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Bapuant Ne 1

MaxkcruManibHas JIMHA BOJIHBI CIIEKTPAJIbHOM BOJOPOIHOM JIMHUM cepuM JlaiiMana paBHa
0,12 wmxm. Ilpeamonaras, 4To TOCTOsSHHas Pumbepra HEW3BECTHA, OIPEIACITUTE
MaKCHUMAJIbHYIO JUIMHY BOJIHBI cepuu banbmepa.[0,648 MkM]|

T[okostmuiics noH He' memycTrn (GOTOH, COOTBETCTBYIOIIHIA TONOBHOH cepru JlaiimaHa.
O1oT (oTOH BBIpBAT (OTOIIEKTPOH M3 TMOKOSIIETOCs aromMa BOAOPOJA, KOTOPBIN
HAXOJUJICS B OCHOBHOM cocTosiHuM. Haiinure ckopocth GoroanekTpona. [3,1 Mwm/c]
KBaHT cBera, BO3HUKAIOIIUA TPU PE30HAHCHOM MEPEXOAE B  OJHOKPATHO
MOHU3UPOBAHHOM aTOME T'eJIusl, BBIPHIBAET (POTORIEKTPOH U3 aTOMa BOAOPO/IA, KOTOPHIi
HaxOJHUTCS B OCHOBHOM COCTOSHMM. HailauTe CKOpOCTh 3TOTO 3JIEKTPOHA BAAIH OT sIApa

atoma. [0=2\2 1,1 Mwm/c]

OHpeI[eJ'H/ITe (B JJINHaxX BOJ'IH) CIICKTPAJIbHBIC AHWAIIa30HbI, COOTBCTCTBYIOIIUME CCPHUU
Jlajimama. [9,1-107°...1,2-107" m]



Bapuant Ne 2

Bo30yx1eHHBI aTOM BOJOpOJAAa MPU IMEPEeX0jJ€ B OCHOBHOE COCTOSHHE HCIYCTHII
HOCJIeIOBATEIbHO JBA KBAaHTA ¢ JuTMHOW BoiHbl 40510 A um 9725 A. Onpenenure
DHEPIUI0 TEePBOHAYATIBLHOIO COCTOSHUS JAHHOTO aToMa W COOTBETCTBYIOIIEE €MY
KBaHTOBOE uucio. [—0,545 3B; 5]

KBanT cBera c sHeprueit & = 15 »B BbIOMBaeT 2JIEKTPOH U3 aromMa BOJIOPOA,
HaxOJSIIErocss B HOPMaJIbHOM cOCTOssHMM. C KakoW CKOpPOCThIO OyAET ABUTAThCA

3NeKTPOH Bamu ot siapa? [v=2(¢ % 7-10° m/c]

OAHOKpPAaTHO HWOHU3UPOBAHHBIM aTOM TeIUs HAXOJUTCI B OCHOBHOM COCTOSIHHH.
Onpenenure, CMOXKET JIU KBAaHT CBETA, COOTBETCTBYIOIIMM PE30HAHCHOMY MEPEXOAy B
JBYKPATHO MOHU3WPOBAHHOM aTOME JIUTHS, BHIPBATh JEKTPOH M3 JTAHHOTO MOHA TeNHUA.
[CMmoxeT]

B undpakpacHoii obiactu u3iydeHus BOJ0poJa oOHapyKeHO YeThipe cepuun — [lamiena,
bpakera, [Ipynna u Xsmppu. 3anumure cepuaiibuble GOpMYIIbl Il HUX U ONPENeTuTe

caMyl0 JUIMHHOBOJHOBYIO JinHMIO: 1) B cepum Ilamena; 2) B cepunm Xombpu.
[1) 1,87 mxm; 2) 12,3 MKM]



Bapuant Ne 3
OnpenenuTe MaKCUMaIbHYI0 M MUHUMAJIbHYIO SHEpruto (oToHa B cepu [lamieHa criekrpa
n3ydeHus Bogopoza. [10,2 3B; 13,6 3B]
OnpeznenuTe 4acTOTy V CBETa, U3Iy4aeMoOro BOJOPOIONOA00HBIM HOHOM MPH TMEpPeXo/ie
AJIEKTPOHA HA YPOBEHb C TIJIaBHBIM KBAaHTOBBIM YHCIOM #, €CIU PaJAyC OpPOUTHI

M3MeHusIcs B k pas. [V = (l—k)RCZZ/nz]

BhlupciuTe MOCTOSHHYIO Punbepra R, eciu M3BECTHO, uTo s MoHOB He' pasHOCTS
JUIMH BOJIH AA MEXIy TOJIOBHBIMH JUHUSIMH cepuii bampmepa u Jlalimana paBHa
133,4 um? [R = 176mc/(152°AN) = 2,07-10" ¢!

