3 3 BYOOBA

ATOMA

“Arxwo 6 6 pezyromami AKoicy c8IM0O60I Kamacmpo@u 6ci HAKONUYEHi HAYKOGI 3HAHHS
BUABUNUCH DU ZHUWEHUMU | MAUOYMHIM NOKOJIHHAM JHCUBUX ICIMOM nepetiuna 6 miibKu oo-
Ha @pasa, mo saKe MmeepONHCeHHsl, CKIA0eHe i3 HAUMeHWLOl KIbKOCmi Cie, npuHecio 6 Hail-
oinvuty ingopmayiro? A esadicaro, wo ye — amomua cinomesa: 6ci mina cKiaoarwmsca iz
amomie — ManenbKux miin, AKi 3HAX00AMbCA 6 He3nepepeHoOMy pyci, NpUMAZYIOMbCA Ha
HeseNuKUX 6i0CManax, ane iOUmoexylomucsa, AKWO ix wiinsHiuie RPUMUCHYmu oone 00
00H020. B 00nill yiu ppazi micmumscs Hellmosipra KinvbKicme ingopmayii npo ceim, no-
mMpiOHO MinbKU QOKIACMU 00 Hel mpoxu Ysaeu i kKmimaugocmi.”

Piuapo @einman (1918 — 1988), amepu-
Kaucokul Qisux, aaypeam Hobeniscvkoi
npemii 3 ¢hizuxu (1965 p.)

Pesepgpopo Epnecm (1871 — 1937) — anenitice-
Kkuil isux. Hapoouecs ¢ Cnpune-Bpoyse (Hoea 3enan-
0is). Baxinuue Kenmepoepiticokuii koneodc. 3 1919 p.
npoghecop Kembpiooiccokozo yHisepcumemy i oupex-
mop Kasenouwcokoi nabopamopii (Anenis).

Hayxosi 0ocnioscenns npucesueni padioakmus-
Hocmi, amomuiil i s0epuiti pisuyi. ¥V 1899 p. giokpue
o- i f-npomeni ma ximiynuil enemenm padou. Pazom
3 @. Co0oi y 1902 p. po3podus meopiro padioakmus-
Hoeo posnady. ¥ 19083 p. dosis, wo o—npomeni ye no-
MIK NO3UMUBHO 3apsaddiceHux yacmunok. Ilepedba-
uue iCHysamnHs mpamcypanosux enemenmis. Cmeo-
pus adepno-naanemapny modean amoma (1911 p.).
B 1914 p. Peszepgpopo 6ioxkpue npomon. 30itichus nep-
wy wmyuny soepny peaxyito (1919 p.). Ilepeobauus
ichysanns neuimpona. Jlaypeam Hobeniscokoi npe-
mii 3 ximii’ (1908 p.).

§ 33.1. Moaeanb aToma Pesepdopaa

VYsBICHHS TIPO TUCKPETHY OYJ0BY pEYOBHHU 3apOIMIIKCS i€ B MIHOOKIH qaBHUHI. Bimmo-
BimHo Jlemoxpity (V CT. 10 H. €.) BCi Tiia CKIaNaioThes i3 aTOMiB i MisKaTOMHEX I1ycTOT. Pi3Ho-
MAaHITHICTb TiJl BU3HAYAE€THCS PI3SHOMAHITHICTIO (OpM i po3MipiB aTomiB. OfHAK Il YSABJICHHS
OyITH JIHIIIE TeHIAIBHOO TOTAaIKO0, 1 BOHH IIe JOBI'O HE OTPHMYBAIH ITUPOKOTO TOIIHPCHHS.

BaraTo cromite 1o TOMY i3 YABIICHB, IO KOXKHE TiJTO CKIAAETHCS 13 aTOMIB 200 MOJIEKYIT,
sIKi epe0yBaloTh B Oe3nepepBHOMY pyci, copMyBasiach MOJIEKYJISIpPHO-KIHETHYHA Teopist Oy-
OB PCYOBHHM, BUIATHUMH TBOPISIMU sikoi Oy M.B. Jlomonocos, [I. JJaneton, JI. Bombir-
MmaH, JI.I. MerneneeB. Y npamsx J[anpToHa aTOMiCTHYHA TEOpis HaAOyla KiITBKICHOTO XapakTe-
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8§ 33.1. Mooenv amoma Pesepgopoa

py. Onnax i JlanbTOH 1 HOTO mMonepeHNKN — aTOMICTH BB)XKaJH, II0 aTOMH € HAWMEHIINMH 1
HETOIUIFHUMHU YaCTHHKaMH, 3 SIKMX cKianaerbcs BeecBit. Take MeradiznuHe ysiBISHHS IPO
aToMu icHyBaso 10 KiHmst XX cT., 3HAMEHHOT0 PSIIOM BEJTUKHX BiIKPHUTH y (Bi3HUIll, 30KpeMa: y
1895 p. nimenbkuii ¢pizux B. Pentren (1845 — 1923) pinkpus X - npomeHi (HuHi peHTreHIBCHKI
npomeni); y 1896 p. ppanuy3bkmii dizuk A. Bekkepean (1788 — 1878) Biakpus siBuie pa-
aioaxkTuBHOCTI. Byno BCTaHOBJIEHO, 110 OKpeMi PEYOBHMHU BHUIPOMIHIOIOTH MO3WUTHBHO 3aps-
IDKEHI YaCTHHKH, TaK 3BaHl 0-4aCTHUHKH, SIKI SIBJISIFOTH COOOIO J[BI4l 10HI30BaHI aTOMU I'eJIiI0, Hera-
THBHO 3apsi/KEH] J-4aCTHHKHU — ITOTIK €JIEKTPOHIB 1 Y-IIPOMEHI — €JIeKTPOMAarHiTHI XBHIIL 3 JyXKe
Maioro fosxkunor0 xBi (Big 0,0001 mo 0,1 HM), MEHINOO HiXK y HAHOLIBIIT XKOPCTKHUX PEHTTEHIBCh-
KuX npoMeHiB. 1897 p. BBaskaeTbest pokoM BinkputrsiM estektpona (Jik. k. TomcoH).

Beci 1i 1 psix iHIIMX BiIAKPHUTH CBIJTUMIIH, IO ATOM HE € HETIOALIBHUM, a € CKJIaJHOI0 CHUCTE-
Mmoto. E. Pesepdopn i ®. Conni (1877 — 1956) B OCHOBI pafioakTHBHOCTI MOOAYUIM PO3MA]
aroMa. Born mucamu: “OckiJIbKH Pafii0AKTHBHICTD € crienu(ivHOI0 BIACTHBICTIO eJIeMeH-
Ta, TO CHCTEMOIO, SIKA TePNUThH NePeTBOPEHHs, MOBUHEH OyTH XiMiuHMIi aTom...”.

TakuM 4MHOM, HOBIIII BiIKPHUTTS BKa3yBajM Ha Te, 110 aTOM € CKJIaJHOIO CHCTEMOIO.

Iepury cripoOy moOysmyBaTi Teopiro atoma B Mexax kiacn4Hol (isuku 3poous Jx. J[x. TomcoH.
Y 1903 p. BiH 3anporonyBaB MOJIeJIb aTOMa, 3T1THO SIKOi aTOM € PIBHOMIpHO 3aIlOBHEHA I103H-
THBHOIO CIICKTPUKOIO cepa, BCepeauHi kol MicTATbes enektponu (puc. 33.1). OgHak 1st Mo-
JIeTb He crpajiacs Ha OyIb—sKi eKCIIepUMEHTaJIbHI JaHi 1 HOCHIIAa IITY9HUH XapakTep.

V 1904 p. smoucekuit ¢isuk X. Haraoka (1865 — 1950) nopiusie arom i3 ruianeroro Ca-
TypH. CTiHiKiCTh Takoi cucTeMHt 3a0e31euyeThesl Ha AyMKY Haraoku TuM, 1o neHTpajbHe BaX-
K€ TIJIO IPUTSATaE OUIBII JIETKI YaCTHHKH, 13 SIKHX CKJIAJIA€ThCs KUIBIE, sike oTouye Tino. Harao-
Ka mucas: ““...[aTom], oueBHIHO, MOKHA CO0i HAGIMKEHO YSIBUTH, IKIIO 3aMiHUTH 1€ Kijb-
1e Bil’€eMHO 3apsiKeHUMH eJIeKTPOHAMM, A NPUTATYIOYMI LIEHTP — MO3HTHBHO 3aPHA/IKEHOI0
qyacTHHKOKW.” L1 Momens HaWOLIBIT OMiOHa IO Cyd4acHOi MOJIENi aroMa, ONHAK ii He3acy-
KEHO 3a0yBalOTh.

Jnst Toro, mo0 BHACHUTH XapakKTep pO3IMOALTY
TIO3UTHBHMX 1 HETaTUBHUX 3apsiIiB B aTOMi, HEOOXIJI-
He Oyio Oe3mocepeHe NOCITiaHE “30HIyBaHHS BHY-
TpimHix obxacteit atoma. Take “30HmyBaHHS” 3iiA-
camB Ha nporszi 1909 — 1911 pp. E. Pezepdopn i3
CHiBpOOITHUKAMH 3a JIOIIOMOT'0I0 0-4aCTHHOK, CIIOC-
Tepiraroud iX MpH NMPOXODKEHHI 4epe3 TOHKI IIapu
pedoBuHH (301m0TO1 (hosbru). Y cBoix mocmigax Pe-
3epdopa BUKOpUCTaB Jyxe mBuaki o-dactuHku (E,

[ozutneHO =7 68 MeB; ,= 2e": v, = 10 M/c), sIKi BUTIIPOMIHIOE

3apsiKeHe . .
‘E)TiI(]‘:TO” pamioaktuBHui npermapat RaG. Koxna Taka o-gac-

Puc. 33.1 THHKA TPH TIONaJIaHHI Ha JIIOMIHECHEHTHUI eKpaH
CIIPUYMHSIIA ClIANAX (CHMHTHIIALIIO).
Cxema nocriny Pesepdopna naBenena Ha puc. 33.2. CrpHTHIIILIT crOCTEpiraiuch 3a ao0-
MIOMOT'OI0 MIKPOCKOIIA, SIKMH ITOBEPTABCS 3a JIOIMOMOIO0 IPUCTPOIO Pa3oM 3 AETEKTOPOM HaB-
KOJI0 30710701 poneru. Best ycraHoBKa noMimianacs y BakyyMmi.

[MepeBakHa OLIBIIICTh 0-YACTHHOK, HPOXOISYH Yepe3 MeTaniyHy (Gonbry (TOBIIMHA SKOI
Oyna | = 6'10_7M), HE BIIXWISIINCH, TOOTO 3a3HABAIIN AYKEC HE3HAYHUX BiIXWIICHB, allc OKpeMi
YaCTHHKH 3a3HaBaJIN Jy)Ke BEJIMKHUX BixmieHb. B cepenubomy onHa gactunka 3 8000 3a3HaBa-
Jla BiAXWIICHHs Ha KyT Oam3bkuid 1o 180°, ToOTo moBepTanacs Hazax (puc. 33.3.).

[IpoananizyBaBumm pe3ynpTaTé nociimy, Pesepdopn AilIIoB BUCHOBKY, IO TaKe BEIHKE
BiJIXMJICHHS 0-9aCTUHOK MO>JIMBE JIMIIE 32 YMOBH, L0 BCEPEIMHI aTOMA € Jy’KE€ CHUIIbHE eJIeK-
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33 byodosa amoma

TPUYHE TIOJIE, SIKE CTBOPIOETHCS 3apsiioM, 3B’ SI3aHUM 3 BEJIMKOIO Macolo, sIka CKOHIIGHTPOBaHA
B HEBEJIIMKOMY 00’ €eMi.

Buxomsun i3 1p0r0, Pesepdoprn y
1911 p. zanpornonyBaB sIEpHy MOZIEIb
aToMa, BIAIOBIIHO SIKOI ATOM SIBJISIE
co0010 cucreMy 3apsfiB, B LIEHTPi
/ SIKOI PpO3MillleHe BAKKe IO3UTHBHE
f -~ SIAPO i3 3apsiom Ze, Mi3epHUX po3-
mipis < 10 M. Haskoao sipa
po3MmilneHi Z ejieKTPOHiB, po3noui-
JICHHX N0 BCboMYy 00’emy. Maibxke
Bcs Maca atoma (= 99,9 %) 3ocepe-
JDKEHA B SIPi.

JlansI ocim 1o po3CisHHIO O-
Puc. 33.2 YaCTMHOK METATIYHUMHU (ONIbramu J103-

Bomm Pesepdopay yrounnTH Buine

Paniii
a ®donbra

CUMHTHAS LI AHAT
eKpaH

copMyIIbOBaHy MOZIETh aToOMa!
1. B meHTpi atoMa MICTUTHCS TO3WTHBHO 3apsPKEHE S/IpO, SKE 3aliMae Mi3epHY YaCTHHY

00’eMy aToma.
2. HaBkomo sipa mo 3aMKHYTHX opOiTax, B

06’emi cepu pagiycom ~ 1070 M, obepraroTses
€JICKTPOHH, 3arajibHe YNCIIO SKUX JOPIBHIOE I10-
@Q pAIKOBOMY HOMeEpY Z eJeMEHTa.

e TITEI SAnepHa Monens atoma Pesepopa Oyina 3Hau-
HUM KPOKOM Ha HUIAXY A0 Cy4acHOTO YSIBJICHHS
npo OynoBy atoma. OnHaK BOHA HE Oysia OCKO-
HAaJIOIO MOJIEIUTIO, 1 JIesIKi IIPUHIMIIOBI POOIIeMH,

Puc. 33.3 Ipo SIKi MOBA TiJ¢ HIDKYE, 3TUIIAINCS HE PO3-
B’ SI3aHAMU.

§ 33.2. CnekTpaiibHi 3aKOHOMIPHOCTi aTOMa BOTHIO

B HOpMarnbHOMY CTaHi aTOMH HE CBITSTHCSI, TOOTO BOHH HE BHIIPOMIHIOIOTH CBiTJIO. OJTHAK, SKIIO
HEHTpalbHUN aTOM, HAIPUKIA[, HATPITH, TO BiH MOYHE CBITUTHUCS (BHIIPOMIHIOBATH CBITJIO).
Bys10 BCTaHOBIIEHO, 1O CIIEKTPH OKPEMHX 130JIbOBAHHX aTOMIB (ATOMH PO3PiIKEHOro razy abo
napiB MeTajy), CKIIaJaloThCsl 3 OKPEMHUX CIEKTPaIbHUX JiHIH. Y BiOMOBIAHOCTI 3 IIUM CIIEKTP
BHUIIPOMiHIOBAHHSI aTOMIB HA3MBAETHCS JIHIIYATAM (IUCKPETHUM).

JliniiiuaTi cekTpu MBOX XIMIYHMX CJIEMCHTIB Y BHAUMUH JUISHII CIEKTpa HaBEICHI Ha
puc. 33. 4.

Koskunit XiMiYHHI eJIeMEeHT BOJIOJIE€ CBOIM, XapaKTEePHUM TUIBKH JJISI HHOTO, CIIEKTPOM BH-
npoMiHioBaHHs. CIIEKTp, BIACTHBUI OAHOMY €JIEMEHTY, HIKOJIM HE ITOBTOPIOETHCS Y IHIIOTO.
ToMy aTOMHI CIICKTPH 3 YCIIXOM BUKOPHCTOBYIOTHCS [Utsl ifeHTHdikarii aromiB (rasy). Kpim
TOro, OyJO BCTAHOBJICHO, IO CHEKTPH IOIJIMHAHHS T'a3iB TaKOX JIiHIHYATI 1 110 BOHHU IOTJIH-
HAIOTh CBITJIO HA THX K€ YacTOTaX, Ha SKMX BOHM HOTr0 BHIIPOMIHIOIOTH. EXCriepUMEeHTaIbHO
OyJ10 BUSIBJICHO, IO Ta3W BUIIPOMIHIOIOTH 1 IOTJIMHAIOTH AUCKPETHI YaCTOTH HE TUIBKU Y BUIHU-
Miii instHIl, ase i 3a i MexaMu — B ynbTpadioneToBii 1 iHppadepBOHiil TUITHKaX CIIEKTpPa.

BuBueHHS aTOMHHX CIIEKTpiB ITOKa3yBaJo, [0 BOHO MOJKE HOCITY)KUTH KIIIOYEM JI0 Ti3Ha-
HHS OymoBu aroma. Bigomuil HiMenskuil ¢isuk—teopetuk A. 3ommepdensa (1868 — 1951) 3
LLOTO NPHUBOJY NHCaB: “3 yacy BiAKPHUTTA CIEKTPAJIbHOIO aHAMi3y HiXTO i3 (axiBuiB He
cyMHiBaBcsl, 1110 MpodJjemMa aToma 0yJia 0 po3B’si3aHa, SIKIIO 0 MU HABYWJINCH PO3YMIiTH MO-
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8§ 33.2. Cnexmpanvhi 3aKOHOMIDHOCHIE AMOMA BOOHHO

7
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Hesenuka finsHka cexrpa 3amisa (Bix 4143 1o 4236 A)

Puc. 33.4

Byno nomiueno, mo iHii B aTOMHHX CIIEKTpax po3MillieHi He abu sIK, a IiJIKOM 3aKOHOMip-
HO, BOHU 00’ €THYIOThCS B rpymH, abo, K 1X

S o g S 2 1 .
2 2 2 = ©  Ha3WBalOTh, B cepii. Haifsickpagime 1ie BUSBIIS-
€THCS B CIIGKTPi aTOMa BOAHIO. Bimcranp mix
JIHISIMU B CIIEKTPi BOJIHIO 3MEHIIYIOTECS Y BiJI-
TIOBiTHOCTI i3 TIPOCTHM 3aKOHOM (pric. 33.5.)
eprona Cunbo- Cuns  dione- Yarpadione- B 1885 p. mBeitnapcbkuit ¢isuk 1. banb-
3eneHa ToBa  ToBaobmacte  wmep (1825 — 1898) mokasaB, 10 JOBKUHH
XBHWJIb YOTHPBOX JiHIN B CIEKTPi aTOMa BOJI-
Puc. 33.5 HIO MOXYTh OyTH TOYHO TpefcTaBieHi ¢op-
MYJIOIO:
N=R Ziz—niz), n=34,.., (33.1)

Jie IS TepIuX YOTHPHOX JIiHIH N mpuiiMae 3HaveHHs 3, 4, 51 6, R = 1,097-107 M= crama
Pinbepra, N = 1/1 — XBUIIbOBE YHUCIIO, A — IOBXKHUHA XBHII.

