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Iloscrnernuss Kk OK-11.12.57

1.Moodenv amoma, npeonorxenHast TomcoHom

[lepBast MOOEAb CTPOEHUsSI aTOMOB Oblrna mpensoxkeHa B 1897r./Ixx.TomcoHOM,
KOTOPBIHM 5KCIEPHUMEHTAABHO [0Ka3aA CYIIECTBOBAaHHE BHYTPH aTOMOB BCEX
XUMHYECKHUX 3AEMEHTOB OJAWHAKOBBIX OTPHIIATEABHO 3apsKEHHBIX YaCTHIL -
anexxmpoHoe. TOMCOH Ipearioraras, 4YTO HEWTpaAbHBIH aToOM COCTOHT U3
IIOAOKUTEABHOTO SAEKTPHUYECKOI0O 3apsiga, PaBHOMEPHO PpacCIpeneA€HHOTO II0
chepudecKkoMy OOBEMY, B OTPHIATEABHO 3apSKEHHBIX OSAEKTPOHOB BHYTPU
aToMOB. Takas MoaeAb aHaAOTHYHA -'Kekrcy'.

2.0noum Pe3epgopoa

OKcriepuMeHTaAbHasd MIpoBepKa MoaeAn ToMcoHa Oblaa ocyrrectBaeHa 1906r.
aHrAuk¥ckuM pusukoM Pezepdopaom.

Pesepdopa wucroap3oBaa [Oasd ITOH IIEAM IIOTOK OBICTPBIX ITOAOKHUTEABHO
3apsKEeHHBIX aAb(a-dyacTUll, HCIIYCKAEMbIX HEKOTOPBIMH pPaaUOaKTUBHBIMU
BEIleCTBaAMU (HaIlpuUMeEp, IIOAOHHEM) M HMEIOMUX 3apsd +2e U MacCy paBHYIO
8000 me

CkopocTh aab(pa-dyacTUlbl BeAHMKa: oHa cocraBageT 1/15 ckopoctu cBeTa -
20 000 xm/c.

HcroyHUK aabda-gacTHI] IIOMEIIAaAW BHYTPH CBHUHIIOBOM IIOAOCTH C Y3KHM
KaHaAOM.

Bce aaba-gyacTuibl, KpoMe TeX, KOTOpble IIOTAOIITAANCE CBUHIIOM, IBUTAANUCH
10 y3KoMy KaHaay. [Ipomnyckas ny4ok asbga-4acTHIl Yepe3 TOHKYIO 30A0TYIO
doarry Peszepdopa obHAPYKHUA, YTO

1.nepsas uacms uacmuy OMKJI0HSIEMCs. OM NePeoHAUANbHO20 HANPABAEHUSL;
2.emopas uacme uacmuy, He ucnslmel8aem HUKAKUX OMKAOHEeHU;

3.mpemubs. uacme uacmuy, omparkKaemest om ponvau.

Bce aaba - wactuipl, npoiegiire yepe3d POABrY, MAW OTPA3UBIIHECS OT Hee
BBI3BIBAAU BCIIBIIIIKH Ha KpaHe.

Takasi ycTaHOBKA, HaXOOAIAsACAd B BaKyyMe II03BOASET HaOAIOOAThH albga-
yacmuybl paccessHHBIE 1o yraom a0 150°.

3.IInanemapHast mooenb amoma

O06o011as pe3yAbTaThl OMBITOB, Pesepdopa IMpeasoKuA AAEPHYIO (IIAaHETAPHYIO)
MOJEAb CTPOEHHS aToMa, B KOTOPOM aToOM IIpeAcTaBA€H B BUAE MUHHATIOPHOM
CoAHEYHOH CUCTEMBI.

CoraacHO 3TOH MOEAH:

1.B yeHmpe amoma Haxo0umecsi NoS0XKUMebHoe s10po, 80KpY2 KOMOpOo20

gpawjaromest no opbumam 371eKmpoHul.

2.Becb nonoxkumenvbHbslil 3apsio u noumu ecst macca amoma (99,4 %)

cocpedomoueHsbl 8 AMOMHOM 10pe, HAXO00SIULeMCSL 8 YeHmpe amoma,.

3.Pasmepul siopa (10 15 m) manst no cpagHeHuto ¢ pazmepamu amoma (10 10 m)

4.Bokpyz maccusHozo s0pa No 3aMKHYMbLM opbumam 08uXymcesi JezKue
3
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a/1leKMPOHBL, 06WUTL ompuyamebHblil 3apsi0 KOMOpblLX Pa8eH NOJIOKUMENbHOMY
3aps0y si0pa amoma.

Hcrioab3yst 3TH BBIBOABI, MOXKHO OOBSICHUTL Pe3yAbTAThHI OIBITOB Pesepdopaa.
1.ITepeass uacme uacmuy, KOMOpPaAsi OMKJOHSNIACL - NPOXOOUNa HedanrieKko om
a0pa.

2.Bmopas uacmes uacmuy, Komopast He UCNblMbleald OMKIOHEHUSL - NPOXOOUNA
danexo om s0pa.

3. Tpembs uacmes uacmuy, KOMopast OMPAXKAlacsb - nonaoala 8 s.opo.

4.IIpomueopeuust NIaHeMAapHOU MOOeNU U Kaaccuueckoi pusuxu

H]ICpHaH MOZIEAL aToMa OKas3aAaCh HEOXKUIAHHOU OAS qDI/ISI/IKOB, T.K. OHa
OKa3aAacCh B IIPOTHUBOPEYHNH C 3aKOHaAMH KAQCCHYECKON MEXaHUKU U QAEKTPOOM-
HaMHKH.

1./[eurxxeHue sneKkmpoHa no opbume, KaK U 8CsiKoe KpUOJUHelHoe O8urKeHue
ecmb 0suwkeHue ¢ yckopeHuem. Co2nacHo 3aKOHAM KAACCUUECKOU 2/1eKMpOOUHa-
MUKU, KPUBOAUHETIHOE 08UXEHUE O00JKHO CONPO8ONKOAMbCS U3NYUeHUem ceema
onpeodeneHHOU uacmomsl. CredoeamesbHO, NPuU OBUNEHUU I1eKMPOH O0O0JKEeH
HenpepobleHO usiyuams 9Hepeur. Ho ymenvweHue sHepauu npusooum K
YMeHbUWEeHUI paduyca opbumbl I1eKmMpPoHA U IIeKMPOH 00/IKeH 08U2ambCst NO
cnupanu npubaurkasice K s1I0pYy U 8 KOHUe KOHYo8 ynacme Ha si0po, m. e.
nosyuaemest, 4mo mMooeslb amoma Heycmoiliuuea.

2.Bmopoe npomueopeuue OmMHOCUMCS K CneKmpy UuslyueHust amoma.
ITo Knaccuueckum 3aKOHAM SAEKMPOOUHOMUKU, ITEKMPOH, NPUOAUKASACL K
a0py, 0oLKeH osuzamocs ecé bbicmpee, cozoasast Kopomkue
SNIeKMPOMAHUMHDBLE B0JIHbL, NOIMOMY CNeKmp U3NYUeHUSL amoma O00JikeH Obl
6bLMb CNIIOWHbIM, A HA CAMOM Oesle OH AuHeluamsiil.
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MOCTYNATbI EOPA D OR_ 111258 j

1913 r.
I mocTyAaT — MOCTyAAT CTAIlHOHAPHBIX COCTOAHHH - AMOMHAA CUCMEMa MOXem
HAx00UMbCA MOsLKO 8 0COBbIX CMAUUOHAPHbIX COCMOAHUAX, U/IU KBAHMOBbIX COCMOAHUSX,
Kax0omy U3 Komopbix coomeemcmeyem ornpeodesneHHas 3Hep2us; 8 CMAYUOHAPHOM COCMOAHUU

amom He usay4yaem.
Il mocTyAaT — MPaBHAO YACTOT - [IpU repexode U3 00H020 CMAYUOHAPHO20 COCMOAHUS 8

Opyaoe ucrnyckaemcsa Uau noaaouwiaemcs 0OUH (OMoH.

hvy,,=E,,— E, m u n — HoMepa CMAyYUOHAPHbLIX COCMOAHUU
U 271G6HbIE KEAHMOBbIE YUCAA
S E., - E, Ecnu E,,, > E,, To usnyyenue $poToHa
man h Eciu E,, < E,, To norJiomenue ¢poToHa

MOLOEJIb ATOMA MO 6OPY

(n=1}——> r=0,5*10"m, E=-13,553B (13B = 1,6 *10 **/1«)

n=1 — 0CHOBHOe 3Hepeemu4ecKoe COCMoAaHUE
n>1 — 8036y deHHoe cocmosHue (t = 10 °c)

BOogopoA
N l _ i) n=1-cepusa NalimeHa - ynbTpa
mn n? m? n=2-cepus banbmepa-snanmoe
dopmyna banbmepa-Pupbepra n=3-cepua MNaweHa — nHdpa
m=n+1, n+2, n+3.... um.o.
cC C 3 Kp R=3.29*10"c-nocrosHHas Punbepra
usnyyeHue nornowieHue
)
N
&
E,oB A E,>Ba
E(, E6 A
ES ES 7 ¥
Es Cepua banbmepa Es4 yy
E; E; 'y
\ 4 \ 4 \ 4 A\ 4
E2 Kp 3 c [¢ EZ Kp 3 [¢ [¢
E;=-13,55 > E,=-13,55 >
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ITosicherus Kk OK-11.12.58
1.Ilocmynamet Bopa

[aa obbsacHeHUE TNIPOTUBOpEYH MOMKHO OblA0 OBl BBIABHUHYTH [Ba
IIPEAIIOAOKEHUS

1) anbo cuuTaTh, UTO IpenAoKeHHas PesepdopaoM saepHad MOIAEAb aToMa
COOTBETCTBYET AEHCTBUTEABHOCTH,

2) aubo cuuTaTh, YTO 3aKOHBI KAACCHYECKOM (PHU3MKH HMEIOT OrpaHUYeHHOEe
3HAQ4YEHHUE.

