeM ero TeueHne. Mbl roBopuM: «Bpewmst
JIETUT HEYMOJINMO» WJIN «BpeMs TaHeTcsi OeckoHeuHo». Kak ke Tak? Bpemenu, Bpone OblI Kak, HETY, HO OHO,
Bposie ObI Kak, ecTb?! S mymaro, 4To BCE 1€7I0 B TOM, YTO B HAIlleM NMOHUMAaHHK BPEMsI HECOMHEHHO CYIIIECTBYET,
Ho...L O otej 3" & ftdddBOjd sjyjddj ydéaduimcéds M’ sd2,
i3d dzlz Is O, yof, HUpxdges , w3 Ortee, , &6 W JaguM  ONpelelieHHe  BPEMEHH.
BpeMaiToO psaAfg UUKNMYECKUX COOBBITUIN, NOCTOAHHO Npoucxopqs Ll
MOXHOCTDb (MGukcupoBartThb.
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FfnhaBal
MATEPWNHA

Bnagumup I'onomanos

AHHOTaUMK4Aa
MATEPUS - ocHOBa Beex (pU3HUESCKUX SBICHIH U YICHUH.
MATEPUA —2TO XWN33Hb. ITosTomy ¢ 3TOTO pasnena s Hayan ceputo cBoux crateid o MUPE,

BBepgeHue

«B Mupe HET HHUYEro, KpoMe ABIXKYILEHCS MaTepHH, U IBIDKYIIAACS MaTepusi HE MOXKET JABUTAThCs MHAYE,
Kak B POCTPAHCTBE U BO BpeMeHH. Jleo 3a HayKoil — omnpenenuTs HCTUHHYIO CTPYKTYpy MUpa». Brickazancs
Kak-To huiocod - peposmorionep B. U. Jlennn. [laBaiite nmonpoOyem 1o BO3MOKHOCTH HAIIUX CHJI OTNPENEIUTh
9Ty CaMyl0 «HUCTHHHYIO CTPYKTYpYy MHUpay. [ Hauana HaM HaJI0 ONPENSIUTHCS, YTO Ke TaKOe «MaTepHs», YTO
BKJIFOYAET B ce0s1 3TO TIOHATHE.

dmnueckasd CyWwHOCT®Db MaTepunm

®du3nka ONKUCHIBAET MAaTEPUIO KaK HEUTO, CYLIECTBYIOIIEE B IIPOCTPAHCTBE U BO BpEMEHH (B IPOCTPAaHCTBE-
BpEeMEHH) — TpecTaBieHue, unyiee oT Vcaaka HploToHa (IpOCTpaHCTBO — BMECTHIIMIIE Belleil, BpeMs —
coObITHi); MO0 KaK HEYTO, CaMo 3a/Iafolliee CBOHCTBA IIPOCTPAHCTBA U BPEMEHH — INPEJICTABICHHE, HAYIIEEe OT
JleiitOHnna w1, HameAIIee BRIpaKeHe B O0IIeH TEOPHH OTHOCUTEIBHOCTH DWHINTeHHA. MaTepust UMeeT pa3ind-
HBIC BUJIBI U Pa3IMYHbIC cBOMCTBAa. Marepus — cocraBistomas Beenennoit. MaTtepus HaXOIUTCS B TOCTOSTHHOM
JBIDKCHUH, OHA, KaK COSIIMHACTCS, 00pa3ysl yIJIOTHEHHS Pa3JINdHON CTENEHN, KOCMIYECKHE Tella Pa3INIHbIX pa3-
MEpOB U Pa3IMYHON MUIOTHOCTH, TaK U Pa3bEeIUHSIETCS B BUJIC B3PHIBOB U M3Iy4eHU. «/I3MeHEeHUsI BO BpeMeHH,
MPOUCXOJSIINE C Pa3TUYHBIMU (OPMaMHU MaTE€pUH, COCTABIAIOT Guinueckue sineHus».[Buk]. Cornmacno OTO
Anp0e6pTa DitHIITElHA, «TF000€ TEJI0 YK TOJIbKO Oaroaaps (akTy CBOETro CyIIECTBOBAHMS 00JIa1acT YHEPTHUCH,
KOTOpast MPOMNOPIHOHANEHA MACCE TIOKOSi Mo, K @ XK, 0 € TeNo umeeT CBOEGHMWEPr eT NY ec
TOBOPHT U clleylolllee olpeenenue Matepuu: -- «Ma @& 1 @raar. mU t ederiie@rso») — QyHIaMeHTalIbHOE
(usnyecKoe MOHATHE, CBSI3AHHOE C JII00BIMH 00BEKTaMH, CYIIECTBYIOIUMH B IIPUPOJIE, O KOTOPBIX MOYKHO CY/AUTh
Omaromaps omymeHusM». [ Buk]. A 9ro Takoe onrymenue? OulyIieHne, 3T0 CUTHAJ, TOTyJaeMblil HAIIIAM MO3TOM
OT TOTO WJIM HHOTO PELENTOPa HAILIETO OPraHu3Ma IPpH KaKoM — JIOO0 BO3IeHCTBIM Ha Halie Teso. 3Hauut 3O Is § -
tedw dd3d Jils Mo sy | diyiesmpisrefra)yrdpiutaeitndideodzgroBocodueranue «o6oe TET0»
o0o3Hauaer 1000 MarepuaiabHoe Teno. ITo nonoxkenne OTO aBisercs GakToMm, HE TOAIEKAIINM COMHEHHIO,
3TO akcnoMa. MarepuaiabHOE TeJo, 3TO MaTepHs, UMEIOIas Ty WK HHYI0 GopMy. DTO MOXKET OBITh 3Be37a, a
MOXeT OBIThb, U 3JEKTPOH. 1 3Be3/a, M 3JIEKTPOH, U APYIHe MaTepHalbHbIC TeJIa UMEIOT CBOE 3HEPreTHYECKOe
monie. A 4To Takoe «dHepreTuueckoe nojeyn? Otkyna 6epercs sHeprerndeckoe mosne? Kakas sHeprusi B 3ToMm
nosie? Bexpb ecTh rpaBUTAI[IOHHOE IT0JIE, €CTh 3JIEKTPUIECKOE M0JIe, €CTh MAarHUTHOE T0JIe. YIKe OIPEeeNIeHO, YTO
HepreTmnNye-or e NipoO® T g8p aKHOCTTOBPOO M MaTepunmanbHOE Teno npodsin
un e TO nnun MHOE nponcxoxanpeHwe (Fpa}BI/IJa]I/IM(ﬁCQBIAK}jIHHOCTB:WI/I&KTpI/ILIEC
HoJIeH U UMeNl B BUly DHWHIITEHH, B BRHIPQXKEHHN «IHEPreTHYECKOE MOJIe». SHAYHT, TOBOPS O MaTEPHAIbHOM Telle,
HEeJb3 FTOBOPUTH 00 OJHOM €r0 PHEPreTHYECKOM I0JIe, a HaJI0 TOBOPUTH 000 BCEX IHEPTETHUECKHUX MOJISIX 3TOTO
MaTepHaIbHOrO Tela. Bee SHepreTHIecKue IoJisi MATEPHABHOTO Tena, Ha3oBEM 9 HEe pr etTmnyec kK oim 06 0 N «
3TOro MarepuaigbHoro tena. CienoBaTenbHO, JI000€ MaTepHaIbHOE TEIO MMEET CBOIO 3HEPreTHYEeCKyro 000-
nouky. Bee Tena; v 3Be3/1bl, U TUIAHETHI, M MOJICKYJIbI, 1 ATOMBI, M T€ 3JIEMEHTApHBIE YaCTHUYKH, U3 KOTOPHIX CO-
CTOSIT 3T MaTepHajbHbIE TeJa, €CTh HE UTO MHOE, Kak marepus. Ilomydaercsi, 4To usndeckas cyTh MaTepuH
MOXHO OIIPEJIETIUTh OHON (pa3oit:

cfovrtRrRCud Juwr v, yvyul Rf[prv #1Jd CL[tL[BRY[HSUV

XapakTepucTtumyeckunme nNpusHakKum mMaTepunu.

C HOMOILBIO CHJI CBOEH SHEPreTHYEeCKON 000IOUKH MaTepHsl IPOU3BOIUT Pa3IMYHbIC AeHCTBUA. D H € P F U 4
LIss COyd mMlse j dzdzOw d S tsdzdyd Mise j dzdzOw R OtOSIsjtedMmMisdC O HJ2M
H J 2 ) IsIpaguramms, snexTpruueckas, MarHUTHAs SHEPTUs, ITO XaPAKTEPUCTHKH CHII, OOBETHUHSIONINX MaTe-
pumo.f Ol jtedw d §tsdj s Mizisdddy O dzistc®ism j dzef dgstylso dxdzed Mlzh j
clzls.

OHOIT N3 OCHOBHBIX XapaKTEPUCTUK MaTEPHUHU SBJIICTCS Macca Tela.

Macca -TBBsanOQOCIsjtcdmMisds O, GftcjHjdwshOw Cosdzdyl Mse s
Sl cunTaro, 9TO IPU TAKOM ONPEACTICHUAH JCIICHHE MAaCChl HA MACCHBHYIO, aKTUBHYIO, HHEPTHYIO HE UMEET CMBICTIA.
B 5TOM IyHKTe 51 He cornaces ¢ Gpopmynoit Ditumreitna m=mo/N1-v2/c2. Aprypom KoMIITOH J0Ka3aHO, a OMBITAMHE
BansTepa boTte moaTBepxneHo, 9TO KOIMIECTBO MATEPHH B TEJIE HE 3aBUCUT OT CKOPOCTH ABMKEHHS 3TOTO TEJa.
[Ipu cTONKHOBEHHUH JTFOOBIX YAaCTHII, IBUTAIOIIIXCS € II000H CKOPOCTHIO, 3aKOH COXPaHEHUS HMITYJIbca COOIIoaa-
ercs. OTta popmyna DHHIITEHHA ABISASTCS PE3yIHTATOM ONMIMOOYHOTO MHEHHSI, YTO CBET 3TO AJIEKTPOMATrHUTHEIE,
HeMaTepHaibHbIe, BOJHBI. KiHeTHueckas 3HepTus - 3TO XapaKTepPUCTHKA SHEPTHH ABIDKEHI MaTepuu. Cremaem
He0O0JIb1I0I 0030p MaKpo ¥ MUKPOMHpPA Ha IIPEIMET OIPEAEIICHH MaTeprualbHOCTH KOCMUYECKHUX TEl.

M.B. JIoMOHOCOB yTBepJall, 4YTO BCE BEIIECTBA COCTOAT M3 KOPIIYCKYJ — MOJIEKYJI, KOTOPBIC SBISIOTCS


http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/%D0%92%D1%80%D0%B5%D0%BC%D1%8F
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE-%D0%B2%D1%80%D0%B5%D0%BC%D1%8F
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE-%D0%B2%D1%80%D0%B5%D0%BC%D1%8F
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%B4%D1%81%D1%82%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9D%D1%8C%D1%8E%D1%82%D0%BE%D0%BD,_%D0%98%D1%81%D0%B0%D0%B0%D0%BA
http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%B1%D1%8B%D1%82%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%B9%D0%B1%D0%BD%D0%B8%D1%86,_%D0%93%D0%BE%D1%82%D1%84%D1%80%D0%B8%D0%B4_%D0%92%D0%B8%D0%BB%D1%8C%D0%B3%D0%B5%D0%BB%D1%8C%D0%BC
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%89%D0%B0%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%BE%D1%82%D0%BD%D0%BE%D1%81%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D0%B8
http://ru.wikipedia.org/wiki/%D0%AD%D0%B9%D0%BD%D1%88%D1%82%D0%B5%D0%B9%D0%BD,_%D0%90%D0%BB%D1%8C%D0%B1%D0%B5%D1%80%D1%82
http://ru.wikipedia.org/w/index.php?title=%D0%A4%D0%BE%D1%80%D0%BC%D1%8B_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B8&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%8F%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82
http://ru.wikipedia.org/wiki/%D0%A1%D1%83%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D1%80%D0%BE%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%9E%D1%89%D1%83%D1%89%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%BF%D1%83%D1%81%D0%BA%D1%83%D0%BB%D0%B0
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((CO6paHI/I${MI/I)> 2JIEMEHTOB — aToMoB. KocMuueckue TCia, 3Bé3,Z[I)I, MJIaHEThI, KOMCTbBI aCTCPOU/Ibl, KOCMUYECCKas
IbUIb U IIP. Bceé 9TO, BCUICCTBA, COCTOALINEC U3 MOJICKYJI U aTOMOB. ATOMEI COCTOSIT U3 AApa U 3JICKTPOHOB. Hupo
aroMa COCTOMT U3 IPOTOHOB U HeﬁTpOHOB. Bce 3t kocMudeckue Tena U YaCTHUIBI aTOMa UMEIOT CBOU OHEPreTu-
YECKHUE 110JIA, UBMEPEHBI X MACCBHI. 3Ha‘lI/IT, OHHM MaT€pHAJIbHBIL. CJ'IeI[OBaTeJIbHO, 1 JJIEMEHTAPHBIC YaCTHUIIBI, U3
KOTOPBIX COCTOAT BCE MAaTEPUAJIBHBIC TE€JIA, TOKE MaTEPHUAIIbHBI U JOJDKHBI UMETh CBOU DHEPICTUICCKHUE TTOJIA.

OQNEMEHTAPHBIE YACTWUBI MATEPUWU

O6 Wwu e ¢ BRgMerrapHsIc YACTUIBI B TOYHOM 3HAYCHHH STOTO TEPMUHA - TIEPBUYHbIE, [ajee Hepas-
JIOXKMMBIC YaCTHIIBI, U3 KOTOPBIX, 0 MPEAMOJIOKCHHIO, COCTOUT BCs Matepus. CyleCTBOBaHUE 3JCMEHTAPHBIX
9JacTUIl (GPU3UKU OOHAPYKWIH NP U3YYCHUHU SICPHBIX MPOIIECCOB, MOITOMY BIUIOTH 10 cepeanHbl XX Beka ¢u-
3HKa 3JICMEHTAPHBIX YAaCTHII ObLIa Pa3[esioM sICpPHON Gu3uku. B HacTosimee BpeMs Qu3HKa 3JICMEHTAPHBIX Ya-
CTHII ¥ si/iepHasi (GPU3UKa SIBISIOTCS OJM3KUMU, HO CAMOCTOSTCIILHBIMY pa3jiesiaMu (U3UKH, 00hETUHSHHBIMHU O0TII-
HOCTBHIO MHOTHX PacCMaTPUBACMBIX MPOOJIEM M MPUMEHIEMBIMUA METOJIAMHU HCCIICA0BaHus. [ 1aBHas 3a1a4a ¢Gu-
3WKH 3JICMEHTAPHBIX YACTHIL - 3TO UCCIICIOBAHKE MPUPOIBI, CBOWCTB M B3aUMHBIX MPEBPAICHUI 3IEMEHTAPHBIX
gactull. OTKpBITHE 3JIEMEHTAPHBIX YaCTHUI] SBUJIOCH 3aKOHOMEPHBIM Pe3yJIbTaTOM OOIMINX YCIIEXOB B H3YYCHUN
CTPOCHHS BEIIECTBA, TOCTUTHYTHIX (pr3ukoii B koHIE 19 B. OHO OBUIO TIOATOTOBICHO BCECTOPOHHUMH HCCIIEHO-
BaHUSIMH ONITUIECKUX CIIEKTPOB aTOMOB, U3yUCHUEM JJICKTPUICCKUX SIBJICHUN B )KUIKOCTSAX U ra3aX, OTKPHITHEM
(hOTORNIEKTPUIECTBA, PCHTTCHOBCKHX JIyUeH, eCTECTBEHHOH paHMOaKTHBHOCTH, CBHICTEIHCTBOBABIINX O CYIIle-
CTBOBaHHUH CIIOKHOU CTPYKTYpHI MaTepuu. B 60-70-e roxsl Gpu3uKu OBUTH COBEPIICHHO COUTHI C TOJIKY MHOTOYHC-
JICHHOCTBIO, pa3HOOOpa3ueM W HEOOBIYHOCTHIO BHOBb OTKPHITHIX CyO0aTOMHBIX dacTull. Kaszamock, M He Oynet
KOHI1IA. COBeleIeHHO HCIIOHATHO, JJIA 4€TO CTOJBKO YaCTHII. SIBNISIOTCS JIM OTH 3JIEMCHTAPHBIC YaCTULBI XaOTHUYC-
CKUMH U CITydallHBIMHM OCKOJKaMH MaTepuu? Mnu, BO3MOXKHO, OHU TasAT B cebe KII0Y K [TO3HAHUIO CTPYKTYPHI
Bcenennoii? PazButue ¢pu3nku B OCIETYIONINE IECATHICTHS IOKA3aJl0, YTO B CYLIECTBOBAHUH TaKOH CTPYKTYPHI
HET HUKaKuX COMHeHUH. [TonsTre “DIeMeHTapHbIe 4acTHIBI" chOPMUPOBAIOCH B TECHOM CBSI3U C YCTAaHOBJICHUEM
JUCKPETHOI'0 XapaKkTepa CTPOCHHUS BEIIECTBA HAa MUKPOCKOITNYeCKoM ypoBHe. OOHapyxeHue Ha pyoexe 19-20 BB.
MENbYalIIIX HOCUTENCH CBOMCTB BEIIECTBA - MOJIEKYJ M aTOMOB - H YCTaHOBIICHHE TOTO (PaKTa, YTO MOJICKYJIIBI
MOCTPOCHEI U3 AaTOMOB, BIIEPBBIC ITO3BOJIFIIO OMICATh BCE M3BECTHHIC BEIIECTBAa KaK KOMOWHAITMH KOHEYHOTO, XOTS
1 OOJIBIIOTO, YHCTa CTPYKTYPHBIX COCTABIIIIONINX - AaTOMOB. BBIIBICHNE B TabHEHIIIEM HAIMIHS COCTaBHBIX Cla-
TalOIINX aTOMOB - AJIEKTPOHOB U SACP, YCTAHOBIICHUE CIOKHOHM MPHUPOIBI sIEp, OKA3aBIINXCS TOCTPOCHHBIMHU
BCETO M3 JBYX THUIIOB YacCTHII (IIPOTOHOB M HEUTPOHOB), CYIIECTBEHHO YMEHBIIIMIO KOJHYECTBO TUCKPETHBIX 3JIe-
MEHTOB, (POPMHUPYIOIINX CBOMCTBA BEIIECTBA, M JAJI0 OCHOBAHHE MPEATIONIATaTh, YTO IETI0YKa COCTABHBIX YacTeH
MaTepuH 3aBepIIaeTCsl IMCKPETHBIMU OECCTPYKTYPHBIMU 00OPa30BaHUSIMY - JJIEMEHTAPHBIMU YaCTHIIAMH

|/|CTOpI/IF| OTKPbLTWNUA «3/TeMeHTapHBLbBX Y

[IpeacraBneHne o TOM, YTO MUP COCTOUT M3 (PYHIAMEHTAJIBHBIX YaCTHII, UMEET JIOJITYI0 UCTOpHIO. BriepBbie
MBICJb O CYIIECTBOBAaHUU MENbYAHIINX HEBUAUMBIX YaCTHII, U3 KOTOPBIX COCTOSIT BCE OKPYXKAIOIINE TPEAMETHI,
ObuTa BhickasaHa 3a 400 set 10 Haieit 3pbl rpedeckuM Gumocodom Iemokpurom. OH Ha3Bal 3TH YACTHIIBI aTO-
MaMH, TO €CTh HEJeTMMBIMU YacTHIIaMU. [ JIaBHBIM JTocTIKeHHneM (ritocodun JleMoKkpHuTa CUMTAeTCsl pa3sBUTHE
UM Y4eHHs 00 aToMe - HeJIeTMMON YacTHIIe BELIECTBa, 00JIalatoe NCTHHHBIM OBITHEM, HE pa3pylIalouieics u
He BO3HUKarolel n3 Huuero. OH OIMcal MUP KaK CHCTEMY aTOMOB B ITyCTOTE, OTBEprasi 0eCKOHEUHYIO IeTHUMOCTb
MaTepuH, MOCTYJINPYs HE TOJIBKO OECKOHEYHOCTh YMCiia aTOMOB BO BceneHHOH, HO M O€CKOHEYHOCTh UX (GopM
(unet, €l00c —«BUA, OOJMK», MaTepHANUCTUYECKas KaTeropus, B IPOTHBOIOJIOKHOCTh HACAINCTHYE-
CKHM UJesIM. ATOMBI, COTJIACHO 3TOW TEOPHH, ABMIKYTCS B IMyCTOM npocTpancTse (Bemukoii [TycTore, kak roBo-
puit JIeMOKPHT) XaOTHYHO, CTAIKMBAIOTCS U BCIIEACTBUE COOTBETCTBUS (HOPM, pa3MepOB, TTOJIOKEHUH 1 TIOPSIIKOB
00 CUETUIIOTCS, 00 paszneratorcs. OOpa30BaBIIECcs COSAMHECHUS IEPIKATCS BMECTE M TAKUM 00pa3oM Mpo-
M3BOJISIT BOSHUKHOBEHHE CIIOKHBIX Tell. Camo ke ABM)KeHNE — CBOMCTBO, €CTECTBEHHO MpHUCYIIee aTomam. Terna,
3TO KOMOMHAIIMK aTOMOB. PasHooOpa3ue Ten 00yCIOBIEHO KaK pa3IudieM CIIAaraloniiux UX aTOMOB, TaK M pa3iiu-
YUEeM Mopsiika COOPKH, KaK U3 OJTHUX U TeX e OyKB ClIararoTcsi pasHble cioBa. Tonbko B Hauane XIX Beka Hayka
Hayajia MCI0JIb30BaTh NPE/ICTaBICHUE 00 aToMax, KOrJla Ha 9TOil OCHOBE yIaJIOCh OOBSICHUTH LEJIBIA P/l XUMHU-
uyeckux spineHui. B 30-e roast XIX Beka B Teopuu 31eKTpoansa, pazsutoil M. dapaneeM, NOSIBUIOCH MOHITUE
MOHa ¥ OBIIO BHIITOJIHEHO M3MEpEHHe 31eMeHTapHoro 3apsaia. Koner XIX Beka 03HaMEHOBAJICSI OTKPBITHEM SIBJIE-
HUS pagnoakTuBHOCTH (A. bexkepens, 1896 1), a Takxke oTKphITHsIMHU 31eKTpoHOB ([[)k. TomcoH, 1897 1) u 6-
gactur (3. Pesepdopa, 1899r). B 1905 roay B pu3uke BO3HUKIIO MPEICTABICHUE O KBAHTAX AJICKTPOMArHUTHOTO
noins (M. Inask A. Ditamreitn). B 1911 rogy 6suto otkpbiTo atomHoe sipo (3. Pesepdopa) m okoHUaTeNsHO
OBIJIO TOKA3aHO, YTO AaTOMBI UMEIOT CiI0XxHOe cTpoeHne. B 1919 roay Pesepdopa B mpoxykTax paciierieHus suep
aTOMOB Ps/Ia DJIEMEHTOB 00HaPY KM MPOTOHEL. B 1932 roxy /Ix. Yensuk oTkpsi1 HelTpoH. CTao sSCHO, 9TO Aapa
aTOMOB, KaK M CaMU aTOMBI, IMEIOT CJI0XKHOE CTpOEHHE. BO3HMKIIa MPOTOH-HENTPOHHAs TEOPUsI CTPOCHUS SAEP
(/1. Usanenko u B. I'etizenbepr). B ToM xe 1932 rogy B KOCMUYECKHX Jy4daxX ObUT OTKPHIT o3uTpoH (K. AHmep-
coH). [103uTpOH - MON0XKHUTENBHO 3apsKEHHAS YaCTHUIA, UMEIOIIas Ty JKE MacCy M TOT e (110 MOAYJIIO) 3apsif, 4TO
1 asekTpoH. CyIecTBOBaHME TIO3UTPOHA ObLIo Tpeackasano I1. Jlupakom B 1928 romy. B aTu roap! Ob111 00Ha-
PYXEHBI U HCCIIEJOBaHbl B3aUMHBIE IIPEBPAILEHHS IPOTOHOB U HEUTPOHOB U CTANO SICHO, YTO ATH YAaCTHLbI TAKXKE
HE SIBJISIFOTCS HEM3MEHHBIMH 3JIEMEHTapHBIMH "KHUPIUYUKaMH'" TPUPOJbL. SIMOHCKUIT (U3MK-TEOPETHK XHUIIKH
IOxaBa. B 1934 rony, B Bo3pacte 27 neT, CO34aJl CBOIO ME30HHYIO TEOPUIO U MpejcKa3all 3apsbKCHHbIE ME30HBI, a

acTtuy.


http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC

6 MATEPUSI/ v) wOOOAExOE
B 1938 rony Bmecte co cBouM yuenukom Céurn Cakatoit (1911-70), ucxons u3 3aps10Boii HE3aBUCUMOCTH siep-
HBIX CHJI, IPEJCKA3all CYIIECTBOBAHUE HEUTPAIBbHBIX Me30HOB. B 1947 1. Cecun @. TTayamn 0OHApyKUIT 4aCTHILY
1O. ¢ moMomnIbr0 HOHM3AIMOHHON KaMephl, MOMENICHHON Ha OosbImuX BbIcOTax. IlodTH HaBepHsIKa OH HE OBII
3HaKkoM ¢ paboroii TannkaBsl u CakaTbl, HO, IIOXOXE, €My ObLIAa M3BECTHA ABYXME30HHAS TUIIOTE3a, IPEII0KEH-
Hast Pobeprom E. Maprmrakom 1 Xancom A. bere B 1947 r. B 1948 r. Me30HBI OBIIIH HCKYCCTBEHHO IIOJTyYEHEI B
nabopatopun Kanmnupopuuiickoro yausepcutera B bepkiu. 3a 3tu padots FOxaBa B 1949 roxy, mocne oTKpbITHS
M-ME30HOB aMEPUKAHCKIM YUEHBIM, IEPBBIM CPEIH SIMMOHCKNX yUeHbIX nomydus Hobenesckyro npemuto. [Tnonsr
(TO ecTh p-ME30HBI), IO COBPEMEHHBIM IPEACTABICHUSIM, OCYIIECTBIIIOT B3aNMOJCHCTBHE MEKTYy HYKIOHAMH B
sape. B mocienyromue roapl YMCI0 BHOBb OTKPBIBAEMBIX YACTHUI] CTAJIO OBICTPO PACTH. DTOMY CIIOCOOCTBOBAIIH
HCCIIeIOBaHUA KOCMUYECKUX JTy4el, pa3BUTHE YCKOPUTEIbHON TEXHUKH U U3yUeHHE SIIePHBIX peakiuii. B HacTo-
samiee BpeMs u3BectHO okosto 400 cyObsAepHBIX YacTUI, KOTOPHIE IIPHHATO Ha3bIBaTh dJIeMEeHTapHbIMU. [lonas-
Jstroniee OOJBIIMHCTBO 3TUX YaCTHIL SBJISIIOTCS HECTaOMIbHBIMU. VICKITIOUeHHE COCTABIISIIOT JIMIIb (POTOH, JJIeK-
TpOH, (IO3UTPOH), MPOTOH U HEHTpUHO. Bece ocTanbHbIe YaCTULBI Yepe3 ONpeeICHHbIE IPOMEKYTKH BPpEeMEHHI
UCTIBITBIBAIOT CAMOIIPOM3BOJIbHBIE MPEBPAICHHsI B ApYrue 4yacTHibl. HecTaOuibHble 3/IeMEHTapHBIE YacTHIIBI
CHJIBHO OTJIMYAIOTCS APYT OT ApyTa IO BpeMeHaM Xi3HH. Hanbosee 10NroXuByIIel YacTHIICH ABIISETCS HEHTPOH.
Bpewms xu3HE HeliTpoHa mopsiaka 15 mun. Jpyrue gactumsl "KuByT" ropa3no MeHbee Bpems. Hanmpumep, cpen-
Hee BpeMs KU3HH M-Me3oHa pasHo 2,2-106 ¢, meiirpansHoro p-mesona - 0,87-1071 c. Muorue mMaccuBHble ya-
CTHIIBI - THTIEPOHBI UMEIOT cpeiHee BpeMst ku3Hu nopsaka 10710 ¢. CymmecTByeT HECKOIBKO JECATKOB 9aCTHIL CO
BpeMeHeM Ku3HH, mpesocxoasimum 107 ¢. Tlo macmTabaM MUKPOMHMpa 9TO 3HAYMTENBHOE BpeMms. Takue ua-
CTHIIBI HA3bIBAIOT OTHOCHTEJIFHO CTaOMIIBHBIMH. BOJIBIIMHCTBO KOPOTKOKUBYIINX JIEMEHTAPHBIX YaCTHI] HMCIOT
BpeMeHa xu3Hu nopsaaka 1022-102c. CriocoGHOCTh K B3aMMHBIM NPEBPALIEHHAM - 3TO HaubOJIee BaXKHOE CBOM-
CTBO BCEX 3JIEMEHTAPHBIX YaCTHUIL. DJIeMEHTapHBIC YaCTUIBI CIIOCOOHBI POXKIATHCS M YHUYTOXKATHCS (UCITYCKaThCsI
Y TIOTJIOIIATHCS ). DTO OTHOCUTCS TAKKe U K CTAOMJIBHBIM YacTHIIAM C TOHW TOJBKO Pa3HUIIEH, YTO NpEeBpalleHUs
CTaOMJIBHBIX YaCTHI] IPOUCXOSIT HE CAaMOIIPOU3BOJIBHO, & IIPU B3aUMOJICHCTBUY C APYTUMHU YacTHIaMu. [IpumMe-
POM MOJKET CIIY’KUTh aHHUTHIIAIMA (TO €CTh HCUE3HOBEHHUE) JEKTPOHA U MO3UTPOHA, COIPOBOXKIAIOIIASCS POXK-
JneHneM (OTOHOB OOJBIION »HEprur. MOoXeT IPOTeKaTh M OOPATHBIM MpoLece - POKACHHUE 3JIEKTPOHHO-TIO3H-
TPOHHOH Tapbl, HAIPUMEP, IPH CTOJIKHOBEHH! (POTOHOB JOCTATOYHO OOJIBIION 3HEPTHEH C AAPOM aToMa, ¢ TIpo-
TOHOM WJIM C IPYTMM COJHIHBIM U1 (pOoTOHA mpensTcTBUeM. Takol OmacHbIH JBOWHHK, KAKAM AJISI 3JIEKTPOHA
SBJISIETCS TO3UTPOH, €CTh U Y TpoToHa. OH Ha3bIBaeTCSl AaHTUIPOTOHOM. DJIEKTPUIECKHUI 3apsil aHTUIIPOTOHA OT-
punaresneH. B Hacrosmiee BpeMs aHTHYACTHIBI HAHICHBI y BCEX YacCTHI. AHTHYACTHIBI IPOTHBOIOCTABIISIOTCS
YacTHIAM MTOTOMY, YTO MPU BCTpede 000 YacTUIIBI CO CBOEH aHTHYACTUIIEH IPOUCXOINT X aHHUTHIISIINS, TO
€CTb, 00€ YaCTHIIBI HCUE3aI0T, IPEBPAIIAsCh B KBAHTHI U3ITydeHHUs. S 3aMedy, 9TO 3TO IPOUCXOINT He Beeraa. s
AHHUTWISAIIIA HEOOXOJMMO CO3AaTh ONpeAeTEHHbIe YCIOBUs. Beap He aHHUTHIMPYIOT B IPOTOHE 3JIEKTPOHBI U
no3utpoHsl?! He anHurmnmupyioT. OHM NPEeKpacHO COBMEIIAIOTCS, CO3/aB IIPH 3TOM CaMyl0 YCTOIUUBYIO KPYII-
HYIO 9aCTHILy - IPOTOH. Tak Kakas jkeé M3 TPEX CTaOMIbHBIX YaCTHI SBIISETCS JIeMeHTapHoi?... Helitpuno?...
Het He#lTpHHO HE MMEET IEKTPHUUECKOTO 3apsiia, a YaCTHIA TOJDKHA MMETh 3apsi. DiekTpoH?... Bo3MoXHO.., HO
MIPY CTOJIKHOBEHHH JIEKTPOHA C MTO3UTPOHOM HPOUCXOANT PEAKIU aHHUTWISINH, IPH KOTOPOIl 3JIEKTPOH U I0-
3UTPOH pacHajaroTcsi Ha raMMa KBaHTHI (poTonsr). Octaérest 0HAa KaHAUAATYPA, YIOBIECTBOPSIONIAsS BCEM Tpe-
OoBaHMIM AneMeHTapHO acTuipl. 910 DOTOH.

®OTOH

®oToH - camas pacripocTpaHEHHas 110 YNCICHHOCTH YacTHIa Bo Beenennoii. Ha oanH HykIoH npuxoanTcs
He MeHee 20 MmwmmnapaoB ¢oToHOB. [lepBBIM, HCTOPHUYECKH 3a(UKCHPOBAHHBIM COOOIIEHHEM O (OTOHE Kak O
yacTuIle, ObII0 onrcanue (OTOHA B TPY/Ie BETUKOTO y4€HOro U MbichuTens Erunta W6H an - Xaiicama «Kuura
00 onrtuke» B 1021r. W6H an-Xaiicam (965—1039), u3BectHeiid B EBporie mox mvenem AsxaseHa, He OblI prsn-
KOM, ¥ y HEro He ObUTIO MPpHOOPOB TSI MCCIEIOBAaHMS CBETA, HO OH OBUT O(TaIBMOIOTOM U HCCIICAOBAN CAMBIHA
COBEpILECHHBII CBETOBOM MPHOOpP CO3MaHHBIN MPHPOIOH — TJa3 JKUBOTHOTO U 4enoBeka. B «KHure o6 ontuke»
Y9EHBIN ITPECTaBHI CBET B BHJIE OTOKA MEITbYANIIINX YaCTHII, KOTOPBIE «HMCITBITHIBAIOT HEXBATKY BCEX 3aMETHBIX
Ka4ecTB, KpoMe 3Heprum». 3amersTe, MIOH an Xaiicam cBS3BIBa€T B OJHO 1I€JI0O€ MAaTepHAIbHYIO YaCTHUKY, U3
KOTOPBIX COCTOMT CBET, U €€ sHepruto. 1o B 1021roxy! Kaxosa cuna u nposopnusocts Meiciu!!! Ho 3TOro HuKTO
He MOH:UT ¥ He olleHnI. OYeHb HU30K OBbUT YPOBEHb Pa3BUTHs OOLIECTBA U HAYKH.

CrpemieHue MOHATH (PU3NUECKYIO TIPUPOJY CBeTa OBUIO JIENTMOTHBOM Bcex uccienoBanuii M. HeroTona.
Chavana HbIOTOH CKJIOHSUICSI K MBICTIHM O TOM, YTO CBET — 3TO BOJIHBI BO BCeNpOHHKaroueM s¢upe. [Todxe oH
OTKa3aJICs OT 3TOi unen. Pa3mbinmienus npuBenn Hpl0TOHa K MpeACTaBICHUIO, YTO CBET — 3TO HOTOK OCOOBIX
YaCTHUII, KOPITyCKYJI, BBUIETAIOIINX U3 UCTOUYHUKA U ABMKYIIMXCS MPSIMOJIIMHEHHO, TIOKAa OHU HE BCTPETAT MPETIT-
ctBus. Kopmyckymsipaas Mmoens 0OBsCHsIA HE TONBKO MPSIMOJIMHEHHOCTD PacTIpOCTPAaHEHHS CBETa, HO U 3aKOH
OTpaXXEHUs, U, paBaa, He 0e3 TONMOJHUTEIBHOTO MPEAIIOIOKEHHUS, 3aKOH MpenoMieHus. Y HploToHa Hamummich
MPOTUBHHKH, KOTOPBIE HUKAK HE MOTJIM IPUMHUPHUTH Teoprto HpI0TOHA 1 BOJIHOBBIE CBOMCTBA CBETA. JTO M XpH-
ctuaH [troiirenc u Tomac FOHT 1 np. OKOHYATETFHO BOJTHOBAS IPUPOJIA CBETA YTBEpAMIACh Tpydamu Jxeimca-
Kiepka Maxkcsemia. B 1900 rogy Teopusi, paccMarpuBaromas JIEKTpO- MarHUTHOE M3JIYYCHHE KaK KOJICOaHHS
3MEKTPUUECKOr0 U MAarHUTHOT'O MOJIEH, BBIMJIAAeNa 3aKOHYeHHOH. OJHaAKO HEKOTOPBIE IKCIEPUMEHTHI, TPOBEAEH-
HBIE [103KE, B PAMKaX 3TOW TeopHH 00bsICHEHHs He Halui. Makc [Tnank ¢akTuyecku npusHal, 4To OCUMWILIATOD,


http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5
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KOJIEOTIOIIMICS ¢ YaCTOTOH V, U3IIy4aeT CBET AUCKPETHHIMU NOPLUSIMHU (KBAaHTaMH), SHEPTHs KOTOPBIX MIPOIOp-
roHanbHa yactore E=hv. [lonydennyro ¢popmyiy aist pacripeneneHust SHEPTUH B CIIEKTPE 3JIEKTPOMArHUTHOTO
M3Iy4eHus abcomoTHO YepHoro Tena [lmank qonoxwnn 19 nexadbps 1900 Ha 3acemannu bepauHcKoro GU3NIecKoro
o0mecTBa. JTOT AEHB IO MPaBY Ha3bIBAIOT AHEM POKACHHUS KBAaHTOBOH TeopuH. [lanpHeinIne 3KCIepIMEHTHI 1I0-
Ka3aJIM, 9TO 3TH CBETOBBIE KBAHTHI TAK)KE 00JI1a1al0T MIMITYJIbCOM, (HO BEZIb UMITyJIbca 0€3 MacChl HE MOXKET OBITH!)
¢ 9 .I$losToMy OKa3aI0CH BO3MOKHBIM PACCMATPUBATh MX KakK KOJIEOAHHS 3IEKTPOMAarHUTHOTO mosi. DoToH u3-
HavalbHO ObLT Ha3BaH DUHIITEHHOM «CBETOBBIM KBaHTOMY (das Lichtquant). B 1917 r. D#HIITEHH MpeImOIOKIII,
YTO KBaHTOBAHHE PHEPIUH, 3TO CBOWCTBO CAMOTO 3JIEKTPOMAarHUTHOTO m3nydeHus. [Ipu3HaBas crpaBeIMBOCTD
Teopuu MakcBena, DWHIITEHH yKa3all, YTO MHOTHE aHOMaJIbHBIE B TO BPEMS Pe3yJIbTaThl IKCIIEPUMEHTOB MOTYT
OBITH OOBSCHEHBI, €CIM SHEPTUIO CBETOBOW BOJIHBI JIOKAIN30BaTh B OA00HBIE YaCTUIIAM KBAaHTBI, KOTOPHIE JIBH-
JKYTCsI HE3aBHCUMO JAPYT OT JpyTa, Ja’ke ecIH BOJIHA HEMPEPBIBHO pacHpocTpaHsaercs B mpocTpancTse. B 1909 u
B 1916 ropax, DWHIITENHH NOKa3aJl, UCXOSI U3 CIPABEVIMBOCTH 3aKOHA M3JTy4eHUsI a0COIIOTHO YEPHOTO TeNa, YTO
KBaHT SHEPTUH JIOJDKEH Takke o0Onanath UMIyinbcoM p=h/A. Mmysbc (oToHa ObLT OOHApYXEH SKCHEpUMEH-
tanpHO ApTtypom KomnToHoM, 3a 3Ty paboty oH nonyuni Hobenesckyro npemuto o ¢usuke B 1927 rony. Ceii-
yac poton npeacrasisiercs Tak. DoToH (OT Ap.-Tped. PMS, PO, MaA. PMTOG, KCBET») ITO dJEMEHTapHAasl YaCTHUIIA,
KBaHT 3JICKTPOMAarHUTHOTO M3JIy4eHHs (B y3KOM CMBICiie — cBeTa). COBpeMeHHOe Ha3BaHHE, KOTOpOoe (POTOH MO~
JYYHII OT TPEYECKOTO cloBa QMG «phds» («cBeT»), Obuto BBeneHo B 1926 xumukom ['mnbdeprom H. Jlpromcom,
OITyOJINKOBABIINM CBOIO TEOPHIO, B KOTOPOI OH BBICKa3al CBOE MHEHHE, 4YTO ()OTOHBI, ITO KHECO31aBacMbIe U
HEYHUYTOKUMBIe _dacTuil».[Buk.http:ru.Wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%%BD].
Cunraercst, 4To (OTOH 3TO Oe3MaccoBasi YAaCTUIIA, CIIOCOOHAsI CYIIECTBOBATH TOJBKO BHIasCh CO CKOPOCTHIO
cBeTa. DNEKTPUUECKHIA 3apsi POTOHA TakxkKe paBeH Hy 0. CpaBeJIMBOCTH Pajid CTOUT 3aMETHTh, YTO XPOMO/IHU-
HaMUKa HajiensieT (POTOH BETOM (3apsioM) B OTIMYHE OT JIEKTPOIUHAMUKH. DOTOH MOXKET HAXOAUTHCS TOJIBKO
B JIByX CIIMHOBBIX COCTOSIHUSIX C IPOEKIIMEH CIIMHA Ha HalpaBJIeHHe IBUKEHUS (CIIMPaTbHOCTHIO) £1 DTOMY CBOM-
CTBY B KJIACCHYECKOM 3JIEKTPOJMHAMHUKE COOTBETCTBYET KpyroBas IIpaBas WM JIeBas MOJIAPU3aIUs JIEKTpOMar-
HUTHOM BOIHBI. POTOHBI 0003Ha4aIOTCS OYKBOIl Y, MO3TOMY MX YacTO HAa3bIBaIOT raMMa-KBaHTaMH (0COOEHHO
(hOTOHBI BBICOKHX SHEPTHil); 3TH TEPMUHBI IPAKTHIECKH CHHOHUMHUYHEL. B coBpemenHoi CTaHIapTHOW MOJEIH
(DM3UKM 37IEMEHTapHBIX YaCTHI] CYIIIECTBOBAHUE ()OTOHOB ABISIETCS CIEICTBHEM TOTO, YTO (PU3UUECKHE 3aKOHBI
WHBAPHAHTHBI OTHOCHUTEIILHO JIOKAIFHON KaJIHMOPOBOYHON CHMMETPHUH B JIFO00H TOYKE MPOCTPaHCTBA-BPEMEHU.
OTOH XKE CHMMETpPHUEH ONpeneTIoTCs BHYTPEHHUE CBOMCTBA ()OTOHA, TAaKUE KaK 3JIEKTPUUECKUH 3apsin, Macca?
(HO yacTHna ke 6e3maccoBasi!)d 8 Is1.cnimn. CunTaercsi, YTO BUPTYabHBIC (DOTOHBI SBISIFOTCS MEPEHOCUUKAMH
3JIEKTPOMAarHUTHOTO B3aMMOJICHCTBHS, TAKMM 00pa3oM obecreunBasi B3anMOAEHCTBIE, HAIIPUMED, MEKAY ABYMS
NIeKTpUYECKUMH 3apsaaaMu. KBaHTOBas Teopusi HAM FTOBOPHUT, YTO (DOTOH, 3TO KBAHT AJIEKTPOMArHUTHOM SHEPTUI
BOJIHBI CBETAa. DHWHIITEHHOM MPHUHATO CY)XJCHHE, 9TO (POTOHBI HE MMEIOT MAacChl IIOKOsI, YTO CBET, KaK TOJBKO
3apO’KAAETCS, TaK U IBUKETCS C IIOCTOSTHHOM CKOPOCTBIO M 3Ta CKOPOCTH SBJISIETCS HaMBBICIIEH cKOpocThio Bee-
JIeHHOHW. YacToTa | JUIMHA BOJHBI CBETOBOTO M3JITyYEHMS MOCTOSIHHBI Ha BCEM MPOTSKEHHUHU €ro JKM3HU. A Kak
3apO’KAAETCS CBET, OTKYAA 3apO’KIAAETCs CBET, KaKkas cuijia ABUraeT (GoToHBI? DTO B TO BpeMs Jaxke DUHIITEHHY
He ObIIO M3BecTHO. UTO e MBI HMeeM Ha caMoM Jene? «IIeKTPUUECKUi 3apsaa (OToHA TakKe PaBeH HYIIOM.
OTOT MyHKT HE COOTBETCTBYET COBPEMEHHBIM JaHHBIM. YK€ U3BecTeH 3aps/ GpoTona. Hanbombmas TOYHOCTS, ¢
KOTOPOH yJanoch u3Meputh 3aps GpotoHa papHa 5x 10752 K (umm 3x107% @), Vike nojpcuurana Macca (Komnuye-
cTtBo Marepuu) ¢ortoHa. HambGombimass TOYHOCTB, C KOTOPOW yAalnoch M3MEpPHTh Maccy (OTOHa,
m=1, 10 (61 10 ddzd P 0 kts J Mmis! 9 1 #j Yistetsdgfso . 17 1(
[http://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%0%BD] «IlepBas u3 3j1eMeHTapHBIX Ya-
CTHII, y KOTOPOH CTajI0 U3BECTHO €€ CTPOCHHE, - 3TO YacTHIA (POTOH, COCTOSIIAS 3 IBYX KBAHTOB - KBAHTA 3JIEK-
Tpuueckoro notoka (1.602-1071° Ki) u xpanTa MarauTHOro noroka 2.068- 10 15 B6.» (Anemanos C.B. «Teopus
MOJIs»). 3/1eCh MBI BUIUM MIPSIMOE YKa3aHHe Ha MPUCYTCTBUE 3JIEKTPHUECKOTO M MarHUTHOTO Nojst. [IpucyrcTue
MarHUTHOTO TI0JIS1 y ()OTOHOB MPU3HAETCSA M KBAHTOBOH TEOPHEH, HO KBAHTOBAs TEOPUS OOBACHSICT HAIMYHE Mar-
HUTHOTO TOJISI BPAIIEHNEM «CITMHY 3JIEKTPHUUECKOro Mojsl. VicXoms U3 BBIMIEU3I0KEHHOTO CIIEAYeT BBIBOA, UTO
caMoil dJeMeHTapHON JacThlleld MaTepuu sBisieTcss poToH. OH SBISETCS W AJIEMEHTAPHON YaCTHIIEH CHIIOBOTO
HOJISA, U 3JIEMEHTapHOI yacTuie BemecTsa (nmoxyaenue ConHia, naBineHue cBera, porodddekr). HazoBém Mbl
oty yactuiyy KBAHTOM. Ecin wactuny paccMaTpuBaeM B 00JacTH SHEPIHU — 3TO KBaHT SHEPTUH, B 00JIacTH
MaTtepuu — kBaHT Marepuu. KBAHT- Menbuaiimas yactuna Mupa. 3T0 TOT KUPIHYHK, U3 KOTOPOTO COCTOSIT U
9HEpreTHYecKue oIS, U BelecTBeHHass MaTepust. OH SIBISIETCS] OTHOBPEMEHHO M YaCTHIEH SHEPTHUH, ¥ YaCTHLEH
MaTepuHu.

KBAHT

KBaHT MaTepun cOCTOUT U3 TBEPAOTO HEM3MEHIEMOTO SiApa, KOTOPOE MOKPHIBAET TTaCTUYHAs (KBAHTOBAs)
obosouka. Bee nonst kBaHTa; TPaBUTALMOHHOE, JJIEKTPUUECKOE, MATHUTHOE HCXOMAT U3 ero supa. Korna kBaHT
MOJIBEPTaeTCsl BO3JACHCTBUIO BHEIIHUX CHJ - CAABJIMBAETCS, MPOUCXOAUT Aedopmarus (cxarue) ero 000J0UKH.
O005104Ka KBaHTA MIPH CKATUH MPOSIBISIET JUAIECKTPUUECKHE, IMMArHUTHBIC U TUTPaBUTAL[OHHbIC KauecTBa. Uem
Oouibiie ckata 000JI0YKa KBaHTA, TEM MEHbIIE KBAHT PearnpyeT Ha IPaBHTALMIO, JIEKTPUUECTBO, MArHETHU3M.
(Tak MoxeT u3 000JI0YKH MOJA-TO UCX0AAT?)... [Toka 3TOT BOMPOC TOYHO HE HCCIICAOBaH OyJIeM CUHTATh, YTO
MOJISL KCXOMAT U3 siipa) BoT modemy, He MPOMCXOJNT AaHHUTHIISIIIMY BEIECTBA C KAKOW ObI CHIION HE CXKHMAaJH
MaTepuro. CKUMasich, KBAHTHI TEPSIOT YacTh CBOCH MOTCHIMANBHOM, IEKTPUYSCKOW U MATHUTHOM YHEPTUH, TO


http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%82%D0%BE%D0%BD,_%D0%90%D1%80%D1%82%D1%83%D1%80_%D0%A5%D0%BE%D0%BB%D0%BB%D0%B8
http://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D0%B1%D0%B5%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BF%D0%BE_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B5
http://ru.wikipedia.org/wiki/1927_%D0%B3%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B4%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BF%D0%B0%D0%B4%D0%B5%D0%B6
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://ru.wikipedia.org/wiki/1926
http://ru.wikipedia.org/wiki/%D0%9B%D1%8C%D1%8E%D0%B8%D1%81,_%D0%93%D0%B8%D0%BB%D0%B1%D0%B5%D1%80%D1%82_%D0%9D%D1%8C%D1%8E%D1%82%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%B7%D0%BC%D0%B0%D1%81%D1%81%D0%BE%D0%B2%D1%8B%D0%B5_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D1%8B
http://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C_%D1%81%D0%B2%D0%B5%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C_%D1%81%D0%B2%D0%B5%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B7%D0%B0%D1%80%D1%8F%D0%B4
http://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D1%8B
http://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%81%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%8F%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D1%8B%D1%85_%D0%B2%D0%BE%D0%BB%D0%BD
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%8F%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D1%8B%D1%85_%D0%B2%D0%BE%D0%BB%D0%BD
http://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%BC%D0%BC%D0%B0-%D0%BA%D0%B2%D0%B0%D0%BD%D1%82
http://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D0%BE%D0%BD%D0%B8%D0%BC
http://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D1%8B%D1%85_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D0%B8%D0%B1%D1%80%D0%BE%D0%B2%D0%BE%D1%87%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BC%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE-%D0%B2%D1%80%D0%B5%D0%BC%D1%8F
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B7%D0%B0%D1%80%D1%8F%D0%B4
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%80%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D0%B0
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%B2%D0%B7%D0%B0%D0%B8%D0%BC%D0%BE%D0%B4%D0%B5%D0%B9%D1%81%D1%82%D0%B2%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B7%D0%B0%D1%80%D1%8F%D0%B4
http://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%BB%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D1%8B%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B7%D0%B0%D1%80%D1%8F%D0%B4
http://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BB%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B2%D0%BE%D0%BB%D1%8C%D1%82
http://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C_%D1%81%D0%B2%D0%B5%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%B0_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B0
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€CTh TEepSIIOT CIIOCOOHOCTh pearupoBaTh Ha BO3/CHCTBUE dHEpreTHUeckux mnoseil. OnHako, Bc€ Gonee nmpuodpe-
TAlOT BHYTPEHHEH SHEPTUM - YNPYroCTH (KaK C)KMMaeMbli PE3MHOBBIM LIAPHK). YTPYrocTh KBaHTa — 3TO €ro
(MexaHMYecKas) BHYTPEHHASA YHEprus. UeM OoJbIe CKMMAETCsl KBAaHT, TEM MEHBIIIE B HEM OCTAa&TCSA ITPaBHTALU-
OHHOM, 3JICKTPUYECKON 1 MarHUTHOH >Heprun. KBaHT npeBparmaeTcs B ynpyryro 6oisasky. [Ipu oOpeTennn cBo-
00mpBI B KBaHTE IPOUCXOAAT OOpaTHBIE TPOLIECCHI.

MocTpoeHUEe 3NeMeHTapPHBLX YacTWUL BeWeCTBEHHO
DIeMEHTAPHBIMHU YaCTUL[AMH BELIECTBEHHON MATEPUH SBISIIOTCS DNEKTPOHBI M TO3UTPOHBL. OHHU COCTOSIT U3
KBAHTOB MAaTEpHHU. B 3IEKTPOHE TOJNBKO OTPHUILEATEIBHO 3apsKEHHBIC KBAHTHI, & B MIO3UTPOHE — MOJIOXKUTEIBHO
3apsuKeHHble KBaHTBL Kak sxe Tak!? - ckaxxere Bbl, - Bellb KBAHTBI OJJHOTO DJICKTPUYECKOTO 3apsia JIOJDKHBI OT-
TaJIKUBATHCS JAPYT OT Apyra! ONHAKO, HE OTTAIKUBAIOTCS, & HAKPEIIKO CLEILIAIOTCS APYT C APyroM, obpasys Bce
BHJIbI BEIECTBA, KOTOPHIE CYIIECTBYIOT B BeenenHoi. [IpoaHaM3upoBaB 3Ty CHTYAIMIO, & TAKKE TO, YTO DIIEK-
TPOHBI (IIO3UTPOHBI) YACTHUIIBI MATHUTOHENTPATIbHBIE, 5 IPUILEN K BHIBOJLY, YTO CBA3aHBI KBAHTHI MATEPUH B DJICK-
TpoHe (II03UTPOHE) APYT € APYrOM MarHMUTHBIMHE MOJIIMU Pa3HbIX 3HakoB! & dzj H 59 Ok jzdgzt3detdzls Otedzr 7 YO -
fMlsdy B@OIjted ydlsrtej 9dHO: 190 oadHO | dzj B delsOtedz" = YOMmls dn
HoeoOd HO  dzj d3j dzlsOtedz" = yYOMIsdy, dL ¢ sHakdabkenabapEet3ynodzl-4 Isfmw &
JMMoe KouuecTBo kBaHToB (1x10%2y), IIOTHOCTH | 3apsia 06pa30BaBILEics YaCTUIIBI CTAHOBUTCS TAKOM, 9TO 9Ta
YACTHIIA CTAHOBUTCS HHAUBUIYYMOM — DIEMEHTAPHOMN YaCTHIEH BEIECTBEHHOM MaTepiH (SJIEKTPOH, TO3UTPOH).
Ho BO3HHKaeT U APYroil BOMPOC — MOYEMY K€ OOBEANHSIIOTCS KBAHTHI TOJBKO C OJHUM JIEKTPHUYECKHM 3apsi-
goM..22?2 [ UyjodHdas, CQBetrs o dHO 1 dzjSlstedyj MS se ts? Ifisldy), Odgd s
9LOddisL O dMmd diigtsmls+ d30 dzglzg Is g &) la@6Due Gouto myTaHuIbL, T 0603HAYMIT HX
Pa3HBIMU TUIIAMH 3HAKOB ¥ IPHCBOMI UM Ha3Bauus CY ( ) j o JQbY dg)y;0€ dizj oBj dels Otedzr j yOMmisdyr
Is tg ts d&® — (nordik); CSi (sjujdik)+ dzj d3j dals Otedz’ j yYOMIsdyr + dzj € lstctsdzO.
DT 0 TONbKO nN@epR o diokieS@IAK «CiuHy, HanpuMep. [laynu gaxe He 060CHOBA
nonstue «CITUH». [Tpocto BBEN ero st TOro, 4To0bl YCTPAHUTh HECOOTBETCTBHE B aHainu3e pacuéroB. Ho Mbl
0 CUX MOP MOJIB3YEMCS STHM MOHSTHEM. Ho, uto
ke Takoe «CIHH» U OTKY/ia OH 6epéTes?

