Homawnee 3a0anue no keanmoeoii husuke Bapuanm 1
3aoanue 1
Onpenenuts Temneparypy T, pu KOTOpOW >HEpreTHYecKas CBETHUMOCTh aOCONIIOTHO YEPHOTO TelI
paBHa 10kB1/M°.
3adanue 2
MaxkcumanbHasi CreKTpajibHasl IUIOTHOCTh DHEPIreTHYECKOH CBETUMOCTH (I)mqy AOCOIIOTHO YEPHOTC
Tema pasua 4,16 - 10 Br/™’. Ha KaKyIO JUIMHY BOJIHBI A, OHAa TIPUXOAUTCA?
3aoanue 3
Temniepatypa T abcomoTHO YepHOTO Tena u3MeHWiach npu HarpeBanuu ot 1000 mo 3000K. Bc
CKOJIBKO pa3 yBEIWYWIACh IIPH ITOM €ro 3HepreTudeckas cBeTumocTs R,? Ha ckonbko m3MeHnmace
JUTMHA BOJHBI A, Ha KOTOPYIO TPHXOJUTCS MAaKCUMyM CIEKTPaJbHON IUIOTHOCTH SHEPreTHYECKOF
ceetuMocTH?  Bo cKompko pa3 yBeIMYHJIAch €ro  MaKCHMallbHas CHEKTpajibHas IUIOTHOCTE
SHEPreTHYECKOW CBETUMOCTH I,?
3aoanue 4
®DOTOIEKTPOHBI, BHIPHIBACMBIC C TIOBEPXHOCTH METaJUla CBETOM C JUIMHOM BOJMHBI A = 311 HM
MOJTHOCTEIO 3a/1epkuBatoTcst HanpspkenueMm U, =1,5 B. KakoBo Oynmer 3amep krBatoriee HanpsHKeHHE.
€CIIH ATOT MEeTaJUl 00JIy4aTh CBETOM C JUTHHOW BOJHBI A = 249 HM?
3adanue 5
TpH KaKoii UTHHE 2IIeKTPOMArHUTHON BOJHBI 3Heprust (oToHa pasHa £ = 3,3 - 102 x?
3aoanue 6
[Ipu ocBemieHUM KaTojga CBETOM C JJIMHON BONHBL, paBHOM cHaudama 207 HM, a 3ateM 270 HM.
3a7iep KUBaroIee HalpsHKeHHe W3MEHUIIOCH B 2 pasa. OmpeenuTe KpacHyIo TpaHuily GoTtorddexra.
3aoanue 7
OnpenenuTts CHUITy CBETOBOTO JaBIICHHSI F CONHEYHOro M3NMy4eHHs Ha MMOBEPXHOCTh 3€MHOIO IIapa
cuuTas ee abCOMOTHO YepHOH. HaliTn oTHOIIEHHE 3TOW CHIIBI K CHJIe TPABUTALIMOHHOTO MPUTSKEHHUS
Comnnma F,. Ceetumocts Comaila pagaa 2 - 10% Jbr/m* - ¢
3adanue 8
V3kuil My40K MOHOXPOMATHYECKOTO PEHTTEHOBCKOTO W3IIyYeHHs TaJaeT Ha PacCeHBAIOIIES
BemecTBo. IIpy 3TOM MIMHBI BOJNIH HM3JIYYEHHS, PACCESHHOTO Ioa yriaamu 6; = 60° m 0, = 120°
OTJINYAIOTCS APYT OT Apyra B 2 pasa. Cumras, 4To paccesHHe MPOUCXOIUT Ha CBOOOIHBIX AIICKTPOHAX
HalAWTe AJMHY BOJIHBI MAAAIOIIETO 3Ty IeHHS.
3aoanue 9
Kakyro MuHHManmpHyIO JUIMHY BOJHBI Je bpoiins mMmeeT JIIeKTpOH, BBIOMTHII B pe3yIbTate
doroaddexTa ¢ MOBEPXHOCTH MeTasIa OTOHOM, MMEBIIUM PHEPTHIO £ = 3 K3B?
3aoanue 10
®oTtoaddexT BbI3bIBacTCs (oToHAMH ¢ JIMHOW BOiMHBI A = 0,3 HM. Kakylo MUHHMalbHYIO UIHH)
BOJIHBI J1e bpoiisst nmerot (oTo31eKTpOoHBI?
3adanue 11
ATOM BOJOpPOAA TiepeBeleH W3 OCHOBHOTO COCTOSIHHS B BO30YXIEHHOE, XapaKTepH3YIOIeecs
KBAaHTOBBIM uucioM n = 3. Onpenenuts 3Hepruto AE Bo30OyxneHus aroma (B 5B) U UIMHBI BOJE
JWHUH A, KOTOpBIE MOTYT MOSBHUTHCS B CIIEKTpe H3TydeHUs aTtomMa Bogopona. Kakum cepusv
NPUHAIJIEKAT STH CIIEKTPaJIbHbIE JIMHUU?

3aoanue 12

C momomipio moctynaTtoB bopa mate BeIBOox s pamuyca I, OOpOBCKOM OpOHUTHI SJEKTPOHA E
BOJIOpOIOTOI00HOM aTtome. Haiiti oTHOIIEeHNE Fyet/Iy paarycoB GOPOBCKUX OPOWT ISl MOHA TEITHS
He" u aToma Bomopona H, HAXOAAIIMXCS B OCHOBHOM COCTOSHHH. ByJeT M M3MEHATHCS M KaK ATC
OTHOIIICHHUE JIJIsI BO3OYXIEHHBIX COCTOSIHUH TeX YK€ aTOMOB, TIPH OJJMHAKOBEIX HOMEpax # OpOuT?

3aoanue 13

[TonmoxxeHne CBOOOJHOIO dJIEKTPOHA OOpedeNieH0 ¢ TouHOoCcThio 10 1 MkM. YeMy paBHe
HEOIPEIEJIEHHOCTh B €r0 CKOPOCTH?

3aoanue 14

OnpenenuTs CKOPOCTh U DJICKTPOHOB, MAMAMONINX HA AHTHKATOM PEHTITEHOBCKOH TpPYOKH, €CIy
MUHUMAJIbHAs OJIMHA BOJIHBI }\,min B CINIOIIHOM CHEKTPE PEHTTCHOBCKOI'O U3JIYUYCHUA paBHA 1 oM.
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3aoanue 1
[Torox sneprun @., N3myyaeMblii U3 CMOTPOBOT'O OKOIIKA IJIaBUIIbHON 1ieur, paBeH 34 Br. [Ipunumas
YTO IeYb M3JIy4aeT Kak aOCONIOTHO YEpHOE TeJO, ONPEeNeNUTh TeMIepaTypy 7 meuu, eciy IJIOIalE
orBepcTusi S =6 oM,
3adanue 2
Temmnepatypa 7 abcomoTHO depHOro Tena paBHa 2000 K, Omnpenenuts: 1) ceKTpambHYIO IIOTHOCTE
DHEPreTHYECKOW CBETUMOCTH AJIsl JIMHBI BOJHBI A = 600 HM; 2) SHEpreTHYECKyI0 CBETHMOCTDH E
MHTEpBaJie JAIMH BOMH OT A = 590 HM 1o A = 610 HM. IlpuHATH, YTO CpedHSsA CIEKTpajbHas
IUIOTHOCTh SHEPreTUYECKO CBETUMOCTH Tejla B 3TOM MHTEpBaJie paBHA 3HAYCHUIO, HAWJACHHOMY s
JUTHHEI BOJTHEI A = 600 HM.
3aoanue 3
AbcomoTHO 4yepHOe Teno mmeer Temmeparypy 71 =2900K. B pesynbrare OCThIBaHMS Tea JUIMHE
BOJIHBI, HA KOTOPYIO MPUXOAUTCS MAaKCUMYM CIIEKTPaIbHON IUIOTHOCTH YHEPreTHUECKOM CBETHUMOCTHU
n3MeHunach Ha AA = 9mMxMm. Jlo kakoit Temneparypsl 72 0XJIaIuI0Ch TEI0?
3aoanue 4
Haiiti maccy m ¢dotoHa: a) KpacHbIX Jrydeit cBeTa (A = 700 HM); 0) peHTTeHOBCKUX Jydei (A = 25 mm);
B) ramma-ny4eit (A = 1,24 iv).
3aoanue 5
Ckonpko (horoHOB momagaer 3a t = 1 ¢ B I1a3 4ejoBeKa, €CH TJ1a3 BOCOPUHUMAET CBET C JUIMHOR
BoNHEI 0,44 MKM TpH MOIITHOCTH CBETOBOTO 1motoka P = 0,45 - 10™%® B1? Mocrosuuas Inanka h = 6,¢
10 JIx - ¢, ckopocts cBera ¢ = 3 - 10° m/c.
3adanue 6
Omnpenenure mnoctosiHHylo I[lnmaHnka 1o pe3yjibraraM dSKCIEPUMEHTa, B KOTOPOM  BJICKTPOHBL
BBIPHIBACMBIC M3 METallla CBETOM C vacTtoTtol Vi = 2,2 - 10" 1, momHOCTBIO 3aAEpP KUBAIHICE
pasHocThio moteHnmanoB U, = 6,6 B, a BeIppIBaeMBbIe CBETOM C 4YacToTou Vo = 4,6 - 105 I'm -
pasHocThio oteHImanos U, = 16,5 B,
3aoanue 7
Onpenenuts JaBleHHE COJNHEYHOTO H3JIYYCHHS HAa 3a4ePHEHHYIO IUIACTUHKY, pPACIIOJI0KECHHYI
MEPIECHANKYIISIPHO COMHEYHBIM JydaM M HaxOMsIIylocsi BHE 3eMHOW aTMoc(epsl Ha CpeaHeN
paccrosnun oT 3emnu g0 Connpa. ConHeuHasl MOCTOSHHAS (BEJMYMHA, paBHAS IOBEPXHOCTHOY
IUIOTHOCTH 3Hepruu m3nydeHus ConHia BHE 3eMHON arMocdepbl Ha CpelHEM PacCTOSIHUM OT 3eMIIK
j0 Conrrpa) C = 1,4xJIK/(M° - ¢).
3adanue 8
PentreHoBckuii poTtoH ¢ sHeprued g, = 20 k3B mpereprneBaeT KOMITOHOBCKOE DAacCesHUE He
cBOOOTHOM 2JIeKTpoHE Ha yroi O = 90°. UeMy paBHA DHEPTHUS DIICKTPOHA OTAAYN?
3aoanue 9
Ipu yBenmuennun sHepruu >nekTpona Ha AT = 200 3B ero mpebpoiineBckast JUTMHA BOJIHBI H3MEHIIIACE
B 2 pa3a. Haiinure nepBoHayanbHyIO AJMHY BOJHBI 3J1EKTPOHA.
3aodanue 10
Uemy paBHaA CKOPOCTb aTOMa I'efIvs, €CIIH €0 JUIMHA BOJIHbI ¢ bpoitst pasna 0,1 HM?
3adanue 11
ATOMapHBI BOAOPOA B OCHOBHOM COCTOSIHUH BO30YXIAeTcs yAbTPa(UONETOBBIM H3IYYEHHEM (
quHON BonHBI A = 100 HM. OnpenenuTs JUIMHBI BOJMH A, KOTOpPBIE MOSIBATCS B CHEKTPE M3ITy4CHHS
aToMa BOJIOPOJA, M KaKMM CEpUsIM OHHM TMPHUHAIUICKAT. YKa3aTh COOTBETCTBYIOIHME IMEPEXOJbI He
CXeMe SHEPreTUYECKIX YPOBHEH.
3adanue 12
OnpenenuTs AIWHBI BOMH A M A(j OTpaHMYMBAIONIINE cepuio bambMepa B crekTpe BOIOpoja ¥
AHAJIOTMYHYIO CEPHIO B CIIEKTPE HOHM30BaHHOTO JiuTHst Li*".