['pymna niHii, JOBXHHA XBUIIb SKUX BH3HAYAIOTHCS hopmyioro (33.1), Ha3uBa€eThCs cepiero
Banbmepa. 3rogom Oyno BHSBIIEHO, IO CIIEKTpabHI JiHIT cepii bambMmepa nmpomoBxKyOThCs B
V@ — pinsumi i 3akimayrorses npu A = 3650 A (puc. 33. 5). dopmyna (33.1) € cipaseanmBoro i
JUTS CTIEKTPAJIbHUX JIHIH, SKi BiIMOBITAIOTh OUTHIIAM MUIOYMCEFHIM 3HAYCHHIM N. [1o6mu3y
4 = 3650 A ninii 3rymarorscs HACTIIBKH, 110 iX BaXKO po3pisHuTh. Mexa cepii BamsMmepa mpu
= 3650 A Binnosizae n = oo (B popmyxi 1/n? = 0).

[TizHime B cnekTpi aroMa BOJHIO OyI0O BUSIBIICHO PsiJl IHIINMX CEpid JIiHIH, aHAJIOTIYHUX 32
CBOEIO CTPYKTYpOIO cepii banbMmepa, ajne 3 iHIIMMY JOBKUHAMHU XBWIIb. BUSABMIIOCH, IO KOXKHA
i3 mux cepiit Moxe Gy ommcana dopMyiow, noaiGHoK0 10 dopmymn (33.1), B skiit (1/2)
samineno ma (1/1)% (1/3)%, (1/4)* Tomo. CrexTpaibHi cepii aToMa BOJHIO HABEAECHI B TAGMHIL
33.1.
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8§ 33.3. Ilocmyaamu Bopa

Ta6mms 33.1

Cepis JlinsHKa cnekTpa ®dopmyina cepii MZ)]Ki s:)p 1
. . 1 1 1
Jlaiimana Visrpadionerosa i R(l—z——z), n=234,.. 911,27 A
n
1 1 1
Bansmepa Bunuma 1 R(Z_Z -—), Nn=345,.. 3649,6 A
n
1 1 1
[Mamena Indpaueprona ) = R(3—2 ——2), n=4,56,.. 8201,4 A
n
1 1 1
Bpekera Indpaueprona 7 = R(4—2 ——2), n=>56,7.. 14580 A
n
1 1 1
Idyama Indpauepsona o R(S_Z -—), n=6,78.. 22782 A
n

Ha puc. 33.6 HaBeaeHo cxemaTnuHe 300pake€HHS CHEKTPa BOAHIO 1 BUIUIEHO MepIi Horo
YOTUPH Cepii.
BusBISETBCS, 110 BECh CIIEKTP BOJHIO MOYKHA BHPA3UTHU 3aralbHOK (HOPMYIIO
1 1 1
= =R =), (332)
A m° n

memin—mimgucna. lpum=1,n=2,3,4,.,m=2,n=3,4,5,... i T.11.

§ 33.3. Hocryaatu Bopa

Bop Hinvc Xenopux JJasuo (1885-1962) — su-
damuuil 0amceKull QizuUK-meopemux, 0OuH i3 meop-
yie cyyacroi ¢izuxu. Hapoouscs ¢ Koneneazeni. 3a-
Kinuue Koneneazencokuil ynigepcumen.

V1913 p., suxoosuu iz ioei M. ITnanka npo xeam-
myeanHa ewnepeii, bop na ocrosi moodeni amoma Pe-
3epghopoa cmeopus K8aHmMOo8y meopiio 800Hen00io-
Ho20 amoma, 3a Ky 6 1922 p. 6ye yoocmoenui Ho-
beniecvbkoi npemii 3 ghizuxu.

. . YV 1918 p. bop cgpopmymosas npunyun 6iono-

- GIOHOCII, SIKULL NOKA3YE, KOJIU Came ICHOMHI KBAHMOGI

“} 006MediCeHHs1, a Ko 00CMANmHbO 1 KIACUYHOL (i3uKuL,
ay 1927 p. — npunyun 00no6HI06ATLHOCHIL.

Bop ooun i3 meopyie kpanenvroi modeni adpa
(1936 p.) i meopii nodiny amomnozo siopa (1939 p.).

Mopnens atoma Pesepdop/a nosicHIoBaJIa XapakTep PO3CisTHHS 0-9aCTHHOK TTPH IIPOXOKe-
HHI 4Yepe3 MeTajiuHi (oJbIu, aje BUSABHIACS B IPOTHPIUYl 13 3aKOHAMHU KJIACHYHOI €IEKTPO-
JIMHAMIKH.

1. Ockinbky eneKTpOHH 00EepPTAIOTHCS HABKOJIO spa 3 KyTOBHM MPUCKOPEHHSIM, TO, 3TiTHO
KJIACUYHOI €JICKTPOANHAMIKY, BOHH TIOBHHHI BHUITPOMIHIOBAaTH €JIEKTPOMArHiTHI XBWJI 1 BHacIIi-
JIOK BTPATH eHeprii enekTpoH yxe uepe3 7~ 107 ¢ noBumen Bnactu na spo.

2. CrieKTp BHIIPOMIHIOBAHHS aTOMa B TAKMX YMOBaX MOBMHEH OyTH HelepepBHUM (CyLiib-
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HHH), TOOTO aTOM ITOBWHEH BUIIPOMIHIOBATH CBITJIO HAWPI3HOMAHITHIIIMX JOBXHH, LIO CyIe-
PEYUTH JOCITIHAM JaHAM — CHEKTP aToMa TUCKpeTHUi (miHiduaTuii).

TakuM 4MHOM, siIepHa MOJIENTb aTOMa Pa3oM 3 KJIIACHYHOIO EJIEKTPOIMHAMIKOIO BUSBHIIACH
HECIIPOMOXKHOIO TTOSICHUTH Hi CTIMKICTh aTOMa, a Hi JUCKPETHICTh Horo criektpa. Oanak 1e Oy-
JIa TIepIia eKCIeprMEeHTaNbHO OOTpYHTOBaHA MOJIENb aTOMa.

SIK 1 1715t BUIPOMIHIOBaHHS aOCOIFOTHO YOPHOTO Tijia, KilacuuHa (i3nka MocTaBuiia JiarHos
— kaTacTtpoda Hemuny4a. [Ipotu “ynprpadioneroBoi” karactpodu “niku” 3HaimoB M. [lnank.
ITporu xaractpodu, mo HazpiBasia B Qi3uil atoma, “miku” 3HaNIIOB 28-piuHnii maTChKHi (Hi3UK
Hinsc Bop.

H. bop, ckopucrasmmcs inesmu [1nanka, CTBOpHUB KBAaHTOBY TEOPiIO aTOMa, sIKa ITOSIBUJIACH B
OJHOMY 13 HAYKOBHX aHTJiichkuX xypHatiB B 1913 p. Oxnak, ocKigbKH KBAaHTOBA TEOPIsl TLIb-
K 3apOJDKyBasach, CBOI osoxeHHst bop chopmyItoBaB y BUIIIsI OCTYJIATIB:

1. EnexkTpoH 00epTaeThcsi He MO BCiM MOJKJIMBHM OpOiTaM, a TUILKH 10 THM, HAa SIKHX
foro eHeprisi mponopuiiiHa 7 Nn. AGo, i3 BCiX MOXKJIMBMX MEXaHiYHHMX PYXiB eJeKTPOHa
HABKOJIO SIIPA CTALIOHAPHUMH € JIMIIE Ti, ISl AKX MOMEHT KiJIbKOCTi pyXy KpaTHuii 7 |
TOOTO

P=nh , (33.3)

ne h :21 = 1,05-10'34 Il -c¢ — crana Ilmanka, n =1, 2, 3,...
T

2. EjexTpoH, pyxalo4uch N0 O/AHii i3 cTanioHapHux opoiT, eHeprii He BUIIPOMiHIOE.
3. Eneprisi BUNPOMiHIOETHCs1 (200 MOITIMHAECTHCS) JIMIIE TPU MEPEXoi eJIeKTPoHa i3 of-
Hi€i cramionapHoi op6iTi Ha iHIIy y BULIS CBIT/IOBOro kBanta (porona) 3 4acToTorw

E,-E
vy =—"_—0 (33.4)
h
Hanpuxnan (puc. 33.7), SKIIO €JIEKTPOH MepexoauTs 3 opbitu N = 5 Ha opbity n = 4
n=>5 R (mepexin AB), TO BUIIPOMIHIOETECS (DOTOH 3
N E: —E
Bunpouinennuii 4acToToI Vv =———% 3 jHumoro OOKYy, sK-
(poron h

wo ¢oroH 3 enepricto hv =E; —E, namae
Ha aToOM, TO BiH MOXKe OyTH MOTJIMHYTHM 1
eJIEKTPOH TIepeiie 3 opoiti N = 4 Ha opOiTy
Hormuyruit - n = 5 (mepexix C/). Takuii MexaHi3M yTBO-
e peHHst cnekTpa norauHaHes. [loctynatn bo-
pa HeBmoB3i OynmM MiITBEPIDKEHI eKcIepH-
MeHTaJIbHO. HalOlnb1n epekoHIBe minTeep-
JUKCHHSI ICHYBaHHS INCKPETHHUX E€HEepreTHd-
HUX DIBHIB aToMa OyJI0 OTPUMaHO B JOCIi-
nax Himenpkux (izukis JI. @panka (1882 —
1964) i I'. I'epua (1887 — 1975) B 1913 p. 3a
P eKCIIEpUMEHTAIIBHE MiJTBEP/PKEHHS JUCKPET-
nc. 33.7 S

HHMX €HepreTMYHuX piBHIB atoma J{. dpaHky

i I. Tepuy Oyma npucymxena HobeniBepka mpemis 3 disuku (1925 p.)

§ 33.4. bBopiBcbka Teopisi aTOMa BOIHIO

ByﬂOBa aToMa BOJHIO HaﬁHpOCTiHIa. Atom BOJHIO CKJIAJA€THCA 3 IO3UTUBHO 3apPsAPKCHOI'O
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8§ 33.4. bopiscbra meopis amoma 00HIO

sApa Ta OHOTO E€JIEKTPOHA, 110 00epTAETHC HABKOJIO siapa. J{JIs CrpoIIeHHsT po3paxyHKiB BBa-
XKaTUMEMO, 10 PYX €JIEKTPOHA BinOyBaeThes 1Mo KoJoBid opbiti (puc. 33.8). Ipu mpomy Ha
€JIEKTPOH MISTUME JIOLEHTPOBA CHIIA,
POJIb SIKOi BiJirpae KyJIOHIBChKa CHIIA
TIPATSTAHHS, [0 BUHUKAE MK EICKTPO-
HoM 1 siapom. B CI matnmemo:

mo? e’

—_ =

r 4reqr

=g
Enexrpon

(33.5)

e M, — Maca eleKTpoHa, e — Horo

3apsif, U — OIBHIKICTH PyXY €JIEKT-
poHa 1o opOiTi pasiyca I.
Puc. 33.8 3rigHO mpaBWiia KBaHTYBAaHHS
(1-mif mocrynat Bopa) enexkTpoH B
aTOMI MOXKE PyXaTuCs TUIBKHM IO TaKMM OpOiTaM, Ui SIKHX MOMEHT KUIBKOCTI PyXy KpaTHHM
craiii mwanka h, moxiieHol Ha 27 , TOOTO Ma€ MiCIIE CIIBBIIHOIIEHHS

h
myft, =n—, (33.6)
2
me n =1, 2, 3,.. — HoMep MoxymBOI opOiTu. Ili3HiNIe Yrucino N oTpuMaio Ha3BY rOJIOBHOT O
KBAHTOBOI'0 4YHCJIA.
I3 (33.5) i (33.6) 3Hax0aMMO, 110
n’h?s, e?

mm,e? b= 2nhsg, | (33.7)

L1i cniBBiHOIICHHS 33al0Th PaJilycu JO3BOJICHUX OPOIT i MIBHUIKICTH PyXYy €JEKTPOHa Ha
HUX B OOpiBCHKilt MoJeli aToma BoaHIO. Pasiyc meprioi op0OiTh, sKkii Biamosigae N = 1, nopis-
HIOE

_ (1%(6,62-10* Jioic - ¢)*(8,85-10 2 Kn? | H - m?)

— -10 _
-31 19 2 - 0152910 M = 0,529 A
(314)(9,1-10™°"x2)(1,6 -10™ Kn)

1

Leii naliMeHmuid paniyc Iy iHOAl Ha3WBalOTH GOPiBCHKMM pajiycom Ig. Paniycu Ginbin
JTAJICKUX OpOiT aToMa BOAHIO MOJKHA BU3HAYMTH yepes I.

r, =n’n. (33.8)

EstexTpoH, siKnil 3HaXOIUTHCS Ha OXHIH 13 CTAIllOHApHUX OpOIT, BOJNOJIE IIJIKOM IIEBHOIO
SHepri€ro, sKa JIOPIBHIOE CyMi HOro MOTeHIiambHOI 1 KiHeTHYHOI eHepriil. KineTnuHy eHepriio
EIIEKTPOHA 3HAXOIATH 33 HOPMYIIOK0 7v°/2, a OTEHIiaNbHY — SIK JOOYTOK 3apsily eIEKTPOHA €
Ha [OTEHIiasl eIeKTPHYHOTO ronist sapa /(4 weor), To6t0 —e? / Aze,r, . Toxi moBHa eHepris
E, enextpona Ha N-iif opOiTi pagiyca I, Oyae HOpiBHIOBATH

2 2
E, = me—z"” - 4;?. (33.9)
ITiacrasisitoun B npaBy yactuhy (33.9) v, 1 r, i3 (33.7), orpumaemo:
mee*
E, = _W’ n=123,. (33.10)
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33 byodosa amoma

Jl1st aToMa BOIHIO HAHIKIOMY CHEPreTHIHOMY piBeH!o Bimmosigae N = 1. Tomi
~ (91-10%'x2)(1,6 - 10 Ka)*
8(8,85-10 2 Kn? /| H - m*)?(6,62-107* JJorc - ¢)?
1 eB=16-10" 1) .

E =

= —217-1078 Jjie = —13,6 eB,

Enepris exexrpona Ha op6iti 3 N > 1 nopiBHIoe

13,6 eB
E, = o (33.11)
13,6 .
Hanpuknan, E, = —? eB=-340eB, E; =-151eB, E, =-0,85eB it.x
I3 (33.11) BuaHO, 0 B OOPIBCHKIM MOJIEITI KBAHTYIOTBCS HE TITBKU paliiycH opOiT, ane i eHep-
rist. Tyt cnig 3ayBaskutd, mwo, sk BUAHO i3 (33.10), eHepris enekTpoHa Ha Tii 4u i op6iTi
Bix emHa. [Ipraomy i3 30UIbIIEHHSIM HOMEpa OpOiTH eHeprist 32 aOCOMIOTHOIO BEJIMYMHOIO 3MEH-
mryerhbest. Lle moB’s3aHo 3 THM, IIO €Heprist Ha HECKIHYEHHOCTI BBaXKAETHCS TAKOIO, 110 JIOPiB-
HIOE HYITIO, a TPH HAOJIM>KEHHI JI0 si/ipa BOHA 3MEHIIYEeThCsl. EHeprist enekrpoHa, He 3B’S3aHOTO
3 aToMOM, JiopiBHIOE HyJi0 (E = 0), 1o Bimmosinae N = co. EnekrpoHam, 38’s3aHHM 3 aTOMOM, BijI-
noBigae £ < 0. L1106 BupBaTH €IEKTPOH 13 aTOMa, IMOTPIOHO 3aTPATUTH €HEPTIIO, SIKY HA3UBAIOTh
eHepriero 3B’s13Ky abo eHeprieto ioHi3ari. Enepris ioHi3amii atoMa BOIHIO, 3TiIHO 3 €KCIIEPUMEH-
TATFHUMHA JaHUMHU, TopiBHIOE E; = 13,6 eB. Bona BimnoBiae BUPHBaHHIO CICKTPOHA 13 Haii-
HIDKYoro crany (piBus) 3 £1 = — 13,6 eB B ctan 3 £, = 0, ie eNeKTPOH BUIbHUM.