CnmnH

B 1924 rony Bonbdran [1aynm BBOIUT B KBAHTOBYIO MEXaHHUKY HOBYIO CTEIICHb CBOOOIBI, YTOOBI YCTPAHHUTH
MMEBIIYIOCS HECOCTOSITEILHOCTD B MHTEPIIPETANN HAOIOAAEMbIX MOJICKYJISIPHBIX CIIEKTPOB. [laynu 3TOT criuH
caM He HaOJII0jall ¥ HY B KaKUX JIPYTHX OMBITaX 3TO ABJICHHE He onuchiBanock. Ho Ilaynu 6611 MBICTAIINN yuEHBII
U OH NPHIIEN K BBIBOAY, YTO CYIIECTBYET €€ HE M3BECTHAs CTENEHb CBOOOJBI YACTHUIL. DTOT BBIBOJ OKA3aJICs
NpaBWIbHBIM M ONPEJeNnI JanbHeliee pa3sutie Gpusnku. B nmocnencreun Beisicamwiock 4to CrnuH, - 9TO MpHU-
poaHoe siBlieHue mMaTepun. Be€ B mpupojie ctpeMuTcest K paBHOBecHio. Eciu mosBMiiock Kakoe-To AEHCTBUE WIIU
MaTepHsl, 3TO CPa3y JKe BBI3BIBAET MPOTUBOAEHCTBHE 3TOMY sIBICHMIO. [I0sSBI€HNE MarHUTHOTO MTOTOKA IIPH CO-
€IMHEHHNH 3JIEKTPOHA U TO3UTPOHA, HaNpUMep, MOOYKAaeT JIeiicTBHE OKPYXKAloIeH MaTepUu K YHHYTOKCHHIO
3TOr0 HecOaJaHCUPOBAHHOTO MarHUTHOTO NMOTOKA. Torza 3apspKeHHbIE YaCTHIIBI, HAXOISIIUecs] BOJIM3H MOTOKA,
HAYMHAIOT BPAIIaThCs HEPIEHANKYIISIPHO MOTOKY. Bpamiasce, oHM 00pa3yroT MarHUTHBIH HOTOK IPOTHBOIIOJIONK-
HOTO HalpaBIEeHUs. DTU YaCTUYKH BPAIIAIOTCS C TAKOW CKOPOCTBIO, MPH KOTOPOH cO34aéTCS MAarHUTHBIN NOTOK
PaBHBIN 110 BEIMYHMHE, HO MPOTHUBOIIOIOXKHBIHN 110 HAPABJICHUIO NIEPBOHAYAIILHOMY TIOTOKY. A camu 1o cebe 6e3
y4JacTusi IOCTOPOHHUX MOJIEH HUKaKHe YacTHIB BpallaThes He OyayT. SIBieHHe BpalleHHs YacTHI[ C «IETKOH
pyku ITaynmm» u npuoGperno HazBanume «CIIMH». Ilo 3Toi mpudYmHE >JIEKTPOHBI BOKPYT siapa HE MO T Y T Bpa-
WaTbCsA NO PFPBHEIMM YT TaMU  HaK IO H asapa, Kakd oK Tiop maiipen-N 0 T 0 K Y
CTaBIAIOT Ha KAPTHHKAX aToM. He KyJIOHOBCKHE CHIIBL, Kak mpeanonoxui 3to Hunse bop, a snepHsie — MarHuT-
HBIE CHUIBI 3aCTaBISIOT BPAIIATHCS JIEKTPOHBI BOKPYT siapa. Ho B TO BpeMs 3TOro He 3HAJM M CYUTAIIH, YTO Bpa-
IIEHHE YaCTHIl TOIydaeTcsl He B pe3yiIbTaTe BO3ACHCTBHS MarHeTH3Ma Ha YacTHIIBl, & MATHETH3M MOSBISAETCS B
pe3ysbTaTe BpAICHHS 3apsHKEHHBIX YacThil. & dzj H 59 Ols j dz' dets, 1 dzj S lstetsdz" © Olstdyj B
otcOh O MW o HdEH dOf tsGady dapdi d tctk@ s ezl dgd . 1 5, oL d
Yylstse ofmj 4 dzj ¢ stetsdzgr Ho dG Odzd My M tHddZOSCots?2 dzddzj 2 des?2 MmC
Msswdzdwr s WHEO Mdhzsd 1 dzj Clstetsdztso , H ts dzy dzf 9O OIs! Mw M
fdudbtsilks0tcon jddg, fedesHs?2 ftej HJ dzj dg tc O%288 S dadsldsi- dz! dzr j
ter 4, COC hotedSsftsuhdyfded S d, Métsdz LY diYHE MBBB2, COL HJ
Misw dzd +{ dzj € Is dlexzdzo jpyropdaseue crivy doToHa. ITa eqMHIYHAS YaCTUIA HUKAK HE MOYKET
BpaIaTses, HO OHA MIMEET MarHUTHOE TI0JIe, IPOEKIK KOTOPOTO B JIFOOOM HANpaBICHUH MMEET OJMHAKOBBIN pe-
3ynbTaT. O HAIMYUHU 3TOTO0 MAarHUTHOTO IOJISt ¥ TOBOPUT HaM CIIUH (poTOHA.

BeiBopg
l-s90dzls™ BOIjtedd, 1 Istsyr dzp M &ls By@dl'Gofaaforc@riplsegrernueckue
moJist, ¥ BemecTBeHHas Matepus 2 - § dzj € Is to ts dgr d fsLdktetsd , LIsts 1 dzj d3j dzls Otc dz

B30 Is j teldidfiararo, uro yérkoii KoHGUrypauuu y HuX HeT. OHU MOTYT OBITh U B BUJIE HUTEH, KaK, HAIPUMED,
B MIPOTOHAX, U B BUJE KOMOYKOB HJIM APYrod (Urypsl. DTH YaCTHLIBI MOTYT MPUOOPETAaTh (GOPMY TaKyl0, KaKas
HEe00X0AMMa JIIS TIOCTPOEHUS. MATEPHH.


http://ru.wikipedia.org/wiki/1924_%D0%B3%D0%BE%D0%B4
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Yeprexu U CXEMBbI
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tdf2 15l ¢r1v Jour-brRRoOGE Odels)

1. cwdpsdyr . 2. s90dzZsso OV sSBBIEYSs o0 yofmlsdyr. 3.
4. CdzjC¢bteduyimStsjy ftsdzi. 5. JtOQoadbOydtsddsi ftsd
GtcOo dlsOydsdzdzse 5§ sdzw .
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5. 1 ©OodlsOydesdedesy f§tsdzy 5. wddzser j dzddzedd ctcOo
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OnemMeHTapHbLE YyacTuUuLb BelwecTBa
MO3NTPOH

SHCPTCTUCCKUEC TTOJIA

Apa KBAHTOB

1 T'paBuTaunoHHoe 2) Sneecxoe 3) Maruuthoe nose (C) 4) MarnutHoe nosne (1O)

mnone none (+) Haspanue kBanTa (ceBepun).  Ha3Banue xBaHTa (F0KaK)

JJIeKTPOH.

0 KBAHTa

4) MaruutHoe nose (S) 5) MaruutHoe none (N)
Hassanue xBanTa (sjujdik).  Hassauwue xBanTa (nordik)

QO O D O

tdm7 1

(BapuaHurt

1)
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OnemMeHTapHbBe YyacTuub BewecTBa (BapumaHT 2)
MO3WTPOH

KBAHTEI

MarnutHoe mone «fO» roxkak  5) MarauTtHoe mose «C» ceBepuH
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Frasa 2
MATEPWA WU SBES,EI,I:I

3BE31IBI, ATO TE JIEMEHTHI HAIIETO OBITHS, KOTOPHIE COPOBOXKAAIOT HAC B TEUEHHE BCEH JKU3HU; U, KOHEYHO,
y JIoJiel BO3HUKAeT HeMaJlo BOIPOCOB — uTo Takoe 3Be3na? Iloyemy ona cBetut? U3 yero ona cocrout? Yro
HaXOAMTCSI B TIPOCTPAHCTBE MEKAY 3BE3aaMu? Y mp. DTH BOIIPOCHI N3y4aroT y4EHBIE, TUIIYT 00 3TOM KHHUTH.

Bor 4to no aToMy Bompocy mumieT yuénbiii — actponom C.U Hlkmosekuit «J 3 L oY L Hdz 3  teisfyls to |
fMtej Hdzv v dzsils Qs fnldz todeld ffd BB tetz! 5O 2P S Blemdeyd M CHY e ddds d i34 Is
ddzj Htse Ols j dz' dzts, sO¢ CO0C 1 dzgjtecdw S OYHSGTHSdds, MdeQ sShe §yk
MOdzls d d3jdatelj Ydz®@ ¥ L Hdetse s ftesMiste OdeMmiseo O ff tod m SyH] Iseipwy j ddyy dz' dzjj to -t
dd tIsdmn CoO0Odzsse ftedd3 edes SOCdJ Yd, COSC 9 L9YLHZ » O
Btsdzz hje. R. dw. ZCdzsomM&éd2 ¢1oYLH'". RnA Sy HJ Grkgia X dL dz
e OepyTcsl KBaHThI SHEPTHH B MEX3BE3IHOM npoctpaHncTBe? U mouemy ke B 3BE3AHBIX aTMOCc(epax ITHX KBaH-

TOB Hem3Mepumo Ooubie? Kak 3BE3/1bI n3IydaroT cBeT? 3Be3/a, 9TO ropsuee Telo, a BCIKOE Topsiuee TeNo, Kak
M3BECTHO, U3JTydaeT TeryIo U cBeT. OO 3TOM Iiacut Gpu3nYecKuii 3aKoH yCTaHOBJICHHbIH yuéHpiMu CTedaHoM u
Boneiivanom. Ero ¢opmyna TakoBa: DHepreTuueckasi CBETUMOCTD YEPHOTO Tella MPSMO-NIPONOPIIMOHANIBHA YeT-
BEPTOIA cTeneHu ero TemnepaTypsl R=6T* rne 6=5,7x10® Br/M?K* R-sneprerudeckas caerumocts, TO K — Tem-
neparypa no mkaie KenpBruHa. 3Be31a — Kak BCSIKOE ropsiiee TEJ0 CBETHUTCS, - HCITyCKaeT KBAaHThI CBETa, KOTOPHIE
001amaroT 3MEKTpUIecKoil sHeprueii... Ho He TOIBKO 37eKTpHUecKoi, a emé 1 MarHUTHOH »Heprueil. Om3uku
TOBOPSIT, YTO CBET PACTIPOCTPAHSETCS QIEKTPOMATHUTHBIMY BOJTHAME. 3HAYHUT KBAHTHI CBETA 00JIaJaf0T KaK JJICK-
TPUYECKOH, TaK M MATHUTHOH 3Heprueit. OxgHako, AnsoepT DiHImTEeHH B 1917r.0my0mmkoBai cBo¢ 3asBICHHE O
TOM, YTO KBAHTHI CBETA, KPOME IIEKTPHUECKOTO M MarHUTHOTO, 00JaJaf0T TAaKXKe M TPABUTALMOHHBIM ITOJIEM H
JIOJDKHBI OTKJIOHATBCSI OT CBOEH TPaeKTOPUH JIBM)KEHUS B I'PAaBUTALIMOHHOM IIOJI€ APYTroro KOCMHUYECKOIro Teja.
AHrmickuil acTpou3uk ApTyp DIIMHITOH PELINI IPOBEPUTH HA OTBITE, TAK—IU 3T0 U B 1919 rony cobpan u
BO3IJIaBUJI DKCTIEAUIHIO HA OcTpoB «[IpuHiuny» B 3anagHoi Adpuke A1 M3yUeHHs] COJTHEYHOTro 3aTMeHus. Ero
LEJIbI0 OBLIO MOJATBEPIKACHHE OTKIOHEHHUS Jyda CBeTa, mpoxosuiero onu3ko ot ColHIa, KOTOpoe ObUIO Tpe-
ckazano Teopueit OTHOcuTenbHOCTH DiHIITeitHa. Ha omHOW M3 (OTOIUIACTHHOK M3MEpEeHUs Jalnu pe3yJbTar,
npescKa3zaHHblil DitHIITeitHOM. Pe3ynbrar 3T0it adhprkaHCKOI SKCHEeTUINK 1a)l IEPBOE NOATBEPKICHUE TEOPHH
OUHIITEHA, 0 TOM, YTO TPaBUTAIHS H3TUOACT JIyd CeTa, MPOIISIINI PIIOM C MaCCHBHOI 3Be30i». [ paBuTanus,
3TO cHJIa, C KOTOPOH OHO (PU3NYECKOE TEJIO IPUTATHBACT K cebe npyroe ¢usnueckoe teno. Mcaak HproToH ycra-
HOBHJI, YTO 3Ta CHJIA TIPSIMO MIPOTIOPIIMOHAIbHA IPOU3BEACHHUIO Macc TeJl M 00paTHO MPOTOPIIMOHANbHA KBaApaTy
paccTosiHUS MEXIy HUMHU. A 4To Takoe Jiyd cBera? Jlyd cBeTa, 3TO MOCIEI0BATENHHO PACIIOJIOKECHHBIE KBAHTHI
cBera. Ecim OTKIOHMIICS JTyd CBETa, 3HAYMT KaX/IBIH KBAHT 3TOH I1OCIIEJ0BATEIbHOCTH OTKIIOHHUIICS B 3TOM MECTE.
3TO 3HAYMUT, YTO KXKABIH KBAHT 00J1a/1aeT KaK 3JIEKTPUIECKOH, KaK MarHUTHOM, TaK U TPaBUTAllMOHHON SHEpTrHeit.
ITo pacuéram yu€nnix ComHIle, U3ITyuasi CBET, TEPAET KAKAYI0 ceKyHy 500 MIIH TOHH CBO€H MacChl. DTO 3HAYUT,
910 M3mydaemble COJHIIEM CBETOBBIE KBAaHTHI, €CTh HE YTO MHOE, Kak MaTepuanbHble yacTnuku Comnua. To ects
CouHIle n3ay4aeT U3 ceds To, U3 4ero OHO COCTOUT. A COCTOHMT OHO M3 MaTepHu. 3HAYUT KBAHT, 3TO YaCTHYKA
marepun. Uem okpyxena 3emisi? — ATMocdepoil. ATMocdepa, 3To ra3oBasi COCTaBJIsIolIas Halel mianeTsl. OHa
COCTOMT M3 TAaKMUX BEIECTB, KaK KHCIOPO, BOAOPOA, a30T U T.J. DTO BCE XUMHUYECKHUE 3JIeMEHTHl. OHH COCTOAT
U3 aTOMOB M MOJIEKYJ1. A 4TO 32 aTMoc(epoid, Bbilie arMochepsl? A 3a aTMochepoi MPOCTUPAETCSI TPAaBUTAIIMOH-
Hoe nosie 3eMiid. B 3TOM mpocTpaHCTBe yKe HET HH aTOMOB, HM MOJIEKYJ. OHO COCTOUT M3 3JIEMEHTApHBIX Ya-
CTHYEK — KBAaHTOB (IpaBUTOHOB). Kax/1ast U3 3THX 4acTHYEK UMEET CBOE 3IEKTPUIECKOe, MarHUTHOE W I'paBHUTa-
muoHHOE moJie. Bot 00 3tux wactuukax u coodbmaer M.C. IlIkmoBckuii B cBoer kHure G3BE3ABL. VX poxmeHue,
*KU3Hb U cMepTh.» Ctp. 41. CoBpeMeHHbIE y4EHbIE OXOTATCS 3a TpaBUTOHaMU. OHU JKAYT 3THUX NPUILEINBIEB U3
TIyOOKOro KOCMOCa, a TPABUTOHBI-TO COBCEM PSIJIOM, HO B YHCTOM BHJIE, KaK YacTHIA, Y KOTOPOH TOJIBKO TpaBH-
TAI[OHHOE T0JIe, NX O0Mu3Ko Het! ['paBUTOH, 3TO MPOCTO OCTHIBIIMK KBAaHT MaTepUH, Y KOTOPOTO YK€ 0CTAIOCh
MHHHUMYM BHYTPEHHEH SHEPruu (TeMIIepaTyphbl), HO MAKCHMAJILHO PACKPBITHI BCE OCTAIbHBIE M0JIsL. Takue KBaHThI
HaXOJSTCSl HAa OY€Hb OOJIBIIOM PACCTOSHUHM OT 3eMJIM. 3a ThICSYENIeTHs, KOTOPbIE KBaHT MPOBOAUT B MYTH OT
M3ITyJaronie 38e3/161 10 3eMITH, M3TyYEHHBIH 3BE3/1010 KBAHT OCTHIBACT, BOCCTAHABIMBAET CBOIO KBAHTOBYIO 000-
JIOYKY, a, CI€JOBATEIbHO, M CBOM CHJIOBBIC MOJISl, B TOM YHCJIE M caMoe OOJBIIOE M CHIBHOE TPaBUTAIIMOHHOE
nosie. Takum 00pa3oM OH MpeBpaIIaeTcs B TpaBUTOH.

3apokIeHne MaTepun

Kak >xe 006pa3yroTcs BemiecTBa MaTepun? JTO y3HAIM YU&HbIE IPOU3BO/IS pa3InyHble HccaeqoBanus. [l XX O H
OJanb A8 03 olydnakysal pe3ylbTaTbl CBOUX MCCIIEIOBAHUH O JUCKPETHOCTH Pa3JIMYHBIX BEIIECTB.

OH ObLT EPBBIM, KTO HAYall pa3BUBaTh HAYYHYIO TEOPHUIO aToMa. AHruiickuil pusuk Ko 3 ed [XOH TomMc o
1897r., nccnenyst OTKJIOHEHNE KATOAHBIX JIy4el B MArHUTHOM M JIEKTPHUYECKOM ITOJISIX, JOKa3aJl, YTO OHHM SIBJISI-

I0TCS TIOTOKOM OTPUIATENIFHO 3apPsDKEHHBIX YaCTUYEK, BBIYMCIINII UX YJETbHBIN 3apsil U ONPENeIIHII, YTO X Macca
npubnm3uTensHo B 1837 pa3s MeHbIe OT Macchl aTOMa BOAOPOAa. ITO OBLIO MPSAMBIM M HAACKHBIM O T K P bIT U € M

9 n ek T placuak: /Kparko 060 Bcem © kratkoe.com B 1897 roay, . JIxx. ToMcoHOM GbLiIa IpeACTaBlIcHa

MOJIeTb aTOMHOTO cTpoeHus. CormacHo Mozenu TOMCOHa, aTOM MMEET MOJIOKHUTENbHBIN 3aps, KOTOPBIH paBHO-

MEPHO 3aI0JHAET BECh €0 00bEM, BHYTPH €TI0 PACIIOIO0KEHBI JIEKTPOHBI, TEM CAMBIM aTOM HECKOJIBKO HAIIOMH-

HaeT MyJuHT ¢ n3toMoM. Ilpeamnonaranaock, 9TO 3IEKTPOHOB OOJIBIIOE KOIWYECTBO, U OHM MOTYT HaXOJHUTHCS B

JBIKeHUH. CaM aToM SBISUICS 3JIEKTPO-HEHTPpaIbHbIM. AHIVIMICKHUI yYEeHBIH, OCHOBATEIb HEKOTOPBIX HaIlpaBJe-
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HU# B pusukw, naypeat Hobenesckoit mpemun. 9P H € C T P eBa@auedd D cpofeTusi, CBOMMH HUCCIIE0Ba-
HUSIMH JI0Ka3ajl, YTO aToM MMeeT 1apo. OHO 3apsHKeHO MOJIOKHUTENLHO U 3aHMMAaeT HeOOJIbIIYIO YacTh Y aToMa,
BOKPYT CaMOTO0 SApa ABUTAIOTCS AIEKTPOHBI. DTH JaHHBIE OBUIN OIyOIMKOBaHbI B JIOHHOHCKOM XXypHase 1o (hu-
mocopurel 9 1 1 . FloooM YBISICHUIOCK, YTO PO COCTOUT U3 IIPOTOHOB, KOTOPHIE UMEIOT — MOJIOKHUTEIBHBIH
3MEKTPUYECKHUHN 3apsizl, U HEHTPOHOB — YaCTHII, KOTOPBIE HE NMEIOT AIEKTPHUIECKOTO 3apsaa. OKa3anock, 9TO 4eM
GoutbIlie aTOMHBIN BEC y BEIIECTBA, TEM OOJIBIIE SIEKTPOHOB M MMO3UTPOHOB BXOAUT B COCTaB €T0 aToMa. ATOM —
3TO MEPBUYHBIN KUPIUYUK U3 KOTOPBIX BBICTpaUBaeTCs BCE BellecTBA. Benukuii pycckuil yu€HbIi-XuMuk JImut-
puit UBanoBu4 MeHzeneeB BbISIBUII ONPEACIEHHYIO 3aKOHOMEPHOCTb, KOTOPAasi 3aKJII0YAETCs B TOM, YTO CBOMCTBA
BEILIECTB 3aBUCST OT UX aTOMHOTO Beca. Pe3ynbTaToM 3THX MCCIIEIOBAHUH cTajla 3HaMEHHTas TaOJIUIa XUMHIYe-
CKHUX JJIEMEHTOB, KOTOpas SIBJISICTCS rpaMuecKUM BBIPaKeHUEM 3aBUCHMOCTH M3MEHEHHUSI CBOWCTB BEIIECTB OT
aTOMHOTO Beca.

1A ] NEPUOOUNYECKAA CACTEMA XUMUYECKUX SNEMEHTOB 1. U. MEHOEJIEEBA Vil A
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1 OCt5dd j demj zPpal@d dstsfyilsd dL d3j dzj dzedv fots2Mlse o jh jMmiso
SAPOXOEHWE 3 BES3/AbI

A BOT mpyroit ab3all, KOTOPBIA TOKE MHOTOE MOXET HaM MOSCHUTh. ¢ R L ISSEets W OSSO, 7yl B (
LOYLHMBES 6O0LO dd3jels wOmiftejHJdzj ded § , fcOQéd yimdhid dmdeo §
LO9YLH, 9"lsjCOjls desOdzdydj By HE deddBd ¢ jdzj sdyj mMSts2 fmoawrL g
OfMstcsdets BOdZ Oteckzdzj dals’ o Htsdz' Lz thmdesodetsets ftoj HY Sdzisy j dad
zOCIsdej Hlkky dd StsdzH § dzglmMOyd d t=RB. dzGKL. 5 97 CdglgtioLfip®y dL2H dts)20 YfiptHi"H.T R
d fmdzsj els* . &€ RLH. 10CO 1975 6. MmMbte. 31.

W3 sToro cnexyer, 4To 3Be3aa, 00pazyeTcst U3 KBAaHTOBO-BEIIECTBEHHOTO 00JIaka B MEX3BE3IHON TYMaHHO-
ctu Puc.3. S cumrato, uro Mocnd CaMyninoBHY HECKOIBKO HETOYHO BBIPA3HiCs, B TOM, UYTO 3BE3JBI 00pa3yOTCs
MyTEM KOHJIEHCAllU 00JIaKOB MeK3BE3THON cpenibl. S OBl Ha3Baj 3TO sBJIECHHE HE KOHJEHCAINeH, a KOHIICHTpa-
nyell Marepuu B obOiake Mex3BE3MHON cpenbl. Ecim B MeX3BE3IHOM NMPOCTPAHCTBE KOHLEHTpPAIMS MaTEepHH,
npuMmepHO, | kBaHT Ha 1 cM3, TO B 3TOM MecCTe MO KaKMM-TO MPMYMHAM KOHIIEHTPAIMs MAaTEPHH OKa3alach
6ompire. [Tpu Takoil KOHIIEHTPAIIMY TPOUCXOIUT CONMKEHNE PA3ITUIHBIX JIEMEHTOB 3TOTO O0JIaKa U BCTYIMAIOT B
nerictBue cuibl rpaButanun. OOpasyeTcs HeHTp npuTsHxeHus (ueHTp Macc). [lox meficTBHeM CHI TpaBHUTAIINH,
(cumBl B3aUMHOTO TIPUTSHKCHUA Tel), KOTOpas Hanbojee CIIIFHO BRIpaKEHa y KaXKA0TO WIeHa 3TOT0 CO00IIecTBa,
BCE KOMITOHEHTBI 00pa30BaBILErocs 00J1aKka CTaparoTCs MONACThb B €ro LEeHTp Macc. JlaBieHne B IEHTPEe YBEJIUYH-
BaeTcs. BceBo3MOKHEIS T€J1a, 4aCTUIIbI, aTOMBI, KBAHTHI MaTCpUn C6J'II/I)K3.}OTC5I, 06'I)GJII/IHHIOTC$[ UX DJICKTpHUYC-
CKHEC U MAarHUTHBIC T10JI. HpOI/ICXOIII/IT O6paBOBaHI/Ie QJIEMCHTAPHBIX YaCTHUIL BeH_[eCTBeHHOﬁ MaTepuu — BJICKTPO-
HOB (TTO3UTPOHOB). 3aTeM NPOUCXOJUT 00pa30BaHHE MPOTOHOB. 3aTEM W3 NPOTOHOB U AJIEKTPOHOB BEIIECTBO.
HauwmnaeT 3TOT BeniecTBEHHBIH PsiJl - BOJOPO/, caMoe JIETKoe U pocToe BemecTBo. Ho, o6mako pactér Bogopoa
CTaHOBUTCS BCE Ooublre. Matepus BcE npuobiBaeT. LieHTp Macc Bcé Oosblie cliaBiuBaeTcs MpuObIBatomeil Mac-
coil Matepuu. B nentpe macc 3Toro obnaka coznaércs O0bIIOE JABICHUE W TEMIIEpaTypa, YTO CHOCOOCTBYIOT
CO3JJaHUIO U3 aTOMOB BOJIOpOJa aTOMOB reyust. Tak B cepenuHe o0i1aka Bogopoa o0pasyercs siIpo U3 aTOMOB
renus. Pazmepsl Bcero o6i1aka yBeTMUMBAIOTCS, M BCSI 9Ta B3aMMO3aBUCHMAs MaTE€pUs CTPEMHUTENBLHO JIBIIKETCS K
LEHTPY. B neHTpe yBenuuuBaeTcst ero MIoTHOCTh U JIaBJICHHE TOW MacChl BEIIECTBA, KOTOPas TaM OKa3alach JTO
€037aéT yCIIOBUS IJIsl TOTO, 4YTOOBI B LIEHTPE Macc, B 00J1acTu reius, 00pa3oBanock saapo jutwus....Ho rpaButanu-
OHHOE TI0JIe 00JIaKa CTAHOBUTCS 0OJIbINIE, OOJBIIe U MaTepHUU BOBJIEKaeTcs B 3To obyako. Jlanee, ¢ yBenndeHHEM
B IICHTPE JaBJICHHUS U TEMIIEPaTyphl B LEHTpe oOnaka oOpasyercst Oepmiumii... W T. A, U T.A. B meHTpe macc
CO3JAf0TCs caMble IUIOTHBIC BemecTBa. OgHAKO, Mpouece UAET CTPEMUTEIBHO U y MaTEpUH HET BO3MOXKHOCTH
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OPTaHU30BAaThCSI B 3TOH TECHOTE M, €CJIM B ra3000pa3HOM COCTOSIHUU MaTepHs HAXOAMTCS B BUAE TUIa3MBbl, TO J1a-
Jiee, IpY YBEJIMUEHHH IIJIOTHOCTH, 3TO yXKe XKUAKAas I1a3Ma, KOTopasi CTaHOBHUTCS BcE OoJiee MII0THOM nprOnnxa-
ACh K IEHTPY 3BE3Mbl. A Kyza jK€ YXOIOHUT 3HEPIHs, KOTOpas BBIAENISETCS B PE3yJbTaTe 3THUX peaknuii? A arta
SHEpTUst HAET Ha MTOCTPOEHHE CIEAYIONINX, 00ee MACCHBHBIX U IUIOTHBIX BEIIECTB, KOTOPOE 00pasyeTcs Oike
K IIEHTPY Macc U Ha u3IydeHue. Te BemecTBa, KOTOpbIe 00pa30BaiCh paHEE OKa3bIBAIOTCS B BEPXHUX cepax u
MepeXo] U3 OJHOTO BEIECTBA B ApPYyroe (BOJOPOAa B TEIHi, HAIPUMEp, MPOUCXOANUT YK€ NaJeKO OT ICHTpa.
3Be3y MOXKHO CPaBHHTH C KaCKaJIOM, Y KOTOPOTO BCSl MaTEPHsI ABHKETCS 1O CTYIIEHbKAM B IIECHTP, a Ha KaXIOM
Kparo CTyIlleHeK oOpa3yeTcst HoBoe BemecTBo cM. Puc.2-6. B menTpe obmaka obpa3yrorcs Bc€ Oosee IOTHBIE
(Tsoxénple) BemecTBa. B aToT nepuox 38e31a uMeeT GpopMy OOIBIIOTO MIapa KpacHOTo LBeTa U HasbiBaeTcs «Kpac-
HBII TUTaHT». S cumTato, 4TO NpU U3YUYEHUH 3BE3M, HAJI0 YUUTHIBATh UMEHHO TUHAMUKY 3THX IIPOLIECCOB, IPOUC-
XOIAIIMX B 3Be371e. Bce peakiyy o0pa3oBaHMs BELECTB MPOUCXOAST MTPH ABWIKEHHH MAaTEPUH K LICHTPY 3BE3.Ib,
KOTOpOE Be/IET K KyOMYEeCKOMY YIUIOTHEHUIO MaTepuH 1 00pa30BaHUH BCE OOJIBIIETr0 KOJIMYeCTBa HEHTPOHOB. [l
TOTO0, YTOO 3TO JI0Ka3aTh, NPOBEAEM HEKOTOPBII MPOTOHHO-HEUTPOHHBIN aHanu3 Tabiuns! J1.11. Menneneesa.
MEPNOAOMNYECKAA CUCTEMA XWMWMYE OB Wnorod-fekrpbinHiflananu3)

Ne | Hamvenosame | 9003 K-BO K-BO HEI
wn | snemeHToB Ha AT-BEC | 1poToHOB TPOHOB
yeHME
1 Bopmopon H 1,00795 1 -
2 Tenmit He 4,002602 2 2
3 | Jlurmit Li 6,9412 3 3
4 Bepummit Be 9,01218 4 5
5 | Bop B 10,612 5 5
6 Yraepon C 12,0108 6 6
7 | Asor N 14,0067 7 7
8 Kucnopon (0] 15,9994 8 7
9 | ®@rop F 18,99840 8 9
10 | Heon Ne 20,179 10 10
11 | Harpuit Na 22,98977 11 11
106 | Cubopruii Sg 271 106 165
107 | Bopuii Bh 274 107 167
108 | Xaccwuit Hs 277 108 165
109 | MeiitHepuit Mt 278 109 169
110 | Jepmmranruit Ds 281 110 171
111 | Penrrenuii No 272 111 171
112 | Hunk Lr 285 112 173
113 | Uut Rf 113
114 | Uug Db 289 114 175
115 | Uup Sg 115
116 | Uuh Bh 292 116 176
117 | Uus Hs 117
118 | Uuo Mt 293 118 175

{dM2. 2ub] 2SO (SCOL' 0 0Oj 5 2O§ tOo dzj deq § Lo dzd uj dzd v

Bce aneMeHTEHI, epeynciieHHBIC B Ta0IHIE, CO3AI0TCS B IIPUPOJIC U CYHIECTBYIOT B ipupoae. OHU co3fa-
IOTCSI U CYIIECTBYIOT BO BCEX KOCMHUYECKHX TelaX, B TOM YHCJE M 3BE3NIAX, HO Mbl HE YBHJIUM OTH BEIIECTBA,
MOTOMY, 9TO OHHM: 1) pacroyiokeHs! B TIIyOHMHE 3BE3AbI 2) HAXOAATCA B COCTOSHHHM IUIa3Mbl. MBI HaOoaeM
TOJIEKO HaJM4ue BOAOPOJIa, KOTOPBIH pacroiaraeTcsi B BEPXHUX CIIOSX aTMOcdepbl 3Be3bl. OTHAKO, MBI MOXKEM
Y3HATh O TOM, YTO HAXOJUTCS BHYTPH 3BE3]IbI 1O aHAIOTY. Harra 3emiis Koraa-To B COCTaBe HaIleH COTHEYHOM
CHUCTEeMBI TOXe Obla 3Be30il. Te BemecTBa, KOTOPBIE HAXOAATCS B aTMocdepe 3emi, Ha 3emiie U B Heapax
MMEIOTCS W B 3BE31ax. UTO e MBI 3HaeM O PacCloJIOXKEHHH BEIIeCTB Ha 3emie. Bo-mepBrix, 3eMiII0 OKpyKaeT
rpaBUTALIMOHHOE TMoJie Hamed I1uiaHeTbl. OHO COCTOMT M3 KBAHTOB MAaTEpHM, KOTOPHIE HA3bIBAIOT
«'PABUTOHAMM». Huxe 3THX cBOOOJHBIX IPaBUTOHOB pacIiojaraercs CJIOW MPOCTEHIIEro BEIeCTBEHHOTO
3JIEMEHTA - BOJOPOa, KOTOPBI COCTOUT M3 OHOTO IMPOTOHA M OJHOTO JIEKTPOoHA. B 0ojee HU3KHX CIOSIX aTMO-
cepbl HaXOIATCS TETKUE AIEMEHTBI — TeITUIA, KUCIOPO/, a30T, U Ap. OHH COCTaBIISIFOT ra30BYI0 aTMochepy 3eMItH.
Huxe pacnosiockeHna »xuakasi 4acTh Hamed 3emiin — Boja. DTO celdyac BOAa pa3MecTUIach B CKIIAJKaX 3eMIIH,
00pa3yst OKeaHbI MOPS ¥ PEKH, a B 3Py MOJIOJION 3eMJIIH BCS KHIKOCTh POBHBIM CIIOEM, pacroarajiach Ha 3emie.
Hwmxe Bogs! pacmionaraercs TBepab 3eMHast. OHa cOCTOUT U3 TBEPABIX BemecTB. OHaK0 3aKOHOMEPHOCTE COOITIO-
JaeTcs enrHas. 3aKOHOMEPHOCTh ITOCTPOCHHMS BEIECTBA BO Beel BeenenHol otpaxaer Tadmuma /.M. Mennene-
eBa.

6 mapra 1869 roma (18 mapra 1869 rona) Ha 3aceqaHuu PyccKOro XMMUYECKOrO OOIIECTBA OBLIO 3aYHTAHO

¢


https://ru.wikipedia.org/wiki/18_%D0%BC%D0%B0%D1%80%D1%82%D0%B0
https://ru.wikipedia.org/wiki/1869_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A0%D1%83%D1%81%D1%81%D0%BA%D0%BE%D0%B5_%D1%85%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE
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coo01enue pycckoro yuéHoro Jmurpus ViBanosuya MeneneeBa 00 OTKpbITUN UM Ileproinueckoro 3aKoHa Xu-
MHYECKHX DJIEMEHTOB, BCKOPE COOTBETCTBYIOLIAs CTaThsl OIyOiMKoBaHa B «KypHaine Pycckoro ¢pusuko-xumMuye-
CKOro obmiecTBa». B ToM e romy BBIILIO MEPBOE M3JaHNUE MEH/IENIEEBCKOTO yueOHIKa « OCHOBBI XUMHUMY, B KO-
TopoM Oblla TIpHUBEICHA €ro Iephonudeckas Tabmmia. B cratee, matupomanHOi 29 HOs0pss 1870
roza (11 mxexabps 1870 roma), omybiaukoBanHOH B «KypHaie Pycckoro XMMH4IECKOTo 00IIeCTBa MO/ Ha3BaAHHEM
«EcTtecTBeHHas cucTeMa 3JEMEHTOB M MPHUMEHEHNE €€ K YKa3aHHIO CBOMCTB HEOTKPBITBHIX 3JIEMEHTOBY», MeHe-
neeB BriepBbie ymotpebmn tepmud ¢ § j tod SH d WJ M $xep@r nalcydibcts@@ine HeCKOMBKUX HE OTKPBI-
ThIX €€ areMeHToB. B aBrycre 1871 roga MenzaeneeB Hanucan UTOTOBYIO cTathio «llepuoanyeckas 3aKOHHOCTh
XUMHUYECKHX deMeHToB» (HeM. Di e per i odi sche Ges ¢uszZ8i?reng dngplumsatee der E| €
Ha HEMEIIKOM si3bIke B JkypHasie Annalen der Chemie und Pharmacie. B aToit pabore Mennenees nan ¢popmyiu-
POBKY IEPHOANYECKOI0 3aKOHA, OCTABaBLIEMYCsl B CHIIE Ha MIPOTSHKEHHH OoJiee copoka JieT. [lepuoauyeckuii 3a-
koH (Marepuain u3 Bukuneaun — cBoOOAHON 3HIMKIIOTIEIUH)

B Henpax Omike K IEHTpY HEOECHOTO Telia, - OyIb TO IUIaHeTa MM 3Be3/ia, WM KaKoe-TO APYroe KocMuye-
CKOE TeJIo, TIe CaMOe BBICOKOE JIaBJICHHE, 00pa3yloTcsl OoJiee MacCHBHBIE BELIECTBA, C BBICOKOM IUNIOTHOCTHIO. B
UX COCTaBe OOJBIIOE KOIMIECTBO HEMTPOHOB. CaMoe IUIOTHOE BEIIECTBO 00pa3yeTrcst B MEHTPE Macc KOCMUYe-
ckoro Tena. YeM IIoTHEE BEIMIECTBO, TEM OOJIbIIE HEUTPOHOB B aTOMax BEmIEeCTB oOpasyercs. B tabmure, Puc.2-
2, KOTOpasi MPEJICTaBJICHA B JAHHOH CTaThe, MPEICTABICHBI TOJIBKO T€ BEIIECTBA, KOTOPHIE HAM N3BECTHBI HA JAaH-
Hoe BpeMs. Ho 1 B Hell mpocinesxuBaeTcst aOCOMOTHOE M OTHOCUTENNBFHOE YBEIHICHHE KOJIMIECTBA HEHTPOHOB TPH
YBEIMYCHAN aTOMHOTO Beca BellecTB. Jlanee mocie mepednciICHHBIX JIEMEHTOB CIEAYIOT BEIIECTBA, B aTOMax
KOTOPBIX BCE OOMbIe U OOJIbIIEe HEHTPOHOB, TAK KaK OHH 00pa3yloTCsl IPH BBICOKOH TeMIiepaType M OONBIIOM
JIaBJIeHUH. A 4TO Takoe HeUTpoH? HeUTpoH — 3T0 caMblii INIOTHBIHM JIEMEHT BEIIECTBEHHOM MaTepuu. DJIEMEHTHI,
COCTOSIITHE U3 OONBIIOr0 KOJIMYECTBa HEHTPOHOB, HAXOAATCS OJIM3KO K LIEHTPY HIIU B LIEHTPE KOCMHUYECKOTO TeJa.
HeiiTpoHs! ke kak MaTepusi Oyap TO 3Be3aa win «YE€pHast IpIpa COCTABISIOT SIIPO KOCMHUUECKOro Tena... [lanee
MaTepHs y)ke He C)KMMaeTCs U HUKaKKe BEeIlecTBa He 00pa3yroTcs.

BrisiBuB O6IJ_[yIO TCHACHINIO CTPOCHMS BEHICCTB MOKHO NPEAINOJIOXKNUTL, YTO B z[aaneﬁmeM o MEpe Hapac-
TaHMS JAaBJICHUS CO3/aHMS SJIEMEHTOB MX aTOMHBIN Bec OYIET yBEIMYMBATHCS 3a CUET 00pa3oBaHUsI HEHTPOHOB.
Tak OyzeT 10 TOro 3Ha4EHUs JaBICHUS, TIOKa BCS Macca BEIIECTBA B IIEHTPE KOCMUYECKOTO Tella He IPEBPATHTCS
MPOCTO B CKOIICHUE CXKAThIX KBAHTOB. BOT M3 3TOTr0 BEHIECTBA M COCTOUT SIAPO 3BE3MBI.

ITpousBeném ManeHbKUI aHAIU3 cocTaBa BemecTB. Eciu y Bomopoaa nMeeTcs TOJIBKO OJUH NPOTOH M OJIUH
3JIEKTPOH, TO B COCTaB sAJIpa T'eJns YK€ BXOIAT ABa HEUTpoHa. e Onmke K IEHTPY Macc, OKa3bIBAeTCsl MaTepus,
TEeM OHa IUIOTHEEe, TeM OoJbllle HEHTPOHOB 00pa3yeTcs B aTOME BEIeCTB. BeposTHO, eCTh Takoe BEIIECTBO, B
aToMe KOTOPOT'0 OCTaHeTCsI TOJIBKO OJUH MPOTOH. KonmdecTBO HEMTPOHOB B 3TOM aTOME MBI 0003HAYNM CHMBO-
nom N-1 (seonpenenéunoe MEOXKecTBO). Hazosém stot anement H E 1 T P O H MYolSb3uaunm ero cuMBosioM
«Nt» Jlanee MaTepusi, OKa3aBIIascs B IIEHTPE Macc KOCMHUYECKOTO TeJa II0ABEP)KeHa TAKOMY JJaBJICHHUIO, UTO, HE
MMeeT HUKaKUX aTOMHBIX TPaHMI (ME30HOB) M HUKAKUX Pa3IH4Iuil. ITO MPOCTO OTPOMHBIN KOM CTHCHYTBIX CO
BCEX CTOPOH KBAaHTOB. B rpade — xonmuecTBO HEHTPOHOB MBI OCTaBUM 3HaK N, 4To B JaHHOM ciryyae Oyzaer
0003HaYaTh MPOCTO «MHOMKECTBOY». ITOT 31eMeHT Mbl Ha30BEM K B A H T U /1 'Y Mo3namim ero cumBosiom
«Kv>» .

{ Mdzd o9 jMmilsd o kOBddJyk kOBddykz ~ddidyj MSdr 1 dzj d3j delstso
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OQnemMeHTapHasa 4YyacTb Tabnwuybl

Ne /i HammenoBanne »simemeHTa 0O603HaueHNe

1 KBAHT (DJIEMEHTAPHBIE HACTUIBI MATEPUN) y'e

2 KBAHT (DJIEMEHTAPHBIE HACTUIBI MATEPUN) y"

3 KBAHT (DJIEMEHTAPHBIE HACTUIBI MATEPUN) ye

4 KBAHT (DJIEMEHTAPHBIE YACTHUIIbI MATEPUIN) y's

5 DJIEKTPOH (QJIEMEHTAPHBIE YACTUIIbI BEHIECTBA) €

6 TTO3UTPOH (DJIEMEHTAPHBIE YACTUIIbI BEHIECTBA) et

ATOMHOE 4d4APO

IIpoToH (cocTaBHas 4acTHIlA AaTOMHOTO sifipa (HYKJIOH) p
HeifitpoH (cocTaBHas yacTHIIa aTOMHOTO s/ipa (HYKJIOH) n



https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%BD%D0%B4%D0%B5%D0%BB%D0%B5%D0%B5%D0%B2,_%D0%94%D0%BC%D0%B8%D1%82%D1%80%D0%B8%D0%B9_%D0%98%D0%B2%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%96%D1%83%D1%80%D0%BD%D0%B0%D0%BB_%D0%A0%D1%83%D1%81%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%BE-%D1%85%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B0
https://ru.wikipedia.org/wiki/%D0%96%D1%83%D1%80%D0%BD%D0%B0%D0%BB_%D0%A0%D1%83%D1%81%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%BE-%D1%85%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B8%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%85%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/11_%D0%B4%D0%B5%D0%BA%D0%B0%D0%B1%D1%80%D1%8F
https://ru.wikipedia.org/wiki/1870_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/1871_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BC%D0%B5%D1%86%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BC%D0%B5%D1%86%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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BewecTtTBeHHas 4YyacTb Tabnuuybsl
Ne | Haumme- | O6o3na- | ATTOMHBIU K-BO K-BO K-BO K-BO
N/ | HOBaHMe | ueHHe BEC [IPOTOHOB | HEUTPOHOB | IIPOTOHOB | HEM
3NIEMEH- B % TPOHOB
TOB B %
7 | Bomopon H 1,00795 1 -
8 | I'enuid He 4,002602 2 2 100 0
9 | Jlutuit Li 6,9412 3 3 50 50
10 | Bepun- Be 9,01218 4 5 50 50
T
11 | Bop B 10,612 5 5 50 50
12 | Yraepon C 12,0108 6 6 50 50
13 | Asor N 14,0067 7 7 50 50
14 | Kuco- 0] 15,9994 8 7 50 50
poAa
15 | ®dTop F 18,99840 8 9 47 53
? | HelitpoHnym Nt ? 1 N- 0 ~100%
HEOoIpeneEHHOe
MHO>KECTBO
? | Kautuiuym Kv ? 0 N MHOKeCTBO 0 100% v
tdm3 2

B tabmuie ctpenkamu cO0Ky 000O3HAYEHO HampaBJICHHE K HEHTPY 3Be3nbl. [10 3TOMY HampaBICHUIO IBH-
JKCTCA BCA MacCa MaTCpru, OKPYyKAroIIee AApO 3BE3AbI. BeH.[eCTBa Hpeo6pa3yroTC${, nepexons u3 OAHOTO B IPYroe
Ha IpaHUIax 3THX cdep. Beiaensromasics mpu 3ToM SHeprus UAET Ha IpeoOpa30BaHIe BEIIECTB Ha 3TOW IpaHHIe
pa3acia U Ha U3J1yYCHHUC. Tak B 3BE3C MPOUCXOAAT MMOCICAOBATCIbHBIC Hp€06p330BaHI/IH MaTepuu B pas3iMIHbIX
e€ ciosix. [lon neficTBUEM CHITBI TPaBUTAIIMHU, KOTOPAs BICUYET MATEPHIO K IICHTPY, MaTeprs BCE OOIbIIe 1 OOJIbIe
CIKUMACTCH, IIPEeBpaAllasCh B KBAHTHUIIUYM,
cHoatAIMa O | dzg B deledEMYy M cBOWcTBAa ob6pa3yemissWismMmi® npo
fitedsHdyd MEts?2 L Oo dMmd di3ts Mitstpf/sud.lshrcfr Ol sdiidzse s o J MO.
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1) _ Cuoii kBaHTOB rpaBuTannoHHoro mojs 2) Cnoit Bogopona 3) Croii renus 4) CxemaTtnueckoe 0To0-
paxkeHHe 06J1aCcTH CII0EB BCEX OCTATBHBIX IEMHTOB, HMEIOLIMXCS B IAaHHO#H 3Be3zie. 5). O0nacTh aKTHBHBIX
KBAHTOB IICHTPA 3BE3/IBL

Hal'[paBJ'IeHI/Ie JBHKCHUS MAaTCPpUHU

1T'paBUTOHBI

2 Bogopon

3 I'ennii

4 Jlutuii

8KBanTunmym

{ 6. 2u0j BO ©SBLOLSO Odzd™ ojh jike o

L9Y LHO
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M3nyuéwmmea «K@akKAT 3 BE3Ab. »)

Eciu BCIOMHUTB OIpE/IeNICHHE TAKOTO 00BEKTa, KaK 3Be3/1a M3 MIKOJIBHOIO Kypca MPUPOJOBEICHH S, TO ITO
BLINANIUT TAK: « 3 B €33AThi0 06 beKTbl, KOTOpble o6napgawT Ccnoco
B oTimdune ot HUX Apyrue HeOecHbIe Tena, TAKUe KaK IUIaHETHI, CITy THHKH, aCTEPOUIbI K KOMETHI BUIHBI Ha HE0O-
CBOJIC 3a CUCT OTPaXCHHOI'O CBETa, OHH He O0JaIaloT COOCTBEHHBIM CBEYCHHEM. VICKIIIOUCHHE COCTaBIIAIOT
TOJIEKO METEOPHUTEI, NONaBIIue B atMocdepy 3eMity, IaJammue 3a c4eT CHIBI ee TAroTeHus . OHHU croparor 4a-
CTHUYHO WU MOJTHOCTBIO B IPOLIECCE MACHUS. H3-3a TPSHHS O YaCTHILBI BO3YXa, U CBETATCS 3a CYET ITOTO Tope-
Huda. Uctounuk: https://kKipmu.ru/pochemu-svetyat-zvezdy/ Wy BOT emé «3Be314 — MAaCCUBHBIN T'a30BBIi
1ap, U3Ty4Yaroluil CBET U yASp)KUBAEMbI B COCTOSHUU PaBHOBECHS CHJIAMU COOCTBEHHOI IpaBHTALIMN M BHYT-
PCHHHM JIaBIICHUEM, B HEAPaX KOTOPOTO MPOMCXOAAT (MM MPOUCXOIIIN PaHEe) PEaKMH TEPMOSACPHOTO CHH-
Te3a. 3BE31BI 00pa3yloTCs U3 ra30BO-IIBLIEBON cpenbl (TJIaBHBIM 00pa3oM W3 BOJOPOJAA M IejHs) B Pe3ysibTare
rPaBUTALIMOHHOTO CxkaThs». ru.wikipedia.orgy 3Be3aa Ho mouemy sxe 3Be3bI CBETATCSI? DTO HHTEPECHBIH BOMPOC,
Ha KOTOPBI aCTPOHOMBI [TOKA HE TOTOBBI JAaTh HCYCPIBIBAIOIINIA OTBET.

MctTopma mM3ydyeHUAa 3Be3[

B APEBHUEC BpEMECHA JIIOAU AYyMaAJIA, YTO 3BE3AbI — OTO AYIIN n}o,ueﬁ, JKUBBIC CYIIECTBA, WX I'BO3AU, KOTOPLIC
yaepKuBaroT He0o. OHU NPUIYMBIBATIHA MHOKECTBO OOBSCHEHUH TOMY, IOUeMY HOYbIO 3Be3bI cBeTATCS. CoHIe
JKe BCErla pacCMaTPUBAIOCh OTICIBHO, €ro THICIYCICTUSMHU He MIPUYHCISUIN K 3Be3/1aM, YK CIHIIKOM OHO OTJIH-
YaJoch CBOMM BHELIHMM BHJOM, HaOJIIOZaeMBIM ¢ IOBepXHOCTH 3eMitd. C pa3BUTHEM aCTPOHOMHH ObLIa BBISC-
HeHa OIMOOYHOCTh TaKUX BEIBOJOB. Okasanock, uro ConHie — 9To Toxke 3Be31a. COBpeMEeHHbIE YUCHBIE KIIaCCH-
bumupyroT OipKaliee K HaM CBETHJIO KaK KPAcHBI KapiMK. U 3BE3Jbl CTAIN HCCIICNOBATh 3aHOBO — KaK U
Counnite.