3aoanue 13

IloTok 37EKTPOHOB ¢ JCOPOIJICBCKOM JJIMHOM BOMHBI A = 11 MKM majgaeT HOPMAalbHO He
OpSMOYTONIbHYIO  Iiefib  mmpuHor b = 0,1 wmm. OmneHuTe ¢ TOMOIIBIO  COOTHOIICHHS
HEOMPEEICHHOCTEH YIIIOBYIO MMPHUHY ITy4YKa 32 MBI (B rpagycax).

3aoanue 14

OnpenenuTs KOPOTKOBOJIHOBYIO TPAHHUILY Amin CIUIOIIHOTO CHEKTpa PEHTTEHOBCKOTO M3IYYEHHUs, €CIY
peHTreHoBcKas TpyOka padoraert noz HanpsbkeHuneM U = 30 kB.
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3aoanue 1 ]
OnpenennuTh 3HEPTHIO, U3TydaeMyro 3a Bpems t = 1 MUH U3 CMOTPOBOTO OKOIIIKA TUIOMAb0 S = 8 cM*
MJIaBUJIBLHOM TeuH, ecnu ee Temrieparypa T = 1200 K.
3adanue 2
[IpeneOperas moTepsMH Ha TEIUIONPOBOJHOCTh, HAWTH MOIIMHOCTH P 3IIEKTPUYECKOrOo TOKa
MOJIBOIUMYIO K BONb(hpamMoBoii Hutu guamerpoM d = 0,5 mm u amHo# | = 20 oM, 11 HaKATHBAHUS €¢
1o Temriepatypbl 7= 3000 K. Cuutars, 4TO HUTH U3TydaeT Kak abCOIIOTHO YEPHOE TEIO.
3aoanue 3
OnpenenuTts TeMIeparypy Tena, MpH KOTOpoil OHO m3imydano Obl sHepruu B 10 pa3 Oombiie, dewv
nornommano. Temneparypa okpy»katoiei cpensl to = 23°C.
3aoanue 4
Mudpakipionnast pemerka ¢ mocTossHHOR d = 3 MK pacmonokeHa HOPMAaIbHO Ha IYTE
MOHOXPOMAaTHYECKOTO CBETOBOTO MoTOKa. [Ipr 3TOM yribl nu¢pakiny, OTBEYAONINE IBYM COCEIHHN
MaKkCUMyMaM, paBHBI @1 = 23°35' u @, = 36°52'. BelYucauTh SHEpruio (OTOHOB JAHHOTO CBETOBOIC
MOTOKA.
3adanue 5
Hcrounnk cBera MomuocThio N= 100 Br ucmyckaer B omny cekyumy N = 5 - 10 doronos. Haiiry
CPEIHIO0 JUTUHY BOJIHBI U3IIYUCHHS A.
3adanue 6
OJEeKTPOMarHUTHOE W3JIydeHHE C JUTMHOW BOJHBI A = 207 HM BBHIPBHIBACT C MOBEPXHOCTH THTAH:
(hOTORJIEKTPOHBI, KOTOPHIE TOMAIal0T B OAHOPOJHOE MAarHUTHOE Toje ¢ mHayknuedr B = 0,01 Tn
Haiimute paanyc OKpy»KHOCTH, TIO KOTOPOH HAYHYT JBUTATHCS (POTOAIEKTPOHBI, €CIM UX CKOPOCTE
MIEPIICHIUKYIISIPHA JIMHUSAM WHIYKIIMA MarHATHOTO TTOJIS.
3adanue 7
OnpenenuTs MOBEPXHOCTHYIO IIOTHOCTh NMOTOKA DHEPIHH W3JTyUeHHS, MaJafollero Ha 3epKaTbHYI
MOBEPXHOCTb, €CIIM CBETOBOE JIABJIICHUE NPH MEPIICHANKYISPHOM TajeHnu ydeii pasHo 10 mkI]a.
3aoanue 8
Onpenenute MakCUMaJIbHOE W3MEHEHHE IUIMHBI BOJIHBI NPH KOMIITOHOBCKOM paccesiHMM: 1) He
CBOOOJTHBIX DIIEKTPOHAX; 2) Ha CBOOOIHBIX IIPOTOHAX.
3adanue 9
Kunetndeckass sHeprus 3JIEKTpOHA paBHA yABOSHHOMY 3HAUSHHIO €r0 SHEPTHH ITOKOs. BrramcimTe
JUTMHY BOAHEI e Bpoiiis 3Toro anekTpoHa.
3aoanue 10
ONeKTpOH U POTOH UMEIOT KaXKABIl HEPrulo, paBHyIo 1 3B. Bo ckonbko pa3 pasnuyarorcsi UX UIMHB
BOJIH?
3aoanue 11
Onpenenute momHoe 49uciao N CIeKTpanbHBIX JHMHWM, KOTOpPBIE TOSBITCS B CHEKTPE aTOMAapHOTIC
BOJIOPO/Ia, HAXOSIIErOCsl B OCHOBHOM COCTOSIHUH, TIPH BO30Y)KJICHUH €r0 3JIEKTPOHAMH C SHEPTHUeH ¢
= 12,75 5B. Beraucnuth JUIMHBI BOJH A T€X CHEKTPAIbHBIX JIMHUN, KOTOPbIE OYAYyT COOTBETCTBOBATE
cepuu bansmepa.
3adanue 12
Haiitu pagmychl Iy TpeX MEpBBIX OOPOBCKHX 3JIEKTPOHHBIX OPOUT B aTOME BOJOPOZAA U CKOPOCTH Uy
AJIEKTPOHA Ha HUX.
3aodanue 13
Hcnonb3yst cooTHOIIIEHNE HEOTPENEIEHHOCTEN, OIIEHUTE PHEPTHUIO DIIEKTPOHA B TOM ClIydae, eciii Ob
OH Haxonwics BHYTpH siapa. JInHelHble pa3Mepsl sapa MpUHATh paBHbIMU 5 - 10" m. CpaBHuUTE
MOJTy4eHHOE 3HAYCHUE C SHEPTHEH CBS3H, TIPUXOISINCIHCS Ha OJTUH HYKJIOH B sinpe £= 10 MbaB.
3adanue 14
Bbraucnute HanOONBIIYIO JJMHY BOJHBI Ay B K-CEpHUM XapaKTEPHCTHUECKOTO PEHTTEHOBCKOT(
CHEeKTpa CKaHIusI.
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3aoanue 1
Temneparypa T Bepxuux croes 3Be3msl Cupuyc pasua 10° K. Onpenennts motok sHeprum @
M37Ty9aeMBlii C IOBEPXHOCTH IUIOMAABI0 S = 1 KM 3TOif 3BE3/IBL.
3aoanue 2
UepHblif TOHKOCTEHHBI MeTauIMYeckuii kyO co ctopoHoil a = 10 cM 3amonHeH BOAOH TMIpE
temmneparype 71 = 80 °C. Onpenenuts Bpems t ocTbiBaHus Kyba 1o Temnepatypsl 7> = 30°C, ecnu ok
MOMEINEH BHYTPh 3a4epHEHHON BaKyyMHOH KaMmepbl. TeMmepaTypa CTEHOK KaMephl ITOAIepKUBACTCS
OIM3K0I K aOCOTIOTHOMY HYITIO.
3aoanue 3
Onpenenuts TeMIepaTypy Tejia, MPH KOTOPOH OHO M3mydano Obl sHepruu B 10 pa3 Oomblue, dewv
noryorano. TeMmeparypa okpyKarorien cpensi ty = 23°C.
3aoanue 4
PryrHas nmyra umeer momnocth N = 125 Br.  Kakoe umcio (GoTOHOB MCHycKaeTcss B €IUHUILY
BpPEMEHH B M3JIyYCHHUU C JJIUHAMHU BOJH A, paBHbMEH: 612.3; 579,1; 546,1; 404,7, 365,5;
253,77 BmM? VHTEHCMBHOCTH OTHUX JHHHHI COCTaBISIIOT COOTBETCTBeHHO 2; 4; 4; 2,9; 2,5, 4%
WHTEHCUBHOCTU PTYTHOH nyru. Cuutars, 4to 80% MOIIHOCTU AYTU UAET HA U3TYVUCHHUE.
3adanue 5
Onpezemre Maccy U UMITYITBC (DOTOHA JUTS M3ITy9ICHUS C JUTMHOM BOJTHBI A = 1 MKM.
3aoanue 6
Haiimute wdactoTy cBeTa, BBIPHIBAIONIETO W3 METalla OJJIEKTPOHBI, KOTOpBIE ITOIHOCTHIO
3a7lepKUBAIOTCSl pasHOCThIO moTeHnuanoB U, = 3 B. ®otosddekr HaunHaeTcsi Mpu 4acToTe CBETa,
pPaBHOM 6 - 10™ ' Omnpenenute pabOTy BBIXO/A DIEKTPOHOB U3 3TOTO METaIlIA.

3aoanue 7

Ilorox sueprum ®., n3myvdaemsblii 3aeKTpryueckoil mammoii, pasern 600 Bt. Ha paccrosnum r = Im ot
JIAMITBI TIEPIIEHANKYIISIPHO MAIAI0IINM JydaM PacIoioKeHO KPYIJIoe MIOCKOE 3epKajblie THaMETPOM
d = 2 cm. [puHuMasi, 4TO W3IyYCHHE JIAMIIBI OJIMHAKOBO BO BCEX HAIPABJICHHSAX W YTO 3EpKaliblie
MOJTHOCTBIO OTpakKaeT MAAAloONIMid Ha HEro CBET, ONpeNeNuTh CHIIy F CBETOBOro JaBieHUs Ha
3eDKaJIbIIe.

3adanue 8

Onpenenuts yrox 0 paccessHus (OTOHA, HCIBITABIIETO COYAapeHHe CO CBOOOAHBIM JIEKTPOHOM, €CITY
M3MEHEHHE JUTMHBI BOJIHBI AL TIPH paccessHuu paBHO 3,62 M.

3aoanue 9

3apspKeHHAsT 9acTUIla, YCKOpeHHas: pasHocThio moreHimano U = 200 B, mMmeer avHY BOJNHEI JI€
Bpoiins A = 2,02 mv. HaiimuTe Maccy 9acTHITBI, €CITH €€ 3apsiT IO MOJTYJTIO paBEH 3apsiTy AJIEKTPOHA.

3aoanue 10

Bo ckonbko pa3 pasnuyarorcs AJIMHBI BOJH Jie¢ Bpoiiis mpoTOHa M 2IEKTPOHA, €CJIM OHU HMMEHO]
OIMHAKOBYIO KHHeTH4ecKyro sHepruto 7' = 0,511 MaB?

3aoanue 11

Kakyro MUHUMAJIBHYIO CKOPOCTB Vpin JOJDKEH UMETh JIIEKTPOH, YTOOBI IPH HEYIIPYTOM CTOJIKHOBEHHU
C HEBO30YXKJIEHHBIM aTOMOM BOJIOPOJa BBI3BaTh H3JIYUYCHHUE TOJBKO OIHOW JIMHMM B CIEKTPE
BOsIOpoa? BEMUCIHTE JIHHY BOJHBI A 3TOH CIIEKTPAITEHON JIMHHH.