Ha puc. 33.9 HaBesena miarpamMa eHepreTHYHNX PiBHIB, HA SIKiH TOPH30HTAIEHUMU NIPSIMH-

=5 lonizoBanuit aToM
Lo M) IS n=% (6e3nepepBHUii cieKTp)
- ]
-0,85 I
15 n=3 v ¥ 30yKeHi
o CTaHU
Cepis [Tamena
34 |12
; ——
Cepis bansmepa
m
[
&
=
e
[3)
=
o
_ OcHoBHuii cTan
13,6 (o=l
[ —
Cepis Jlalimana

Puc. 33.9
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MU BiJIMIYCHI TO3BOJICHI 3HAYCHHsS CHEPTii JUIs aToMa BOAHIO. I3 miarpamMu BUAHO, IO TPHU
301bIIeHH] N 1 HAOMKEHH] 10 N = 00 eHEepreTUYHI CTaHU 30JMKaIoThCs Bee Olnblie i Oiibiie
X JI0 THX Tip, TTOKH PI3HUII B SHEPrisX MK TIBOMA ITOCITiIOBHIMH CTAaHAMH HE CTaHE HACTUIHKU
MaJIOH, IO PO3IIOIJ €HEPreTHYHMX PiBHIB MPAKTUYHO EPETBOPHUTHLCS B HETIEPEPBHUH CIIEKTP.
Buine Miciist HaKJIaaHHsI PiBHIB, J€ N = 00, eNIEKTPOH BOJIOJIE JoaTHOW eHepriero (£ > 0), BiH
crae BinmbHUM. Jliarpama eHepreTudHHX piBHIB (puc. 33.9) no3Boiisie naTH NEKijbKa BaXKIHBHX
BH3HAYCHb.

1. Enepris 30ymxenns E;; — 1ie eHepris, siKy HeoOXiJHO HAIaTH aTOMY, 00 €JIEKTPOH TIepeii-
IIIOB 13 OCHOBHOT'O CTaHy B 30y/pkeHnit. Hanpukiian, st Toro, mob eIeKTpoH IepeiioB i3 OCHOB-
Horo crany (N = 1) B ctan 3 N = 2 (1- uit 30ymkeHnii cTaH), HEOOXiTHO NepenaTy Homy eHeprito E,s =
—3,40 eB—(-13,6 eB) =10,2 ¢B.

2. Enepris ionizauii E;,, — ne eHepris, HeoOXiHa JUIsl BiAPUBY €JIEKTPOHA, SIKMH 3HAXO-
IUTHCS B OCHOBHOMY CTaHi, BiJ atoma. Bora nopisaroe E;,,= 13,6 eB.

3. Enepris 38’s3ky E,, 1181 1aHoro crany — 1ie eHepris, HeoOXiJHa /ISl BUIAJICHHS €JIeK-
TPOHA, SIKUI 3HaXOANTHCS B JAHOMY CTaHi, i3 aroma. Hanpukinaz, st crady, skoMy BiAroBigae N
=2,E;,=3,4¢B; ms crany 3 n = 3, E,, = 1,51 eB. SIkio atom 3HaXOAUTHCSI B OCHOBHOMY CTaHI
(n = 1), to E,, au1s uporo crany gopiBHioe eHeprii ionizaii (E;,, = 13,6 eB). SIkiro moBa iize mpo
SHeprito 3B 53Ky 03 BKa3iBKM Ha CTaH, TO Ii¢ 03Hayae, mo E;,, 1 E;; MaroTh OffHE 1 T&X 3HAYCHHSL.
Came B 1IbOMY 3MICTi BHIIIE OYJI0 CKa3aHo, 110 HEPTis 3B’A3Ky aToMa BOZIHIO 1opiBHIOE 13,6 eB.

3rigHo Teopii bopa enekTpoH B aTOMi BOJHIO MOXE 3HAXOJUTHUCS Ha Oy/b-SIKOMY 13 103BO-
JieHux piBHIB. [Ipy KiMHATHIN TemnepaTypi BCi aTOMH BOJHIO 3HAXOSITHCSI B OCHOBHOMY CTaHi.
OpHax, I BIUIMBOM OLTBII BUCOKHX TEMIIEPATyp, IEKTPHYHOTO PO3PsAY 1 1HIIMX 30BHIIIHIX
BIUIMBIB €ICKTPOHM B aTOMAX BOJHIO MOXYTb TIEPEXOMUTH y 30ymkeni cranm. Uepes uac ~10° ¢
€JIEKTPOH 13 30Y/DKEHOTO CTaHy MOJKE NEepeHTH B OiNbII HU3BKHWH CTaH, BUIPOMIHMBIIN IIPU
1IbOMY, 3TiZIHO oxHOro i3 nocrynarie bopa, goron. Llumu nepexomamu B paMkax OOpiBCHKOT
Teopii i 00yMOBIICHI CIIEKTPH BUIIPOMIHIOBaHHS 30y/PKeHHX BimbHUX aTtoMiB. Ha puc. 33.9 BepTu-
KaJbHUMHM CTPUIKaMU ITOKa3aHi eJIEKTPOHHI IIePEeX0H, SIKi BiJIIOBIIAIOTh PI3HUM CIOCTEPEXY-
BaHWMM CIIEKTPAJILHNAM JIHISIM.

Yacrory (hoToHa, 110 BUMPOMIHIOETECS IIPH TIEPEXOi 13 BUXigHoro crany E, B iHmMiA cTan
3 MeHILo eHeprieto En , MokHa po3paxyBaTH 3a hopmyior (33.4):

y=En=En E,>E,. (33.12)
h

CkopucraBimcs popmysoro (33.10) mis eHeprii enekrpona B aromi, dopmyny (33.12)
MIPUBEIEMO J10 BUTIISY:

c me' 1

1
yoC_me 11, 33.13
A 8gth? (mz nz) (33.13)

3BiIKM OTpEMAEMO (HOPMYITY JUISl PO3PaxXyHKy JOBXKUHH XBHIJII BUIPOMiHEHOTO (hOTOHA!

1

i 2h3 (— - —) (33.14)
Tyrm=1, 2, 3,... — KBAaHTOBE YKCIIO BiHOCHTECS JI0 HIDKHEOTO, a N = (M + 1), (M + 2), (M + 3),
.. — 10 BepxHboro craniB. PiBHsanHs (33.14) Mae Takuil sxe BUIVIAN, K 1 GOPMYIH IS CIeK-
TpaJbHUX cepil, HaBemeHuX B Tabi. 33.1. Sxmo m = 1, To popmyna (33.14) nabyme Takoro x
BHTIISAY, IO 1 eMmipudHa Gopmyna yis cepii Jlalimana; Ko M = 2, To piBHAHHSI Ha0y/Ie BUT-
sty bopmynu st cepii Banbmepa; sikito m = 3 — cepii [Tamrena, i 1. 1. (puc. 33.9).
Amnariz dopmyi tabmuri 33.1 i popmys (33.14) nokasye, 1o crana Pindepra BU3HAYA€THCS CITiB-
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33 byodosa amoma

BIJHOILIEHHSIM
4
m.e
R= ﬁ . (33.15)
8goh’c
SIKI10 B 1ieii BUpa3 MiJICTABUTH 3HAYCHHS YHIBEPCATLHUX KOHCTAHT (M, €, &, N, C), To oTpumMa-
€MO 3HAYCHHSI CTajoi Pinbepra, siKe 3 BUCOKUM CTYIICHEM TOYHOCTI CHIBIA/AE 3 11 eKCIICPHMEHTAIBHO

BUMIpSHAM 3HadeHHsM R =1,0974 - 10" u 72, Bupas (33.14) 3apa3 MOXHa 3aIMCaTH Y BUTIISII

% - R(% - n—lz), (33.16)
SIKUI TOBHICTIO 30iraeTsest 3 piBHsHHM (33.2).

B Tteopii Bopa crae 3po3yminoro mpuposa crekTpanbHux cepiid. CrnekTpaibHi cepii sSBISIIOTh
c00010 MOHOXPOMATHYHI BUIIPOMIHIOBAaHHSI, 1[0 BHHUKAIOTh BHACIJIOK IIEPEXOY aToMa B I1EB-
HU CTaH (3 HEBHUM 3HAYCHHSM KBAHTOBOI'O YHCJIA) 3 yCiX MOXIIMBUX 30y/DKeHUX cTaHiB. Tak,
cepis JlalimaHa BUHHKAE TP ITEPEX0/aX aToMa i3 30y/DKEHUX CTaHIB 3 N = 2, 3, 4,... B OCHOB-
HU ctaH 3 N = 1 i, SIK BiIMIYaJIOCh BUIIE, BOHA JICKUTH B YIBTPadioNeTOBIH MINSHIIN CIIEKTpA.
Cepisa banbmepa, sika JISKUTh y BUAUMIN IUISHII CHEKTpa aToMa BOJIHIO, YTBOPIOETHCS TIPH T1e-
pexoni aToma i3 30ymKkeHnX craHiB 3 N = 3, 4, 5, ... B ctan 3 N = 2. AHAJOTIYHO MOKHA TIOSICHU-
TH NOXOJDKEHHS 1 1HIIMX cepil B criekTpi atoMa BoaHto (puc. 33.9).

Jnst Bu3HAa4YeHHsI eHeprii GpoToHiB (B €EKTPOH-BOJIBTAX), SIKi BUIIPOMIHIOIOTBCS [IPH MIepe-
XOi M)XK CTallilOHapHUMHM CTaHaMH M 1 N, BUKOPUCTOBYEThCs (hopmyia

E,=E, -E, =136 (iz—iz)es, (33.17)
m n

sika oTpuMyeThest i3 popmyn (33.4) i (33.10), 3pobuBium BinoBiaHy 3aminy B (33.4).

Teopist bopa Oyna BenMKHM KpOKOM BIIEpes y PO3BUTKY Teopii OynoBu atoma. Bona noka-
3ajla He3aCTOCOBHICTh KJIACHYHHMX MIPKYBaHb /10 BHYTPIIIHbOATOMHUX HPOLECIB 1 MOCTYXHIa
TIOIITOBXOM JI0 HOBHX €KCIIEPHMEHTIB 1 TEOpiH.

IMopsin 3 num BoHa Mana i cBoi Hexoiiku. [lepmr 3a Bce 0 HUX BiAHOCHTHCSI BHYTPILIHS
JoriuHa cynepednicTb Teopii. Teopist bopa He Oyina Hi MOCTiIOBHO KJIACHYHOIO, Hi TOCIIIOBHO
KBaHTOBOIO Teopi€ro. | He qUBHO, IO MiCHs MepIkX ii YCHiXiB Bee SICHIIE CTalli MPOSBIATHCH
ii nemoniku. Teopist Bopa mo3BosIa MOSCHUTH, YOMY aTOMH BUIIPOMIHIOIOTH JIHIHYATI CTIEKTpH, 1
TOYHO Tepen0aunTH JUIsl aToMa BOJHIO TOBXHWHH XBWIJIb BUIIPOMiHIOBaHHS. BoHa rapanTyBaina
cTablIBHICTE aTOMa 1 TOYHO Teperdadana eHepriro ioHi3alii atoma BogHio 13,6 eB. Aune, Buxo-
Js19u 3 Teopii bopa, HeMOXXIMBO OOYIyBaTH TEOPil0 aToMa I'elii0 — OJHOrO i3 IPOCTHX aTo-
MiB, skui B mepiognuHiii Tabmumi . I. MenneneeBa po3ranioBanuii 6e3nocepenHbo 3a BOA-
HeM. Lle Oyna mepiua Benyka HeBllava, SIKOI 3a3Haja Teopis bopa.

[Ticnst BiIKPUTTS XBUJIBOBUX BJIACTUBOCTEH PEYOBHHHU CTAJIO SCHO, 110 Teopis bopa € nu-
1IIe TIepPEXiJHAM €TaroM Ha [UISXY CTBOPEHHS ITOCIiIOBHOI TEOpii aTOMHHX SIBUIIL.

Hpuxnan 33.1. B nranemapniti modeni amoma padiyc 1-oi konosoi opbimu 6 amomi 600-
nio dopisnioe 11 = 0,529 A. Busnauumu: a) niniiiny weudkicme enexmpona na yiii opoimi; 6) do-
YeHmpose NPUCKOPEHHSL; 8) CULY, SIKA HAOAE eeKMPOHY OOYEHMPOBO2O NPUCKOPEHHSL, 2) eeKmpo-
CMamuyHy CUy nPUMsCAHHs MidC NPOMOHOM | eNeKmMpPOHOM. SKuil GUCHOBOK MOJICHA 3pobumuL
i3 NOPIGHAHHS YUX 080X CUL?

Po3B’s130K: @) Jliniiny weuokicme enrexkmpona na opoimi suaiioemo is piensanns (33.6):

oo h 6,62-10"** e -
2rmgr, 2(314)(9,11-107*12)(0,529-1071% )

476

=218-10%u/c.



8§ 33.4. bopiscbra meopis amoma 00HIO

0) Hoyenmpose npuckopenms

A v (218:10°m/c)?

o = 9,04-10%x/ %
o 0529-10%x

8) Joyenmposa cuna
mev?  (911-10*1k2)(2,18-10% m/ ¢)?

F, = - =818:10°H.
n 0,529-10710
2) Exexmpocmamuuna cuna npumsi2anHst Misic nPONOHOM i eJleKMpPOHOM
-19 2
E 9% _ (L6-10"" K) — 823.10°H .

Ameor?  4(314)(8,85-1072 K | H - u?)(0,529-1070 x)?

BucnoBok: Joyenmposa cuna, axa die Ha eleKMpOH HA K008It opbimi padiyca Yy, 3a ge-
JIUYUHOIO OOPIGHIOE eeKMPOCMAMUYHIT CUN NPUMASAHHS MIJIC NPOMOHOM | eleKMPOHOM, WO
C8I0UUMb NPO me, o OOYEHMPOBEe NPUCKOPEHHS. CIMBOPIOEMbCS KVIOHIBCLKOIO CUNOI0 NPUMS-
2AHHA MIDIC NPOMOHOM 1 eJIeEKMPOHOM.

Mpuxaan 33.2. 3a donomozoro 6opiecvroi Modeni usnauumu enepeio ionizayii iona He™
3 OOHUM eNeKmPOHOM. Bupaxyeamu maxkosic MiHIMAIbHY 006XHCUHY X6UTL (POMOHA, Npu SKIl npo-
Xo0ums iOHI3aYIA.

Po3B’s30k. Teopiro Bopa mooicha 3 ycnixom ukopucmamu i npu po32is0i 600HeNno0iOHUX
amomis, moomo amomis, sAKi CKaoarmucs 3 10pa 3 3apsaoom 2e i 00H020 ereKkmpoHa. J{o uuc-
1G4 MAKUX amomie 6i0HOCAMbCS 0OHOKpAmHo ioHizosanuii amom 2enito He™ (Z = 2), 0osoxpam-
Ho ionizoeanuii amom nimiro Li*™ (Z = 3) i m.0. Pisnauns (33.5) i (33.6) ona yvozo eunaoky 3a-
RULLYMbCS MAK:

mev? ze? , 2
= 5 i myur, =n—. (*)
r, Arg,, 2n

Bpaxoeyiouu cucmemy piensane (*), popmynu (33.8) i (33.10) nabydymes maxozo euensoy:
2. .4 2
P . Z°me YA

rh=n“—= i E,=———— = ——-13,6¢B,

=7 T et
O0e Z — nopsokosuli Homep eremenma 6 nepioouunit maoauyi /1. Menoencesa. Tomy enepeis
ionizayii iona He" dopisnioe:

E; =|- (2°)(13,6eB)|=54,4¢€B .

Lle snauenns E; = 54,4 eB nognicmio y32000Cycmucs 3 eKCnepumMeHmont.
Enepeis pomona 3 MinimanbHoo 00624CUHOI0 X8UIL, NPU AKIl NPOXOOUMb [OHI3ayisn, 00pie-
nioe hv =544 eB |, a minimanvha 0oexcuna xeuni

¢ _ hc _ (662-10* Jfoc-)(3-10°m/c)

- g =2,28-10 % x = 228 A.
v hv (54,4¢eB)(1,6-107 /Ioic/ eB)

Hpuxnan 33.3. BusHauumu 006cuHU X8Ulb nepuiux mpwvox aiHit cepii Ilawena amoma
600HI0. B sikitl uacmuni cnekmpa nexcams cnekmpanvhi ninii cepii Iawena?
Po3B’s130K. Cropucmaemocs popmynoio (33.16):

1 11
SRS - ).
2 (mz nz)
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s cepii [awena M = 3, a ons nepuux mpwox ninii yiei cepii n =4, 5, 6. Tooi

= (1,097 .107M*1)(3i2 - 4i2) =53326-10°n 1 2, =1,8753-10"% 1 = 18753 A;

(1,097 .107M*1)(3i2 - 5%) =7,8008-10° 371, =1,2819-10° 4 =12819 4;

6)

S
e e e
Il

(1,097 .107M*1)(3i2 - 6—12) = 91417-10°x7; A3 =1,0939-10% 1 =10939 A.
Bci ninii cepii [lawena 3naxodsmocs 6 inpauepsoriil OinaHyi cnekmpa.

8§ 33.5. XBwui e bBpoiias

1. Hamu Oyro mokazaHo (§ 25.1), mio cBiTIO Ma€e KOPIYCKYIISIPHO-XBIIILOBY IPUPOLLY: B OTHUX
BUIAJIKaX CBITJIO BUSIBJISIE HEMIEPEPBHI BIACTUBOCTI €EKTPOMArHiTHOI XBUI (SBUIIA iHTEp(EpeH-
wii, mugpaxiii, moaspu3alii), B iHIMX — yHOMIOHIOETHCS MOTOKY YacTHHOK ((oToedekt, sBuIie
Komrrona, JiroMiHeCLIeHLIIs).