3aMeHUTh SepHYyI0 MOEAb aToMa APYrod MOOEAbI0 He yAaAoch (HaobopoT
HOBBI€E OIIBITHI IIOATBEPAUAN IIPABUABHOCTE AEPHON MOZEAU aTOMa).

[loaTOMy yY€HBIM I[IPHUIIAOCH OCTAaHOBHUTHBCA Ha BTOPOM IIPEAIIOAOXKEHHH, T.€.
IpU3HATh OTPAaHUYEHHOCTH IIPUMEHEHHd 3aKOHOB KAACCHYECKOM (OU3HKU K
aToMaM.

[lepBbIM pemIvAcad Ha 3TO OAUH M3 BhIAAIOIIUXCA (PU3HUKOB XX BeKa AaTCKUH
y4ueHbl Hunwc Bop.

B 1913r. H.Bop ocHOBEIBasiCh Ha pPa3pO3HEHHBIX OMNBITHBIX (paKTax, C IIOMOIIbIO
FeHUAaABPHOM MHTYHIIMM C(POPMyAMpPOBaA B BHIE IIOCTYAQTOB OCHOBHEIE
IIOAOXKEHHA HOBOM TEOPHH.

I mocTyAaar. AMoOMHASL CcUCMeMa MOoXKem HAX00uUmest mosbKo 8 0cobblx
cCmayuoHapHoblX COCMOAHUAX, UJIUL K8AHMOBbIX COCMOSAHUSX, KiCL?KZOOMy us
Komopwolx coomeemcecmeyem onpedeﬂeHHa;L SHepausi, 8 CMayuoOHApHOM
cocmosaHuu amom He usayuaem.

CranuoHapHBIM COCTOSIHUSIM aToMa COOTBETCTBYIOT CTAllMOHAapHBIE OPOUTEI, 110
KOTOPBIM [ABHUXKYTCH JACKTPOHBI. [IpH ABUXKEHHH II0 CTAIlMOHAPHBIM OopbuTam
9AEKTPOHBI, HECMOTPA Ha TO, YTO OHH [ABHUKYTCHA YCKOPEHHO, HE H3AyYAIOT
5A€KTPOMATrHUTHBIX BOAH.

B I noctyaate Bopa comepXuTcd OTKa3 OT BbIBOAOB 3ACKTPOAMHAMUKHU TOM,
4TO YCKOPEHHO [OBUXYIIEHCS 3apd BCEraa U3Ay4aeT 3AEKTPOMAarHHUTHBIC
BOAHBI.

II mocrtyaart. [Ipu nepexode amoma u3 00HO020 CMAYUUOHAPHO20 COCMOSIHUSL 8
Opyeoe ucnyckaemesi Unu noaiouiaemest 0OUH ¢pOmoH.

ATOM H3AyYaeT OOHH KBAHT JA€KTPOMATHUTHOM SHEPTHH B MOMEHT IIEPExXoaa
9AEKTPOHA C 0OoAee yIaAeHHOU CTallMOHAPHON OpOUTBEI HA MEHee YIAAEHHYIO
opoury.
ATOM TIOTAOIIIAET OAHH KBAHT SACKTPOMATHUTHOH 3HEPTHH B MOMEHT MEepexoaa
SAEKTPOHA C MEHee yIaAeHHOH opObUThHI Ha 0oaee yIaA€HHYIO OpOUTY.
OHeprusd KBaHTAa MPU 3TOM paBHA PA3HOCTU 3HEPTHH B ABYX €TI0 CTAIIMOHAPHBIX
COCTOSTHUSIX

hvy, = E; — €n
TZIE M U n - HOMepa CTallHOHAPHBIX COCTOSTHHUM WAU TAABHBIE KBAHTOBBIE UHCAA.

Ecau Em > En - uzaydenue oToHa, a ecAu Em < Ej - mioraomieHue ¢poToHa.
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2.Amom eodopoda no Bopy

CBou nocryaathl Bop npuMeHNA OAS IOCTPOEHUS TEOPHUH IPOCTEHUIIEN aTOMHOMN
cUCTeMBI - aroMa Bozmopona. OH COCTOUT U3 g4pa, B COCTaB KOTOPOTO BXOAUT
ONMH IIPOTOH, - U OJHOTO SAEKTPOHA, BpalIllaloIIerocs BOKPYT gAapa 110 KpyroBoH
opbure.

Bop paccunTaa HauMeHbIyI0 3Hepruio E; = - 13,55 3B (anekmpon — gosbm),
KOTOpOoY o00aamaeT aToM BoAopoda, IIpUYEM B 3TOM caydae n=1 (HoMmep
CTaIlIOHAPHOI'0 COCTOSHUH).

[ag Toro, 4Tobbl HOHU30BaTh aTOM BOAOPOAA, T.€. OTOPBATh OT HETO 3AEKTPOH,
eMy HYXKHO cooOmmTh osHepruio 13,55 5B. 9ma sHepzusi Ha3bleaemcsi
SHepauell UOHU3AUUU

P.S. IlonHasa »sHepzaus okaszaiacbs OmpuyamesbHoOl, m.K. OmpuyuamesibHas
NOMEeHYUANbHASL 9IeKMPOCMAMUUECKasl SHepausl 83auUm0o0elicmaust S1eKmpoHa ¢
s0pom. Bzaumooleiicmeyrowue uacmuybl umerom 3apsiobl NPOMUBONOSOIKHBLX

3HAaKoe

q192 q192
Wp=A=FR=k 72 R=k R

Jas1 cralimoHapHBIX COCTOSHUY aToMa Bogopona Bop BeiBea hopmyay:
—-13,55
n2
CraiioHapHOE COCTOSIHHE C TAaBHBIM KBaHTOBBIM YHCAOM N = 1 sgBasgercs
OCHOBHBIM COCTOSHHEM aToMa, U B 3TOM COCTOSHUU OH He U3Ay4YaeT SHEPTHUIO.

OHeprud U3Ay4EeHHOTO HAM IIOTAOILIEHHOTO (hOTOHA IIPH IIEPEXO/IE C YPOBHA m Ha

Ha YpOBEHb n oIlpeneadeTcd (popMyaoi
1 1 1 1
Emn = El(ﬁ—m) = 13,55 3B (ﬁ—m)
Ecam n=1, To aroM HaxXOOUTCd B OCHOBHOM OJ3HEPreTHYECKOM COCTOSHHH.
CocrogHua ¢ n > 1 Ha3bpIBalOTCS BO30yXKIEHHBIMH. Bpemsa KH3HU B 3THX
COCTOSITHUSX UMeeT IopsaoK 10-8c. 3a 5To BpeMs 3A€KTPOH yCIIEBAET COBEPIIUTH

OKOAO CTa MHUAAHMOHOB O60pOTOB BOKPYT dpa.

Bop BBEIYHCAWA paguyC OpPOUTHI SAEKTpPoHA Oad n=1,0H OKa3aACd pPaBHBIM
0,5*10-10 M. OTOT MHUHUMAABHBIH PAINYC OIIPEAEASIeT pa3Mephl aToMa.