3aoanue 12

Haiitn xunernmueckyro Wy morenmmansayto W, w momayro W oSHeprum 3JeKTpoHa Ha TEpPBOY
0OpOBCKOit opouTe.

3aoanue 13

OreHNTe MUHUMAITBEHYI0O KUHETHYECKYIO SHEPTHIO DJIEKTPOHA, JBIKYIIETOCS BHYTPH CHEpUIECKOY
obmactu auamerpom d = 0,1 HM.

3aoanue 14

[Ipu uccnenoBaHUy TMHEHYATOTO PEHTTEHOBCKOT'O CIEKTPa HEKOTOPOTO dJIeMeHTa ObLTO HalCHO, UTC
JUTHA BOJHBI A TuHNHN K, paBHa 76rM. Kakoii 3To amement?



Homawnee 3a0anue no keanmoeoii husuke Bapuanm 5
3aoanue 1
Omnpenenuts OTHOCHTENBbHOE yBennueHue AR,/R, sHepreTHyeckoll CBETUMOCTH a0CONIOTHO YEPHOTC
TeJa MpH YBEIMUYSHUHU ero TeMIepaTypbl Ha 1%.
3aoanue 2
B oTkagaHHOM 70 BBICOKOTO BaKyyma COCYZE, CTEHKH KOTOPOTO MOANCP)KUBAIOTCS TIPH TeMIlepaType
O7M3KON K abCONIOTHOMY HYJIFO, HAXOMUTCS IIMHKOBBIN Imapuk auamerpom d = lcm. HawanpHas
temneparypa I mapuka paBHa 400 K. Haiith BpeMs t, B TeUeHHE KOTOPOTO TeMIlepaTypa Iapuka
YMEHBIMUTCS B 71 = 2 pa3za. [L1oTHOCTH 1TnHKa paBHa 6,92 r/cM’, OTHOCHTENbHAS aTOMHas Macca A, =
65,4. lllapuk paccMaTpuBaTh Kak aOCOIFOTHO YEPHOE TEIIO.

3aoanue 3

B 4epHBIit TOHKOCTEHHBIN METATHYECKHN COCY/, IMEIOMMH (hopMy KyOa, HATUT 1KT BOJIBI, HATPETOY
1o 50 °C. Onpenenuts Bpems t octeiBanus cocyna a0 10 °C, ecnyu oH IOMEIIEH B YEPHYIO MOJIOCTh
TeMIleparypa CTeHOK KOTopoi noanepskupaercs mpu 0°C, a Bojia 3aIojHsIeT Bech 00BEM cocy/ia.
3aoanue 4

C Kako¥ CKOPOCTBIO L JIOJDKEH JBHUIATHCS JIEKTPOH, YTOOBI €ro HMITYJbC ObUT paBeH HMITYJIbCY
(oroHa ¢ IyTMHON BOJHEI A = 520 HM?

3aoanue 5

Beraucinre B 3/IeKTPOHBOJIBTAX SHEPIHIO (POTOHA C TMHOM BOJHBI A = 207 HM.

3adanue 6

Kaxkoli MakcuManbHbII 3apsy] MpHOOPETET YAAICHHBINA OT APYTHX TeJl MEAHBIN IapHK MPpU 00TydIeHHY
€ro AJIEKTPOMarHUTHBIM M3Iy49EHHEM C JIHHOW BOJHEI A = 140 HM? DnekrpoeMkocts mapuka C = 1
nd.

3aoanue 7

Ha 3epkaiblie ¢ MI€aIbHO OTPAXKAIOMIEH TOBEPXHOCTHIO TIOMAABI0 S = 1,5cM” majaeT HOpMANIbHC
CBET OT MEeKTpUUecKoil Ayru. OnpenenuTs UMITyJIbC, MOTYIEeHHBIH 3epKalblieM, €CITH TOBEPXHOCTHAS
IUIOTHOCT ITOTOKA M3ITydeHHs, Mafalomero Ha 3epkanbie, pasaa 0,1 MBt/M?. [IpogomKHTEIEHOCTE
obmydyenus t = 1c.

3aoanue 8

PeHTreHOBCKME Jyud C JUIMHOW BOJHBI Ag = 70,8 MM HCHBITHIBAIOT KOMIITOHOBCKOE PAaCCESHUC
Ha mapaduHe. HaifTu mIMHY BOJHBI A PEHTIEHOBCKHX JIydel, pacCesHHBIX B HalpaBICHHSX
a) 9 =m/2;0) p=T.

3adanue 9

Ha nBe oueHb TOHKHME IIENH, PacHONIOKEHHBIC PYr OT Japyra Ha paccrosHuu d = 10 MkM, nagaer
My40K 3JIeKTpoHOB ¢ 3Heprueit 7' = 1 »B. KakoBo paccrosHue MeXay COCEIHUIMH MHHUMYMaMH E
LEeHTpe HHTEeP(EPEHIIMOHHON KapTHHBI Ha SKpaHe, HaxosmemMcs B 10 M ot menei?

3aodanue 10

Haiitu anuay BosHBI g€ Bpoiisist A ist 2JIeKTpoHa, MMEIOIIero KHHeTHIecKyto sHepruto: a) Wy = 1(
k3B; 6) W, = 1M»3B.

3aodanue 11

Ha Bo30Oyxnennelii (n = 2) arom Bojopona magaeT ()OTOH M BBIPHIBAET M3 aroMa dJIEKTPOH (
KUHETHUYECKOH 3Heprueii € = 4 3B. Onpenenuts 3Hepruro najarouiero GoroHa g (B 3B).

3aodanue 12

Haiiti knHeTnueckyro sHepruro Wy 37eKTpoHa, HaxOAAIIerocs: Ha n-i opobute aroma Bogopona, s 7
=1,2,3u o©?

3aodanue 13

CBOOOIHO [BWKYIIAsiCs HEPENSTHBUCTCKAas YacTHLA HMEET OTHOCHTENIBHYIO HEOIIPEAETIECHHOCTE
KHHETHYeCKO# sHepruu nopsaaka 1,6 - 10™. Ouennte, BO CKOIBKO pa3 HEONPEAETEHHOCTh KOOPAMHATE
TaKOM YaCTHIIbI OOJIBIIE e¢ ACOPOMICBCKOM JUIMHBI BOJIHBL

3aoanue 14

Kakyio HamMeHbIIyI0 pa3HOCTh MOTEHHUaNoB U, HY)KHO NPHJIOXKUTh K PEHTTCHOBCKOW TpyOKe.
AQHTHKATOJ KOTOPOH TOKPHIT BaHagueM (Z = 23), 4ToObl B CIIEKTPE PEHTTCHOBCKOTO H3IyYCHHS
NOSIBUITUCH Bee MMHUK K-cepun Banaaus? ['pannna K-cepun BaHagus A = 226 M.
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3aoanue 1
Bo ckompko pa3 Hazo yBENWYNTH TEPMOJMHAMHYECKYIO TEMIIEpaTypy aOCOJIIOTHO HYEpHOTO Teja
4TOOBI €r0 SHEpPreTHYecKas CBeTUMOCTh BO3pOcia B 1Ba paza’?
3adanue 2
Haiiti Temnieparypy T 1iedn, eclii HM3BECTHO, YTO M3JIYYCHUE W3 OTBEPCTHS B HEll Iuomaapio S =
6,1cv® umeer Mommocts N = 34,6 Br. Uznyuenne cumtaTh ONM3KAM K M3TYYEHUIO aOCOJIIOTHC
YEepPHOTO TelNa.
3aoanue 3
Temnepatypa T aOcomoTHO uyepHOro Teia mM3MeHmsach npu HarpeBanuu oT 1000 mo 3000K. Bc
CKOITBKO Pa3 YBEIMYWIACH IIPU 3TOM €ro dHepreTudeckas cBeTuMocTh R,? Ha ckombko m3aMeHHIack
JUTMHA BOJHBI A, Ha KOTOPYIO TPHXOJUTCS MAKCHMyM CIEKTPaJbHOH IUIOTHOCTH SHEPreTHYECKO¥
CBETHMOCTH? Bo ckombko pa3 yBeNMYHMIIACH €r0 MaKCHMallbHasi CHEKTpalbHAas IUIOTHOCTE
SHEPreTHYECKOM CBETUMOCTH I;?
3aoanue 4
Kakyro sHepruio € TOJDKeH HMETh (POTOH, UTOOBI €0 Macca ObLia paBHA Macce IMOKOS AJISKTpoHa?
3adanue 5
HcTouHrK MOHOXPOMATHIECKOTO CBETa MOITHOCTRIO P = 66 BT ncmyckaer3at=10c N=1,8 - 10%
¢oroHoB. OnpenenuTh JUIMHY BOJIHBI HCTOYHHKA.
3aoanue 6
ITpu uccnenoBanuu Gotodddexra ¢ MOBEPXHOCTH LUHKA YCTAHOBJICHO, YTO NMPHU U3MEHEHUH JJIMHE
BOJIHBI Tajaromero ceera B 1,4 pasa miust mpekpammeHust GotoddpdeKkra HeoOXOIUMO YBEITHUHTE
3ajJiepXKHBaloliee HanpsbkeHne B 2 paza. Ompenenurte JUIMHY BOJHBI HM3IYYEHHS B TIEPBOM
JKCIIEPUMEHTE.
3aoanue 7
CrytHHK B (hopMme mIapa ABIKETCS BOKPYT 3€MIJIM Ha TaKOH BBICOTE, YTO MOTJIOMIEHHNEM COIHEYHOTC
cBera B aTMocdepe MOKHO mpeHeOpeus. Iuametp ciytauka d = 40 M. 3Has CONHEYHYIO MOCTOSHHYIC
(BennumHa, paBHas MOBEPXHOCTHOM MJIOTHOCTH 3Hepruu m3nydeHus CoilHIa BHE 3eMHOU aTMoc(eps
Ha cpemHeM pacctossHun oT 3emun A0 Couana) C = 1,4I<,Z[>I</(M2 * C) ¥ TIpUHUMAas], YTO TTOBEPXHOCTE
CITYTHHUKA MIOJIHOCTBIO OTPAXKAET CBET, OTPEICIUTh CUITY IaBJieHns1 F coTHeYHOTo cBeTa Ha CITyTHHUK.
3adanue 8
KakoBa Obu1a AnMHa BOJHBI Ag PEHTTEHOBCKOTO M3JTYYEHHS], €CIM TPU  KOMITOHOBCKOM DAaCCEsIHUF
3TOro M3NMy4deHus TpaduTom mox yriaom ¢ = 60° anrHa BOJIHBI PACCESIHHOTO M3ITYYCHHUS OKa3ailack
paBHo# A = 25,4mm?
3adanue 9
[Tpu xako¥ ckOpOCTH AJTMHA BOJIHEI Jie Bpoiiis a5ekTpoHa paBHa €ro KOMITTOHOBCKOM JJTMHE BOJTHBI?
3aodanue 10
3apsbKeHHAsl 4acTUIla, YCKOpeHHas! pa3HoCcThio noTeHuanoB U = 200 B, uMeeT AauHYy BOJHBI i€
Bpoitns A =2,02 mm. Haift Maccy M 9acTHIIBL, €CITH ee 3apsi/i YACIEHHO paBeH 3aps/Iy dJIEKTPOHa.
3adanue 11
Onpenenutb CKOPOCTh U (POTOIIEKTPOHOB, BBHIPHIBAEMBIX 3JICKTPOMATHUTHBIM U3JIYUYCHHEM C JIJTMHOY
BOJTHBI A = 18 HM U3 MOKOSAIIMXCS HEBO3OYKIEHHBIX HOHOB renus He'.
3aodanue 12
OnpenemmTs YIIIOBYIO CKOPOCTH 3JIEKTPOHA Ha TIEpBOi OOPOBCKOI OpOUTE aroMa BOIOPO/IA.
3aoanue 13
OrneHnTe HaMMEHBIIKME IOTPEHIHOCTH, C KOTOPHIMH MOXKHO OIPEACIHTh CKOPOCTH JJIEKTPOHA F
MPOTOHA, JIOKAJIN30BaHHBIX B 00JIACTH pazMepoM 1 MKM.
3adanue 14
Onpenenuts dHEPru0 ¢ (HOTOHA, COOTBETCTBYIONIErO JHMHHU K, B XapaKTEepHCTHYECKOM CIIEKTPE
Mmapranua (Z = 25).
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3aoanue 1
Ilpuanmast, ato ConHie M3mMydaeT Kak aOCOJIOTHO YepHOE TEJO, BBEIUUCIUTH €ro SHEPreTHUECKYK
CBETHMOCTH U Temriepatypy 7 ero moBepxHocTH. COTHEUHBIH TUCK BUIEH ¢ 3eMiu noj yriaom 6 = 32'
CoutHeuHast IOCTOSTHHAS (BEIMYKMHA, PaBHAs MOBEPXHOCTHOM IUIOTHOCTH dHEPruH uaimyudeHus COJHIIE
BHE 3eMHOU aTMoc(epbl Ha cpeHeM pacctostHuu oT 3emiu 10 Connna) C = 1,41<I[>K/(M2 " C).
3adanue 2
Kakyro momHOCcTh m3mydenus N umeer Comane? M3mydenne CosHIA CUATATh OIM3KAM K M3ITYYSHUK
abcooTHO YepHoro Tena. Temreparypa noBepxuoctu Connria 7= 5800 K.
3aoanue 3
AbcomoTtHO yepHoe Tenmo mMmeer Temmeparypy 71 =2900K. B pesymbrare OCThIBaHHS Tena JUIMHE
BOJIHBI, Ha KOTOPYIO NMPUXOJUTCSI MAKCUMYM CIIEKTPaJIbHOW MJIOTHOCTH SHEPTETHUECKON CBETUMOCTH
n3MeHnIach Ha A\ = 9MkMm. Jlo kakoii Temreparypsl 7> 0XJIaAUIOCh TEJIO?
3aoanue 4 ]
WNmnynec, mepeHOCHMBIA MOHOXPOMATHYECKUM ITYYKOM (DOTOHOB yepe3 IUIOIAAKY S = 2 cM’
3a Bpemsa t=0,5 muH, paBeHp =3 - 10 kr - m/c. Haiitu st sToro My4Ka SHEPruto E, manarouyk
Ha €JMHUILY IJIOIIAAH 32 CUHHITY BPEMEHH.