OHOCT®BbK

Opyruwe 3pé&€daggonHya nNnogobHbEe HawemMmy?

dolstsEOdzH dH Ols Isj n dedinj £ MO todz® z €
OfmMlstc s WAVLH]tLtle s Ote O dzl ts
Korzia Mbl CMOTpHM Ha HOYHOE HEOO MBI BHIMMO MHOXECTBO MaJICHBKUX CBETSAIIMXCS TO4eK. HekoTopeie
U3 HUX CBETAT sipY€ U CUIIbHEE, Ipyrue — Hao0OpoT OoJiee TYCKIIbIe U €/1Ba pa3InuuMbl. Y U€HbIe 1aBHO MPHIILIH
K BBIBOJIY, UTO 3BE3/1bI — MPEACTABILIIOT cOOOM ra30BbIe Iaphl COCTOAIINE B OCHOBHOM M3 BOJOpoa u renust. Ho
OTKyJla MBI 3T0 3HaeM? He MoxkeT s OBbITh HHOTO OOBSCHEHUs y HabmoaaeMbIx ¢ 3emin 3BE317 [lepBbIM Hzero o
TOM, 4TO JIpyrue 3B&31161 — 370 Apyrue Connua BeIABUHYA B KoHLE X VI Beka [xxopnano bpyno. Ho, k coxare-
HHUIO, JIOJITOE BPEMs Y aCTPOHOMOB HE ObIIIO HY>)KHON TEXHUKH JUIS TOTO, YTOOBI IPOBEPUTH 3Ty TUMOTE3y. Bripo-
4eM, yKe co BTopoi mosoBuHbI X VII Beka mpakTHYeCKH BCe aCTPOHOMBI MPUAEPKHUBAINCH B3IJISI0B CXOJHBIX CO

) 7 : Lad]
Komnax nocssmenHsit Jxoprano bpyHo
IlepBoe moxaTBepXkAeHHE OBUIO MOJyYEHO B MepBOii mojsoBuHE XIX Beka HE3aBUCHMO Cpa3y HECKONBKHMHU
actpoHomamu. Poccuiickuit actponom B.A. Ctpyse, Hemeny @. beccens n amepukanen T. XeHIepcoH U3MEPHITH
napajutakchl pa3nuuHbix 38E371 (Berm — Ctpyse, 61 Jlebeas — Beccens, Anbdor LlenTaBpa — XeHaepcoH) u
OIPECACIINIIN PACCTOAHUE 1O HUX. HpI/IHI/IMaﬂ BO BHUMAaHHEC OTPOMHBIC paCCTOAHUA 10 IPYTHUX 3Bé3)1, CTaJio ACHO,
YTO OHM IIO APKOCTHU CPABHUMBI C COJ’[HHGM 1 3TO CTAJIO IIEPBBIM SKCIICPUMECHTAIBHBIM IMOATBEPKIACHUEM.



https://kipmu.ru/pochemu-svetyat-zvezdy/
https://www.kakprosto.ru/kak-821190-samoe-bolshoe-i-samoe-malenkoe-zhivoe-suschestvo-planety
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Bacunuit SIkoBneBuu CTpyBe — pOCCHMCKHUI aCTpOHOM, OJIMH U3 MUOHEPOB U3MEPEHUS] TOAUYHBIX Mapa-
nakcoB 3B&311. [IpoOnemMa TepMUYECKNX peakMi, MPOUCXOIAIINX B 3Be31ax BooOe 1 Ha CoiHile — OymKaiiiei
K HaM 3Be€3]l¢ — B YaCTHOCTH, JaBHO BOJIHYET YUYEHBIX MHOI'MX HamlpaBieHUH Hayku. B 19 Beke MHorue yuyeHsle
YMBI TIOJIATaJIM, 9TO Ha 3BE3aX MPOUCXOJUT MPOLECC TOPEHUSI — TOYHO TAKOH XKe, KaK B JII000H 3eMHOM IedKe.
Ho »Ta Teopus coBepinenHo He onpasaana ceds. CIo)KHO MPeICTaBUTh, KAKOH 00beM rOpPIOYero OoJbKeH OBITh Ha
3Be3/I€, YTOOBI OHA MOTJIA IAPUTh TEIIO Ha NPOTSHKEHUH MUJUIHOHOB JieT. I103ToMy naHHast BEpCHsl HE 3aCIyKu-
BAaCT PaCCMOTPEHHS. XUMHKH II0JIaTald, YTO Ha 3BE37aX MPOUCXOIAT SK30TEPMHUUIECKUE PEAKIIH, KOTOphIE 0obec-
MIEYNBAIOT MOIIHOE BBIZCTICHHE OONBIIIX 00heMOB Temia. Ho GH3HKHM He cormacsaTcs ¢ TakKuM OOBSICHEHHEM, TI0
TOM Ke IPUYMHE, YTO U C IPOLIECCOM I'OPEHUsL. 3arachl BEIIECTB, BCTYNAIONINX B PEAKIIUIO, JOJDKHBI OBITH OTPOM-
HBIMH, YTOOBI ITOJIEP)KUBATh CBEYEHHE 3BE3/ U X CIIOCOOHOCTH 1apuTh Terio. lIBeackuii yuensii CBante Ap-
peruyc B 1903r. pazpaborall TEOPHIO AIEKTPOIUTHYECKOH Aucconuanyy. [lo ero Teopun, HICTOYHNUKOM SHEPTUH
B 3BE3JIaX SIBJIAIOTCSI aTOMBI BOJOPOJIa, KOTOPBIE COSIMHSIOTCS MEXIy CO00i U 00pa3ytoT OoJiee TsDKEIbIe sapa
renus. DTH MPOLECCHl BBI3BIBAIOTCS CHIILHBIM JIaBJIICHHEM I'a3a, BHICOKOW IUIOTHOCTBIO M TeMIlepaTypoii (OKoJIo
ISTHAATH MHJUIMOHOB rpaaycoB Lleibcus) U MpouCXoAsaT BO BHYTPEHHHX O0NAcTSAX 3BE3Ibl. JTY THMIIOTE3Y
CTIM M3y4aTh JPYTHe YUeHbIC, KOTOPBIC MIPUILIN K BBIBOAY, YTO TAKOH PEaKIMM CHHTE3a JOCTATOYHO, YTOOBI
BBIJICTINTH KOJIOCCAJIBHOE KOJMMYECTBO HEPTHH, KOTOPOE MPOU3BOIAT 3BE3/bl. TaKKe BIIOJIHE BEPOSTHO, YTOOBI
CHHTE3 BOZOPO/Ia TIO3BOJIST CBETUTH 3B€3/1aM Ha MPOTSDKCHUH HECKOJBKUX MHILTHapaoB jeT. To, yro Connie, a
3HAYUT U 3BE3JIBI COCTOSAT U3 BOAOPOJA M TEHA MOKA3aIH PE3yIbTaThl CIEKTPAIBHOTO aHAIN3a UX M3IIYICHUS.
Yro ke TaKoe TOT CIIEKTPaIbHbIN aHan3. Kaxaplii XUMHYECKNi 3JIEMEHT 00J1a/1aeT YHUKAIbHBIM CIIEKTPOM IIPH
B3aUMO/ICHCTBUM (IOTJIOMIEHUH U OTPAXKECHUH) C U3ITyYCHHEM. DTO OTKPBITHE COBEPIIIN HeMenkne ydénsie I
Kpuxro¢ u P. Bynaen. Craio siCHO, 4TO C IOMOIIBIO CIIEKTPAILHOTO aHajIn3a APYruX HeOECHBIX Tel U, B TOM
qucIie, 3BE3/], MOYKHO MOJIYYUTh NPEJICTABICHHE 00 NX XUMHYECKOM COCTaBE.

CnekKkTpaJibHbIN aHaUJIU3

COSMOTHO YepHoe Teno

e .
O6nako rasa s

— = Cnexrp nornowerHns

\

UzyyeHue cnekmpos
\ daem uHpopmayuro
\ o memnepamype,

\ 4 \ Npuana ckopocmu,

das/sieHUU,
o XumMudeckom
E s cocmase u o 9pyaux
HenpepoiBHbl# CNeKTp BsBaxHeUwux
csolicmsax
acmpoHOMUYeCKUxX
o6bexkmos

Cnexrp nanyJeHns

CrextpanpHblif aHamu3. Mcrounnk: spacegid.com.

Kpome Toro, B Hagane XX-To Beka mporeccsl osarojaapsi KOTopbiM cBeTuT CoiHIla ObUIH OOBSICHEHBI aH-
TTUICKIM acTpodu3nkoM ApTypoM DIAUHITOHOM. biaronaps yueHuio DIAUHITOHA, JIIOAW Y3HAJH, YTO BBIIE-
nerne COJIHIIEM OTPOMHOTO KOJMYECTBA YHEPTUU MPOUCXOIUT Oarogapsi TepMOSIEPHBIM PEaKIUAM B XOZe KO-
TOPBIX IPOUCXOIUT CHHTE3 T'elIUs U3 BOJOPOAA. DTO MPOUCXOAUT OJIaroaps pOTOH-TIPOTOHHBIH TEPMOSIEPHOM
peaxmmy, B X01e KOTOPOH BOJOPO/] MPEBPAIIASTCS B T C BBIACICHUEM SHEPTHH.


https://www.kakprosto.ru/kak-890628-chto-takoe-obektivnyy-idealizm
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Heo0xoanMbIMH yCITOBHSMH JUIsl Ha4Yajla Peakiiii TEPMOsIIEPHOTO CHHTE3a SIBJISIFOTCSL OTPOMHEIE TeMIlepaTrypa

JaBJIeHHE. DTO MO3BOJSET HAM CYIHTh O TOM, YTO 3BE3/bI M0A00HO COJNHILY NMPEACTaBISIOT cOOOH OrpOMHBIC

ra30BbIE LIAPHI, KOTOPHIE YJACP)KUBAIOTCS B BUJE SIMHOTO IIEJIOT0 COOCTBEHHON IpaBUTAIMEH U KOTOpPHIC H3Iy-

YaloT SHEPTuio Giarojapsi HAYIIUM BHYTPH HHUX TEPMOSJECPHBIM peakuusMm. boiee Toro, Bce HaydHble JaHHbBIE

MOJTydCHHBIE BO BpeMs HAOJIOJICHMS 3a 3BE3/1aMM MOATBEPXKIAIOT UMEHHO TaKoe OOBSICHEHHE MPUPOMBI 3BE3,

HarpuMep U3y4eHHe JBIKECHUS 3BE3/ B KPATHBIX (JIBOWHBIX, TPOHHBIX H T.II.) CHCTEMax, MEXaHH3MbI BO3HHKHO-

BEHUS HOBBIX M CBEPXHOBBIX 3B€31, 2O dzd ydj Btdzj j Iswy jdzr o {4 dzj g dzelstse o My J ¢
9 jtorn detsMmisdets?2 IsJ &3 j tc @isclmitedpasom s ysHETH, gro MGUTeHbKIE CBETSAIIMECSH TOUKU Ha

HeOe Ha caMoM Jielie SIBJISIFOTCS 3BE3/1aMu 110Z00HBIME COJTHILY IIOTOMY, 4TO MO BCEM CBOMM XapaKTEPUCTUKAM H

CBOMCTBaM, OTKPBITBIM 32 MHOTO JIET, OHM cOBMaaarT ¢ HamuMm ComHueM. Bpose Bcé BCTano Ha cBOM MecTa,

criopsl noytuxyid. Ho BIpyr criopsl 0 3BE3aX BCIIBIXHYJIU ¢ HOBOW CHJIOM. BUHOBHHMKOM 3THX CIIOPOB OKa3ajcs

pycckuii yuénsiit Jimutpuii isanosuu MenpeneeB. B TedeHne MHOTHX JIET OH UCCII€10BAJl CBOMCTBA XUMHUUECKUX

2JIEMEHTOB «S Haj Hel, MOXKeT OBbITh, IBAALATH JIET JyMal, a BbI AyMaeTe: CHACT U BAPYT... TOTOBOY HOSACHSII

Jwmurtpwuii iBaHOBHY miporiecc cBoeit paboTel. B 1869-1871r. oH omyOIMKoBa pe3ylbTaThl CBOUX MHOTOJETHUX

WCCIIEJIOBAaHNI B BUJIE TIEPHOANYECKOTO 3aKOHA 3aBUCUMOCTH CBOWCTB XMMUYECKHX 3JIEMEHTOB OT MX aTOMHOTO

Beca. CBOIO TEPBYIO CXEMY HEPUOTUYSCKON TaOIHUIBI OH OmyOnukoBan B 1869 roxy B crathe «CoOOTHOLICHUE

CBOICTB C aTOMHBIM BECOM 3JIEMEHTOB». (B JKypHaie Pycckoro xumuueckoro o0mecTsa); emé panee (peBpaib

1869 r.) Hay4yHOE M3BEIIEeHNE 00 OTKPHITHH OBUIO UM Pa30CIaHO BEAYIIUM XHUMHUKaM Mupa. JJHEM OTKpbITHS TIe-

puonudeckoro 3akona cuuraercs 1 mapta (17 despans mo crapomy ctmimo) 1869 rona, B koropsriit /1. . Menne-

JieeB 3aKOHYMI paboTy Hax «OIBITOM CHCTEMBI 3JIEMEHTOB, OCHOBAaHHOHM Ha MX aTOMHOM BeC€ M XUMHYECKOM

cxozcTBe onpeneneaneM«CB O M C T Ba 31 a@MaT®BMY U CcCBOWcTBa o06pas3yeMbiX
H bl X TEeED AT B I'IepI/IO,EI'I/ILIeCKOI‘/’I 3aBuMmcunmmMocCcTMNn oT n X aTOMHOT O
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NMepuognuecknn 3akoH

4. . MeHpeneeB 1 MapTta
1869 r. cchopmynupoBasi
Meproanyecknin 3aKoH:

csolicmBa XUMUu4ecKux
3/1eMeHmos U o6pa3zoBaHHbIX
UMU NPOCMbIX U C/IOXKHbIX
Bew,ecms Haxoosimcsi 8
nepuoou4yeckoli c om
Be/IUMUHbI UX amOMHO20
Beca.

Korna yuénsie BcephE3 U3ydniin 3aK0OH, OTKPHITEIN JMuTprem VMBaHoBmueM MEHIETIEEBBIM O TTOPSIKE U3-
MEHCHHS CBOMCTB BEIIECTB, COTNIACHO MX aTOMHBIM BecaM, CUTyallHs BHOBb U3MCHHJIACH U CIIOPHI BHOBH BO300-
HOBWIMCh. HacTynmia spa m3y4eHus pagualud ¥ pagrOaKTHBHBIX 3JIEMEHTOB. Ha TOT MOMEHT TEIUIO W CBET,
TopoXKIaeMbIit 3Be3namMu 1 ColtHIIeM, 0€30TOBOPOYHO OTHECIH K PEaKIIUAM PaJHOAKTUBHOTO PACIaaa, 3Ta BEpCHs
cTama OOMICTIPM3HAHHOW Ha [JeCATWICTHS. BIocnencTBUM ee MHOTOKpaTHO naopabarteBamm. lcrou-
uuk: https://Kipmu.ru/pochemu-svetyat-zvezdy/ ®usuku, XAMHUKH, ACTPOHOMBI MBITAIOTCS Pa300paThCs, YTO MPH-
BOJIUT K BBIOPOCY TEIUIOBOM IHEPTUH, COMPOBOXKIAIOIIEMYCSI MOIITHBIM H3NydeHreM. OHAKO MPHUPO/Ia CBEUCHUS
CorHIla U IpyruX 3Be3] MOPOXKAaeT MacCy CIIOPOB JI0 CaMOTo mociieiHero BpeMeHu. COBpeMeHHbIE YUEHbIE MMOJI-
HOCTBIO YOSK/ICHBI B TOM, YTO SACPHBIN CHHTE3, IPOUCXOISIIUI B SApaXx 3Be3/1, CI0OCOOEH 00eCIeYnTh BhIICICHUE
TOro o0beMa SHEpPriuM, KOTOPBIN €XKECEKYHIIHO MCITycKaeT Kaxaast 3Be3aa. JlaHHblid npolecc cnocoben obecrie-
YUTh CBEUCHHE M BBIJCICHUE TEIUIA B O'POMHBIX 00beMax Ha MPOTSHKCHUHM MIJUTHAPIOB JjeT. [loatomy Teopus
cuHTaeTCs OOMIETPUHATONH. APTYp DJIMHTTOH OIIHCAN 3TOT MPOIECC TaK. JHEPTHs U3 HeNlP MPOXOINT B Ta30BBIE
000JI0YKHM 3Be37IbI, OTKY/IA IPOUCXOAUT €€ W3IYYeHHEe BOBHEe. Ha mpoJBIKeHre SHEpTUu U3 HeOp 3BE3MbI K e
MTOBEPXHOCTH YXOJST ACCATKH, COTHH THICSY JIET — 3TO OTHIOIb HE MTHOBEHHEIH poriecc. [1o3ToMy 3Be31a MOXKET
elIe JJOJITO CBETUTH JTaKe MOCIIEe TOTO, KaK CHHTE3 B €€ Helpax MpeKpalacTcs n3-3a HeXBaTKA W3HAYAIbHBIX XH-
MHYECKUX JIeMeHTOB. CBET OT JIt000i U3 3BE3/1 JOXOIUT O MMOBEPXHOCTH 3EMITH TOKEe HE MTHOBEHHO. [laxke OT
CouHna, Ommkaiiield K Hamel miaHeTe 3Be3Ibl, OH HACT 0KoJo 8 MuHYT. ClleAyromas mo OJM30CTH K Hamei
wianete 38e31a — 310 [Ipokcuma Ilentaspa. s Toro, yToObI CBET IOMLICH OT Hee 10 3eMiu, Tpedyercs Oolee
yeThIpex JeT. CBET OT JaleKUX 3BE3/ HCT CIIe TOJIBbIIE — THICSYH, IECATKU U COTHH THICSY JIeT. BUAUMBIN ceroaHs
HEOOCBO — 3TO CBOETO PO OTPAXKECHHUE MPOIILIOro, YKe MOruoInas 38e3/1a MOXKET Ka3aThCsl HAM CYIIECTBYOIIEH
JI0 TeX TOp, TOKa CBET OT HEeE OCTAaeTCs B MyTH. BO3MOXKHO, YTO psija 3B€3/], KOTOPhIC YIACTCSA BHICTh KaXKIYIO
HOYb Ha HEOOCBO/IE, yKE TaBHO HET, HO JIFOJIU MPOI0JDKAIOT UX HAOIFOIaTh 32 CUET TOTO, YTO HAXOIAIIeeCs B IyTH
CBEUCHHE eIlle He UCCIKIIO. TakuM 00pa3oM, HayKa OKOHYATEIBHO OTPEACIIIACh, YTO 3BE3/bI CBETITCS 33 CUCT
SICPHOTO CHHTE3a, MMPOUCXOISANIETO B MX HeApax. DTOT Impolecc 00eCIeuynBaeT BEIICICHUE OTPOMHEBIX 00BEMOB
SHEPIHU €KECEKYHIHO, TOIUINBA JKE B HEJIPax 3BE3/bI XBATACT HA MIJUTHOHBI JIET. 3aTeM OHA TpaHchopMupyercs,

a TMOTOM ¥ BOBCE pa3pymaeTcs, 00pa3ys TYMaHHOCTh U3 PACIBUICHHBIX ra30B, YSPHYO ABIPY WM WHOH OOBEKT.
Ho moxa 3Be31a U3Iy4aeT SHEPTHIO — OHA JKUBET.

[To »TuM rUMOTE3aM U TEOPHSM y MEHS BO3HHUK PsJl BOIIPOCOB, HA KOTOPEIC 51 HE HAIIEN OTBETA. 11 1drdj
sjtstedd dzj slso j yojls dz0 otsftetsh s roCEidgts o (dy ISAEO tdORA sty jto j1 dF L
COCH[®j dedets (dgjOCtA?d3 BEHLOL SEBOL' GBLOLEZEsSMY Yy SBOEOGEBOHT v idzidds
H' c@3)0¢C 1 dzjteedy fto)pec@ ORsHricd®L Hagj s?dzj e dw HBBJeOj Ismw
dzd dzdzd ts dzr zjls? sO0Cdd SOC B3 tsBEAPSHIH &OC tzdks § 40O j s « g Ots to EHe
H J dzv | Isepeia&rcy Bo BHemHme oOnactrraza, (8 O § jk tojepk@¥risshp¥n, orkyna ona Hauu-
HAET U3J1y4aThCs B BUJIE CBETA. sOC 1 dzgj tecdv { tocBds&daRastpoloh) Wa keavopslg ocgeds ?
HICHUE 3TOrO Mmpoliecca YIEHBIMH He NaéT OTBETOB. Bo-TIepBBIX; - 4TO ke Takoe «Q H € p I Gmarpum Buku-
nequio.  « HP I WA ckamsapHas (u3MYecKas BEIUYWHA, SBISIOMASCS €IMHON Mepoil pa3muuHbiXx (opm
JBIDKCHUSI U B3aMMOJICHCTBHS MAaTEPHUU, MEPOH Mepexola IBMKCHUS MATepUH U3 OJHUX (OPM B IPYTHE.)»
(Oueprus Bukunenust.) IIpocto «ckansipHas BEIUYWHA, Mepay, a uyTo TBoput?!. Kak 3Ta cransipHas BelUUUHA
BO3HHKACT B HEAPaX 3BE3/IbI, KK TOOMPACTCs 10 €€ MOBEPXHOCTH, 3a CYET Yero oHa HabupaeT CKopocTh cBeta C=
3x 108 M/cex. YdeHble CUMTAIOT, UTO Y4 CBETA JOOUPAIOTCS U3 sAEp 3B€3/ K TOBEPXHOCTH JOJTHE ECATKH UM
Jake cOTHH ThIcs nieT.? Jla, 00 aTom mcan Aptyp DnauartoH. Ho o cauTan, 9To 3Be3/1a mpecTaBisieT u3 ceds



https://kipmu.ru/pochemu-svetyat-zvezdy/
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
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MHOT'OCJIOIfHOE KOCMHYECKOE TEJ0, COCTOSILEE U3 CI0EB MACATbHOIO ra3a, Kakablil U3 KOTOPBIX SBJIAETCS aTo-
MaMH COOTBETCTBYIOLIETo 3neMeHTa. [Ipeacrasisere kakoBO IPOBUACHHUE 3TOr0 yu€Horo! Ve Toraa, Koraa Bce
TBEPAWIH (Ia ¥ ceifqac MHOTHE YUEHbIE TaK JyMaloT), YTO 3BE3/1a — 9TO Ia30BBIH HIap, COCTOAIINI U3 BOZOPOa U
TN, OH TTUIIeT 00 aToMax P & 3 /1 U Y H bl X H! Merywi@me, THOKBHBEHIINSA, 2 IMEHHO U3ITydeHHUE B BUJIC
muddys3un, IPOXOANUT Yepe3 KaskKAbIH HICaNbHBIHN Ta3, HE TEPsIst IPH 3TOM SHEPTUH U TOOUPACTCS 10 TOBEPXHOCTH
ceeTwa. [IpeBpaTHBIINCE B CBET’, OHA CO CKOPOCTBIO CBETA OTPHIBAETCS  OT CBETHUJIA.

Orto xorma 6su10-T0!? - B19 Beke!!! OcHOBOI TakuX CyKICHUH SABISACTCS MPEICTABICHUE O TOM, YTO CBET,
3TO 3JIEKTPOMATHUTHBIE BOJIHbI, KOTOPHIE 3aPOKIA0TCS W3 HUYETO U CPasy JABUTAKOTCS cO CKOpocThio 3x108m/cek.,
KOT'/1a CYUTANIH, YTO (POTOH HE UMEET MACCHI... M MBI BCE onepupyeM 3TUMHU TTOHATUSIMU !

B 3Be3ne npoucxosT nocienoBaTeabHbIE IPeoOpa3oBaHus MaTePHH B pa3aH4HBIX € ciosax. Kak yxe Obu10
CKa3aHO paHee, 3Be3la 3apoKJaeTcst B ra3onbuieBoM obmake. ['ne-Tro B cpeamHe 3toro obnaka oOpasyercs
HanOobIIas KOHIEHTpAIMs 3Toi cpenpl. [lon neficTBUeM CHITBI TpaBUTAIMU, MAaTEPHs B 3TOM 00JIacTH cOMMKa-
eTcs, 00pa3ysl HEeKUH LEHTP YIUIOTHEHUs. Y LEHTpa yKe MOSBISEeTCs oOliee TpaBUTalMOHHOE I10JIe, KOTOpPOeE 3a-
BJIEKAET B 3TOT LIEHTP OKPY’KAIOILIYI0 MaTepHro. YeM OoJibllie MaTepUU BOBJIEKAECTCS B ATOT LIEHTP, TEM OOJIbLIE U
cuibHEe OH cTaHoBHTCA. OOpasyeTcs rpaBUTallMOHHAS IMa, KOTOpast, KaK MOIIHBIH MBUIECOC, BICIET MATEPHIO K
LIEHTPY CKOIUICHHUS, B meHTpe, Marepust BCE O0mbliie ¥ OOJIbIIE CXKUMAETCSI. DHEPTHS, TOTyJaloIasics OT CHHTE3a
JETKUX BEIIECTB B OoJiee TSKENbIE, B BUE PACKaJIEHHBIX KBAHTOB MAaTEPHHU ITOKHIAET MECTO PEAKIUH, Pa3ieTasiCh
B pa3HbIE CTOPOHBI M CIyXa MUILEH 111 00pa3oBaHUS BCE HOBBIX BEHIECTB. YacTh 3TUX KBAHTOB JOCTUTAET I10-
BEPXHOCTH 00pa30BaBIIETOCS KOCMHYIECKOTO TEJIa ¥ BBUICTAET B KOCMUYECKOE MPOCTpaHCTBO. KocMudeckoe Tesno
HauMHAeT CBeTUTHC. OOpazoBaoch, MoKa 3T emé He 0OPMHUBIIEECS, OTPOMHOE 00I1aK0, CBETSIIEECS KPACHBIM
cBeToM. B acTpoHomuu Takue obiaka nMeroT HaumeHoBaHnue «KpacHslil ruranT». BHyTpu 3TOro obnaka npouc-
XOAAT PeakLUH SAEPHOTO CUHTE3a ¢ 00pa30BaHUEM pa3IMYHbBIX BellecTB. Tak, Tepsis, 4acTh SHEPIUU, HO IPHOO-
peras Bc€ OOJBIYIO IUIOTHOCTh MaTEpHsl ABUTAETCS K LIEHTPY Macc, IpeBpalasch U3 OAHOr0 BUja B APYroi (u3
BOJIOPO/Ia B TEJINiA, U3 T, B INTHH, OSPUILIHI U T.J.), IPEBPALIAsCh B LIEHTPE 3Be3/1bl B KBaHTHIINYM, KOTOPBIH
He UMeeT HUKAaKUX (GOpMHUPOBAaHMH U IPEICTABISET U3 ce0sl KOM CXKAThIX, BLICOKOIHEPIUYHBIX KBaHTOB. Ha Puc.3-
10 Crpenkamu 1Moka3aHO ABMKEHHE U IPe0Opa30BaHUE MATEPHH B IIPOIIECCE 3TOTO ABMKECHHS U CKATHS.

KBant marepun Puc. 3-1 cocrout m3 TBEPAOro HEM3MEHAEMOTO sApa, KOTOPOE TOKPHIBACT IUIACTHYHAS
(xBaHTOBas) 0OOMOUKa. Bee Moyt KBaHTa; TPaBUTALMOHHOE, 3JEKTPUIECKOE, MATHUTHOE MCXOMIAT M3 €TO SApa.
Korzaa kBaHT mosBepraeTcs BO3JCHCTBHIO BHEIIHUX CHJI - CAABINBACTCS], IPOUCXOIUT feopManus (CxKaTHe) ero
0600ukn. O00I09Ka KBAHTA IIPH CKATHH MPOSBIISET TNIEKTPUIECKUE, TUMAarHUTHBIE U IUTPaBUTAlIMOHHBIE Ka-
yecTBa. YeM Oomplie ckara 000J0YKa KBaHTa, TEM MEHbBIIE KBAHT pearnpyeT Ha TPaBUTAIHIO, SJIEKTPUUECTBO,
MarHeTmsM. BoT modeMy, He NMPOMCXOIUT aHHUTHWIISIIMM BEIIECTBA C KAKOM OBl CHIION He COKMUMAJI MaTEpHIO.
CKUMasACh, KBAHTHI TEPSIFOT YAaCTh CBOEH MOTEHIHAIBLHOM, SIEKTPUIECKOIl 1 MarHUTHOI YHEPTUH, TO €CTh TEPSIOT
CIIOCOOHOCTh pearupoBarh Ha BO3ACHCTBUE dHepreTHyeckux nosei. OnaHako, BCE Gosee IpHOOPETaroT BHYTPEH-
HEH SHEpTUH - YIPYrocTH (KaK CKMMaeMbI pe3WHOBBIM MapuK). YTNPYrocTh KBAHTA — 3TO €ro (MexaHWdecKas)
BHYTPEHHSS 3Heprus. Yem Oosbliie CKUMaeTcsi KBaHT, TEM MEHBIIE B HEM OCTA&TCs TPaBUTAI[MOHHOM, 3JIEKTPH-
YECKOW M MarHUTHOW SHepruu. KBaHT npeBpaiaercs B ynpyryrw 00JBaHKY.

B nenTpe KocMHudeckoro Tena, Kak B KarcyJse, 00pa3yercst KoM TaKMX HE3aBHCHUMBIX, 00J1a/1al0INX OOJIbIION
BHYTPEHHEH SHepruell KBaHTOB MaTepui. BHYTpEHHsIs 3HEpTHs KBAHTOB - 3TO HE YTO MHOE KaK TeMIlepaTypa Be-
IIECTBA.

B CoOdzstsots? ftodiesH] Gi@Rdls@td tsdzdpisc tf HFO&Is, & dMmr o ©

MCdds o« Cdedcj ¢l oY LH'". RR o Bmgkemfjom npyctpandese cpeinafiomi-tcls ! . é M ls
HOCTb JIyYHCTON 3HEPruM OKOJIO | 3IEKTPOH—BOJbTA Ha KyOuueckuii cantumerp win 10722 spr/em®. Crnenopa-
TEJBHO, TaK KaK YHEPTHs KaKJOTO M3 CBETOBBIX KBAaHTOB OKOJIO 3 3JIEKTPOH-BOJBT, HA KyOMYECKUI CAHTHMETP
MEX3BE3THOTO TPOCTPAHCTBA IPUXOANUTCS MEHBIIIE OJHOTO KBaHTa B To e Bpems »HEpruu dTHX KBAHTOB IPH-
MEpHO TaKHe e Kak B 3BE3MHBIX aTMocdepax, I/ie INIOTHOCTh KBAaHTOB HEU3MEPUMO OOJbIIe». ITO TOBOPUT O
TOM, 9TO KBaHTHI B KBAHTOBOM I10JI€ KOCMHYECKOT0 TeJIla HaXOAATCS ITOYTH B CBOOOTHOM COCTOSIHHH U TOJIBKO MX
6oJbIIast IIOTHOCTH CO3/1AI0T 3TO IPAaBUTALMOHHOE T0JIE€ KaXKI0TO MaTepHAIFHOTO TeJa.

HUrak, co3nanoch KOCMHUYECKOE TENO, KOTOPOE U CHApYKU M M3HYTPH OTPaHUYEHO KBaHTaMH Matepuu. Ho
CHApYKM 3TH KBaHTHI CBOOOHBI U CLEIUICHBI APYT C APYTOM TOJBKO CHJIaMU IpaBuTalny, a ® tziz Isted { ssets § 1
Bduyud MEsets Isj zO BBtOL B8O Odzmw BT ¥ dgde" 2 € 53, CoOdzsr Cslstst
dzfj dd3j ¢ ls dzd € OGdIFS d Hzj flewde sy, © Istsdz! ¢ 58 BOCMd BOdz! detsy o dzlzls
skztwlkz) . SSGHO odzzlstej dzdgv W L dzgj s dvw CtBO MisOdzseo dlsmw B dz'
OClkdodzr » Co0Odzstse tOLWGr 90jls, BCtkyOshkzs jets ¢cCOf Mzdazke
stz dzj t©OLdzj SO Ismw, O sdz Cs5 tsBOLEjIs By ijthste@®dz Istej M ©
BYUOkmY ey’ ' d d kuyj2¢d, {dzjtecdyddd] p@&NGBO s gz tc BOEY @Y
md dzr dzj B j Mdztsets Isj dzO dzOff tcOo dzj dzr 9 YJ dzlstea r ISCAief dfg Pzils H J
sOIsS¢d OSCIsdodz » CoO0Odzsse L MmMejHdde , Md3r SOv L O ded i3 d
HOd Bdz dL BBEKOLBO OQoh jetsmwy disdMdsets Isj dzo. Il ftedud
J2 diL yjdste@oDdd] el Jetsdd.s s C d@sHy 2 Oy § dzff ui ME 2
z¢dr § te, sSBtOLtsoa Qahdafmw o Isjdzj {1 Iktsets St
ZdzO L dz2ORji delz jIs Mtse 5?2 t sYH jdedj OL o3j Mists. 91 Betsph ¢ dzyz
jdzstce ftesHoadGEeOjIsMY HISBE®OL 2 sSBEOE s stk e d?2 ¢
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orstetsh jdz dL Mmtej Hdd Isj &zO L © | crs offife j HYjte Is totc W fj sty Is otaiztslo fi
Cdzgjtecduyde" § Co0Odzls' d30OIsjtedd o t5dzdzO d3dIre cavdzjrise@a Neicng aroit & 5y d3d U J
TJIaBBI, TIO3TOMY 5 €€ TaK BeIACTHI. | paBUTaIMs 34€Ch JEHCTBYET KaK HACOC, BHITAIKUBAIOIINI KBAHTHI U3 3BE3/IBI.
S 681 Ha3Ba 3TOT Mporiece «3h(HeKToM crxuMaeMoit MOKpOH TyOKm». UeM criibHee MBI COKIMaeM I'yOKY C KHIKO-
CTBIO, TEM 00Jiee MOITHBIM ITOTOKOM BBUICTAET U3 HEE KUIKOCTh. BOT TakuM 00pa3oM NpOMCXOIMT MPOLECC U3-
ny4denus. Hamumo nericTBue 3akoHa OOpPHOBI M €MHCTBA IIPOTUBOIIOJIOKHOCTEH. [TO 3 TA MY M3 Ay YeHUe U H
C MB 0 /1 H OxBaOpia K ¥l anpres mpouecc IBIKSHHUS MAaTEPUH U3 IEHTPA K Mepu(Gepur He THICSUYCICTHsI, a
MrHoseHus. Cuila rpaBUTaLMH Pa3TOHSET KBAHThI OT HYJIEBOM CKOpOCTH 10 ckopocTu 3x108 m/cex.

mddidyd Med2 MmMmlsOes dzOtckzy dzr = Mzsjo Lo jLH, BBCEHO ¢ da
nOOCIsjtedLizjlsmMw fsdzder s f o sB ZOH Odzgd j 3 o SHESEGBHO. 1 O 8lst
dz' n 1 dzj dzjddesldsjodz O odz 0 § dzd S 5. 1 ted D@L Pls jsalztsdets o dz@ SE@EH T Jf to
s Mw yo Obktdtss ¢j dzdv, sCtsdzs HijMwisd Okt SdmMAzsttsHO,
SsHddz Ostsd3 3 4dzj L ©. [Bddzdj MlsOdz dz@ = 1 dzj B zlstgsy fpso PBEOJ C
LOI!, vyt Otk tzdsfF Gzt dzls i) §-of jidzdf s sjetstidiaBL i3 ) dzj BBdz! h 5
dzj 4 bwyjdra dzjd3j dzesse. Clktsls tjLlzdz sOIs, CO0¢ & EkeadHdd
dzdj Hdzv ofj?2 ftotsedzj dzr ..fvisdsjdetidyyj figfS of 2o iy fisf@fo LioojjLiHH o f j t
SHd 2O N dhBis My Lo jLHr, COLTro0ONdj tfftejH]ddds |
@i, JjMmls! LoajLHT M OdsdOd dzs o' MBS dd3 MH |ty Oded j d3 26 dzj
l Odzts BOdz! dztsl jaeyiPsEdfds fipg HE dm L J d3d dz' . { Mdzd E § sSHOo dzw s h j
ftse j toh | dzdzts ~dfifuplists yodas StetsH O) ks dLijHCO 8§ OHOE Isw ¢ kzd
By dzls Htsoatsdz dzgs SBddzjdze. LVLEOYJ BB JNj d2O He O tjHSdr WJ datsds,

d

Ajdr dzdded d dgj " jMmise ke M jets dzO § jdsdzj o ¢ JjMisj Mlse j dadats e
dzj dd3j jls dad SHdses EMiss2ydeotsets Lkt O. o Od' DOOH tsdze sy
ZjdEmMesS 5 Lo jLHd &3 3OMhIs O Gids tsfigs 9 jizteihd jodgdsty drizdiaPle ts 4CARS23 0 d:
MEBd3 MtsMisOo | HBd d20 L dzOyOls! , yldg o GgCOsiAsddz' fe M dagjwvicH Ll
WHiteds j tojOSydd., ftedotsHWh PSS Uz w6 tc @ vy dzdizO I poj dzH Pd v .9
ststets? ¢jdzd?2 fHtejHMmMlsOodzjdz ftoj Jaszh j Mlso jidzflztsr o6 o da § dztisg g Qa3
Crl1o9YLHT, dn tot 3 jedsd jo, BscfldR2Alldosckyit kocBeHHO, HO TPU3HAET HAMYHE
Bcex u3BecTHhIX 3neMeHToB B 3BE3/IE, a He Tonpko Bogopoaa.
UYewm xe 00bsicHsseT DIYM Takoe siBICHHE, YTO B UITYICHUHN HET KBAHTOB TBEPIBIX BemleCcTB? A TeM, 4TO B
TBEPIBIX PaiOHaX 3BE3/bI PYYbH KHIKAX KBAHTOB, IBIKYTCS O] OOJBIINM JaBICHUEM U CaMU UMEIOT OOJIBIIOE
BHYTpEHHee JaBlieHue. BBUY 3TOr0, BEpPOSITHOCTH TOTO, YTO B pyclia 3TUX PYYbEB MOTYT IMOMACTh KBAHTHI U3
Matepuana (0eperoB), y KOTOphIX AaBiieHne Oosee HU3Koe, Maja. OqHAKO U 9TO CIy4JaeTcs U U3IyIeHHE BHIHOCUT
W3 HEJp 3BE3]Ibl aTOMBI Pa3HBIX AJIEMEHTOB. BolHa KBAaHTOB B TBEPJION YaCcTU 3BE3/IbI IBUTAECTCS MO KaHAIaM, -
TpelrHaM, 00pa30BaBIIUMCS B PE3YJIbTATE JABJICHHsI MOTOKA KBAHTOB KaK MO KaluJUIApaM, MPOH3AI0T KUJAKHE
BelllecTBa? M M3 KOCMHYECKOTO Tejla B Ia30BYI0 000JIOUKY 3BE3/Ibl OHA BBIPHIBAETCS B BUAE (POTOHOB BHICOKOIL
sHepruu (ramMma-(poToHOB). DTH IHEPTrUUHbIE raMMa-(QOTOHBI, BCTpeyasl Ha CBOEM IyTH aTOMBI Ta3a, pa3duBaioT
uX (KaK (GUrypsl P UTpe B OUIIBbSIP WK BEIOWBAIOT U3 HUX KBAHTHI, 3aHUMAas UX MecTo. TakuMm 00pa3oMm, Janbiie
CIIEZyeT yXKe He TOT KBaHT, KOTOPBIH CIICIOBAN U3 IEHTPA 3BE3/Ibl, & KBAHT TOT'O BEIIECTBA, KOTOPBINA MOIBEPTCS
ynapy. I1o3TOMy ¥ UMEIOT 3TH BOJHBI B CBOEM COCTAaBE Pa3lIMYHBIC XapPAKTEPUCTHUSCKUE IEMEHTHI 3BE3THBIX
BEIIIECTB, U B OOJBIICH CTEIICHH KBAHTHI aTOMOB BOJIOPO/IA.
UeM e OTIMYAIOTCS KBaHTHI XUMHUYECKUX dIIeMeHTOB? Bemps Bce kBaHTHI oquHakoBeI! [Ipeskne Bcero ato
TUIOTHOCTH O00OJIOYKH SIpa XUMUIECKOTO IJIEMEHTA, a TaK K€ TUIOTHOCTh KBAHTOB AJIEKTPOHOB , HAXOISIITUXCS B
AJIEKTPOHHOM JTUCKE, BpalIaroIIeMcs BOKPYT sijipa aTroma. Yem OoJbIiie aTOMHBIHN BEC 2JIEMEHTa, TeM IJI0THEee 000-
JI0YKa €ro s/1pa, TeM OoJIbIlel BHYTPEHHEH dHEpTUeil 001aatoT ero KBaHTHI. A 9TO Takoe criekTp cBera? CriekTp
— 9TO pe3ybTaT OTKIOHEHUS Ha pa3HbIe YIibl Pa3HbIX MO MJIOTHOCTH (BHYTPEHHEH YHEPrUH) KBAHTOB MaTEPHH,
MIPUHAJJISKAITNIM PA3TUIHBIM 3JIEMEHTaM, TIPH €r0 ONTUIECKOM (DJIIEKTPOMArHUTHOM) pa3lioskeHnn. Hekotopeie
KBAaHTHI POCKAKUBAIOT BOJIOPOJHYIO IIAIKY, HE BCTPETUB HU aTOMOB BOJIOPO/Ia, HA aTOMOB reyisa. Toraa oHH
MOKa3bIBAIOT CBOH, XapaKTCPUCTHKH, OTIUYAIOIINECS OT XapaKTEPUCTHK aTOMOB BOJIOPOJIA U Telius. 3Be3/1a UMeeT
CJIAIIKOM OOJIBIIIYIO MAcCy, YTOOBI OCTaThCS TOJBKO 00JIAKOM BOJIOPOIa M Tens. B Henpax 3Be3 bl HAYT peakiuu
CUHTe3a U JIETKHX, U 00JIee TSHKEIBIX 3JIeMeHTOB. boee N€rkue 31eMeHTHI pacoiaraloTcs Ha IepuQepun 38e3/1bl.
Bonee Tsxénpie 31eMEHTB CHHTE3UPYIOTCS OJIMKE K IIEHTPY, B YCIOBHAX OOJBIIAX TEMIEPATyp U BRICOKUX JaB-
nernii. CIIeKTpBl HEKOTOPBIX 3BE3]T TIOKA3BIBAOT HAIMYKE B HAX U JIUTHS, U JKele3a, U Jaxe, He CYIIeCTBYIOIIETO
Ha 3eMIJIC B ECTECTBEHHOM COCTOSHUH TeXHels. Ho MBI, Mo4eMy-TO YIOPHO CUHUTaeM 3TH SBICHHS aHOMAJHCH.
KoneuHo, Bce BelecTBa B 3Be3/1€ HAXOISTCS B aTOMAaPHOM COCTOSIHHH, B IICHTPE 3BE3/IbI M BOBCE B BUJIE CHKATHIX
KBaHTOB. M TOJBLKO TpH OCTHIBAHUH 3BE37bl OHH OOBETUHSIIOTCS B MOJIEKYJIbl. OO 3TOM TOBOPUT CYIIECTBOBAHHE
TaKMX BEIIeCTB Ha 3eMJie. 3eMIs KOTIa-TO TOXe Obllla MaJICHbKOH 3BE3/I0H B COCTaBE MPYTUX 3BE3] IIAHETAPHOM
TyMaHHOCTH. JTa IUTaHETapHas TyMaHHOCTh 00pa3oBaliach B pe3yJIbTaTe OTCIICHIS BHEITHEH YaCTH Ta30IbLIe-
Boro o0Oiaka (IIamKy) KpacHOTO THraHTa, KOTOPhIM ObliIa TOTJA Halla cojHeuHas cuctema. OTAeNeHUe Ianku
MIPOMICXOINT B pe3yNbTaTe NAaBICHNS M3ITyUEHHS U3 BHYTPEHHEH 001aCTH 3TOT0 KPacHOTO TUTranTa. Eciu ra3omsi-
JIeBOe 00JIaKo 0OJIBIIOE, TO H3TyYCHHE U3HYTPH 00JIee HHTCHCUBHOE. DTO U3IYYCHHUE JAJICKO OTTOHSCT IIATIKY)>
OT OCHOBHOTO 00J1aKa, U OHA PACTBOPSETCS B KOCMOCE. (Y4acTO 3TO SBJICHUEC IPUHUMAIOT 32 Pa3pyIICHUE 3BE3/IbI).
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B ciydae Hateid coTHEUHOI CHCTEMBI 3Ta «IIAIKa MPEBpaTHIIach B INIAaHETAPHYIO TYMaHHOCTb, U3 KOTOPOH CHa-
yajya 00pa3oBaIMCh 3BE3/IBI COHEYHON CHCTEMBL. JTH 3BE3I0YKH OCTHUIM M CO BPEMEHEM IPEBPATUIINChH B ILIa-
HETbl COJIHEYHOU CHCTeMBbl. MrTak, s mpearnosararp, 4To Bce 3BE3/bI M3HAYATBHO (MOXET OBITh 32 HEKOTOPBIM
UCKITIOUYEHHEM) UMEIOT OJIMHAKOBYIO BEIUUUHY, TaK KaK, 4T00 3Be3/Ie 3a)KEUbCsl HYXKHbI IPUMEPHO OJTMHAKOBBIC
ycnoBus. [1o3ToMy Bce OCHOBHBIE 3BE3/IbI HAXOIATCS HA OCHOBHOW MOCIIENOBATENBHOCTH JlMarpaMmbl
I'epummpynra — Paccena.

Pazmuans B ©X CBETUMOCTH, TOBOPHT O BO3pacTe 3Toi 3Be3bl. CoHIle Korna-To OBIIO sSpKOoii Tory0oii 38e3-
JIOH, a ceifyac eMy yke, mpuMepHoO, 80 JeT U 3TO yxe KENTHIH KapiauK (B HEKOTOPBIX MUCTOYHHUKAX — KPACHBIH
kapiauk). [ToaTomy Koiutarnca 3Be3zbl, 0 MPUYMHE BHITOPAaHUs BOJOPOJA BHYTPH €€, ObITh He MOXeT. M3iyyas
CBOIO MaTepulo 3Be3/1a yMEHbIIAeT CBOIO Maccy. [ paBUTAIIMOHHOE TOJIe €€ CTAaHOBHUTCSI MEHbIIE. A KyJa e Jie-
BAIOTCSl TPAaBUTOHBI T'PABUTALIMOHHOTO MOJIA? DTH IPAaBUTOHBI OITYCKAIOTCSl U3 CAMOT'O BEPXHETO CIIOS 3BE3/IbI K €€
LEHTPY, MPeo0pa3oBHIBasCh HA CBOEM ITyTH B pa3lIMuHbIE JIEMEHTHI. Takoe BOT NOJIy4YaeTcsi HONepeMEeHHOE JIBU-
JKEHUE JIByX BCTPEYHBIX MOTOKOB B 3Be37ie. 00 aToM nucant Aptyp OnauurtoH. OH Takke MOCTYINPOBaJ, IPOIIECcC
paBHOBecust pabothi 3Be3apl f totsd Ma SH dIs Y J tdzisus dasd@fisls ts sz ldfdsytjLd@fivisdz w o dzw j Is iy
dzdds dL hmdsedr 7 L O¢ ts dmmsonpéadndarentsydzisegef thasirapie dagresupyroTes B
BOJIOPO/I M BOCIIOJIHSIFOT €r0 3aIackl, BOJOPO/ CUHTE3UupyeTcs B renuit u T.41. Ho Bcemy ObIBaeT KOHell.

Korna 3Be31a 00epET BOKpyr ceds BCIO AOCTYMHYIO €if MATEpHIO, OHA HAYMHACT OCTHIBATh. Y MEHbBIIACTCS
4aCcTOTA U3JTYYCHHs, YMECHBINACTCS CBETUMOCTD 3Be3/ibl. BCE MEHbIIIee KOJMIECTBO SHEPIHIHBIX KBAHTOB BBIXO-
JUIT 32 TIPEJIeIbl 3Be3/1bl. BHYTpH 3Be3/1b1 emIé OYIIYIOT BCAKUE TEPMOSIICPHBIE PEaKIMU, HO YK€ HE BCEM KBaHTaM
XBaTaeT YHEPTUH MOKHHYTH MPEEbI 3Be3/1bl. B BepXHUE CJI0U 3B€3/1bI aKTUBHBIX KBAHTOB MTOCTYIIAET BCE MEHbIIIE
Y MeHblle. 11 BepXHUE CIIOM 3Be3/Ibl HAYMHAIOT OCTHIBATh. 3B€3/1a OCTHIBAET CBEPXY, CAABJIMBAsi CBOIO BHYTpPEH-
HIOI0 4acTh. Ho mepuoanvecku, B cpeHe 3BE3/bl, JHEPIHYHBIX KBAHTOB CKAIUIUBAETCS AOCTATOYHOE KOJINYe-
CTBO, YTOOBI CIIOMUTDH CONPOTHBIICHHE 3aCThIBLICH BEpXYIIKH 3Be3/Ibl. 11 TOr/ia KBaHTHI BHYTPEHHEH YacTH B3Ja-
MBIBAIOT BEPXHIOIO KOpKY. ['opsiuasi MaTepusi, HaXOIsIIasCsi BHYTPU 3BE3/bl, BBIPHIBACTCS HApYXKy U oOpaszyer
npoTtyOepaHell, ¢ KOTOPBIM BBIJIETAIOT U3 3BE3/bl N30BITKM MaTepuu. TakuM o0pa3oM, aBjeHUEe BHYTPH 3BE3/IbI
CHHYKAETCS JI0 PABHOBECHOTO, M OHA HA BPEeMsl YCIOKAaUBAETCs. JTO siBIeHHe Mbl HabmoqaeM Ha CoHIIEe B BH/IC
MOSIBJICHHS TEMHBIX MSITEH M BHIOpOCa MPOTYOepaHIIeB, a Ha 3eMiie B BUIC U3BEPIKEHUSI BYJIKAHOB. B KOHIIE KOH-
1108, COJIHIIE OCTBIHET M MPEBPATUTCS B TBEPAOE KocMHuUecKkoe Teno. Kommarnca 3Be3/ibl, Kak yTBEPHKIAt0T HEKO-
TOpbIE aCTPOHOMBI, He, poucxoaut. OHa TaCHET, MPEBPAIIAsCh CHAYaIa B XKENTOr0 KapJuKa, 3aTeM B KPacHOTO
KapJIMKa, a 3aTeM MPOCTO B TEMHOE KOCMHYECKoe Tejio Puc 5.

XapakTepUCTUKNU U3IANYyUYeHUS.

Kaxoe usnyuenne xapakrepusyercs clieayronmmMu kpurepusimMu: H dzd dzO Tobyigdzjls 8 s O dzj e dw
W ts Is ts Hz®3 B xauecTBe ClIEKTPaIbHOM XapaKTEPUCTHKH DJIEKTPOMArHUTHOTO U3JTyYEHHUS HCIIONB3YIOT CIIETy-
olMe BenuurHel: JImnHy BoHbBI, YacToTy KonebaHH3 — IIKaja 9acToT, DHepruio ¢GoTtoHa. DHeprus GoToHa,
COTJIACHO KBAHTOBOM MEXaHHKe, MPpOmopuHoHansHa yactote: E $3 rme h— nocrosiunas [nanka, [ — sHeprus,
3 - gactoTa. [lyiiHA 3IIeKTpOMAarHuTHOM BOHBL © ® O € Iz dBpdBrjio mpomopIioHansHa 4acTOTe M BRIPAXKACTCSI
4yepe3 CKOPOCTh CBETA. AV & T'oBOpst O JUTHHE 3IEKTPOMArHUTHBIX BOJIH B Cpejie, OOBIYHO MOAPa3yMEBAIOT SKBH-
BAJICHTHYIO BEJIMYMHY JJIMHBI BOJHBI B BAKYyME, KOTOPasi OTJINYAETCS HA KOAPPUIIHESHT IPETOMIICHHUS, TOCKOJIbKY
4acTOTA BOJIHBI [IPU MEPEXO0JIC U3 OJHOM CPebl B APYT'YIO COXPAHSETCS, a JJIMHA BOJHBI — HM3MeHsieTcs. JlinHa
BouHbl (A kparuaiiiiee pacCTOSIHUE MEK/LY ABYMSI TOYKAMHU BOJTHBI, KOJECOIIONINMHUCS B OJIMHAKOBBIX (azax A =
CT =c/3 3pech;\ - AnrHA BOJHBL, 3 - yacToTa Koyebanuii cBetoBoit BosHbl (I'1), C— ckopocTh cBera (M/cek), T
— niepuo/1 KojebaHuil BpeMEHHOM MTPOMEXYTOK MEXy JIBYMSI TOUKAMH BOJHBI, KOJICOTFOIMMHUCS B OJTMHAKOBBIX
dazax (cex). C dzj CIstesd3ZOG dzdIsdzr J otsdzder wodzwe Isfqw tjL kzdz SOIstsdz dL dz
sts MytsdsOddtsets ostLBEYHjddY BIWduimMises cfsdve, O ddc
gL dziz yOls+ mw dze dzts 36 BitiEdpOP?s BOIsj ted w . RLIEZEYOjdi3r § Wislstsder Wwo
Yofmsdus od 1 lsda BOljtedOdz dz = Isj dz, € 5lssitaQlsddmy oL dapOusais-Is
tedOdzt dz' = Isjdz, (tdfm 1) (JjijtejBIihOslsmw o o0OCkddyj., Ells dzi
WOCl co tsted sV msls Wsdadsdyy dycdsy) e d Odz @280 YOMbdy®. ddii jIs Mo s !
StsteOwW d3gj dgv jIs L dzOyjdedw o LOadMmdBssMmisd Bl ktsets, o C0O0Cdn
Mz yow s oj dzdyddz0 { dzj cedd WodkgwzOs, O8 s 0OrBIs 3y OmMbBs’ SYPE
f dzslsdzsfisd (HOoadzj dzgdw) L dZEyOerh jets IsjdzO. s dL dzezyd ddw &3
ftesdmatsHW IS s 1 Mmj dzj dedzts?2 . stdzd yd Mlseo s d3@Bls jdgshddzty] LodzizeEQ jddisE
Wistedilz dzts 2 .

t= ll\'(?H

M, =) myqe4nRIvidt (6)
=1

1 HI i 3@MMO L dzz yOomig® MtzOls § eied@ dzv ¢ Ctsdzyj dglsteOydw Wsls
dzdyd tBi Y B3O o BAdyfydafHdzli uyr &R M OHdEM dL dzEyj dzdv M dzOy O dzts o3
hjets BU@DISBISO diidlsy Buzd oL dolz dggoddzfsy d L dele bQ Batg)'y d L dzz y g ded v,
BT O] B kL 2O e fr &OMME dL dzEyy dzdzs? ROl jtedd, ddzd €t
yd msets d3OIsj tedd, dL dzizyj dzdai® d6 nenPenfuisAzisoaizaziser? [ neffaguted S H .