OcHoBHasi 3azadYa COCTOSIAA B HAXOXKAEHHUH 4YaCTOT JACKTPOMArHUTHBIX BOAH
ns3AydaembIX BogopoaoM. CIEeKTP U3AYyYEHHUd BOAOPOAA ABAIETCH AMHEUYaThIM.
OH cocToUT W3 ABYX CHHHUX AWHHH, OOHOM 3€A€HOM M OOHOM KpPaCHOW AWHHUHU
YacToTa AMHHH 3TOTO CIIEKTPa OIUChIBaeTcd popmyaoit Ganbvmepa-Puobepaa

R (1 1

Vi = ——-—

mn LA IR)

roe R, = 3,29*1015 c1(I'y) - uacmomHasi nocmosiHHast Pud6epaa,

20e m U n - TAaBHbIE KBAHTOBBIE YHCAQ, ITpUdyeM m = n+1, n+2,n+3 u T.1.
m — oIIpesieAsIET HOMEP YPOBHSI, C KOTOPOI'O SAEKTPOH II€PEXOIUT,

n — Ha KOTOPBIY IEPEXOAUT.
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Fpynmna CHeKTpasbHBIX AWHUP C OOMHAKOBBIMU 3HA4YEHUSMHU N Ha3bIBAIOT
cepuel cneKkmpaibHblX AUHULL.
I[Ipu n=1 (m=2,3,4...) - T1[oAy4yaeTcsd CEpUS AHHHH, PpaCIOAOXKEHHasd B
yABTpadHUOAETOBON YacTU crekTpa(cepust AaiimeHa).
[Ipu n=2 (m=3,4,5...) - Habaomaerca cepus bBbanbmepa, pacrorOKeHHas B
BUAWMOM 4aCTH CIIEKTpA.
[Ipu n=3 (m=4,5,6...) - HabaromaeTca cepuda I[laweHa, pacIOAOKEHHAd B
nHdpakpacHo¥ yactu. U tak maaee.
1 1 1
w3 =Rz~

rae Ry = 1,097*107 m1 - gonrosas nocmosiiHast Pudbepea.

H3Ay4deHHe cBeTa

HNrak, n3aydeHHe cBeTa IIPOUCXOAUT IIPHU IIEPEXOAE aToMa N3 CTAllMOHAPHOIO
COCTOSHUSI C OOABIIIEH OSHEpPTHed B CTAIlMOHAPHOE COCTOSHHE C MEHbIIeH
sHeprueii. Ha puHcyHKe II0Ka3aHbI IIepexXoAbl B IIepBoe BO30yKIEHHOE
COCTOSIHHE (BTOPOM 3HEPreTHYECKUN YPOBEHB) C BEPXHUX YPOBHEMH.

Kpacrasa nauHust B ClIEKTPE BOLOPOLA COOTBETCTBYET Iepexony ¢ Es— Eo
zeneras c E4 - Eo, cunusi Es - E2 u eme curus Ee — Eo.

Haumenvwast saHepaust U3Ay4aeTCs aTOMOM IIPU IIEPEXO/IE SAEKTPOHA Ha
BTOPYIO OpOUTY C OAmKaMIel TpeTbet OpOUTHI, YTO COOTBETCTBYET HU3AYYEHHUIO
cBeTa C HaubOABIIIEH NAMHOMN BOAHDI.

Haubonvwas saHepaust N3AyIaeTCs aTOMOM IIPU IEPEX0/ie SAEKTPOHA Ha
BTOPYIO OpOUTY ¢ OECKOHEYHO YIaA€HHOH OPOUTHI, YTO COOTBETCTBYET
U3AYYEHHUIO CBETa C HAUMEHBIIIEH [IAWMHOM BOAHBI.

IToraomieHHue ceera

[ToraomeHue cBeTa - MIPOIIECC, OOPATHBIA H3AYYEHHIO. ATOM, IIOTAOLIAS CBET,
IIEPEXOAUT M3 HUIBIINX JHEPreTHYECKHUX COCTOSHHU B BbIcIIHe. lIpm 3TOoM OH
IIOTAOLIAET U3AYYEHHE TOM K€ CaMOM 4aCTOTBI, KOTOPYIO U3Ay4YaET.

Y aToMOB KazK[I0T0 XUMHYECKOI'0 A€MEHTa MMeeTCd CBOM XapaKTepHBIH Habop
SHepreTUYecKux  ypoBHed. [loatTomy mepexomy ¢  0Ooaee  BBICOKOTO
SHEPreTHYEeCKOr0 YPOBHA Ha 0Ooaee HH3KHUH OyoyT COOTBETCTBOBATD
XapaKTepHblE AMHUU B CIEKTPE UCIIyCKaHHS, OTAMYHBIE OT AMHHH B CIIEKTpE
[APYTOTO dA€MEeHTA.

COBHaI[eHI/Ie AUHUHN HU3AYYCHHA M IIOTAOIIEHHA B CIIEKTpaxX arToMOB [OJaHHOTIO
XHMHUYIECKOTI'O OAEMECHTA o0BgICHIETCS TEM, 4q9To qaCTOThI BOAH,
COOTBETCTBYIOIIIUX OTHUM AMHHUAM B CIIEKTPE, OIIPEACAAIOTCA OAHUMHU U TEMHU XK€
QHEPr€TU4YECKHMHU YPOBHAMHU. HOSTOMy aTOMBI MOTYT IIOTAOIIATE CBET TOABKO
TEX 9aCTOT, KOTOPHEIE OHU CIIOCOOHBI HU3Ay4aTh.
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Cnexkmp amoma Bodopoda

E . 3B L ATOM MOXET HCITyCKaTh
0 JIMHHH CIIEKTpa (meHBI TOIBKO C
Eg (UKCHPOBAHHBIMU
E; ) JMCKPETHBIMU YacTOTaMH,
E N03TOMY CIIEKTP

- — HCITyCKaHHs aToMa
E, SBJIACTCS IMHeHYaThIM,
bansmep
ITepexoze! Ha IepBLIA
E, R — SHEPreTUYECKUi YPOBEHE
. 00pa3yIoT CepHIO IMHMIA
Tativan Jlaiimana,
—— a UX 4acTOTHI M3y YeHHUS
E.LY COOTBETCTBYIOT YIBTpaQUOIeT.
1 npuzMa  9KpaH oGnacTy cuiekTpa.
ITpu 5Tom B popmyiie Baimbmepa
n=1, k=234...
ITepexosl Ha BTOpO#i YpoBeHL — cepus banbMepa (BUIUMMBLI CIIEKTD)
n=2"%k=345"
Ilepexojp! Ha TpeTHii ypoBeHb — cepus ITamena (urdpaxpacHsbiii criekTp )
n=3, k=4,56...

B.I1. Cagponos 2015 safron-47@mail.ru

3. Bnauenue u Hedocmamiku meopuu Bopa.

1. Xopo11ro onmuceiBasaCk MOAEAb BOAOPOAA.

2. IlocTyaaThl OKa3aAUCh BEPHBIMH.

3. Ymaaoch OOBACHUTE [IOBEAEHHUE aTOMa B MATHUTHOM IIOAE.

4. Teopusi moKazasa HEOOXOAUMOCTH OTKAa3a OT KAACCHYECKHX MpPEeACTaBACHUMH
npu OObICHEHUU SIBAEHHUH B MHKPOMHUPE.

5.B meaom Teopus Oblaa HerocaemoBaTeAbHOI. OHa He CMOrAa OMHCATH aTOM
FeAUd U aTOMBI APYTUX BELIECTB.

6. Teopuga He OTBeTHAA Ha BOIIPOC O IIPHUYMHAX IIEPEXoga U3 OJHOTO COCTOSIHUS
B apyroe. [Toatromy Teopus Bopa yctymnmuaa mecTo 60see COBpeMEHHOM TEOPUU -
KBaHTOBOM.

7.IlpencraBaeHre 00 ONpemeACHHBIX OpPOHTaX, II0 KOTOPBIM OBUIKETCH
9A€KTPOHBI B atoMe bBopa, okazasack ycaoBHOM. Ha camom pgese OBUKEHHE
SAEKTPOHA B aTOM€ HE UMEET HUYEro OOIIEero C ABUKEHUEM MIAaHET.
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P.S. H.Bop pa3paboTas TeoOpHIO aToMa BOAOPOia 1 BOAOPOAOMOAOOHBIX
aTOMOB.

BomopoaonoaoOHbIH aTOM HAH HOH IIPEJICTABASET CODOM Ar060E aTOMHOE
AOpPOo, KOTOPOE UMEET OAHH SAEKTPOH. [IprMepaMu BooOpPOIOIIOO0OHBIX aTOMOB
ABAFIOTCS aTOM BOZOpPOaa, MOH reanus He *,moH autuga Li 27, moH 6epuasusa Be 3*
u uoH 6opa B +*

TpY n3obpaxeHns atoma

CTUNN30BAHHOE ynpoLLeHHoe peanucTuyHoe

6 NPOTOHOB AP0
+ 6 HeUTPOHOB

@ anekrpon

@ NPOTOH

HEWTPOH

aTom yrnepoaa

Nerko y3HaBaemblivi BU4 * n3o6paxeHa Boposckas Mogerns atoma * BMEKTPOH pa3Ma3saH B NPOCTPaHCTBE
* 3MIEKTPOHbI pacnpeaeneHsl no opburam * 710 HEe3aMEeTHO B 3TOM MacuTabe

DNEKTPOHBI BOKPYT Apa BCE BpeMs ABUXKYTCS, IPUUYEM C TPOMAJAHBIMU CKOPOCTSIMH - IPUMEPHO
2 000 000 m/c, coBepmiass Bokpyr spa okosno 7 000 000 000 000 000 0GOpOTOB B CEKyHIY
(oueHs mpuMepHbIe UGPHI A aToMa BoJopoa). KoHeuHo ¢ Takoii 4acTOTO# BpallleHus: Mbl HE
pa3nnuuM ¢ Bamu HMKaKoro 3J€KTPOHA, a YBUAMM TOJBKO Pa3MbBIThIE OUEPTAHUS ANEKTPOHHOU
oOonouku. [IpocneauTs MyTh 3JIEKTPOHA HENb3s, TAK KaK COBPEMEHHas HaykKa Jl0oKasaja, uTo
HEJb3s JIEKTPOH pacCMaTpUBATh KaK KaKOW-TO IIAPUK, U PacHojlaraTb €ro BOKPYT sApa Kak Ha
Kapyceiau. MOXHO TOJIBKO YCTaHOBUTb T'PAaHHUIBI MPOCTPAHCTBA BHYTPU KOTOPBIX OyIeT
JBUTAThCsl AIIEKTPOH, MOSBJISACH TO TYT, TO TaM.