3adanue 5

PyOuHOBBII J1a3ep W3IydaeT UMITYIbC, cocTosmui n3 N = 2 Muapia GOTOHOB € JTTMHOM BOJTHBI A=
694 HM. HaiiTu cpeHIO MOLTHOCTh HMITYJIbCA JIa3epa, €CIIU €ro JJIUTEIFHOCTh paBHA T = 2 MC.
3adanue 6

ITpu ocBemeHnn (GOTOIIEMEHTa MOHOXPOMATHUECKUM CBETOM C JUIMHOM BOJHBI A3 = 0,4 MKM OH
3apspkaeTcs A0 pasHoctd moreHmanoB U = 2 B. Onpenenute, 10 Kakoil pa3HOCTH TOTCHIINATIOB
3apsAUTCA (POTOINEMEHT MPU OCBEILCHUH €0 MOHOXPOMAaTHYECKHM CBETOM C AJTMHON BOJHEI A2 = 0,3
MKM.

3aoanue 7

JlaBnernne MoHOXpomaruueckoro cBera (A = 600 HM) Ha YEPHYIO MOBEPXHOCTh, PACIIOJIOKEHHYI
MIEPIICHINKYIPHO TagaromumM dydam, paBao 0,1 mxlla. Onpenemuts gncino N ¢oTOHOB, TamaromIIiX
3a Bpemsi t = 1 ¢ Ha OBEPXHOCTH IIIOMAIBI0 S = 1 cM’.

3aoanue 8

PeHTreHOBCKME JIyuM C JJIMHOM BOJHBI Ag = 20 TIM HCIBITHIBAIOT KOMITOHOBCKOE PACCESHUE I10]
yrioM ¢ = 90°. Haiitn n3amenenne A\ JJTMHBI BOJIHBI PEHTTEHOBCKUX JIyUeH MPH pacCestHUM, a TAKKE
sHepruto We 1 UMITyJIbC 3JIEKTPOHA OTHAUH.

3adanue 9

Jns wccnenoBanust cTpoeHust atoMoB Pesepdops obcrpenmBan ux o-yactuiaMu. JlomycTUMO T He
YUUTBIBATH BOJIHOBBIE CBOKMCTBA O-YACTHIL C KHHETHUYECKOU 3Heprueil T = 7,7 MaB, ecnu npuuenbHo¢
paccrosiHue (HauMeHbLIee PACCTOSIHUE OT JIMHUM IpHLIea 10 siapa atoma) nopsiaka 0,1 am?

3aodanue 10

CocTaBuTh TaONUITy 3HAYEHUH JTHH BOJH Jie Bpoinns A 1uist aeKkTpoHa, JBIKYIIEroCsl CO CKOPOCTHK
v, pasroii: 2 - 10% 2,2 -10% 2,4 - 10%; 2,6 - 10% 2,8 -10% w/c.

3aodanue 11

Haiitu monmayto sHepruio E, B0o30YXKIEHHOTO COCTOSHMS MoHa remust He', ecnm mpu mepexone E
OCHOBHOE COCTOSIHME 3TOT MOH MCIYCTHJI MOCIIeI0BaTeNbHO 1Ba (hoToHA ¢ AnmrMHamu BosH A = 108,E
oM 1 A = 30,4 HM.

3adanue 12

HaiiTh HauMEHBIIYIO Amin U HAHOOJIBIIYIO Ayge JUIMHBI BOJH CHEKTPAIBHBIX JHHUN BOJOPOJAA E
BUIUMOM 00JIaCTH CIIEKTpa.

3aodanue 13

TIpOTOH B sApe JOKATH30BAH C TOYHOCTBIO JI0 Pa3MEPOB, PaBHBIX pamuycy sapa (Ry, = 6 - 1072 cm)
Yemy paBHa HEONPEIEIEHHOCTh CKOPOCTH IPOTOHA, HAXOJSIIETOCS B SApE aToMa jkele3a?