BPEMCHHU CBCT BBIJCIIAJICA KaK OTHCHLHLIﬁ (baKTOp MpUpoabl. ((CKOpOCTI) CBC€Ta» B BAKYYyMC — (byH,HaMeHTaJ'H)HaH

H
9


http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%BB%D0%B8%D0%BD%D0%B0_%D0%B2%D0%BE%D0%BB%D0%BD%D1%8B
http://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D1%8B
http://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D0%B0%D1%8F_%D0%9F%D0%BB%D0%B0%D0%BD%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%92%D0%B0%D0%BA%D1%83%D1%83%D0%BC
http://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C_%D1%81%D0%B2%D0%B5%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82_%D0%BF%D1%80%D0%B5%D0%BB%D0%BE%D0%BC%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%BB%D0%BE%D0%BC%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
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MIOCTOSIHHAsI, HE 3aBHCSILAsi OT BbIOOpa uHepuanbHoi cucteMsl orcuéra (MCO). OHa otHOcHTCS K pyHIaMeH-
TaJIbHBIM (PU3NYECKUM ITOCTOSIHHBIM, KOTOPBIE XapaKTePU3YIOT HE IPOCTO OT/IEINILHBIC TEJIa, a CBOMCTBA IPOCTPaH-
cTBa-BpeMeHH B nesioM.» CorsacHo «Teopun OTHOCHTENTBHOCTH», CKOPOCTh CBETa B BaKyyMe — MpeAeIbHas
CKOPOCTh BCSIKOTO JBIKEHHUS U pacrpocTpaneHusiB3anmoetictuin» [http://surl.li/hrde]. U Bcé-Taku, yuénsie mo-
CTENCHHO MPUXOIAT K BBIBOAY, YTO ()OTOHBI, M3 KOTOPBIX COCTOUT CBETOBAs BOJIHA, 3TO HE KBAHTHI AIICKTpOMAr-
HHUTHOH 3Hepru, a yactunbl. OTKyzAa sxe OepyTcs 3TH 4acTHIBI? DTH YaCTHIBI HCXOAAT U3 TOTO MAaTEPHAIBHOTO
Telna, U3 KOTOPOTO MIPOUCXOIUT M3ITydeHHE. UTO MaTepHatbHOE TEIO MOKET U3Iy4ath u3 cedq?.. Tombko To, U3
Yero COCTOUT OHO caMo, - MaTeputo. Eciu 661 3T0 OBUTO HE TaK, HE TIeperopany Obl y HAC JTaMIIOYKH HaKaJINBaHHUS.
OrTcroa BBIBOJI TaKOH, YTO M M3JIy4E€HHUE B HaNla30He PaJMOBOIH, U YIbTPadHOIETOBOE U3ITyUCHUE, U TPaBHUTa-
IIMOHHBIE BOJIHBI, - 3TO M3JIy4Ye€HHE KBAaHTOB Marepuu. MTak, CBET - 3TO onTudeckoe u3nydeHue. [IpousBeném
pa3dop ITOro SIBICHHS.

KBAHT MATEPHUMN. (Puc 8;8a;86. Puc

OmbiT Hemenkux ¢usukos Otro Ultepra u Banbrepa I'epraxa [http://surl.li/hrdg].

B 1922 roay 0Ob11 ocymectBinéH OmnbiT Hemenkux ¢uznkoB Otro llltepHa n Banstepa ['epnaxa  Puc.3 - 1.
«OTBIT COCTOSIT B CIIEIYIOIIEM: IIy4OK aTOMOB cepedpa MpoITycKall 4epe3 CHIBHO HEOIHOPOIHOE MAarHUTHOE
T0JIe, CO31aBaEMOE MOIIHBIM IIOCTOSIHHBIM MarHuToM. I[IpH mpoXo)kaeHHn aTOMOB Yepe3 3TO I10Jie, B CHIy obna-
JaHWsS UMH MarHUTHBIX MOMEHTOB, Ha HUX JEHCTBOBAJIa 3aBHCSIIAs OT MPOCKIMU CIIMHA Ha HalpaBJCHHE Mar-
HHUTHOTO IIOJISI CHJIA, OTKJIOHSBILAS JICTAIIME MEXIY MAarHUTaAMHU aTOMBI OT UX IEPBOHAYAILHOTO HAINPaBJICHUS
nBrokeHus. [lo3Hee ¢ aHAIOTHYHBIME Pe3yJIbTaTaMU OBUIN IPOJENIaHbI ONBITHI Ul ITYYKOB aTOMOB JIPYTUX Me-
TaJUIOB, a TAK)KE ITyYKOB IPOTOHOB ¥ AJICKTPOHOB. DTH OIBITHI JOKAa3aJH CYIECTBOBAHHE MarHUTHOTO MOMEHTa
Yy PaCCMOTPEHHBIX YaCTHIl U TIOKA3aJIM UX KBAHTOBYIO IIPUPOAY, SIBUB COOOH J0Ka3aTeNbCTBO MOCTYJIATOB KBaH-
TOBO# Teopuy. He MarHUTHBIX MOMEHTOB, @ MAarHUTHBIX NOMIOCOB. K KakoMy MarHUTHOMY IOJIfOCY OJnKe JBU-
raercs aToM, B Ty CTOPOHY OH NIOBOPaYMBaEeTCsl CBOMM MPOTHUBOIOI0KHBIM MarHUTHBIM TIOJIFOCOM, B Ty CTOPOHY
OH U OTKIOHseTca. To ke camoe OyzAeT, eciu Takoil OBIT MbI MPOBENEM ¢ (POTOHAMH, TaK KaK KakAbli (OTOH
MMEeEeT MarHUTHOE I0JI€ TOrO WM HHOTO 3Haka. OO 3TOM HaM FOBOPHT CJICAYIOIIUH OIIBIT.
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MAT HAT P WY E GhitB/&ww.membrana.ru/particle/14266] «membranax»15.10.2009r.

O IBWXEHUU dJIEKTPUUECKHX 3apsI0B U 00pa3zyeMoM UMHU TOKe 3HAIOT Bce. C mepeIBUKEHUSIMH MarHUTHBIX
3apsIOB JeJia IO HeJJaBHET0 BpEMEHH 00CTOSUIN HECKOJIBKO CIIOKHEE — YUEHBIE HE MOTJIH JETEKTHPOBATh HA CAMU
MarHUTHEIC 3apsibl - MOHOIOJM, HU MX TpaHcmopT. OHAKO HEIABHO aMEpHKaHIAM BCE JKe yJalloCh YBHICTh
MarHUTPUYECTBO B IKCIEPUMEHTE. Y KaKJIOr0 MarHWTa, Kak W3BECTHO, JIBa TOJIOca (CEBEPHBIN W I0XHEIH). 1
CKOJIBKO OBI (PU3UKH €T0 HU JCITUIIN, KaX bl €r0 KyCOUYeK (BIUIOTH 10 €IMHUYHOTO aToMa) OyeT 001aaaTh IByMs
nonrocamu. OTHAKO TEOPETHKH MPEICKA3bIBAIH, YTO CYIIECTBYHOT MarHUTHBIC 3apsibl — MOHOIONH (magnetic
monopole) — kBa3uyacTUIbI, HECYIIUe Ha ce0e TOIBKO MOJIOKUTEBLHBIN UITH TOJILKO OTPUIATEIIbHBIM MarHUTHBIH
3apsaa. OHU HE CBSI3aHbI B IaPhl K MOTYT IIEPEABUIaThCS 10 OTACABHOCTH. Jloroe BpeMst yu€HbIC Pa3sHbIX CTPaH
MBITAJTUCHh TIOWMAaTh TAMHCTBEHHbBIE MarHUTHBIE 3apspl. B cenTsope 2009 roga uM 3T0, HAKOHEI, ynanock. s
9TOTO MCCIICA0BATEIIN HATIPABUIIM Ha KPUCTAIL CIIMHOBOTO JIbA, OXJIaKAEHHOTO 0 YIIbTPaHU3KOH TeMIIepaTypsl,
HeHTpoHBL. [ToBeeHNE 2JICMEHTAPHBIX YACTHIL IIOKA3ajI0 — B MaTepHae ACHCTBUTEIbHO PUCYTCTBYIOT MarHHT-
HBIC 3apsiabl - MOHOMOIK. Toraa ske apyras rpymmna ya€HbIX IPeACTaBhIa CBOM JOCTHXKCHUS B BHIC MPECIPUHTA


http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/%D0%9E%D1%82%D1%82%D0%BE_%D0%A8%D1%82%D0%B5%D1%80%D0%BD
http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%80%D0%BB%D0%B0%D1%85,_%D0%92%D0%B0%D0%BB%D1%8C%D1%82%D0%B5%D1%80
http://ru.wikipedia.org/wiki/1922
http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/%D0%9E%D1%82%D1%82%D0%BE_%D0%A8%D1%82%D0%B5%D1%80%D0%BD
http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%80%D0%BB%D0%B0%D1%85,_%D0%92%D0%B0%D0%BB%D1%8C%D1%82%D0%B5%D1%80
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD
http://www.membrana.ru/articles/inventions/2009/09/07/192900.html
http://arxiv.org/abs/0907.0956
http://www.abitura.com/
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CTaThM Ha caiiTe arXiv.org. Terneps OHM BBIIYCTHIIN NOJHOLEHHYIO cTaThio B Nature, B KOTOpOH pacckasalii o
CTPOEHHMHU CHUCTEMBI, I03BOJISIIONIEH (PUKCUPOBATH NEPENIBI)KCHUE MAaTHUTHBIX 3apsaoB. PaboTta nmpoBoannacs nox
pykoBojactBom Ctuena bpamsemna (Steven Bramwell ) u3 JIoHZoHCKOTO IIeHTpa HAHOTEXHOJIOTHIA. BpHTaHIIb!
HE TOJIBKO BIEPBBIC ONPEACIUIN "KOJMYECTBO" MarHUTHOTO 3apsja, HO M M3MEPWIM MarHUTHBIA aHAJOT JJIeK-
TPUYECKOTO TOKA. JIBMKEHHE W B3aWMOJICHCTBHE MOHOTIONEH OHHM Ha3BallM "'MarHATpHIecTBOM" (magnetricity).
[loka MarHUTPUYECTBO yIAIOCh MOWMATh TOJBKO B KPUCTAJUIAX ONPEAEIEHHOTO Poja, KOTOphe y4éHble 0000-
MEHHO HA3BIBAIOT CIIMHOBBIM JIbII0OM — SPin ice (hoto STFC). Ha kapTrHKe ciieBa: B OTCYTCTBHE OIS MATHATHEBIC
3apsabl CBA3aHBI B Iaphl, HO HEKOTOPHIC U3 HHUX BCE JKe AUCCOLMUPYIOT, 00pa3ys (IIyKTYHPYIOIIHe MarHUTHBIE
MOMEHTHI (3es1€Hast cTpenka). Ha pucyHke cripaBa: npy IpHIIOKEHUH 1TOJIs1 HEKOTOpbIe "pa3dexaBiinecs” MarHuT-
HBIE 3apsiJibl OCTAIOTCS BPO3b, OJJHAKO YaCTh 00pa3yeT CBs3aHHBIC Mapbl ISl BOCCTAHOBJICHUS! PABHOBECHS .

t qfj.32

W3-3a KOJIEOMFONTIXCST MATHUTHBIX MOMEHTOB, OIIPEIEIIIEMBIX CBOOOTHBIMHE 3apsIIaMH, TTOSIBIITIOTCS JTOKaJb-
HBIE TI0JISI, KOTOPBIE MOKHO IETEKTHPOBATH C TIOMOIIBIO BHEPEHHBIX MIOOHOB (pt+) (rnmocTparmst Nature). Bme-
CTO HEHTpOHOB BpaMBeiT M ero KOJUIErW HCHOJB30BAJM MIOOHBI (MUON) — HEYCTOWYHBEIC 3JICMCHTapHBIC Ya-
CTHIIBI, KOTOPbIE MOKHO ObLTO OBl Ha3BaTh KOPOTKOXKUBYIIUMH OpaTI[aMU 3JIEKTPOHOB. BHEPUB MX B CIIMHOBBIH
nén, pu3uku HaOIIOAANHN 32 paclajoM MIOOHOB M SMHUCCUEN 00pa3yIoNIuXCs MPU STOM MO3UTPOHOB. Hanpapnenue
JBIDKEHUS IO3UTPOHOB paccKas3alio MCCIe0BaTeNIIM O MarHUTHOM TI0JIe BHYTpH KpucTamia. B pesynsrare yué-
HBI€ YCTAHOBMJIM, YTO MAarHUTHBIE 3apsIIbl HE IPOCTO CYIIECTBYIOT, HO €II€ U ABHXKYTCS, 00pa3ysi MarHUTHBIH TOK.
BpuTaHLbI ONpEIENUIIN, YTO 3aps/l MArHUTHOTO MOHOMoNs paseH 5? B A (MarneTonam Bopa Ha aHrcTpem).
KcraTu, Teopus maBana oueHb 6im3koe 3Hauenue: 4,67 B -A™l OrmeTuM, 4To B OTIMuHE OT (PMKCUPOBAHHOIO
3JIEKTPUUYECKOTO 3apsiia MarHUTHBIN 3aps]l MOXET MEHSThCS B 3aBUCUMOCTH OT JaBJICHUS U TEMIIEPATYPbI KpHU-
CTaJula CITMHOBOTO JIbJa. B 3TOM OIBITE KBaHTHI MaTepHH OBLIM IOCTABIICHBI B TaKHE YCIOBHUS, YTO Y HUX B
HanOOIBIIIeH Mepe TMPOSIBILINCH CBOMCTBA MATHUTHOTO OIS, UTOOB! yOSAUTHCS B HATMYHE MAarHUTHOTO TIOJIS Y
KBaHTOB MAaTEpPHH HETIOCPEACTBEHHO, HEOOXOAMMO MPOBECTH OMBIT MOA00HEIH ombiTy LllTepHa, ['epmaxa, HO C
mydkoM GoToHOB. [ABT.] Emg pas mpo «CIIMH». Hanmane MaraeTu3ma y 3JIeMEHTapHBIX YACTHII - 3TO BEITHMKOE
OTKpBITHE aHTINICKUX Y4€HbIX B 2009r. Benp 10 9T0T0 (DM3HUKHM JyMaiu, 9TO MarHeTU3M MOJIy4daeTcs B Pe3yib-
TaTe BpAIIEHHUS YacTHIbI. A CyIIECTBYET JIM MexaHHUecKkoe BpamieHne? OKa3bIBaeTcs, CyIIecTBYeT. B ClI0KHBIX
JacTUIaX, TAKUX KaK HEUTPUHO W Jajee 3TO BpalleHue 3akoHoMepHo. K mpumepy, Bo3bMéM HeiTpuHO. Kak
TOJIBKO COEAMHUIINCH JIBE YaCTHUIIBI C MPOTHUBOIOIOKHBIMH 3apsIaMHt, cpa3y ke 00pa3yeTcs MarHUTHBIN MOTOK.
KBantbl maTepun momnazaroT B 3TOT NOTOK. [lo 3akoHam B3auMOJEHCTBUS MMOJI€H 3TM KBAHTHl HAYMHAIOT Bpa-
IIaTHCSl B MATHUTHOM TIOTOKe. EcIi momasnu KBaHTHI C OTPHLATENFHBIM 3aps/IOM, OHH BPAIAIOTCA B OJJHY CTOPOHY,
MONaJIK B IIOTOK KBAHTHI C MOJIOKUTENBHBIM 3apsoM, BpalIAlOTCsS B IPYyryio cTopony. ITosTomy obpasyroTcs
HEHTPHHO M aHTUHEHTPUHO. DTH YaCTHIBI 00JIAIAI0T PAa3IMYHBIMU CBO¥icTBaMuU. To ke caMoe MmoirydaeTcs mpu
KOMOWHAIIMY U3 TPEX AIIEMEHTAPHBIX YaCTHI[ MaTepuu. J[Be 4acTUIBI 00pa3yr0T MarHUTHBIA TIOTOK, TPEThS Ya-
cTHIa Bpamaercs U T.1. Ho B mpocTedmx, Takux Kak (pOTOH (KBAaHT MaTEpUH), CIIHH OTOOpaKaeT BHYTPCHHIOKO
XapaKTePUCTUKY YaCTHUIBI - €€ MArHUTHYIO COCTaBIISIOLIYIO, 4, TaK KaK, 3HAYE€HHE BEKTOpa CIUH HE 3aBUCHUT OT
HAIPaBJICHUS OCH NPOCKIUH, HETPYIHO OIPEICINUTh, YTO CHHUH (HOTOHA MPEACTABISACT MPOCSKIIUI0 MATHUTHBIX
CHJIOBBIX JIMHHUH CPEepHUEecKOro MarHUTHOTO TIONA C IIGHTPOM B siipe (pOTOHa Ha KaKoe-TO HamlpaBieHHe. DTu
MPOEKIH OYIyT OAMHAKOBHI BO BCEX HAIIPABIICHUSIX.

I/ITaK, B pe3yJIbTaTe aHaJIM3a MCCICIOBAHHBIX MATCPHAJIOB MbI IIPUIILJIM K BBIBOAY, YTOK a X [ O € MaTepunanb

Hoe Teno (MaTepusas) COCTOWUT U3 30eMeHTapHbX YyacTuy (K.
nonsa (sHepretTmyeckytw 0060N0YKY), C NOMOWbIK KOTOPbLX OHMU
HeHIpB3IbegUuHeHNE, AOBUXeHUE B NpocTpaHCTBe W T.A4. KB al
cocTOAT W3 TBEpPAOTO sAAapa, KOTOpPOEe OKPYyXawT TrpaButayuuno
TepuUM NO HAaNMUYNIK I3NEKTPUYECKOrNro nNoNsS pal3au@FHEONMCH Wa-
CTWULUBL C OTpPpULATENbHbLM 3apagom, N0 BMUAY MATrHWUTHOTNO nNo
NoONKWCOM U C WXHbBM MaAarHMWTHbBM NONKCOM. M3 BCero BblWec
KayecTBeHHas UM KOANMYecTBEeHHAas XxapeRbpaBpuoTuMMaAaTepBANCIBE

C y we c T Bllygseodry tdkite BeIpaXKEHUS KaK «3aKOH COXPAHEHUS YHEPTUI, «IHEPTHS MOTIIOIMACTC», «IHEP-
TSI I3ITy9aeTCs» B IPUHIIAIIEC HEBEPHEI.


http://arxiv.org/abs/0907.0956
http://www.nature.com/nature/journal/v461/n7266/full/nature08500.html
http://www.london-nano.com/content/contactlcn/lcndirectory/bramwell/
http://en.wikipedia.org/wiki/Spin_ice
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[aBaiiTe mocMoTpuM, Kakast MbIC)Ib Bo3HUKIa y B. [laynu, korna oH coBepumia cBoe “n3obperenue”. OH
MPEION0XKNI, YTO «...HUKAKOTO HapyLIeHHs 3aKOHA COXPAHEHUS SHEPTHH He MPOMCXOJUT, a IPOCTO B MpoIiecce
pacmaja, KpoMe perHCTPUPYEMBIX TPUOOPAMH JACTHIL, POXKIAIOTCS YACTUIIBI €IIIe OJHOTO COpTa. JTH TMIIOTETH-
YECKHE YaCTHUIIBI 0YEHb CI1a00 B3aMMOAEHCTBYIOT C OOBIYHBIM BELIECTBOM U IIO3TOMY CBOOOJHO YJIETAIOT U3 JIa-
Oopatopum, He PErUCTPUPYACH GU3NISCKUMHU IPUOOPaMH. Y JICTEBIITIE YaCTUIIBI K YHOCST ¢ CO00 HeJOCTAIONTYTO
SHEPTHIO, CO37aBasi BUIUMOCTh €€ YHUUTOXKEHUs». TanHCTBEHHBIE YaCTHIIBI TIOJTyY I Ha3BaHHE HEUTpUHO. Be-
mukuit B. [laynu, oH yke Torzna MpearmonoXui, 4To SHEPTHUs yleTaeT BMecTe ¢ yactunamu. OH ObUT B Iare ot
TOTO 3aKIFOYCHNUS, YTO SHEPTHSI IPUHAUICKUT JaCTHIIAM M TTepeMeNIaeTcs BMecTe ¢ HUMU. Ho oH OBUI CBIH CBOETO
BPEMEHHU M HE MMeJI TOro (pakTHUECKOT0 MaTepHaia, KOUM BilaJeeT COBpEMEHHas HayKa M U3 KOTOPOTO CIEAYET,
YTO SHEPIUs ABIETCSA MPUHAIEKHOCTHIO STIEMEHTAPHBIX YaCTUI] MAaTEPUH, U3 KOTOPBIX U COCTOUT «HEHUTPHHOM.
®DOTOH, yBIIEKaeMbIH CHIION TpaBUTALUY, BIUBAETCA B APYyTUE Tela, IPU U3IYyYEHUU COCTUHSIETCS C TAKUMU XKe
YJacTHLaMU, 00pa3ys CBETOBYIO BOJHY Puc. 13. DitHiuTe#H ommbarncs, mojaras, 4To CBETOBbIE KBAHTHI ABUTAIOTCS
B CBETOBOH BOJIHE HE3aBUCUMO JAPYT OT Apyra. OpHaKo, BXOAS B COCIMHEHMS C JPYTUMH YaCTHUIIaMH, BXOIs B
JpyTrHe Tela B KadyecTBEe KBaHTa MaTepuH, POTOH HE PaCTBOPSAETCS B HHUX, & COXPAHSIET CBOIO MHIMBHUAYaIbHOCTb.
[Ipn coennHEHNN YacTHI, COCAUHIIOTCS UX ITPAaBUTAIIMOHHBIC WM JJIEKTPUUECKHE, MOJSI, HO CaMM YacTHIBI HE
COEAMHSIOTCS. DTO MO3BOJSIET KBAHTAM MAaTEPHHU IIPH M3Iy4E€HUH MOKHIATh M3ITydarollee Telo, B KadecTse (o-
TOHA, COXPaHHB BCE CBOU XapaKTCPUCTUKN HHANBUAYaIbHON YacTUIEL. [103TOMY CBET, IPOSIBIISIS BOJHOBBIE CBOM-
CTBa, TAaK KaK BOJIHA CBETA 3TO LIETIOYKA COCTMHEHHBIX IPaBUTAIIIOHHBIMH MTOJSIMUA KBAaHTOB MaTe€pUH, B OIperie-
JEHHBIX YCIOBUSX MPOSBISET KOPITYCKYJISIpHBIE cBOMcTBa. CeJ0BaTENbHO, y KBAHTa MAaTEPHH €CTh T0JIE, KOTO-
poe, HU ¢ KaKMMH TIOJISIMH HE CMELIMBACTCS, U HUA B KaKHe OObEIMHEHHUS HE BXOAUT. JTO TOJIE OTUYXKICHUSA. DTO
T0JIe CYIIECTBYET TOJBKO JAJIS JAHHOTO KBAHTA U SIBJIETCS €ro HEOThEMJIEMON YacThlo, DTO - T0J€ UHAUBUIY-
anpHOCTH KBaHTa. Ha30BEM 3T0 moJsie «KBaHTOBBIM MOJIEM». DJIEKTPUYECKHE U MarHUTHBIE CBOMCTBA KBaHTa Ma-
TEpUU MPOSABILIIOTCA Uepe3 3TO HeHTpalbHOE KBAaHTOBOE I0JIE, YCUIIMBAs WM OCIalissl BIUSHUE TPaBUTALMOH-
Horo nosst. Utak, kBaHT Matepuu (GoToH) uMeeT TBEPIOE SAPO M YEThIpE IHEpreTHUecKuxX nons. B cuny Toro,
4T0 (DOTOH €CTh MaTepHajbHas YacTHUIA, OH JIOJDKEH UMETh M aTpUOyThl MaTepUallbHOCTH, & UMEHHO Maccy H
006éM. [IpencTaBum cebe MeMEHTapHYIO MaTepPHAIBHYIO YacTHILy B BHUJE mIapuka Puc. 8. DTOT mapuk mmMeer
TBEPAYIO CEPALIEBUHY, KOTOpast 3aKJI0YEHA B TPH CJI0s IacTHKa. CIou IutacTruka OyayT CHMBOJIN3UPOBATH 3JIEK-
TPHUYECKOE MArHWTHOE M KBAaHTOBOE IoJisl. CHapyKH 3TOT IIAPHK MOKPBIT CIOEM Kiesl. DTO MOKpHITHE Oyner
CHMBOJIM3HPOBATh IpaBHTanMOoHHOE mojie. K aToMy ecTh Bce ocHOBaHUs. Bo-TIepBEIX, (POTOHBI HE CMEIIMBAIOTCS
MEXay co00i, HO 00beauHSIOTCS. BO-BTOPBIX, NMEIOT CBOMCTBO MEHSITH CBOM 00BEM. DTO SBJIEHHE OMHCAHO B
MOJIEKYJISIPHO-KHHETHIECKOH Teopru. MBI jk€ pacCMOTPUM 3TOT BONPOC C TOUKHU 3PEHHS TEOPHUH 3JIEMEHTapHBIX
YaCTHUI] MAaTepHU. B OZIMH 1 TOT ke COCYA MOXHO TOMECTHTH pa3HOe KOJIN4YecTBO ra3a. KoHeuHo, 3TOT ra3 cocTouT
13 aTOMOB U MOJIEKYJ, HO ¥ MOJIEKYJIBl M aTOMBI COCTOSIT M3 KBAaHTOB MaTepPHM. 3HAUUT, YeM OOJbIIe ra3za MbI
MIOMECTHM B COCY/I, TeM Ooubliie B HEM OyeT kBaHTOB MaTepuu. Ho 06bEM-T0 cocya ocTaéres mpexHUM. 3HAUHT,
MeHseTcsl 00bEM KBaHTOB MaTepuu. Ecnu xe Haxomsmuiica mox JaBIeHUEM I'a3 BRITYCTUTH Yepe3 Majloe OTBEp-
CTHe, T'a3 HAaYHET BBUIETATh U3 COCYZa CO CKOPOCTHIO, COOTBETCTBYIONIEH CTEIIEHN CXKAaTHs Ta3a, TO €CTh CTENEHI
nedopmanum dHEpreTHYecKkoil 000I0YKH KBAHTOB MaTepuu. 3HAUYMT, AedopMalus SHEPreTHYECKOH 000I0YKH
MPUBOJIUT K BOSHUKHOBCHHUIO HOBOH »Hepruu kBaHta. HazoBéM e€ BHyTpeHHeH (MeXxaHH4ecKoil) sHepruei EBT.
KBaHTa MaTepuy U 0003HaUYUM cuMBOJIOM «M». O HanuunM BHyTpEeHHEH HEpTHU KBaHTa MaTepuu (POoToHA) To-
BOpHT U (popma nyda cera. C yajieHHeM OT NCTOYHMKA, JIyd CBETa YBEIMUHBACTCS B ANaMeTpe. DTO TOBOPUT O
TOM, 4TO ()OTOHBI C TEUCHHEM BPEMEHH YBEIMUHBAIOTCS B pa3Mepe. B-TpeThHx, KBaHTHI MaTepUU 4yTKO pearu-
PYIOT Ha NPHUCYTCTBHE TPABUTAILIOHHOTO TIOJI M MIPUCOSANHSIOTCS (IPUKJICHBAIOTCS) KO BCEM MaTepHalIbHBIM
TenaM. M nanee Mbl yBUAMM, 9TO 4eM OoJiee C)KaT KBaHT (MMEET MEHBINYIO MIOBEPXHOCTh KBAHTOBOTO M IPaBUTA-
IIHOHHOTO I10JIs1), TeM OoJiee yBETMUNBACTCS €T0 BHYTPEHHSIS SHEPTHs, HO TeM OoJiee OH yTpadnBaeT CIOCOOHOCTh
pearupoBath Ha TpaBUTAIMIO (TIpUKIEUBaTHCS). B enuHuIle 00béMa BemiecTBa ¢ OOJBIIMM YACILHBIM BECOM
(aTOMHBIM BeCOM) KBAaHTOB MaTE€pHH OOJIBIIE, YEM B 3TOM kK€ 00BbEME BEIIECTBA C MEHBIINM YAEIHHBIM BECOM.
CrnenoBarebHO, KBAHTHI MAaTEPUH B BEIIECTBE C OOIBIINM YACTHHBIM BECOM MMEIOT MEHBIINK 00BEM, YeM B Be-
[IECTBE C MEHBIINM yIENbHBIM BECOM, a, 3HAYUT, YACIbHBIN BeC (INIOTHOCTH MAaTEpUH) XapaKTepU3yeT KOIUde-
CTBO BHYTPEHHEH 3HEPruM KBAaHTOB MATE€PUU AAHHOTO BemlecTBa. HaM U3BECTHO, UTO ¢ BO3pAaCTaHUEM aTOMHOTO
BECa BEIIECTBA, B YCIIOBUSAX I'PAaBUTAIIMOHHOTO TI0JIST Ha MTOBEPXHOCTH 3eMIIM, HAuMHas C ypaHa, NPOUCXOIHT ca-
MOIIPOU3BOJIBHBIN pacnaj BemecTBa. To eCTh U3 BEleCTBAa HAUMHAIOT BBIAEISATHCS COCTABIISAIONINE €T0 JEMEHTSHI,
B TOM uHcie GoToHbL. O 4&M ke 3T0 TOBOPUT? DTO TOBOPUT O TOM, YTO KBAHTHI MaTE€pUH JAHHOTO TeJa 00JaatoT
TaKo¥ BHYTpEHHEH dHEprUe, YTo MPH CYILECTBYIOLIEH CHUJIE TPaBUTAL[MM CAMOIPOU3BOJIBHO MOKUIAIOT JaHHOE
Tenno. 3HaYMT, KBAaHT MaTepHH 00J1ajaeT BCEMH BHaMU SHEPTUH. DHEPrus KBaHTa Matepuu Ey;. paBHa cymMe ero
TpaBUTAIMOHHOM (TToTeHIMATBbHON) «U», KHHETHYECKOW — MHEPIIMOHHOM, TO €CTh SHEPTHH, 3aBUCSIIEH OT MacCHI
(maccoBoif) 0003HauuM e€ 3HakoM «K», BHyTpeHHeW (MexaHmdeckoi) «M», anexTpudeckoil «C» u MarHUTHON
«B», snepruit EkB=U+K+M+C+B (1) Ho ¢oToH 3TO OBMKYIIHIiCS BHE MaTepHAILHOTO Tejla KBaHT MaTepuH,
cienoBaTellbHO, dHeprua GoroHa Ed paBHa cymme ero moteHmuanbHOW «U», KHHETHUECKONH — WHEPIIMOHHOM,
«K», BHyTpeHHel (MexaHudeckor) «My», oamekTpudeckoir «C» w®  MarHuTHOH «B», OJHeprui.
Ep=en+m¢pv2/2+eBa+C+B; Ep=Udp+Kdp+Mdp+Cdh+Bd (1). 3mecy Ed mommas sueprus gorona, Ud(er) ero mo-
TEHIMANbHAs SHEPrUs (BO3MOXHOCTh B3aMMOIEHCTBOBATL C PYTMMH TPaBUTALMOHHBIMH TOJIAMH), K=mv?/2 -
KUHETHUYecKas (MaccoBasi) sHeprust GoToHa, mg Macca OTOHA, U CKOPOCTh €ro JABMXKEHUs, M - BHyTpeHHsIs (Me-
xaHuueckas) sHeprus, C - anekTpudeckas sHeprusi, B - marHuTHas sHeprus. VTak, KBaHT MaTepuu obnanaeT
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BCEMH BHJaMHU YHEPTUU. DTa SHEPTusl BMECTE C KBAHTOM Y4acCTBYET BO BCeX Mpolieccax, IpoucXoasmux Bo Bee-
neHHoH. be3 Matepun Hukakod sHepruu HetT. O003HaYMM O0BEM, 3aHUMAEMBbI (POTOHOM CHMBOJIOM V. Tornma
Maccy pOTOHA MOKHO BBIPA3HUTh TaK My= V¢ (g, (2)TIe CHMBOJIOM (g, 0003HAUEHA yAeIbHAS IUIOTHOCTH (POTOHA.
Takum oOpazom, Macca GOTOHA, KOTOpast SBISETCS COCPENOTOUECHHEM BCEil €T0 3HEPTHH, ABIACTCS NMPOU3BEIE-
HHUEM JIBYX €€ XapaKTepHUCTHK; YACIHHOH INIOTHOCTH B 00bEMa. V- 006EM oToHa, U - moTeHIINATBHAS YHEPT U
rpaBuTanyy, EBT - BHyTpeHHssI 3Heprus. Ex kuneTnueckas sHeprust. Ho 4To Takoe yaenbHas INOTHOCTH (POTOHA,
ecn (DOTOH 3TO KBAaHT HEM3MEHSIOLIETOCS KOJIMYECTBA MATEPUH, OKPYKEHHBIH HEKOTOPHIM 00BEMOM SHEPTUH
(?HEpreTHYecKOit 000I0UKOI), - 3TO ITIOTHOCTh BHYTPEHHEN sHEepruu GpoToHa. B KoHeuwHOM cuére, pacmpenene-
HHE TOTEHIMAIILHON U BHYTpEeHHEW SHepruu ()OTOHA 3aBUCHUT OT €ro 3Ha4YeHUH V¢ W (¢, YEIbHAs IUIOTHOCTD
(oToHa g 3TO MOKa3aTeNb MOTEHIMANA ero BHYTpeHHe! sHepruu EBT, a 00béM oToHA — nOKa3arens ero rpaBu-
TauroHHOH sHepruu Ud (3Hepruy B3auMOJIeHCTBHS C rpaBUTAIMOHHBIMY noiisiMu). Torna Md.= qp Vp Ha rpa-
(ke 310 OyIET BHIMIIAAETh IPUMEPHO TaK, KaK Moka3zaHo Ha Puc.3. @oToHBI ¢ MeHbIIEH BHYTpEHHEH dHepruei
(KpacHBIil cBET) IIPU COYIAPEHUH C sIAPAMU aTOMOB KPEMHUS, U3 KOTOPOT'O0 COCTOUT CTEKJI0, OTCKAKUBAIOT OT HUX
Ha MEHBLIMH yroii, ueM OoJjiee SHEepruYHble (POTOHBI, HAIPUMED, CHHETO WK (PHOJIETOBOIO CBETA. 3HAYUT, BHYT-
peHHsIst oHeprus (HOTOHA MOSIBISIETCS 3@ CUET YMEHBIICHHUS €T0 MOTCHIMAIBHON SHEPTUH. TakuM 00pa3oM, eciu
MBI 0003Ha4nM CHMBOJIOM UKB SHEPrHIO TPABUTALMOHHOTO MOJI KBaHTa, a cuMBoJioM M(EBT) BHyTpeHHIOO
SHEPTHUIO KBaHTA, TO CyMMAapHas SHEPTUsl IPaBUTAIIMOHHOTO ITOJISI HECKOJIBKUX 00beIMHEHHBIX KBAaHTOB HE PaBHA
CyMME DJHEpPruil HX TPaBUTAlMOHHBIX IIOJIEll B CBOOOZHOM COCTOSHMH, OHa  MCHbIIE €€ Ha CyMMY
BHYTPEHHHUX 3HEPIHi 3THX KBAHTOB.
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[t Takoro sIBICHUS OOJBIIE TOIXOIUT Ha3BaHUE He 3()h(HEKT MacChl a KKOMMYHAJBHEIH 3QdexT». D1a pop-
MyJIa paclipoCTpaHsIETCs U Ha IPyTHe BUJIbI SHEPTUH; DIICKTPHUUECKYIO U MAarHUTHYIO (cM. dpopmyity 5). dopmyna
3akoHa Ucaaka HetoToHa Frp =M1x Mo/R? siBiIsieTcst pe3y/IbTaToOM M3MEHEHHs BCEMHPHOTO 3aKOHA PacIpeiese-
HUS MaTepuM M SHepreTudeckux noieit F = Mix Mo/R®. 3necs R npespamaercs B R? kak pas B pesysbTare
JISWCTBHS 3TOTO 3aKOHA (KOMMYHAJIBHOT0 A dekTa). 5 cunTaro, 4To XapaKTepUCTUKHU BCEX IPEICTABICHHBIX dJie-
MEHTapHBIX YaCTHUI] 3aBUCAT OT TOTO, U3 KAKOTO KOJMYECTBA U B KAKOM KaueCTBE HAXOJATCA KBAHTHI MaTepPHUHU B
9TO# yactuie. Ha 3emiie MHOTO CHHTE3aTOPOB MaTepHAIbHBIX BEIIECTB U3 ()OTOHOB. Bech pacTUTENBHBIA MHP
CHHTE3UpYyeT u3 GoToHOB Yriiepox, A3ot, Kucinopoxn u npyrue Bemiectsa. Jla u cama 3eMitst IBISI€TCS CHHTE3aTO-
pom BemiecTB. Benp 1t TOro, 4To0H y3HATH, YTO MPOMCXOAMIO B IpEBHHE BpeMeHa, He00X0IMMO clienaTh pac-
konku. OTKy/a e OepETcsi 3TH 3eMeJIbHbIE BEIIECTBA, KOTOPhIE CKPHIBAIOT OT HAC KapTHUHY JPEeBHOCTH? DTH Be-
I1ecTBa 00pa3yroTcs U3 OTOHOB, KOTOPHIE B BHJIE U3IIyYeHNUS MonafatoT Ha 3emimto. [1oaToMy Takue BbIpakeHHs
KaK «3aKOH COXPaHEHUS YHEPTUN», «IHEPIHs MOTNIOIIAETCS», «IHEPIHsl U3JIydaeTcs» B IPUHIMIE HEBEpHBIL. Jla-
BaiiTe MOCMOTPUM, Kakast MbICIIb BO3HMKIA y B. [aynu, korna on coBepmmi cBoe “usodperenue”. OH npennosno-
JKHIL, YTO «...HUKAKOr0 HapyIIEHHs 3aKOHAa COXPaHEHHs YHEPTHU He MIPOUCXOJUT, a IPOCTO B MpoLECcce pachaa,
KpPOMeE PEeruCTpUpyeMbIX IPUOOpPaMHU YacTHII, POSKIAIOTCS YACTHIIBI €I OJTHOTO COPTa. DTH TMIIOTETUYECKUE Ya-
CTHIIBI OYEHB CJIa00 B3aUMOJICHCTBYIOT C OOBIYHBIM BEIIECTBOM M IIOTOMY CBOOOIHO yIIETarOT U3 JabopaTopuw,
HE PEruCTPUPYSICh PU3MIECKUMHE MPHOOpaMH. YIIETEBIINE YACTHIIBI U YHOCST C COOOH HEJTOCTAIONIYIO YHEPTHIO,
co37aBasi BUIAMMOCTb €€ YHUUTOXKEHUS». TauHCTBEHHBIE YAaCTULb] [IOJIyYMIM Ha3BaHUE HEUTpuHO. Benukuil B.
[Taynu, oH ye Toraa MPEmoIoKNI, YTO SHEPTHA ylIeTaeT BMecTe ¢ yacThuiaMu. OH OBIT B IIare OT TOTO 3aKII0-
YEeHHs, YTO SHEPTHs MPUHAAISIKUT YaCTHIIAM U ITepeMeIiaeTcsi BMecTe ¢ HUMHU. Ho oH GBI CBIH CBOETO BpeMEHU
Y HE MMeJI TOro ()aKTUYECKOTro MaTepHaia, KOMM BIIaJIeeT COBPEMEHHast HayKa U M3 KOTOPOTO CIIeIyeT, 4TO SHep-
THsl SBIISICTCA MPUHAATIEKHOCTBIO 3JIEMEHTAPHBIX YAaCTULl MaT€PUHU, U3 KOTOPBIX U COCTOUT «HEUTpUHO». DOTOH,
YBJIEKaE€MBII CUJION IPaBUTAINM, BIUBACTCA B ApYrue Teia, MpU U3JIydeHUM COEAMHSETCS C TaKUMU K€ YacTU-
namu, oopasys cBeToBYIO BONHY Puc. 13. DiHINTEWH ormmbacs, mojaras, 4TO0 CBETOBbIC KBAHTHI JBUTAIOTCS B
CBETOBOM BOJIHE HE3aBUCUMO JIPYT OT Apyra. OAHaKo, BXOJs B COEUHEHUS C APYTUMHU YaCTHIIAMU, BXOJS B ApY-
THE Tella B Ka4eCTBE KBaHTa MaTepuH, (POTOH HEe PACTBOPSETCS B HUX, @ COXPAHAET CBOIO MHIMBHUAYAIbHOCTE. [1pH
COEMHEHUH YaCTHULl, COSIUHAIOTCS UX ITPABUTALIMOHHBIE UM DJIEKTPUYECKHE, TT0JIsI, HO CAMU YaCTHLBI HE COEU-
HSIOTCS. DTO MO3BOJIICT KBAHTaM MATEpUM NPU M3IYHYCHUH MOKHAATh M3IIydarollee Telo, B KauecTBe (OTOHa,
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COXpaHHUB BCE CBOM XapaKTEPUCTUKU UHIUBHUyadbHOHN yacTuLbl. [103TOMY CcBET, MposBiIsAs BOJIHOBBIE CBOMCTBA,
TaK KaK BOJHA CBETA 3TO LENOYKA COCTUHEHHBIX IPaBUTALIMOHHBIMU MOJIIMU KBAaHTOB MAaTE€PUU, B OTIPEACIIEHHBIX
YCIIOBHAX TPOSIBISIET KOPIYCKYIISIpHEIE cBoiicTBa. ClemoBaTenbHO, Y KBaHTa MATEPHUHU €CTh II0JIe, KOTOPOE, HU C
KaKMMH TOJISIMHA HE CMEIIIMBACTCS, U HU B KaKue OOBEIMHEHUS He BXOJUT. JTO IMOJIE OTIY)KICHHSA. JTO TOJIE Cy-
MIECTBYET TOJIFKO UIS TaHHOTO KBAaHTA M SBJSIETCS €0 HEOTHEMIJIEMOU YaCcThIO, 3TO - T0JIe HHANBHIYAIbHOCTH
kBaHTa. Ha30BEM 3TO mMosie «KBaHTOBEIM IIOJIEMY». DJIEKTPHUUECKUE U MATHUTHBIC CBOHCTBA KBaHTA MaTEPHHU MPO-
SBIISTIOTCS Yepe3 3TO HeWTpaIbHOE KBAHTOBOE ITOJIE, YCHUIIMBAS FUTH OCNAOJIAs BIMSHHUE TPABUTAIIMOHHOTO TIOJIA.
Wraxk, kBaHT MaTepuu (HOTOH) UMeeT TBEPAOE AOPO U YETHIPE HEPreTHIEeCKHuX Mmois. B cmmy Toro, uro goToH
€CTh MaTepuajbHasi YaCTUIIA, OH JOJDKEH UMETh M aTpUOyThl MaTepHalIbHOCTH, 2 UMEHHO Maccy 1 00béM. [Ipen-
cTaBUM cebe 3JIeMEeHTapHYI0 MaTepHajIbHYI0 YacTHIy B BUe mapuka Puc. 8. DToT mapuk umeer TBEpIYIO cepl-
LIEBHHY, KOTOpasi 3aK/II0YeHa B TPU cJios Iactuka. Crou ruactuka OyIyT CUMBOJIM3UPOBAThH 3JIEKTPUYECKOE
MarHuTHOE U KBaHTOBOE NoJisl. CHapyXH 3TOT IIApUK MOKPHIT CJI0EM Kiiesl. DTO MOKpPhITHE OyAeT CUMBOJIU3UPO-
BaTh TpaBUTALMOHHOE TToJie. K 3TOMY ecTh Bce ocHOBaHHMs. Bo-TiepBBIX, ()OTOHBI HE CMELIMBAIOTCS MEXIY COOOH,
HO 00BbeUHSIOTCS. BO-BTOPBIX, IMEIOT CBOMCTBO MEHSATH CBOH 00BEM. DTO SIBIICHHE OIHMCAHO B MOJIEKYIISPHO-
KAHETHYECKOH Teopur. MBI ’Ke pacCMOTPUM 3TOT BOIPOC C TOUKH 3PEHISI TEOPUH IIEMEHTAPHBIX YacTHI] MaTe-
pun. B 0IMH 1 TOT e coCcyl MOKHO TIOMECTHUTH pa3HOE KOJIMIECTBO ra3a. KOHeYHO, 3TOT ra3 COCTOUT U3 aTOMOB
U MOJICKYJI, HO U MOJICKYJIBI i aTOMBI COCTOST U3 KBAHTOB MaTepUH. 3HAYUT, 4eM OOJBIIE Ta3a MBI IOMECTHM B
cocyn, TeM Ooublie B HEM OyneT KBaHTOB Matepud. Ho 00pEM-TO cocynma ocTaéTcst Mpe)KHUM. 3HAYUT, MCHSIETCS
00BEM KBaHTOB MaTepuu. Ecim ke HaXOIAIIMICS MO AaBICHUEM ra3 BBHITYCTUTH Yepe3 Malloe OTBEPCTHE, Ta3
HAYHET BBUIETATh M3 COCY/a CO CKOPOCTHIO, COOTBETCTBYIOIIEH CTETICHH CXKATHS ra3a, TO €CTh CTEIeHH Iedopma-
I[MH SHEPTEeTHYECKOH 000JI0YKH KBAaHTOB MaTepuu. 3HAUUT, ieopMals SHEPreTHIecKOH 000I0YKH IPUBOAUT K
BO3HHKHOBEHHIO HOBOM »Hepruu kBaHTa. Ha30BEM e€ BHyTpeHHel (MexaHuuecKoi) 3Heprueil EBT. kBaHTa Mare-
puH ¥ 0003HAYMM CUMBOJIOM «M». O HaIMYUHU BHYTPCHHEH YHEPIUU KBaHTa MaTepuH (POTOHA) TOBOPHUT U (hopMa
nyda cBeta. C yaneHreM OT HCTOYHHKA, JIy4 CBETa YBEJINYMNBACTCS B JMaMeTpe. DTO TOBOPUT O TOM, 4TO (POTOHEI
C TeUEeHHEM BPEMEHHU YBEIMIMBAIOTCS B pazMepe. B-TpeThux, KBaHTHI MaTepUH UyTKO pearupyroT Ha IPUCYTCTBUE
TPaBUTAIIMOHHOTO ITOJIS ¥ IPHCOSTUHAIOTCS (IPUKICHBAIOTCS) KO BCEM MaTepHallbHBIM TenaM. Y manee MBI yBH-
UM, 9TO YeM OoJiee CKaT KBAHT (MMEET MEHBIIYIO MOBEPXHOCTh KBAHTOBOTO WM T'PAaBHUTAIMOHHOTO IIOJIA), TEM
OoJee yBeTMUMBACTCS €TO BHYTPEHHSS SHEPTHSI, HO TeM OoJiee OH yTPadnBaeT CIIOCOOHOCTh pearnpoBaTh Ha rpa-
BUTaNHIO (TIPUKIEHBaThCs). B equamiie 00pEMa BerecTBa ¢ OONBIINM yIeIEHBIM BECOM (aTOMHBIM BECOM) KBaH-
TOB MaTepUH OOIBIIIE, YeM B 3TOM K& 00BEME BEIIeCTBA C MCHBIIIMM yJISEHBIM BecoM. ClieZIoBaTeIbHO, KBAHTHI
MaTEepHH B BEIIECTBE C OOJBIINM YACTHHBIM BECOM UMEIOT MEHBIIHH 00hEM, YeM B BEIIECTBE C MCHBIIINM YyICIThb-
HBIM BECOM, a, 3HAYHT, YACIbHBII BeC (MJIOTHOCTh MaTePHH) XapaKTepHU3yeT KOIMYECTBO BHYTPEHHEH YHEPTHH
KBAaHTOB MaTE€PHH JAHHOTO BemiecTBa. HaM M3BECTHO, UTO ¢ BO3pacTaHHEM aTOMHOT'O Beca BEI[ECTBA, B YCIOBHUIX
TPaBUTALMOHHOTO TIOJS Ha MOBEPXHOCTH 3€MJIM, HAUHWHAs C ypaHa, MPOMCXOIUT CaMOIIPOU3BOJIBHBIN pacmai
3TOro BeuiecTBa. To €CTh M3 BELIECTBA HAYMHAIOT BBIJEISTHCS COCTABISIONINE €ro 3JIEMEHThI, B TOM uHcie ¢o-
ToHBI. O 4éM ke 3TO TOBOPHUT? DTO TOBOPHUT O TOM, YTO KBAHTHI MAaTepUH AAHHOTO TeNla 00JaaloT TAaKOW BHYT-
PEeHHEH Hepruei, 9To Mpu CYIIECTBYIOIEH CHUJIe TPABUTAIIMH CAMOIPOU3BOIBHO MOKHUIAIOT JaHHOE TeJo. 3Ha-
YUT, KBAaHT MaTepPHH 00JIaJaeT BCEMU BHIAMH SHEPTUU. DHEPTUs KBaHTa MaTepuu E;. paBHa CyMMe ero rpaBHTa-
MUOHHOHN (TmoTeHIanbHOH) «U», KHHETHYECKOW — WHEPUHUOHHOW, TO €CTh SHEPIHH, 3aBUCSIIEH OT MacChl
(MmaccoBoit) 0003HaunM e€ 3HakoM «K», BHyTpeHHeH (MexaHn4ecKoi) « My, anekrpudeckoir «C» U MarHUTHOH
«B», srepruit Exke=U+K+M+C+B (1) Ho ¢oToH 3TO ABMXKYIIUICS BHE MaTepHaIbHOTO Tella KBAaHT MaTEpHH,
CcJIe/IoBaTeNbHO, 3Heprus ¢potoHa E¢ paBHa cymMMme ero noteHnmanbHoi «U», KHHETHIECKOH — MHEPLIMOHHOH, «K»,
BHYTpeHHell (MexaHudeckoit) «My, anekTpudeckoii «C» 1 MarHuTHOH «Bw, sHepruii. Ey=e,+Myv?/2+esn+C+B;
Edp=Ud+Kp+Md+Cdh+Bd (1). 3necs E4 monmnas sueprus gportona, Ug(e,) ero moTeHIMaIbHAs SJHEPTUS (BO3MOXK-
HOCTh B3aHMOJIEHCTBOBATh C JPYTMMH TPaBUTAIIMOHHBIMHU NodsaMu), K=mv?/2 - knHeTudeckas (MaccoBasi) SHep-
rust GOTOHA, Mg - Macca GpoToHa, L - CKOPOCTh €ro ABMKEHUS, M -BHyTpeHH:II (MexaHn4yeckast) sHeprus, C aiex-
Tpudeckas Heprusi, B marautHas sHeprus. M Tak, kBaHT MaTepuu 00J1agaeT BCEMH BHIAMH SHEPTHH. DTa YHEPT U
BMECTE C KBAHTOM Y4YacTBYET BO BCceX Ipolieccax, Npoucxoasmux Bo BeenenHoit. bes maTepun HUKakoi s3HEpruu
HET.