[IpencraBeTe cebe, uTo Bbl Ha BepeBke OBICTPO - OBICTPO pacKpyuyuBaeTe kKamMeHb. Mbl He
pasyin4yaeM KaMHs, a BUMM TOJBKO cl1ab0 0YepueHHOe KOJIbI0, OTMEYalolIee MECTa, T KaMEeHb
noObiBasl. Tak W € 2JIEKTPOHOM, MBI HE BHUJIUM DJJIEKTPOH, @ BUIUM JIMIIb Pa3MBITYIO
3JIEKTPOHHYIO 000JI0YKY, 0003HAYAIOIIYIO MECTa, /1€ DJIEKTPOH MMOOKIBAII.

PoTOo
aTomMma
BOZOpOAA
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METOAbI PETUCTPALIMM YACTUL [

OK-11.12.59 T

1.Cuétuuk leitrepa — Mionnepa — 1908 r.

Kamoo

GHOO cmeKn. Konba

AdocmouHcmeo:
- aghgpekmusHoCcMb

N —

1500B

OcHoeaH Ha ydapHoli uoHusayuu!

2. Kamepa BunbcoHa — 1912r.

uacmuubl
«—

C.Kanuya, 4. CkobenbyuH — mazHumHoe nose)

3.My3bipbKoBaA Kamepa — 1952 r. Al.Mneir3ep

yacmuybol

- 8pems peaucmp. Maso
- MOYHOCMb

MNepecyéTHoe
YCTPOMCTBO

(10 000 yacmuy 8 cek)
Peaucmpupyem:
- 3/1EKTPOHDbI
-y — KBaHThbI
lMpumeHaemcs:
- CKn1a0bl € A0. eop.
- amomoxo0si, AIC

MpurHyun pabomei:
[lopwenb ! - Pl >t
AnrnabaTHBIN TPOIIECC-nepecbluyeHHbLIL nap
UOHBI —YeHMPbL KOHOEHCAYUU - MpeKU

0L — 4aCcTHLA — CIJIOLITHOU TpeK
HPOMOHBI - TOHKUU
971eKMPOHBL - TYHKTUPHBII

MpuHyun pabomeoi:
[opuwens | — /laBnenue |
nepezpemas 3cuoKocmy
UOHBL —YeHmMPbL NAPOOOPA308AHUS - MPEKU

Bpemsa HabnaroOdeHus 6onbuwie!

4.MeTopg, ToACTOCNO0MHbIX poToamynbeuii — 1928r. — MbicoscKuli, #{0aHos

Kpucmannuku AgBr pacwennstomcs nod delicmeuem 3apaxeHHbIX Yacmuy

Toncmele ciiou — mpeK OnuHHee!

18962. bekKkepesnib 0MKpPbia PaduoaKkmueHOCMb
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IosicHeHuss Kk OK-11.12.59
1.Cuemuux Ielizepa - Mronnepa

[lepBbIfi OCHOBHOM IIpUOOpP [OAd  pPerucTpanuu dYacTull Obla H300peTeH
1908r. TetirepoM U UM K€ yCOBEPILIEHCTBOBAH COBMECTHO C MioarepoM.

CYyeTyrK COCTOUT M3 II0AOTO METAAAMYECKOTO IIUAUHIPA AUaMETPOM OKOAO 3 CM,
C OKHOM M3 TOHKOTO CTeKAa. [luamHap 3amoaHeH pas3pexkeHHbIM raszoMm (100-
200MmM.pt.cT.). Ilo ocm mnHMAMHApPa IIPOXOAUT H30AMPOBAHHAs OT CTEHOK
MeTaAAudecKass HUTb, KOTopad SBASETCS IIOAOKHUTEABHBIM 3AE€KTPOIAOM (QHO-
O0om).CTEHKHN MUAUHIPA CAYZKAT OTPUIIATEABHBIM AEKTPOAOM (KaAmooom).
Mexxaoy cTeHKaMU NUAMHAPA U HUTBIO co3naeTcd HanpsikeHue 1500B.

BapskeHHasT dYacTUlla, I[IpoAeTas dYepe3 TPYOKy, HOHHU3UPYeT aToMbI rasa.
BrIiOuThIE M3 aTOMOB T'a3a 3A€KTPOHBI, IIOIIaB B CHABHOE JAEKTPUYECKOE II0AE,
Pa3rOHAIOTCA B HEM [0 O4YeHb OOABIIION CKOPOCTH M Ha CBOEM IIyTH CaMU
HA4YUHAIOT pa3dbuBaTh Ha HOHBI aTOMBI rasza W T.O. B pesyapraTte o0pa3syercs
AABUWHA 53AEKTPOHOB, HMIYABC (MAM TOK) KOTOPOH 3aBHUCHT OT OHEPTHUH U
CKOPOCTH, IepBOHAYAABHO IIPOAETEBIIIEH Yepe3 TPyOKY JacTHUIBI. DTOT UMILYABC
MO3KHO U3MEPHUTH, & €CAH OH cAab, €0 MOKHO YCUAUTD.

YyBCTBUTEABHOCTh TaKOI0 IIPUOOpPA MOXKET OBITh CKOAbL YTOAHO BEAWKA, OH
MOKET OOHapyKHUTbH MasKe MOSIBAEHHE OJIWHOYHOM 3apsaKeHHOH 4JacTUlbl. [ad
HCCAEIOBATEABCKON PabOThI OMHOM YYBCTBUTEABHOCTH HEIOCTATOYHO. [loaToMy
K CYETYHKY IIOJKAIOYAIOT II€PECUYETHOE YCTPOMCTBO, KOTOPOE COPTUPYET
4acTULIBI 1[I0 OJHEPrudM, 3apsngaM, CKOPOCTAM, HaOpaBA€HUSM, a 3aTeEM
IIOACYUTELIBAET.

[Ipubopsl TAKOro THIA MOTLYT OOHAPYKUBATH U HU3MEPSTHh PEHTTEHOBCKOE U
ramMMma-us3aydeHrue. OHH HaxoAdT IINPOKOE IIPUMEHEHHE BO BCEX OTPaCAIX
anepHod TexXHUKH. lcIoab3yloT HX TakK¥Ke [Oad OOHapy:KeHUsS eIUHUYHBIX
YaCTHUIl U IPHU IIOHCKaX cAabo pagroaKTHUBHBIX YPAHOBBIX U TOPUEBBIX Pyd U

T. M.
2.Kamepa BunvcoHa

B 1912r. aHramidickuiéi ydeHbIi BHABCOH TIIOCTPOHA TIPUOOP, C IIOMOIIIBIO
KOTOPOTO MOXKHO OBIAO BHAETH U (PoTOrpaddUpOBATh TPACKTOPUU 3aPA’KEHHBIX
4YaCTHIL.

Kamepa cocTouT U3 IIUAUHIpPA C IIOPIITHEM, BEPXHSS YaCTh KOTOPOTO CAeAaHa U3
Ipo3pavHOro Marepuasa. B Kamepy BBOOUTCH HEOOABIIIOE KOAWYECTBO BOBI
UAU CIIUPTAa, U BHYTPHU Hee o0pa3yeTcsd CMeCh IapoB U BO3AyXa.

[Ipu OBICTPOM OIIyCKAHUU IIOPIIHSA CMeCh aauadaTHYeCKH pPacCIIUpPSeTcs
(Aduabamuveckuli, unu aduabammueiii npouyécc — mepmoduHamudeckuli npoyecc, npu
KOmopom cucmema He obmeHusaemcs mensaomoli ¢ OKPyHarwum npocmpaHcmeom) 1 OX-
AaKaeTcsl, II03TOMY BO3AyX B KaMeEpe OKa3bIBAETCS IIEPECHIIIIEHHBIM IIapaMU.

12



H.A.KopMmakoB AtomHasa ¢usuka 11 kuacc

Ecam BO3ayx OYHIEH OT INBIAMHOK, TO IIpeBpalleHre U30bITKA [apa B JKHUIKOCTD
3aTPyAHEHO M3-3a OTCYTCTBUS ILEHTPOB KOHAeHcalluu. Ho 1neHTpaMu
KOHIEHCAIIUHM MOTYT CAYKHTHb HOHBI. [ToaTOMy, ecAu depe3 KaMepy IIPOAETaET
3apsizKeHHasl 4aCTHIla, TO OHA HOHH3HPYeT Ha CBOEM IIyTH MOAEKYABI BO3AyXa,
IPOUCXOMAUT KOHAEHCAIlHUs IIapoB W TPAEKTOPUS MOBUXKEHUS YaCTUIBI
CTAaHOBUTCS BUANMO# B BHE HUTH TyMaHa.