3aoanue 14

B arome Bombdpama osmekTpoH mnepemen ¢ M-cinos Ha L-cmoif. llpuHMMas mocTOSHHYIC
9KPAHUPOBAHUS 0 PABHOM 5,5, ONpeAennTh AJIMHY BOJHBI A UCITYLIEHHOTo ()OTOHA.
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3aoanue 1
OnpenenuTh YCTaHOBUBIIYIOCS —TeMIepaTypy 1 3auepHCHHOM METaUIMYECKON IUIACTUHKH
PacIoNOKEHHONW TEPIeHINKYIIPHO COJHEYHBIM JIydaM BHE 3eMHOH aTMocepbl Ha CpemHen
paccrosar oT 3emu 10 Comura. ConHewHas TOCTOSHHAs (BEMTMYMHA, pPaBHAS MOBEPXHOCTHOY
TUTOTHOCTH dHepruu m3nydeHus: CoiHIla BHE 3eMHOI aTMOC(epsl Ha CPeTHEM PacCTOSHUH OT 3eMITY
10 Contna) C = 1,4k Jx/(M° - ¢).
3adanue 2
Kakyio »sHeprerudeckyro CBETUMOCTh R, HMeeT 3aTBep/IeBaIONIHIA ceunen;? OTHOIICHHE
JHEPreTUYCCKUX CBETHMOCTEH CBHHI[A W aOCOJIOTHO YEPHOrO Teljia sl JaHHOW TeMreparypbl K =
0,6.
3aoanue 3
Onpenenuts TeMIepaTypy Tejia, IPH KOTOPOH OHO M3mydano Obl sHeprud B 10 pa3 Gomblue, dev
nornommano. Temneparypa okpy»katoiei cpensl to = 23°C.
3aoanue 4
Kakoe xonmyecTBo ()OTOHOB C [UIMHOM BOJHBI A = 0,6MKM B MapajuIeIbHOM ITy4YKe UMEET CyMMapHbBIF
UMITYJIbC, PaBHBIA cpeHEMY aOCOIIOTHOMY 3HAUSHHUIO UMITYJIbCa aToMa refus npu temmneparype T =
300 K?
3adanue 5
MorHoCcTs M3mydeHus nazepa P = 100 Bt, gmuHa BomHBI m3mydeHus A= 1,2 - 10° m. Ornpenenure
YHCII0 POTOHOB, HCITYCKAEMBIX JIA3€POM B €IMHHILY BPEMEHH.
3adanue 6
Katon doTosnemenTa ocBeniaeTcss MOHOXPOMATHIECKIUM CBETOM C AITHMHOM BoHBI A = 310 aM. [lpu ec
v3MeHeHUn Ha 25% 3amepkuBaroliee HanpsbkeHue ymenbimiock Ha 0,8 B, Ilo  atuwv
9KCIIePUMEHTAJIBHBIM JaHHBIM paccunTaiiTe moctostuuyto I lnanka.
3adanue 7
MoHoXpoMaTHYeCKoe M3ITydeHUe ¢ JUTMHOW BONMHBI A = = 500 HM majaeT HOPMAaJbHO Ha IUIOCKYK
3€pKaIbHYIO0 MOBEPXHOCTh M JABUT Ha Hee ¢ cwiod F = 10°® H. Onpenenuth yncino (HOTOHOB.
€XKECEKYHHO Ma/IAl0IIMX Ha 3Ty [OBEPXHOCTb.
3aoanue 8
[Ipy KOMIITOHOBCKOM paccesHHUH JHEprus Maaaromero (oToHa paclpeeNsieTcss MOPOBHY MEXT)
paccessHHbIM (DOTOHOM M DJICKTPOHOM OTAa4yd. YTon paccesHust ¢ = w/2. Haiitu suepruro W ¥
UMITYJIbC p PAcCESTHHOTO (POTOHA.
3aoanue 9
Onpenenure AOMOIHUTENBHYIO SHEPTHIO, KOTOPYIO HEOOXOANMO COOOLIUTEH MPOTOHY C KHHETHYECKOY
sneprueit 7'= 1 k3B, uTro0s! nyMHA BoNHEI Ae bpoiinsa ymensmmiace B 3 pasa.
3aodanue 10
0-4aCTHIIa JBIDKETCS MO OKPYKHOCTH pajuycoM I = 8,3 MM B OIHOPOAHOM MAarHUTHOM  TIOJIE.
HanpsOKEHHOCTh  kKoToporo H = 18,9 kA/m. Haiitu mmay BosHbI e Bpoiiins A 1j1s1 o-4acTHIBL
3adanue 11
BBMucuTh pajpychl o U F3 BTOPOH 1 TPETHEH OpOUT B aTOME BOIOPO/IA.
3adanue 12
Haiith HauOONBIIYIO JUIMHY BOJHBI Ayue B YIBTPaUONICTOBOM 00JACTHM CIEKTpa BOAOpOJA
Kakylo HauMeHbBIIYI0 CKOPOCTH Vmin AOJDKHBI UMETH 3JIEKTPOHBI, UYTOOBI IIPH BO30YXKIICHUH aTOMOE
BOJIOpPOJIa yIapaMH SJIEKTPOHOB MOSBIIIACH ATA JIMHUS?
3aodanue 13
[IpuHsB, 4TO MMHHMMAaNbHas HHEPrUs HYKJIOHa B siape paBHa 10 M»dB, onenure ucxons wu:
COOTHOILICHUST HEOTIPE IeIEHHOCTEH JIMHEHHbBIE pa3Mephl sapa.
3aoanue 14
Pentrenosckast TpyOka pabotaer nmoxa HanpspkeHneM U = = 1MB. Onpenenuts HaMMEHBIIYIO JUIHH)
BOJTHBI Apin PEHTT€HOBCKOTO M3ITyUeHHS.
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3aoanue 1
[Npuanrmas k03(GHUIMEHT TEIIOBOro M3MydeHus ar yrig npu temmeparype T = 600 K paBubim 0,8,
oTIpeNieNnTh: 1) SHePreTHYecKyI0 CBETUMOCTbD YIS, 2) sHepruto W, n3mydaeMyro ¢ IOBEPXHOCTH YTIIs
¢ oAb S =5 e’ 3a Bpems t = 10 muH.
3adanue 2
MorHOCTh H3ITy4YeHus abcomoTHO yepHoro Tena N = 34 kBt. Haiitu Temneparypy T storo tena, ecir
M3BECTHO, YTO €ro MmoBepxHocTh S = 0,6 M.
3aoanue 3
Jlazep Ha pyOmHE HM3ITydaeT B UMIYJbCE JIUTENLHOCTRIO 7 = 0,5 mc sHepruio E = 10 [[x B BHAC
MapajuIeIbHOTO CBETOBOTO ITydka. JimuHa BoiHBI Jaszepa A = 694,3 um, mmpuna muanu AA =0,001aM
OmpesenuTh MO CHEKTPAIbHON MIIOTHOCTH M3IydeHHs 3(QGhEKTHBHYIO TeMneparypy Thpg B JTa3€pHON
nyde.
3aoanue 4
Onektpuueckas nammna MomHOcTei0 100 Br ucmyckaer 3% motpebnsemoii sHepruut B (opme
BUAMMOTO CBeTa (CpeAHss AMHA BOJMHBI 550 HM) paBHOMEpPHO MO BceM HampaBieHHsM. CKOJIBKO
(GOTOHOB BHIMMOTO CBeTa momagaeT 3a | ¢ B 3padok Habmogartens (muamerp 3pauka 4,0 Mwm).
HaxoJIAIIErocs Ha paccTossHUM 10 KM OT jamribi?
3adanue 5
Dueprus GOTOHA PaBHA KHHETHUYECKOI HEPIHH SIEKTPOHA, HMEBIIIEro HAYATbHYIO CKOPOCTh Vo = 100
M/C ¥ YCKOPEHHOT'O pa3HOCThIO nmoTeHnuanoB U= 4 B. Haiitu ayuHy BoJIHBI A (OTOHA.
3adanue 6
ITnockuii cepeOpsIHBII AJIEKTPO]] OCBEIIACTCS MOHOXPOMATHYSCKUM CBETOM C JJIMHON BOJHBI A = 182
HM. Omnpezenure, Ha KaKOe MaKCUMaJIbHOE PAaCCTOSIHHE OT MOBEPXHOCTHU JJEKTPOJIa MOXKET yJaTUThCs
(hOTO3IIEKTPOH, €CITM BHE DIIEKTPOJA MMEETCS 3aJIepKUBAIOIIee OJHOPOTHOE 3IEKTPHIECKOE IOJIE
HanpspkeHHOCThIo E = 0,5 kB/Mm.
3adanue 7
[apamienpHBI IMydOK MOHOXpOMAaTHYEeCKOro cBeTta (A = 662 HM) MajaeT Ha 3a4epHEHHYK
MOBEPXHOCTH U MPOU3BOAUT Ha Hee AaBienue p = 0,3 mklla. OnpenenuTs KOHIEHTPALHIO 71 OTOHOE
B CBETOBOM ITyUKe.
3adanue 8
OHeprus peHTreHoBckux nydei € = 0,6MaB. Haiitu snepruto W, snexTpoHa otgauu, eciu JUTHHE
BOJTHBI PEHTT€HOBCKHX JIy4eH Iociie KOMIITOHOBCKOTO paccessHus n3MeHmIach Ha 20%.
3aoanue 9
Onpenenure paguyc OKPY:KHOCTH, TI0 KOTOPOH JBIIKETCS MPOTOH B OJHOPOJHOM MarHHTHOM IIOJIE
nHayknued B = 15 mTn, ecnu ero yvHa BosHeL e bpoiins pasHa 197 HM.
3aodanue 10
Haiitu nyminy BontHBI e Bpotiist A uis atoma Bofopoaa, IBrxkyierocs mpu temmeparype 7 =293 K ¢
HanOoJiee BEPOITHON CKOPOCTEHIO.
3aoanue 11
OnpenieniTs CKOPOCTh AIEKTPOHA HA BTOPOI OpOUTE aTroMa BOJIOPO/ia.
3adanue 12
Haiitu noreniman nonmsamuu U atoMa Bogopoia.
3aodanue 13
Onpenennute TOTPEITHOCTh AX B ONpENENeHUH KOOPIWHATHI AJIEKTPOHA, JBIDKYIIETOCS B aTOME
BOJIOpOJIa CO CKOPOCThIO V = 1,5 Mm/c, ecnu JomycTUMasi HOrPeIHOCTh Ax B OIPEAEIeHHH CKOPOCTE
cocragisier 10% ot ee 3HaUECHUS.
3adanue 14
Bbaucnute AMMHY BONHBI A W JHepruio € (DOTOHA, NpHHAMIEKAmero K,-IMHUH B CIIEKTPE
XapaKTePUCTHYECKOTO PEHTI€HOBCKOTO M3ITy4YEHUS TUTaTHHBI.
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3aoanue 1
C HOBepXHOCTH CaXH IUIOMmanpio S = 2 cM® mpu Temmeparype T = 400 K 3a Bpems t = 5 mue
n3my4aercs sHeprust W = 83 [x. Onpenenuts Ko3h(HUIMEHT TEMI0BOI0 U3IYyUSHUS dr CaXH.
3adanue 2
MouHocTs HM3Ty4YeHHsI packajeHHON Mertamtmueckoil mosepxHoctd N' = 0,67kBt. Temmeparype
nosepxHoct T = 2500 K, ee miomans S = 10 e’ Kakyro MomrHocTs n3nydenuss N umena Obl 9T¢
HOBEPXHOCTh, ecii Obl OHa Obuta abcomoTHO uepHOW? Haiiti oTHOIeHHMEe K sHepreTnuecKux
CBETUMOCTEH 3TOU MOBEPXHOCTH U a0COIIOTHO YSPHOTO Teja TPH AaHHOM TeMIiepaType.
3aoanue 3
B yepHBIit TOHKOCTEHHBIN METAITHYECKHN COCY/, IMEIOMNI (opMy KyOa, HAUT 1KT BOJIBI, HATPETOY
1o 50 °C. Onpenenuts Bpems t octeiBanus cocyna a0 10 °C, ecnu oH NOMEIIEH B YEPHYIO MOJIOCTh
TeMIlepaTypa CTeHOK KOTopoi noaiepskuBaercs mpu 0°C, a Bojia 3aIojHsIeT Bech 00BEM cocy/ia.
3aoanue 4
B pabore A.I'.CtomeroBa "AkTnHO-3nekTpuueckme wuccrnemoBanus’ (1888 T.) BmepBele ObLIY
YCTAQHOBJICHBI OCHOBHBIE 3aKkOHBI (Gorodddexra. OmuH U3 PE3yJabTaTOB €r0  OIBITOB  OBLL
chopmynupoBaH Tak: «PaspspkaronmM JedcTBueM 00IafaloT JIydd caMoil BBICOKOH HMPETOMIIIEMOCTE
¢ AnvHOW BOJHBI MeHee 295 Hm». Halitm paboTy BbIXOma A SJIEKTpOHA M3 MeTajia, ¢ KOTOPBIM
paborai A.I'.Crosneros.

3adanue 5

C Kako# CKOPOCTHIO JTOJDKEH JIBUTATHCS JIEKTPOH, YTOOBI €r0 UMITYIIBC ObUT PABEH HUMITYIIECY (POTOHE
C ITUHOM BOJHBI A = 550 HM?

3aoanue 6

[Ipu ocBemieHUM KaToja CBETOM C JIMHON BOJHBL, paBHOM cHaudama 207 HM, a 3ateM 270 HM.
3a7iep KUBaloIee HalpsHKeHNe N3MEHUIIOCH B 2 pasa. Ompenenute KpacHyIo TpaHuily GoTodddexra.
3aoanue 7

Haiitn BenmuuMHY HOPMAJBHOTO IABICHUS HA IUIOCKYIO MOBEPXHOCTH IMPU 3€PKAIBHOM OTPaKCHHY
ApaIUIENFHOTO CBETOBOTO MOTOKA C HHTEHCHBHOCTEIO | = 0,5BT/CM?, eciit KOO(DOHIMEHT OTpaKeHH s
JITAaHHOW ToBepxHOCTH p = (0,6, a yroia MexJy HalpaBJICHUEM CBETa U HOPMAJbI) K MOBEPXHOCTH ¢ =
30°.

3aoanue 8

®otoH ¢ aHeprueil € = 0,25 MaB paccesiics Ha epBOHa4YaNbHO TOKOUBIIEMCS CBOOOTHOM 3JIEKTPOHE
Onpenennte KHHETHIECKYIO YHEPTHIO AJIEKTPOHA OT/AYH, €CIM JJTMHA BOJHBI PACCEIHHOTO (POTOH:
m3MeHmnack Ha 20%.

3adanue 9

Onpenenure SHeprin (JOTOHA M SJICKTPOHA, €CITH JYTUHA BOJHBI TOro 1 apyroro pasHa 0,1 HM.
3aoanue 10

Haiiti mymey BosHBI 16 bpoiins A 1S SIeKTPOHOB, MPOIIEIIIUX pa3HocTh nmoTennuanoB U; =1 B v
U, = 100B.

3aoanue 11

OnpenenTs YacToTy 00paIlieHus 3JIeKTPOHA Ha BTOPOU OpOHTE aToMa BOAOpO/IA.

3aoanue 12

Haiitu niepBbIit oTeHIman Bo3oy:xaeans U atoma Bomopoa.

3aoanue 13

MOXHO CUMTaTh, YTO 3JICKTPOH B aTOME BOJIOPOJA 3aKIIOYEH B CHEPHUUSCKON 00JIACTH BOKPYT SIIIpE
pamuycom I = 0,05 am. C TIOMOIIBIO COOTHOIIEHHUSI HEONPENEIIEHHOCTEH OIEHUTE KUHETHYECKYK
SHEPTHUIO TEKTPOHA.