B 1924 p. ¢panmyspkuit isux Jlyi ne BpOI‘/'IJIL*_po3IHI/IpI/IB Hallle ySBIEHHS PO KOPITyCKY-
JSIPHO-XBWJIBOBHH ITyalli3M, BUCYHYBIIN CMUIMBY TiIlOTE3Y, IO KOPIYCKYJISIPHO-XBIIBOBHH mya-
JIi3M HE € OCOONMBICTIO TIJIBKH CBITIIA, BIH Mae yHiBepcalbHIN Xapakrep. «B onTuui, — nucas e
Bpoiiyib — Ha NPOTA3i CTONITTH HAATO HEXTYBAIHM KOPIYCKYJISIPHUM CIIOCO00M PO3IJISALY
B MOPiBHAHHI 3 XBWJIBOBHM, Y He podmjiach B Teopii pe4OBMHM 3BOPOTHA MOMMJIKA?»
Jlomyckaro4, 10 YaCTHHKY PEYOBHHH TTOPS/T 3 KOPIIYCKYISIPHUMH BJIACTHBOCTSIMH BOJIOMIIOTH
TaKOX 1 XBHJIOBHMH, Jie Bpoiinb nepenic Ha BUIIaJOK YaCTHHOK PEYOBHHU Ti K NpaBUiIa Iepe-
XOJy BiJl OfHI€T KapTHHHU JIO0 APYIroi, sKi CIpaBeMINBI y BUMAIKy cBiTia. CIiBBiIHOIMICHHS
P; = h/A mna imoynecy dorona ne Bpoilnb y3aransHUB i 3aIpONOHYBaB, 10 BOHO XapakTep-

He 1 U1l OyIb-SKUX 1HIIMX PYXOMHX YaCTWHOK, HANPUKJIAM, eJeKTpoHa. J[oBxkuHa XBHII 4ac-
TUHKHM Macoro M, II0 PyXaeThes 31 MIBUIKICTIO U , BU3HAYUTHCS (DOPMYIIOI0

A=—=—. 33.18
mo - p (33.18)

®opmyay (33.18) HazuBaroTh opmyioro ae bpoiins, a BenuunHy A iHOAI HA3UBAKOThH JI€-
OpoiIIBCHKOI0 JOBKUHOI0 XBHIII.

Xoua B CBOIX mepmmx mparpix e bpoitnbs posrisaas npobieMy Ha NpHKIIaAi eJIeKTpOoHa,
criBBigHOWeHHs (33.18) cnpaBemuBe i Oyab-sIKHX MaTepialbHUX TiI. Hanpuknazn, noBxwu-
Ha XBWJIi ITOB’s13aHa 3 M’ staeM Macoro M = 0,14 kr, mo pyxaeTbes 3 mBHAKICTIO U ~ 40 m/c, 10-
piBHIOE

h 66210 Joc-c

— = =12-10%y =12-102A.
mov (0,14 x2)(40 m/c)

L5t BemmuMHa HACTIIBKA MaJia, 1o 11 eKCIIEPUMEHTATBEHO BU3HAYUTH HEMOKITUBO.
®dopmyity (33.18) MoXKHa ITEpeITCaTH TaK:

L — (33.19)

* Bpoitas Jyi ge (1892 — 1987) — ppaniysbkuil (i3uk, OMH i3 TBOPIIB KBAHTOBOI MEXaHIKH.
3a BiZIKPUTTS XBHJILOBOI IIPHPO/IH €IEKTPOHIB ynocToeruit HoGemisebkoi mpemii (1929 p.)
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8§ 33.5. Xeuni e bpoiins

2 . mev?
— KIHCTHYHA CHCPrid YaCTUHKU. I[JI?[ CJICKTPOHA W =

m .
ne W = =eU . Toni

P h _ h
J2meu VU 2me’

ne U — manpyra, sika BUMIPIOETBCS y BOJIBTaX, € — 3apsj eJIeKTpoHa, M, — Horo maca. SAkmo B
dopmyny (33.20) migcraBuTH 3HAYEHHS YHiBEpCATLHUX KOHCTAHT h, M., €, TO OTpUMAEMO, 10

(33.20)

6,62-10%* e - ¢ 12,25

A= _
JU 291110 k) (16100 k7). U

A. (33.21)

HOpurnan 33.4. 3uaiimu 0ebpoiniBcbKy 00BHCUHY XU eeKMPOHA NPUCKOPEHO20 PI3HU-
yero nomenyianie U = 100 B.
Po3B’s130k. 3a ¢popmynoio (33.21) maemo:

12,25 ; _ 1225

Ju T 4100

OTprMaHa JIOBXKHMHA BiJIIIOBIIA€ y>KE€ KOPOTKUM XBHIISIM, aJie iX MOYKHA eKCTIEpUMEHTaIIb-
HO BUSIBUTH. J[J1 1IbOTO MOXKHA BUKOPHCTATH KPUCTAJ B SIKOCTI IU(PAKLIHHOI PEIIiTKH, K Y
BUIAJKY PEHTTCHIBCHKOTO BunpoMinoBaHus (§ 27.9).

lnote3a ne Bpoiinst Oyna miarBepmKeHa SKCIIEpAIMEHTAMH, SKi BUKOHAIN HE3aJICKHO OXMH
Bin omHOro amepukanceki dizuxu K. JIx. Jesiccon (1881 — 1958) i JL.X. [hxepmep (1896 — 1971) B
1927 p. DocmiuKyroun po3CisiHHS eIEKTPOHIB Bifl MOBEPXHI METANIYHOTO KPUCTAITy, BOHH BHS-
BIJIM B PO3IOJUII IHTEHCUBHOCTI PO3CISTHUX E€JIEKTPOHIB PETYISIPHI MakCUMYMH, HOMIOHI 110
JudpakmifHIX MaKCUMYMIB PEHTTEHIBCHKOI'O BUIPOMiHIOBaHHS. Ko oTprmaHi MakcumMymu
OynH iHTEpIPEeTOBaHI Ha OCHOBI MU(PPAKIIIHHOI KAPTUHH, BUSBUIIOCH, IO TOBXXHMHA XBHIII -
(paryrouoro eiekTpoHa criBnanae 3 nependadeHoro ne bpoiinem [popmymna (33.20)]. [pakTny-
HO OJTHOYACHO 3 mociigamu JlepicoHa i Ixepmepa Oyimu mpoBeAeHi ToCiian 1o AU PaKIil MBHI-
kux enekrponiB JHx.IT. Tomcornom (1892 — 1975) 8 Ilornammii i moBinbrux enekrponis — I1.C. Tap-
TakoBcbkM B CPCP, BHKOpPHCTABIIM IHITy CXEMY €KCIIEPHUMEHTY, SIKi TAaKOX BUSBWIN TH(paK-
miro enexrponis. Ha puc. 33.10 HaBeneHa TinoBa qudpakiiiiiHa KapTHHa (CIEeKTPOHOrpaMa) eJeK-

ﬂ:

A=125A

Puc. 33.11

Puc. 33.10

TPOHIB Ha MeTasiuHii omns3i. [Ti3HilIe ekcrepuMenTH moKasaiy, 0 NPOTOHH, HEUTPOHH 1 1HII
YACTHHKH TAaKOX BOJIOJIFOTH XBMJILOBIMH BIIACTUBOCTSIMU. 3a BIAKPHUTTS OU(paKiyii eIeKTpoHiB
Ha kpucranax K. Tesiccon i Jx.IT. Tomcon Oymu ynocroeni HobemiBebkoi mpemii (1937 p.).
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TakuM 4MHOM, KOPITYCKYJISIPHO-XBIIJIBOBUH JTyanni3M BiJJHOCHUTBHCS HE TIJIBKHU JI0 CBITJIA, ajie
1 10 YaCTHHOK PEYOBHHH.

2. OauH i3 BUXIHUX apryMeHTiB e bpoiins Ha KOpHCTh XBHIIBOBOI IIPUPOJIH EIIEKTPOHIB
3aKJII0YaBCsI B TOMY, 10 HOr0 IPHITYIIEHHS IaBaJIo MOSICHEHHs OOPIBCHKIiH Teopii aToMa BOJHIO.
OCKiJIbKH €TeKTpOHH B Teopii bopa pyxaroTscst 1o KOlIoBUM opbiTaM, e bpoiins BrcioBUB npwiTy-
LICHHS, 110 eJICKTPOHAM Bi/IIOBIIAIOTH KOJOBI CTOSYI XBHIII, 5IKi *3aMuKaroThes” Ha cebe (puc. 33.11).

JloBxuHa KOMOBOI OOpiBCHKOI OpOITH paxiyca Iy AopiBHIOE 27, =N, e n =1, 2, 3,...
Ckopucrasiucs Gopmystoro (33.18), orpiumaemo

2rr, = n—h,
mo
abo
nh
mor, = —.
2

OcraHHE CIiBBiHOIICHHS € HE IO iHIIe, K yMOBa kBaHTyBaHHs (33.6), HaBenena bopom.
Came Ha 1iif yMOBI IPYHTY€ThCSI BUCHOBOK IIPO AMCKPETHI OpOiTH 1 piBHI eHeprii. Tum camum
rimoresa e bpoinst 103BOJIsIE TIOSICHUTH KBaHTYBaHHS OpOiT 1 craHiB B OOpiBCBHKiM Mozedni: i
Te, 1 iHIEe 00YMOBJIEHO XBHIIFOBOIO MIPUPOJIOIO SIICKTPOHIB 1 iICHYBaHHSAM PE30HAHCHUX CTOS-
YUX XBWIb. 3BIJICH CIiJIye, MO0 KOPMYCKYJISPHO-XBHJIBOBHH Jyalli3M 3aKIaJICHUA B CaMiid
CTPYKTYpi aToMa.

Ha puc. 33.12 moka3aHO CTOsYi KOJIOBI XBHJII TIPH JTBOX, TPHOX i II’ATH TOBXXKWHAX XBHIIh
Ha KOJIi: N — YHCIIO TOBXKHH XBWJIb, SIKi BKJIAJAIOTHCS Ha KOJIi, € pa30M 3 TUM KBaHTOBE YHCJIO.

Puc. 33.12

OpHax He CJIijI yMaTH, o Kool crosdi xBuii (puc. 33.12) — 1ie TpaexTopii, 1Mo SAKUM py-
XarOThCS CIEKTPOHH.

Mpuxnanx 33.5. 3uatimu doexcuny xeuni npomona 3 Kinemuunoio enepeieio W = 10° eB.
Maca npomona m,= 1,675-107 ke.
Po3B’si3ok. 32iono (33.19)

h 6,62-107* Iioic - ¢

_ _ =9.107% 4.
V2MW 2. (16751077 ke)(10°eB 1,6 107 foic  ¢B)

§ 33.6. OcHOBY KBAHTOBO-MeXaHiYHOI Teopii

3 BIAKPUTTAM XBHJIHOBHX BJIACTUBOCTEH YAaCTHHOK CTajJ0 OYEBHIHO, IIO JUISl ONHUCY IXHBOI
TIOBEAIHKN OCHOBHI PIBHSHHA KJIACHYHOI MEXaHIKM HenpuaatHi. HeoOXinHo Oyno 3HalTH 1HIIMHA
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8§ 33.7. Keanmoso-mexaniuna kapmuna 6y008u amoma

THII PiBHSHB, IKi O BPaXOBYBaJIM XBHJIbOBI Ta KOPITYCKYJISIPHI BIACTHBOCTI YaCTHHOK 1 OITHCY-
Bay O IXHIO ITOBEIHKY SIK y BIIBHOMY CTaHi, Tak 1 B CWJIOBOMY IIOJIi; iHaKIIEe KaXXydH, MoTpio-
HO OYIJIO CTBOPHUTH SIKICHO HOBY MEXaHiKy 11 MikpocBiTy. Taka mMexaHika Oyia CTBOpeHa i Ha3Ba-
Ha KBAaHTOBOK) MEXaHiKOIO0.

OCHOBHUM pIiBHSHHSIM KBaHTOBOI MEXaHIKM € Tak 3BaHe XBWJIboBe piBHsiHHA Llpexnin-

B3 .
repa , 3anpornonoBane HuUM y 1927 p. JIns yacTHHKH, SKa pyXa€Thes B OyIb-IKOMY CTallioHap-
HOMY 110J1i, XBIIboBe piBHsHHS Llpeninrepa mae Takuii BUTIISL!

V2 4 i—T(E _U)y =0, (33.22)

1€  — QYHKITisE KOOPAWHAT i HA3UBAETHCS XBHIILOBOIO QyHKILE, /i =h/2 7 — crana [nanka,

m, E i U — BignoBimgHO Maca, TIOBHA i ITOTEHIlialbHA CHEPTisl YaCTHHKH, vZ - oneparop
Jlamraca

2 2 2
2 Oy Oy Oy
Viy=—+—7F+—.
OX oy oz
Heoobrosoproroun 3aransHoro Burisay piBasHHS Llpeninrepa i criocobiB Horo po3B’si3Ky,
MH CKOPHCTa€EMOCH JINIIE YK€ "TOTOBUMH' HOTO PO3B’SI3KaMM 1 3’5ICYEMO 3MICT XBHJIBOBOI

GyHKIIT .
B onniit 13 iHTepnperaniit GyHKUisA y — e MPOocTo 3aJaHa B OyAb-sKii TOYIi IpOCTOpy i B

OyIb-sIKM MOMEHT 4Yacy aMIuTiTya "XBuii Martepii'’, momibHo mo toro, sk E (Bexrop Hampy-

JKEHOCTI EIEKTPUYHOr0 Nost) abo B (BekTOp 1HAYKINT MarHITHOTO ITOJIS) — AMIUTITYa eIEKTPO-
MarHiTHOI XBHiai. OHaK MO>JIMBA 1 1HIIA IHTEPIIpETalis, sIKa IPYHTYEThCSl Ha KOPITYCKYJISIPHO-
XBHJIHOBOMY JTyaJli3Mi.

XBuwiboBa (QYHKIIS Y MOXKE 3MIHIOBATHCS 3a BEJIMYMHOIO B IpocTopi i 4aci. Sxmo y
OIKCY€E aHCaMOJIb, SIKMH CKJIATAETHCS i3 BEJIMKOTO YKCIIa YACTUHOK (HAIPUKIIAL, CJIEKTPOHIB),

2 .y . .o . . .y
TO BCIIMYHWHA |l//| B 6y}_'[I>-HKII/I TOYL1 MpOornopuiuHa YucCily YaCTUHOK, SK1 6yHyTI> BHABJICHI B II1U
TO‘IHi. O,HHaK, SAKIIO YUCJI0 YaCTUHOK MaJIC, TO AYKE TOYHHUX r[epe,u6aquL 3pO6I/ITI/I HC MOXXHa

. 2 . S . .

1 |l//| HaOyBae IMOBipHICHOrO Xapakrepy. SIKII0 XBWIbOBa (DYHKIIS W, SKa 3JI€KUTH BiJ 4acy
. . 2 .

1 TOYKH MPOCTOPY, OIKCYE OKPEMY YaCTHHKY (HAIPUKIIa, SCKTPOH B aTOMi), TO |l//| IHTEpIpEeTY-

2 - . . " . I
€TbCS TaK. |l//| B 3aJaHIA TOYIl IMPOCTOPY 1 B JaHUU MOMEHT Yacy BU3HA4Ya€ IMOBIPHICTH

3HAWTH eJeKTPOH B Wiil ToUi mpocTopy i y BUOpaHUii MOMEHT 4acy.

TakuM YHHOM, SIKIIO MH TPAKTYEMO €NCKTpOHHU (i iHIN MIKpOYACTHHKH) SIK XBHJIi, TO
OITMCY€E aMIUTITYly BiJIOBiZHOI MaTepiaidbHOI XBHIIi. SIKIIO MM TPAKTYEMO E€JIEKTPOH SIK Yac-
THUHKH, TO { CJIiJI IHTEpIpeTyBaT Ha OCHOBI iMoBipHOCTI. KBaspaT Momysst XBIIIb0BOI (hyHK-

2 . S . .y .
11 |l//| XapaKTepru3ye IMOBIPHICTb BUSIBUTH JaHUUW CJICKTPOH B JaHIW TOYI1. HpI/I HbOMY ITOHSA-

TTSI TPAEKTOPI1 €JIEKTPOHA B IIPOCTOPI 1 4aci BTpayae 3MicT.

§ 33.7. KBaHTOBO-MeXaHiYHA KAPTHHA Oy10BH aTOMAa

Pe3ynbraTy, nocsrayTi O0piBCHKOO TEOPIEIO B PO3B’A3aHHI 331a4i PO €HEepreTHYHI piBHi

* Ilpeninrep Epsin (1887 — 1961) — aBcTpiiichkuii (i3UK-TEOPETHK, OJMH i3 TBOLIB KBAHTOBOI Mé-
XaHiKky. 3a CTBOpEeHHS XBIIHL0BOI MexaHiku y 1933 p. OyB Haropomkenuii HoGemBCHKOIO IpeMi€to.
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33 byodosa amoma

CIICKTPOHA Y BOJTHEIIOMIOHIW CHCTeMi, MOKHA 3HAWTH B KBAaHTOBI MEXaHIIli, HE 3aCTOCOBYIOUHU
noctynatis bopa.
Po3ristHeMo crcTeMy i3 HepyXOMOro siipa i3 3apsiom Ze (Z — 1ijie 4rciio) i OHOrO eeK-
TPOHA, 110 PYXAETHCS HABKOJIO sipa. IloTeHnianbHa eHepris eJIeKTpOoHa I0piBHIOE
2
Ze
U=——,
r
Jie I' — BiJicTaHb Bif siapa 10 enekTpoHa. CTaH eJIeKTpOoHa B TaKii CHCTEMI OIMCYETHCS IESKOI0
XBUIIBOBOIO (DYHKIIEIO W/ , siKa 33]10BONbHsIE cranionapHe piBusiHus [peninrepa (33.22):

2m, Ze?
E+ —)w=0, 33.23
2 ( W (33.23)

Vzt// +

TYT M — Maca eJIeKTPOHa.