Bun Tpaekropuu Ha (QOTOCHHMKE II03BOAGET CYAHUTH O IIPUPOJAE YaCTUIE U
BEAHUYUHE €€ SHEPIHUHU.

Tak aabta-gacTHIIA OCTABASIET TOACTBIM CIIAOIIHOM CA€Zl, MPOTOHBI - TOHKUH,
SAEKTPOHBI - [IYHKTUPHBIN CAEL.

Yuenble ¢pusnku Kanmna um CKOOGEABIIBIH MPEIAOKHAU IIOMENIaTh KaMepy
BuabcoHa B 0JHOPOAHOE MArHUTHOE I10A€, KOTOPOE AEHCTBYET Ha ABUKYIITYIOCS
3apsKEeHHYI0 YacTUIly C cuAod AopeHIa. OTa cHAa HUCKPUBASET TPAEKTOPHIO
yacTULbl, HE H3MEHssd MOAYyAd €€ CKOpocTU. Tpek wumeeT TeM OOABIIYIO
KPHUBHU3HY, 4YeM OOABIIIe 3apsi YaCTHIIbI 1 YeM MeHbIlle e€ Macca.

3.ITy3vipvrosas kamepa

B 1952r. amepukaHCKHUN y4eHbIH ['Aefizep mocTpoua IpuboOp, B KOTOPOM TpPEK
IIPOAETAIOIEH dYacCTUIbl CTAQHOBUTCS BHAMMBIM B IIEPETPETON KHUIKOCTH,
KOTOpas Ha4YMHAaET KUIIETh IIPH PE3KOM YMEHBIIIEHUU €€ JaBACHHUS.
[Iy3BIpEKOBYIO KaMepy 3alOAHSIOT CXHXKEHHOM HOeaAbHO IIPO3padvHOU
XKHUOKOCTBIO (Bomopond, IIpollaH U T.A.). Ecau pgaBaeHHME yMEHBIIUTH, U
IIPOIIYCTUTh 3apAKEHHYIO 4YacCTHUIly 4Yepe3 TaKyl0 CBEPX4YyBCTBUTEABHYIO
KHUAKOCTb, TOTOBYI0O MTHOBEHHO BCKHIIETh, TO €€ MOHH3UPOBAHHBIN CA€M, T'yCTO
0OAETIAEHHBIH ITy3bIphKaMU ra3a, CTAHOBUTCH BUAUMBIM.

[Ty3bippKOBadg KaMepa I103BOASIET HaOAIOIATh CA€Obl 3HAYHUTEABHO MOABIIE, T.K.
KHUAKOCTb HAMHOTI'O ITIAOTHEE.

4.MemoO moncmocnouHbIX hOMONIACMUHOK

OH OCHOBaH Ha TOM, 4YTO IIPOAETAIOIIAs CKBO3b (POTOIMYABCHIO YaCTHIIA
AeficTByeT Ha 3epHa OpoMHCTOro cepedpa, IO3TOMY OCTABAE€HHBIM YaCTUIIAMU
CA€[ TIOCAE€ TIPOSBACHHS (POTONAACTHUHOK CTAHOBUTCS BUAHUMBIM H €TI0 MOXKHO
HCCAEIOBATH C IIOMOIIBI0 MHUKPOCKOIIA. YTOObI cael ObIA JOCTATOYHO OAMHHBIM-
HUCIIOAB3YIOTCSI TOACTBIE CAOU (POTOIMYABCHH.

[To xapakTepy BHUIOMMOTO CA€[A, €T0 TOAIIMHE MOKHO CyAHUTH O CBOMCTBax
IIpoAeTaBlIIel YacTUlle - CKOPOCTH, SJHEPTHH.

Houusupyromiee AefcTBHE OBICTPBIX 3apPAKEHHBIX YaCTUI] Ha (POTOIMYABCHIO
doTommAACTHHKH I103BOAMAO (ppaHIiry3ckoMy Gu3uKy bekkepearo B 1896r.
OTKPBITH PAAOaKTUBHOCTD.

Meron ¢oTOOMyABCHH OBIA pPa3BUT PYCCKUMHU (PU3HKAMU MBICOBCKHUM U
2KnmanoBeiM B 1928r.
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PAONOAKTUBHOCTD

B OK-11.12.60 T

1.EcTrecTBeHHaA paaMOaKTUBHOCTb - CAMOIPOU380s1bHOE NpespaujeHue amomHbIX

A0ep ¢ ucnyckaHuem 4acmuy,.

1896r. — A.Bekkepenb — onbITbl ¢ ypaHom (U)

1898r. — Mapus —Kiopu — nsnyyexue topus (Th)

(omkpsimue nonoHusA (Po) — «Monswa» u padus (Ra) — «ayvyucmeili)

2. Tpu Buaa nyyei.

dnemeHTbl ¢ N2 > 83 - pagnOaKTUBHbI

P«

D

MazaHumHoe none
Bakyym

B(-)

D

3.CsoiicTBa nyyei

a — JIy4u | l.notok agep lHe 1899r. — 3.Pe3epdops,
2m=4a.eM.
3.q=2e
4.V=10" m/c
5. bymara — 0,1mm — 3awmTa
6.8 MIN cnabo oTKNoOHAOTCA
ﬁ — JIyYU 1.noTokK -e 1899r. — A.bekKepenb
2.V =108 + 0,999¢ — "naTHO pa3MbITO"
3.antomuHnM — 10Mmm — 3aLmnTa
4.8 MI1 cMNbHO OTKNOHAOTCA
Yy —y4n | 1.3MBcA =10""" +107Pm 1895r. — K.PeHTreH
2V =c
3.CBUHeEL, - 3aKTa

14
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ITosicHernuss Kk OK-11.12.60

1.EcmecmeeHHAsl paduoaxKmueHocmo

EcrecTBeHHOHU PanroaKTHBHOCTBIO Ha3bIBaeTcd CaMOIIPOU3BOABHOE
IIpeBpallleHHe OJHUX aTOMHBIX d/1ep B APYyTHe C UCIIyCKaHUEM YaCTHIIL.

B 1896r. Bekkepeab OTKpbIA SIBA€HHE panuoakTuBHOCTU. Coaun ypaHa, C
KOTOPBIMH OH IIPOM3BOAMA OIIBITHI, CaMOIIPOM3BOABHO, 0€3 KaKux-AHub0
BHEIIHHUX BAUGHUN CO30aI0T KaKOe-TO U3AyYEHHUE.

B 1898r. Mapusa CxkaomoBckas-Kiopu Bo PpaHnmm obOHapyKHAA H3AyIEHHE
Topud. B aroMm xe rony Mapua u ee myx Ilbep Kropu moaydywmau u3 pya,
cofepIKalllUX ypaH W TOPHUM, HEU3BECTHBIM paHee XUMHYECKHU OSAEMEHT -
IIOAOHHWH, Ha3BaHHBINM B 4ecThb ponuHbl Mapuu CraomoBcko-Kiopu - Iloapmiu.
U ermre oguH HOBBIM 2A€MEHT OBIA HUMH K€ OTKPBIT — Paaui (T.e.Ay4HUCTBIH).
[Tozxke OBIAO YCTAHOBAEHO, YTO BCE€ XHMHYECKHE SAE€MEHTHI C MHOPAAKOBBIM
HOMepoM Ooaee 83 IBAFIOTCH pafHOaKTHBHBIMU.

Paboramu Aupu Bekkepead, [Ibepa u Mapuu Kropu, Peszepcdopaa u gpyrumu 6v1
YCTAHOBAEHO, YTO €CTE€CTBEHHAas PaJUOaKTUBHOCTh HE 3aBHCUT OT BHEIIHHX
YCAOBHUH.

2. Tpu euda nyueii

B 1899r.Pesepdopn oOHapPy:KHA, YTO paAHOAKTHUBHOE H3AyYE€HHE COCTOUT U3
[BYX YacTel, KOTopble OH Ha3Baa aabga u 0era AydaMHu.

B 1900r. dpaniy3ckuii ¢pusmuk Buasapa ycTaHOBHA, UTO B COCTaB H3AYUEHULA
BXOIUT €III€ TPEThd COCTABASIOIAs, KOTOPYIO OH Ha3BaA raMMa-Ay4aMH.

[ToBegeHME 3THUX Ay4deH OBIAO M3YIEHO B MArHUTHOM IIOAE.

PanyoakTUBHBIN 5A€MEHT IIOMEIIaAW Ha AHO Y3KOrOo KaHasa B KyCKe CBHHIIA.
[IpoTuB KaHaAra ycTaHaBAMBaAach (porTonaacTuHka. Ha m3sydeHne neficTBOBaAO
CHABHOE MAarHUTHOE IIOA€, AWHHWH HHAYKIHUH, KOTOPOIO IIE€PIEHANKYAIPHBI
Ay4YaM, BCd yCTAaHOBKA pa3MeEIlasach B BaKyyMe.