C xakoil MHUHUMAaJIbHOM KWHETHUYECKOM SHEpPruer JOJDKEH IBUTaThCAd aTOM BOJIOPOJaA,
YTOOBI IPU HEYIIPYTOM COYJIAPEHUU C APYTUM, TOKOSIIMMCS aTOMOM BOJIOpOJa OAUH U3

HUX OKazaJics CIIOCOOHBIM UcIycTUTh poTtoH? [Ipeanonaraercs, yTo 10 coyaapeHus: ooa
aToMa HaXOoJSITCS B OCHOBHOM COCTOSIHUM. [T in = (3/2)AR = 20,5 3B]



Bapuant Ne 4

Ha arom Bomopona mamaer (OTOH W BBIOMBAET U3 aTOMa JJIEKTPOH C KUHETHYECKOM
sHepruer 4 5B. Boluucnure sHepruro najaromero (GporoHa, €ciaud aToM HaXOJIWICS B
BO30YXJIEHHOM COCTOSIHUM C KBAHTOBBIM UUCIIOM 11 =2. [7,39 3B]

JlnuHa BOMHBI TOJOBHOM JMHUM cepuM Jlaimana aroma Bomopona paBHa 0,122 Mxwm.
Haiinurte fuHy BOMHBI TOM ke muHUK 11d nona He'.  [0,0135 mxm]

Onpenenute AJIMHBI BOJIH, COOTBETCTBYIOIME: 1) rpanuiie cepun Jlaiimana; 2) rpanuiie
cepun banbmepa; 3) rpanuue cepuu llamena. [Ipoananusupyiite pe3ynbrarsl. [91 HM
(YD); 364 um (BOu3u Y@); 820 um (MUK)]

DNEeKTpOH B aTOME€ BOJOPOJA MOXET HAXOJIUThCA Ha KPYTrOBBIX OpOUTax pajanmycoMm
0,5-10° M 1 4,5-10® M. Bo CKOIBKO pa3 pasIMYaroTCs YIIIOBBIE CKOPOCTH JJIEKTPOHA HA
aTuXx opoutax? [9,54]



Bapuanr Ne §

Kakoil niuHbI BOJIHBI CHEKTpalbHbIE JTUHUU TMOSBATCS MPU BO30YKIECHUM aTOMApPHOTO
BOJIOpO/ia AJIEKTpOoHaMu ¢ 3Heprueit 12,5 sB? [1,214- 107 m; 1,024-107 m; 6,556-1077 M]
DHeprust cBsi3u dnekTpoHa Ey B arome He (Z = 2) paBna 24,6 »B. Haitnute sHepruto,
HEOOXOUMYIO JIJIS yIajieHus: 000MX 3JIEKTPOHOB M3 ATOTO aToMa.

[E=E,+ hRZ*> =179 5B]
Kakue cniekrpanbHble TUHUU TOSIBATCA B BUAMMON 00JIaCTH CIIEKTPa P BO30YXKIACHUU
aTOMOB BOJOPO/Ia AJICKTPOHAMM C dHepruei 12,8 3B?

[656,3 HM; 486,1 HM]

Onpenenute (B AJIMHAX BOJH) CIEKTPalbHbIC IUANA30HBI, COOTBETCTBYIOIIUE CEPUU
Banemepa. [3,67-107°...6,56-107" Mm]



l.

Bapuant Ne 6

Omnpenenure (B AIMHAX BOJIH) CHEKTPAJIbHbIE AUAMA30HbI, COOTBETCTBYIOLIUE IPaHULIAM
cepuu Ilamiena. [8,2-10_8. ..1,87-107° M]

ATOM MIOOHHUSI COCTOUT M3 HEMOJBIKHOTO TMPOTOHA M OTPUIATENIBHO 3apsyKEHHOTO
MIOOHA, Macca KoTtoporo B 206 pa3 Ooubllle Macchl 3JEKTPOHA, U 3apsAI0M, PaBHBIM
3apsay anekTpoHa. [ns Omvpkaiiiieil K IpOTOHY OpOUTHI MIOOHA BBIIIOJHSIETCS YCIOBHE
KBaHTOBaHUS Trp = h/2, rie r — paamyc OpOMTHI, p — UMITYJIbC MIOOHA. Onpenenure

KHHETHYECKYIO 3HEPrUi0 7' MIOOHA Ha 3TOU opoOuTe.