MokHa noka3zaty, o piBHIHHS (33.23) Mae po3B’si3KH B JBOX BUMAIKax: 1) mpu Oyap-sKUX
nonatHux 3HaveHHsx exeprii £ (E > 0), 2) npu AMCKpETHHX BiJi’€MHHX 3HAYCHHSX CHEpIii,
piBHUX

20nd
E=-=M  n-123. (33.24)
8hegn

Bunagox E > 0 Bianosigae enekTpoHy, SIKHH IpoJIiTae MoOau3y siapa i BiIaJIieThCsl 3HOBY
Ha HecKiHYeHHicTh. Bumagok £ < 0 BianoBizae eneKTpoHy, 3B’S3aHOTO 3 SApPOM. SIKIIO IOK-
nactu Z = 1 (arom BoaHio), TO hopmy:a (33.24) noswictio criBmazaae 3 hopmysioro (33.10), mo
CBIYMTH IIPO T€, IO MOCHTiI0BHE po3B’s3aHHs piBHAHHS Lllpeninrepa s enxekrpona, 3B s3a-
HOTO 3 SIIPOM, TIPU3BOJUTD J0 TaKHX K€ 3HaUCHb €HEPTii BOJHEBOTO aToMa, Ki Oyau oTpuMaHi
B Teopii bopa, aie 6e3 BUKOpUCTaHHS Oyb-KUX MOCTYJIATiB.

Kpim Toro, BiacHi pyHkuii piBHsHHS (33.23) MicTSTh TPH HIOYKCIOBI Mapamerp N, | 1m;:

YV =¥nlm (r.6,9). (33.25)

Tyt 1,0, — chepryHi KOOPAUHATH.

[MapameTp N HA3WBAIOTh TOJIOBHUM KBAHTOBHM YHCJIOM i BiH CITIBIIaJa€ 3 HOMEPOM PiB-
Hs eHeprii aToMa. [Hmni aBa mapaMerpu | i M BiANOBiIHO Ha3MBaOTh a3UMyTANBLHUM (0Opoi-
TAJBHUM) | MATHITHUM KBAHTOBHMH YHCJIAMH.

3ynuHUMOCS JeTabHIIIEC HA KBAHTOBUX YHCIIAX.

KBanrtoBe uucno n i3 Teopii bopa 30epiraersest i B KBaHTOBiM MexaHimi I1iJ] Ha3BOIO Io-
JIOBHE KBAHTOBe 4MCJI0. BoHO MOXe mpuiimMaTi Oyab-sKe BiAMiHHE BiJl HYJIS JOAATHE YHCIIO
(n=1,2,3,..) 1, sx Oyio moka3aHo BHIIE, Bi/l N 3aI€KUTH TIOBHA EHEPTis CTAHY aToMa.

OpoitaabHe (a3uMyTajibHe) KBAaHTOBe YMCI0 | Bu3Hauae BenuuuHy OpOITAIBHOTO MO-
MEHTY IMITYJTECY €IeKTpOHa. BOHO MOKe TIpH 3a/JTaHOMY N MPUAMATH IUIOYHCIIOBI 3HaUeHHS Bijg O
mon-1(=0,1,2,.,n-1). Hanpukmnazx, B ocHOBHOMY cTaHi 3 N = 1 opGiTanbHe KBaHTOBE
YKCIIO MOXe MaTH Tijbku ojue 3HaueHus | =0, npun=2,1=0,1, npun=3,1=0, 11 2. Benu-
yrHa OpOITABHOTO MOMEHTY iMIyJbCy L, 3B’s3aHa 3 a3MMyTaJbHAM KBAHTOBMM YHCIOM |
CITIBBITHOIIEHHSIM

‘E,‘ =1 +1). (33.26)

Hanpuxnan, opu 1 =0, L, =0; 1 =1, L :h\E; =2, L :h\/g; 1T 1.
MarsiTHe KQaHTOBE YHCJI0 M| BU3HAYAE TIPOEKIIIF0 MOMEHTY IMITYJIBCY €IEKTPOHA Ha JESKUi
HanpsMok Z. [pu 3ananomy | BOoHO MOYe MpHitMaTH IiJI0YKCITOBI 3HaYeHns Bix —| 1o +l , BKrO-

482



8§ 33.7. Keanmoso-mexaniuna kapmuna 6y008u amoma

vatoud i 0. Tak, Hanpuknan, skwo | = 1, o m; HabyBae 3Hauens —1, 0, +1, sixkmio | = 2, m, = -2,
L, -1, 0, +1, +2, Bcix 2 | + 1 3Hagens. OCKiEKA MOMEHT iMITYJIbCY —

2h BEKTOp, TO HE JMBHO, II0 BiH KBAHTYETHCS 32 BEIMYMHOIO i 32 Ha-
npsmkoM. Ha puc. 33.13 noka3zaHO KBaHTyBaHHS HAaIPSIMKYy MOMEH-
Ty iMITyibey enektpoHa 1pu | = 2. Sk BuaHO i3 puc. 33.13, npu | = 2
h MOXJIUBI I’ATh OpieHTalid Bektopa L. IIpoekmiss MomeHTy im-
MYJbCY eNeKTpoHa L |, Ha 3amaHuii HanpsiMoK (Bick Z) TOPIBHIOE:
0 (_|=
Ly |=m. (33.27)
Ockinbky My HaOyBa€e IOYNCIOBUX 3HA4EHB, TO CTAJy /i MOX-
-h Ha PO3IVISIATH SIK TIPUPOIHY OAWHUIIIO MOMEHTY IMITYJIECY.
[izuime (1925 p.) 6yn0 goBeACHO, IO EASKTPOH BOJIOJIE BIia-
5% CHMM MEXaHIYHUM MOMEHTOM iMIyNbeCy L, sSIKuif He 3B’s3aHUi 3

PYXOM eneKTpoHa B mpocTopi. Llel BiacHni MexaHiYHHIT MOMEHT
iMIynbCy OyB Ha3BaHHUM CITIHOM.

Benmunia BacHOro MOMEHTY IMITYIIbCY €JIEKTPOHA BH3HAYAETHCS
3a 3arayIbHAM 3aKOHOM KBaHTOBOI MeXaHiKH ([0iGHO 110 OpOiTaTIbHOrO MOMEHTY IMITYJIBCY EIEKTPOHA):

= hfs(s +1). (33.28)

CriiHOBe KBaHTOBE YHUCIIO S, siIKe BXOAUTh B hopmyity (33.28), Mae TibKH OfHE-€IMHE 3HA-

Puc. 33.13

L

S

uennst, piBae 1/2. Tomy emuHO MoxuBe 3HaueHHs |Lg| piBHe:

L

1.1 h
=h,|=(=+1) =+3—.
2(2 ) \/_2

UYuerno S Ha3UBAETHCS] KBAHTOBHUM YHCIIOM, aJie BOHO, SIK TIPABHIIO, HE BUKOPHCTOBYETHCS 3 HIIMMHU
KBAaHTOBHMH YHCIIAMH, OCKUIbKH BOHO Ma€ TUIbKU OfHe 3HadeHHs (1/2) i He BHOCUTH BiIMIHHOCTI

. . L = no.
MDK cTaHamy. BiacHuil MexaHIYHHMIT MOMEHT €JIEKTpOHA MOXKE MaTH €JHE 3Ha4eHHs |Lg| = V3 3 i

€ TaKOXK (byHI(aMeHTaHI)HOIO XAPAKTCPUCTHUKOIO CIICKTPOHA, K Horo Maca abo 3apdn.

Tabmms 33.2.
Yucmo
Hassa Tlo3HaueHHs 3Ha4YeHHS
MOXKJIMBHUX 3HAYCHb
T'onoBne n 1,2 3,...,0 Bynb-sike
OpbGiTaneHe | 0,1, 2, ..., n-1; mpu 3amarnomy n n
Maruitue m, =, -1+1,...,0,I-1,...1; mpu 3amanomy | 21+1
Maruitae + 1
CIIIHOBE ms ) 2
INpoekuist BacHOro MeXaHIYHOTO MOMEHTY Esz €IEKTPOHA Ha HANPSIMOK Z KBAHTOBAHA 1 BH3-
HAYa€ThCS TaK:
Ly |=m, (33.29)
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e Mg =+ 1/2 i Ha3UBa€eTHCA MATHITHUM CIIHOBMM KBaHTOBHM 4ucaoM. Yacrto ms = 1/2 nos-
HavaroTh sk "crin-BBepx” (1), a M= — 1/2 sk “crin-Baus” (|).

INepenik kBaHTOBHX YHceN HaBeAeHO B Ta0i. 33.2. TakuM 4MHOM, CTaH CHCTEMH MOXe Oy-
TH TOBHICTIO BU3HAYCHO KBAHTOBMMHE wuciamu N, |, M, Mg 3ayBaxkumo, 1o st KoxHOro |
icaye 2| + 1 3HaueH» M, a 7151 KOKHOTO S icHye 25 +1 = 2 MOXKJIMBUX 3HAYCHB M.

§ 33.8. [Ipunuun IayJi. Po3noais eieKTpoHIB HA eHepreTHYHUX PiBHAX aTOMA

3amaHHs Pi3HUX KBAHTOBUX YHCEN VIS OITUCY CTAHIB CICKTPOHIB Ma€ OUTBIN iCTOTHE 3HA-

YeHHs1, HDK MPOCTO KiacuQikaIlist iX craHiB. 3aKoH (Di3UKH, BiJIOMHUIA i HA3BOO TPUHIIHIT Hayni*_
a00 TpuHIHITY 3200POHH, CTBEPDKYE, IO HE MOzKe OyTH OLIbIIE OJHOT0 €J1eKTPOHA B IAHOMY
CTaHi, AKIIO el CTAH OMUCYETHCSI YOTHPMA KBAHTOBMMHU 4uciaamu: N, |, m, mg. AGo, B
OJHOMY aTOMi He MoOxKe OyTH JBOX €JIEeKTPOHIB 3 OHHM i THM 3Ke¢ HAG0pPOM KBAHTOBHX
guceJa n, |, m;, ms.

[I{ono cucremu eneKTPOHIB B aToMi, TO IpUHLMI [1aysi MOXKHA 3anucaTy Tak:

Z(n,I,m,m)=1 (33.30)

ne Zy(n, 1, m;, mg) — 9UCIIO ENEeKTPOHIB, 10 epeOyBalOTh y CTaHi, SKUi OMUCYETHCS HAOOpOM
KBaHTOBHUX umcen N, |, m;, ms. Kopucrytounce npunimnom [layii, MoXHA 3HARTH MaKCUMaJbHE
YHCIIO ENEKTPOHIB B aTOMI, IO MaroTh 3a1aHi 3HaueHHs Tpbox (N, I, m)), aBox (n, I) i ogroro
(n) xBaHTOBHX uMceln. 3HaiineMo mMakcuMmanbHe Ynucio Z,(n, |, m;) enekrpoHis, mo nepedysa-
IOTh Y CTaHAX 3 OJHAKOBHM Ha0OpPOM TPbOX KBAHTOBHUX uwmcern N, |, My, To6TO Bigpi3HSAIOTHCS
JIMIIC 3HAYCHHSIM MarHiTHOrO CIIIHOBOT'O YKCIIA, SIKe MOKE HAOyBaTH JIUIIE NBOX 3Ha4YeHb: 1/2 i
-1/2. Toni

Z,(n,1,m)=2. (33.31)

MaxkcumaibHe YUCIo eJ'ICKTpOHiB, o Hep€6yBaIOTI> Y CTaHax 3 OJHAKOBUMU IBOMA KBaH-
TOBUMMU YHCJIaMU N, |

Z(n,1) = 2(21 +1). (33.32)

Tyt BpaxoBaHO, IO MPH 33JaHOMY KBAaHTOBOMY 4HCIi |, MarHiTHe KBaHTOBE YHCIO M,
HaOyBae 2| +1 3HaueHb.

Hapenuri, 3HaiineMo, KOpUCTYIOUHCh TpuHIoM [Tayii, MakcuManbHe qucio Zy (N) enek-
TPOHIB, W0 IepeOyBarOTh B CTaHaX, SIKi BU3HAYAKOTHCS 3HAYCHHSIM TOJIOBHOTO KBAHTOBOT'O
upcia N. Ockinbku uncio | mpu 3amanomy N 3minroersest Big 0 1o N — 1, to, cymyrouu Z (n,1) mo |
Bix 0 mo n — 1, orpumaemo

1=(n-1)
Z,(n)= > 2(21+1)=2n% 33.33)
1=0

CyKyIHICTh €NEKTPOHIB, CTaH SKUX OIKMCYEThCS ONHAKOBUMH 3HAYCHHSMH KBaHTOBOTO
qrcia N, yTBOPIOIOTH €1eKTPOHHY 000JI0HKY: y BiAIIOBITHOCTI i3 3HAUCHHSIM N 000JIOHKaM J1a-
HO [TO3HAYCHHS, 3aII03UYCHI 3 PEHTTCHIBCHKOI CIIEKTPOCKOIIIT:

3HayeHHS N 1 2 3 4 5 6 7.

[No3raueHHsT 00OIOHKA K L M N O P Q...

* Mayai Boasgranr (1900 — 1958) — mBeiinapcbkuil Gpisuk-teopeTuk. 3a copMyboBaHmi
uuM “npuxiun [Taymi” B 1945 p. OyB ynocroenuii HobeniBcbkoi npeMii 3 ¢Gi3ukw.

484



8 33.9. 3anoeHenns enekmponnUx 06OLIOHOK AMOMIE

I[Ipo eneKTpoHU 3 OMHAKOBUM 3HAYCHHSM | TOBOPSTH, IO BOHH HAJIEKATH IO OJHI€T MiJI0-
6ononku. Yacro mwist mo3Hayennst | uudpu 3amibstiors GykBamu:

3navenns | 0 1 2 3 4...

BykBene nmo3HaueHHs S p d f g...

Tak enektpon 3 | = 0 yTBOPIOIOTH S-1MiJOO0TOHKY 1 HA3UBAIOTH X S-eJIeKTpOoHamy, 3 | = 1-
p-1ino6ooHKy (p-enekrponn), 3 | = 2 — d-mimobomonky (d-enexkrponn) roro. punimn [ayi
00MEXKy€e YHCIIO SICKTPOHIB B KOKHINA O0OJIOHIII 1 ITiJOO0OHIII.

B Tabn. 33.3 HaBeneHO MaKCUMaIIbHI YHCIIA CIIEKTPOHIB, MO MepeOyBarOTh y CTaHax, SKi
XapaKTepHU3yIOThCs 33 [aHUMHU 3HAYECHHSIMH TOJIOBHOTO N i OpOiTaNbHOrO | KBAHTOBHX YHCEIL.

Tabmms 33.3.
n OBonomka KinpKkicTh €IeKTPOHIB y CTaHAX MaKCI/IMaH},He.
s(1=0) p(=1) d(@=2) f(1=3) g(l=4) ‘UCIO CICKIPOHIB
1 K 2 - - - - 2
2 L 2 6 - - - 8
3 M 2 6 10 - - 18
4 N 2 6 10 14 - 32
5 Q 2 6 10 14 18 50

OCKiJIbKM eHepreTUyHi piBHI Maike MOBHICTIO BHU3HAYAKOTHCS 3HAYCHHAMH N i |, To enek-
TPOHHA KOH(Irypallist B aToMi, sSIK IPaBIJIO, 3aJa€ThCS 3a3HAYCHHSIM Yrcia N i gitepauM (Oyk-
BEHKM) MMO3HAYEHHSM |, a YHCII0 eNIEKTPOHIB B KOXKHi# I1i1000JI0HIII BKa3YEThCs y BUTIISII Bep-
XHBOTO 1HJeKcy. Harpukiia, ocHOBHHI CTaH aTOMa KHCHIO MOXKHA 3aIMCaTH CUMBOJIIYHO TaK:

1s22s%2p*.

Tyr BKa3aHO, 1O JBA EIEKTPOHH HepebyBaroTh B cranax 3 N = 11| = 0 (1s?), 1ea enexrponu
MalOTh KBaHTOBI urcrma N = 211 = 0 (25%) i wotupy enexTporn 3aiiMarots cranm 3 N = 2i | = 1(2p%).

§ 33.9. 3anoBHEeHHS eJIEKTPOHHUX 000JOHOK aTOMIB

IMpuanun ITayni BigirpaB BUSHAUHY poJib Y PO3BUTKY CYJacHOI aTOMHOI 1 siiepHOi (i3nKH.
30KkpeMa, HaNPHKIIA, BiH JJa€ TIOSCHEHHS TIOBTOPIOBAHOCTI BIACTHBOCTEH aToMiB. [IpociiakyeMmo
moOynoBy nepioanyHoi cuctemu eneMeHTiB JI.I. MeHaeneesa. [louHemMo 3 aToMa BOJHIO, SKHUIA
Ma€ B OCHOBHOMY CTaHi OZIMH 1S-eJIeKTPOH 3 JOBUIHHOIO Opi€eHTali€lo0 criHa. KoXXHMI HacTynHWMIA
aToM OyZeMO OTPHMYBATH, 301JIBIIYIOUH 3apsi sqpa MONepeaHBOro aToMa Ha OJJMHHMIIIO 1 JOal0-
YW OJIMH CJICKTPOH, KU MU OyeMo MOMIIIATH B JOCTYITHHN oMYy, BiIMOBiIHO mpuHImTy [lay-
JIi, CTaH 3 HANMEHIIIOK SHEPTIEHO.