W3 BEIIIE CKa3aHHOTO KOHCTAaTUPYEM, 4YTO I/I3J‘Iy‘IGHI/Ie(CBeT) — 3TO BOJIHA COMKHYTBIX (1)OTOHOB. Ecmn pac-
CMaTpuBaTh CBET TaKUM 06pa30M, TO CKOPOCTb OTACIBHOI'O (I)OTOHa MOJKET OBITH 60J‘IBIHG, TakK KakK B BOJIHE (1)0-
TOHBI YBEJIMYMBAIOTCS B 00BEME M TOJIKAIOT ApYT apyra Brepén. TakuM oOpa3oM, GOTOHEI mepenHero GppoHTa
BOJIHbI OTHOCHUTCJIBHO CUCTEMbI OT‘{éTa, HaXOL[)IHIefICH HEIMOJABUKHO B NPOCTPAHCTBE, MUMO KOTOPOIO CICAYECT
CBC€TOBAs BOJIHA, IBUTI'alOTCA 6blCT‘pee, yeM (I)OTOHBI, HaxogAImueCsa Ha SaIlHeﬁ KPOMKEC BOJIHBI. HOSTOMy JJIMHa
BOJIHBI YBECJIMYMNBACTCA. OJlHaKO 3a BOJIHOM M3JIYYCHU HET BaKyyMa, a CyIICCTBYET KaKasi-TO (bOHOBaf{ INIOTHOCTH
STHX HECYIINXCS B IpocTope BeeneHnoit BoH KBaHTOB MaTtepun. OTCI0Aa U HaOI0JaeTCsl B KOCMUYECKUX U3y~
YEHUSIX HATMYHUE; ¥ 3BYKOBBIX BOJIH, U TPABUTAIIMOHHBIX BOTH. PO T O H , 3T 0 ABUXYLWNIiAcas B HE M
Tena KBaHT ®MaodDepunragé@sucnpu onpejen s phusuke n@KBHOHCCIEF B C B € T A
TIOBAJICS KBAaHT MaTepHH, HO 0 ()OTOHE KOE KaKue CBeeHHS ecTh. DOTOH HE MMeeT MacChl N O K .OXMTpOe orpe-
nenenne. PakT, KOTOPBIN BBITEKAET W3 camoro omnpeneneHus Gorona. Ho macca xapakTepusyeT He COCTOSHHUE
TClIa, a KOJIUYCCTBO conepmameﬁca B HEM MaTepuu U Ajid 3TOM XapaKTCPpUCTUKN MATCPpHUU HE UMECT 3HAUCHMUS,
JABUXKETCA TCJIO UJIU HE IBUXXCTCA. Bnaronapﬂ IIOCJIEAHUM, U3BECTHBIM MHE HUCCJIeA0OBaHUsSIM M a C C a Cb OT OHa O L ¢
HeHa B dr 1x10
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User Jlnana3oH IJUH BOJH, HM Juanazon yacror, TI'n | Jluama3on 3uepruu GoTOHOB, 3B

JKénrorit 565—590 530—510 2,10—2,19
OpatKeBblit 590—625 510—480 1,98—2,10
tdfm. 4

B BostHE M3TydeHMs He O/IMH, a Lelblii COHM (POTOHOB. DTH POTOHBI 00bETUHEHB CBOUMH I'PaBUTAIIMOHHBIMH
MOJISIMU M X KBaHTOBBIC TTOJIS €IIE CHIIBHO CHIABJICHBL. JTO M €CTh BOJIHA M3IY4EHHs. YTIPyTrue KBaHTOBBIC MOJIS
(hOTOHOB 3TO¥ BOJIHBI CO3IAIOT YCHIINE, KOTOPOE U ABUTACT BOJHY M3IyUIEHUs B IPOCTpaHCTBE. Uepes HeKoTopoe
BpeMsi, Ha3bIBaEMOE MEPHOAOM KoJieOaHMH, Mpolecc BBITAIKUBAHUS MaTCPHAIBHBIM TEJIOM CBOMX aKTHBHBIX
KBaHTOB MOBTOpsieTcs. Tak MPOMCXOANT MPOLIECC U3ITyUECHNUS, B TOM YUCIIE U CBETOBOTO. Tereps 0 CKOPOCTH IBHU-
JKEHUsI BOJIHBI N3ITydeHus. J{aBaiite mpeacraBuM cee, 9TO MBI 3arOTOBIIIN HEOOXO0AMMOE KOJTMIECTBO BO3LYIITHBIX
mapoB. Paguyc kak1oro u3 3TUX MapoB B HAAYTOM cOCTOsIHUH cocTaBisieT 100M. CmaBuM 3TH mapsI 10 paiyca
B | MM, CKJICUM UX, U YCTEJIEM UMH B C)KATOM COCTOSIHUHM 3eMJTI0. 3aTeM OJTHOBPEMEHHO OCBOOOMM BCE LIAphI OT
YCHUIIHS, YACP)KUBAIOIIET0 UX B CXKATOM cOCTOSHHUM. [1lapbl, KOHEUHO ke, eAMHON BOIHOM yCTpeMsTCca Npodb OT
3eMiH B CTOPOHY MEHBIIEH MJIOTHOCTH Cpebl. DTH IIaphbl BCel CBOEH BOJHOW OyAyT HE MPOCTO IBUTATHCS OT
3emun, HO OYAYT JBUIaThCsl C YCKOPEHHUEM. JTO yCKOpeHHe OyeT CO3jaBaTh BHYTPEHHsISI CHJIa YIPYTOCTH CKa-
ThIX IapoB. Ta ke BHYTPEHHsIs1 SDHEPTHs CXKAThIX (HOTOHOB CO31aET CHITy, KOTOpasl TOJIKAET BOJHY U3JIy4CHUs, B
COCTaBe KOTOPOI OHM HaXOAATCS, OT U3ITyHarolIero Teja, - 3Be3/1bl, HanpuMep. Mex 1y BOIHAMH U3JIy4EeHUs HET
YHCTOr0 BaKyyma. JTO IPOCTPAHCTBO 3aI0JIHEHO, HO TNIOTHOCTH KBAaHTOB B HEM Ooliee HU3Kast — GOHOBAsS (Jgon),
OHO TO’XE MOJTAIKUBACT BOJIHY ()OTOHOB, yBEINIMBAs JUTMHY BOJHBI. Tak Kak CBETOBas BOJIHA UMEET ONpeaeIEH-
HYIO IUIOTHOCTH Prc4), mosie (hoTOHOB M 3/1eCh CKATO M 1TO]] BO3/ICHCTBHUEM CHII YIIPYTOCTH 3aBOEBBIBAET BCE OOJIB-
I1ee MPOCTPAHCTBO, BUTAsACH ¢ ycKkopeHneM. Ho, 3aBO€BbIBast IpOCTPaHCTBO, (POTOHBI YBEITMUMBAIOTCS B 00bEME,
BHYTPEHHSS1 SHEPTUs NX YMEHBIIIACTCS, yMEHbIIACTCS M CHJIa YIIPYTroCcTH. B crity Toro, 9To cuiia yrnpyrocTH cra-
HOBUTCSI MEHbIIIE, YObIBACT U TeMIl ycKopeHus. DOTOH ycKOopsieTcsl, HO yCKOpsieTcsl BCE Me/IJIeHHee, CKOPOCTb ero
BO3pacTaeT, HO TEMII €€ BO3paCTaHMsI MOCTOSTHHO 3aMe yiseTcs. YTo jke MPOUCXOAUT cO CBETOBON BomHOM? Ile-
pHof KojeGaHusI CBETOBOM BOJIHBI - T 0CTaéTCst OTHIM M TEM K€, HO, €CJIM B MOMEHT to CKOPOCTh PaCIpOCTPaHEHUS
BOJIHBI ObLIa Vo, ITTHA BOJHBI Ao= Vo/T, TO B MOMEHT BpeMenH t1> to ckopocTh (oTOHA OyaeT paBHOU V1> Vo, M=
v1/T Oynet Gounblie, yem Ap. PaccMoTpum 310 Ha mpumepe Puc. 2. Bo3bMéM TOYEUHBIH HCTOYHUK CBETA, KOTOPBIHA
WCIYCTHJI DJIEKTPOMArHUTHYIO BOJHY JyMHOW A= OR, ¢ sHeprueit E. Jra BoiHAa B MOMEHT BpEMEHH to MMEET
CKOPOCTB Vo, JUIMHY ho= Vo/T, 1 3aHuMaeT 06béM Vo=4nRo? 5Ro. Uepe3 HEKOTOPOE BPEMS B MOMEHT BPEMEHH t1=
to +At aTa BoHA yxe npoinéT paccrosHrue AR= v At 1 3aBOIOET IPOCTPAHCTBO cdepsl, paanycoM Ri=Ro+AR,
6ousbiinM, yeM panuyc Ro, Tak kak kaxaplid poToH yBennunBaercsi B 00bEMe, 00bEM, 3aHIMaeMblii CBETOBOH BOJI-
HOU yBenmuuTes U cTaneT paBHbM V1= 47 (Ro+AR)? = 47R12 CropocTh (poToHa 6yeT paBHOH V1> Vo B M= Vo/T
Oynet Oonblie, ueM Bot oTKyna mosiBiseTcs CMelIeHHe CIIeKTPa BOJIHBI CBETA B KpacHy1o cTopony. Kpome Toro,
IUTOTHOCTH KBAaHTOBOM 000JIOUKH yMEHBINAETCS, YMEHBINACTCS U €€ YIPYTOCTh, a, CIIeI0BATEIHO, H3MEHSIETCS 1
YTOJI IPEIOMJICHUSI TIPH TIPOXOJE Yepe3 MPU3MY IPH TUCTIEPCHH CBeTa. He ramakTuky pas3neTasch, IBUTAIOTCA C
YCKOpEHHEM, a IBUXKYTCS ¢ ycKopeHueM (oToHBI cBeTa. Kpome Toro, mpu momagannu (GOTOHA B JIeficTBHE MO
TpaBUTAIMU HAIleH TalaKTHKH, CHJIa TPABUTALMH JACHCTBYET B HANPaBJICHUH JIBIKEHUS (DOTOHA, YTO TOXKE IPH-
BOJIUT K €r0 YCKOPEHHUIO, YAJIMHEHUIO BOJIHBI CBETA U CMEIICHHUIO CIIEKTPOB BOJHEI CBETa B KPacHYIO CTOpoHY. [1o
Mepe pacTpoCTpaHEHHs BOJIHBI H3ITy4YeHHNs, €€ MIIOTHOCTh YMEHBIIIAeTCs. Y IeNbHAs MIIOTHOCTH (POTOHA (¢ HAIIPSI-
MYIO ONpEJAENSeT BEINYNHY YCKOPEHUs €ro JIBIKeHHS. DHepreTHyecKas IIOTHOCTh ()OTOHA paBHA IUIOTHOCTH
CBETOBOI BOJHBEI 1¢= lcs, KOTOpAsI, B CBOIO Ouepenb, paBHa [z=W/V. IIpu cheprueckom pacnpocTpaHeHHN CBETa
(puc 2) L= W/4RR?) . Bnecs W 3T0 3HEPrUs CBETOBOM BOJIHBI, OHA MIOCTOSHHA, TAK KaK B HEil MOCTOAHHO KOJIH-
4yecTBO (OTOHOB, V — e€ 00béM, R — paccTosiHne 10 MCTOYHNKA M3JTy4eHHs, A - IJIMHA BOJIHBL. HeTpyaHo BbIumc-
Tk, yT0o W=P/v. P — MOIIHOCTb N31TyueHHs, v ero yactorta. Ha KakoM-TO pacCTOSIHUM OT UCTOYHHKA U3ITyYECHUS
Ro mI10THOCTH BOJIHBI M3JTyYSHHS JOCTUTACT IFIOTHOCTH OKPY’KaloILei cpe/ibl (KOcMOca) ¥ BOJIHA, KaK YIUIOTHEHHE
MaTepuy nepectaér cymecTBoBare. OHa pacTBOpsSeTCA B KOCMOCE. A KaKoBa K€ 3aKOHOMEPHOCTb YCKOPEHHS
STHX BOJH M3JIy4eHHs? DTy 3aKOHOMEPHOCTH M BBISIBIII aMePUKAHCKUI ydu€HbIi DnBuH Xa00i. B cepennne sH-
Bapst 1929 ronma on mpencrasmn B «Tpyns» Hanmonansro#t akamemuu Hayk CLIA HeGOmbIIyIO 3aMETKY HOJ


http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BE%D0%BB%D0%B5%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D0%B8%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D1%83%D0%B1%D0%BE%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BB%D1%91%D0%BD%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%96%D1%91%D0%BB%D1%82%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B0%D0%BD%D0%B6%D0%B5%D0%B2%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B0%D1%81%D0%BD%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://to-name.ru/primeti/01/00.htm
http://to-name.ru/primeti/01/00.htm

Usnyuenne (umn «Kak cerar 38é3a6») / v) wOOOAEx OF 39
Ha3BaHueM «O CBSI3M MEXY PACCTOSHUEM M JIy4eBOI CKOPOCTBIO BHETAIAKTHYECKUX TyMaHHOCTei». B Heil ame-
PHUKaHCKHI y4EHBIH BBISBUII COOTHOLICHUE MEX/y CKOPOCTBIO V yJalleHNs! ABYX JIOOBIX FAJIAKTHK U PACCTOSIHUEM
Mexxny HuME R, ypaBrennem V=HR, rne H — koappunment Xab66ma. ITa 3aKOHOMEPHOCTS NOITYyYHiIa Ha3BaHHUE
«3AKOH XABBJIAy. 3nauenne Hp onpexnensercs mo HaOMIOACHUSAM TallaKTHK, PACCTOSHUS O KOTOPHIX M3Me-
PeHBI 6€3 TOMOIIN KPacHOTO CMeMIeHUs (TIPeKIe BCETo, Mo sSpYaimiM 3BE31aM Wi tedennam). borbmmHcTBO
HE3aBUCHMBIX OIleHOK Ho marot st sToro mapamerpa 3Hadenne 70—80 kv/c Ha Meramapcek!. 3To 03Hayaer, 4To
TaJlaKTHKH, Haxozsmuecs Ha pacctostHrn 100 mMeramapcek, yaainsioTes oT Hac co ckopocTeio 7000—8000 xm/c.
B nacTosmiee Bpems (2019r.) Hanboee Han&XHOM (XOTA U MOJETHHO 3aBUCHMOI) cunTaercs oneHka Ho=(74,2 +
3,6) xM/c/Mnk. BpIBOabI 3TOTO 3aKOHA HE OTPaKaeT AEHCTBUTEIBHON (PM3MYECKON CYIIHOCTH SIBJICHHS. DTH BbI-
BOJIBI C(hOPMYITHPOBAHBI HA OCHOBE «KpacHOTo cMereHus crektposy». Ho cmemenne Mt j S st © L dzz yJ dzdw ¢
YOJls dzy MEBetsMmis! Hoadyjddw dMssyddsO Mo jlO, C0O0C It i
o dzzIstcj dzdzj 2 1 dzj adicpadenpotssisds dzA6@ia oTpakaeT M3MEHEHHE BHYTPEHHEH SHEPTUU (o-
TOHA B 3aBHCHMOCTH OT PacCTOsHUS, Ppeo1oiaéHHOro GotoHoM. [IpaBuibHee ero Hajo Obl Hanucath Tak AE g, .~
P4 HR. B atom ypaBHenun AE, 4. — M3MeHeHUe BHYTpeHHeH sHeprun GpotoHa, H — koadpunuent Xadcbna B
eanHALAX 3HepruH, C - cKOpocTh CBeTa, R — paccrosiHue, MpoiaeHHoe cBeToM. OmmbKa 3Ta Mpou30IIIa OT TOTO,
YTO CBET TOTA CUUTAIICS, I M CEHYIAC CUMTAETCS JICKTPOMArHUTHOMN BOJTHOM, 1 XapaKTEPUCTUKH €T0 CUUTAIOTCS
Hen3MEeHHBIMU. DU3NYECKH K€ 3TO BBIITIIAUT TaK. [IMHA BONHBI M3IyYEHHS A paHa CKOPOCTH ABWXEHHS 3TOU
BOJTHBI (CKOPOCTH CBETa) C IOMHOXECHHOM Ha niepuo koebannii T. A= cT. Tak kak CKOPOCTb IBHKCHHUS CBETOBOM
BOJIHBI YBEJIMYMBAETCS, CTAHOBUTCS paBHOHU ¢ + Ac, a BpeMs T ocTaércs HEM3MEHHBIM, TIPOUCXOANT MPUPOCT A
paBHBII A L. Ho Mo cpaBHEHMIO ¢ BEIIMYMHOM CKOPOCTH CBETA 3TOT MPHUPOCT CKOPOCTH HACTOIBKO Majl, YTO IPH
((HC6OJ'II:IHI/IX» PACCTOSAHUAX MMPOXOKACHUA CBETA OH MPAKTUYCCKU HE 3aMCTCH U BBIABJIACTCA TOJIBKO Ha pacCTOA-
HUSX JATBbHUX TaNakTHK. KakruMu nprubopaMy MOKHO yJIOBUTH pa3HUIy B CKOPOCTH CBETa B Ipeaeiax [ anakTukuy,
KOT/la Ha OJIMH CBETOBOM roj (310 9,46 MIIpJ] KM) TNIPHUPOCT CKOPOCTH CBETa COCTABISIET, MPUMEPHO 2,3cM/CeK.
Takum o6pazom «Teopust HIeMeHTapHBIX YaCTHIl MATEPUN» YTBEPKAAET, YTO CKOPOCTh CBETA BEJIMYMHA HE TO-
CTOsSIHHAsI M 3TO J0Ka3aHo ombiTamu B. Cnaitdpepa u D. Xab06ma. ABctpanuiickiue (GpuU3MKH MOJ PYKOBOJICTBOM
teoperrka [Tona J3Brca u3 yanBepcurera Makksape B CuHee MPEAIIONoKIIN, YTO IPH NPOX0XKICHUN MUJLIH-
apJ0B CBETOBBIX JIET CKOPOCTh CBETa B BaKyyMe CHIKaeTcs. ECii 3To moATBepauTes, TO cliennaibHas TeOpHs
OTHOCHUTEJFHOCTH AnbOepTa DHHIITEHHA TOTPeOyeT HEKOTOPHIX YTOUHEHHH. DTO NMPEIIIOIOKEHHE OCHOBAHO Ha
ACTPOHOMMYECKUX JaHHBIX HAOIIIOAEHUN CBETA OT KBa3apa, HaXOSIIErocsl HA OTPOMHOM PacCTOSHUU OT 3EMIIH.
Hab:mronenns nmokasan, 94To AJst TOTO, YTOOBI CBET OT KBa3apa JOCTHT 3eMiH, eMy noTpedyercst okoxo 10 mupa.
net. [Ipu 5TOM KiIrOYeBasi KOHCTAHTA, XapaKTEPU3YIOIIasi OTHOIIEHHE CBETOBBIX (DOTOHOB M 3JIEKTPOHOB Ha KBa-
3ape, U3MEHWJIach. JpyrumMu ciioBaMu, XapakTepUCTUKH CBETA, MAYIIETO OT KBa3apa 10 3eMJIH, rnocie 12 Muuu-
apao0B JICT IYTH HE COOTBETCTBYIOT TEM, UTO IMPEACKA3BIBACT TCOPUSA OTHOCUTCIILHOCTH. 910 PacxXoxKACHUE MOKHO
00BACHUTH TUO0 U3MEHEHHEM DJIEKTPOHHOTO 3aps/ia, TMO0 H3MEHEHHEM CKOPOCTH cBeTa. M To 1 Ipyroe gomyiie-
HHUE, KaK BBl IOHUMAETe, MOXKET CBEPHYTh MO3TH HaOeKpeHb MoooMy (pusuky. W Bce-Taku u3MeHeHue 3apsja -
6onee "cymacueniiee" IpeAnoioKeHNE, TaK Kak 3TO MOTpeOyeT NpH3HAHUS HEAEHCTBUTEIBHBIM y>Ke CaMOT'0, 4TO
HH Ha €CTb CBSITOTO B (PM3HKE - BTOPOT0 Havaja repMoarHaMuku. OcTaeTcst Bce NeHsITh Ha CKOPOCTh CBETa... "IT0,
BO3MOYKHO, Ha4aJ0 CMEHBI TapaJuTMEI B (usuke", - ormedaet coaBtop [loma [Iasuca - Tamapa [3Buc. B gactHO-
CTH, MOXKET OKa3aThcs, 4yTo 6-10 MIIp. JeT Ha3a CKOPOCTh CBETa MOTJIa OBITH BhIIIE, YeM cefidac (300 Thic. km/c).
«[lokymienne Ha MUPOBBIe KOHCTaHThIY. [ H dAZOC 5 L IS8 dzf IsO¢C. 1 0 MOdBtsd3 HJjdzf L O «
Mo jlsO HE g slfgdsy, Wslstsdzse, dL dzkzyj dzdzr = € 9 OL Gstel@iEzd ozrdig st dzO |
hddzsm:! SCtsdaduyjmMeos odzlstej dzdzj 2  dzj e d d sls S Silsdsjdajtf, s dz@®aj @zdlsy,
Yybsts Wtslstsdz dzj dL a3 dzj dz. 1 sls sOC k¥ IskfdCtsobky COtlsddzz d ¢

1y tfdmoOdzdz j] WOCIKT HBCOLT 90t ls ftoeOQotslskz dsots? BlstOMm
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MoskeT BO3HHKHYTH BoIpoc 0 «HYE€pHoit npipe». HekoTopble acTpOHOMBI CUMTAIOT YEPHYIO ABIPY BEYHOH MO-
THJI0M MaTepuu. OTo He Tak. UEpHas AbIpa — 3TO MOCIEAHUH JTal KU3HU 3Be3/1bl. OHA CYIIECTBYET /I0JT0, HO, B
KOHIIC-KOHIIOB, B3PbIBACTCA, p8.36paCBIBa${ MaTEpHIo 1o Bcenennoii B BUAC MAaTCpHUAJIBHBIX TEJI, IBJIM U U3JTy4C-
HUS KBAaHTHHO «HEUTPOHHOM 3BE3701», KOTOpas M3mydaeTcs 6e3 octarka. S O Ha3BaJI 3B€3/1y HE HEUTPOHHOH a
KBaHTHHHOM, TaK KaK B 9TOH 3Be3]I¢ TAKMX 00pa3oBaHUil Kak HEUTPOoH — HeT. CpennHa «YEPHOH IBIPBI» MPEICTaB-
JsIeT U3 ce0s1 OTPOMHBIN KOM CIOABIICHBIX KBAHTOB, KOTOPBIE S HA3BAT «KBAHTHHOY.

Vtod 3 wOded ™

1.{B CoOdzstsos? ftdtetsH] GtOo dlsOydtsdedese 2 t(Rsdar. BABESOE
Medds © Cdzedecd ¢19YLHT™. Rna tot5) HE vzhgésnnom ngfocrpaiicreedcpefpdsj tels! . €
IUIOTHOCTH JTYYMCTON SHEPTUU OKOJIO | 3JIEKTPOH—BOJIbTa Ha KyOuueckuii cantumerp uin 1072 spr/cm®. Crnento-
BaTEJIbHO, TaK KAaK HEPIUsl KAKAO0TO U3 CBETOBBIX KBAHTOB OKOJIO 3 3JICKTPOH-BOJIBT, HA KyOUUECKHH CAaHTHMETP
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MEX3BE3AHOTO MPOCTPAHCTBA IPUXOAUTCS MEHbIIE OJHOTO KBaHTa B To ke BpeMs HHEpruu 3TUX KBAHTOB IpU-
MEpHO TaKHe k€ KaK B 3BE3IHBIX arMoc(epax, Ile INIOTHOCTh KBAHTOB HEU3MEPUMO OO0JIbILE». ITO TOBOPUT O
TOM, YTO KBAHTHI B KBAHTOBOM I10JI€ KOCMHYECKOTO TeIa HAXOAATCS MOYTH B CBOOOHOM COCTOSIHHM M TOJBKO UX
6ouIbIIast IIOTHOCTH CO3JAI0T 3TO TPABUTALIMOHHOE MOJIE KAXKJ0T0 MaTEPHAILHOTO Tela.

2. ApTtyp CToH@EWIsdAEn HxdT=dH dz

Mogens 3Be3/16I DIANHITOHA YKa3bIBaJla Ha IIPOCTOE COOTHOILICHNE MEXLy MAcCOH, pagiycoM U CBETHMO-
CTBIO 3BE3/IbI, IPHYEM BIMSHNE pajryca o4eHb Mano. OH 00HapyXHII, 9TO PE3yIbTUPYIOMNI 3aKOH Macca—CBe-
THUMOCTB, XOPOIIIO AMMPOKCUMHUPYET HAOMIONEHUS BCEX HOPMAJIBHBIX 3Be3/, BKItodas CoiHIEe, U1 KOTOPOTO OH
BBITIOJIHSUT pacueTsl. O4eBUIHO, CUUTANl DIAMHTITOH, OTCIO/Ia MOYKHO CJIEJIaTh BBIBOJI, YTO KOJIMYECTBO OOBIYHOTO
3BE3JTHOTO BEILECTBA, PABHOTO IO Macce, ckaxkeM, ColiHIly, 00pa3yeT 3Be3y TaKOW jke€ CBETHMMOCTH, KaK Halle
Comnnne Tak, eMy yaanock, He 3Hasi HCTOYHUKOB, TMPEACKa3aTh IOTOK SHEPTUU 3Be31bl. M3 Moaenu DA uHrToHa
CJI/IyeT, YTO SHEPIusi FTeHepupyeTcs IIyOOKO B HeApax Takoi 3Be3/bl, kak ConHue, M Best Matepust CoJHIa 3TO
BEILlECTBA Pa3HOM IIOTHOCTH M pa3HO# TeMIlepaTyphl, Haxo suecs B ra3oodpasHoM coctosiuuu. C. Yanapace-
Kap, paboraBiuuii B To BpeMs: B KeMOpHIIKCKOM yHUBEpPCHUTETE, CAEIal OTKPBITHE, YTO TEIO, (€CJIM ero mMacca
TIPEBBIIIACT TAK HAa3bIBACMBII YaHIPaCEeKapOBCKHUI Mpeel, MPHOIM3UTEIbHO paBHbIH 1,5 Maccer ConHITa) COCTO-
AIIee U3 BEIIECTBA, MPEAIIOIIOKEHHOTO DATUHITOHOM, HE MOXKET HAXOANUTHCS B PABHOBECHOM COCTOSIHUH, Eciu
TOJIBKO B PE3YNbTaTe KaKOro-TO MPOIECcca TaKOe TEJI0 HE Pa3pyIIUTCs, TO OHO TTOIBEPTHETCS KaTacTPOPHIECKOMY
TPaBUTAIIMOHHOMY KOJIIAIICY K COCTOSIHUIO, HA3bIBAEMOMY UYEPHOH ABIPOH, TAK KaK IPaBUTAIIMOHHOE MPUTSDKCHUE
HE TT03BOJISIET JAXE CBETY IMTOKUHYTH 3TOT 00BEKT. ... [loka He HAIIIIOCh HM OHOTO HaOIIOaTEIbHOTO CBUCTEIb-
CTBa, KOTOPOE MMPOTHBOPEUMIIO Ol BBIBOaM YaHapacekapa. OnHaKo, HET ¥ CBHIETENIBCTB, KOTOPbIE ObI IOATBEP-
KT 9TOT BBIBOJ. DAJMHITOH OTBEPT 3TOT BHIBOJ, cunTas ero reductio ad absurdum (yar. noBenenue o a6-
cypna). boibmmHCTBO acTpo(U3MKOB CUUTAIOT, YTO OH OBUI HEIPaB, MOCKOJIbKY He Hallen B pacuerax YaHxapac-
exapa HU OoJHO# ommOKu. Hackonbko MHE M3BeCTHO, naxke 50 JIeT CIycTsl HUKTO HE paccMarpuBall, Kak Oyner
3BOJIIOLIMOHUPOBATH pealibHas Macca BEIleCTBa, IPEBBIIIAIOIAs YaHApaceKapoBCcKui npeaen. Het n ydenureins-

HOTO TIOATBEPXKICHUS CYIIECTBOBAHIS PA3IMYHBIX KaHIUAATOB BuepHbie mpippl ( f . U tej Is+ w C)
c Mydlkos, ybkts LHjiM! YOdHttOM] COtO dzaj Qo o Istsdz, yYlbsts
Slsdg8 Isimw jet ttOMyy . 19jLHO M dBB2 BOMMS2 GMsOdz smw

BZOMMEz. [ OMMO Lo jLHT BHjls tjekdzdttse Ols! MV -swpAfigls  dstisds s
dzg MmMazeydlsmw, LoJLHO MmBtesMmdls dL dzd hgfled , 3OSz tots HasHj dte X tH d
Bdetsy j Mlso sy dzZOB iz HOj 3" = Mz yOjoeo. c¢cyvteds | H' tor € f sdzzyoOs
Isg dzd 1 Md dzj dedets? dzgj o Mmtsmistswdzdd tjceckzdzdtese Ols! me s dBOMM
YyeHtseadMh O COC ¢ vV Bdebej nepsdii tetpeomprudcrolsnayunoit pabore, KoTopas cocTaBuiIa
OCHOBHYIO 9acTh €r0 KHUTH «/[BIDKeHUs 3Be3», DJANHITOH OMKCal CTpoeHHe ['allakTHKH, a 10 CYIIEeCTBY BCEX
rajjakTHK. 3aTeM B KHUTe «BHyTpeHHee cTpoeHHe 3Be31» OH OIUCall CTPYKTYPY 3Be31. M MOCKONbKY 3BE3/IbI —
3TO CTpOUTEJIbHBIE OJIOKH JII000M rajJaKTHKH, BCS COBPEMEHHAs aCTPOHOMUSI MHOTUM 00s13aHa OTKPBITHAM DJI-
JUHTTOHA. DTO — OTPOMHOE NPU3HAHUE TPYIOB OJHOTO YenoBeka. Ho DIAMHITOH momesn Aajblie, oKas3as, YTo
MOJIeNb CTallMOHApHOU Beenennoit DHIITEHA HE COOTBETCTBYET JEHCTBUTENLHOCTH B YTO BeenenHas onpene-
néanas popmyiaamu OTO nomkHa OBITE HecTaOMIBHOM. TeM caMBIM B paMKax OOIIeH TEOPUH OTHOCHTEIEHOCTH
OH YCTaHOBHJI, 4TO BceneHHas ToJhKHA pacIINpATEHCS (HITH CKUMATHCS ), HO HUKaK HEe MOKET OBITh CTAI[HOHAPHOM.
Takum 00pa3oM, OH BHEC CYIIECTBEHHBIH BKIIaJl B ACTPOHOMHUIO B IIeJioM, Toka3aB,uto O T O He npuemnemMa f
0O6bACHEHMA CcCywHocTun BceneHHOI.
51 He pa3 uutain BeIBOABI Yu€HbIX nponosenytomux OTO. BoeiBoasl OTO KyJabTUBUPYIOTCS celyac U B acT-
podusngeckux BuneoduapMax. PesynbraToM 3THX yUeHUH sBISETCS TO, 4TO BeeneHHyro AT HeMHUHyeMas TH-
0eIb, Tak KaK pPOXKIAIOTCS HOBBIC 3BE3JIBI, a KaX/1as 3Be3]la 3aKaHYMBAET CBOIO JXU3Hb «UEpHOH AbIpoii». Takum
obpa3om, B Kakoe-To BpeMs Bce 3BE3bI peBpatsatcs B U/ u 310 Oyner cmepthio Beenennoit. [IpumepHo TO ke
camoe npeackassiBai U Mocud Camymnosud LlxnoBckuii. Bo BBeaeHNM KHUTH «3BE3MBI, UX POXKACHHE, )KU3Hb U
cMepTh» cTp. 16, oH mumet: - «Hammaue 38E311 Mo 9€pKUBaeT HEOOPATUMOCTH MPOIIECCOB HBOIIONHHN BEIIECTBA
Bo Bcenennoii. Benp 3BE3/1b1 B OCHOBHOM HM3ITy4alOT 32 CUET HEOOPATUMOTO TpoIiecca MPeBpaIieHus BOIOPOIa B
Goutee TSHKENBIE DIIEMEHTBHI, IIPEXJIe BCero, B reauid. [locTosHHO HakaruMBaronecs: Bo BeeneHHON «MHEpTHBIE»
(T.€. «MEPTBBIE») KOHEYHbIE MIPOAYKTHI ABOJIIOLUH 3BE3/T — O€Ible KapiIHKH, HEHTPOHHBIE 3BE3/IbI 1, HO-BHIMMOMY
«YE&pHBbIe IBIPEI» TaKKe MOJUYEPKUBAIOT HeoOpaTHMBIH XapakTep 3Bostonnn Beenennoit» W.C. xoBckuii. 910
He Tak. YJ[ — 310 He MEpTBas Matepus. YJ[ B3pbIBAIOTCA M PA3HOCAT MATEPUIO B BUJAE MATEPUANIBHBIX BEIIECTB
pa3HOl BEIMYHMHBI U U3JIy4EHUs] 10 MUPOBOMY IMPOCTPAHCTBY. I 3Ta MaTepHsl CIIy>KUT MAaTE€PUAJIOM AJS CTPOH-
TEJIbCTBA HOBBIX U HOBBIX 3JIEMEHTOB BeenenHoi
cAdLdSCO 4 dzj B3] delsOteds” = YOMIsdy BO| teddekl a3t M) sigdgpPidap 0
1 mjdzj dedzgs2 d 5B W andpedgj IslzdaOfy j o fj @ntgighs dgYs dadts | ) j dzj dedzts 2 o d3j M ls
Ldzj e dj? odetso! d oadzso’ fsatsHdl s Ctwckek ftoj otcOn j dzd 2
LOzsétsdy j Y o jydets?2 ydL dzed.
3AKJIFOYEHUE
I md dzj dzdzOw  »sd O ,B >Hdidsy X d Is! ofmjeHO! ! 1. | sdztsh Off ts9 .


https://www.proza.ru/avtor/tretyakmikle
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PUCYHKU U CXEMBbI

m3 (KPUTHYCCKAsI Macca «IEPHOM ABIPHI)

~
~

\BI:IGDOC MAaTECPUU NMEPBOHAYATIbHBIM
H31Yy4CHUCM

KBa3a
[
M1 Hayano CBEYeHUA ~~~._
/ ' cBep
',
\
M, KOKeE|L CBEUEHNUs 3BE31bI 9
.
doppmppBanuc CBCYCHHC 3BC3IbI npeaapipa  §EpHAs JbIpa
3BGBbI

0 t1 75 t3
tdfrl 3

[MpumepHas cxema COOBITHIT KHU3HH 3BE3IbI (BapUaHT).

ty Hawao cBeyeHus (KpacHBIA TUTaHT) [1- t ocBeueHNe 3Be3/IbI t 2 KOHEIl CBeUeHHS 3Be3.IbI (KPACHBIH KapJIvK,
Y TIpeBpalleHue 3Be3/Ibl B TBEPAOE KocMudeckoe Teno) to - t3 Habop maccsl «npeaapipoi» t3 Hauano n3mydeHus
3Be3/bI B 00JIaCTH PEHI€HOBCKOI'O yIBTPAPEHT€HOBCKOTO U HEHTPUHHOTO JHMANa30Ha YacTOT M3Ty4eHus. 13ty
HA0Op Macchl u€pHOM AbIpoit . t3 - fgpa3BurHe kBasapa ts B3pBIB YEPHOI ABIPHI t4- {5 BEIOPOC MaTepuu U3Iyde-
HUEM B BHJIE HEUTPHUHO, YIbTPAPEHTEHOBCKOTO, PEHI€HOBCKOTO M CBETOBOTO JUAa30Ha YacTOT U3NnydeHus. 1 s-
s CBepXHOBas 3Be3/1a MPEBpAIaeTCs B Oesioro kapiuka. t 7 3Heprus ob1aka cpaBHsUIaCh ¢ SHEPrHel kocmoca. t g
KOHCII CBE€YCHMUA 3BE3/bI.
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PUC 3-2. UBJIIYUEH
1/ Cnpii gBanTOB rpaBUTauMOHHGro nosus  2) Cnoii Bogopoaa 3)\Cioii renus. ..
4) Cxemafw!{ecxoe 0TOOpakeHUE OOJIRCTHU CIIOEB BCEX OCTAJILHBIX YJIEMHTOB,
UMEIOUIMXZS B IaHHOM 3Be3/1e. 5). OOJACTh aKTUBHBIX KBAHTOB LIEHTPA 3BE3/1bL.
6)/HanpaBJ1er1e M3JTyYECHHUS 7)‘ HanpasiieHne 1BUKEHNS CBOOOIHBIX KBAHTOB.
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Moaenun ctpoeHus 3Be3n

* B 1926r. 6p11a onyGmmKoBana KHHra Aprypa

Opamurrona «BHyTpennee crpoeHne 38e31», F <
- t .
KOTOpOH, MO/KHO CKa3aTh, HAUAI0Ch M3y eHHe = N
o |
BHYTPEHHEr 0 CTPOCHHA 3Be3, 1

DAMHHITOH C/ie/1a/l P el o/IoKeHHE O

PABHOBE CHOM COCTOSHHH 3Be3] [VIABHOH
NOC/1e]0BaTe/IbHOCTH, T.€., 0 PaBeHCTBe NOTOKa
IHEPrHH, FEHEPHPYEMOro B HeApax 3Be3/ibl, H

JHEPrHuH, ln.’ly!mcmoﬁ C €€ NOBEPXHOCTH.

OAAHHITOH He NPeJCTaB/IA/I HC TOUHHKA 3TOH
IHEPrHH, HO COBEPINEHHO NPABH/IHH O NOMeC THJI
ITOT HCTOUHHK B CAMYI0 FOPAUYI0 HaCTh 383 bl
— ee MeHTP H P e ol KIT, UT0 Gouth nioe
Bpems au (ppy3un >Hepran (MH/I/THOHBI JI€T)
Oyjer BhIpaBHHBATh BCe HIMEHEHHA, KpOMe TeX,
UTO NP OAB/IAIOTCA BO/IHIH MOBEPXHOCTH .

Koe M3nNydyeHUe.

UeBeT Ouanas3oH gnunfiuwanas3oH Yya Auana3oH 3Heprwu

DuoneToBLIi 380—440 790—680 2,82—3,26
Cunuit 440—485 680—620 2,56—2,82

LCony6oii 485—500 620—600 2,48—2,56
3enéHblit 500—565 600—530 2,19—2,48
Kénroiit 565—590 530—510 2,10—2,19
OparkeBblii 590—625 510—480 1,98—2,10

Kpacnit | CRCSS DN IcOSOCR I G OC

{dfM3. 3 1 0admMddksmis! yOmssls dLkzyj ddY &l &Of

S emgé pa3 ucmonbp30BaN TAOIUYKY ONTHYECKOTO M3JIYYICHUS, TaK KakK 3Ta TaOJUYKa HATJISIHO MOKA3hIBAET
3aBUCUMOCTb I[BETA M3IYUCHHsI OT YaCTOTHI KOJIeOaHMs BOJH KBAHTOB CBETA M3JIydaeMbIX 3BE37I0M, @ 4aCTOTa KO-
neGaHM{ 3aBUCHUT OT BEJTMYNHBI M INIOTHOCTH (TEMIIEPaTyphl) BHYTPEHHETO sSApa cBeTmIa. V3mydeHne 3aBUCHT OT
o01Iell MacChl MATEPHH 3BE3]IBL.


http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BE%D0%BB%D0%B5%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D0%B8%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D1%83%D0%B1%D0%BE%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BB%D1%91%D0%BD%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%96%D1%91%D0%BB%D1%82%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B0%D0%BD%D0%B6%D0%B5%D0%B2%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B0%D1%81%D0%BD%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
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tdfr4 BL dzyj ded

B nportiecce »xu3HU 3BE3/BI BCS MATEPUS IIOTOKOM JIBHXKETCS K ICHTPY, IEPEXOs B TCUCHUE ITOTO ABIIKCHHS
W3 OJHOH (popmanuu B mpyryro. OOpa30BaHUs BEIICCTB HA TPAHH JIBYX CPEJ] U ACHCTBUS ABYX BCTPEYHBIX IOTOKOB
MaTepH 3Be3bl. 1-00pa3oBaHue BOJOPO/A M3 TPAaBUTOHOB (Y-KBaHTOB). CTpelIKaMu IIOKa3aHO IBUKCHUE MaTCPHH
K LHeHTpy 2) obpa3zoBanue resius u3 aroMoB Bojgopoaa H—He. 3) O6pa3oBanue nutus u3 renusi B He—Li. 4)
O6pasosanue Geprmtis u3 sutust Li—Be 5)06pasosanne 6opa u3 6epuwmmst Be—B. 6) O6pasoBanus yriepoaa
u3 bopa B—C 7) O6pa3oBanue KBaHTHIMyMa.. 8 ) N3 ny vaeHHTMreNn Kyema 9 ) N3 Lypewmme 3 B¢

Kam nNokas3aHO HMBEIPABAKEHUS MaTE€Tpe Nk MHOTKPay3. a H 0
HanpaB/feHWEe ABUXEHMAT @apuydaiuedics
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R 7\,1= 8R1

WcToynuk u3nydeHus

tdms 3
N3JIYUEHUE
CxeMa pacnpoCTpaHEeH s CBETOBOM BOJIHEL.
g A
Smax | — \
gmin g \_/ \ / \ /
\A
Sgon | R
0 R

t df6 3RL d3d dzj dzad j f dztslsdztsfylsd C o Odestseo BOIjtedd o 9ot
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FrraBa 4

CTPOEHMEOMA
BBepgpeHune

ATtoM 10 19 Beka cuuTasncs HeJeTUMON YacTHIIeH, TIO3TOMY O COCTaBe M CTPOSHUU aTOMa MBICIH HU Y KOTO
He Bo3HUKaN0. Tonbko B Hayane 19 Beka @apaneil NpHOTKPBUI TallHy cocTaBa aToMa. fl, aBTOp 3TOH CTaThu, U3y-
YHB, MATEPHAJIBI, IT0 BOIPOCY CTPOUTENIHCTBA ATOMA C/IEJIAll HEKOTOPBIE CBOM BBIBOJIBI, O YEM U ITOBECTBYIO B 9TOH
CTaThe.

RL tfidmOdeder 7 tOdedzi HE Mz MbsBOded 2

S90dzsT RO itedd 4 Ists oM dzj dzin Cdxlils i {tedf jdiC dzl GXE dzr djr  d@frkhls ik
dzj e jlsdujmedy fosdv d ojhjMmlse] ddov &Oljtedw.
. Cdzj CIstets dgr d fesLdlstetsdz" 4+ Ists Loz a3 gk Otsfips P dz! dgONlsq q
yr, MmisOe" dj dLtejilisds s3@ls Had dtc Gazdzed = d Mfydzj Hise Oded 2 ¢ My
s Otcdz’ dsq YO fiplasd WErBies dz ( ©OL dzd ydz' j dzj MOBEMissYIsj d dzr j

Poia Ha cki0HE TrOpEHI.
Kaxk OynTo ropa nepexsaueHa
TTosicom st Meua.

3TO TpeXCTHIIRE CpeaHeBeKOBOTO Mmo3Ta bace. Xumpku FOkaBa cunran ero AyXoBHO OJIM3KHM cebe. Y UeHBIH
CTPEMMJICS TIOCTUYb COKPOBEHHYIO TalfHy BEIECTBA, HO MHOT/IAa €My Ka3aJ0Ch, YTO 3TO Y)K€ CHIeJIaJi 10 Hero. S
C 3TUM COIJIACEH, W JyMalo, 4TO 3TO TPEXCTHUILBE NP0 aTOM, TJ€ ropa - 3TO SAPO aToOMa, a IOsIC - ITO TOSIC JJIEK-
TPOHOB.

g [ [ r & v I R (.
dn3smka aTomMa M aTOMHOTrNro spgpa

IIpencraBnenue 06 aToMax Kak HelEIMMBIX MENbYalIINX YacTUIAX BELECTBAa BO3HUKIIO B aHTHYHBIC Bpe-
MeHa. Emé JleMOKpUT rOBOPHII, YTO BECh MUP COCTOUT U3 MEJIbYANIIINX HEACTHUMbIX YaCTHYEK — aTOMOB ( B Iepe-
BOJIe —HeeIUMBIi) , Ho Toibko B X VIII Beke Tpynamu A. JIaByasbe, M. B. JloMoHOCOBa U IpyTrux y4eHbIX ObLIa
JIOKa3aHa PeaIbHOCTh CYIIECTBOBaHMU aroMoB. Ho Bompoc 00 ux BHYTPEHHEM YCTPOICTBE lake HE BO3HUKAI, U
aTOMBI IO-TIPEXHEMY CUMTAINCh HeAeTMMbIMU dacTHiaMu. B XIX Beke M3ydeHHe aTOMHUCTUYECKOTO CTPOCHHS
BEIIECTBA CYIIECTBEHHO NPOJBHHYJIOCH Brepexa. B 1833 romy mnpm wmccienoBaHUM SIBICHHS 3JIEKTPO-
m3a M. Papazieit ycTaHOBHII, YTO TOK B PACTBOPE 3JIEKTPOJIMTA 3TO YHOPSJOUEHHOE JBHKECHUE 3apsDKCHHBIX Ya-
ctul — noHos. ®apazeit onpeaeniT MUHUMAIBHBIA 3apsi/i HOHA, KOTOPBIN OBII Ha3BaH JIEMEHTapHBIM 3JIEKTPHU-
yeckuM 3apsaoM. Ero npubiukeHHOE 3HaUeHHEe 0Ka3a10Cch paBHbIM € = 1,60-1071° K.

Ha ocHoBanun nccienoBannii ®apanes MOKHO OBIJIO cenaTh BBIBOA O CYIIECTBOBAaHHM BHYTPU aTOMOB
NIEKTPUUYECKHX 3apsAI0B.

Bonpmyro ponp B pa3BUTHMM  ATOMUCTUYECKOM TEOPUU ChIFPAl  BBINAIOIIUNCA PYCCKMM  XU-
muk J. Y. Mennenees, pazpabortasimuii B 1869 roay nepnoaudeckyro CHCTEMY 3I€MEHTOB, B KOTOPOH BIIBBIE OB
MOCTaBJIEH BOIIPOC O €TUHOM NPHPO/IE AaTOMOB.

BaXHBIM CBUIETETECTBOM CJIOKHOM CTPYKTYPHI aTOMOB SIBUJIMCH CIIEKTPOCKOIIMYECKHE MCCIEIOBAHNUS, KO-
TOpBIE MPUBEIHN K OTKPBITUIO JIMHEHYATHIX CIIEKTPOB aToMOB. B Hawane XIX Beka ObUIM OTKPBITHI TUCKPETHBIE
CIEKTpaJbHbIE JIMHUM B W3JIyYCHHHM aTOMOB BOJOpOJa B BHIMMOM 4YacTH clekTpa. Bmocnencrsuw,
B 1885 r. 1. banbMepom ObUTH yCTaHOBJIEHBI MaTeMaTHYeCKHE 3aKOHOMEPHOCTH, CBSI3BIBAIOLIME JUIMHBI BOJH
9TUX JIMHUM.

B 1896 rony A. bexkepeisb 0OHapy>KHJI SIBJIEHHE UCITyCKAaHHUS aTOMaMH HEBUAMMBIX IIPOHUKAIOLINX U3JTyde-
HUH, Ha3BaHHOE PaJIMOAKTUBHOCTBIO. B Tocnemyromue roasl sSBIEHHE PaJHOaKTHBHOCTH H3y4aloch MHOTHMH
yaensiMu (M. Crionosekas-Kropw, 1. Kropu, 3. Pesepdopa u ap.). beio o6HapyReHO0, 4T0 aTOMBI PaIHOaKTHB-
HBIX BEIIECTB UCITYCKAIOT TPH BHJIA U3ITYUCHHUHA Pa3IMuHON (HrU3HuecKoi mpupoasl (anbda-, 6eTa- 1 raMMa-JIyan).
Anpda-mydn okazaauch MOTOKOM HOHOB Trenws, 0eTa-ITydd — MOTOKOM 3JIEKTPOHOB, a TaMMa-Ty49Hd — ITOTOKOM
KBAaHTOB ECTKOTO PEHTTC€HOBCKOTO M3TyYEHUS.

B 1897 roxy . TOMCOH OTKPBLI JIEKTPOH U M3MEPHIT OTHOLIEHHE €/M 3apsia dJIeKTpoHa K Macce. OTBITHI
ToMcoHa NOATBEPAUIN BBIBOJ O TOM, YTO AJIEKTPOHBI BXOJAT B COCTAaB aTOMOB.

Taxum 00pa3oM, Ha OCHOBAaHMHU BCEX M3BECTHBIX K Hadaly XX BeKa HKCIIEPUMEHTAIBHBIX (PAKTOB MOXHO
OBLIO cenaTh BBIBOJ O TOM, YTO aTOMBI BEIIECTBA HMEIOT CIIOKHOE BHYTpeHHee cTpoeHne. OHM MPEeACTaBISIOT
co00i1 3NIeKTpOHEHTpaIbHbIE CHCTEMBI, IPHYEM HOCHUTEISIMU OTPHULATEIBEHOTO 3aps/ia aTOMOB SIBIISIFOTCS JIETKHE
3IEKTPOHBI, Macca KOTOPBIX COCTABIISET JIHIIb MATYIO 00 Macchl aTOMOB. OCHOBHasI 4aCTh MAaCChl aTOMOB CBSI-
3aHa C MOJIOKUTENBHBIM 3apsiaoM... } Jt6J H dzOEZC 52 oMsOdz oatsftetsm S o dzgzlstej dadzj d

OnblT Pes3epdgoppa. ApepHasa mMopgenb aTtoma

[TepBas mombITKa CO3IaHUS MOJIEIA aTOMa Ha OCHOBE HAKOTICHHBIX IKCIIEPUMEHTAIBHBIX AaHHBIX (1903 T.)
npuHagnesxxut Jx. Tomcony. OH cunTai, 4To aTOM MPEICTABISAET COOOH 3MEKTPOHEHTPAIbHYIO CUCTEMY LIapO-
00pa3zHoil popMbI pagrycoM, TpuMepHo paBHbIM 10710 M. TT00KHUTENBHBIN 3aps1 aTOMa PABHOMEPHO PACTIPE/Ie-
JIEH 110 BceMy 00beMy Iapa, a OTPUIATEIILHO 3apsHKEHHBIE dJIEKTPOHBI HAXOAATCS BHYTpH Hero (puc.1). Jlns 00b-
SICHEHHS JIMHEHYaThIX CHEKTPOB UCIyCKaHHUS aTOMOB TOMCOH IBITalCA ONPEAEIUTH PACIIONOKEHHE dIEKTPOHOB



https://physics.ru/courses/op25part2/content/scientist/lavoisier.html
https://physics.ru/courses/op25part2/content/scientist/lomonosov.html
https://physics.ru/courses/op25part2/content/scientist/faraday.html
https://physics.ru/courses/op25part2/content/chapter1/section/paragraph12/theory.html
https://physics.ru/courses/op25part2/content/chapter1/section/paragraph12/theory.html
https://physics.ru/courses/op25part2/content/scientist/mendeleev.html
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B aTOME M PacCYUTaTh YaCTOTHI MX KOJIEOaHUH OKOJIO MOJIOKeHUH paBHOBecHs. OIHAKO 3TH MOIBITKH HE yBEHYa-
nmch ycnexoM. Uepes HECKOJIBKO JIET B OIBITAaX BEJIMKOTrO aHmniickoro ¢usnka J. Pezepdopna 6bu10 10Ka3aHo,
4yTO MoAeNb ToMCOHa HEBEpHa.

IlepBble TpsiMBIE SKCHEPUMEHTHI IO WCCICIOBAHMIO BHYTPEHHEH CTPYKTYphI aTOMOB OBUIM BBIIOJ-
HeHbl O. Pesepdopnom n ero corpymaukamu 3. Mapcaernom u X. Iefirepom B 1909-1911 romax. Pesepdopn
MPETOXKIII MPUMEHUTD 30HIMPOBAaHUE aTOMa C IOMOIIBIO 0-4aCTHII, KOTOPBIC BO3HUKAIOT MIPU PaANOAKTHBHOM
pacmazie paaus ¥ HEKOTOPBIX IPYTHX 3JIeMeHTOB. Macca a-gactull npuommsnutensHo B 7300 pa3 Gombine Maccsl
3JIEKTPOHA, a TIOJIOKUTEIIBHBIN 3apsi/l paBeH yIBOCHHOMY 3JIEMEHTapHOMY 3apsay. B cBoux omeitax Peszepdopa
UCIIOJIb30BAIl 0-YaCTHIIBI C KHHETUYECKOM 3Heprueit okoio 5 MaB (CKopoCcTh TakMX 4acTUI] O4YEHb BEJIMKa — I0-
pska 107 M/c, HO Bee JKE 3HAYUTENBHO MEHBIIE CKOPOCTH CBETA). 0-4aCTHI[BI — 3TO MOJHOCTHIO MOHU3UPOBAHHBIE
aToMmsbl renust. Oun ObLIH OTKPBITH Pezepdopaom B 1899 roxy npu n3ydeHun sBICHHUS PaJIMOAKTHBHOCTH. DTUMH
yactuiamu Pesepdopa 6omMOGapanpoBat aTOMBI TSDKEIBIX IIEMEHTOB (30J10T0, cepedpo, Meb U Ap.). DIESKTPOHEL,
BXOJISIIIIME B COCTaB aTOMOB, BCJIEACTBHE MaJIOW Macchl HE MOTYT 3aMETHO M3MEHHTHb TPACKTOPHUIO OL-4aCTHIIBI.
PaccestHue, TO eCTh M3MEHEHHE HAIPABJICHUS JBIKCHUS 0-4aCTHUI[, MOXET BBI3BATh TOJBKO TsDKENast MOJI0XKHU-
TENBHO 3apsDKeHHAs JacTb aroma. Cxema ombita Pesepdopna npencrapnena Ha puc. 2. OT pagroakTHBHOTO HC-
TOYHMKA, 3aKIIOYCHHOTO B CBUHIIOBBIM KOHTEHHEP, (-4aCTHIBI HAIPABIAINCh HA TOHKYIO METAIIMYECCKYFO
(omnpry. PaccesHHBIC YaCTHIIBI TTOMAAATH HA SKPaH, HOKPBITHIH CII0€M KPHCTAIUIOB CYyIb(NAa IIMHKA, CIIOCOOHBIX
CBETUTHCS IO ylapaMH OBICTPBIX 3apsDKEHHBIX dacTul. COMHTHUIALUK (BCIBIIIKKM) HA SKpaHe HaOII0JalNCh
TJIa30M € MOMOIIBI0 MUKpocKona. Habmronenns paccesHHbIX o-dacTull B onbiTe Pesepdopaa moxHO OBLTO TIpO-
BOJIUTB O] Pa3INYHBIMH YTIIAMU ( K TIEPBOHAYAIBHOMY HAIIPABJICHHIO ITydKa. bbuto oOHapyXeHo, 4To OOIbIINH-
CTBO 0-4aCTHUIl TPOXOJUT YE€PE3 TOHKHH CJIOH METaJ1a, NPAKTUYCCKHA HE MCIBIThIBAsA OTKJIOHCHU. OI[HaKO HE-
GopIIas 4acTh YaCTHI[ OTKJIOHSAETCS Ha 3HAYUTEIbHbIE YIIIBI, MpeBbimatomue 30°. O4eHb peakue o-4acTUIIBI
(puOIM3UTEIHHO OJJHA HA JAECATH THICSY) HUCTIBITHIBAIN OTKJIOHEHHE Ha yIiibl, Onu3kue k 180°. DToT pe3ynbraT
OBLT COBEPILICHHO HEOXKUAAHHBIM faxe st Pesepdopaa. Ero npesicTaBieHust HAXOUIKCh B PE3KOM IIPOTHBOPE-
YUU C MOJIeIbI0 aTroMa TOMCOHa, COrJIaCHO KOTOPOM IOJIOKMUTENbHBIA 3apsi/i pacupeseseH o BceMy 00beMy
atoma. [Ipu TakoM pacripenesIeHIH MOI0XKNUTEIbHBIN 3apsa/] HE MOKET CO3/1aTh CHIIBHOE 3JIEKTPUIECKOE 01, CII0-
coOHOE OTOPOCUTH 0-JacTUIIBI Ha3aj. DIIEKTPHUECKOE TI0JIe OJHOPOIHOTO 3apsHKEHHOTO MIapa MaKCHMAJIBHO Ha
€ro MOBEPXHOCTH U YOBIBAaET [0 HYJIS 1T0 Mepe MPUOIIKEeHNUS K HeHTpy mapa. Eciu 651 panuyc mapa, B KOTOpOM
COCPEIOTOUYCH BECh MOJIOKUTEIBHBIN 3aps aTOMa, yMEHBIIWICS B N pa3, TO MAaKCHMaJIbHAasl CHJIa OTTAJIKUBAHN,
JeHCTBYIOIIAs Ha 0-9acTHILY, 1o 3akoHy KyioHa Bo3pocia 6bl B N2 pas. ClieoBaTeNbHO, MPH JT0CTATOYHO GOIb-
IIOM 3HaYCHUH N 0-4acTHUIBI MOTJIM OBl HCTIBITATh paccessHUe Ha OoubInne yrinbl BIUIOTh 10 180°. Dt coobparke-
Hus npuBenn Pezepdopaa Kk BHIBOY, YTO aTOM IIOYTH MYCTOH, U BECh €TI0 TIOJIOKHUTEIBHBIH 3apsi]i COCPEIOTOYCH
B MajioM 00beMe. DTy yacTh aroma Pezepdopa nazsan O Is ts d3dz’ o3 . Tamststidgaw H j to dzOW ardsts. H | dz
Puc. 1. mutrocTpupyeT paccesHue o-4acTuisl B arome ToMcoHa u B atome Pesepdopaa. Takum o6pazom, pe3yiib-
TaTHI ONBITOB IpuBenu Pesepdopa u ero COTpyIHUKOB K BBIBOJTY, YTO B IIEHTPE aTOMa HaXOJIUTCS MJIOTHOE MO-
JIOXKHUTENBHO 3apsSKEHHOE AP0, AUaMeTp KoToporo He npesbimaeT 10714-1071% m. D10 saap0 3aHMMAaeT TonbKo 10
12 yacTh MONHOTO 0OBbEMA aTOMa, HO COIEPHKUT B € QIdSIOKMTENBHBIN 3aps u He MeHee 99,95 % ero macchl. Be-
LIIECTBY, COCTABJIAIONIEMY SIPO aTOMAa, CIIEIOBAJIO MPUITHCATH KOJIOCCANBHYIO MIIOTHOCTH Topsika p = 10%° r/em®,
3apsin sapa A0JDKEH OBITh paBeH CyMMapHOMY 3apsily BCEX JICKTPOHOB, BXOJSIIMX B COCTaB aroMa. Brocnen-
CTBHH yJaJlOCh YCTAHOBUTb, YTO €CIIH 3apsi/l JIEKTPOHA NPUHATH 33 €AWHMILY, TO 3apsi SApa B TOYHOCTH PaBeH
HOMepY JAaHHOTO 3JIeMeHTa B Tabumiie MenzaeneeBa. PagnkaibHble BEIBOIBI O CTPOSHHH aTOMA, CJIEJIOBABIINE U3
omnbIToB Pesepdopria, 3acTaBiIsiIi MHOTHX YYEHBIX COMHEBATBCS B MX CIIpaBeANMBOCTH. He ObUT HCKITIOUEHHEM U
cam Pesepdopa, omy0IMKOBaBIIHiA pe3yIbTaThl CBOUX HUCCIIea0BaHui TOJIbKO B 1911 1. uepes aBa roja mocje Bbi-
TMMOJTHEHHWA NIEPBBIX SKCIIEPUMECHTOB. OHI/IpaHCB Ha KIIACCUYECKUEC MPEACTABIICHUA O ABMKCHUN MUKPOYACTHII, Pe-
3epdopa npemnokun f dzOQ dzj Is Otedzlz ¥ d3tarjackxe srod oy HeHTpe aromMa pacroaraercs
TMIOJIOKHUTEIBHO 3apsDKEHHOE PO, B KOTOPOM COCPEIOTOUYCHA MOYTH BCSl Macca aToMa. ATOM B [IEJIOM HeWTpaJeH.
Bokpyr siapa, moo0HO IIaHeTaM, NOA JIeHCTBUEM KYJIOHOBCKHMX CHJI CO CTOPOHBI SIIpa BPAIIAIOTCS 3JIEKTPOHBI
(puc. 2). HaxoauTbest B COCTOSHIM TTOKOS 3JIEKTPOHBI HE MOTYT, TaK KaK OHH yIaJu OBl Ha SpO.