B oTcyrcTBHE MAarHUTHOIO HOAS Ha (POTOIAACTHHKE OOHApPY:KUBAAOCH OIHO
TEMHOE IATHO. B MarHuTHOM IIoA€ IIYYOK paclajgascd Ha TpH Iydka. [Ise
COCTaBALIOIIIME OTKAOHSIAHCH B IIPOTHBOIIOAOXKHBIE CTOPOHBI, YTO TOBOPHAO O
TOM, YTO 3TH Ay4YH HMEAH 3ACKTPHUYECKHH 3apgan. I[IpudeMm, oTpHLATEABHBIH
3apgan OTKAOHSIACS CHABHEE, Ye€M IIOAOXKHUTEABHBIN. TpeThs cocTaBALIONIAd HE
OTKAOHSAACh MArHUTHBIM ITOAEM.

[ToAOKUTEABHO 3aps:KeHHas YacTh Ay4deH IIoAydHAa Ha3BaHHE aabda-AydH,
OTPHULATEABHO 3apsKeHHasl JacTb - OeTa-Aydd, a HeHWTpaabHad 4YacThb raMma-

AYYH.
3. Ceolicmea nyueit

o - Ayuu

1.B 1899r.Pe3epdopa yCTaHOBHUA, YTO 3TO IIOTOK S/IEP aToMa I'€AUs.

2.Macca a - gactuipl paBHa 4 a.e.M. (la.e.m.= 1,66*10 -27kr)

3.3apgn o - 4aCTULIBI PaBE€H ABYM 3apsaaM 3A€KTpPOHA.

4. CKOPOCTh ABUKEHUSI - YaCTHUIIbI paBHaA Impubau3uteabHo 107 m/c.

5. Y a- gacTui caabad ImpoHHKAIIas criocobHocTb. Caoii 6ymaru okoao 0,1 MM
[ASI HUX y2Ke He IIpPOo3padeH.

6. oL -4aCTHUIIBI CAAD0 OTKAOHSIIOTCSI B MATHUTHOM ITOAE.

15



H.A.KopMmakoB AtomHasa ¢usuka 11 kuacc

p - nyuu

1.B 1899r.BekkepeAb yCTAaHOBHA, YTO 3TO IOTOK OBICTPHIX 3AEKTPOHOB.

2. CKOpOCTb ABUXKEHHUS - YaCTHUIL HAaXoAUTCd B mpenesax ot 108 mo 0,999m/c,
[I03TOMY IIITHO OT - Ay4delr Ha POTONAACTHUHE ITOAYYAETCH Pa3MbIThHIM.
3.[lpoHukarwIIass CIIOCOOHOCTH BBIIIIE, YeM V «a -Ayded. AasroMUHUeBad
IIAAQCTUHKA B HECKOABKO MUAAUMETPOB 3a/I€PKUBAET UX.

4.B MarHuTHOM II0A€ OTKAOHSIOTCSI CHABHEE, YEM & - AyYH.

y - nyuu

1. 9T0 23A€KTPOMATHUTHBIE BOAHBI C JAMHOM BOAHBI OT 10710 1o 10-13 M.

2.Y y- Ayde#r Ooablllasgs MOPOHHUKAOIAS CIIOCOOHOCTH, BBIIIE, YeM Y
PEHTTeHOBCKUX AydeMd. MHTEHCHUBHOCTH IIOTAOLIEHUS 3aBHCHUT OT JAEMEHTa U
YBEAUUYHUBAETCS C POCTOM aTOMHOT'O HOMepa BEIIECTBA IIOTAOTHUTEAL.

3. V- Ay4YH PACIPOCTPAHAIOTCS CO CKOPOCThIO CBETA.
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PAOUMOAKTUBHbLIN PACNAL B oR-iiazed T

-UCnycKaHue paduoaKmMuBHbIX Yacmuy
19032 Pezepghopo u Coodu
1Ir.Ra - 600 x+a+ L +y

238U - 4,5 map. neT;

226Ra — 1600.eT; T — nepuod nonypacnada ( nonosura adep)
289P0 - 3107 "¢

3akoH PaaAMOaKTUMBHOIO pacnaga
N a 3KcnoHeHmMa

No N =Ny*27tT

Cnpasednue 05 601bW020 YUCAA YacMuy

> t

MEXAHU3MbI PACNAQOB

Anbda — pacnag
2X - 423Y + JHe (a — yacTuna) 238U — 234Th + 4He (@ — yacTuua)
beTta — pacnag (3s1eKmpoHHbili)
4x > AY + _Je + ¥(a1exTpoH + aHTHHEHTPHHO)

0= | - .
15C > 13N + _je + ¥(3/1eKTpoH + aHTHHEeHTPHHO)

Omkyoda aneKkmpoH? — o~
n-p+e+7v

beTta — pacnag, (no3umpoHHbiii)
4x 5 Ay + 2 + v(n03uTpoH + He#ATpHHO)

0— .
BN - 13C + , e + v(no3uTpoH + HeHTPHHO)

pon+et+v

9mo ecmecmeeHHbIe paduoakmusHble npespaweHusn

TepmuHa «ramma — pacnag» He cyuecmsyem

Famma — usnyyexHue 22Na* > Mg + %e+y

CBoWcTBa Y - KBAHMA
-UCIMYCKaHUe Y - KBaHMa He Cornposox*0aemcs pacradom amoma,
-¢homoHbI y - U3s1y4eHUs He UMerom MAcCCbl NMOKOS U 3/1eKMpPU4ecKoeo 3apsoa,
-r1pU MPOXOHOEeHUU Yepe3 8eLieCme0 Y- KBAHMbI 04eHb PEOKO CMAsKUBAOMCA C A0POM U 31EeKMPOHAMU,

-3Hepeus y-K8AHMA He MeHAemcs, Noamomy y-usny4eHue obsaadaem E0/IbLLIOU MPOHUKAIOLLIEV
CMNOCOBbHOCTbIO

Pacnag naet, noka He noaBUTcA cTabmuabHoe agpo — Bi uau Pb
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INosichenusa Kk OK-11.12.61
1.PaduoaxmueHslii pacnao

B 1903r. Pezepdopn u ero corpyaHuk Coanu yKasaau Ha TO, YTO SIBAEHUE
PanMOaKTUBHOCTH COIIPOBOXKIAETCH IIPEBpPAIIEHHEM OJHOI0 XHUMHUYECKOTO
sAeMeHTa B Apyroi. Kpome 3Toro, sBaeHHE paaroaKTUBHOCTH COIIPOBOXKIAETCH
BbLOAEA€HHEM SHepruu. Hanpumep, onuH 1r.panusa BeiaeaseT 600 [k sHEpruwy,
KOoTopasi YHOCUTCH O-,3- U y-U3AyIEHUEM.
Hcnyckanue paauoOaKTUBHBIX YaCTUI] Ha3blBaeTCHd paduoaKmueHbiM pacnadom.
PaszanyaioT a - pacmazn - UCIIyCKaHHE @ - YaCTHIIL.

P - paciag - UCIIyCKaHUe [3 - 4YaCTHII.

Tepmunua "y - pacnman" He CyIleCcTBYeT.
Bpemga, 3a KoTopoe pacrnagaeTcd IIOAOBHHA I[IEPBOHAYAABHOTO 4YHCAA
PanMOaKTUBHBIX dep, Ha3bIBaeTcs nepuodom noaypacnaoa (T).
YeMm MeHBbIIIE IIEPHOJ, IIOAypacliafia, TeEM MEHBIIIE BPEMEHM KHUBYT aTOMBbI, T€EM
ObICcTpee MPOUCXOAUT pacHal.
[As1 pa3HBIX BEIIECTB 9Ta BEAMYHHA A€XKHUT B MIUPOKUX Ipeaesax. Hampuwmep,
mas 238U  mepmon moaypacmama cocraBasger 4,5 MAPA.AET, a Aag 23SRa aTo
1600 aeT,I103TOMY aKTUBHOCTD paarsd 3HAUYUTEABHO 0OABIIIE aKTUBHOCTH ypaHa.
EcTh paanoakTUBHBIE 9AEMEHTHI C IIEPHOAOM IIOAypacIiafia B MUAAMOHHBIE JOAU
CEeKyHbI (MCKyCCTBEHHbIE PaUOaKTUBHBIE dAeMeHThI). Harrpumep, nag moaoHus,

219Po mepuon moaypacmaza cocraBasgeT 3*10 “7c.

[Tepuon moaypacmaza - 3TO IIOCTOSHHAS BEAWYHMHA, KOTOpad HE MOXKET OBIThb
U3MEHEHAa MOCTYITHBIMU BO3IEHCTBUSIMHU, OXAAKIEHUE, HATPEB, AaBACHUE U T.II.