Sxmmio 3apsin sapa aToMa BOIHIO 30UTBIINTH HA OUHMITIO 1 TOATH e OJUH €ICKTPOH, TO
YTBOPHUTHCS aToM refiro. OOHaBa €IEeKTPOHH B IIbOMY aTOMI MOXYTh 3HaxoauTtucs B K-o6o-
JIOHIII, aJie 3 aHTHIAPAJCNFHIMH CIiHaMH. EJekTpoHHa KOH]ITyparlis atomMa 3aluIIeThCs K
1s°. Ha aToMmi reiio 3aKiHdyeThCs 3an0BHEHHS K-0G0MOHKIL

Tperiii eeKTpOH aToMa JITIFO MOXKE 3aHSATH Jinie 2S-cTaH. Lleif enekTpoH B aTtoMi JITiro crad-
TI1e 3B’sSI3aHUM 3 SPOM, HiXK JIBa 1HIII, 1 came BiH BU3HAYAE OITUYHI i XIMIYHI BJIACTHBOCTI aTOMa.

V Gepuitito (Z = 4) MOBHICTIO 3aIIOBHIOETHCS T111000JTOHKa 2S. Y HACTYITHUX IIIECTH €IEMEHTIB
(B, C, N O, P i Ne) BimOyBaeThCsl 3aIIOBHEHHS €JIEKTPOHAMH TTiT000IOHKH 2P, B PE3yIBTATI YOro
HEOH Ma€ MOBHICTIO 3anoBHeHI K- i L- 000II0HKH, SIKi YTBOPIOKOTH CTIHKY CHCTEMY, TIONIOHY 10

485



33 byodosa amoma

CHCTEMH Telli0, YUM 00YMOBITIOIOTHCS CTIeIM(idHI BIaCTUBOCTI IHEPTHUX Ta3iB.

[porec 3a0yn0BH EINEKTPOHHUX OOOJOHOK MepIIuX 36 €IEeMEHTIB MEPiOIUIHOI CHCTEMH
HaBeneHi B Tabimni 33.4.

OnuHAAIATHI eIeMEHT, HaTpii, Mae, KpiM 3anoBHEHUX K- i L-000JI0HOK, OJIMH €IIEeKTPOH
B 35-mio6onommi. Enexrponna kondiryparis mae surmst: 157257 2p° 3s'. Sk i y Bumazky mirioo
3S- eNeKTpoH cialIire 3B’ s13aHUi 3 SAPOM, HIK iHII, 1 € BAIGHTHAM 200 ONTHYHHUM €JICKTPOHOM,
Y 3B’SI3KY 3 UMM XIMIiYHI i ONTHYHI BIACTUBOCTI HATPIIO MOMIOHI IO BIACTUBOCTEH JITifO.

Ta6mus 33.4
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8 33.9. 3anoeHenns enekmponnuUx 06OIOHOK AMOMIE

VY HacTynHHX 3a HATpieM €JIEMEHTIB HOPMaJIbHO 3aIlOBHIOIOTHCS 3S- 1 3p-migobonoHku. Tyt
CIIiJT 33yBayKUTH, IO ICII 3aIIOBHEHHS Y aproHy 3p-iqo0oaoHKH (eNeKTpOHHA KOH(Irypallis ato-
Ma aprony: 15 25? 2p° 3% 3p°) y Kaniio mounHae 3aroBHIOBATHCS 4S-10GOTOHKA, OCKIIBKH BOHA
CHEPreTUYHO 3HAXOUThCS Hipkde 3d-1mimo00noHKH. TakuM YMHOM, TpH HE3aIIOBHEHiM MTOBHICTIO
M-o60sonkH nounHae 3anoBrioBatrcst N-obomonka. [1imobononka 4p exuts yxe Buile, Hix 3d,
TaK 110 MiC/Is 3aII0BHEHHS 45111 1000/I0HKH 3aII0BHIOETHCS Mi000I0HKa 3d.

3 aHAJIOTIYHUMH BIACTYIIAMH BiJ 3BUYAHHOI MOCIIIIOBHOCTI, sIKa TIOBTOPIOETHCS Yac BiJ| 4a-
Cy, 3IHCHIOEThCS 3a0yI0Ba €IEKTPOHHUX PiBHIB BCiX atoMmiB. [Ipy 1poMy nepiogndHoO MOBTO-
PIOIOTHCS TIOJIOHI eNeKTpOHHI KOH(]Iryparii, YyuM OOyMOBIIIOETHCSI NEPiOJMIHA TTOBTOPIOBA-
HICTh XIMIYHHX 1 ONTHYHUX BIIACTHBOCTEH aTOMIB.

HacamkiHels, BUXO549H 13 BUIIE CKa3aHOTO, MOJKHA JIETKO MO0y yBaTH CXEMY €HEepreTHY-
HUX DiBHIB aToMa i 3a0yJJ0BY iX eJIeKTpOHaMU I OYy/b-sIKOTO 13 XIMIYHHX €IEMEHTIB TaOJIHIi
JI.1. Menpeneena.

Ha puc. 33.14 HaBenena noxiOHa cxema I aToMa 3ai3a, Y SIKOro HaBKOJIO s/pa 00epTaeThbest
26 eyrextpoHiB. EnekTpoHM Ha cXeMi Mo3HaueHi CTPUIOYKaMH: KUIBKICTh CTPLIOYOK O3HAYAE Killb-

+2
1=2(3d) 1 +(1)

E

1=0(3s)

+1
1=1@2p) ” .

n=2,1=0.,1

1=0(2s)

n=1,1=0(ls)

-
—_

Puc. 33.14

KICTh €JIEKTPOHIB, HAIPSIMOK CTPLJIOUKH — HAIIPSIMOK CITiHA.
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§ 33.10. PenTreniBcbke BUNPOMiHIOBAHHS

Hanpuxinmi 1895 p. nimenpkuii disuk K. Pentren (1845 — 1923)*, MPOITYCKAIOYH EIEKTPUY-
HHIi CTPYM Yepe3 Po3pipkeri ra3u B PO3psIHii TpyOLH, BiIKPHB HOBI IPOMEHI, SKi Ha3BaB X-Tpo-
MEHSIMH, TTiTKPECITUBIIN THM CAMUM X HE3BHYAIHICTB i 3aTaIKOBICTh. Y OUTBINOCTI KpaiH I1i Tpo-
MEHi CTaJI Ha3UBATH PEHTTCHIBCHKUMIL.

JhxepernoM peHTreHIBCbKOro BENPOMiHIOBaHHS, SIK IPABUJIO, € PEHTTeHIBChbKa TpyOKa (pric. 33.15),
sIKa CKJIAJIA€Thesl 13 CKIISTHOrO OasioHa, 3 SIKOTO BiJIKAYaHO ITOBIT-
ps, karona K i anoma (antukarozma) A. Karon, 1o HarpiBaeTbes
SNIEKTPUYHAM CTPYMOM, € JDKEPEIOM BITBHHUX EJIEKTPOHIB, SIKi
BUIIPOMIHIOIOTECS BHACIIZOK TEPMOEIEKTPOHHOI emicii. Emexk-
TPOHH ITIOTIA/IAI0Th HA aHOJ, SIKWH BUTOTOBIISIOTH 13 Ba)XKKHUX Me-
taniB (Cu, W, Fe, Pt tomo). IIpuckopeHHs eneKTpoHiB 3ilic-
HIOETHCS BHCOKOIO HANPYTOI0, SIKa CTBOPIOETHCS MIXK KaTOIOM i
aHooM. EHeprist MpUCKOpEeHHX €JIEeKTPOHIB MPH B3aEMOJi 3 aHO-
JIOM YaCTKOBO IEPETBOPIOETHCSI B €JIEKTPOMArHiTHE BHUIPOMIHIO-
BaHHS, & YAaCTKOBO B TEIUIO. TOMY B TOTY)KHHUX PEHTICHIBCHKHX
TpyOKaX aHTHUKATOJ HEOOXiHO iHTEHCHBHO OXOJIOJDKYBATH, SIK
MIPaBUIIO, IPOTOYHOIO BOAOIO.

Byno BcraHoBIeHO, IO PEHTI€HIBCHKE BUIIPOMIHIOBAHHS BO-
JIOJIi€ PSAIOM CHeU(piYHIX BIACTHBOCTEH. 30KpeMa, BOHO, Ha BiJI-
MiHy BiJl CBITJIOBHX IPOMEHIB, O€3MOCEpeHEO HE CIIPHHMAETHCS
OKOM crocTepiraya i 3/aTHe MPOXOIWUTH Yepe3 TOBCTI IapH pi3-
HHMX PEYOBHH, TOOTO BOHO BOJIOJII€ BEJTMKOIO MPOHHUKAIOYOI0 3/1aT-
HICTIO, SIKa 3aJICKHUTh BiJI JOBKUHH XBIITi; BOHO 10HI3Y€E TOBITPSI Ta
3[IaTHE BUKIIMKATH (OTOCS(EKT i YMHUTH 3HAYHY (Di3iONOrigHY Jit0
Ha >KUBI OpraHi3Mu.

Puc. 33.15 ’ CnpaBxHs Ipupoza peHTFleHiB.CLKOEO BI./IHp0MiH}OBaHH$I Oyna
3’sicoBaHa Jmine yepe3 17 pokiB micns ix Bigkpurrs — y 1912 p.
OcHOBHa 3aciyra B IIbOMY HaJISKHTh HiMelbKOMY (i3ukoBi Jlaye, sSIKuif mepmmM crocrepiras
JTudpaxmio peHTTeHIBChKIX POMEHIB IPH MPOXOKEHHI 1X Kpi3k kpucTaiy. Lumu gocmimken-
HSIMH, a TAaKOXX PSIOM HACTYITHUX €KCIIEPUMEHTIB OyJI0 BCTAHOBJICHO, II0 PEHTICHIBCHKI MpoMe-
Hi MafOTh €JIEKTPOMArHiTHy IIPUPOAY, TOOTO Ty camy, IO i CBITJIO, TUIbKH BIJIPI3HSIOTHCS Bif CBIT-
Ja JTy’Ke MaJIo0 JIOBKMHOIO XBWIi. BOHM 3aiiMaroTh OfiHY i3 KOPOTKOXBMIIBOBHX JUISTHOK YCHOTO
CIIEKTpPA ENEKTPOMArHiTHIX XBIIb (pHc. 25.2). Jliana3oH JOBXWH XBHIIb PEHITEHIBCHKOIO BHIIPO-
MiHIOBaHHS nipoctsraeThes Big 0,6 - 10 By o 2 - 10y (0,6 - 10 Bu<i<2.10 _10M) .

ExcriepuMeHTanbHI TOCHIDKEHHS TT0Ka3ally, 0 iCHYIOTh JIBl PI3HOBHJHOCTI PEHTICHIBCh-
KOT'O BUIIPOMIHIOBAHHS], IIPUYMHHI BUHUKHEHHS SIKUX LIJIKOM pi3Hi. O/Ha i3 KOMITOHEHTIB SIBJISIE CO-
6010 raibMiBHe BUIIPOMiHIOBAHHS, SIKE Ma€ HerlepepBHUH crieKTp. OCKIIBKY 1€ BUITPOMIHIOBAH-
HsI Hofi0He /10 G1y10ro CBiTia, TO HOro iHOJI HA3MBAIOTH OLTMM.

Byno 3’scoBano, 1o Oise peHTTeHiBCHKE BHIIPOMIHIOBAHHS CIIPUYMHSETHCS TalbMyBaH-
HSIM [IBHJKHX €JEKTPOHIB B PEYOBHHI aHOy. TakuM YMHOM, [IEH THIT pEHTTeHIBCHKOTO BHITPO-
MIHIOBaHHSI BUITYCKalOTh CaMi €JIEKTPOHH, SIKi PyXaloThCsl B PEUOBHMHI aHOJA.

3riiHO KJIACHYHOI eNIeKTPOJMHAMIKK IPH TaIbMyBaHHI €JIEKTPOHA JiHICHO ITOBHHHI BUHH-
KaTH XBWJII BCIX JIOBXKWH — BiJl HYNS i 70 HeckiHueHHOCTi. Ha puc. 33.16 HaBemeHi ekcriepu-
MEHTaJIbHI KPHUBI PO3NO/LTY IHTEHCHBHOCTI TaJIbMIBHOT'O PEHTT€HIBCHKOTO BUTIPOMIHIOBAHHS 32

* Pentreny Binbrensmy Konpany 3a sigkpurts X-npomenis y 1901 p., nepuiomy cepen ¢i-
3WKiB, Oyna npucymkeHa HobemiBebka peMis.
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8§ 33.10. Penmeeniecoke UNPOMIHIOBAHHS

JIOB)KMHAMH XBWJIb JUISl pi3HKX 3HaueHb U. SIk BHIHO i3 pHUCYHKA, BUCHOBKH TeOpii miaTBEp.I-
KYIOTBCSI eKcliepuMeHTanbHo. OHAK, € OJJHE NPHUHIMIIOBE BIIXWJICHHS BiJl BUMOT KJIACHYHOI
ENIEKTPOANHAMIKH: CIIEKTP TajJbMIBHOIO PEHTTEHIBCHKOTO
BUIIPOMIHIOBaHHs OOMEXXeHHH 3 OOKY KOPOTKMX XBHJIb JIe-

U,<U,<U,<..<U, SKOI MEXEIO A min, TOOTO Ma€ KOPOTKOXBUIBOBY MEXKY.
IcHyBaHHS MeXi CYIIBHOTO PEHTTEHIBCHKOTO CIIEKTpa
JIETKO TIOSICHIOEThCS Ha OCHOBI KBAHTOBUX YsiBJIeHb. Oue-
BHUJIHO, IIJ0 MaKCHMaNbHa eHepris hv,, PpEeHTTeHIBCEKOTO

Ia

KBaHTA, 1110 BUHUK 32 paXyHOK €HEPTii eJIeKTPOHa, HE MOXKE
MIEPEBUIITYBATH ITi€1 CHEpTii:

Wy = eU =hv g, (33.34)
ne U— mpuckoproroya pi3HHI TOTCHITIANIB. 3BIAKH
0
A ¢ hc
Puc. 33.16 Amin = T (33.35)

®opmyia (33.35) wijkoM BiAIOBiIA€ EKCIEPUMEHTAIBHIM JIAHUM 1 JICKHUTh B OCHOBI OJJHOTO
13 HAUTOYHIMMX 1 HAWTOCTOBIPHUX METO/IB €KCIIEPUMEHTAILHOTO BU3HAUeHHS craiioi [1nanka.

IMoTik peHTreHiBChbKOro BUIPOMIHIOBAHHS, 10 BUXOAMTH 13 TPYOKH, MPONOPLIHHMI crii
CTpyMYy, IO Tede dYepe3 TpyOKy, KBajapaTy Halpyru Ha TpyOLl i BeIMYMHI aTOMHOTO HOMEpa
PEUYOBHHHM aHOJIA, TOOTO

@ =kzIU?,

ne k=10""Bm/(B* - A) - crana BemuumHa.

YKopcTkicTh peHTreHIBCHKHX IIPOMEHIB, SIKa 3POCTAE 13 3MEHILICHHSIM JIOBXKUHH XBIJIi, Xapak-
TepU3ye iX NPOHMKAIOUY 3/IaTHICTH 1 3aJIOKHUTH TUIBKH Bl HAIPYTH, SIKa MOJAETHCS HA TPYOKY.
YuM BHIlA HATIPYTa, THM YKOPCTKIII PEHTTEHIBChKI IPOMEHI, SIK 11e BUAHO i3 hopmyin (33.35).

Ha nenepepBHHii CIIEKTp rajJbMiBHOTO BUIIPOMIHIOBAHHS HAKJIAJAAETHCS 1HITA KOMIIOHEHTA
— TaK 3BaHE XapaKTePHCTHYHE PeHTreHiBChbKe BUNPOMiHIOBaHHS. L[ KOMIIOHEeHTa XapakTe-
pH3ye PEUOBHHY aHOJA, TOMY BOHA TaK 1 Ha3MBAE€THCS. XapaKTEPUCTUYHE PEHTICHIBChKE BHU-
MIPOMIHIOBaHHS Mae JdiHiiiuaTuii cekTp. OcoOIMBICTIO IFOTO BUMIPOMIHIOBAHHS € T€, IO aTO-
MU KOXKHOTO XIMIYHOTO €JIEMEHTa MalOTh CBiM, I[IIKOM IIEBHUM, JTiHIHYaTHI CIIEKTP.

PeHTTeHIBChKI CIIEKTPH BiPi3HAIOTHCS MIOMITHOIO POCTOTOX. BOHM CKiTamaroThes i3 JeKi-
npkox cepiii (K-cepist, L-cepist, M-cepist Toro). Koxkna cepist HapaxoBy€e HEBEIHMKE YHCIIO Ji-
Hilf, AKi B NOPAAKY 3pocTaHHA yacToTH nosHavarotses Ko, Kg, K,,...; Lg, Lp, Ly,... 1 T.0. IIpn
301IbIICHH] aTOMHOTO HOMepa Z BeCh PEHTI'CHIBCHKHH CIIEKTpP 3MIILYEThCSI B KOPOTKOXBIIILOBY
YacTHHY, aJie HE MiHsE CBOET CTPYKTYpH. Lle OsCHIOETBCS THM, 110 PEHTTEHIBCBKI CIIEKTPH BHHH-
KaroTh NPH Iepexosax eIeKTPOHIB MK BHYTPIIIHIMHU €IEKTPOHHUMH PIBHSAMH aToMa, CTPYKTypa
SIKUX IIO10HA.

Cxema BUHHKHEHHS PEHTTeHIBCHKOTO XapaKTepUCTHIHOTO CIIEKTPa HaBezieHa Ha puc. 33.17.