3aoanue 14

[Ipu xakoM HanmMeHbIIeM HanpsHKeHUU Upin Ha pEHTTEHOBCKON TPYOKEe HAUMHAIOT MOSIBIIATHCS JIMHUY
cepuu K, meau?
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3aoanue 1
MydensHas neus notpedmsser MomHocTsh P = 1 kBt. Temneparypa 7 ee BHyTpeHHEH HMOBEPXHOCTY
MPH OTKPHITOM OTBEPCTHH IUIOIMAAbI0 S = 25 oM paBHa 1200 K. Cuuras, 4ro OTBEpCTHE MEY¥
U3Ty4aeT Kak aOCOJIIOTHO YEpHOE TEJIO, OINPEAENUTb, Kakas 4YacTh MOIIHOCTH 1| PaccenBaeTcCs
CTEHKaMHU.
3aoanue 2
Juametp Boib(hpaMOBOM CrIUpain B dNeKTpudecKoit amuouke d = 0,3 MM, mmHa crmpanu | = 5 cm.
[Tpu BKITIOYEHHHU TaMTIOYKH B ceTh HampshkeHnneM U = 127 B uepes mammouky TedeT 1ok | = 0,31 A.
Haiitu temnieparypy T cnmpanu. CyuTarh, 9TO IO YCTaHOBJIEHHU PaBHOBECHUS BCE BBIIEISIONICECS B

HUTH TEIUIO TEPSETCAs B PE3y/bTare H3IYyYeHHUS. OTHOIIIEHUE 3JHEPTreTUUECKUX CBETUMOCTEH
BOJIb(hpamMa u aOCOMIOTHO YEPHOIO Tea s JaHHOM TeMmeparypsl K = 0,31.
3aoanue 3

Temnepatypa T abGcomoTHO WepHOTro Tena W3MeHmnach nmpu HarpeBanmum oT 1000 mo 3000K. Bc
CKOJIBKO Pa3 YBEIMYIJIACH IIPU 3TOM €ro dHepreTudeckas cBeTuMocTs R,? Ha ckompko m3aMeHMIack
JUIMHA BOJIHBI A, HA KOTOPYIO HPUXOAUTCA MAaKCUMYM CHEKTPaJbHOH IUIOTHOCTH 3HEPrETHYECKOY
cBeTUMOCTH? Bo ckonpko pa3 yBennuMiIach €ro  MaKCHMalbHas CHEKTpajibHAs IUIOTHOCTE
SHEPTreTHICCKON CBETUMOCTH I?

3adanue 4

Haiitn mimHy BOJHBEI A9 CBETa, COOTBETCTBYIOIIYIO KpacHOW TpaHuiie (oroddQeKTa, s JHUTHL
HATPHSI, KU U TC3HS.

3adanue 5

Karon ¢orosnemenTa ocemaercs: ynbTpaduoIeTOBbIME JIydaMHd C JJIMHON BOMHBI A = 350 um. s
TOTO YTOOBI (DOTOIIEKTPOHBI HE TOCTHTAIN aHOIA, MEXIY KaTOJOM M aHOIOM HY>KHO IPHIIOMKHTE
HarpspxeHne U > 1,55 B. Haiftu paGoTy BbIX0/1a 3I€KTPOHOB M3 MaTepralia KaToja.

3adanue 6

Onpenenute mocrossHHyl0 [lmanka TO pe3ynbTaraM OJKCIIEPUMEHTa, B KOTOPOM JJICKTPOHBL
BHIPHIBAEMbBIC M3 METallla CBETOM ¢ dactoToil Vi = 2,2 - 10" T'm, monHOCTBIO 3ajepKHBAIHCE
pasHocThio moteHmanoB U, = 6,6 B, a BeIppiBacMble CBETOM C 4acTtoTod V; = 4,6 - 10" I -
pasHocThIo oTeHmanoB U, = 16,5 B,

3aoanue 7

Haiitm cBetoBoe naBnenme P Ha creHku diekrpuueckoir 100-BarTHOM mammbl.  Komba mamms
npezacTaBisieT co0oi cdepuueckuii cocyn pagumycom I = ScMm. CTeHKH JamIbl oTpaxkaroT 4% v
mpomyckaT 6% mamaromiero Ha HuX cBera. CumTaTh, YTO BCS MOTpeOIseMas MOIIHOCTH WICT HE
U3ITyUICHHE.

3aoanue 8

®oron ¢ sueprueir € = 0,3 MbdB paccesuics mox yriom 6 = 180° Ha cBOOOIHOM DIIEKTPOHE
Onpenenure MO0 SHEPTUHU (POTOHA, MPUXOJSAIITYIOCS Ha PACCESTHHBIHN AJIEKTPOH.

3adanue 9

B pentreHoBckoil TpyOke 3Heprus OOMOApAMPYIOIINX AHTUKATOJ JJICKTPOHOB BCS WJIM YaCTHUYHC
MIEPEXOUT B DHEPIHIO M3ITyUeHHsS PEHTTEHOBCKMX KBaHTOB. OmpenenuTe AIMHY BOJHBI e bpoiins
AIIEKTPOHOB, €CITM MUHUMAJTbHAS JUTMHA BOJHBI PEHTT€HOBCKHX KBAHTOB A = 3 HM.

3aodanue 10

BeMucnuth OTHOIIEHHE KWHETUYCCKOH SHEPTHH DAJIEKTPOHA K KUHETHUYSCKOW DHEPTHH TPOTOHA (
OIMHAKOBOM JTHHON BOJHBI ie bpoiis. CKOpoCTH CyIIECTBEHHO MEHBIIIE, 9eM CKOPOCTh CBETA.
3aoanue 11

OnpenennuTs NOTEHIMATIBHYIO [/, KHHETUYECKYIO 1 U MOJIHYI0 E SHEPruy 3JIEKTPOHA, HAXOSIIErocs
Ha IepBOi1 OpOUTE aToMa BOIOPO/Ia.

3adanue 12

Kakyro HaumeHnsbInyro sHeprut0 Wyin (B 3JICKTPOHBOJIBTAX) JOJDKHBI UMETh 3JICKTPOHBI, YTOOBI IPF
BO30YXKJCHUM aTOMOB BOJIOPOJA YAapaMU JITHUX 3JICKTPOHOB IOSBIJIMNCH BCE JIMHUM BCEX CEPHE
criekTpa Bomopona? Kakyro HauMEHBIIYIO CKOPOCTh Umin JOJDKHBI HIMETh 3TH AJICKTPOHBI?
3aoanue 13

MunnMansHasi SHEPTHS O-YaCTHIIBI, HAXOSIIEHCS B OSCKOHEYHO TIyOOKOH TOTEHIMATHHOH sIME.
paBHa 8 MaB. OuieHuTte NMPUHY SIMBIL.

3aoanue 14

Ipu sKCHEpUMEHTATIBHOM OMPEACICHUH MOCTOSIHHON [TnaHka h mpu moMOIM PEeHTIEHOBCKHX Tydew
KPUCTAJUT YCTaHABIMBACTCS IO/ HEKOTOPBHIM YIJIOM (0, a Pa3HOCTh MOTeHIHanoB U, MpuiiokeHHas ¥
AIIEKTPOJIaM PEHTTEHOBCKOW TPYOKH, YBENWYHMBAaeTCS JO TeX IOp, IMOKa He TOSBUTCA JIMHHS
COOTBETCTBYIOIIAs 3ToMy yriry.  Hatiti mocrosauyro ITnanka h U3 cleqyrommx JaHHBIX: KPUCTAI)
KaMEHHOM COJM YCTaHOBJEH MOJ yriioM ¢ = 14°; pa3HOCTh MOTEHLIHANIOB, IPU KOTOPOIl BIEPBBHIE
MOSIBUIIACH JIMHUSI, COOTBETCTBYOMas atoMy yriy, U = 9,1kB; nmocrosiHaas perierku kpucrtammia d =
281mm.
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3aoanue 1
MO’KHO YCIIOBHO MPHHSTH, 4TO 3eMIIsl U3ITy4aeT Kak cepoe Telo, Haxosuieecs npu Temneparype T =
280 K. Ompemennts Ko3(hOHUIMEHT TEIUIOBOTO W3IMYYEHUS dr 3€MIIH, €CIH DHEpPreTH4ecKas
CBETUMOCTh €€ ITOBEPXHOCTH paBHa 325k [x/ (1\/12 “9).
3adanue 2
Temmniepatypa Bonb(pamMoBOM crupanu B 25-BaTTHOM 3JeKTpuyeckoi mammouke T = 2450 K
OTHolIEHNE €€ 3HePreTMYECKOW CBETUMOCTH K JHEPreTUUECKOM CBETHMMOCTH a0COJIIOTHO YEPHOIC
Tesa npu AanHo Temmeparype K = 0,3. Haiitu mioma/p S u3iydaroiieii moBepXHOCTH CITUPAIIH.
3aoanue 3
AbcomoTtHO yepHoe Tenmo mMmeer Temmeparypy 71 =2900K. B pesymbrare OCThIBaHHS Tena JUIMHE
BOJIHBI, HA KOTOPYIO MPUXOAUTCS MaKCUMYM CIIEKTPaJIbHON IUIOTHOCTH SHEPreTHUECKOH CBETHUMOCTHU
n3MeHnIach Ha A\ = 9MkMm. Jlo kakoii Temreparypsl 7> 0XJIaAUIOCh TEJIO?
3aoanue 4
JlinHa BOJIHBI CBETA, COOTBETCTBYHOIIAs KpacHO# rpanuie Gorodddekra, st HEKOTOPOro MeTalia A
= 275uM. HaliTh MUHHMAJIBHYIO SHEPTHIO & (DOTOHA, BRI3BIBAIOIIETO (hOTOIPPEKT.
3adanue 5
Kakyro cKOpOCTh MOy4arOT BBIPBAHHBIE W3 KAIHMEBOro (POTOKATONA 3JIEKTPOHBI IPH OOIYYEHUH €rc
(hMOJIETOBBIM CBETOM C JJIMHOWM BONHBI A = 420 HM? Pabora Bhixoma A = 2 3B. Onpenenure macc)
(hoTOHA TIaJIAIOIIEro CBETa.
3adanue 6
DJEeKTPOMarHUTHOE W3JIydeHHE C JUTMHOW BOJHBI A = 207 HM BBHIPBHIBAET C MOBEPXHOCTH THTAH:
(OTORIEKTPOHBI, KOTOPhIE MONAAalT B OJHOPOJHOE MAarHUTHOe none ¢ uHaykuuei B = 0,01 Tx
Halizute pammyc OKpY)XKHOCTH, IO KOTOPOWH HAuHYT ABUTAThCS (HOTOIICKTPOHBI, €CIH UX CKOPOCTE
NEPIEeHINKYIIApHA TUHUSIM HHAYKIUH MarHUTHOTO TIOJIS.

3aoanue 7

Ha 3epkaiiblie ¢ MACAIBHO OTPAXKAIOMIEH MOBEPXHOCTHIO ILIOMANBI0 S = 1,5cM° MazaeT HOPMABHC
CBET OT JIEKTPUUCCKON Ayru. OnpeneauTh UMITY/IbC, MOAYIEHHBIH 3epKaIblieM, €CITH TOBEPXHOCTHAS
ILIOTHOCTh TIOTOKA M3/IY4EHHs, MAJAOLIero Ha 3epkaisle, papHa 0,1 MB1/M?. [IpofoImKUTeIbHOCTE
obmyyenus t = lc.

3adanue 8

KakoBa Obuta ajMHa BOJNHBI Ag PEHTTEHOBCKOTO HM3IYYEHHMs, €CJIM MPHU KOMIITOHOBCKOM DPAaCCEesTHUF
3TOro M3IydeHus rpaduroM mox yriaom ¢ = 60° AmMHA BONHBI PAacCETHHOTO M3IYYEHHs OKa3aJiack
paBHoO# A = 25,4 im?

3aoanue 9

IIpotoH, 35mekTpoH W (OTOH HMEIT OJUHAKOBYIO MiaMHY BoimHel A = 0,1 HM. Omnpenenure
COOTHOLIEHHUE UX CKOPOCTEH.