[TnanerapHast Mozesb aToMa, NpeyIokeHHast Pesepdop1oM, HECOMHEHHO SIBHJIACh KPYITHBIM IIArOM BIIEPE
B Pa3BUTHHM 3HaHUH O cTpoeHHn aroMa. OHa OblIa COBEPIIEHHO HEOOXOANMOH Il OOBSICHEHHUS OITBITOB IO pac-
CESIHUIO (-4aCTHIl, OJJHAKO OKa3ajach HECIIOCOOHOM OOBACHUTH caM (AKT JUIMTEIHHOTO CYNIECTBOBAHMS aTOMa,
T. €. €ero yCTOHYMBOCTb. [10 3aKOHaM KJIaCCHUECKOH 3JIEKTPOANHAMUKHY, JBIKYIIUICS ¢ YCKOPEHHEM 3apsij J0I-
JEH U3JTy4aTh 3JEKTPOMATHUTHBIE BOJIHBI, HOCSIME SHEPTHIO. 3a KOpoTKoe Bpems (mopsaxa 1078 ¢.) Bee snex-
TPOHEI B aTroMe Pe3epdopaa TOKHEI pacTpaTHTh BCIO CBOIO SHEPTHIO U yIacTh Ha Aapo. To, 4To 3TOro He mpo-
UCXOOUT B yCTOI‘/'I‘II/IBBIX COCTOAHUAX aToMa, IMOKa3bIBA€T, YTO BHYTPECHHHUE IMPOLECCHI B aTOME HE IMOAUYNHAIOTCA
KJIACCHYECKUM 3aKOHaM.

HWrak; Pe3epdopa nmpemioxu muraneTapayto cxemy atoma. Yuenuk O. Pesepdopna Hunbe Bop, pazpabdarsi-
Basl JlaJice MUIAHETAPHYIO CHCTEMY CTPOEHHS aToMa, CAENal CMEIOEe HPEANOI0KCHUE, YTO 3JIEKTPOHBEI B aTOME
BpAIAIOTCSA 110 ONPEACIEHHBIM CTallMOHAPHBIM opOuTam. Kakue cuibl, Kakue Mot CO3Aat0T 3T OpONTHI — OBLIO
He U3BeCTHO. BOT 4TO ckazai mo atomy ooy 3. Pesepdopa: - «...kak MOKET 3HATh 3JIEKTPOH, C KAaKOH 4acTOTOH
OH JIOJDKEH Kose0aThesl, KOria OH IEPEXOAUT C OJJHOTO CTAllMOHAPHOTO COCTOSIHMS Ha Apyroe... MHe Kaxercs,
4TO BBI BBIHY)KIEHBI IPEIIOJIOKHUTE, YTO HJIEKTPOH 3HAET 3a01aroBpeMEHHO, IJIe OH COOMPAETCS] OCTAaHOBHUTBCS. )
Pezepdopn ouenp TouHo ykazan Ha cinaboe mecto B yuenun Hunbca bopa. Ho moxka sra teopus ynoBieTBopsiia
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BECh Hay4HBII Mup. Vs n nanpiie 5THM MyTéM y4EHbIE BHIHY)KACHBI ObLIH AJISl JPYTHX JIEKTPOHOB OINPECISTh
HOBbIe opOuThI. [Toyunnace kpacuBas kaptuHka (Puc 4-5), Ho oHa He oTpaxkaeT cymHocTH. Kakue cuibl 3actas-
JISIOT BpAIIaThCS SJIEKTPOHBI Ha ATHX opOuTax? Kak ayeKTpoH NepexouT ¢ OHOW OpOHUTHI Ha APYTYI0, KOTOpas
MMeeT IPYTOH yroi HakJIoOHA K ocu atoMa? Sl cumTaro, 94T0 TEOpHs IJIAHETAPHOTO PACIIONOXKEHHS HIICKTPOHOB B
aToMme, 3To ommOKa. Tem Oolee BpaleHre HIEKTPOHOB B Pa3IMYHBIX IIOCKOCTAX (KaK IIOKA3hIBACTCS HA PUCYHKAX
Puc. 4-5.) Kpome Toro, mraneTapHast MOJENb XOpOIIa TOIBKO JJs oxHOTO aroma. Ho Benms moboe dusndaeckoe
TEJIO COCTOHT U3 MHOXKECTBA aTOMOB. Tora BO3HUKAIOT BOPOCH: 1) Kakne cuipl yaepKUBatoT 3JIEKTPOH Ha Op-
oure? — Tonmpko neHTpoOexkHas?... Hukakux npyrux cui (moJieif), OTTaIKHUBAIOMINX JIEKTPOH Y sApa, HeT. Bo-
MEePBBIX, TaKas CUJIa HE U3BECTHA, BO-BTOPBIX 3Ta CHJIA JOJKHA CO3/1aBaTh CONPOTUBIICHUE IPU COYAAPEHUN aTOMa
¢ apyroii yactuuei. OnHaKo, IpH BeexX ynapax cobitonaercs 3akoH KoMnToHa, 1 atoM Be€T cebs Kak ynpyroe
TBEPHOE Teno. 2). Kak aToMbI coeMHSIOTCS MKy co00ii 1 00pa3yroT mioTHble pusnyeckue Tena? [lnanerapHas
cXeMa CTPOEHHsSI aTOMOB HE OTBEYAET Ha 3TH BONpochl. [1o3TOMYy 5 cumMTalo, 4To Takoe n300pakeHHe aToMa Kak
Ha (Puc4) eBepHO. BCE MPOUCXOANT MO KINACCHUECKUM 3aKOHAM. DJIEKTPOHBI YECTHO MAaJaroT Ha SJpo aToMa.
OpHako, 1o IIOTHOCTH SAPO SABJISETCS MPEMSITCTBUEM IS IPUCOSAUHEHHS eIIé 0JHOTO 3JIeKTpoHa. [IpoToH, 310
JIOCTAaTOYHO IJIOTHAS YaCTUIA M HE TIPUMET B CBOM PSIIBI JIMIITHIO YacTHIy. OmpeesonmM 00CTOATETECTBOM
npy 00pa30BaHUN aTOMOB SIBIISIETCS CHJIBI TPAaBUTAIIMOHHBIX TOJIEH HYKIOHOB (CHIJIBI TPABHUTAIINH) U JaBIICHHE.
Hefitpon —HeycToiunBas yacTuIla IIPU MaJIOM IaBJICHUH, TaK KaK IIPH MaJIOM JaBJICHIH CHJIBI YIIPYTOCTH KBAHTOB
MaTepuH 00pa30BBIBAIOIINE HEHTPOH MPEBHIMAIOT CHITBI TPABHTAIINH, COOMPAIOIINE KBAHTHI B HEUTPOH U HEUTPOH
pacmagaercs. DTH € CHIIBI TPABUTAIMH MPU YBEIMYCHUH IABICHUS ONPEACIAIOT KOJIMYSCTBO HEUTPOHOB B
atoMe. Tak Kak HEWTPOH YaCTHIA C CONUAHBIM IPaBUTAIIMOHHBIM II0JIEM, OHA PEearupyeT, IPEeKIe BCEro Ha rpa-
BUTAIMIO. A caMoe 00JIbIIIOE TPABUTAIMOHHOE TT0JIC Y HEUTPOHOB. BOT HEHTPOHBI 1 00Pa3yIOT IPaBUTAIHOHHBIC
COIO3BI, TECHO CXKMMasl IpYT Jpyra B CBOMX OOBATHSIX HACKOJIBKO MM I03BOJISIET BHEIIHee NaBieHue. MTak, yem
OoJibllIe BHEIITHEE JABJICHUE, TeM 0OJIbIlee KOJIMYECTBO HEHTPOHOB BXOIST B CO3JIAIOIIHECS] HEHTPOHHBIE TPYIIIIBL.
Jlanee moBepx 3TUX IPYMI OCEAI0T IPOTOHBI, IPAaBUTAIMOHHOE 1T0JIE KOTOPHIX MEHEe CHIIbHOE, YeM Y HEHTPOHOB.
[TpoToHsI 00pa3yrOT KOPKY 3TOT0 Kapasas. B nobaBieHne ko BceMy, IPOTOHBI IPUKPEIUISAIOTCS K HEHTPOHAM CBO-
WMH MarHUTHBIME TOJsIMA. Clleyst JIOTHKE MTPUPOIHOTO 3aK0Ha, M3I0keHHoro B Tabmume .M. Menneneesa, 3T0
CTPOUTENBCTBO HIET TaK, YTO B aTOME 00pa3yeTcs JBa MATHUTHBIX MOJIFOCA — CEBEPHBIH U I0KHEIH, 00pa3ys TakKuM
00pa3oM eWHBIIf MarHUTHBIA ITOTOK, B KOTOPEIH MOAJAar0T SJICKTPOHBL, 00pas3ys pa3NudHbIe ciou.  Ho amek-
TPOHBI B IaHHOM CJIy4ae UMEIOT BHJ HE IMAPHUKOB, KaK MX MPEICTABIAIOT B KAPTHHKAX, a JICHTOYKAMH, KaK OHU
CO3/1al0TCs B IPUPOJie. BOT 3TH ICHTOYKH ¥ OTIOSICHIBAIOT SAPO aTOMA, a MOSICOYKH I10 JIBA JIEKTPOHA BBIITOIHIIOT
POJb MOANIMITHUKOB MEXIy T'PYIIaMHU CIOEB, KOTOPhIe BEIHYKICHBI BPAIIaThCSI C Pa3HBIMH YTIIOBBIMH CKOPO-
ctsivu. IToaTBep KIeHHEM TOTO, YTO AJIEKTPOHBI B aTOMaX PacIOIOKEHBI CIIOSIMU, a He pa30pocaHbl 1o opouTam
CBUJIETENLCTBYIOT OMBITHI, onucanHbie B kKHUTE [1.E. KonmakoBBa «OcHOBHI sijiepHO# Hu3ukm» cTp. 31-32 «U3-
BECTHO, YTO 3JIEKTPOHBI B aTOME PACIONIOKEHBI B pa3indHbIXx obonoukax — K,L,M,N... kaxxgoii U3 KOTOpPBIX co-
OTBETCTBYET OIpee€HHas SHEPTHsl CBSA3W»... [Ipy TakoM pacroyioKEeHUN YyacTull BCE BCTAET HA CBOM MECTa; U
OajyaHC 3JIEKTPUYECKUX 3apsoB COOJIOAETCS, U MAarHUTHOE 1oJie paboTaeT, ¥ CTPOCHHE BEIECTB 00BSICHUMO C
TOYKH 3pEHUs NeprHoandeckoit cuctemsl Tabnuis! .. Menaeneena.

MOCTPOEHWNE ATOMA

B nauane tpuanateix rogoB 20 croneTus QU3MKH yXKe 3HAIN, YTO SAPO COAEPKUT IMPOTOHBI — ITOJIOXKH-
TEJILHO 3apsDKEHHBIE YacTHIBl. [ BO3ZHMKAI JIOTMUHBIN BOIPOC: TIOYEMY OZHOMMEHHBIC 3apsabl HE OTTAJKHBA-
torca? B 1932 rony anrnmuanus Jxeiimc YenBUK OTKPBLT HEUTPOH — HEHUTPAJIbHYIO YaCTHILY, [0 MAacCe COM3Me-
PUMYIO C IPOTOHOM U TaK)kKe BXOJAIIYIO B COCTaB siapa. M Bompoc 0 BHYTPHUSIEPHBIX CHIIaX BCTAJ C e1le OobIIei
OCTPOTOH: Kak K€ 00pa3yroTcs 3TH MPOTOHBI M HEHTPOHBI? UTO CBA3BIBaET HEWTPOHBI C IPOTOHAMH M JIPYT C
npyrom? Kak o6pa3yroTcs 251eKTpoHbI U To3uTpoHb???  Tlouemy siapo aToMa He pacmanaercs Ha yactu? Kakue
CHJIBI yIEPKUBAIOT YaCTHUIIBI SIAPA PSIIOM IPYT ¢ Apyrom?

Panee yxe cooOImmanocsk, YToO KBAaHT MaTepPHH O0IaJaeT >IEKTPUIECKUM 3aps0M M MAarHUTHBIM IToJeM. A
KaKoMYy e 3apsay Kakoe moje nmpuHauieknT? OKa3bIBaeTCsl, 9TO OTPUIATEIBHO 3apsHKCHHBIC KBAHTHI 110 3HAKY
MaTepuy UMEIOT B PABHBIX KOJIMYECTBAX U MOJIS C CEBEPHBIM MarHUTHBIM TTOJIFOCOM U MOJIS C F0’KHBIM MarHUTHBIM
TMIOJIIOCOM, TO K€ CaMO€ CBOMCTBO MMEIOT U IOJIOKUTENIBHO 3apsHKeHHBbIE KBaHTHI MaTtepuu. [l Toro, 4yToObI
JIOKa3aTh 3TO HEOOXOMMO PacCMOTPETh Npoliecc 00pa30BaHMs NEKTPOHHO-TTO3UTPOoHHBIX nap. I1. E. Konmakos
«OcHOBBI sizepHO# Gusuku §5 1m.3. ctp. 36 «...Haunnas ¢ sHeprum ~ 1,02 { 4 a1 mpu Gonbuinx e€ 3HAYCHHUSX
HOSIBISIETCS HOBBIH mpouecc — obpazoBanue map ( L dzj CTldftdss df IS B (z)kTpoHsl U MO3UTPOHBI BO3HHU-
KaloT HEe U3 aTOMHOTO sI/Ipa M HE U3 3JIEKTPOHHOW 000JIOYKH aTOMa, a SIBJISIFOTCS pe3yJibTaToMB 3 a M MO N p e B p a we -
HWA (o 0 TBO3H/IOEBK FNPOO3HM T P1® Homucano ypaBHeHueM (11.40) «OCHOBBI SAEPHOM (DHUIUKH»
h &2moc?+ P+ Ho Hu 5T0 ypaBHEHHE HHU CICYIONIHE JANbIIe He OTPAKAIOT CYTh ASHCTBHS. DTOT MPOIECC
Oynet Boipaxkatbes Tak; 2x 102%hvo—>(ExtEer)et; 2x10%2hvo—(Ex+Egy)e-. HOTOMy, 4TO 3IEKTPOH CO3AI0T He mapa
¢otonos, a 10?? hoToHOB ¢ dHepruei hvo DTo PHeprus ABMKeHUS (QOTOHOB (OTPULATENHHO 3aAPSIKEHHBIX JUIS
AIIEKTPOHOB ¥ TIOJIOKUTEIBHO 3aPSHKEHHBIX 11t TO3UTPOHOB), (E«tEgy)y*=hvo sHeprust nBmkeHns 0IHOTO TOJIO-
JKUTENBHO 3apspkeHHOTO (oToHA, (ExtEgy)y=hvo - 3HEpTHS ABYKEHUS OJHOTO OTPHUIATEIHLHO 3apsSHKEHHOTO (o-
TOHa. BCTpewasch ¢ MpersiTCTBUEM B BHAE S/pa aToMa BELIECTBA Y M y” OTCKAKMBAIOT OT 3TOTO S/Apa U MPEOA0IIe-
Basi CONIPOTHBIICHHE OJMHAKOBO 3apSDKEHHBIX 3JICKTPUYECKUX TOJICH, COSTMHSIOTCS APYT € PYroM, pasinuHbIMH
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0 3HAKy MarHUTHBIMHU MOMIOCaMU. T0-eCTh KaK MOJ0XKUTENBHO 3apsKEHHBIE KBAHTBI, TaK M OTPULIATENILHO 3aps-
JKCHHbIE KBAaHTHI UMEIOT B PABHBIX KOJIMYECTBAX MOHOMArHUTHBIE CEBEPHBIN WM I0XKHBIN nontoc. CBoMMU Mar-
HUTHBIMH TIOJIFOCAMHU KBAHTBI COCIHMHSIOTCS JI0 T€X IO, MMOKa He 00pa3yeTcs yCTOMYMBAas JacTHIA — 3IIEKTPOH
WM TO3UTpoH. CIIe0BaTeIbHO, ISl COSAUHEHHS JaCTHI] C OJMHAKOBO 3apSKCHHBIMH JIEKTPHUECKIMU TTOJISIMH
(hOTOHOB B ANIEKTPOH WJIN NTO3UTPOH, HEOOXOANMO ONpENENEHHOE NaBlIeHNE. BOT 3T0-T0 HaBieHNe co3paéTes npu
CTOJIKHOBEHHH ()OTOHA C MIPEISITCTBHEM B BHJIE IPOTOHA.

Korzma KBaHTEI MaTepun PacIOIOKEHBI OTHOCUTENBEHO CBOOOIHO, OHU APYT C APYTOM HE COETUHSIOTCA, TaK
Kak /I COeIMHEHUSI HEOOXOANMO OTPeAeIEHHOE YCHITNE, CIaBIMBAHMUS KBAHTOB. DTO yCHIIHE IIPEOAOIICBacT Oa-
pbep OTTAIKUBAHUS OJTHOMMEHHBIX 3aps/I0B, YTO HEOOXOIUMO JUIsl BCTYIUICHHS B IeHiCTBHE MarHUTHBIX CHIL

Jlanee 3MeKTpOHBI ¥ MO3UTPOHBI BEIKPUCTAJUIN30BBIBAIOTCS B MAacCe KBAHTOB, TaK KaK Y HUX CO3AaJICsa TaKOH
JNEKTPUYECKHUN TOTEHIIMA, YTO OOJIBIIIE ITPH CIIOKUBILUMCS JaBJICHUH B 9TO 00pa3oBaHKHe KBAHTAM YK€ POHUK-
HYTb Hellb3sl. MTak, oTTanKuBas APYT pyra OIMHAaKOBO 3apsDKEHHBIE 00pa30BaHuUs CTPEMSTCS COSAMHUTHCS C 00-
pa3oBaHMEM IPOTHBOIIOJIOKHOTO 3JEKTPUUECKOTO 3HaKa. TakuM 0Opa3oM HMPOUCXOIUT 00pa30BaHKUE ITPOTOHOB.
[IpoToH — 3TO HACTONBKO IUIOTHOE COCAMHEHNE, YTO HU KBAHTHI, HU JIEKTPOHBI (ITO3UTPOHBI) B 3TO 00bEANHEHHUE
MPOHUKHYTH He MOTYT. HOo IIpoTOH, 3T0 yke 00pa3oBaHHE C IBYMsI MAaTHUTHBIMH MOJTIOCAMH M Y HETO €CTh MOJI0-
JKUTEIBHEINA dNekTpruaeckuii 3apsaa. [louemy? S He 3Har0. [loaTOMY CKaXxy, UTO TaK pacropsaniach € BEITNIECTBO
TTPUPOJIA. UTak, y npoTOHA KPOME MOJIOKUTEIBHOTO 3apsifia €CTh €ll€ U MarHUTHBIM MOTOK. DJIEKTPOH, MONAB-
MU B 3TOT MOTOK, HAYMHAET Bpamarscs. OH BpalaeTcsi Ha MPOTOHE HY Ha KaKyl0 OpOMTY OH HE CTAaHOBHTCS, a
00pa3yIoT MOSACOK Ha MPOTOHE. DINEKTPOHY HET BO3MOXXHOCTH OTIIEJIUTHCS OT IpoToHa. He mo3BomsieT cuia B3a-
MMHOTO NIPUTsDKeHNs. Tak Kak 3JIeKTPOH — co3JaHne aMopgHOe, TO JaKe OAHMH 3JICKTPOH 00pa3yeT MosICoK. 3a-
POXK/IeHHUE BEIIEeCTBa B YpeBE KOCMUYECKOTO TeJla IIPOUCXOAUT IPH OTPOMHOM JaBJICHUH, U TIPU BBICOKOI! TemIie-
patype. OZHU KBaHTBI MaTepPUM CTPEMSTCS K LEHTPY KOCMUYECKOTOo Tella, APyrue, Hao0opoT, MOKUIAIOT LEHTP
KocMu4eckoro Tena. Ho ecTe u TpeThs rpymnmna KBaHTOB, KOTOPBIE, C IIOMOIIBIO CBOMX CHJIOBBIX NOJICH COeAUHS-
I0TCSI CO CBOMMH COOpaThsIMU, 00pa3ys pa3IM4HbIC 3JIEMEHThI aTOMOB, KOTOPBIE 3aTeM O0BEIUHSIOTCSI B aTOMBI.
[TpOTOHBI COCTOAT M3 TO3UTPOHOB U DJICKTPOHOB, HO MIO3UTPOHOB B MPOTOHE HA OJMH OOJIBILE, YEM 3JIEKTPOHOB
(6bapuonHas acummerpus). OTHAKO MO IIIOTHOCTH IPOTOH YK€ ABJISETCS MPEISTCTBHEM IS IPUCOESIUHEHHS elé
OJTHOTO 3JeKTpoHAa. HeHTpoHBI e 00pasyercs nmpu OONbIIEM TAaBICHUH, U SBISETCS emE OoJee IIOTHBIM 00pa-
30BaHMEM. HEHTPOH COCTOSIT M3 PABHOTO KOJMYECTBA IMO3UTPOHOB M IJIEKTPOHOB. SIMOHCKUH (DU3MK-TEOPETHK
Xupaku FOkasa B 1934 roay, co3aai cBOO ME30HHYIO TEOPUIO U IIPEACKa3al 3apsHKEHHbBIE ME30HBIL, a B 1938 roay
BMecTe co cBouM yueHHKoM Céutu Cakaroil, HCX0Js U3 3apsI0BOM HE3aBUCHUMOCTH SIIEPHBIX CHII, MpeacKas3all
CyLIECTBOBAHHE HEHUTpPAIbHBIX ME30HOB. I'paBUTAIIMOHHBIE MOJIS AJIEMEHTAPHBIX YACTHL, COCTABILIIOIIUX aTOM,
CIIMBAIOTCS U IPeoOpa3yIoTcs B 00IIIee TpaBUTAIMOHHOE TI0JIe aTOMa.

1 cuuTaro, 4TO ME30HBI — 3TO FPAHUYHBII CJIOW HYKJIOHA aTOMa. YeJl0BeK OKPBIT KOKEH, dKUBOTHOE ITOKPLITO
HIKYpPO, paCTeHUE NOKPHITO KOPOH, @ HyKJIOHbI aTOMa IOKPBITEI ME30HAMU. Y Ka)KJOT0 HyKJIOHA — CBOM ME30H.

MOAOENTW AO0EP ATOMOB

MepBOoOe M camMoe rnJdaBHOe cnepcTBUWE aTOMHONM cn-ekKTpoc
Slsiizlsmised) St dlsOdz dztsdsdzOH & d SORizdijtcts dizj C 6L Od dRsH j 2 Misa iz
Obsdiiseo Motsddzd tBHY B BoE®@b jkdzg V' . €ecnAn 3NeKTpPOHbL Bpaduuwat

3T0 caMblil IIaBHBINA (aKT, KOTOPBIH S MBITAIOCH JIOBECTH JI0 YUTATEN B CBOMX Pa0OTaX.

Kparkne BeiBostbl 1. MOXXHO cUMTaTh, YTO HAlICH IPUHIUIT (POPMUPOBAHHMS SIJIEP ATOMOB XUMHYECKHUX 3JIe-
MeHTOB. HEeHTpOHBI ¥ IPOTOHBI B AJpe aTOMa COEAMHSIOT IPAaBUTAIIOHHBIC W MarHUTHBIE CHJIBI X MarHUTHBIX
nomocos. [IpiueM, IpOTOH MMEET MpocTeiiiee MarHUTHOE T0Jie, TOA0OHOE MarHUTHOMY IIOJIIO CTEPXKHEBOTO
MarauTa. HeHTpoH nMmeeT ci10KHOe MarHUTHOE IoJIe, KOTOpoe (hOpMHUPYET Ha €ro IMOBEPXHOCTH IIECTh CHMMET-
PHUYHO PACIIOJIOXKEHHBIX MAarHUTHBIX ITOJIFOCOB: TPHU FOKHBIX U TPU CEBECPHBIX. 2 PaBHI/ILIa Macc MEXIy IMMPOTOHOM
U HEUTpOHOM, cocTaBisttomas oxoyio 1,3 MbdB. BcenmeactBue storo B sapax HaxoawTcs B Oosee Tiry0o-
KoM HOTeHHHaJ’IBHOﬁ AME, YEM IIPOTOH, U TIOTOMY 6eTa—pacna11 HeﬁTpOHa OKa3bIBACTCA SOHCPTCTUYCCKHU HEBBITO1-
HBIM. DTO MPUBOANT K TOMY, UTO B spax HEUTPOH cTabuieH. S1po 1o00ro XUMHYECKOTO 3IeMeHTa GopMupy-
eTCsI TaK, YTOOBI BCe MPOTOHBI OBUIH Ha €T0 MMOBEPXHOCTH (KakK 0ojiee JIETKUH JIEMEHT) U MKy IPOTOHAMH 00sI-
3aTeNbHO OBUIM HEHTPOHBI, KOTOPBIE, COSIUHSS IPOTOHBI, BHIIONHAET (DYHKIMH 9KpaHa MEXy OJHOMMEHHBIMU
IJEKTPUYECKUMHU TIOJISIMH ITPOTOHOB. [IpOTOHBI M HEHTPOHBI TIOKPHITHI ME30HAMH, YKPEIUISIOIMMHU €r0 BHYTpPH-
sJIepHbIE CBsI3U. Bce anieMeHTEH!I siipa 00beAMHSIOTCS €JMHBIM MarHUTHBIM TosieM. M Ha camoM Bepxy 3To# nupa-
MH/JIBI PACHIOJNIATAIOTCS CaMble JIETKUE 3JIEMEHTBI AaTOMOB — 3JIEKTPOHBL. SI/Jpa XUMHYECKUX 3JIEMEHTOB C OOJIBIINMHU
MacCOBBIMH YHCIIaMH PAJMOAKTUBHBI IIOTOMY, YTO Y HHX yJIeJIbHas SHEPTUs CBSI3U MEXAy HYKIOHaMH B He-
CKOJIBKO pa3 MEHbIIIe, SHEPTUH YIPYTOCTH, HAIPABICHHON Ha pa3pbiB CBs3eHl, 4eM Y SJep CO CPEIHUMH Macco-
BBIMHW YHCJIAMU. O6p3.30BaHI/Ie " CYHICCTBOBAHUE TAKHUX 3JIEMEHTOB BO3MOKHO TOJIBKO IIPHU OOJIBIIIOM BHEIIHEM
JIaBIICHUM.

B3AMUMOAOEWCTBWE CWN B ATOME
IMonyknaccuueckass Moziesib aroma, Obuta npemioxeHa Huibcom bopom B 1913 . 3a 0cHOBY OH B3sT ILTa-
HEeTapHYI0 MOJIeNb aToMa, BhLABUHYTYIO Pesepdopaom. OnHako, ¢ TOYKH 3pEHUs KIACCUUECKOMN AJIEKTPOIUHA-
MUKH, JIEKTPOH B Mozeiu Pesepdop/ia, [BUrasch BOKPYT spa, A0JDKEH ObLT Obl H3J1YYaTh SHEPTHIO HEMIPEPHIBHO
Y OYCHB OBICTPO W, OTEPsB €€, yrnacTh Ha AApo. YToOBI IPeoaoIeTh 3Ty mpobdiemy, bop BBEN nomymieHue, CyTh
KOTOPOT'O 3aKJIF0YACTCS B TOM, YTO JICKTPOHBI B ATOME MOTYT JIBUTATHCSI TOJIBKO IO OMPEACIEHHBIM (CTallHOHAp-
HBIM) OpOWTaM, HaXOASICh Ha KOTOPBIX OHU HE M3JIYYalOT, @ U3TYYCHUC WU MOTJIONICHUE MPOUCXOIUT TOIBKO B
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https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%8F%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D0%BB%D1%8C%D1%81_%D0%91%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%BD%D0%B5%D1%82%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C_%D0%B0%D1%82%D0%BE%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%BD%D0%B5%D1%82%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C_%D0%B0%D1%82%D0%BE%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%B5%D1%80%D1%84%D0%BE%D1%80%D0%B4,_%D0%AD%D1%80%D0%BD%D0%B5%D1%81%D1%82
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%80%D0%BC%D0%BE%D0%B7%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
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MOMEHT IIepexo0/ia ¢ OAHOW OpOHUTHI Ha Apyryro. IIpnuéM, crallmoHapHBIMHU SBJISIOTCS JIMIIB T€ OPOUTHI, ITPU JIBU-
JKCHUH 110 KOTOPHIM MOMEHT KOJIMYECTBA JBIDKEHUS DJICKTPOHA PaBEH LEJIOMY YHCIy mocTosHHbIX [lnanka W3-
JydeHHe WU TIOTJIOMEHNE IIPOUCXOANT TOJIBKO B MOMEHT Ilepexoa ¢ OAHON opOuTHI Ha aApyryo. [Ipuuém, cTa-
IIMOHAPHBIMHU SIBJITIOTCS JIUIIH T€ OPOUTEIL, IPY ABMXESHUH 110 KOTOPHIM MOMEHT KOJIMYECTBA ABHKCHUS 3JICKTPOHA
paBeH LIEIOMY YNCITy HOCTOSTHHBIX [Imanka. Tak Kakue e CHIIBI «CO3HatoT» opOuTh? H3BECTHO, UTO 3JIEKTPOHBI
BpAIIAIOTCA BOKPYT SEP aTOMOB. DTO MOXXET OBITh TOIBKO B TOM CIIydae, KOTJia CHIIBI MIPUTSDKEHUST — IEHTPO-
CTPEMUTEIBHBIC CHJIBI M ICHTPOOEIKHBIE CHIIBI OYAYT PaBHBI MEXIy co00M. S cumTaro, 4TO MPH BBIBOJE CBOUX
3aKOHOMEPHOCTEH OTHOCHTENIBFHO 3aBHCHMOCTH OpOUT 3JIEKTpOHOB B aroMe Hmiscom Bopom Obimm momymmeHs!
HEKOTOpbIe HeTOYHOCTH. 1. BOpoM He BCKphITa MPUYMHA BpallleHHs 3JIEKTPOHA. BpammaThcs 251eKTpoH 3acTaBiseT
MarHMTHBIH MOTOK si/ipa aToMa. MarHUTHBIA MOTOK 00pa3yeTcs TOTa, KOT/ia CYIIECTBYIOT BMECTE JiBa MarHUTHBIX
nonmoca. [IpocTo B To BpeMsi CUNTAIOCh, YTO MPOTOH - 3TO MPOCTO OOJIbINAs 3apsHKEHHAs YaCcTHUIIA, & O MATHUTHOM
MOTOKE U BIMSHUM MarHUTHOTO TIOTOKA Ha 3apsHKCHHYIO YaCTHILy He OBbIJIO N3BECTHO, IOATOMY BpAIlCHUE 3JICK-
TPOHA CYMTAIIU PE3YJIbTATOM JICHCTBHS KyJIOHOBCKUX cuil 2. [Touemy-To Bopom He Oepércs BO BHUMaHUE BIIHSA-
HHUE MOoJs rpaBUTanMu. Eciu cunTaTh BEIHMUUHY BJIMSHUS CUJBI IPAaBUTALMU HA 3JIEKTPOH MO CYIIECTBYIOLIUM
(hopMynaM TpaBUTalMOHHOE B3aWMOICICTBHE TI0 3aKOHY ompenené¢HHomy Mcaakom HeroToHOM 1t HEOECHBIX
TEJ, TO ACHCTBUTEIHHO 3TA CHJIA MOIYyYaeTCs] MU3EPHOHN IO CPABHEHHUIO C CHJION 3JIEKTPHYECKOrO MO, HO Ha
CaMoOM JIEJIE OTO MOJIE CUIIBbHEE SJIEKTPHYECKOTO 371eCh HBIOTOHOBCKast (hopmyina F=GXmiXm./r?> He mpuemiema.
41 cumralo, 9TO B cCy0AaTOMHOM MHpE CYIIECTBYET €AMHBIM 3aKOH PACIpEeNICHNs CHII B CHIIOBBIX MoiAx. M aToT
3akoH TakoB: - &  dzf & {1 dzjdt&c jflaxfdzyjr S dzi di3j dels Oteder = yOMmlsdy d dzkz € dzts
tc Ols dzts fosf steydsdzOdz' dets S kel tc@misgspmzdy ©ls yj dalste® Y OMfls

371ech,” TMHUU CUJIIOBOTO TTOJIS

paguyc manoim chepbl

R—panunyc 6onbiueii chepbl

t gL 4

JlaBaiiTe TIPEATIONOKUM, YTO CHIIOBOE TIOJI€ COCTOHUT M3 KBAHTOB M KaXKBII CIIOHM 3TOTO MOJIS UMEET OJMHA-
KOBO€ KOJIMYEeCTBO KBaHTOB. OIHAKO, BETMUNHA 00bEMA 3TOTO MPOCTPAHCTBA YBEIUIUBAETCS MPOIOPLHUOHATIBHO
KyOy panuyca, ClIeZ0BaTeIbHO, INIOTHOCTh KBAHTOB CHIIBI B HICCIIElyeMOM 00BbEME OyIeT MPONOPIHOHATIBHO KyOy
pamuyca ymensmatbes. Cm. puc.6. Ha puc 6 310 cocrosiHue n300pakeHO B IIOCKOM pucyHKe. Ho u Ha HEM
BHUJIHO, YTO KaXKIbIl BEKTOP CHIJIBI HA MAJIOI OKPY>KHOCTH 3aHMMAeT MEHBIINI CEKTOP, YeM Ha OOJIBIION OKPYXK-
HOCTH. M B 3TOM MHUKPOMHMpE HET HUKAKHX AMAIICKTPHUECKUX KOA(PQUIIEHTOB Kpome Jeopmanny kBaHTa. To,
YTO B Cy0OATOMHOM MHUpE paclipezielieHie CHI B MOJISIX He KBaApaTHyHoe, nucan emé Xumdkn FOkasa. Ho Huise
Bop w1 paHbIe ¥ HE 3HAN ATUX TOHKOCTeH. [lo KyOMUYHOMY 3aKOHY M3MEHSIETCSI IIIOTHOCTh MAaTepHH B KOCMU-
YECKHX TeNax, TaK )K€ M3MEHSETCA IUIOTHOCTh (POTOHOB B BOJIHE M3JIy4ECHHS NpH €€ NBIKeHuH. Bcé€ roBoput o
TOM, YTO U IJIOTHOCTH CHJIOBBIX TOJIEH CyOAaTOMHBIX YACTHUI] U3MEHSIETCS TOXKE TI0 ATOMY 3aKoHy. JlaBaiiTe mopac-
cyxmaeMm BMmecte. [Ipeamonoxum, 94To moyie COCTOUT M3 KBaHTOB cuil. OHO pacHoIoKeHO PsIaMH BOKPYT siapa
Y4acTUIEL. B KaxIoM psAay OJMHAKOBOE KoMM4decTBO KBaHTOB. Ho mone-to cdeprueckoe. Ero 066ém yBennumnBa-
eTCsI IPOIOPIIMOHATIFHO KyOy pammyca A pa3 Tak, TO IJIOTHOCTh CHJIOBBIX IOJEW KBAHTOB JI0 OMPEAEIEHHOTO
paccTosIHNS YMEHBIIIAeTCsl 00paTHO MPONOPIMOHATIBHO KyOy yBenuueHus paauyca. [Ipu manpHelmem yBennde-
HHUH PAcCTOSIHUS 3Ta 3aBUCHMOCTb IPMHUMAET BHJ, ONHUCHIBaeMbIi Gopmyioit Xumoku FOxkasel. Ecimu Bcé ato
IPUHATL B PACY€T, TO JUIS JOCTHKEHHUS DJIEKTPOHOM B aTOME Bojoposa ckopoctn 2,2x108 m/cek. Ry momken
VMETh BeMYUHY paBHyl0 R¢=2,305x102%m. B TO Bpems kak paauyc npotoHa R,,;=0,84087x107%m. Orcrona BhI-
BO/JI: DJICKTPOHBI HE JIETAIOT 110 ONpeIesIEHHBIM OpONTaM, a BpalaroTcsi Ha HOBEPXHOCTH NpoToHa. Co3/1aBast CBOO
MoJenb aroMa . Pesepdopn onacancs, 4To 3JeKTpoH ynaiéT Ha MOJI0KHUTENIHHO 3apsHKEHHOE SIpO U POU30HAET
aHHUTHIAIUS (YHUYITOXEHHE) dJIeKTpoHa. D. Pesepdopa emeé He 3Ham, 9To BCE SAPO aToMa COCTOUT M3 DIIEKTPO-
HOB Y TIO3UTPOHOB. UTO 3TH (B3aNMOYHHYTOXKAOIIHE) APYT IPyTa YaCTHIBI TIOYEMY-TO MIPEKPACHO YKHUBAIOTCS B
cocTase 3Toro siapa. Ilpu mocTpoeHnn aTOMOB B KOCMHUYECKOM TEJE COOIIOIAETCS 3aKOHOMEPHOCTh paclpeelie-
HUS 9JIEMEHTOB C Pa3JINYHBIMHU aTOMHBIMHU BecaMHt 10 cBouM cepam. Uem Onmke K HEHTPY KOCMUYECKOTO Teja
pacronaraeTcsi BEIIECTBO, TEM aTOM 3TOr0 BEIIECTBA MAcCHBHEEC M TeM OOJbIIE €ro aTOMHBIN Bec. CIHIIKOM
GospIasi TECHOTA LAPUT HPH 00pa30BaHWU aTOMOB. IIpH Takol TECHOTE HET BO3MOXKHOCTH 3JIEKTPOHAM Bpa-
IaThCs 110 Ppa3HbIM OpOMTaM B pa3Hble CTOPOHBL. Kak TOJBKO 3J1€KTPOH NONaaaeT B TPaBUTALIMOHHOE U KYJIOHOB-
CKO€ IOJIe A1pa, OH MajaeT Ha Aapo. Tak Kak 3J1eKTPOH UMeeT OTPULATENbHBIH 3apsa, a SApO UMEeT MarHUTHBIH
MOTOK, ITOT MOTOK HAYMHAET BpalaTh MEKTPoH. OHO CTaCKUBAET JIEKTPOH HA CPEIUHY SApa, T MarHUTHOE
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T0JI€ TIEPIICHIUKYIISIPHO IUIOCKOCTH BPAILEHHUS 3JEKTPOHA M B 3TOH IIOCKOCTH BPALIAET JIEKTPOH C TaKOH yrio-

BOW CKOPOCTBIO, IIPH KOTOPOH HaBeJEHHOE MarHUTHOE T10Jie, OyJeT paBHO MarHUTHOMY HOJIO siipa aToma. Tak

JKe TIOTIafIaeT Ha 3Ty TPAeKTOPHUIO BTOPOii 31eKTpoH. OOpa3yeTcs MepBhIi MOSICOK, CIION 1S, KOTOPHIH CITY>KUT OC-

HOBAaHHEM JalbHEHIIEro CTPOUTENbCTBA. Halo MOMHUTB, 4TO B 3j1ekTpoHe 1022 kpaHTOB MaTepuu. M3-3a 60Ib-

IIOTO JABJICHUS 3IEKTPOHBI 3TOTO CI0s 1e(OPMUPOBAHBI U MPEICTABIAIOT COOON NIEKTPOHHO-KBAHTOBBIN CIIOH.

IIpencraBpTe cebe ropox B pe3MHOBOM MemIouke. Jlanee 37eKTpOoHbI B aTOMe 00pa3yloT HECKOIBKO HOSICOB BOKPYT

cpenuHH saapa. [losic cocront u3 1,2,3..psAnoB, UMEHyeMbIX B Tabiuie MeHeneeBa CIIOsIMH, PacIIONaralomInXcs

IpyT Hag apyroM. Hax mepBBIM mosicoM pacriosiaraeTcst BTOPOi U T.1. (CM. IIEPHOANIECKYIO TaOIuITy). Y MHEHIIIas

tabnuua! B Heit nmosica u con. Cioit 1S ciykuT 0OCHOBaHHMEM Bcel mupaMuabl ciio€B. Pasnenom ciioés ciyxat
JIBYX3JIEKTPOHHBIE cJiou 28, 3S,...7S. OHM TOXKe NPEICTABISIOT COO0 3JIEKTPOHHO-KBAaHTOBBIE CIION (IIPOKIIAJIKH).

THosica BPaIlaloTcsl CO CKOPOCThIO, IPH KOTOPOH HaBeJIEHHOE, BPalleHUEM 3JIEKTPOHOB, MarHUTHOE MoJe Oyner

paBHO MarHUTHOMY IIOJIO spa aToma. Tak Kak HamnpaBiieHWE HaBEJEHHOTO IOJSI BCErja MPOTHBOIOJIOKHO

HAaIpaBJIeHUI0O MarHUTHOTO MOJIA SIpa, OHO HEWTpPAIM3yeT CHIIOBOE JEHCTBUE MOJIS Spa U MPUPOCTA CKOPOCTH

BpareHus He OyzeT. Tak kak mosica, 1o Mepe yJaJieHus! OT LEHTPa UMEIOT pa3Hble PaJANyChl, OHU BpaIlaloTCs ¢

Pa3ITMYHBIMH YTJIOBBIMH CKOPOCTSIMHU. JIByX3IE€KTPOHHBIE CIIOM 2S,3S... CIIy’KaT MPOKIaAKaMH AJISI IPOCKAIb3bI-

BaHMS MOSICOB, BPAIAFOIINXCS C PA3HBIMH YTTIOBBIMU CKOPOCTSIMH OTHOCHTENBHO JIpyT apyra. U 3710 yke He 1uia-

HeTapHas, aK O /b L eBasd CcucTemMa Ilpaucrasnposankcry¥s yaconax all. E. Konmakosa

«OcHoBHl anepHort ¢pu3ukm». Ctp.31. «'aMma-poToH miu GOTOH IPYroro BHAa MUIITYICHHUS MPH MPOXOKICHUU

yepe3 BENIECTBO MOXKET BCTYITUTh BO B3aMMOJICHCTBHE C aTOMOM 3TOTO BEIECTBA, KaK LeJbIM. [Ipu 3ToM oToH

MOXET IepeiaTh CBOIO YHEPTHIO U MOITHOCTHIO MOTJIOTUTRCS, a 3@ MPEAEIIbl aTOMa BEIOPACHIBAeTCS MIEKTpoH. Ta-

KO TIpolecC BBIPBIBAHMS 3JIEKTPOHA U3 aTOMa ()OTOHOM HaszbIBaeTcs (OoTOIPPEKTOM, a BEIPhIBAEMbIE 3JICKTPOHEI
—dorosnextponamu. ( S Iss o tstedls B Itsd3, Yl  dzj Slstesder, Sty O h
wodzd d . [ OMMO + dzj € Is tc B2k® Ofgalsfizle O edzPisjilic d €1 P ez Fz B OBz P -
9" B(dIs! dL GctOQoadlsOydodeadzse s Myjfdzj dedvw ) Hwkzeddd + dzj CIstet
mMddz dzOMlssdz €5 9 jdzd s, yYybts HBMISOIBYds EZHOKO BGHAdESE Wk
( ©9 Is. ) Arowy, @tHs}iuuii SIEKTPOH, OKa3bIBACTCS B BO30YKIEHHOM COCTOSIHHH, OCBOOOIUBIIHIACS YPO-

BEHB DHEPTUH (CJIOH TOsICA) B aTOME 3aIOJTHAECTCS OTHUM U3 HapyKHBIX 31ekTpoHoB, ( f tod  dzOdzj IsOtedets2 M
L Ists dzj 9 tSu m»yodaE)yckaeTcst KBAHT XapaKTEPUCTUIECKOTO (PEHTIEHOBCKOT0) U3IyueHus». B ot-

JETBHBIX CIy4dasx SHEpTHs Bo30ykaeHus (POTOH) HEMOCPEICTBEHHO MepeaéTcsi OAHOMY U3 3JICKTPOHOB aToOMa,

KOTOPBII MOKHAAET aTOM, a XapaKTepPUCTHIECKOTO M3IIy4eHHs He IPOUCXOANUT. DTO SBICHHE HA3bIBACTCS SIBIIE-

areM Oske, a BEIOPOIIEHHbIE DIIEKTPOHEI — dsiekTpoHamu Oxe. § IS s 0C s ¢ tso st d Isl-isdzis ESleie ts dgls ts :
dzOdzd L Odzr  ff dztss-dztslzj f Isfipdstsizdzfgd ;sHA dzOCtso 7, Ctsdzdyjifmisets C o Odzlstse
dztsy o Olsts 3O B 5 dz' h Pssecund, o mdrpomaziene padadadxnn: B pasnnunbix 060-

goukax — K, L, M, N ....; kKa)J0#f U3 KOTOPBIX COOTBETCTBYET CBOsI HHEpTHUs cBa3u. Camas BHyTpeHH:s K 060-

JIOYKA COAEPIKUT J[BA DJIEKTPOHA, HAXOSIIUXCSA B COCTOSHHUM 1S, JHEPTHs CBSI3HM JIEKTPOHA HA 3TOM 000MI0UKe [ ¢

umeer 3HaueHne R~=(Z — 1)2, rae R=1=13,611 & sHeprus MOHHU3ALUHK IJIsl AaTOMA BOJOPOJa, JJIsI aTOMa ypaHa

[ =115 400¢ 9nys atoma cBunia [ ¢= 87 800 4 8u.T.1. DHEPrHst CBSI3U JIEKTPOHOB, BXoMAmuX B L 06010uKy,

npubnauxénHo coctapnser 1/2 R=(Z — 5)?, (xots L ypoBeHb pacnajaercs Ha TpH IOLYPOBHs: 28, 2P1/2, 2Pap), 4

SHEprus 3NeKTPOHOB, BXOAAIMX B [ | 000n0uKy paBHa, npumepHo l/O9RYZ T 13)? (umeercs 5 nomypoBHeit) u T.1.

[NocnenHio0 000JI04KY 3aMONHSAIOT BaJICHTHBIE 3JIEKTPOHbI, KBAHTOBBIE NEPEX0/Ibl, KOTOPBIX ITOPOXKIAIOT OITH-

YecKuil CreKTp AaHHoro aroma. Ecii sHeprus nposeraronero poToHa OKaXeTcsl JOCTATOYHOM, TO OH MOJKET BbI-

OWTH BIEKTPOH M3 3aHUMAEMOTO UM CJIOS M IIEPEBECTH €ro B J000€ M3 HE3ANOIHEHHBIX CBSI3aHHBIX COCTOSHUH

WJIM COBCEM yJaluTh U3 aroMa. MOTOHBI MAJIOW YHEPTHU CIIOCOOHBI BBIOWTH M3 aTOMOB JIMIIb ONTHYECKHE JIIeK-

TPOHBI, 00JaaloNIe MaJloi YHepruen cBa3u. DOTOHBI OOJIBIION YHEPTHH MOTYT BBIOUTH JJIEKTPOHBI U3 OoJiee

rny6okux cimoés. & Istsycd Ltejddw Wi yd3z, o0dzjdalsdzr j { dzj Clstetsdzr € O) HE
dZzdyd Msoets CoOdzlstseo. Clis CsdzZdyd Msots IsOCB], yYlsts fted dMmmdzj
Cets 1 dzj dzgj dels © 1 Istsls 1 ddj fudseeds dandppmifidatdm depvyrchisus. s Hars -

HOCTH Ha PUCYHKe M300pac€H JUCK MOSCOB AJIEKTPOHOB TakuM OonbiuM. Jljisi pacuéra HCTHHHBIX Pa3MEpOB

Tosica IEKTPOHOB, IPUMEM YCJIOBHE, YTO pa3Mephl 3JEMEHTOB 51/ipa NPONOPIMOHABLHEI HX Macce. YHUBepcallb-

Has aToMHas eIMHMIA Macchl 1/12 Maccel aroma m3oroma 3 C¥2. la.e.m.=1,6603x.10%’kr. Macca aroma

Ds=271a.e.m. IllupuHa mosica 3J1€KTPOHOB (CEMHaIATh CIOEB) C ABYX CTOPOH spa COCTaBUT 34 3JIEKTpOHA.

Macca snektpona mM,=5,48597x10%y.a.e.m. Torna mMacca JuameTpa mosica 3JMEKTPOHOB Mg, =5,48597x107%x34
=1,8652298x102 y.a.e.m. Macca 351eKTpoHOB B atoMe Oyner 5,48597x107* x110 =6,034567x102y.a.e.m.  Smpo

Is Oyzmer umets Maccy Mg=271-0.06= 270,94a.e.M. Macca 34* cnoé snexTpoHos pasHa 1,8652298x102a.e.m.

D10 6yzeT cocTaBuATh OT aapa 1,86523x1072/270,94=0,000069 = 6,9x10° yacTs Maccsl sapa. To ecTb, AuamMeTp

Spa 3a CUET KOJIbIIA JJIEKTPOHOB yBenndutcs mpumepHo Ha 0,000069 gacte ot cBoero pasmepa. Ecnu yuecTs,

YTO 3JICKTPOHBI B TI05ICAX CHIBHO CKAThI, TO ANAMETP Spa 32 CUET KOJIbIA JIEKTPOHOB YBEIMUUTCS IPUMEPHO HA

0,00005 gacreit oT cBoero pasmepa. Macca nmpotona cocrasisier 1,00727663y.a.em. Ma c ca n pstoo H 0 B
crapisier 110, 800 Ma.cax.ae .om.etymerpara 6 B8 0 3 4 556 .7 & .ITérnaMiacca IPOTOHOB U

anekTpoHoB Oyner 110,8064yaem. Artomubiii Bec Ds=271yaem. Macca HelTpoHOB 271-6yaerT o
110,8064=1 6 0 , 1 9 3.®/ycca &okoa ueiirpona pasHa 1,0086654y.a.e.m. Torga B arome Jlepmiranrus Oy-

nerl 59 H e i THraw, Med: Bosbllie aTOMHbIN BeC JJIEMEHTa, TeM 0oJbliue B HEM HelTpoHoB. HelTpoHbI 1

SNEKTPOHBI CKPEIISAIOT siipo. HeWTpoHb! — siepHON CUIIOH, a 3JIEKTPOHBI — IPABUTALIMOHHOM M KYJIOHOBCKOIA.
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Torpa, mouemy e pa3pymaroTcs siapa MacCUBHBIX aTOMOB? DTO MPOUCXOAUT MOTOMY, YTO KBAaHTHI MaTepuy B
TaKUX aTOMax HaXOJSITCSl B CHIIBHO CXKAaTOM COCTOSHMM M B HUX CO3JaéTcs OOJbIIOE BHYTPEHHEE HAPSDKEHHE.
Takue aTOMBI CIIOCOOHBI CYIIECTBOBATH TOJBKO IPH HAJMYHMU BHEIIHETO JABJICHUS, KOTOPOES HUBEIUPYET BHYT-
pEHHee HalpsDKEHUE, CO31aBaeMOe KBAHTaMH 3THX BEIIECTB.
OQHeprmss co3pgaHWS SNeMeHTapHOR YacTuub BelWwecT
YToOBI y3HATh PHEPTUIO CO3MAHMS JJIEMEHTApHOH YacTHIBI HEOOXOIMMO Y3HATh dHEpruio e€ monéra. [ns
9TOr0 ONPENeTINM SHEPrHIo mojéra 1Kr Jro0oro BemecTa (Kenesa, HalpHMep) ABUTAIOLIEIOCS CO CKOPOCTBIO
cBeTa. Bo3pméMm map sxenesza maccoit B 1 kr. U BeramemM ero paanyc. Bec mapa paBeH mponu3BeIeHHIO ero 00b-
éma 4/3nR® Ha ynmenpHBIA Bec kKele3a Pre, 0003HAYUM ero cuMBolIoM «p». Gu=4/3nR3p; R3=3G./4np; R3=
3x1000/4x3,14*7,87 =30,35cm® Ry=3,12cM. Bo3bMEM myTh TopMoskeHUs (fe)opMaInH apa OT KOHTAaKTa C Npe-
IATCTBHEM  PaBHBIM 0,00R = 0,0312cm. Ew=mc?=1000r.x(29979245800000cM/cex)?
Exn=1000r.x8,99x10%cm?/cex?=8,99x10%°r.cm?/cex?, HO Macca (poTona My=1,1x10"*°r, cnenopa-
tenbHo  Ey=En/myxmy; my=1,1x10*°r. E;=8,99x10%x1,1x10*° r.cm?/cex? Topmosnoii myte AS =0,0lor R.
AS=0,0312cm. Torga cunma otgaun F  G6ymer paBHa Fu=E./ASFy,= 8,99x10%r.cm?/cex?:0,0312cMm.
=2,88,x10%r.cm/cex?;Fy=2,88,x10%° kr.m./cex’. Ho Fu/my= FJ/m, tormpa  F,= Fuxmy/my; F,=2,88x10%
kr.m./cek.?/1krX1,1x10%%kr  Fy=3,17x10"%krm/cex?.
Ota cuna oTOpacklBacT KBaHT OT NPEnATCTBUA. ECIIM mocunTare, 4To JeTsIe KBaHTa HAJIETAIOT C TAKOM JKe
CUIIOH  Ha 3TU OTCKOYMBIIME KBAHTHIL, TO CHJIA MX CTOJNKHOBeHHs OyneT paBHa Fe= 2x3,17 x1026kr m/cex?.
Fce 6, 3 4% x 1 @2 Mj@u@efHO C TaKoii CHIIOi HY’KHO NPYKMMATh KBAHTBI IPYT K JIPYTY, 9TOOBI OTYYHTH
JJIEMEHTApHYIO YacTuly MaTepun. [louemy? DTa cuiia Hy)XHa JUIs IPEOJIOJICHUS CHITBI OTTAIIKUBAHHS KBAHTOB C
OJIMHAKOBBIMH AJIEKTPUUECKUMU 3apsiJaMU U MarHUTHBIMHU TTOJIIOCAMH U CO3JIaTh HEOOXOMMBbIE YCIIOBUS IS B3a-
MMOIIPHUTSDKEHHUS KBaHTOB OJMHAKOBBIMH DJIEKTPHYECKUMHU 3apsJaMH, HO C Pa3HBIMH MarHUTHBIMH MOJIOCAMH.
3HaYwuT;
DL dzj B dels Otedzr § yOMmlsdyr ojh ifmlse jdedets? B@EOIsjtedd ML HOE IS
2) Olstsd3* &@OIjtedd ML HOs MY Mifasdsddas €t cffted B ssdd Y, Gt
3)SemMBdud MEdd Isj dz0 MBLHO® sy Mdds?2 O dlsOydtsdzdzsc s

IIpumeuanue.