Yrcao He pacHaBIINXCH PaOUOAKTUBHBIX s7ep yObIBaeT CO BpeMeHeM IIO
OKCIIOHEHTEe ([IoKasaTeAbHas (QYHKIMG). 3a AOOM HWHTEpPBaa BpPEMEHH
pacriagaeTcs oaHa U Ta ¥Ke JIOAS UMEIOIIMXCS aTOMOB, T.€. C Te4€HHEM BpPeMeHU
CKOPOCTB pacliajia He MEHSIETCH.

Hcnoap3yss 3aKOH paduoakmueHo20 pacnada MOXKHO HaWTH YHCAO He
pacraBIIUXCI aTOMOB B AI000H1 MOMEHT BpPeMEHHU.

N =Ny «274T

N - 4yrcAo He pacnaBIIUXCS aTOMOB,

No- 41CAO aTOMOB B HAYaAbHBIH MOMEHT BPEMEHH,
t - uHTepBaa BpEMEHH,

T - nmepuop nmoaypacnaaa.

BpeMs cymiecTBOBaHUS OTHOEABHBIX aTOMOB MOXKET KoAedaThCd OT moAei ce-
KyH/ZbI O MUAAUAPIOB AET.

ATOM ypaHa MOXKET CIIOKOWHO ITPOAEXKATh B 3€MAE€ MHUAAHWAPABI AET U BHE3AIIHO
B30pBaThCs, B TO BPEMS KaK €ro 'cocenn" MPOLOAXKAIOT OCTaBaThCA B IIPEKHEM
COCTOSHUH.

Cpennee BpeMsd 3KHU3HU - 3TO IIPOCTO CpeaHee apUPMeTHIECKOE BPEMEHU KHU3HU
6OABITIOr0 KOAMYECTBa aTOMOB JaHHOI'O COpPTa.

3aKOH pPagUOaKTUBHOIO pachaga CIPaBeIAHUB [IAS OOABIIIOTO KOAWYECTBA
YaCTHILL.
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2.Mexaru3amslL pacnadoe

o - pacmag.

- YaCTHIIBI HCIIyCKAIOTCS TOABKO TSXKEABIMH dApaMH, COAEPKAIIUIMU
60oABIIIOE YHCAO ITPOTOHOB U HEUTPOHOB (YaCTO MX HA3bIBAIOT HYKAOHAMH).
[IpOYHOCTD TAKEABIX ALIEP Maaa.

[ag Toro, 4ToOBI IIOKHUHYTH S/PO, HYKAOH [OAXKEH IIPEOJNOAETH SiA€PHBIE CHABI
JASI 9TOTO OH OOAXKEH 00AamaTh MOCTATOYHOUM sHeprued. MCTOYHUKOM TaKoHU
SHEPruU MOIKET CTaTh OObEAMHEHHE HYKAOHOB B o-dacTUlly. Takod cuHTe3
CBSI3aH C BbIIEA€EHUEM SHEPIHH.

0 - YaCTHIlAa YHOCHUT IIOAOKUTEABHBIN 3apdl B ABE€ €OUHUIBI U MacCy B YeThIpe
€IUHUIIBI.

T.e. 8 pesynomame a - pacnada pacuoaKmueHblil SJaeMeHm NPespausaemecs 8
Opyzoil s1iemeHm, NopsioKo8bLIL HOMEpP KOmMopoz20 Ha 08e eOUHUYUbL MeHble, A
MACCO80€ UUCTIO HA uemblpe eOUHUUbL MeHbULe.

To anpo, KoTopoe pacragaeTcs - Ha3bIBAalOT MaTepPUHCKUM, a o0pa3oBaBlIeecs
godepHUM. [lodyepHee dOpO OOBIYHO OKAa3bIBAETCS TAaKXKE PaAUOAKTHUBHBIM U
yepe3 HEKOTOpPOoe BpeMd ToxkKe pacrnagaercd. [Iporecc paguoakTUBHOTO pacliana
OymeT IpOUCXOMUTH A0 TE€X MOpP, IT0OKa He MOSABUTCS CTAOHMABHOE SIAPO, KOTOPHIM
4Jale BCEro IBASIETCS sI0P0 C8UHUA UNU 8UCMYMA.

f — pacnan (aniekmpoHHbll unu bema — muryc)
jlBaeHME [ - pacnaza COCTOUT B TOM, YTO dApa HEKOTOPBIX JSAEMEHTOB
CaMOIIPOM3BOABHO  HCIIyCKAIOT 9A€KTPOHBI U  HEUTpPaAbHYIO  YaCTHILy-
AHTUHEUTPHUHO C OYEHB MAAON MaCCOM.
Ho B mporiecce paguoakKTHUBHOTO pacraza siApo HUCIIyCKAEeT SAEKTPOHBI, KOTOPBIX
B d1pe HEeT.
[Ipu onpeneAeHHBIX YCAOBHUSIX B dpe IPOUCXOAUT pacrna HeUTpoHa Ha IIPOTOH
U 9AEKTPOH. DTOT SAEKTPOH U BBIAETAET U3 SApa.

n-op+e+v

Tako#t mpollecc HabAogaeTcd B dapax C OOABIIIMM YHCAOM HEHUTPOHOB.
BriaeTaromuii 3AeKTPOH YHOCUT KUHETHYECKYIO 9HEPTHUIO.

B pesynemame f - usnyuerHusi obpasyemcesi Hogoe s10po C mem 2Ke MACCO8bIM
YUCIOM, HO C 3apsi0OM BONbUIAM HA eOUHUYY.

f — pacnan (nosumpoHHblil unu bema - noc)

ITosumpoH: 3apsio Z = +1 u maccogoe uucno A =0

YlApo uCIlyCKaeT MO3UTPOH, B pe3yAbTaTe 4Yero Z — Z — 1 U IPOUCXOOUT II0
CXEMeE:

4x 5 Ay + e + v(n03uTpoH + He#ATpUHO)

BN 5 B¢ + e + v(no3uTpon + HeiATpuHO)
B ocHoge nosumpoHHoz0 bema — pacnada Jiexxum npeepauieHue 8 sope NpomoHa
8 HellmpoH.
pon+et+v
B nosumporHom 6ema — pacnade ssieKmpuueckull 3apsd 0pa YmeHbuaemes. Ha
1, a Konuuecmeo HellmpoHos8 yeesuuueaemest Ha 1.

Haubonee pacnpocmpaHeHHbIM stesisiemcsi 3ne1cmpounbu'1.
aAeKTPOHHBIifi 3axBaT, e-3aXBaT — OAHH M3 BHI0B 6€Ta—pacna/:|;a ATOMHBIX dAO€EP.
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[Tpy 2A€KTPOHHOM 3aXBaTe 00UH U3 NPOMOHO8 10pa 3aXBaTbIBAET 0pOUMANbHBLI
9/1eKMpPOH U TIpeBpaliaeTcd B HEUTPOH, UCIIyCKad SAeKTPOHHOE HEHTPHUHO.
Bapsan aapa Ipu 3TOM YMEHBIIIaeTCs Ha eIUHUILY.

B caydae 3axBaTta aaeKTpoHa ¢ K-o6os10uku mmpoiiecc Ha3biBaeTcs K-saaxeamom,
c L-oboniouxku — L-3axeamom U T. [1.

MaccoBoe 4ucAo sapa, KakK U BO BCEX APYTUX BUAAX OeTa-pacriaza, He
HU3MeHdeTcd.

OTOT mpolecc XapakKTepeH OAd Sep ¢ U30BITKOM IIPOTOHOB.

[ToCKOABKY YHCAO IIPOTOHOB B SIPE (TO €CTh 3apsamn aapa) IIPU IAEKTPOHHOM
3axBaTe YMEHBIIIAETCS, TOT IPOIIECC ITpeBpAaIaeT AP0 OJHOTO XUMHUYECKOTO
SAEMEHTA B AP0 APYTOro 3AEMEHTA, PACIIOAOKEHHOTO OAMXKE K HadaAy TaOAHIIbI
MenneaeeBa.

Ob611ast cxeMa SAeKTPOHHOTO 3aXBaTa:
pt+e -on+v,
HeKoTopble IIPUMePhI 9AEKTPOHHOTO 3axBaTa:
24l +e” > 35Mg +v,

SaNi+e™ - 33Co +v,

Yy - H3Ay4YeHHe

Anpo, KaK ¥ aToM, MOKET HaXOAUTBhCH B COCTOSIHUHM C HAaUMEHBbIIeH 3Heprueil B
BO30yKIIEHHOM COCTOsSHUU. Ilepexonm sapa H3 COCTOSHUS C HaUMEHBIIeH
SHEpPrHuell B BO30YKIEHHOE COCTOSTHHE MOXKHO BBI3BAThb AEHCTBHEM YaCTHIAMU
u (poToHaAMHU.

Bo3Bparasch B CBOe OCHOBHOE COCTOSIHHUE, AP0 UCIIyCKAaeT | - KBaHT.

HcnyckaHue y - KBaHTA HE CONPOBOXKIAETCS PacHagoM aToma, ) - U3LYyudeHUe
conpogoxxoaem paduoaxmugHblil pacnao.

PoTOHBI Y - HU3AYYEHHAd HE€ HMCIOT MAaCCBI IIOKOAd M OACKTPHYECKOIO 3apdnaa.