3aodanue 10

HaifTi JUIMHY BOJHBI ¢ Bpoiimst A Bt a) 2JeKTPOHa, ABIKYIIErocs co ckopoctsio v = 10° m/c; 6
aToMa BOZAOPO/Ia, IBIKYIIETrocs CO CpelHel KBapaTHIHON CKOpOCThI0 pH Temneparype 7. = 300 K.
B) LIapuKa Maccoi M = 1T, IBMXKYILETOCS CO CKOPOCTBIO U = lcm/c.

3adanue 11

OnpenenuTs IMHY BOJHBI A, COOTBETCTBYIOIIYIO TPETHEH CIIEKTPaIbHOM JIMHUH B cepru banbsMepa.
3adanue 12

B xakmx mpenmemax mODKHA JieKarb OSHEPTHsS OOMOApAMPYIOMIMX 3JEKTPOHOB, YTOOBI TIPY
BO3OY)KIICHUHM aTOMOB BOJOPOJA yAapaMH 3THX JIEKTPOHOB CIIEKTP BOJOPOAA MMEJ TOJIBKO OJIH)
CHEKTPAIBHYIO JTUHHUIO?

3aodanue 13

Bo ckombko pa3 meOpoiineBckas UIMHA BOJIHBI YaCTHUIBI MEHBIIE HEONpPEAETCHHOCTH Ax e¢
KOOPAWHATBI, KOTOpasi COOTBETCTBYECT OTHOCHUTEIIBHOM HEONPEACIICHHOCTU UMITYJIbCa B 1%.

3aoanue 14

ATOMHBIE TUIOCKOCTH KPHCTaJUIa OTCTOAT Npyr oT Apyra Ha 210 mM. Yemy paBHa iMHA BOJHB
PEHTI€HOBCKHUX JIydel, MaJaloIiX Ha KPUCTaJUI, €CIIM OTPaKEHNE IEPBOT0 MOpsAAKa HAOII0AaeTcs 10z
yriom 45°7
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3aoanue 1
MoimHocTs P m3nmydenus mapa paanycoM R = 10 cM npu HEKOTOpOW MOCTOSHHOW Temrieparype 1
pasra 1 kBt. Haiitu a1y Temmeparypy, camTas map cepbIM TeJIoM C KOA(HUIMEHTOM TEIIOBOTC
m3nydenus a = 0,25.
3adanue 2
Cunras, 4yro armocdepa mnoromaer 10% nyuucroil sHeprum, nocbulaemoil CosHIEM, HaNTY
MOIIHOCTB u3mydenus N, noimydaemyto ot CojHI}a TOPU30HTAIBHBIM Y9aCTKOM 3€MITH IIOIIABIO S =
0,5 ra. Beicora Conana Hax ropm3onToM ¢ = 30°. Mznydenne ColHIIA CUUTATH ONHM3KUM K H3JTYICHUI
a0COJIFOTHO YEPHOTO TeJa.

3aoanue 3
3aoanue 4
KBanTt mnmHOW BOMHBI A = 34,2 HM BBIPBIBa€T C YUCTOW IMOBEPXHOCTH METAJUIMYECKOTO JIUTHS
(hOTO3MEKTPOH, KOTOPHIM OIMHUCHIBAET B MAarHWTHOM IIOJi€ HAINPSKEHHOCThIO H = 1,2:10° A/

OKpPYXKHOCTH paanycoM R = 1,2 cm. OnpenenuTs SHEPruio, 3aTpa4eHHYI0 Ha OCBOOOKIAECHUE JAHHOTC
3IIEKTPOHA M3 aTOMa JINTHSI.

3adanue 5

UYemy paBeH 3alMPAIOIIMI TOTEHIMAI ISl KAJIHEBOTO (POTOKATONA NMPU OOIyYEHHH €ro (puoIeTOBbIV
cBeTOM ¢ JumHOW BoOiHBI A = 420 um? Paborta Bbixoma 4 = 2 3B. Omnpenenure Maccy (DOTOH:
[IaJIAFOIIETO CBETA.

3adanue 6

Haiimute wuactoTy cBeTa, BBIPHIBAIOLIETO M3 MeETalla JJIEKTPOHBI, KOTOpBIE IOJHOCTHK
3aJIep)KUBAIOTCS pa3HocThio moTeHmanoB U, = 3 B. ®otoaddekT HaumHaeTcs MPH 4acTOTe CBETa
paBHOI 6 - 10™ I'n. Ornpenenute paboTy BBIXO/A AJIEKTPOHOB U3 3TOT0 METaIIA.

3aoanue 7

CrytHHK B (hopMme IIapa ABMKETCS BOKPYT 3eMJIM HA TaKOH BBICOTE, YTO MOTJIOMIEHHEM COIHEYHOTC
cBeta B arMocepe MOKHO nipeHeOpeub. Juamerp criyrhuka d = 40 M. 3Hasi COJHEYHYIO OCTOSHHYIC
(BenuumHa, paBHas MOBEPXHOCTHOM MJIOTHOCTH 3HEepruu m3nydeHus CoilHua BHE 3eMHOU aTMoc(eps
Ha cperHeM pacctostHud oT 3emin 1o Comana) C = 1,4kJx/(M - ¢) 1 MPUHKMAS], YTO TIOBEPXHOCTE
CIIyTHHKA IIOJIHOCTBIO OTPa’KaeT CBET, ONPENEINTh CHUITy 1aBJIeHNs F coTHEeYHOro cBeTa Ha CITyTHHK.
3aoanue 8

IIpy KOMITOHOBCKOM pacCesiHUM SHEPrsl Majaromero (OToHa pacmpenerseTcs HNOPOBHY MEXKTY
paccesiHHBIM (DOTOHOM U DJICKTPOHOM OT/Ja4u. YTOJ paccesHus @ = /2. HallTh SHEprur0 1 UMITYITbC
paccestHHOro (hoToHa.

3aoanue 9

INapamienpHbI TOTOK MOHOYHEPT€THUECKHUX 3JIEKTPOHOB MaJaeT HOPMAIBHO Ja auadparMy ¢ y3Ko¥
HPSIMOYTOJILHON Ienbio mmpuHoi b = 1,0 Mxm. Onpenennte CKOPOCTb 3THX JIEKTPOHOB, €CIU HE
9KpaHe, OTCTOAIIEM OT IIeiM Ha paccTosHuM | = 50 cMm, mmpuHa HEHTPaIbHOTO AU(PPAKIIMOHHOTC
MakcuMyma paBaa 0,36 Mm.

3aoanue 10

®otorddexT BbBbBaeTcsA (oTOHAMH ¢ JIHHOW BOMHBI A = 0,3 HM. Kakyro MUHUMAaNbHYIO JUTHH)
BOJIHEI A€ bpoiins nMeroT poTod3aeKTpoHb!?

3aoanue 11

Haiitin HanuboNbIIYIO A0 U HAUMEHBIIYIO Ay, JUTMHBI BOJH B TIEPBOM MH(QPAKPACHOW CEpUM CIICKTPE
Bozpopoaa (cepun [lammena).

3adanue 12

ATOMapHBI BOJIOpPOX, BO30OY)KIAEMBIii HEKOTOPHIM  MOHOXPOMATHYECKHM CBETOM, HCITyCKael
TOJIBKO TPHU CIEKTpalbHble JUHUM. ONpenenuTh KBAaHTOBOE YHCIO 3HEPreTHYECKOrOo YpPOBHS, Hé
KOTOpBIi1 BO30YKIAat0TCSI aTOMBI, & TAKXKE JAJIMHBI BOJIH UCITYCKAaeMbIX JIMHUH.

3aoanue 13

UeMy paBHa HEONpEAEICHHOCTh DHEPTHHM HEHTpPOHA, HAXOIAIIEroCs B sIpe aToMa IUIATHHBI, eCIIk
HEHTPOH JIOKAIH30BaH C TOYHOCTHIO 10 Pa3MepOB, PaBHBIX pamuycy supa ( Ry, = 9 - 1072 cm).
3aoanue 14

Onpenenuts YriOBYIO INMUPHHY AUQPPAKIMOHHBIX MAaKCHMYMOB, BO3HHUKAIOUIMX IIPH PACCESTHUF
TUTOCKOTO Ty4YKa MOHOXPOMATHUYECKUX PEHTTEHOBCKMX Jydei ¢ IJMHOW BOJHBI A Ha JIMHEHHOF
nenouke u3 N pacceuBaroLIyX LEHTPOB C IIEPUOIOM d.
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3aoanue 1
Ha kakyroo UIMHY BOJHBI A, TPHUXOJHMTCS MAKCUMyM CIEKTPaJbHOW IUIOTHOCTH JHEPreTHYECKOP
CBETHMOCTH (I,)mqx @OCOIOTHO YEpHOTO Tena rpu Temneparype t = 0°C?
3adanue 2
Temmnepatypa moBepxHocti Comara 6000 K, oTHomreHwe nuamerpa 3eMHOW OpOWTHI K HAMETP)
Connua cocrasisier 2,14 - 10 Cumraercsi, 4to 3eMiIst OUHAKOBO H3JIy4aeT 110 BCEM HAIPABICHUSM.
BBIYHCITUTE €€ CPETHIOI0 TEMITEPaTypy.
3aoanue 3
Jlazep Ha pyOmHE HM3ITydaeT B UMIYJbCE JIUTENLHOCTRIO 7 = 0,5 mc sHepruio E = 10 [[x B BHAC
MapajuIeIbHOTO CBETOBOTO ITydka. JimuHa BoiHBI Jaszepa A = 694,3 um, mmpuna muanu AA =0,001aM
OmpesenuTh MO CHEKTPAIbHON MIIOTHOCTH M3IydeHHs 3(QGhEKTHBHYIO TeMneparypy Thpg B JTa3€pHON
Jyde.
3aoanue 4
Uemy paBHa MUHMMaJbHAs [UIMHA BOJHbI PEHTICHOBCKOTO W3JIY4EHMs, HCIyCKaeMOIo IIp¥
COyIapeHNH YCKOPEHHBIX AJIEKTPOHOB C 3KPaHOM TEJIEBU3MOHHOIO K KMHECKOIA, PabOTaroOIIEro Ipr
HanpspkeHnn 50 kB?

3adanue 5
st mpexpamennst porodaddexra, BEIZBAHHOTO 00ITydeHHEM YITBTPAPHOICTOBEIM CBETOM TLIATHHOBO¥
TUTACTUHKH, HYXXHO MPWIOKUTh 33Jep’KUBAIONIYI0 pa3HocTh mnoreHmuanoB U; = 3,7 B. Ecmp

TUIATHHOBYIO TUIACTHHKY 3aMEHUTH JAPYroH IJIACTHHKOW, TO 3a/IepKUBAIOLIYI0 Pa3HOCTh MOTEHIUAIIOE
npuzercs ysennuutb 10 Uz = 6 B. Onpenennuts padboTy BbIxoga A2 3MEKTPOHOB € MOBEPXHOCTH 3TOF
TUTAaCTHHBI, €CITH PaboTa BBIXO/[a IIEKTPOHOB M3 TUIATHHOBOH IIACTHHEI A1 = 6,3 3B.

3adanue 6

Kaxkoli MakcuManbHbIi 3aps MpHOOPETET YAAICHHBINA OT APYTUX TeJl MEAHBIN IapHK MPU 00TydIeHHUY
€ro JJIEKTPOMarHUTHBIM M3TydeHHEM C JIHHOW BOJHEI A = 140 HM? DnekrpoeMkocts mapuka C = 1
nd.