4
me

T=—"° _-279 xB]
32n7gyh
Ha puc. H300paKeHBI HECKOILKO SHEPTETHUECKHX YpOBHEH — f _
aTOMa M yKa3aHbl JUIMHBI BOJH 111 (OTOHOB, M3IY4aeMbIX H  f, —
MOTJIOWACMBIX TIPU TIEPEXOJAX C OfIHOTO YDOBHA HA NPYrod. — p M| P2 |

MunumaneHasi JUIMHA CBETOBOM  BOJIHBI sl (DOTOHOB, M3
M3JIy4aeMbIX TPHU MEPEeX0o/laXx MEXAY ATHUMH YPOBHSIMM, paBHA  F
200 am. KakoBa BeanumHa Aoz, eciu A3 = 250 HM, Ay = 400 HM?

[667 HM]

CKOJIBKO CHEKTpajdbHbIX JUHUNA N OyAeT HCIycKaTh aTOMapHBIM BOJAOPOI, KOTOPBIM
BO30YKIAIOT Ha n-i SHEpreTuueckuii yposeus? [N=n(n —1)/2]




Bapuant Ne 7

Ha puc. u300pakeHbl HECKOJIBKO OJHEPreTHYECKUX YPOBHEH [,
atoma. MakcuMainbHas JJIMHA CBETOBOM BOJIHBI, UCIYCKAEMOW F; —x%
HJIM TIOTJIOIIACMO aTOMOM IPH BCEX BO3MOXKHBIX MEPEXofax g,
MEXIy 3TUMU ypoBHAMH, paBHa 800 HM. M3BECTHO, YTO 4aCTOTHI Vi3
MEPEXO0JIOB OTHOCATCA APYT K APYTY KaK Vi3 : Vog i Vi, =9 : 7 1 4.
KaxkoBa nyinHa BoJiHBI ()OTOHA C 4aCTOTOU V3?7 [267 HM]
Brruuciaure mocrossHHyro Pupbepra R, eciau W3BECTHO, YTO JIJII MOHOB He" Z = 2)
Pa3HOCTh JUIMH BOJIH MEXKAYy TOJIOBHBIMM JIMHMSAMU cepuid bansmepa um Jlalimana
AL =133,7 um. [R = 176mc/(152°A)) = 2,07-10" ¢

Onpenenute (B AJIMHAX BOJH) CHEKTPalbHbIC IUANA30HbI, COOTBETCTBYIOIIUE CEPUU
Mdyrma. [2,27-107°...7,45-107° m]

Onpenenute CKOPOCTh, KOTOPYIO MPUOOPEN MOKOUBIIUICA aTOM BOJIOPOJia B Pe3yyibTaTe
u3iydeHus (OTOHA MPHU MEPEX0/ie U3 MEPBOTO BO30YKICHHOTO COCTOSHUSI B OCHOBHOE.
Ha ckobKO MPOIEHTOB OTANYAETCS SHEPTUS UCIYIIEHHOTO (DOTOHA OT SHEPTUU JAaHHOTO
nepexoma? [v ~ 3AR/(4Mc) = 3,25 m/c; Ae/e ~ 3R/ (8Mc?) = 5,5-107 %, rne M —
Macca aToma

Vas| V32 |




Bapuant Ne 8

Onpenenute nmoTeHIMaNbHYO U, KuHEeTUYeCcKyr 1 W TONHYH E SHEpPruto 3JIeKTPOHa,
HaXOJIAIIErocs Ha MEPBOM opOUTE aToMa BOJIOPO/IA.