HoBBIii 5KCIIEPUMEHT 1O U3YYEHHIO CTPYKTYPHI aTOMHOTO spa BHIIIOJTHEH B aboparopun Tomaca [Ixed-

tepcona (CIIA) npu yuactuu rpynmsl ¢pusukoB HUMAD MI'Y. «B skcniepuMenTe HaOIIr0Janochk IpsMoe BBIOH-
BaHME 3JIEKTPOHAMH U3 JIep HE TOJIBKO IPOTOHOB, HO M HEUTPOHOB, M OIIPEAEISIICS UMITYIIbC, KOTOPHIM BHIONBA-
eMBIil HyKJIOH o0Janan B spe. beiio mokazaHo, 4To, HaIIpUMeEp, B sIIpe CBHHIA, B KOTOPOM YHCIIO HEMTPOHOB
(126) B monTopa pa3a MpeBhIIIAECT YUCIO IPOTOHOB (82), BEICOKOUMITYIbCHBIX IIPOTOHOB M HEHTPOHOB OJJTHAKO-
BO€ KOJINYECTBO, KakK | B sApe yrieposa (6 IpoToHOB U 6 HEHTpoHOB). [Ipy 3TOM HU3KOMMIYJIBCHBIX HEHTPOHOB
B sIpe CBUHIIA, KaK U CJIEA0BAJIO 0XKW/aTh, B IOJITOPA pa3a OoJibllie, YeM NPOTOHOB, a B SAPE Yriepoaa ux Ho-
POBHY, — IUIIET OAWH U3 aBTOPOB UCCIIEJOBaHMsI, [1aBHbINA HayuHblil coTpyaauk HUMAD MI'Y, 3aBenyromuit
Kagenpoii obieit saeproit ¢pusuku MI'Y Bopuc Unixanos. 8 DT0 03HAYAET, YTO BEICOKOUMITYJILCHBIE HYKJIOHBI
00pa3yIoT B si7[pe KOPPEINPOBaHHBIE TPOTOH-HEUTPOHHBIE MapHI.

C fdzOc0os, Yt 1 lsisO fldcdsaftn s Swisfds fdzg s l5[ts ge'dz’ d f @jc Pl s de'ts Ty
wWHts] . ltetsfists L Isd dzgj2btetsder d fteslstsde ddizjd st lff e daggsicidds ts
B'Is! ftod BBdsyj ydzts?2 disHjdzd Mbtetsjdzdy YHiLO ObtdkO d o
CtOdzdyld B dZOMIsd ftolssdatsle {dls tisdy diPdgisy O jdzi @ dzde tsrdgsdMmis o d Is | dz! o
tcOd3d d ddzisls fteddij tedets BHRZOCtsolzy 1 dzgjteedy MmewrLd M wHIG
Ostsd30 Mo ddzyO MmMtse &zOMmdzats A C v [

Wrak: MBI MIMEEM aTOM CBHHIA, y KOTOPOro B siape 126 HeidiTpoHoB (Marmueckoe uucio 2, 8, 20, 50,

82,114, 126 164 ans nporonos u 2, 8, 20,28, 50, 82, 126184, 196, 228, 272, 318 mus neiirponos. (PKu p -

H bl MBIIETICHBI JBAKIBI MATHYECKHE YHCIIa, TO €CTh MAarH4eCKue Yuciia, KOTOPbIe eCTh KaK JJIsl IPOTOHOB, TaK U

JUI HEUTPOHOB), 82 pOTOHA (TOXKe Marudeckoe 4ncio). HelTpoHoB, Kak U cle10Bajo 0’KHAaTh, B IOIATOPA pas3a

Oosiblie, yeM NMPOTOHOB.  [IpW 3TOM HU3KOMMITYJILCHBIX HEHTpoHOB — 120. JlaBaiite pacronoxum ux Tak. B

LEHTPE sA/pa, COTNIaCHO BCEM OIBITAM, PAaCIOIAraloTCsl BHICOKOMMITYJIbCHBIE HYKJIOHBI 6 - HEUTPOHOB, KOTOPBIE

OKpY’KaeT cI0Hi U3 6 MpOTOHOB. DTO LIEHTpaNbHOE A1po. [lanee, y)xe B TPETbEM CIIO€, CBA3b KOTOPOTO C LEHTPOM

A/Ipa MEHee CUJIbHAsI, COTJIACHO 3aKOHA Paclpe/elieHus chil B yacTuiax mukpomupa (F= Fo/r®), o6pasyrorcs nsa

CJI0SI HEUTPOHOB — OJMKHU K LIEHTPY CIION collepKuT 54 Heiftpona. YUeTBEPTHIA OT LeHTpa CIION cOCTOUT U3 66

HEWTPOHOB (pacy€T M0 KOHTAKTHOH IuIomaan). J[Ba ciosi HEHTPOHOB — 3TO BEChbMa yCJIOBHOE ONpE/eICHHE, TaK

KaK HeT CpeJu HEUTPOHOB TAKHUX YCIOBHI, YTOOBI OHH paclpelesiIiCh KaKH-TO COOTBETCTBYIOIINM MOPSIKOM.

OTOT cNIoH HEHTPOHOB MOKPHIBAET CIION M3 76 MPOTOHOB. MeXay HEHTpOHAMH U TPOTOHAMH 00pa3yeTcs rpaHuIa

CHIIBHOTO B3aMMOJEHCTBHSL. DTOT CJIOM MPOTOHOB 3aMbIKaeT BTOPYIO 00010uKy. (Ecim 370 MMEHHO Tak, TOH Y K -

NOHB NO CBOMWM N apameHepiaTM OHHEbI OWA, UMHPAOKTOOBHbbI, K O T O pble pacino.)
pa3nNnMUyYHbX ypoBHSAX (o6onovykax), BepHee BCero, umMewWT pa
C 3TMMWU NoKas3aTendaMn PrakspoHR aGEaIQPIOT Camiblii BepXxanii BpMIRIOIITUICS TTOsIC.

Ha rpanuie Tpetbero ciosi, COCTOSIIEr0 U3 HEHTPOHOB U YETBEPTOTO CIIOSI, COCTOSALIEr0 U3 IIPOTOHOB, 00pa3y-

I0TCS TTapbl HU3KOUMITYJILCHBIX, CJIa00 CBSI3aHHBIX C IEHTPOM, HO TECHO CBSI3aHHBIX MEXIy CO00H HyKIOHOB. M3~


http://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BB%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC
http://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BB%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC
https://scientificrussia.ru/redirect/76177d616fa823183fb823b81b0d1bbd428161ac4788ffdcfeb26a9747a1ae8c/https:/istina.msu.ru/profile/ishkhanov/
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B9%D1%82%D1%80%D0%BE%D0%BD
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BECTHO, YTO Y HEUTPOHA CYNICCTBYIOT pa3HbIC COCAUHUTEIbHBIC IIOMIAIKHU (TPaHK); TPH TPAHU C CCBEPHBIM Mar-
HUTHBIM TIOJTFOCOM, APYT'HE TPU FPaHH C FOXKHBIM MarHUTHBIM MOJIFOCOM. DTUMU I'PAHIMH U COCIHHSCTCS HEUTPOH
C IpYTHMHU dJIeMeHTaMu aTroMma. M3-3a GpyHImaMeHTanbHBIX pa3iIiduil B 3aTI0THEHUH IIPOTOHOB U HEHTPOHOB J1ajb-
HelIee 3aroTHeHNE TIPOUCXOAUT ACHMMETPHUYHO: Marnieckoe Jucia Uit HeUTpoHOB 126 u, TeopeTndecku, 184,
196, 228, 272, 318... u Toapko 114, 126 u 164 1y mpoToHOB. BO3MOXHO, YTO Y MPOTOHA MAarHUTHOE TIOJIE CHJTh-
Hee, YeM y HEeUTpOHa, MOTOMY YTO B MPOTOHE OJIUH 3aps]l MarHeTH3Ma 3aKJII0YEH B OJTHOM KOHTaKTHOM MOBEpX-
HOCTH, a B HEUTPOHE pa3/iesi€éH Ha TPU KOHTAKTHbBIE TOBEPXHOCTHU. [103TOMY CBSI3b HEUTPOHA C IPOTOHOM Kpermye,
YeM CBsI3b HEUTPOHA C HEUTPOHOM. Tak U OJy4yaroTcs apbl HU3KOMMITYJIbCHBIX HYKJIOHOB. Ta ke camas KapThHa
U C BEICOKOMMITYJIbCHBIMH HYKIIOHAMHU.
Ha Puc. 19 u300paxéH BapuaHT aTOMa CBUHIIA, COTJIACHO OTIMCAHUSM OTIBITA.

QJIEKTPOHBI HU3KOMMIYJIbCHBIE IPOTOHBI HU3KOMMITYJIbCHBIE HEMTPOHBI

TPaHNIIA IEPBOIT 000TOUKH

rpaHnIa BTOPO 000I0YKH
THUIOBAS TPAaHUIIA
HEHTPOHHBIX CIOEB

[IpoTOHEI YepeayIOTCs
C HEUTpOHAMHU

BBICOKOMMIYJILCHEBIE HEUTPOHBI BBICOKOMMITYJILCHEIE MPOTOHEI

tdfl % ¢ltsds Moddzy® (©OLE L)
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UepenosaHue. n n n e

1-51 0o6om0uKa

t dR0dIssd3 M9 deayd

Jliist TOrO, 4TOOBI MTOHATH - MOYEeMY HEHTPOHBI B CPEJIMHE, a IPOTOHBI HaJl HUIMHU, MIPEICTABUM cede KapTHHY
3aMKHYTOTO IPOCTPAHCTBA, HANOJIHEHHYIO JJIEKTPOHAMU M MO3UTPOHAMH. B 3TOM mpocTpaHCTBE MOBBIMIAETCS
JaBieHne. YacTuipl cOMmKaroTes, B3aUMOICHCTBYIOT MEXIy co00i. B pesynbraTe 3T0r0  B3aMOIEHCTBHS TO-
TydaroTcs Oombasi, ycroiunsas yactuiia — [IPOTOH. IIpoToH ye 3aHMMaeT MEHbIIE MECTa, YeM COCTaBIISIO-
1€ €ro 3JIEMEHTApHbIE YACTULIBI U, €CIIU AABICHUE HE YBEJIMYHMBAETCS, TO IPOTOH OCTAETCS B OKPYKEHUU dJIe-
MEHTapHBIX YaCTHI-3JIEKTPOHOB, TO3UTPOHOB 1 KBAHTOB. Y MPOTOHA CO3JaETCsl MATHUTHOE TOJIE M OvKaiimi
3JIEKTPOH, MOTMaasi B 3TO MarHUTHOE TI0JIE JIOKUTCA Ha MIPOTOH U BpaliaeTcs Ha HEM B BHJe nosica. Ho gaBneHue
BCE YBEJIMYMBACTCS U 3JIEKTPOH BHEIPSETCS B MPOTOH B pe3ynbraTe 3TOro BHEAPEHMS IOTYy4aeTcsl MaCCUBHA,
HMMeEIoIIas HEUTPaJIbHBIN AEKTPUUECKUI 3aps]l YacTUla HEWTPOH. IIpu nanbHelIEM yBEIUUYEHUH AaBICHUS B
HEUTPOH BHeApsieTcs emé HeHTpuHo. Uem Oouibliie JaBlieHHE B IPOCTPAHCTBE 00pa30BaHUS YaCTHI, TEM OOJIbIIIe
HEUTPOHOB 0Opa3yeTcst B 3TOM mpocTpaHcTBe. Ilpn ompenenéHHOM naBieHNnH, 00pa30BaB IPYyMITy U3 6 WICHOB
HEWTPOHBI OOJIbIIIE HE IPYNIHUPYIOTCs. Ha 3ToM KOMOYKe HEHTPOHOB OCEAIOT AIIEKTPOHBI U MTO3UTPOHBI, COE/IU-
HSISICH MEX/1y CO0O0H 1 co3/1aBast OKPY>KEHUE U3 IIPOTOHOB U T. 1.

BennunHa MarHuTHOro MOMEHTA CITY>KUT JJIS TPOBEPKH 3aMOJTHEHMST 000J109eK

(~191n,  T=i+1/2
S LS T NNSTE
7+1
(T+220u, T=i+1/2
7Y 5-22 L T=i-102
T+1

LY

CpaBHEHHUE [sken U reop CBUAETEIBCTBYET O CHPABEUIMBOCTH NPEUIOKEHHONW Mozenu. [ist siep, y KOTOpBIX
3aroJHEHbI 000JI0YKH, CIIMH PaBeH HyI0. TakiuM 00pa3oM, CIIMH U MATHUTHBIA MOMEHT si[[pa ONPEIeISIFOTCS He-
MapHbIM HYKJIOHOM, HAXOASLIMMCS B JIAHHOM COCTOsIHUM. Mogenb H @0bsicHseT qedopmupoBannbie sapa. st
00BSCHEHUSI CYILIECTBOBAHUS 1e(hOPMUPOBAHHBIX SIZEP UCIIONb3YIOTCS 3HAYCHHSI KBAPYIOJIbHBIX AIEKTPHUECKUX
MOMEHTOB U 0000IIICHHAS MOJEIH SIIpa.
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O6bobweHHasa Mogenb saAAapa

Mopgenb paccMaTpuBaeT 3aroJHEH-
HYI0 000JI0YKY KaK OCTOB, U B €€ T0JIe Bpa-
IaeTCsl JIOTIOMHHUTENbHbBIA HYKJIOH (pHC.
77). OctoB sinpa nehopMHUpPYyETCs BaICHT-
HBIM HYKJIOHOM, YTO TPUBOJHUT K TOSBIIE-
HHUIO KBaJPYIMOJIBHOTO JIIEKTPHYECKOTO
MomeHTa aapa Q (cm. . 8.5). Monens uc-
MOJNB3yeTCsl sl onucaHus JedopmMupo-
BaHHBIX ATOMHBIX SCP, KOTOPHIC MOTYT HYKIIOH
OBITh BBITSHYTBIMH WJIH CIUTFOCHYTHIMH
OTHOCHTEJIFHO OCH CUMMeTpuu siapa. Och
CUMMETPHHU S7pa, KaK MpPaBUIIO, COBIA-
JIaeT C HalpaBJICHUEM CYMMAapHOTO CIIMHA
saapa. O nedopManuy sIpa MOXKHO CyIUTH
0 BEJTMYMHE KBaPYMOIHHOTO IIEKTPHUIECKOTO MOMEHTA spa.

Ha puc. 78 moka3zaHo moBejieHHE KBaAPYIOIBHOTO AIEKTPUUSCKOr0 MOMEHTA [UIsl PAa3HBIX siep. 3HAUCHUE
Q = 0 cooTBercTBYeT ChepUUECKH CUMMETPUIHBIM aTOMHBIM sifipaM, 3HaueHuss Q > 0 — BBITSIHYTHIM aTOMHBIM
sapam, Q < 0 — CIUTIOCHYTBIM aTOMHBIM SIIPaM.

JloBOJIBHO CTIOpHBIA MOMEHT. (P 8 Is. ) s OC dd3 BB tc OL wsgzdedHs)jfipz! dff v edek
dzj 2 Istetisdlz o o ON OIs! MW dzgj BEHJjI, JMmdd It ftslstsd,
Ldzj Slstesdzts o . Il dzsBsd3 Mz yo,j 1 Issls dzzC dzsdz 9 Mistetsd |
Hils. ¢ Mmyudlkos, ylsysf df @ dedOdziazOm jshissfiin@@iz ¢ saf MB8s s dd -
ez C dzsdgso o WHtj, dzOftedd3j te) .

Q
7 -R2

HomonHUTENEHEIH

tdMm. 77. Rdzd® MsteOYydw oteOh j dad
Cekze BsMistse O

126

Q=0

(0B oIIowre 3arToTH e HE)

Q‘iﬂ&)

| |
20 A a0 120 150 Urcno HedeTHEL

HYIIOHOE B ARpPE
N o 2

tdfgp. 78: Rdzdzt MsteOydw o jHjdedw CoOHEk] sdz' dzt

OKCTIepUMEHTAIbHBIE JaHHBIE O KBAJPYIOJBHBIX JJIEKTPUYECKHMX MOMEHTax saep cM. Ha puc. 74.
Mopens coriacyeTcs ¢ MOBEJACHUEM KBaAPYIOIHHOTO SJEKTPHIECKOTO MOMEHTA JUIsl pa3HbBIX SAep, KOTOPBIN MO
OTIPE/ICJICHUIO PABEH:

Q=22 p(r) (3 cos? 6 —1) d°r.

OnbIT aMepUKaHCKUX HccieoBateneil (cM. puc.4-19) TOBOPUT 0 TOM, 94TO OOOJOYKH COCTOST M3 MapHBIX
COEIMHEHUI MPOTOHOB U HEUTPOHOB TaK YTO MOKHO TOBOPHUTH O «MarMyeCKOM sIpe», B KOTOPOM KOJIMYECTBO
HYKJIOHOB OJTHOT'O THIIA SIBJISIETCSI MAarMYECKUM YHCIIOM, WIH O «IBaXKIbl MArHYECKOM SIAPE», B KOTOPOM Maruye-
CKHE YHUCIIa — KOJIMYECTBA HYKJIOHOB 000MX THIOB. M3-3a ()yHZAMEHTAIBHBIX Pa3IMYUid B 3alIOJIHCHUH OPOHT
MIPOTOHOB M HEUTPOHOB JajbHEHIIee 3aT0THEHHE TIPOUCXOAUT ACHMMETPUYHO: Marnueckoe Yuciia Jijisl HeHTpo-
HOB 126 u, Teopernuecku, 184, 196, 228, 272, 318... u Tonsko 114, 126 u 164 nns npoToHOB. DTOT (PaKT MMeeT
3HaYEHHE MPU MOUCKE TaK Ha3bIBAEMBIX «OCTPOBOB CTAOMILHOCTHY. KpoMe Toro, HaliIeHO HECKOJIBKO TOJTyMaru-
4ecKux unce, Hanpumep, Z=40 (Z — 49ucio mpoToHOB).

«JIBaX 1] MATHYECKHEN sIIpA — HAKOOJIee YCTONUMBBIE H30TOIIbI, HAIPUMED, U30TOI CBHHIA Ph-208 ¢ Z=82
1 N=126 (N — 4ucino HEHTPOHOB).

Maruyveckue sapa sSBISIOTCS HauOoJee YCTONUUBBIMU. DTO OOBICHACTCS B paMKaX 000J0YCYHONW MOJICIH:
JICJIO B TOM, YTO NMPOTOHHBIC U HEUTPOHHBIC 000JIOUKU B TAKUX SIIPAX 3aIOJTHEHBI — KaK M 3JICKTPOHHBIC Y aTo-

MOB 6J'Ial"0[!02!HI)IX Ira30B.



https://ru.wikipedia.org/wiki/%D0%9E%D1%81%D1%82%D1%80%D0%BE%D0%B2_%D1%81%D1%82%D0%B0%D0%B1%D0%B8%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D1%82%D0%BE%D0%BF
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B8%D0%BD%D0%B5%D1%86-208
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B5%D1%80%D1%82%D0%BD%D1%8B%D0%B5_%D0%B3%D0%B0%D0%B7%D1%8B
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rdzvw Isjn, GClsts ddz@j td iz lsfiso Olslzddgts Olssdgdz" =« wHjte, W ftoedort
dzj 2h 8 w©OBBIE dL 18€C.

Orta cTaThg NOATBEP)KIACT IPABIIBHOCTE MOCH TEOpHH O CTpoeHuH aToMa. OIHAKO, 51 CIUTAI0, YUTO SBICHUS
CIHH (BpalleHHs HyKJIOHOB) B siipe HeT. B siape aToMa cymiecTBYIOT pa3Hble MATHUTHBIE ITOJIs, 00pa30BaHHBIE €ro
COCTaBHBIMH YacTsIMH, HO co BpeMEH Pe3epdopaa MarHuTHOE 10JIe CIUTACTCS Pe3yabTaTOM BpaIleHHS 3apsiKeH-
HBIX 9acTHII. Tak 0 CHX IOp 3TO CY>KACHUE U IPEBANNPYET B HAyKe: - TaM, TJ€ €CTh MarHUTHOE T0JIe, TaM JOJDKHO
OBITH BpallleHHNE ANMEKTPHUECKIX 3apAa0B (CIHH). S ToITycKaro IMyIECHPYIONIUE IBIKSHUS sIep U HYyKJIOHOB, TaK
KaK YCHIINS CONIKEHIS BCEX YacTHII K IEHTPY OyIeT BHI3BIBATH CYKATHE YaCTHUI] M BOSHUKHOBCHHS CHJI YIIPYTOCTH,
pacTaJKUBAIOLIEH YaCTHIBI SApa U 3TH CHIIBI MOTYT YepeIoBaThCS CO3/aBasi CHCTEMHbIe Kosebanus. Tounas 3a-
BUCUMOCTb SITICPHBIX CHIT MEKIY IBYMsI HyKJIIOHAMH OT PACCTOSIHUS M OTHOCHUTEIILHBIN, BKJIAJ SCPHBIX CHII, 00Y-
CJIOBJICHHBIX OOMEHOM ME30HOB Pa3HbIX THUIIOB, C OTMPEICIEHHOCTHIO HE YCTAHOBJICHBL. B MHOTOHYKIOHHBIX SIIPAax
BO3MOIKHBI CHJTbI, KOTOPBIC HE CBOJIATCS K B3aMMO/ICHCTBHIO TOJBKO Map HYKJIOHOB. POJIb 3THX T. H. MHOTOYAaCTHY-
HBIX CHJI B CTPYKTYpE siiep OCcTaTcs MOKa HE BBIACHCHHOMW. Pa3Mepsl siiep 3aBUCAT OT YUCIa COMCPKAIIUXCS B
HUX HYKJIOHOB. CpelHss IUIOTHOCTh YUCIIA P HYKJIOHOB B sape (MX YHCIO B enuHHIE 00bEMa) UL BCEX MHOTO-
HYKJIOHHBIX siiep (A > 0) mpakTHIeCKH OJMHAKOBA. TO 03HAYACT, YTO 0OBEM SAApa MPOTOPIIMOHATICH YUCTY HYK-
JOHOB A, a ero IHHeHHBIH pasMep ~A'3. DddekTHBHEIA paguyc sapa R ompenensercss cootHomenneM: R = O
A3 (2) rae koHcTaHTa a 61u3Ka K 'L, HO OTJIMYAETCS OT HETO M 3ABUCUT OT TOTO, B KAKUX (DU3HYECKHUX ABICHUAX
m3Mepsercs R. B ciydae Tak Ha3pIBaeMOTO 3aps0BOTO paanyca sSapa, H3MEPSIeMOTo TI0 PACCESHHUIO SJIEKTPOHOB
Ha sIJIpax W 10 TOJIOKEHHUIO SHEPTeTHIECKUX YpOBHEH U-Me3oatomoB: a=1,12 ¢. DpdexTuBHbIN paguyc, omnpe-
JIENEHHBIN U3 TPOIECCOB B3aMMOACHCTBHA anpoHOB (CM. AIpOHEI) (HyKJIIOHOB, ME30HOB, (L-4aCTHI[ U JIP.) C A1-
paMu, HECKOJIbKO O0oJIbIIe 3apsgoBoro: ot 1,2 ¢ 10 1,4 ¢. [LToTHOCTH siIepHOTO BelecTBa (PaHTACTHYCCKH BEJIMKA
CPaBHHUTEJILHO C IVIOTHOCTBIO OOBIYHBIX BELIECTB: OHA paBHa npumepHo 10 r/cm3. B sipe p moYTH NOCTOSHHO B
LICHTPAJILHOM YaCTH ¥ SKCIIOHEHIIMANbHO yObIBaeT k nepudepun. J{ist npubImkEHHOT0 ONMUCaHKS SMITUPHIECKUX

JaHHBIX HUHOT/[A IPUHUMAIOT CJIEAYIOILYIO 3aBUCUMOCTD P OT PACCTOSIHUS T OT IeHTpa siapa:. =~ | — O

D¢ dexTruBHBI pamuyc sapa R pasen npu stom Ro + b. Bennunna b xapakrepusyer pa3MbITOCTh TPaHUIBL Apa,
OHAa IOYTH oJuHaKoBa s Beex suep (— 0,5 ¢). [TapameTp po — yABOEHHAs INIOTHOCTb Ha «TpaHULE» sIpa,
OTIpEJIeINIIeTCS U3 YCIOBUS HOPMUPOBKH (paBEHCTBA 00BEMHOTO UHTETpalia OT P YUCITY HYKJIOHOB A). U3 (2) cie-
JIyET, 9TO Pa3sMEPHI AJIEP BAPLUPYIOTCS MO MopsAKy Benuuunbl oT 10722 em 1o 10712 om s Tsokéneix saep (pasmep
aroma ~ 108 cm). OnHaxo dopmy:a (2) ONMCEIBAET POCT IMHEHHBIX PA3MEPOB SAep C yBeIHYEHUEM YUCla HyK-
JIOHOB JIMIIL OTpyOJIEHHO, IPH 3HAYUTENLHOM yBeJIHUeHNH A. MI3MeHeHue ke pa3Mepa apa B ciaydae IpUCOean-
HEHMA K HEMY OJIHOTO MJIM JBYX HYKJIOHOB 3aBHCHT OT A€Taleil CTPYKTYPHI SJIpa U MOXKET OBITh HPPETYISIPHBIM.
B wactHOCTH, (Kak MOKa3ain M3MEPeHHs] M30TONMYECKOTO CBUIa aTOMHBIX YPOBHEH SHEPrHM), HHOT/IA PajycC
spa Mpu 100aBICHNH IBYX HEHTPOHOB 1a)Ke€ YMEHBIIIACTCSI.

OQHepruna cB A3 N DHeprmincssty anpastf HA3AIRACTCS YHEPTHUS, KOTOPYIO HEOOXOIUMO 3a-
TPaTUTh HA pacUICIUICHHE sJ[pa Ha OTAeNbHbIe HYKJIOHB. OHa paBHAa Pa3HOCTH CYMMBI Macc BXOJSIIUX B HETO
HYKJIOHOB M Macchl si/ipa, yMHO)keHHOH Ha c’em. (IS | Bt d W (s ls dats iy &fuls (Zez+ NaisF)ed4). 31ecs
mp, mn 1 M — Macchl NPOTOHA, HEHTPOHA U sApa. 3aMeyaTelbHOI 0COOEHHOCTBIO sIep SABJISIETCS TOT (akT, 4To
ECB IPHOTM3HUTEIBHO TIPOTIOPIIMOHATIbHA YUCITY HYKIIOHOB, TaK 4TO yJeIbHas SHepTHst CBsA3u § C B diiabo MeHs-
eTcsl pHu U3MEeHeHuU A (1t GosibiuHCTBa siaep ECB/A = 6-8 M»3B). DTO CBOWCTBO, Ha3bIBAEMOE HACHIILIEHUEM
SJICPHBIX CHJI, O3HAYaeT, YTO KaXKIbIi HYKJIOH 3()(h)eKTHBHO CBSI3BIBAETCS HE CO BCEMH HYKJIOHaMH sijipa (B 3TOM
CJlyuae SHEPIus CBsA3H ObLIa Obl MponopuuoHansHa A2 mpu A»l), a IMIIb ¢ HEKOTOPBIMU M3 HUX. TeopeTHuecku
3TO BO3MO>KHO, €CJI CHJIBI IPH M3MEHEHHOM PacCTOSTHUU U3MEHSIOT 3HaK (MPUTSDKEHHE Ha OJHUX PACCTOSTHUAX
CMEHSETCS OTTAJIKMBAHUEM Ha Apyrux). OObICHUTH 3(P(EeKT HACKHIIEHHS SIEPHBIX CHJI, HCXOAS U3 UMEIOLTUXCS
JIAaHHBIX O TIOTEHIIMaNe B3aMMOJICHCTBHS IByX HYKJIOHOB, ITOKa HE yJajloCh (M3BECTHO 0K0JI0 50 BapHaHTOB siiep-
HOTO MEKHYKJIOHHOTO ITOTEHIMAaJIa, YIOBJIETBOPUTEIILHO ONMCHIBAIONINX CBOMCTBA AEHTPOHA M paccesiHue HyK-
JIOHAa Ha HYKJIOHE; HM OJMH M3 HUX HE MOXET omnucarh 3()(EKT HACHIIIEHUs SAEPHBIX CHJI B MHOTOHYKJIOHHBIX
anpax). HezaBHCUMOCTB TUIOTHOCTH P M YIEIBHOW SHEPTUH CBSA3M AJEp OT YHCJIAa HYKJIOHOB A co37aéT npenmno-
CBUIKH JUIS BBEJICHMS TTOHATHS SAEPHON MaTepuu (Oe3rpaHHMYHOTO A1pa). PusnyeckuMu 00bEeKTaMH, OTBEYal0-
MM 3TOMY MOHATHIO, MOTYT OBITH HE TOJIBKO MaKPOCKONMYECKHE KOCMUUYECKHE Tesa, 00Jafalomue sIepHOM
IUTOTHOCTHIO (HanmpuMmep, HeliTporHbIe 3BE3/IBI), HO, B ONPEIEIEHHOM acIlieKTe, U OOBIYHBIC SIIpa C JOCTATOYHO
GonpmmMu A. 3aBHCUMOCTH ECB OT A M Z I BCeX M3BECTHBIX SAep NPUOIIKEHHO ONMMCHIBACTCS MOTyIMIUPH-
YeCcKOH MaccoBoil (hopMyIoii (BIEpBbIE IPEATIOKESHHON HEMELIKUM (PH3UKOM K.

2
Em =EH_M2I3_ﬁEEﬂ_1I3_T(Hf2 Z) +a(ﬂ,zj
®. Beiizekkepom: . A . (5) B 1935r)
3nech iepBoe (M HAMOOJbIIEE) clIaracMoe ONPEIeIAeT JIMHEHHYIO 3aBUCUMOCTB £CB OT A BTOPO# 4JICH, yMEHbB-
nraronuii ECB, 00YCIOBICH TEM, YTO YacTh HYKJIOHOB HAaXOJIMTCS HA MIOBEPXHOCTH sapa. Tperbe claraeMoe —
JHEPTHUS IJIEKTPOCTATHUECKOTO (KYJIOHOBCKOTO) OTTAJIKHUBAHUS MPOTOHOB (0OPAaTHO MPOITOPIIHOHATBHA PAINyCy
sipa ¥ OpsIMO MTPOTIOPIMOHAIBHA KBA/IPATY €ro 3apsiaa). UeTBEPTHIN WieH YUUTHIBACT BIMSHUE HA SHEPTHUIO CBSI3H
HEpaBEHCTBA YUCJIa IPOTOHOB U HEUTPOHOB B si/Ipe, MmsToe ciiaraemoe d(A, Z) 3aBUCUT OT YETHOCTH uncel A U Z,;
OHO PaBHO:
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(6) DTa cpaBHHUTEIILHO HE-

OoJpIIast OMIpaBKa OKa3BIBAETCsI, OJJHAKO, BEChMa CYIIECTBEHHOHN LTS psla SBICHUN W, B YACTHOCTH, JJIS TIPO-
ecca JIeNeHus TSDKENBIX saep. IMeHHo oHa ompenernseT AeIUMOCTh aep HEYETHBIX IT0 A M30TOTOB ypaHa IO
JIeHCTBHEM MEIJICHHBIX HEHTPOHOB (CM. SIpa aTOMHOTO AETICHUE ), 9TO B OOYCIIOBIMBACT BEIACICHHYIO POJIb ITHX
M30TOIIOB B siiepHoi 3HepreTuke (CM. SInepHas sHepreTrka). Bee KoHCTaHTHI, BXosmIHe B Gopmyiy (5), moaou-
paroTcs Tak, 9TOOBI HAWITYUYIINM 00pa3oM yOOBIETBOPUTH AMIIMPHUYSCKUM MaHHBIM. ONTHMAaIbHOE COTJIacHe C
omnbITOM jocturaercs npu € = 14,03 Mag, o = 13,03 M»s, B = 0,5835 MbaB, y= 77,25 MbaB. ®opmy:st (5) u (6)
MOT'YT OBITh HCIIOJIB30BaHBI ISl OLICHKH SHEPTUH CBA3U A/ep, HE CIHMIIKOM YAAIEHHBIX OT HOJIOCH CTAOMIBHOCTH
anep. [locnenHsis onpenensercs MojaoxeHneM MakcumMyMa EcB kak GyHKIMH Z pu pUKCHpoBaHHOM A. DTO ycio-
BHUE OMpPENENSeT CBA3b Mexay Z U A ans cTabmibHbIX saep: Z=A (1,98+0,15A2/3)-1 (7) ®opmynsl Tuna (5) He
YUHUTBHIBAIOT KBAHTOBBIX 3((EKTOB, CBSI3aHHBIX C IETAISIMU CTPYKTYPHI siJiep, KOTOPbIe MOTYT IPUBOAUTD K CKay-
KOOOpa3HbIM U3MCHEHUAM ECB BOJIU3M HEKOTOPHIX 3HA4YCHUU A U Z (cM. Huwke). CTpyKTypHBIC OCOOCHHOCTH B
3aBHCHMOCTH £CB OT A U Z MOTYT CKa3aThCs BeChbMa CYIIECTBEHHO B BOMPOCE O IPEISITEHOM BO3MOKHOM 3HAYe-
HUH Z, T. €. 0 TPaHUIIe TIEPHOANICCKON CHCTEMBI SIIEMEHTOB. JTa TpaHuIa 00yCIOBICHa HEYCTOMYMBOCTHIO TS-
KEIBIX SieP OTHOCUTENBHO IIpoIiecca JeNeHu. TeopeTHaecKre OIeHKH BEPOSTHOCTH CIIOHTAHHOTO ACTICHUS SIep
HE UCKITIOYAI0T BO3MOYKHOCTH CYIIECTBOBAHUS «OCTPOBOB CTAOMIBHOCTH» CBEPXTSDKENBIX siaep BOmm3u Z = 114
u Z = 126. KBaHTOBBIE XapaKTEPUCTUKH SAEP. 5. a. MOXKET HAXOAUTHCS B Pa3HBIX KBAHTOBBIX COCTOSIHUSX, OTJIH-
YaIOIIUXCS APYT OT APYra 3HAYCHHEM SHEPTHH U IPYTHX COXPAHSIOUINXCS BO BPEMEHH (H3MUYSCKUX BEIUIHH.
CocTtosiHME ¢ HaUMEHbIIeH BO3MOXKHOM IS JaHHOTO Apa SHEpruel Ha3bIBaeTCsl OCHOBHBIM, BCE OCTAJIbHBIC —
B030yXIEHHBIMU. K 4Hcy BaKHEMIINX KBAaHTOBBIX XapaKTEPUCTUK AJEPHOIO COCTOSIHHUSA OTHOCATCS cIMH I u
gyétHOCTh P. Cnine I — nenoe uucio y siaep ¢ 4€THBIM A U noitynenoe npu Heu€THoM. YETHOCTH cocTosHus P =+
1 yka3pIBaeT Ha U3MEHCHHE 3HaKa BOJHOBOM (yHKIu (CM. BonHoBas GpyHKIUS) sapa IpHU 3epKaJbHOM 0TOOpa-
JKCHUH TIPOCTPAHCTBA. DTH JIBE XapaKTEPUCTUKHU YaCTO OOBEIUHSIOT eANHBIM CHMBOJIOM [P mim I+. meer mecto
CICAYIOIIEE IMITUPUICCKOE IMPABUIIO: JIJII OCHOBHBIX COCTOSIHUH sijiep ¢ YETHBIMH A 1 Z crivH paBeH (), a BOJTHOBas
¢yaxuus uétHast ([P = 0+). KBaHTOBOE COCTOSIHHE CHCTEMBI MMEET ONMpeAeNEHHyI0 YE€THOCTh P, ecom cucrema
3epKaIbHO CHMMETPHUYHA (T. €. IEPEXOTUT caMa B ce0sl IpH 3epKaIbHOM OTpakKeHUH). B simpax 3epkaipHasi CHM-
METpHs HECKOJIBKO HapYIICHA M3-3a HATH4Hs ciadoro B3aummonaeicTBus (CM. CrnaOble B3aUMOJCHCTBUS) MEKIY
HyKJIOHAMH, HE COXPAHSIONMET0 YETHOCTH (€70 HHTEHCHBHOCTH I10 HOPAAKY BETMIUHEI ~ 10°% 0T OCHOBHBIX CHIL,
CBSI3BIBAIOIIUX HYKIIOHHI B s/ipax). OMHAKO 00yCIIOBIIEHHOE ClTa0bIM B3aMMOICHCTBHEM CMEITUBAHIE COCTOSTHUI
C Pa3sHOU YETHOCTBIO MAJIO U MPAKTUYECKU HE CKa3bIBaeTCs Ha CTPYKType aaep. Ilomumo I u P, snepHele cocTos-
HUS XapaKTePU3yIOTCs Takxke KBaHTOBBIMU uuciamu (CM. KBaHTOBBIE uHciia), BOSHUKAIOIIMMHU BCIEACTBHE JTU-
HaMHM4YECKOW CUMMETPHUH SIIEPHBIX B3auMoeiicTBuid. BaxHeleil 3 Hux sBJseTcsl M30TONMNYECKAs] MHBAPUAHT-
HOCTB AJIepHBIX cil. OHA IPUBOINT K MOSBICHUIO Y IETKUX sAnep (Z < 20) KBaHTOBOTO YHCIIA, HA3bIBAETCS H30TO-
nuueckuM ciuHoM (CwM. M3oTronnyeckuii CivH), WM W30cnHOM. M3octuH saapa T — menoe 9ucio npu 46THOM
A ¥ nonyrienoe — TpH HEYETHOM. PasinyHble COCTOSHUS AApa MOTYT UMETh pasHblil nzocnud: T > (A— 2Z)/2.
H3BecTHO SMIHEPUYECKOE TIPABHIIO, COTIIACHO KOTOPOMY W30CIIHHBI OCHOBHBIX COCTOSTHHM Sep MUHIMAJBHEI, T.
e. paBHEI (A — 27)/2. VI30cnuH XapaKTepu3yeT CBOWCTBA CHMMETPHH BOJHOBOW (YHKIIMU JAHHOTO COCTOSIHUS
S7Ipa OTHOCUTEIBHO 3aMeHBI p ¥ n. C U30CIIMHOM CBSI3aHO CYIIECTBOBAHUE W30TOMHUYECKUX SIIEPHBIX MYIBTH-
TUJIETOB WJIM aHAJIOTOBBIX COCTOSIHUMU Y SIIEp C OJHUM U TEM Ke A. DTHU COCTOSHUS, XOTS U MPUHAAIEKAT Pa3HbIM
sapaM (ommmyarnmmMes rmo Z u N), IMEIOT 0IMHAKOBYIO CTPYKTYPY U, clieioBaTenabHo, oguHakoBsie [P u T. Yucio
Takux coctossHui paBHo 2T + 1. Jleruaiiniee mocie npotoHa sSApo — AeHTpoH uMeeT u3ocuH T = 0 U mosTomMy
He nMeeT ananoros. Snapa 31H u 32He o6pasytot nzoronmueckuii nyonet ¢ T = 1/2. B cnyuae Gomee TKENBIX
S7Iep WICHAMH OJTHOTO H30TOIMMYECKOTO MYJIBTHUILIETA SBISIFOTCS KaK OCHOBHBIC, TaK M BO30YKAEHHBIE COCTOSHUSA
saep. DTO CBSI3aHO C TEM, YTO NP W3MEHEHNWH Z MEHSAETCS KYJIOHOBCKas HHEPTHUs siipa (OHA pacTeT C YHCIOM
MIPOTOHOB), M, KPOME TOTO, IIPH 3aMEHE P Y 1N Ha MOJHOM SHEPTHH Apa CKa3bIBAETCS Pa3HOCTh MacC MPOTOHA U
HelTpoHa. [IpuMepoM U30TONMYECKOTO MYJIBTHIIIETa, COAEPKALMM KaK OCHOBHBIE, TaK 1 BO30YXJIEHHBIE COCTO-
suust, sBasiercst Tpumer ¢ T= 1: 148C (ocH) — 147N (2,31 M»aB) — 1480 (ocH) (B ckoOKax yKa3aHa SHEPTHs
B030yxeHus). [omypazHOCT 4KciIa HEHTPOHOB M ITPOTOHOB, HA3BIBAECTCS IIPOSKIMEN M30CIIMHA, 0003HaYaeTCs
cumBoJIoM T3. J{71s 4jIeHOB M30TONMMUYECKOTr0 MyJibTUIUIeTa T3 npuHuMaer T + 1 3HaueHUH, OTIIMYAIOLIUXCS IPYT
OT Apyra Ha eIUHULy U Jexamux B unrepBaie —1< T3 < T. Benuuuna T3 115 sigep omnpeneneHa Tak, 4To st
npotoHa T3 = —1/2, a s velitpona T3 = + 1/2. B ¢usuke xe anmementapHbix yactuil (CM. DIeMeHTapHbIE Ya-
CTHIIBI) IPOTOHY HPHUIHCHIBACTCS IOJIOKUTENFHOE 3HaueHHe 13, a HEHTPOHYy — OTpHIATENbHOE. DTO YHCTO
YCIIOBHOE pa3jiiuue B ONpPEAeNICHUSIX BBI3BAHO COOOpakeHUsMH ynoOcTBa (TIpyu M30paHHOM B siIEpHOU (hH3HKE
ompeneneHun T3 3Ta BEMMYWHA TOJIOKHUTENBHA 7SI OOJNBIIMHCTBA siiep). «YHUCTOTa» COCTOSHUI NETKUX sAep I10
M30CTIMHY BEJINKa — MIPUMECH I10 MOPSAKY BeTUUNHBI He ipeBocxo T 0,1—1%. Jlns Tsoxénbix simep n30CuH He
SBIISICTCS XOPOIINM KBAaHTOBBIM YHCIIOM (COCTOSIHHS C Pa3HBIM H30CIIMHOM CMEIIMBAIOTCS TTIAaBHBIM 00pa3oM m3-
3a AJIEKTPOCTaTUUECKOTO B3aMMOJAEHCTBUS MPOTOHOB). TeM He MeHee, OIyTUMBIE CIEAbl U30TONMUYECKON cUM-
METPHUU OCTAIOTCA U B 3TOM ciydae. OHa MpOsBISETCS, B YACTHOCTH, B HAJIMUMK TaK Ha3bIBAEMbBIX aHAJIOTOBBIX
PE30HAHCOB (aHAJIIOTOBBIX COCTOSIHUI, HE CTAOMIILHBIX OTHOCHTENBHO pachajia ¢ UCIyCKaHHeM HyKJI0HOB). Kpome
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I, PuT, saepHble COCTOSHUS MOT'YT XapaKT€PU30BaThCsI TAK)KE KBAHTOBBIMU YU CIIAMU, CBS3aHHBIMU C KOHKPETHOMN
MO/IETIbIO, PHUBJIEKAEMOH ISl MPUOIIMKEHHOTO ONMHMCAaHUs sapa (CM. HWXKE). DIEKTPUYECKUE U MarHUTHBIE MO-
MEHTHI A/ep. B pa3nmuyHbIX COCTOSHUAX SAPO MOKET HMETh Pa3HbIC 110 BEIMYMHE MarHUTHBIC JUITOJIBHBIC U KBaI-
PYHOJIBHBIE IIEKTPHUECKHE MOMEHTHI. [lociaenane MOryT OBITE OTJIMYHBI OT HYJS TOJIBKO B TOM CiIydae, KOTAa
criuH [ > 1/2. SinepHoe cocTosiHME ¢ onpeaenEHHON YETHOCTHIO P He MOXKeT 00J1aaTh 2JIEKTPUICSCKIM JHUITOTbHBIM
MoMeHTOM. boiiee Toro, nake Mpy HECOXPAHCHWH YETHOCTH JUIA BOSHUKHOBEHUS JIEKTPUUECKOTO JHUIIOIBHOTO
MOMEHTa HEOOXO0IUMO, YTOOBI B3aMMOICHCTBIE HYKIIOHOB OBLTIO HEOOpaTnuMo BO BpeMeHH (T — HEMHBapHaHTHO).
ITockombKy 10 SKCIIEPUMEHTAIBHBIM IJaHHBIM T-HEeHMHBapHaHTHbBIE ME)XHYKIOHHBIE CHIIBI (€CITM OHM BOOOIIIE €CTh)
1o MeHsbIeit Mepe B 103 pa3 ciabee 0OCHOBHBIX SIEPHBIX CHII, @ 3(QEKThI HECOXPAHEHUs YETHOCTH TaKXKE OUCHb
MaJlbl, TO 3JIEKTPUIECKUE TUITOIbHBIE MOMEHTBI JTMO0 PaBHBI HYJIIO, JINOO CTOJIb MaJIbl, YTO HX OOHApyKEHUE HAXO0-
JUTCS BHE IIPEJESIOB BO3MOXKHOCTH COBPEMEHHOIO SAEPHOI0 SKCIEPUMEHTA. SIiepHble MarHUTHbIE AUIIOJIBLHBIE
MOMEHTHI UIMEIOT NOPSIIOK BEJIMUYMHBI AJEPHOTO MarHeToHa. DJIEKTPUUECKUE KBaAPYIIOIbHbIE MOMEHThI U3MEHS-
I0TCS B OYEHB INMPOKHUX TIPEJIENIax: OT BeJU4uH nopsjka €102 cm? (nérkue sapa) o e+ 102 cm? (Tsoxénble supa,
€ — 3apsiJ] AJIEKTPOHa). B OONBIIMHCTBE CITy4aeB U3BECTHBI JIMIIbL MAarHUTHBIE U JJIEKTPUYECKHE MOMEHTHI OCHOB-
HBIX COCTOSIHMH, TOCKOJIBKY OHM MOTYT OBITh H3MEPEHBI ONTHIECKUMH H PAJTHOCIIEKTPOCKOIIMIECKUMH METOAAMH
(cM. SlmepHBIN MarHUTHBIA pe30HAHC). 3HAYCHUSI MOMEHTOB CYIIECTBEHHO 3aBHCAT OT CTPYKTYPHI AApa, pacupe-
JeneHus B HEM 3apsaa 1 TokoB. OObsCHEHHE HAOMI01aeMbIX BEJIMYMH MArHUTHBIX TUMOJIBHBIX U JIEKTPHIECCKUX
KBaIPYHOJIbHBIX MOMEHTOB SIBJISICTCS IMPOOHBIM KaMHEM JUIsl JIt000i Monenu sapa. CTpyKTypa siipa ¥ MOJEIH
anep. MHorouacTHuHast KBaHTOBAsl CHCTEMa C CHIIBHBIM B3aHMOJICHCTBHEM, KaKoBOH siBisieTcs . a., ¢ TeopeTn-
YEeCKOHW TOUKH 3pEHHsI 00BEKT HCKITIOYUTEIFHO CIOXKHBIN. TPy THOCTH CBA3aHBI HE TOJIBKO C KOJMYECTBEHHO TOY-
HBIMH BBIYUCIICHUSAMU (PU3UYECKUX BEJIMUMH, XapaKTEPHU3YIOIIUX AP0, HO JAa)e C KaYeCTBEHHBIM ITOHUMaHHEM
OCHOBHBIX CBOMCTB SIICPHBIX COCTOSIHUI, CIIEKTpa SJHEPreTUUECKUX YPOBHEH, MEXaHU3Ma sIIEPHbIX peakuui. Ts-
KETBIE SIpa COAEPIKAT MHOTO HYKIIOHOB, HO BCE )K€ MX YUCIIO HE CTOJIb BEJIMKO, YTOOBI MOKHO OBLIO C yBEPEHHO-
CTBIO BOCIIOJIb30BAThCsl MeTojaMu craTucTiyeckoit pusnkn (Cm. Cratuctuueckas Gusnka), Kak 3To AenaeTcs B
TEOpUU KOHJEHCUPOBaHHBIX cpen (cM. XKuakocts, TBépaoe Teno). K maTemaTnueckuM TpyIHOCTSIM TEOPHH J0-
GaBisieTcss HEJOCTATOYHAS ONPENEIEHHOCTh NCXOJHBIX JAaHHBIX O SJACPHBIX crilax. [IoCKOIbKY MEXHYKIOHHOE
B3aUMO/ICHCTBHE CBOIUTCS K OOMEHY ME30HaMHM, OOBSCHEHHE CBOWCTB s/[pa B KOHEYHOM CUETE JTOJDKHO OITH-
paThcs Ha PENIITHBUCTCKYIO KBAHTOBYIO TEOPHIO 3JIEMEHTAPHBIX YacTHUII, KOTOpas cama 1o cebe B COBPEMEHHOM
e€ cocTOSHNM He cBOOOJHA OT BHYTPEHHUX NMPOTHBOPEUNHA U HE MOKET CUNTATHCS 3aBEPUICHHOH. XOTS CpaBHU-
TEJILHO HEOOJIBIINE B CPEJHEM CKOPOCTH HYKIIOHOB B siype (0,1 ¢) HeCKOIIBKO yIpOIAoT TEOPHIO, TO3BOJISS CTPO-
UTb €€ B IEPBOM NPHUOJIIKEHNN HA OCHOBE HEPEJSITUBUCTCKOM KBAHTOBOW MEXaHHKH, SIAIEPHAs 33/1a4a MHOTHX Tel
ocraércst oka oJIHOH U3 pyHIaMeHTaIbHbIX pobiieM (u3uku. [1o BceM 3TUM NMPUYMHAM JI0 CUX II0p, UCXOJIS U3
«TIepBBIX MPUHIUIIOBY, PaCCMaTPUBAIACh TOJIBKO CTPYKTypa MpOCTEHIINX aaep — JAeHTpoHa U TPEXHYKIOHHBIX
snep 3H u 3He. Ctpykrypy 6ojiee CI0XKHBIX siAep MBITAIOTCS MOHATH C MTOMOIIBIO SAEPHBIX MOJIeNel, B KOTOPBIX
SIIPO THITOTETHYECKH YITOM00ISIETCs KaKOH-TH00 O0Jiee mpoCToil u Jiydliie u3y4eHHoU pusnyeckoii cucreme. O00-
JouevHas MoJienb. E€ mpooOpa3oMm sSBIsSETCS MHOTOAJIEKTPOHHBIHN aToM. COTIacHO 3TOM MOJIENH, KaXKIbIi HYKJIOH
HaXOJUTCS B SIpE B ONpPeAeIEHHOM HHINUBUIyaJbHOM KBAaHTOBOM COCTOSTHHHM, XapaKTepHU3yeMOM SHepruei, Mo-
MEHTOM BpAILEHHUS j €r0 MPOEKIMeld m Ha OJIHY M3 KOOPAMHATHBIX OCeH N OpOMTAIbHBIM MOMEHTOM BpamieHus |
= j=£ 1/2 [uétHOCTH cocTostHU HyKIIoHA P = (-1) 1]. DHeprus ypoBHs He 3aBUCHT OT MPOCSKIIMA MOMEHTA BPAICHHS
Ha BHEIIHIOIO oCbh. [103TOMY B cooTBeTcTBHU ¢ [laysy NpUHIMIIOM Ha KaXIOM SHEPTETHIECKOM YPOBHE C MOMEH-
Tam¥ j, | MoxkeT HaxoauThes (2j + 1) TOKIAECTBEHHBIX HYKJIIOHOB (IIPOTOHOB U HEHTPOHOB), 00pa3yroMIIX «000-
7104Ky» (j, ). [ToHBIN MOMEHT BpaleHuUs 3aII0JTHEHHOM 000I0UKN paBeH HyIIr0. [103TOMy eci siipo cocTaBIeHO
TOJIBKO W3 3aMIOJHEHHBIX IPOTOHHBIX M HEUTPOHHBIX 000JI0YEK, TO €T0 CITUH OyIeT TakKe paBeH Hyio. Beskuit
pa3, Korja KOJMYECTBO MPOTOHOB WJIM HEHTPOHOB JOCTHUTAeT MAarHYECKOT0 YHCIA, OTBEYAIONIETO 3aII0THEHHIO
ouepenHoil 000JI0YKH, BOSHUKAET BO3MOXKHOCTh CKAYKOOOPA3HOTO M3MEHEHHS HEKOTOPHIX XapaKTepHU3YIOIINX
PO BETHYHH (B YACTHOCTH, SJHEPTUH CBA3M). ITO CO3AaET MoA00He MePHOANIHOCTH B CBOICTBAX SAEP B 3aBUCH-
MOCTH OT A M Z, aHaJIOTHYHON MEPHUOTUIECKOMY 3aKOHY AJIS aTOMOB. B 00oux ciaydasx ¢pu3ndeckoi npruauHoi
MePUOIUYHOCTH ABIseTCA NpuHIMI [laynu, 3anpemaromuii 1ByM TOXAeCTBeHHBIM DepMIoHaM (JacTHIIaM ¢ TI0-
JYLETbIMA CIMHAMM) HaXOAUTHCS B OJTHOM M TOM e cocTossHHH. OJTHaKo 00ooueyHast CTpyKTypa y siaep mnpo-
ABJISIETCS 3HAYMTENBHO ciadee, ueM B aToMax. [Iponcxoqur 3To rinaBHBIM 00pa3oM IOTOMY, YTO B S,ApaX UHIUBH-
JTyaJIbHbIe KBAaHTOBBIE COCTOSIHUS YaCTHII («OPOUTHI») BO3MYIIAIOTCS B3aUMO/IEHCTBUEM ((«CTOJIKHOBEHUSIMI) UX
JpYT ¢ IpyroM ropasJio CujibHee, 4eM B aroMax. boiiee Toro, M3BecTHO, 4TO GOJIBIIOE YUCIIO SIIEPHBIX COCTOSTHUI
COBCEM HE ITOXO0XKE Ha COBOKYMHOCTD ABMXKYIIUXCS B sIIPe HE3aBUCUMO APYT OT APYyra HyKJIOHOB, T. €. HE MOXKET
ObITH 0OBSCHEHO B paMKax 000s04eYHOH Mojieny. Hammume Takux KOJUISKTHBHBIX COCTOSIHUN yKa3bIBaeT Ha TO,
YTO MPEJCTAaBICHUS 00 WHANBUAYAIBHBIX HYKJIOHHBIX OPOUTAX SBILIFOTCS CKOPEe METOIMYECKHM 0a3ucOM Teo-
puH, yOIOOHBIM JUIS OIIMCAHUSI HEKOTOPBIX COCTOSHUM spa, 4eM (pU3HIecKoil peabHOCThI0. B 310l cBs3M B 000-
JIOYEYHYI0O MOJETh BBOIUTCS TOHATHE KBasudyacTHll (CM. KBa3zudacTuIpl) — 3JI€eMEHTApHBIX BO30YXICHHMA
cpenbl, 3PPEKTUBHO BEAyIMX ce0s BO MHOTHX OTHOIIEHUSAX M000HO0 "acTuram. [lpu stom S. a. paccMarpuBa-
eTcst Kak KBaHTOBasI JKHIKOCTh, TOUHEE Kak DepMH-KUIKOCTh KOHEUHBIX Pa3MepOB. S1Ipo B OCHOBHOM COCTOSIHUH
paccMaTpuBaeTCsl Kak BBIPOKACHHbIN DepMu-Ta3 KBa3W4aCTHI, KOTOPbIE 3 (PEKTUBHO HE B3aNMOJEHCTBYIOT IPyT
C IpyroM, MOCKOJbKY BCSKUM aKT CTOJIKHOBEHMS, U3MEHSIONIUNA UHIUBUyadbHbIE COCTOSHUS KBa3UUYaCTHUI], 3a-
npeed npuHounoM Ilaymu. B Bo30yxnéHHOM cocTosiHMM siipa, Korna 1 wim 2 KBasM4YacTHIBl HaXOJSATCS Ha
0oJiee BHICOKMX MHIMBHIYaJIbHBIX DHEPreTHUECKUX YPOBHSX, OTH YaCTHIIbI, 0CBOOOINB OPOUTHI, 3aHUMABIINECS
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UMM paHee BHYTpH dhepmu-cdepst (cM. DepMu MOBEPXHOCTH ), MOTYT B3aMMOJICHCTBOBATh KaK APYT C APYTOM, TaK
U ¢ 00pa3oBaBILeiiCs JBIPKON B HIDKHEH 00onouke. B pe3ynbraTe B3auMoJICHCTBUS ¢ BHEIIHEH KBa3HMYaCTUICH
MOJKET IPOUCXOANUTH ITEPEX0 ] KBa3HIACTHUI] U3 3aII0THEHHBIX COCTOSHHUN B HE3aIIOIHEHHOE, BCIICACTBUE YETO CTa-
past IbIpKa UCYe3aeT, a HOBas MOSBILICTCS; 3TO SKBUBAJICHTHO MEPEXOAY ABIPKH U3 OJHOTO COCTOSHUS B APYTOE.
T. 0., cormacHo 000JI0YETHON MOJIEITH, OCHOBBIBAIOIICHCS HA TEOPUH KBAHTOBON (PEPMH-KUIAKOCTH, CTICKTP HUK-
HUX BO30YXIEHHBIX COCTOSHUH siZIep OpenessieTcs ABIKeHNeM 1—2 KBa3udacTuIl BHe (hepMu-chephl 1 B3aUMO-
JIEHCTBUEM HX JIPYT C APYTOM H C IBIpKaM¥ BHYTpH GpepMH-cHepbl. ITUM CaMbIM 00BSICHEHHUE CTPYKTYPBI MHOTO-
HYKJIOHHOTO sijipa TpH HEOOJBIIBIX SHEPTUAX BO30YXKICHUS (PAKTUICCKH CBOIUTCS K KBAHTOBOM mpobieme 2—4
B3aUMOJICHCTBYIOIUX TeN (KBa3HMYacTUIla — JbIPKa WM 2 KBAa3WYaCTUIBI — 2 JbIpkH). [IpuMeHeHne Teopun
(epmu-xuakocty K S. a. 6su10 pazButo A. b. Murganom (1965). TpytHOCTb TEOpHU COCTOUT, OJTHAKO, B TOM, YTO
B3aUMO/ICHICTBHC KBA3UYACTHI] U ABIPOK HE MAJIO M TOTOMY HET YBEPEHHOCTH B HEBO3MOXHOCTH TOSIBJICHHS HU3-
KO3HEPIreTHYCCKOTO BO30YKAEHHOTO COCTOSHUS, 00YCIOBICHHOTO OOJBIINM YHCIOM KBa3UUACTHIl BHE (hepMu-
cdepbl. B mpyrux BapuaHTax 000JIOUCHHOW MOJICTU BBOAUTCS 3()(HEKTHBHOE B3aUMOICHCTBIE MEXKIY KBa3u4da-
CTHIIaMU B KaXJ10¥ 000JI0YKe, MPUBOJSIICE K MEPEMEITUBAHUIO IEPBOHAYAIBLHBIX KOHDUTYPAIHA HHIUBUIYaIb-
HBIX COCTOSTHUI. DTO B3aMMOJCHCTBHE YUUTHIBACTCS TI0 METOIMKE TEOPUHU BO3MYIIICHUH (CIIpaBeIINBOM 71 Ma-
JBIX BO3MYIIEHUI). BHyTpeHHSS HemocaenoBaTeIbHOCTh TaKOH CXEMBI COCTOUT B TOM, 4TO 3¢ dekTnBHOE B3au-
MoJieiicTBre, HEOOXOIUMOE TEOPHUH AJIS OTMCAHKS OIBITHBIX (DAaKTOB, OKAa3bIBACTCA OTHIOAB He crabbiM. Kpome
TOTO0, KaK TIOKa3bIBAET CPAaBHEHNE TEOPETHICCKUX U IKCIICPHUMEHTANBHBIX TAaHHBIX, B Pa3HBIX 000JI0YKaX MPUXO-
UTCS BBOJWUTH pazHbIC Y(PPEKTHBHBIC B3aMMOACHCTBHSA, YTO YBEIMIMBACT YHCIO SMITUPUICCKHA MOIOUPAEMbIX
nmapameTpoB Monend. OCHOBHBIC TEOPETUYECKHE PA3HOBUIHOCTH MOJEIH 000J0YeK MOAUGDHUIMPYIOTCS HHOTIA
BBEJICHUEM Pa3IHYHOIO POJA TOMOJIHHUT, B3aUMOICHCTBUI (HApUMep, B3aMMOICHCTBHS KBa3HUACTHII C KOJieba-
HUSMU TIOBEPXHOCTH S/Ipa) AJIS HOCTHKEHUS JTYUIIET0 COTJacusi TEOPHH C SKCIIEPUMEHTOM. T. 0., COBpeMEHHA
00oJtoueUHast MOJIEITb siipa (PAaKTUUCCKHU SIBIISCTCS MOJTYIMIUPHYCCKON CXEMOH, TTO3BOJISIONICH MOHATH HEKOTO-
pble 3aKOHOMEPHOCTH B CTPYKTYpE s1iep, HO He CIIOCOOHOM TOCieI0BaTeIbHO KOJIMUECTBEHHO OMUCATh CBOMCTBA
sapa. B 4acTHOCTH, BBUY IEPEYUCICHHBIX TPYAHOCTEH HEMPOCTO BRISCHUTH TCOPETHYCCKHU MOPSIIOK 3aIIOJTHCHUS
000110Y€K, a, CIeJOBATEIFHO, U «MarmdecKie YUCIIa, KOTOPBIC CIY KN ObI aHAIOTaMH I PHOIOB TaOIUIHI MeH-
JereeBa st aToMoB. [lopsnok 3amosHeHHS 000JI0YeK 3aBUCHUT, BO-TIEPBHIX, OT XapaKTepa CHIIOBOTO OIS, KOTO-
poe ompeenseT HHANBUAYAIbHBIE COCTOSHUS KBa3UYACTHIL, ¥, BO-BTOPHIX, OT CMeIIMBaHus KoHburyparwuii. [To-
cieqHee 0OBIYHO MPUHUMAETCS BO BHUMAaHUE JIMING U1 HE3alOJTHEHHBIX o0onouek. Habmromaembie Ha OmbITe
Marn4eckue 4ncia HeuTpoHoB (2, 8, 20, 28, 40, 50, 82, 126) u mpoToHOB (2, 8, 20, 28, 50, 82) 0TBEYaIOT KBAaHTO-
BBIM COCTOSTHHSIM KBa3HYACTHUII, NBIKYIIUXCS B MPSIMOYTOIBHOHN HITH OCIMUIATOPHON MOTEHIHATBHOH sime (CM.
[ToTennuanpHas siMa) CO CIIMH-OPOUTANLHBIM B3aUMOECcTBHEM (MMEHHO OJarogapsi eMy BO3HUKAIOT uncia 28,
40, 82 u 126). O0BsicHeHHe caMoro (akTa CyIECTBOBaHHS MarnueckuxX YHCcell ObLIO KPYITHBIM YCIIEXOM MOJIEIH
060104eK, BIepBhIe npeuioxkenHoi M. Ténnepr-Maiiep n M. X. J1. Mencenom B 1949—50. JIp. BaXHBIM Pe3yilb-
TaTOM MOJIeNTi 000JI0UeK Jjaxke B mpocTeiiei hopme (6e3 yuéra B3auMOIeHCTBUS KBa3MUACTHIT) SBIISETCS TOTY-
YCHHE KBAHTOBBIX YUCEJ OCHOBHBIX COCTOSHHMI HEUETHBIX SACP U NPUOIMKEHHOE OMMCAHHE TaHHBIX O MAarHUT-
HBIX TUIOJBHBIX MOMEHTaxX Takux simep. CorimacHo 000I0YEUHOW MOJIENH, 3TH BEIUYUHBI Il HEUETHBIX SACP
OTIPENIENIAIOTCS. COCTOSTHUAEM (BETMUMHAMY |, |) mOCIeTHero «HeciapeHHOT0» HyKJIoHa. B aToM cinydae [ =j, P =
(—1) I. MarHuTHBIA TUMOIBHBIA MOMEHT W (B SIIEPHBIX MAHETOHAX), €CIIH HECHIAPSHHBIM HYKIOHOM SIBISIETCSI
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B cnyyae HecrnapeHHOTO IIPOTOHA: 3mecs un= 1,913 mpp =
2,793 — MarHuTHbIE MOMEHTBI HEWTPOHA U MPOTOHA. 3aBUCUMOCTH Ll OT j MpH JaHHOM | = j + 1/2 Ha3bIBatoTCS
muausaME Imunra. MarHUTHBIE TUMOIBHBIE MOMEHTBI TIPAKTHUYECKN BCEX HEUETHBIX sI/IEP, COTIIACHO OIBITHBIM
JIAHHBIM, JIeKaT MeX Ty TuHusMu [1IMuaTa, HO HE Ha caMUX JIMHUSX, KaK 3TO TpeOyeTcs mpocTeiieit 00omoued-
HOW Mozenbto (puc. 1, 2). Tem He MeHee OJIM30CTh SKCIIEPUMEHTAIBHBIX 3HAYCHUH MarHUTHBIX JHUITOIBHBIX MO-
MEHTOB sifiep K muausaM [1Imuara TakoBa, uTo, 3Hast j — [ ¥ |1, MOKHO B OOJIBIIIMHCTBE CIIy4acB OHO3HAYHO OIpe-
nenuth 1. JlaHHBIC O KBaJPYIOJIBHBIX MEKTPHYCCKUX MOMEHTAX SJCp 3HAYUTEIBHO XY)KE OMHUCHIBAIOTCS 000II0-
YEYHON MOJIEJIBI0 KaK IO 3HAKY, TaK W N0 abCcomroTHO# BeianmuyuHe. CyIecTBEHHO, OJHAKO, YTO B 3aBUCHMOCTH
KBaJIPYMOJBbHBIX MOMEHTOB OT A U Z Ha0JII0JaeTCs IEPHOANYHOCTD, COOTBETCTBYIOIIAs MAarHUECKUM urciaaM. Bee
9TH CBEJCHUS O sapax (3HadeHws [P, 2IeKTpUIeCcKUX 1 MAarHUTHBIX MOMEHTOB OCHOBHBIX COCTOSTHUN, MarndaeCKue
YHUCIIa, TaHHbIE 0 BO30YKIEHHBIX COCTOSHUSAX ) TIO3BOJISIIOT TIPUHATH CXEMY 3aIOJTHEHUS SACPHBIX 000JI04YeK, TpH-
BeIEHHYIO Ha pHC. 3.
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He c chepunyHOCT bW oAHgHeaps. MPoodreasib .
CornacHo 3KCIIepUMEHTAIBHBIM JJAHHBIM B 001acTH MaccoBbIX unceln 150 <A <190 u A > 200, kBaapynoib-
HbIe MOMEHTHI Q simep ¢ [>1/2 dpe3BhIYaifHO BEIWKH, OHH OTIMYAIOTCS OT 3HAYCHHM, MPeAcKa3biBaeMbIX 000J10-
qeqHoH Moenbio, B 10—100 pas. B aToii e o6macT 3HAUCHUA A 3aBUCHMOCTD SHEPTHH HIDKHUX BO30YKIEHHBIX
COCTOSIHUH SiIep OT CIIMHA S/Ipa OKa3bIBACTCS IIOPA3UTENHFHO MOX0XKEH Ha 3aBUCIMOCTD SHEPTHH BPAIIAIOIIETOCs
BOJTYKA OT ero MoMeHTa BpareHus . OCOOCHHO YeTKO 3TO BBIPAXEHO y siaep ¢ 4€THRIMHA A U Z. B 3ToM cirydae