XapaKkTeprcTHYHE PEHTTeHIBChKE BUITPOMIHIOBAaHHS BUHHUKA€ BHACHIIOK TOTO, IIO ITOTYX-
He KaTOHE MPOMIiHHS POHHUKAE B TIIHONHY EIEKTPOHHUX 000JIOHOK aTOMiB, BUPUBAE €IEKTPO-
HU 3 HIDKHIX IIapiB 1 COPUYMHSIE BUXiJ 1X 32 MeXi aroMa. SIKIIO BUPHUBAETHCS OJIUH i3 JBOX
enekTpoHiB K-000710HKH, TO 3BUIBHEHE Miclie MOXKe OyTH 3alHATE €EKTPOHOM i3 OyIb-IKOTro
sumioro mapy (L, M, N,...). TIpu upomy Burukae K-cepis. AHaJIOriYHO BUHUKAIOTH i iHIi ce-
pii. Cepist K 000B’13KOBO CYNPOBOUKYETHCSI IHIIUMH CEPisIMU, OCKUIBKH ITPY BUIIPOMiHIOBaHHI
i1 JTiHiH 3BUTBHAIOTECS piBHI B mapax L, M, ..., siki OyayTb B CBOIO Uepry 3allOBHIOBATHCS €JIEK-
TPOHAMH 13 O1JIBII BUIIMX IIAPIB.
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Pi3HMISA MK BHYTPIIIHIMHA €HEPreTHYHUMH PiBHAMHU 3HAYHO OUThIIA PI3HUI MK ONTHY-
HUMHE (BEpXHIMH) PiBHSIMHE, TOMY SHEPTisl PEHTTCHIBCKUX (POTOHIB OiNIbIIA 38 €HEPTit0 CBITIIO-
BHUX (QOTOHIB. I3 IIFOTO 3P0O3yMIJIO, IO UMM OLTBINVIA MOPSAKOBHN HOMED €IeMEHTa, TOOTO YUM

0 . T
N i3
N, N;
M
| MMM,
LL,LL, »
l i
L
K
E,
KKK K
1 1 1 1
20 40 60 80 Z
K
Puc. 33.17 Puc. 33.18

Ha OLTBIIIH KiJIBKOCTI €IeKTPOHHUX IIapax pO3MIlIeH] eJIeKTPOHH, TUM Oinblie cepiii BHHHKA-
TUME B HOT0 PEHTTeHIBCBKOMY CIIEKTpi 1 THM OLIbLIE JIiHIH CTaHOBUTHCS B cepii. Y BOAHIO i
rejiio, y IKMX HeMa€ BHYTPIlIHIX 000/I0HOK, HEMAa€ PEeHTreHiBCHbKOr0 CHEKTPAa, TIIbKHU
ontuuHuil. [TounHarOUM Bi JITIFO 0O HEOHY MOSBIAEThCS TiMbKU K- cepist, Bix HaTpiro 10
aprony — K- i L-cepii i T.x.

JIyist KOXKHOTO atoMa icHye cBost Mexka 30y pxerHst K-cepii. Harpran, myust amowminito (Z = 13) Bo-
Ha cranoBuTh 1,55 keB, st 3amiza (Z = 26) — 7,10 xeB, mis 3omora (Z = 79) — 80,5 keB. 1le mo-
B’S13aHO 3 TUM, IIIO JJIsI BUPUBAHHS eJICKTPOoHA i3 K-00010HKN HEOOXi/THa 3HAYHA €HEpris, SKa BU-
TpayaeThcsl HA BUKOHAHHS POOOTH 110 BUPHBAHHIO €IEKTpoHa. ToMy, JIiHiT XapaKTepHCTHIHOTO
CHeKTpa 3’ SBIAIOTHCS TUIBKY MPU HAIpy3i HAa PEHTI€HIBCBKIN TpyOL, sika OijbIia JesKoro IeB-
HOT'O 3HAYEHHS JIUIsl KOXKHOTO MaTepiay aHo/a.

B 1913 p. anrmiiicekuii ¢izux Moz (1887 — 1915) BcTaHOBUB 3aKOH, SIKHUii 3B’SI3y€ JTOBXKH-
HY XBHWJI1 JIIHI pEHTTEHIBCHKOTO CIIEKTPa 3 aTOMHUM HOMEPOM BHUIIPOMIHIOIOUOTO IX €IEMEHTA.
BimmoBiHO 150T0 3aKOHY MOBXKUHY XBUITI K, ~1iHiT MOXHA 3aaTH HOPMYITO0

1 2,1 1

— =R(Z-D (= - =). 33.36

=R - (3.36)
Kpg- ninii

1 2,1 1

— =R(Z-D (= - =). 33.37

R - (3.37)
L,- minii

1 2,1 1

—=R(Z-75 (= - =). 33.38

S =RE@TH 5 - (33.38)
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8§ 33.11. Byoosa i npunyun 0ii 1azepa

Bci ni ¢popmynm MoxkHa 00’ €HATH TaKor0 (GopMyIoro

2 _REZ-0) (5 - ) (33.39)
A m?  n?

ne R — crana Pinbepra, o — KOHCTaHTa, sIKa HA3MBAETHCS CTAN0I0 ekpanyBaHHs. (s K-cepii
o =1, nust L-cepii o = 0,75).

Ha puc. 33.18 naBeneHo Tak 3Bany aiarpamy Mo3ii, sika HAOUHO UTIOCTPYE JIHIHHY 3aJIeKHICTD
yacrtoty JiHil K-cepii peHTreHiBChKOro CIeKTpa BiJl MOpSaKoBOro Homepa Z. 3akoH Mo3ii €
MIPUPOTHIIOHAYKOBUM ITiATBEPPKSHHSM CIIPABEIIMBOCTI SAECPHOI MOJIET] aTOMa Ta Mepioany-
Horo 3akoHy J[.I. Menaeneena.

Mpuxaan 33.6. 3uaiimu epanuuny 006HCUHY X6UTE Apin PEHMEHIBCHKO20 POMOHA, 6URPO-

MIHIOBAHO20 PEHM2EHIBCLKOIO MPYOKOIo 3 npuckopiooyoio Hanpyeoio U = 50 kB.
Po3B’si30k: 32i0n0 ¢hopmyau (33.35)

- _ he _ (6,62-107% Joc-¢)(3-10°m/ c)
mheU (1,6-109 Kx)(5-10 B)
Hpuknan 33.7. Oyinumu 0062CUHY X6UTI BUNPOMIHIOBAHHSL, SIKE BUHUKAE NPU Nepexooi amo-
ma saniza (Z = 26) is cmany 3N =2 ¢ cmanzn =1,

Po3B’s130k: 32iono (33.36) maemo:

1 _ 1 1 .
- = (1,097 -10" m l)(26—1)2(1—2 - 2—2)=5,142-109M o

= 2510 % =0,25A.

2=194-10" =194 A.

§ 33.11. BynoBa i npuHMn aii J1a3epa

Jlazep — ue npuiiaj (a:xepesio CBiT/Ia), AKMii reHepy€ BY3bKHIl y40K MOHOXPOMATHY-
HOI'0 KOrePeHTHOI0 CBIiT/JIa BUCOKOI iIHTEHCHBHOCTI.

BunpowminroBanHs 1a3zepa npencTanisie o000 Maike ieabHy IIIOCKY XBHJIIO. 3BHUYaiiHI
JOKEpella CBIiTa BUIPOMIHIOIOTH CBITJIO y BCIX HampsIMKax i TOMy IHTEHCHBHICTb TaKOTO BH-
MIPOMIHIOBaHHS 3MEHIIYETHCS 3 BijicTaHHIO. KpiM TOro CBIiTIO BiJ 3BHYAaiHUX JUKEPENT HEKore-
pEHTHE.

[MpuHnumn xii n1azepa rpyHTYEThCS Ha KBaHTOBOMY edekTi. Binomo, mo ¢oron moxe mor-
JIMHYTUCS ATOMOM TiUIBKM TOAi, Komu oro eHepriss E; =hv cnisnagae 3 pisuuuero enepriii

MiX 3aIIOBHCHHM SHEPTeTHYHUM PiBHEM i ButbHIM 30ymkenuM pisaeM (puc. 33.19, a). Take mo-
TJIMHAHHS Ha3WBAETHCS PE30OHAHCHUM MOTJIMHAHHAM. SIKIIO aTOM 3HaXOAMTHCS B 30yIKEHO-
My CTaHi, TO BiH MOJKE CAaMOBUIbHO MIEPEHTH B CTaH 3 MEHIIIOIO0 EHEPTIi€I0 3 BUIPOMIHIOBAHHIM
E E  Oorona. Ilpn CHOHTAHHOMY BHIIPOMiHIO-
' hv, ' panni okpemi aToMH BHIIPOMIHIOIOTH He-
jv\‘k’ \}/l\{kﬁ By 3aJ1e;KHO OJIMH Bi/I OTHOTO, i OKpeMi aKTH
ik BUIIPOMiHIOBAHHS He 3B’sI3aHi B 4aci, To-

My NOJAPHU3ANis i HAMPAMOK BHIIPOMI-

. E, 6 E hioanns €JIeKTPOMATHITHMX XBHJIb MO-
JKYTh OyTH OyAb-IKUMM. 3BiJICH BHILIH-

Puc. 33.19 Ba€ BIUCHOBOK — CIIOHTaHHE BUIIPOMIHIOBa-

HHS 32 CBOIMH BIIACTMBOCTSIMH € HEKOre-

PEHTHUM, IIIYMOBHM i HE HAIIPSIMIICHUM.
MoskimBe 1 iHIIe SBUIIE, KO (DOTOH, KU BOJIOJIi€ HEOOXiTHOIO CHEPTIEI0, ITPH B3aEMO/IIT
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31 30y/DKEHIM aTOMOM CTHMYJIOE Tiepexia aroma B Outbin Hu3bKuii ctaH (puc. 33.19, 6). Bu-
NPOMIHIOBAHHS, SIKE IPH IIbOMY M€ MiCIIe, HA3UBAETHCS IHAYKOBAHUM (BUMYIIEHHM).

Icnye BaximBa 0COOJIMBICTH BUMYIIIEHOTO BUNIPOMIHIOBAHHS: BTOPUHHUH (DOTOH, SIKMI BH-
ITyCKAETHCS B PE3YJIBTATI IIEPEXOAY, HIYUM HE BiApi3HAETHCS Bif TOro (poToHa, SIKUH CTUMYITIO-
BaB 1eil nepexig. O6naBa (HOTOHM XapaKTEpHU3yIOTHCS! OJJHAKOBUMH BIIACTUBOCTSIMU. NIPH BUMY-
IIIGHOMY BHIIPOMIHIOBaHHI YacTOTa, HANpPSIMOK MOLIMPEHHS 1 CTaH MOJSpHU3alii iHAyKOBAaHOTO
BUIIPOMIHIOBAHHS TOYHO CHIBIIAJal0Th 3 YacCTOTOIO, HANPSIMKOM IOIIMPEHHS 1 MOJISPHU3ALIE0
30BHIIIHBOTO EIEKTPOMArHITHOrO TOJI, SIKE BUKIMKAJIO 1€ BUIpoMiHoBaHHS. OOHaBa BUIPOMi-
HIoBaHHs cmiBda3Hi, To0TO (a3 BUMYLIYIOUHMX i BUIPOMiHEHHX KBAHTIB 5KOPCTKO 3B’sI3aHi.
3BijICH BHILIMBAE, 1110 OCKUIHKH MEPBHUHHI 1 BTOPHUHHI ()OTOHH TOTOXHI, TO 3pO3YMLIIO, IO TAKE BH-
IIPOMiHIOBaHHSI HaOyBa€ BIIACTUBOCTEH MOHOXPOMATHYHOCTI, KOrepeHTHOCTi i Hampsmuie-
HocTi. Came Tak BUHHKAE B JIa3epi KOrepeHTHe BUIIpoMiHioBanHs. CaMa Ha3Ba "'1azep' MOXOANTb
BiJ abpeBiaTypu aHrmiiicekol Ha3eu mpunany Light Aplification by Stimulated Emission of
Radiation — micreHns cBiTiIa 3a JOIIOMOT0. BUMYIIIEHOTO BHITPOMiHIOBAHHSM.

[pu HOpMaNBEHKUX yMOBax OijbllIa YaCTHHA aTOMiB 3HaXOOHUTHCS B OCHOBHOMY CTaHi (puc.
33.20, a) i ToMy (HOTOHH, 3 IKUMH BOHU B3a€MOJIIOTh, SIK PABUIIO, MOriuHa0Thes. 1106 oTpu-
— 90— 000009 | Milu IiJCWICHHI B pe3ylbTaTi BUMYLIEHOIO BU-

' ‘ MIPOMIHIOBAHHS HEOOXITHO 3aJJOBOJBHUTH JIBi BH-

000000 —00 —[ wvoru llo-nepme, HeOOXiAHO 3pOOUTH TaK, 00 B

a 6 crani 3 GinbIoro exeprieio E; (B 30ymkeHOMy cTa-

Hi) 3HAXOMWIOCH OLIBIIE aTOMiB, HiXK B CTaHi 3

Puc. 33.20 MEHIIOO eHeprieto Ey. B 1poMy BUMa Ky ToBOpSTS,

II0 JlaHa CYKYITHICTh aTOMIB XapaKTepH3yeThesl iHBepcHOW HaceteHicTio (puc. 33.20, 6). Tlo-

Apyre, OUTBII BUCOKUIT CTaH NOBHHEH OyTH MeTacTadiIbHUM, TOOTO aTOMH B IIbOMY CTaHi T10-

BHHHI 3HaXOIWTHUCS JOBIIE, HXXK 3BUYAIHO, TIepexia B OLTBIT HU3BKWI CTaH MOBHHCH BigOyBa-
THUCSI HE CIIOHTaHHO, a 3aBJISIKK BUMYIICHOMY BHIIPOMiHIOBaHHIO.

B pedoBuHi 3 iHBEpCHOIO HACENEHICTIO EHEPreTUYHUX PiBHIB BUMYIIICHE BUIIPOMiHIOBAaHHS
MOXKE IIEPEBEPIIUTH MOTJMHAHHS CBiTJIA aTOMaMH, BHACHIJOK YOTO Ia/Ial0uMil Iy4oK CBiTIIA
TP TIPOXOJDKEHHI Yepe3 PeuoBHHY Oy/ie MiICHITIOBATHCS.

Ha MOXITMBICTH CTBOpPEHHSI CEpEIOBHIL, B SIKMX CBITJIIO Oye ITiCHIIIOBATHCS 32 PaxXyHOK
BUMYLICHOTO BUNpoMiHtoBaHHs, Brepiue (B 1939 p.) Bkasas B.A. ®abpukant (1907 — 1991)
(CPCP). B 1953 p. H.I'. Bacos (1922 — 2001) i A.M. TIpoxopos (1916 — 2002) (CPCP) i uesa-
nexHo Y. Tayuc (1915 p.n.) (CIIA) 3anpomnoHyBaii HOBHIM IIPUHIMIT TSHEPALIi 1 i JCHICHHS
€JIEKTPOMArHiTHOrO BHIPOMiHIOBaHHS. Bynau CTBOpeHI mepIn MOJEKYIspHI T€HepaTopH, SKi
MPAIIOBAJIM B Jialla3oHi CAHTUMETPOBHX XBHWIb. L{i reHepaTopn oTprMany Ha3By ma3epiB. B
1960 p. Meiiman (1927 p.u.) (CILIA) cTBOpHB HEpIIHi aHAIOTIYHAN OPIIAM, KU IIPAIOBaB
B ONITHYHOMY Jiana3oHi — Jia3ep. IHOAi Ja3epy HA3MBAIOTh ONTHYHUMH KBAHTOBHMM reHepa-
TopaMn*_.

Ha puc. 33.21 moka3zaHo IpUHIMII HiICHICHHS. [HBEpCHA HAacelIeHICTh aTOMIB B TpUpiBHE-
BOMY Jia3epi rokaszaHa Ha puc. 33.22.

Ipouec reHeparii BUpoMiHIOBaHHS Oyab-sIKOTO J1a3epa LIrocTpyeThes puc. 33.23, 1e TBep-
Jla aKTUBHA PEYOBHMHA 300pakeHa y BUIIISII IITIHApPA 13 CTPOro napasieI-HIMHU TOPISIMU 1 TI0-
MiIl[CHA B ONTHYHUHN PE30HATODP, BUKOHAHWHA y BUTJISI BiOMBHUX IIapiB, HAHECEHUX HA TOP-
LIeBi MOBEPXHI LITiHIpA.

Jo moyatky npouecy HakadyBaHHS (30Y/DKEHHsI) TepeBakHa OUTBIIICTh aTOMIB aKTUBHOI pe-
YOBMHH TiepeOyBae B OCHOBHOMY CTaHi, 110 Ha puc. 33.23,a YMOBHO IIO3HAYEHO YOPHUMH KpYXKed-

* 3a crBOpeHns kBaHTOBUX reneparopis H.I. Bacosy, A.M. [Tpoxoposy i Y. Tayrcy & 1964 p. 6yia
npucymkena HobemiBcbka npemis 3 (i3uKH.
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8§ 33.11. Byoosa i npunyun 0ii 1azepa

KaMH. 3aBJISKH HAKAUYyBaHHIO OUTBIIICTh aTOMIB NMEPEXOAUTh Y 30ymKkeHuit ctad (puc. 33.23, 0).

E,-o—0—0—0—0—0— — 00—
hv
AVAVE
hV/\/\/" hv /\/v
hv NUN\_~>
E, -—e *-5-0-0--0
Puc. 33.21

Haxkauka

e @6 6 0 o
E,

BesBunpoMiHoBaIbHUI
E nepexia

-

Po6oumit

_*_ nepexizg

E'.....