[ToaToMy ©HIpM HOPOXOKIAEHUU dYepe3 BEIIeCTBO Y - KBAHTHI OYEHb pPEIKO
CTAaAKMBAIOTCHA C SAPOM H SAEKTPOHAMH. DHEpPrud y - KBaHTa IIPHU 3TOM He
MeHdeTCs, II03TOMY ¥ - U3AydeHHe o0aagaeT OOABIIIOH ITPOHUKAIOIIEH

CIIOCOOHOCTBIO, BBIIIE, YEM y PEHTTE€HOBCKUX Aydel. HMHTEHCHUBHOCTH
IIOTAOIIIEHHS PaCTeT C POCTOM aTOMHOI'0O HOMEpa BEIIECTBA IIOTAOTUTEAS.
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P.S. 9YeM OTAHYAIOTCS HEHTPOHBI OT HEHTPHHO?
Jla moutu BceM.

OHH IpHHAZAEXAT Pa3dHBIM KAacCaM YaCTHIL HelUmpoHblL OMHOCUMCS K
A0poOHAM - MSKENBIM Uacmuyam, obpas3yrolumM gapa aToOMOB, COCTOSIIUM H3
KBapKOB (K8apK - 3mo mun s7emeHmapHoll uacmuubl U hyHOAMEHMANbHAS
cocmagaswas mamepuu;, KeaprKu obwveduHstomes, o6pas3ys cocmasHble
yacmuysl, Hasbleaemble aOpoHAMU, Haubosee CMAbUNbHLIMU U3 KOMOPbLLX
SBNSIOMCSL NPOMOHbL U  HEUMPOHbL, COCMABAslloWUe aMmOMHble s0pa), U
CIIOCOOHBIM y4aCTBOBATh B CHABHBIX B3aUMOIEHCTBUSIX.

HeilimpuHo omHocsimess K JienmoHam, AETKUM YacTHIlaM, U B CHABHBIX
B3aUMOIEUCTBULAX HE YIACTBYIOT.

Macca netimpora noumu 1 98, macca HEUUMpPUHO - TOAU IAEKTPOHBOABTA (HO He
HyA€Bad, KaK KOrJla-TO CYHUTAaAOCh U KaK HEKOTOPBIE M0 CUX IIOP II0AAraioT).
Kcratu, kak pas ¢ UxX 4pe3BbIYaifHO MaAOl Maccoil U cBd3aH TOT (PakT, YTO
ABUXKYTCH HEUTPHUHO IIOYTHU YTO CO CKOPOCTBIO cBeTa. He TOYHO C HEH, ITIOTOMY
YTO Macca HeHyAeBasl, HO IIOYTH YTO. A BOT CKOPOCThH HEHTPOHOB MOKET ObITh
COBCEM HHM3KOM, S5 M/C - TaKue HeHTPOHBI HAa3bIBAIOTCS YABTPAXOAOIHBIMHU.

HetimpoH maxoli 00uH cpedu aoOpoHO8, a HeUumpuHo - mpu muna,
COOTBETCTBYIOIIIME TPEM THUIAM 3apPsSKEHHBIX AEIITOHOB: 93AEKTPOHHOE
HEUTPHUHO, MIOOHHOE U Tay-HEUTPUHO.

CBOOOAHBIN HEHUTPOH HECTAOUAEH M paclagaeTcs Ha IPOTOH, IAEKTPOH U
AHTUHEHUTPUHO, HEUTPHUHO XKe HU Ha YTO HE PacIiagaloTcs, HO AUIIb
OCIIUAAMPYIOT (OBITH IIOABEPKEHHBIM KOoA€OAaTEABHOMY IMPOIIECCY), IIMKAUYECKU
NU3MeEHdd CBOM THII.

HetimpoHbl 83aumodeticmgyrom ¢ 8eulecms8om, U JOCTATOUYHO TOACTBIM CAOM
BEIIIECTBA CIIOCOOEH IIOTAOTUTH ITOTOK HEUTPOHOB, moz20a KaK HellmpuHo ¢
geu,ecmseom noumu He ezaumodelicmeyrom, OHU MOTYT HAaCKBO3b [IPOAETETH
4yepe3 MUAAMOHBI KHUAOMETPOB CBHUHIIA, JasKe He 3aMETHUB €ro.
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bnok - 12 Nncr - 12
MosTopum Teoputio!

ATOMHAA ®PU3UKA
1.B 4ém cywHocTb moaenn atoma TomcoHa?
2.Haueptute 1 06bACHUTE cxeMy onbiTa Pesepdopaa.
3.B 4ém CyWwHOCTb N1IaHeTapHOM Mmoaenun atToma?
4.06bACHUTE pe3ynbTaTbl onbiTa Pesepdopaa Ha OCHOBE NPeSNOKEHHOM UM MOLENN aTOMa.
5.B 4ém 3aKNH04aOTCA NPOTUBOPEUMNA KNACCUYECKOM MEXAHMKN U MOoAeIn aToma’?
6.Coopmynunpyiite n NoACHUTE NepBblii nocTynat bopa.
7.Coopmynumpyiite n NossiCHUTE BTOPOI nocTynat bopa.
8.B KaKoMm c/iydae aToOM U3/1y4aeT KBaHT 3/1IEKTPOMArHUTHOM 3Heprum?
9.B KakoM cny4yae aTOM NOTNOLLAET KBAHT 3/1IEKTPOMArHUTHOM SHEpPrum?
10.KaK BbIr1IAAUT CNEKTP BoAgopoaa’?
11.Hanuwwnte popmyny ans onpeneneHuns 4actoTbl Nt06ON CNEKTPANbHOM IMHUN B CNEKTPE
N31y4eHMAa aToma BOAOPOAA.
12.Kak Ha3biBaeTCcA cepuma CreKkTPasbHbIX IMHUIM B CMEKTPE M3/Ty4eHMa aToma Boaopoaa?
13.HauepTute cxemy sHepreTUYeckuii ypoBHeEN aToma BOA0POAa N OOBbACHUTE MEXaHMU3M
06pa3oBaHMA CNEKTPabHbIA TUHUNA.
14.KaKoBO 3Ha4yeHMe 1 KaKOBbl HeAOCTaTKM Teopumn bopa?
15. O6BbACHUTE YCTPOIACTBO U NpUHLUKMN paboTbl cYETYMKA lenrepa-Mionnepa.
16.06bsACHUTE YCTPOMCTBO U NPUHLMN PaboTbl Kamepbl BuabcoHa.
17.06bsACHUTE NPUHLUN AEACTBUA NMY3bIPbKOBOW Kamepbl. B YEm npenmylLLecTBa Ny3bipbKOBOM
Kamepbl nepes Kamepon BunbcoHa?
18.KakoB npuHumMn aenctema GoToamMyIbCMOHHOIO MeToAa HabaogeHMA 1 perucTpaumm
3NEeKTPUYECKM 3aPAKEHHbIX YacTuL,?
19.470 Ha3bIBAlOT €CTECTBEHHOM PAANOAKTUBHOCTbIO?
20.Pacckaxkute 06 oTKpbITUK, caenaHHbIM AHpU beKkkepenem.
21.Pacckaxute o pabotax Mapuu-Kiopu.
22.KaK MOXHO 0O6HapyUTb TpY BUAA Nyyeii? KTo BrepBblie 06HapYXUA 3TN Ayun?
23.KaKoBbl CBONCTBA anbda-nyyein?
24 .KaKoBbl cBONCTBa b6eTa-nyyein?
25.KaKoBbl CBONCTBA ramMma-/y4ein’?
26.470 Ha3bIBAIOT PagMOaKTMBHbIM pacnagom?
27 4710 BnepBble 06Hapyxunm Pesepdopg n Cogan?
28.4710 Has3bIBalOT Nepuoaom nonypacnaga? Yto xapakTepusyeT 3Ta BeAMUYnHa?
29.Mpusegmnte npmmepbl NepMogoB Noaypacnaga HEKOTOPbIX BELLLECTB.
30.3anuwunTe 1 noscH1UTe GopMy/y 3aKOHa PagMOaKTUBHOIO pacnaaa.
31.Kak BbIrnagut rpadmk 3aBUCMMOCTM CNaAa aKTUBHOCTU PAaANOAKTUBHOIO 3/1EMEHTA OT BPEMEHU?
32.Kakune 3aKOHbI BbINOHAKOTCA NPU PAAMOAKTUBHBIX NPeBpaLLeHnAX?
33.3anunwute n cbopmynmpymnTe npasuna cMmelLeHna ana anbda-pacnaga.lpmsegumre npumepsl.
34. 3anuwuTe n cdopmynnpynTe npasuna cmelleHna ana beta-pacnaga.Mpvseaute npumepsi.
35.41o npeacTasnsaeT coboit ramma-msnyyeHune? Moyemy ramma-msnyyeHune obnagaet 60nbLIoi
NPOHWKaloLWEN CNOCOBHOCTLIO?
36.0 Kakux nop 6yaeT NPoncxoanTb PaANOAKTUBHbIN pacnaa?
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