2
gpy = B

sHeprus & Bo30YXIEHHOTO YPOBHS CO CIIMHOM | a€Tcsi COOTHOIIICHUEM 2T (10) tme J —
BEJIMYMHA, IPAKTUYECKHU HE 3aBUCSINAs OT | 1 uMeromas pa3MepHOCTh MOMeHTa uHepImu (CM. MOMEHT HHEPIIUH).
CrniuHbl BO30Y)AGHHBIX cocTosiHUN B (10) MPUHUMAIOT, KaK MOKA3bIBACT OIBIT, TOJIBKO YETHBIC 3HAYCHUS: 2, 4,
6,... (COOTBETCTBYET OCHOBHOMY COCTOSIHHIO). DTH (DaKThI TIOCTYXXWJIM OCHOBAaHHUEM JJISI POTAIMOHHON MOJEIH
Hec(epUIECKOTO Aapa, MPEIT0KEHHON aMepruKkaHckuM ¢puzukoM Jx. Pefinyotopom (1950) u pa3Buroii B pabotax
natckoro ¢usuka O. bopa n amepukanckoro pusuka b. Motrenbcona CorinacHO 3TOW MOJIENH, SIPO MPEACTaB-
nsieT coboit armmriconn Bpamerns Ero 6onpmas (al) u manas (a2) moryocu BEIpaXkaroTcs depes napamerp aedop-

5
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| 47
Manunu [3 ;u:[pa COOTHOLICHHUSIMMU: ,
O
=1|1-,—F |~
s [ . 5
(11)

OneKTpuuecKuid KBaJpyIoiabHbId MOMeHT Q Hecepuueckoro siapa Bblpaxkaercs uepe3 P. [lapamerpsr B,
onpeieNEHHbIC U3 JaHHBIX 110 KBAAPYNOJbHBIM MOMEHTaM (HE TOJIBKO 10 CTaTHYECKUM, HO U TUHAMHUYECKUM —
T. €. 110 BEPOATHOCTH UCITYCKaHHUS BO30YKACHHBIM SIAPOM JIEKTPHUECKOTO KBAAPYNOIHHOTO U3IIyICHHUS ), OKa3bl-
BAaIOTCsl 10 MOPSAKY BEIMYHUHBI paBHbIME 0,1, HO BapbHPYIOTCS B JOBOJBHO IIMPOKUX MpENENax, JOCTUras y He-
KOTOPBIX SJEp PEAKO3EMEIbHBIX 3JIEMEHTOB 3HaUeHNH, Omm3kux Kk 0,5. OT mapamerpa § 3aBHCUT Tak)Ke MOMEHT
uHepuuy sapa. Kak mokaspiBaeT cpaBHEHHE ONBITHBIX JaHHBIX 110 SHEPTUH BO30YKACHHBIX COCTOSHUH Hechepu-
yeckux saep ¢ ¢popmynoit (10), HabmaronaeMble 3HaUeHHS J 3HAYUTEIFHO MEHBIIE MOMEHTOB MHEPIIMN TBEPAOTO
SJUIUIICOM 1A BPAIIEHUS] OTHOCUTEIBHO HANPABICHMUs, IEPICHIUKYIIPHOrO ocu cuMMeTpun. Het tak ke poTann-
OHHBIX YPOBHEH, COOTBETCTBYIOIIUX BPAIEHUIO JUIMIICONIA BOKPYT OCH CUMMETPHU. DTH 00CTOSTENbCTBA HUC-
KJIFOYar0T BO3MOXKHOCTh OTOXKJIECTBUTH BpallleHHe HechepruecKoro sipa ¢ KBaHTOBBIM BPAIIEHHEM TBEPOTEIb-
HOT'O BOJTUKa B OyKBaJIbHOM CMBICIIE CJIOBA. J[JIs pOTallMOHHOM MOJIENTN HECEPUUECKUX sIIep IPUHUMAETCS CXEMa,
aHAJIOTUYHAs] KBAHTOBAHUIO JBI)KEHUS JBYXaTOMHOM MOJIEKYJbI C HICHTUYHBIMUA OECCIIMHOBBIMH SIAPAMHU: Bpa-
IIaTeJIbHBI MOMEHT SiIep TaKOH MOJIEKYNbl OTHOCHTENBHO €€ IIEHTpPa TSHKECTH BCET/a MEPIEeHANKYIAPEH OCH
CUMMeTpHU (JINHUH, COSAMHSIIONIEH siapa). VI3-3a CBOWCTB CUMMETPUH BOJIHOBOH (DYHKIIMM OTHOCHUTEJIBHO Iepe-
CTaHOBKH $i/Iep AOIYCTUMBI TOJIBKO YETHBIC 3HaueHUs MoMeHTa Bpamenus (0, 2, 4 u T. 1.), 9TO KaK pa3 COOTBET-
CTBYET 3HAYCHUAM | IS pOTALMOHHBIX COCTOSHUH Hec(hepruuecKux saep ¢ 4ETHeIMHA A 1 Z. 115 anep ¢ HeOoJIb-
MIMMHY 3HAYCHUSIMU ITapaMeTpoB aAedopMaiyy 3, HabmogaeMple 3HaYSHUs OJM3KH K MOMEHTY MHEPIIMN TOW 9acTH
SJUIUIICOMIA BPALIEHHs, KOTOpasi HaXOUTCA BHE BIMCAHHOIO B AJUIMICOW Mapa. Takoil MOMEHT HHEPLUU MOT
OBl IMEeTh MJeabHBIN I'a3, TOMEIIECHHBIN B cocyl B (hopMe 3IUTHIICONAa BPaleHUs], HJIH, YTO TO K€ CaMoe, Ja-
CTHIBI, JIBHXKYIUECS HE3aBUCHMO JIPYT OT Apyra B HechepHuecKOM AIIIMICOUIANIBHOI NoTeHManbHol sme. C
pocToM 3 MOMEHT HHEPIMH Spa B TAKOH MOJIEITH PACTET TOBOIBHO OBICTPO, JOCTHUTAs TBEPAOTEIFHOTO 3HAYCHHUSI.
OTO MPOTHBOPEYHT OMBITHBIM JaHHBIM, COTIACHO KOTOPBIM POCT | ¢ yBennyeHneM P mponcxonuT 3HaYUTENBHO
MeJICHHee, TaK YTO JUIS PEeaJbHbIX saep | mpuHUMaloT 3Ha4eHus, JIeKaIne MeXX, Iy MOMEHTaMH HHEPIIUU YaCTH
3JUINTICOM A, HAXOSIIIEHCSl BHE BIMCAHHOTO B HETO IIapa U TBEPAOTO JUIMIICON 1A BPaAIEeHH. DTO IPOTHBOPEIHUE
yCTpaHseTcsl yI€TOM B3aUMOACHCTBHUS MEX/ly YaCTUIIAMH, IBIDKYIIUMICS B IOTCHIMAIBHON siMe. [1pu aToM, Kak
OKa3bIBaeTCA, TJ1. POJIb UTPAIOT MApHBIE KOPPEISIMU «CBEPXTeKydero Tuna» (cM. Hike). OnmcanHas KapTHHA
CTPYKTYpPbI Hec(epHIeCcKOro s/ipa OTBeYaeT 0000IIEHNIO 000I0UEYHON MOIEN Ha Cilydaid BMKEHUS! KBa3nu4a-
CTHIL B c(hepuuecKU-HECUMMETPUIHOM ITOTEHIMAIBHOM ToJie (0000mEHHass MoJienb). [Ipu 3TOM HECKOJIBKO H3-
MEHSIIOTCS M CXE€Ma SHEPreTHYECKUX YPOBHEH M KBAaHTOBBIE YNCIIA, XapaKTEPU3YIOIUe HHINBHAYaIbHbIE OPOUTHI
yacTHll. B cBsi3u ¢ mosiBneHneM (pU3MUYECKH BBIIEICHHOTO HANPaBJICHNS! — OCH CUMMETPHH 3JUTUIICONIA, COXpa-
HSIETCS MPOEKIMsI MOMEHTA BPALIEHUS KaXJOW U3 4acTHUI] HAa 3Ty 0cb. MOMEHT BpallleHHUs YaCTUILBI IIPU 3TOM
nepecTaéTr ObITh ONpeeIEHHBIM KBAHTOBBIM YHCIIOM. [IpakTHUeCcKy, OHAKO, I BCEX S7ep CMEIINBaHUE OpOHT
C Pa3HBIMH ] MaJIO, TaK KaK HEC(EPUIHOCTH SAApa B IBIKEHHH YaCTHI[ CKA3bIBAETCS TIIABHBIM 00pa3oM Ha ITOSB-
JIEHHU JIOTIOJTHUTEIBHOTO KBAHTOBOTO 4YMCna. /I HEYETHBIX sifiep CHUH sapa I momydaeTcss BEKTOPHBIM CIIOXKe-
HHEM POTALMOHHOTO MOMEHTA BCETO SIpa KaK LENOr0 ¥ MOMEHTA BPALICHHUS «IOCIEIHET0» HEYETHOTO HYKIIOHA.
IIpu 5TOM >HEPTUs POTAMOHHOTO YPOBHSA 3aBHCUT HE TOJBKO OT I, HO M OT mpoekuun MOMeHTa BpameHus K
HEYETHOTO HyKJIOHA Ha OCb CUMMETPHH siipa. PasHeIM 3HaueHnsaM K 0TBe4aroT pasHble «POTALIMOHHBIE ITOJIOCKD.
O6mas opmyina, onpenenstomas suepruo & (I) poralimoOHHOTO YPOBHS HEYETHOTO SApa, UMEET BUIL: ,

B !
E () = E [LC+ 1)+ al-1) s (f+ 11{2}55;,1;2]

(12), tne 6K,1/2 = 0, eciu K # 1/2 u
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0K,1/2 = 1. npu K = 1/2; a — smnupudeckn noadupaemas KOHCTaHTa, XapaKTEPU3YIOIIasl «CBsI3b» MOMEHTa Bpa-
IIEHHS YaCTHUIIbI U POTALIMOHHOTO MOMEHTA siipa. MOMEHTHI MHEPLUH ISl YETHBIX U HeUYETHBIX 110 A Hechepuye-
CKHUX SIAEP TO MOPSAAKY BEJIWYMHBI OJMHAKOBBI M TAKOBBI, YTO 3HEPTHSA BO3OYKICHUS MEPBOTO POTAIMOHHOTO
YPOBHS Y sSIIEP PEIKO3eMEIbHBIX 1eMeHTOB 0koyio 100 k3B (310 oTBeuaeT 3HaueHMsIM J ~ 10-47 r-cm2). Cytie-
CTBEHHAsl YepTa POTALMOHHON MOJENH Hec(hepHUUECKUX AAep — COUYETAaHNE BPAILICHUS BCETO AApa, KaK IENOoro, C
JBIDKCHUEM OT/ICNIBHBIX HYKJIOHOB B HEC()EpHIECKOM IMOTEHIMAIBLHOM Tioute. [Ipu 3ToM mpearnonaraercs, 4To Bpa-
IMIEHUEe BCETo siApa (T. €. HechepudecKOd MOTEHINAIBHOM SMBI) MPOMCXOANT AOCTATOYHO MEAIECHHO CPaBHH-
TEJHHO CO CKOPOCTHIO IBHKCHISI HYKJIOHOB (aanabaTuieckoe mpuoImKeHue). boiree ToUHO mociieqHee 03HavYaeT,
YTO PACCTOSHUE MEXK/Y COCEIHUMHU POTAIIMOHHBIMH YPOBHSIMHM JOJKHO OBITH MAJIO CPABHUTEIBEHO C PACCTOSHH-
SIMH MEXXIY SHEPTeTHYECKUMH YPOBHSIMHU HYKJIOHOB B TIOTEHIIHAIBHOH siMe. AnabaTHdeckoe IpUOIKeHHe st
OIMCaHUsI YHEPTETUYECKOT0 CIEKTPa HEKOTOPHIX HEC(EPHUYECKUX sJiep OKa3bIBAETCS HENOCTaTOYHBIM. B sTOM
cilydae BBOJATCS HeaanabaTHYeCKue MoNpaBKy (HanpuMep, Ha KOPHOJIMCOBBI CHIIBI | JIp.), YTO IPUBOJUT K YBe-
JMUYEHUIO YHCTIa MapaMeTPOB, ONPeeNieMbIX U3 CPaBHEHUS T€OpUU ¢ ONbITOM. COBpEMEHHBIE JaHHBIE O POTAIlH-
OHHBIX CIEKTpax Hecheprueckux siaep OOMIBHBL. Y HEKOTOPBIX sIJep U3BECTHO HECKOJIBKO POTAIIMOHHBIX HOJIOC
(manpumep, y sapa 235U mabmromaercs 9 mosoc, mpHYEM OTACIbHBIC POTAIIMOHHBIC ITOJIOCHI ITPOCIICHKESHBI
BILIOTH 70 criiHOB | = 25/2 u 6onee). Hecdepudeckue sapa B OCHOBHOM COCPEIOTOUYCHBI B 001aCTH OOIBITUX A.
EcTp MOMBITKY HHTEPIPETHPOBATh U HEKOTOPBIE JIETKHUE sApa Kak Hecheprnueckue (Tak B HeC(hepUIHOCTH «IIO0-
3peBaeTcsa» Aapo 24Mg). MOMEHTHI HHEPILUH TAKKX JIETKHX SAEP OKa3bIBalOTCs IpUMepHO B 10 pa3 MeHbIIe, YeM
y TsKEbIX. PoTanmonHas Mozaens HecheprIecKux saep MO3BOISIET OMKCATh PsiJl CYIIECTBEHHBIX CBOHCTB 0OJIb-
HIOH IpymIsl siaep. Bmecte ¢ TeM 3Ta MOzEb He ABIAETCS MOCIEI0BATENbHOM TEOPHUEH, BEIBEICHHOMN U3 «IIEPBBIX
IpUHIUNOBY. E€ MCX0IHbIE MON0KEHHUS TIOCTYIMPOBAaHbl B COOTBETCTBUHU C IMIUPHUYECKUMHU JTaHHBIMU O SApax.
B pamkax 3Toii Moieii HEOOBICHEHHBIM OCTAETCS caM (PaKT BOSHUKHOBEHHUS POTAIMOHHOTO CHEKTpa (T. €. (hakT
BpaIlleHUs BCETrO spa, Kak 1esoro). IIoneITKH MOIy4dHuTh SAepHbIe POTAllMOHHBIE CIIEKTPBI HAa OCHOBE OOIeit
KBaHTOBOMEXaHUYECKON TEOPUH CHCTEMBI MHOTHUX TeJI [TOKa OCTal0TCs He3aBepIIEHHBIMU. CBEPXTEKyUeCTb siep-
HOTO BEILIECTBA U IPYTHUE sJIepPHbIe MOJETH. AHAJIOTHYHO TOMY, KaK ClIapUBaHUE IEKTPOHOB B METalJIaxX MOPOXK-
naet CepxmpoBoanmocTs (cM. Kymnepa 3¢ ¢exr), ciapuBanue HyKJIOHOB JOJDKHO IIPHBOAUTDH K CBEPXTEKYUECTH
SANEPHOTO BemecTBa. B Ge3rpanmyHOM sape (siIepHOi MaTepri) B €ANHYIO «9aCTUILY» (KYHEpPOBCKYIO Mapy) 00b-
€IMHSUTICH OBl HYKJIOHBI C PaBHBIMH 110 BEJIMYNHE, HO ITPOTUBOIIOI0KHBIMH 110 3HAKY UMITYJIbCAMH M TPOCKINIMH
CIHMHOB. B peanbHBIX sipax NpeanoaaraeTcs CapuBaHie HyKIOHOB € OJHUMH M TEMU 7K€ 3HaYEHUSIMH KBAHTOBBIX
ypcen (j, 1) ¥ ¢ IPOTHBONOIIOKHBIMH MPOCSKLIUSIMH ITOJTHOTO MOMEHTA BPAIlCHUS HYKJIOHA, paBHBIMH —j, —j +
1,... j—1, j. ®usnyeckas NpUYKMHA CIIAPUBAHHUS — B3aUMOJICHCTBHE YACTHLI, IBIKYILHXCS 10 HHIMBHUIYaTbHBIM
opburam, Kak 3TO NMPHHUMAETCAd 000J0YeUHOH MO/eIbi0. BriepBrie Ha BO3MOXKHOCTh CBEPXTEKYUECTH SAESPHOMN
Mmatepuu ykaszan H. H. boromro6os (1958). OnauM U3 mposBIeHUiT CBEPXTEKY4eCTH JODKHO OBITh HAJTHMUYUE SHEP-
TeTUYECKOI eI MEeXAY CBEPXTEKYUYHM U HOPMAJIbHBIM COCTOSTHHEM SIepHOTO BellecTBa. BenmuunHa 3To# menu
OTIpeieNeTCs PHePTHeil CBA3M maphl (3HEPruei crnapuBaHus), KOTopas Ui sIepHOH MaTepun (HACKOJIBKO MOXKHO
CYIUTbH TI0 PA3HOCTH SHEPTHH CBSA3M YETHBIX M HEUETHBIX S/IE€p) AOJDKHA COCTAaBIATH ~ 1—2 M»B. B peanpHbIX
SApax HaJHMYUe dHEPreTHYEeCKOH INEeNH ¢ ONpeleNEéHHOCThI0 YCTAaHOBUTH TPYIHO, IOCKOJIBKY CHEKTP SACPHBIX
YPOBHEH TUCKPETEH M PAacCTOSHUE MEXIy 000J0UYEeUHBIMHI YPOBHIMHU CPAaBHUMO C BeIM4YHMHOH mmenn. Hanboinee
SAPKUM YKa3aHHUEM Ha CBEPXTEKYYECTb SIEPHOTO BEIIECTBA SBISAETCS OTIMINE MOMEHTOB HHEPIIMH CHIIBHO Hecde-
PHUYECKUX si7iep OT TBEPJOTENBHBIX 3HAUCHUN: TEOPHUS CBEPXTEKYUECTH SIEPHOIO BEIIECTBA YIAOBIETBOPUTEIHHO
00BSACHSIET Kak a0COIIOTHBIE 3HAYEHUsI MOMEHTOB HHEPIIMH, TaK M MX 3aBUCHMOCTb OT ITapameTpa nedopmanuu P.
Teopwust mpenckasbIBaeT TakXKe pe3koe (CKaukooOpa3HOe) BO3pacTaHHe MOMEHTA HHEPIMU B ITAHHOW BpallaTellb-
HOH I10JI0CE TTPH HEKOTOPOM KPUTHYIECKOM (I0CTaTOYHO OobmioM) cimHe [. DTO sABIeHME, aHATIOTHYHOE pa3py-
IICHUIO CBEPXIPOBOAMMOCTH JOCTATOYHO CHIIBHBIM MaTHUTHBIM TI0JIEM, TIOKA OTYETIIMBO He HabJIr01a10Ch (B TEO-
PETHYECKOM IpeACKa3aHNHM KPUTHIECKUX 3HA4eHUH | nMeroTcs HeonpenenéHHocTH). MeHee BBIpa3UTeIbHO, HO
BCE JKe 3aMETHO CKa3bIBAETCS CBEPXTEKYUECTh SACPHOTO BEIIECTBA HAa IPYTHUX CBOMCTBAX SApa: Ha BEPOSTHOCTAX
AIIEKTPOMATrHUTHBIX NIEPEX0J0B, Ha MOJIOXKEHHUAX 000JI0YCUHBIX YPOBHEH U T. 1. OTHAKO B LIEIIOM CBEPXTEKY4ECTh
SJIEPHOTO BEIECTBA BBIpAa)KEHA B PEaNbHBIX SApax HE Tak sIPKO, KakK, HaIIPHMEp, SBICHNUE CBEPXIPOBOJNMOCTH
MeTauioB Wi CBepXTeKydecTb Telus NPU HU3KUX TeMIepaTypax. [IpudunHoi 3TOro sSBiseTcsl OrpaHUYEHHOCTh
pasmMepa sipa, CpaBHUMas C pa3MepOM KyIIEpOBCKOI napbl. MeHee HaiE&xKHbI, YeM B (PM3HKE OOBIYHBIX KOH/IEHCH-
POBaHHBIX CPEJl, U BEIBOJBI TEOPUU CBEPXTEKYUECTH AJep. | TaBHBIM MPEMATCTBUEM TEOPUHU U 3/ECH SBISIETCS TO
00CTOSTENBCTBO, YTO B3aMMOJICHCTBHE MEXKAY SIIEPHBIMH YacTHUIIAMH HE MOXKET CUMTAThCS CIa0bIM (B OTiIMUME,
HarpuMmep, OT B3aUMOJICHCTBHS, IPUBOAAIIETO K CIIAPUBAHUIO 3JEKTPOHOB B MeTaiute). [loatomy Hapsiny ¢ map-
HBIMH KOPPEJSILUSAMH CIIEA0BaJIO OBl YYUTHIBATh U KOPPEISIMN OOJIBIIET0 YUCiIa YacTUll (HalpuMep, YeThIPEX).
Bonpoc o BIHMSHUN TaKMX MHOTOYACTHYIHBIX KOPPEISAIMA Ha CBOWCTBA Aapa 0cTAaéTcs MoKa OTKPHITEIM. OmucaH-
HBIE SiZIEPHBIE MOEIH SIBIITIOTCS OCHOBHBIMHM, OXBAaTHIBAIOIIMMH CBOHCTBA OoNbIIMHCTBA sAaep. OHU, OHAKO, HE
JOCTAaTOYHBI AJISI ONTUCAHUSI BCEX HAOMIOJAEMBIX CBOMCTB OCHOBHBIX M BO30OYXIEHHBIX COCTOSIHME snep. Tak, B
YaCTHOCTH, [UISl OOBSICHEHHS CIEKTPa KOJUIEKTHBHBIX BO30YKACHHH CEpHUECKUX AAep MPHUBICKACTCS MOJCIb
MOBEPXHOCTHBIX U KBaJPYINOJIbHBIX KOJIEOaHNH )XUAKOHN KaIlIN, C KOTOPOH OTOKAECTBISIETCS sIAPO (BUOPAIIMOH-
Hast MOJIeNTh). JI71s1 0OBsSICHEHUS CBOMCTB HEKOTOPBIX SACP UCTIONB3YIOTCS MPEACTABICHUS O KIacTepHOH (OJI0THOT)
cTpyKType Sl. a., HanpuMep npearnosaraeTcs, YTo sapo 6L1 3HaunTeapHY0 4acTh BpEMEHH MIPOBOAUT B BHJE ACH-
TPOHA U 0-YaCTHIIbI, BPALIAIOIIUXCA OTHOCUTENIBHO LIEHTPA TSDKECTU siapa. Bee sinepHble Mojenu UrparT poib
Oosiee WM MeHee BEpOsITHBIX pabounx rumnore3. [locnenoBarensHoe jxe 00bsICHEHHE HanboJiee BaXKHBIX CBOWCTB
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OcHOBHbIE CBOMCTEa ATOMHBIX
anep

AGakymos A.M.
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Similar presentations:
3TO TUNHMYHBIA PUCYHOK, H300paXkarolinii aTOMHOE SAPO.

51 cuMraro, 4TO Takas TPAKTOBKA CTPOCHUS spa HenpaBuiibHAa. HEWTPOHBI M MO3UTPOHBI HE MOTYT Haxo-
JUTBCS B siape Briepemeniky. 1) CoracHo 3aKoHaM rpaBHTAlMH, CaMble MAaCCUBHBIC BEILIECTBA HAXOATCS B 1ICH-
Tpe Macc JII00Oro MaTepuaIbHOro 00pa3oBaHus. bojee BepxHHE 3TakH 3aHUMAIOT AJIEMEHTHI COIVIACHO paHram
MacCHUBHOCTH - IIPOTOHBI, U CaMyl0 JaNEKYIO OT LEHTpPa MO3ULIUI0 3aHUMAIOT JIEKTPOHEI

2)51 He coriaceH ¢ TeM, YTO BCE YaCTHIbl AaTOMHOTO 5/Ipa MMEIOT (opMy 1apa. 5 cunTaro, 4To BCe DIIEMEHTHI
aTOMOB, BKJIIOYast JJICKTPOH BEChMa IUIaCTUYHBI M IPUHAMAIOT TaKyro (hopMy Kakas HeoOxoxuma s 3G dekTus-
HOTO BBIIIOJIHEHUS SIJIPOM CBOMX (YHKIHMH. 3) caMoO sIpO MOKET MMETh LIApOBUIHYIO (OpMY WIH OIM3KYIO K
TaKOBOM /711 O0JIee MOJTHOLEHHOTO BHITIOJIHEHHS CBOMX (DyHKIMIT ITpn 0OBEITMHEHHH SIIep aTOMOB B MOJICKYJTY.

""/
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OBJIACTh IIPOTOHOB | OBJIACTb HEUTPOHOB

/ [osic smekTpoHOB

T

{ 7. dHtets Ol kO



66

CTPOEHUE ATOMA/ v) wOOOaExOE

-ME30H HENTPOH

t dms

dcHtes OlstsBO

v

rpaHuLa MEXIY
HEUTPOHAMH
U IIPOTOHAMH



CTPOEHUE ATOMA/ v) wOOOaExOE 67

Puc. 4-9
BOT Tak NpMMEpPHO BBITJISIUT
paspes atoma 3JeMeHTa «JlepMImTaaTuii

S — CJIOM — 2 JJIEKTPOHA p — 0¥ — 6 JIEKTPOHOB
d- cnon — 10 snextpoHoB  f— coit — 14 anexTpoHOB
Hudppamu 0603HaUEHO MAKCUMATILHOE KOTUYECTBO AJIEKTPOHOB B CIOE.




68 CTPOEHUE ATOMA/ v )

wOOOaExXxOE

/D

U d40@)r J td3h Is OH R
1.C H tods s BA dzj § Is to s dz'

y4

kAﬂTa-q uua

t d f-10.4

T Bo3moxxHOCTb OecnpensiTCTBEHHOTo NpoJiéra Anb(a-uyacTUIbL.

Hanpasnenns 6ecnpensiTcTBeHHOTO Mpoiéra Anbha-qacTHIIbI

. ATO]VI IIporon CBH3I/I.AHL(1)a-qaCTHua



CTPOEHUE ATOMA/ v) wOOOaExOE 69

Pucynxom 10 s oTBevaro Ha BOnpoc — npaBmiIeH Jiu BbIBoJ D. Pesepdopaa o ruianerapHoit Moaenn cTpoeHust
aToma. BoT kak OblT OCYIECTBIEH ONBIT

Cxema ombita Pesepdopma mo paccesuuro o-yactuil. K — CBUHIIOBBIA KOHTCHHED ¢ paIMOAKTHBHBIM Bellle-
CTBOM, D — 3KpaH, MOKPBITHIA CEPHUCTHIM ITUHKOM, @ — 30510Tast hosibra, M — MUKPOCKOIT
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(a) ()

BrIBOJ 0 mIIaHeTApHOM MOJETH CTPOCHHS aTOMOB Pesepdopy caenan u3 Toro, 4o MHOTHE AJb(a-qacTHIIH,
KOTOPBIMH OH 60MOapIupoBai (oJIbIy IPOIIMBAIIM €€ HACKBO3b, @ HEKOTOPbIE OTKIOHsMCH mouTh Ha 180°. Ho
IUTaHEeTapHas MOZENb MOCTPOSHHSI aTOMOB HE OTBEYAET HA MHOTHE BOIIPOCHI, CBSI3aHHBIE ¢ (DYHKIHSIMHU aTOMOB B
marepun. Harmprumep, kak COeTMHSIOTCS] aTOMBI MeXTy coboit? IlocienHne cneKTpoCKOMMYECKHE HCCIIeIOBAHMS
aTOMOB TI0Ka3aJi, YTO JIEKTPOHBI B aTOME HE BpallaloTcs Ha opOuTax, a BpallalTes Ha npotoHax. Ha pucynke
10, s1 mpecTaBIII OAMH U3 BApUAHTOB MIOCTPOSHUS MaTepuu. M3 Hero BUIHO, 4yTo AJsib(ha-4yacTuiia MOXeT Ipoie-
TCTh GCCHpeHﬂTCTBCHHO qepe3 [ (3)7¢ MaT€puu, HO MOKET CTOJIKHYTbHCA C aTOMOM U IPH KJIIETOYHOM ITOCTPOCHUUN
aTOMOB B MaTepuH. Takoe MOCTPOEHHE MAaTEPUH MOTYT 00ECIIEYUTh NMPOTOH-HEHTPOHHBIE U MIPOTOH-TIPOTOHHBIE
CBA3U MCXKAY aTOMaMU.

BoO3MOXHbE MO AHEWISM alTOOCMOPBO €B e e C T B a

Tak Kak aToM — 3JIeMEHTapHas YacTHIa BEIECTBEHHON MaTepHH M OH COCTOWT U3 3JIEMEHTapHBIX YacTHI]
MaTepuy, 3JIEMEHTHl aTOMa (JIEKTPOHBI, IIPOTOHBI, HEWTPOHBI) NPH CO3AAHUM aTOMOB U B 3THX CaMbIX aToMax
MOT'YT TIPUHUMATH JTI00YI0 (hOPMY B 3aBUCHMOCTH OT OOCTOSITEIILCTB. «IIPOTOHBI M HEWTPOHBI, HAXOSIIHECS Ha
BHYTPEHHHUX 000JI0YKaX aTOMHBIX SI€P, UMEIOT JOCTAaTOYHO BBICOKYIO SHEPTUIO U CONMKAIOTCS TaK, YTO HAYMHAET
CKa3bIBaThCS MX BHYTPEHHSS CTPYKTYpa». https:/scientificrussia.ru/Y4uuTsiBast 5T0 MOXKHO NMPHUHSTH, YTO B Mare-
PHAIILHOM TeJle aTOMBI COCTaBIISIOT COSAMHEHNUS Pa3HbIX (opManuii u pa3Hoi IoTHOCTH. [103TOMY BEpOSTHOCTD
TOTO, 4TO TIpH ombITax Pesepdopaa Anpda-gacTUIlB! MpoIeTann B MPOMEXYTKH MEXIy aTOMaMH, TeM 0oJee, 9To

(onbra ObUIa TOHKOM, BITOJHE UMEET MECTO OBITh.
[To3utpon

DNEeKTPOH

MpOTOH
N

ATOM BOJIOPOJIA
t d fL14
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MOsAC JJICKTPOHOB

HEWUTPOH

ITPOTOH

Cioii [1u - Me30HOB
tdfL 2. v ff L) RC (272)

ﬁ‘g

tdm3¢v [ [ RURC ) 6. I dH

~

tdm4dus [ Tt RI[RC (4-5)

tdmiSduvff 1 [t ¢(5-5)
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B03MOKHBIE€ CXEMBI COCIMHEHHUS] AaTOMOB
Bapuant A
[IpOoTOH - IpOTOHHAs CBA3b

Ilosic DJIEKTPOHOB

[NTPOTOH CBA3U

[Tosic 271eKTPOHOB

OH CBSI3U
tdnleoEsdd ¢
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Bapuaut b
[Ipouecc coenrHeHust 1ByX aTOMOB B MOJIEKYITY.

Atom b
O06J1acTh MPOTOHOB. Oob6nacTh HENTPOHOB ME30HEI: C AIIEKTPOHOB.
\ HanpaBneHue MArduTHOIO I1OJIsA

N S
TOM A Atom b
KBaHTBI H351yuyeHust
Monekyna Ab
=
N S

t dml7 4
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Pa3mepbl U CTpyKkTypa siaep

*  BenuuuHa paguyca sapa onpegenseTcs YMCoM HYKMoHOB B SA4pe,
R = 1.3A" ®m (cm. puc. 6).

* AToMHble sapa B6nu3n gonunHbl cTabunsHOCTU NpedcTaBnaoT cobomn
[OBOJSIbHO KOMMaKTHble 06beKTbl. X pagnycbl MeHsoTcs oT 2-3 &M ans
cambix nerknx saep 4o 7-8 ®m Ana campix TsSHKenbIX.

7 ~o 2Py
197 a0y
6l 14y 18 d
@0y
3 36
3 B "SCaFe 687,
2 A 331\;:‘.1 3
il 13C e
2 -
1, ==
0 | I | I | I
Puc. 6. Paguycbl agep, nonyYeHHble 0 L 5 3 4 5 6
B 3KCMNEpPUMEHTAX MO paccessHUIO SNEKTPOHOB. A8
t d 184

dopma aToMHOro agpa.

AZ AZ AZ

¥ Y b

Q=0 W Qp <0 Qp >0

X X

KBaapynonbHbI MOMEHT BaXXeH Ana xopowen ¢popmbil:
Q = 0 — chepuyeckoe agpo

Q > 0 — BbITAHYTbIN 3AAMNCOULA,

Q < 0 — cNAKCHYTbLIM 3AAnNcounag,

Appa co cnuHom O n % Bcerga obnagatot Q=0

t d ml94
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3AKJIFOYEHUE
Sl onucan BuneHne MHOO Mupa u MpoLeccoB, MPOUCXOIAIINX B HEM, HA OCHOBE T€X MaTEPHUaJIOB, KOTOPHIE
B JaHHOU pabote a1 1o Bac moBén. Bo3mMoxkHO, 94TO Kakasi-TO 9acTh MOMX TPYJOB OKa)KETCS MOJIE3HOH IS Yelo-
BEYECTBA.
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McTtTopunma co3pgaHuMma KHurum «MUP»

KoneuHo, 3Ta paboTa — pe3ynpTar Tpyza HE OZHOTO YeI0BeKa. Bo-TIepBhIX, MOSI CEMBSI KaK MOTJIa TOMOTaja
mHe. CriH, Cepreit Bmagmvuposud ["osommamnos, B3s1 Ha ce0s Bce KOMIBIOTEPHBIE TPYIHOCTH (HACTPOWKH IIPO-
rpamMM U 1Ip.), keHa, JlronMuna AjneKkcaHIpoBHA, XOTh M BOpYasa, HO cTapajach MEHs OCBOOOJMTH OT BCSKHX
paboT 110 XO3sICTBEHHOM YacTH. A KOTJia 51 «HBIPSUD) B KHW)KKU MJIM KOMIIBIOTED, BOOOIIIE cTapasiach He OecIoKo-
UTb.

Korpa y MeHst momyuuiacs HeOoJIbIIast CTaThs, g nocnan e€ aist oreHku B Ousnueckuii nHetutyt PAH 1M
Jlebenesa. Ot1o 6610 B Havane XXI Beka — roxy 2006. B nHctuTyTe Torna paborana cekperapém Haranbs ['en-
HaaueBHa [lomyxuna. BmecTo pesosonuu oHa Hamucala MHE O4€Hb JyIIEBHOE IHChMO, B KOTOPOM cooOIIuIIa,
49TO B paboOTe €CcTh palrOHAJIBHOE 3ePHO, HO CTAThsi IOKa CHIpas M HaI0 MHOTO MOpaboTaTh, YTOOBI 3TO OBLI
«TPY 1». 5 mopaboTan nmpumepro roa. [Tocmain To, aro nonyuninocs B O0beIMHEHHBI HHCTHTYT SIEPHBIX HCCIIe-
JIOBaHWUI U1 onteHKH. PaboTa momasa K MOMOIIHUKY CeKpeTaps JOKTopy Hayk Bagumy Anekcanaposudy bemns-
KOBY.

Tl'ocnionvs benHAKOB OTBETUI MHE MUCBMOM B CBOMCTBEHHOU eMy MaHepe. 13 3Toro nucema s oHs1, 4To y
mens HeT « IMEHW», u moka 3Toro mMeHu y MeHs He OyIeT, HUKTO MEHS HH CITyIIaTh He OyIeT, HU CTaTeil MOUX
yuTaTh He Oynet. S pemmn npuobperats «MUMSI» u 11 3TOrO M3AaTH CBOIO PabOTY B BUJE KHUTH. 3/1eCh MHE Ha
MOMOIIIb IPHUIIEN TIaBHBIM pelakTop Haleil paiiloHHOH! ra3eTsl «Ko3enbcky», 3aciyeHHbIH nucarens Poccuu Bia-
qumup bopucosnu UnbuH. Uepes cBOMX 3HAKOMBIX OH J00wiIcs u3nanust kuuru B O6musnate. Tak mosiBUIOCH
nepBoe nzganue «OU3MKK 3JIeMEHTapHbBIX YacTUIl MaTtepur». BepHee, 9To Oblia crareiika Ha 15 ctpanui. K 2013
TOAY Y MEHS IO 3TOM TeMaTHKe CKOMUIOCH yKe I0CTaTOYHO MHOTO MaTepuaina. A riaBHoe, BbI3penu Te 30 myHK-
TOB, KOTOPBIE SBJISIFOTCS KBUHTICCEHITHEH Beelt paboTsl. B 2013 roxy s coan Matepuain AJis eJaTH B U3AATEIBCTBO
PA «Tunorpad», UII Jlazapes [1.A. B r. Kanmyre, u k ocern kaura 6pu1a rotoBa B komuaectse 300 ax3. Jlanpmie-
TO 4TO Aenarh? S pacToiKam CKOJIBKO MOT KHIDKEK B TOPOJCKHE W IIKOJbHBIE Ondmmorekn. Ho kto mx Oyner
yuTaTh?!

Bunno, GopTyHa moBepHyJach B MOIO CTOPOHY, M MHE Ha IIOMOIIb npunuia AHactacus JmurpuesHa Yep-
HBIIIEBa — pyKoBoauTeNs Super M3patensctBoM. OHa IpeuIosKiiIa MHE CBOH YCIYTH IO PacIipOCTPaHEHUIO KHUTH
B HHTepHere. Uepe3 HekoTopoe BpeMs Mos padboTa nosiBuiack B Cetu. KoHedHo, 3TO He Xy/10)KeCTBEHHAsI KHUTa
Y HE XYpHaJl MOJI, HO BCE e JIIOIM HHTEPECYIOTCS ATOM TeMaTHKOM. S cyacTiuB, 4To MOs paboTa BocTpeOoBaHa.
Ceiiuac 51 paboTar0 HaJ paCIIMPEHUEM 3TOW TEMbI M BO3MOKHO, UTO B OJIMKAUIIIeM OYIyIleM BhIHICT MOsI KHHUTa
«MMUP». AKTUBHO MHE TIOMOTaeT B 3TOM BOINPOCE MEHeKep Mo pabore ¢ kimeHTamMu kommanuu «Hayka 6e3
rpanuiy Enena BuktopoBHa IlepnoBckas. XoTen Ob1 OTMETUTHh pabOTy peAakiuu xxypHana «KommokBuym» 3a
cojieiicTBUE U IMTyONUKAIIUI0 MOUX PadoT.

51 6narogapeH BceM BBIIIENEPEUNCICHHBIM TOBAapHUILAM 32 TOMOIIb M IIEHIO NX BKJIAJ B CO3JIaHHUE 3TOT0 MPO-
U3BEJICHUS.
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