Puc. 33.22

Sxmo yactuHa 30y/KCHUX aTOMIB CIIOHTAHHO TIEPEXOAUTh B OCHOBHHI CTaH i BUMPOMiHEHi (o-
TOHHU MAOTh HANPSIMKH, HE MapajelibHi 0Ci aKTHBHOI PEYOBHHH, TO IL1i ()OTOHU BUXOJSTH 32 MEXKI
peuoBunu (puc. 33.23, 6) i y4acTi B OAAIBIIOMY POLECi HE GEPYTh.

Ipouec iHIYyKOBAaHOTO BUIPOMIHIOBAHHS IMOYMHAETHCS TOI, KOJH, NMPHHAWMHI, OIuH 30y-

e o ¢ 6 o o e o o
® ¢ ¢ 6 o o o 0o 0o o o
e © 6 6 0 o 0 0 0 o o
L g\
o *O
o (o]
of O
T T X
O 00 OO
©FEo-§
O\\OOOO.Q_OEOOOOBOOOO

\ RS

_Q._Ooooooo<ooooooo

® O ¢ ¢ O e OO ¢ O 06 O_0O_0-0

® © ® OO0 @ © O O X¥™M-"E—CO

O OO O@e@ 0O @O0 O0 O ®0V-0-0O

Puc. 33.23

JOKEHWH aTOM CIIOHTAHHO BHUIIPOMIHHUTH
(oTOH, napayenbHuil 0Ci AKTHBHOI pevo-
Bua (puc. 33.23, 2). Lleit doron 3my-
CHUTh IHIIMHA aTOM BHIIPOMIHHTH TOTOX-
HUH niepmomy apyruit ¢oToH i T.1. IIpo-
nec HaOyBae JIABMHOIOAIOHOTO Xapak-
Tepy, 00 (HOTOHM MOMIUPIOIOTECS B3IOBK
PCYOBHMHH, TIOCIIIOBHO BiIOMBAFOUNCH Bil
ii TopueBux moBepxonsb (puc. 33.23, o,
0). YactiHa YTBOPEHOrO ITy4Ka BHXOIHUTH
Yepe3 HamiBIPO30pHA TOpEIb y BUIVIM
BY3bKO CIPSIMOBAHOTO, ITOTY)KHOIO, KOTe-
PEHTHOTO CBITJIOBOrO npomeHs (puc. 33.23,
€). Crpora napaienbHIiCTh TOPLEBUX
IUIaCTUH  3a0e3neuye BY3bKY  CHpsi-
MOBAHICTb  CBITJIOBOTO TIPOMEHS, a
yJacTb B TIPOLECI IHIyKOBaHHMX Iie-
PEXOMiB  BEIMKOI KLUTBKOCTI 30y/DKCHHX
YaCTUHOK (MOJIEKyI, aToMiB) 3abe3redye
BEJIMKY IOTY)XHICTh BHUIPOMIHIOBaHHS,
sIKa 3pOCTa€ 13 301IBLICHHAM KOHIICH-
Tpamii aKTUBHHX YaCTHHOK. OCKUTBKH
IHIyKOBaHe BUIPOMIHIOBaHHS €
MPOLIECOM Pe30HAHCHUM, TO BOHO €
BHCOKOMOHOXpomMaTnyHuM. Curaain,
SIKHH BUXOAWTH 3 OOKY HAIiBIPO30POL
TOPILIEBOI TTOBEPXHi, Ma€ Mailke IUIOCKHI
(GPpOoHT, TOMY BiH € MPOCTOPOBO KOTe-

PEHTHUM, a OCKUIBKH CHUTHAJI Maike MOHOXpOMATHYHHUH, TO BiH KOTepeHTHHH 1 B Haci.
Hapeltrri, 3ayBasKIMO, IO SICKPABICTH KBAHTOBHX TeHepaTopis (masepis) craHoButs B = 10™ K/,
JIist TIOPIBHSHES BiIMITIMO, 1110 sickpasicTs CoHIs Ha 18a nopsytku Merma (Be ~ 10° k/v?).
IcHye nexinbka croco0iB 30yPKEHHS aTOMIB JUISl CTBOPEHHS B J1a3epi HE0OXiTHOT iHBEpCHOI
HaceNeHocTi. B pyOiHOBOMY J1a3epi B SIKOCTI aKTHBHOI PEYOBHHN BUKOPHCTOBYETHCS pyOIHOBHIH
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CTepIKeHb, sIKuil npencrasisie codoro Al,O3, B IKOMY OKpeMi aTOMH aTIOMIHII0 3aMIlLeHI TPHK-
patHO ionizoBanuMH aTomamu xpomy (Cr™™"). Came atomMu Xpomy GepyTh ydacTh B reHepallii
Jla3epHOro BUNPOMiHIOBaHHS. L{i aToMu 30ymKyIOThCS CHIIBHIMH CHaTaXaMH CBIiTJIa 3 JOBXH-
nHoto xBuii A = 5550 A. Sk BumHo i3 puc. 33.24, npu 36yKeHHI ATOMH TIEPEXOIATH i3 CTaHY
(ocuoBHoro) E; B cran E3. Ll npoiiec HA3UBAIOTh ONTHYHOIO HAKAYKOK0.

E; T IHBHHK.HI\;I Teneparop
°§> : IepexiJ BHCOKOT 4aCTOTH
w o
iz} 1
0 I

Il I

B 6943 A

E y

: Jlazepuuit

—%—> nepexin

Puc. 33.25

Puc. 33.24

I3 crany E3 atomMn a0 OIBHAKO MOBEPTAalOThCs B CTaH £, a00 mepexoasTh B MPOMIKHHUH
MeractaGinbruit cran E, 3 uacoM xutta 7~ 3:107° ¢. (s 3Buuaiinux piBHIB YaC KUTTS T =~
3-10°® ¢). [pu noTysxHiit Hakauni B cTani E; MOXKe BHSBHTHCA OibIIe aTOMIB, HiX B cTaHi Ej.
TuM camMnuM CTBOPIOETHCSI IHBEpCHA HACENCHICTh PiBHIB, KA HEOOXiIHA VIS TeHepallii jasep-
HOTO BHIpOMiHIOBaHHs. PyOiHOBHH Jaszep reHepye (mepexin E; — Ej,) CBITIO 3 JOBXHHOIO
xBuri A = 6943 A (py6inoBo-uepBomuii komip).

Jlazepu Ha pyOiHI MpaIIOIOTh B IMIYJLCHOMY peXnMi. BcepemyHi akTHBHOTO cepe/ioBHIa
(kpucTana) BUAIISETCS Oarato Tervia, y 3B’s13Ky 3 YiM HOro MOTPiOHO IHTEHCHBHO OXOJIODKYBATH.

B 1961 p. dxaBanom (1926 p.n.) (CLLIA) OyB cTBOpEHHH MepIIUii Ta30BUiA Jiazep, B SKOMY
BHKOPHCTOBYETHCS razoBa cymim i3 15 % remito 1 8 % neony. Ilpunnunosa cxema He-Ne —
Ja3epa, CTBOpeHoro J>xaBaHoM i3 criiBpoOiTHHKaMu, HaBezieHa Ha puc. 33.25. Po3psimaa TpyOka 1
JIOB’KMHOIO OJM3bK0 1 M Oyrra HaroBHEHa CYMIIIIIIO TeIIii0 1 HeOHY Mij 3arayibHuM THCKoM 133,3
[Ma. 330BHI Ha TpyOUi po3MilTyBaNUCS MWIIHAPUYHI ENEKTPOIH 2, CHOIY4YECHI 3 TCHEPATOPOM
BHCOKOI YacTOTH IOTY)KHICTIO JIEKiJIbKa JiecsTKiB Br. Ha KiHIUIX TpyOKM BCTaHOBIIOBAIHCS JBA
IUTIOCKI JTIeNeKTpHYHi a3epkana Z; 1 Z,, SKi BOJOIUIN Ty)Xe BUCOKUM KOe(ilieHTOM BiOWTTS
(GmmsbkuM 10 1). Jlasep JxaBaHa mpaifoBas B iH(ppauepBoHoMy Hiana3oni (A~1,15 mxm); iforo
MIOTY)KHICTH CKJIafaia 61u3pko 1MBT.

B cyugacaux He-Ne — nazepax enexkTpraHi po3psiay B rasi 30yIKylOoThCs IOCTIHHAM CTPYMOM,
a ra30po3psiHi TPYOKH OOMEXeHi 3 KiHIIB IJIACTHHKaMH, HaXWJICHUMH I1iJ KyToM bprocrepa 1o
oci TpyOxwu. [Ipunumnosa cxema TpyOku cydacHoro He-Ne — na3epa HaBenena Ha puc. 33.26.

Cywmim He-Ne

Jo mxepena moctiitHOT
BHCOKOI HAIIpyIru

Puc. 33.26

[Nommprorounck BCepeHi MiXK J3epKAIaMH, CBITIIOBHH ITy9OK OaraTOKpaTHO MPOXOIHTH de-
pe3 BikHa bproctepa i crac moBHicTIO JiHiiTHO MonApu3oBanuM. TyT CITif] 3ayBaXKUTH, IO CBIT-
JI0, TIONISIPU30BaHe B IUIONIMHI MaJiHHS, BUIBHO NMPOXOAWTH Yepe3 OprocTepiBChKi BiKHA, TOOTO
0e3 BiIOWBaHHS, a CBITJIO, ITOJIIPH30BAHE B IDIONINHI, IEPIICHANKYIISPHIN 10 TUIOIIMHY TIATiHHS,
BiZIOMBAETHCS BiJl TOPIIEBUX IUTACTUH MOBHICTIO. TaKUM YHHOM, TOPIIEBi ruiacTuHU (OprOCTEPiBCh-
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Ki BiKHa) pO3psIHOI TPYOKH BiJirpatOTh MOJBIHHY POJIb: BOHH 320e31euyI0Th JiHifiHy moJasipu-
3aIiio Ja3epHOro My4ka i BUKJIIOYAIOTH BTPATH eHepPrii NMpu NPOXOIKeHHi cBiTia i3 po3-
psHOI TPYOKHM /10 13epkaia i Ha3aa. JKuBieHHS po3psiqHOi TPYOKH MOCTIHHMM CTPYMOM Ja€
MOXJIMBICT PETyIIIOBAaTH CHJIY CTPyMY B IIMPOKHUX MEXKax, 110 T03BOJISIE Mi{i0paT ONTHMANbHI
YMOBH 30y/PKEHHSI, TOOTO OTpUMYBATH BiJl J1a3epa MaKCHMaJIbHY MOTY)XHICTh CBITJIOBOTO ITy4-
Ka.

[aui, 3’scyeMo MexaHi3M CTBOpEHHsI iHBepciliHOl HaceneHocTi B He-Ne — naszepi, B sikomy,
SIK 3a3HaYaII0Cs BUIE, pOOOYO0r0 PEYOBHHOIO € HelTpaibHi aromu He i Ne.

30ymKeHHS 3IHCHIOETBCS EIEKTPOHHUM PO3psaoM. B mirasmi ra3zoBoro pospsiay aToMu
rejiiio 30yIKYIOThCSI TIPU HENPY)KHHUX 3ITKHEHHSX 3 eNeKTpoHaMH. IMOBipHICTH 30y KeHHS
aToMa Ha pi3Hi piBHI € HEOAHAKOBOIO. B fesKi cTaHM aTOM IepexoauTh 3 OibIIOK iIMOBIpHIC-
TIO 1, SIKIIIO OUTHITM BUSIBJISIETHCA 1 Yac epeOyBaHHS B IIUX CTaHAX, TO TaKi CTAHM MOXKHA BU-
E, Teniit /—\ Heon KOHCTATH B SIKOCTI l?erHi).(upiB:

E HiB ISl CTBOPEHHS! IHBEPCTHHOT

E, HaCeJIEHOCTI. Cx;Ma eHepreTny-
nux piBHiB He i Ne moka3zana
Ha puc. 33.27.

[HayKOBaHE BHIIPOMIHIOBA-
HHS CTBOPIOETHCSI aTOMaMH HEO-
Hy. Lle MOXIMBO 3aBISIKH TOMY,
0 CHEpris TepImX JBOX 30Y[I-
’KCHHX METacTaOUIbHUX CTaHiB E,
E, E{ i E3 TeNiF0 JOCTaTHRO HOOpE CIiB-

" JlazepHuii T1a/1a€ 3 EHEPreTUYHNMH PIBHAMHI
nepexon E, i E; neony (puc. 33.27).

E)

E§

Enexrponne
30y KEHHS

IBuaki
epexou

e o i

I
I
I
I
I
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I
I
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:
I
¥

Enextponu, npuckopeHi mo-
JIeM, TIpH 3ITKHEHHI B TIa3Mi ra-
30BOT0 PO3PSLY 3 AaTOMAMH TeIi0 30Y/PKYIOTh OCTaHHIX 32 CXEMOIO

e+He — He*(E,,E;) +e. (33.40*_)

Puc. 33.27

B pesynbrati aToM nepexonuts y 30ympkeni ctanu E; 1 E;. OnTudni epexosu i3 1ux cra-
HiB B oOcHOBHUIA E; 3a00poHeHi, B crry doro craunu E; i E3 € MeTtacTabiTbHIMHE 3 9aCOM KHUTTS
7 =10 ¢c. Tomy BoHH 106pe HArPOMAKYIOTh EHEPIiIO, SKY OTPHMYIOTh IPH 30YDKEHH elleK-
TPOHHUM YyZIapOM.

[auti, B pe3ynbTaTi HENPY)KHUX 3ITKHEHb 30y/KEHUX aTOMIB TeJii0 3 aTOMaMH HEOHY OC-
TaHHI PE30HAHCHO 30Y/IKYIOTHCS:

Ne + He" — Ne*(Ej, E5) + He. (33.41")

B neoni cranu E) i E; marors Gl TpuBanocti skuTTs, Hixk crand Ey i Eg . Ile no3so-
JIs€ OTPUMYBATH iHIYKOBaHEe BHIIPOMiHIOBaHHS Ha mepexomax E; — Eg, E; » Ef, E; > E;.
IIpu mpaBHIbHO BHOPAHHMX THCKAaX HEOHY i TeJif0 BIAETBCS JOCSTTH HACENIECHICTH OJHOTO abo
00ox pieuiB E; i E; HeoHy, siKe 3HAUHO MEPEBHUIIYE HACENEHICTH IIUX PIBHIB Y YHCTOMY HEOHI,

i oTpuMaTH iHBepCHY HACeNEeHICTh HUX piBHIB y BimHowenwi 10 pisuie Ej i Eg. Icropuuno
nepiiow Oylia oTpuMana rexepanis Ha nepexomi E; — E¢ (4 = 1,15 mxm). Tlotim Gyna peari-

30Bana inBepcis nepexonis Ez — Ej (A =3,39 mxm) i E3 — Eg (4 = 0,63 mrcnr). CxemaTnuno

* . * . .
* Tosnauenns He™ i Ne osmauae 36yxeni atomu He i Ne.
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33 byodosa amoma

1l IIepexou MmokazaHo Ha puc. 33.27.

Bci Tpu Buam renepatii BiiOyBaloThesl PU OJJHAKOBHX YMOBAX PO3psAY 1 MalOTh aHAJIOTI-
YHi 3aJIEKHOCTI IMOTY>KHOCTI TeHEepallii BiJi mapaMeTpiB i reoMeTpii po3psay. [Ipu mpomy 0cod-
JIUBO BAXJIMBA KOHKYpEHIIis reHepariii Ha xBwix 3,39 i 0,63 MkM, SKUM BiIMOBITAIOTH TIEpe-
XOJIM i3 CHiIbHUM BepxHiM piBHem Ej. Tomy reHepariist Ha ofHi i3 UX XBWJIb OCIAOIIOE Te-
Hepalliro Ha iHmIiH.

Ho6pe Bigomo, mo B He-Ne — masepi icHye 3HaUHO OLUTBINIE JIA3epHUX MEPEXOIIB, HIX IIe
300pakeHO Ha puc. 33.27. KoxeH, i3 mOKka3aHUX Ha Iiif CXeMi CTaHIB HEOHY, PO3IICTUTIOETHCS
Ha KUJIbKa MiJPiBHIB; B CBOIO Yepry, KOXEH 3 MiIPIBHIB MOXKE CITY’KUTH ITOYATKOBUM a00 KiHIle-
BHM DPiBHEM ISl IEKUIBKOX JIa3epHUX Mepexo/liB. Bchoro B HEOHI CTUMY/IbOBaHE BUIIPOMIHIO-
BaHHJ criocTepiraersest 6unbi K Ha 130 minisx.

3aBnsky BUCOKiN KorepeHTHOCTI He-Ne — nasep ciyuTh 4y10BUM JPKEpEsIoM HElepepB-
HOTO MOHOXPOMAaTHYHOTO BHIIPOMIHIOBAHHS ISl JOCHIJDKEHHS 1HTep(epeHiiauX i qudpak-
LWiMHMX SBUI, 3AIHCHEHHS SKUX 31 3BUYalHMMH JDKEpENaMH CBITJIa BUMAarae 3acTOCYBaHHS
crnenianpHOl anapatypu. He-Ne — nasep 3HaifIIoB 3acTocyBaHHS B XIMIYHHUX 1 010JIOTIYHUX J10-
CII[DKCHHSX, B CHCTEeMi 3B’s3Ky, ronorpadii, mMammHoOymayBanHi, B MeauuuHi (Oe3xpoBHA
Xipyprisi, ohTaIBMOIOris, Teparis, JiarHOCTHKA) TOLIO.
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