[U=-2Rh=-272-"B; T=Rh=13,63B; E=—Rh=-13,63B]
Onpenenute (B JIMHAX BOJIH) CHEKTPAJbHBIC JAUANA30HbI, COOTBETCTBYIOIIHE CEPUU
Bpakera. [1,46-107°...4,047-107° m]
OmnpenenuTe MIOTHOCTh TOKA, COOTBETCTBYIOIIETO JBMXKCHHIO DJICKTPOHA T10 7-i OpOUTe
aroMa Bojgopoza. Paguyc opourtsl r. [j = enli/(mr)]
Yactuira Maccoit m IBWKETCS IO KPYrOBOM OpOUTE B IIEHTPATHHO-CUMMETPUYHOM TIOJIE,
r7ic €¢ TOTCHIMAJIbHAsI SHEPTHsl 3aBUCUT OT PACCTOSHHUS 7 OT IIEHTpa TOJS Kak
U=kr’/2, tne k — mocrosuHas. HaiimuTe ¢ HOMOIBIO OGOPOBCKOrO YCIIOBHS
KBAaHTOBAaHMS BO3MOYKHBIC PAJNYChl OPOUT M 3HAYEHUS TOJIHOW SHEPTUU YACTHIIBI B 3TOM
oJie.

[r, =\/nh ;;En=nh(o,r,uen=1,2,...,OJ:»\/k/m]

N



Bapuant Ne 9

1. Onpenenure 3Hepruto (HOTOHA, COOTBETCTBYIOIIETO BTOPON CHEKTPAJIbHOW JIMHUM B
nepBoi nH@ppakpacHoi cepuu (cepuu Ilamena) aroma Bogoposa.[0,97 »B]

2. ATOM TIO3UTPOHHS 0OPa30BaH AIEKTPOHOM M MO3UTPOHOM (€ /e'), KOTOphle BPalIaroTCs
OTHOCHUTENIbHO 001ero neHTpa macc. Haiigute: a) paccrossHue 7 MEXIy YacTHUIIAMH B
OCHOBHOM COCTOSIHMM; 0) mocTosiHHyt0 Pumbepra R u JJIMHY BOJIHBI A pPE30HAHCHOM
auHuM (00yCIIOBJIEHA NEPEX0I0M U3 MEPBOTr0 BO30YKI€HHOT'O COCTOSIHUSI B OCHOBHOE).

8ne hi . 4
[a)l’=m—602=1,uo-10 10M;6) :#:]_031016 paﬂ/C,
0
1210°e*h
. :33“—83 — U, 243 MKM]
me

3. Y Kakoro BOAOPOJIONOJA00HOTO UOHA PAa3HOCTh JUIMH BOJH MEXKY TOJIOBHBIMU JIMHUAMHU
cepuit Baapmepa u Jlaiimana AL = 59,3 um? [Li*"]

4. Byger i aTtoM BOAOpOJa MOIJIOIIATh H3JIy4EeHHE ¢ BOJHOBBIM umcioM 1/A = 3R?
[ Takoe MoraomeHrue NpOUCXOINT |



N —

Bapuant Ne 10

OmnpenenuTe nepBbIi NOTEHIIMAT BO30OYX eHNs aToMa Bojgopoa. [10,2 B]
9 ) ) ) +
HalimuTe nnuHy BOJHBI TOJIOBHOM JMHUM TOW CIHEKTpajdbHOM cepuu woHoB He ', y
. . 15 -1
KOTOPOM MHTEPBAJ YACTOT MEXKAY KpalHUMU JTUHUAMHA Aw = 5,18-10" ¢

.= (2n¢/Aw)( ZVRA0 1) /(22 (VRA® 1)) = 0,47 v

Onpenenure UIMHY BOJIHBI CHEKTPAJIbHOW JIMHMM, COOTBETCTBYIOLIEH IEpEXO1y
3JIEKTPOHA B aTOME BOJOPOJa € 11eCTOM OOpOBCKOW opOUThI Ha BTOpyro. K kakoil cepun
OTHOCHTCS 3Ta JIMHUA?

[0,41 mxMm; 4-51 muHUSA B cepun banbmepa]
[ToxouBmMiics aTOM BOAOPOAA UCIYCTUI (OTOH, COOTBETCTBYIOIIMI TOJOBHOW JIMHUU
cepuu Jlaitmana. Haiinure: a) CKOPOCTh OT/Iaud, KOTOPYIO MOJYYHJI aTOM Maccou my; 0)
OTHOLIEHUE KUHETUYECKOH sHeprun 1 aroma OTAAauu K SHEPTHH MCHYIIEHHOTO (OTOHA
fio. [v = 3R/ (4moc) = 3,27 Mm/c; T/ho=v/(2¢) =5,5-10"]