3aoanue 7

[aBnenne MoHoxpomaruueckoro ceera (A = 600 HM) Ha YEpHYIO MOBEPXHOCTb, PACIOIOKEHHYK
MepHeHANKYISIpHO TagarommM ydam, pasHo 0,1 mxlla. Onpenenuts urcno N GOTOHOB, mamarox
3a BpeMs t = | ¢ Ha IOBEPXHOCTD IUTOLIABI0 S = 1 oM.

3adanue 8

®DOoTOH ¢ SHEpruei, paBHOI SHEPIHHU MOKOS NEKTPOHA, paccesics Ha CBOOOTHOM SIIEKTPOHE Ha yrout €
= 120°. OnpenennTe YHEPTUIO PACCESTHHOTO (JOTOHA M KHHETUYECKYIO YHEPIHIO 3JIEKTPOHA OTIAUH.
3aoanue 9

Onpenemmre KHHETUYECKYIO SHEPTHIO JIEKTPOHA, €CIH €r0 JVIMHA BOJHBI 1 Bpoiins paBHa 1 M.
3aodanue 10

Yemy paBHA CKOPOCTH aToMa Telsl, €CIH €T0 JJTNHA BOHEI 1 bpoiins pasHa 0,1 am?

3adanue 11

Berauciuth sHepruro € (GOTOHA, MCIYCKAaeMOIo IPH IEpexXojie SJIEKTPOHa B aTOME BOIOPOAA (
TPETHETro SHEPTreTUUECKOTO YPOBHS Ha ITEPBBIH.

3adanue 12

B kakux npeacinax AOJDKHBI JICKaThb JJIMHBI BOJIH A MOHOXPOMATHU4YE€CKOIo CBETA, YTOOBI npr
BO30Y)XICHUH aTOMOB BOJOPOJia KBAHTAMH 3TOT'0 CBETA HAOIIOJATINCh TPU CIIEKTPAJIbHBIC TMHUH?

3aoanue 13

DneKTpoH ¢ KuHeTndeckoi sHeprueil 7= 10 5B nokanmm3oBan B oGmactu pasmepom | = 1 mkm
OreHnTe OTHOCHTEIHHYIO HEOIIPEAETICHHOCTh CKOPOCTH 3JIEKTPOHA.
3adanue 14

Haiitu 1yiuHy BOJIHBI A, OIPEAEIISIONIYI0 KOPOTKOBOJIHOBYIO TPAHUILY HEMPEPHIBHOTO PEHTICHOBCKOT(
CTIEKTPA, €CJIM U3BECTHO, YTO YMEHBIIICHHE TPHIOKEHHOTO K PEHTTEHOBCKOH TpYOKe HampsDKEHHSs
Ha AU = 23 kB yBeiunurBaeT HCKOMYIO JUIMHY BOJIHBI B 2 pasa.
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3adanue 1
Temniepatypa Bepxuux ciioeB Connia paBHa 5300 K. Cuwmrast CosHile aOCONIOTHO YEPHBIM TEIOM
OIIPEAEINTH JJIMHY BOJIHBI A, KOTOPOH COOTBETCTBYET MaKCUMalIbHAasl CIIEKTPAJIbHAS IFIOTHOCTD SHEP:
TeTHYECKOH CBETUMOCTH (I3.)mqy COMHIIA.
3adanue 2
Kakyio osHepreTHdyeckyio CBETHMOCTb R, uMeeT aOCONIOTHO 4YepHOE Telo, €CIM MaKCUMYN
CHEKTPaILHOM IIOTHOCTH €TI0 SHEPTeTHIECKONH CBETUMOCTH IPUXOIUTCS Ha JITMHY BOJHBI A = 484HM?
3aoanue 3
B 4epHBIit TOHKOCTEHHBIN METATHYECKHN COCY/, IMEIOMNH (opMy KyOa, HATUT 1KT BOJIBI, HATPETOY
1o 50 °C. Onpenenuts Bpems t octhiBanus cocyna a0 10 °C, ecnu oH IOMEIIEH B YEPHYIO MOJIOCTh
TeMIleparypa CTeHOK KOTopoi noanepskusaercs mpu 0°C, a Bojia 3aIojIHsIeT Bech 00BEM cocya.
3aoanue 4

Haiftn 3amepxuBaronryro pasHocTh  mHoTeHianoB U [ 3IIeKTPOHOB, BBIPHIBAEMBIX PV
OCBEILIEHNH KaJUsg CBETOM C JJIMHOM BOJIHBI A = 330 HM.

3aoanue 5

Kpachas rpanunmia ¢orosddexra s HEKOTOPOro MeTajlia COOTBETCTBYET JJIMHE BOIHBI Ag = 275 HM
HaiitTn MakcUManbHYHO CKOPOCTH JJICKTPOHOB, BBI3BIBAEMBIX CBETOM C JJTUHON BOJHBI A = 180 HM
Macca snekrpona m = 9,1 - 10 kr.

3aoanue 6

Ipu uccnemoBanuu Gorodddexra ¢ MOBEPXHOCTH IIMHKA YCTAHOBICHO, YTO MPU W3MCHEHHH [UIHHb
BOJIHBI Tajaromiero cBera B 1,4 pasa mis mpekpamieHus (oToddderrta HEoOXOAMMO YBEITHIHTE
3aep)KUBarolice HampsbkeHue B 2 pasa. Omnpemenure UIMHY BOJIHBI HM3JIYYEHHS B IIEPBON
9KCIIEPUMEHTE.

3aoanue 7

MoHoXpoMaTHYeCKoe M3ITydeHUe ¢ JUTMHOW BONMHBI A = = 500 HM majaeT HOPMAaJbHO Ha IUIOCKYK
3€pKaIbHYIO0 MOBEPXHOCTh M JABUT Ha Hee ¢ cwiod F = 10°® H. Onpenenuth yncino (HOTOHOB.
€XKECEKYH/IHO M/IA0NIMX Ha 3Ty IIOBEPXHOCTb.

3aoanue 8

Ha xaxyro KHHETHUYECKYIO SHEPTHIO JOJDKEH OBITh PACCUUTaH YCKOPUTENH DJIEKTPOHOB, YTOOBI MOKHC
OBLIO HCCIIEAOBATH CTPYKTYPHI C JINHEHHBIMU pasMepamu | = 10 M2

3aoanue 9

DneKTpoH U (OTOH UMEIOT KaXIblii SHEPrHio, paBHyIo 1 3B. Bo ckoybKo pa3 pa3nu4aroTcst UX AJIWHb
BOJIH?

3aoanue 10

OnpenenuTs HAUMEHBIIYIO £, H HAHOOJBIIYIO €4 SHEPTUH (OTOHA B YIHTPA(PHUOIETOBON CEepHY
criekTpa Bojopoa (cepuu Jlaiimana).

3adanue 11

Ha ckombko M3MeHMIAach KWHETHYECKas SHEPTHs JJIEKTPOHa B aTOMe BOJOPOAA MPH HW3ITYUEHHY
aToMoM (POTOHA C UTMHOH BOJHEI A = 486 HM?

3adanue 12

Onpenennte OTHOCHTENBHYIO HEONPENENeHHOCTh HMITyibca [lp/p ABWXKYyIIEHCS YacTHIBI, €CIy
HEOIPEEICHHOCTh €€ KOOPAWHATHI paBHa JJIMHE BOJIHEI Ae bpoiis.

3aodanue 13

JmHa BONHBI ramma-msmydeHwss pamus A = 1,6 mMm.  Kakyio pasHocts moteHrmanioB U Hasc
MIPAJIOKUTH K PEHTT€HOBCKOW TPYOKe, YTOOBI TIOIYYHTh PEHTT€HOBCKHE JIYUIH C 3TON JUTMHOW BOJHBI?
3aoanue 14

HaiiTi [yinHy BOJHBI A, ONIPEIEISIONIYI0O KOPOTKOBOJHOBYIO IPAHMILy HETIPEPHIBHOIO PEHTI€HOBCKOI'C
CIIEKTpA, €CJIN U3BECTHO, YTO YMEHBIICHNE IPWIOKEHHOTO K PEHTI'€HOBCKOH TPYOKE HalpsDKEHUs
Ha AU = 23 kB yBennuuBaeT HCKOMYIO AJIMHY BOJHBI B 2 pasa.
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3aoanue 1
Onpenenuts TemnepaTypy 7 aOCONIOTHO 4YEpHOro Tena, MNP KOTOPOW MaKCUMyM CIEKTPaILHOP
IUIOTHOCTH SHEPTeTUUECKOH CBETUMOCTH (1)) gy IPUXOAUTCS HA KPACHYIO TPAHHILY BUIMMOTO CHEKTPE
(M =750 um); Ha puoneroByro (A2 = 380 HM).
3adanue 2
MorHocTs u3MyueHHuss adcomoTHo udepHoro Tena N= 10 xBr. Haiitm miomane S wusmydarorner
MIOBEPXHOCTH TeJa, €CIIM MAKCUMyM CIEKTPaIbHOM IJIOTHOCTH €ro JHEPreTHYECKOM CBETUMOCTE
NPUXOJUTCS Ha ATMHY BOJIHBI A = 700 HM.
3aoanue 3
Temmnepatypa T abcomoTHO YepHOTO Tena u3MeHWiack npu HarpeBannu oT 1000 mo 3000K. Bc
CKOJIBKO pa3 yBEIWYWIJIACh IIPH 3TOM €ro dHepreTuyeckas CBeTUMOCTh R,? Ha ckonbko m3MeHnnace
JUIMHA BOJHBI A, Ha KOTOPYIO NPHUXOAUTCS MAKCHUMYM CIEKTPAIBHOH IJIOTHOCTH 3HEPreTHYECKOV
cBetuMocTH?  BO CKONBKO pa3 yBeJMYWJIACh €0  MAaKCHMalbHas CIEKTpajbHAsi —IJIOTHOCTE
SHEPreTUICCKON CBETUMOCTH I)?
3aoanue 4
IMpu dotoaddexre ¢ MIATHHOBOM MOBEPXHOCTH BIIEKTPOHBI TIOIHOCTHIO 33JICPKUBAIOTCS PA3HOCTBEC
norenimanos U = 0,8 B. HaliTu anuHy BONHBI A MPUMEHSEMOrO OOJYyYeHUS M TpeleNbHYIC
JUTMHY BOJTHBI Ag, TIPU KOTOPOH e11ie BO3MOKEH (hoTOIPGEKT.
3adanue 5
Ha ¢oroaneMeHT ¢ JIWTHEBBIM KaTOAOM TMajgaeT CBeT C JjmHOW BoyHBI A = 200 HM. Haiimue
HaUMEHBIIIEE 3HAUCHUE 3a/IeP KUBAIOLICH Pa3HOCTH MOTEHIMAIOB, KOTOPYIO HYKHO IIPWIOXKHTH K
(oTodnIeMeHTY, YTOOBI MPEKPATUTH (POTOTOK.
3adanue 6
IIpu ocsemieHun (HOTOIEMEHTa MOHOXPOMATHYECKMM CBETOM C JUIMHOM BOJHBI A3 = 0,4 MKM OF
3apspKaeTcsl 10 pasHocTH moTeHimaioB U = 2 B. Onpepenure, 10 Kakoi pa3sHOCTH MOTEHIHAJIOE
3apsauTes (POTORIIEMEHT MPH OCBEIICHUH €r0 MOHOXPOMAaTHYECKUM CBETOM C JUTMHOW BOJIHBI Ap = 0,&
MKM.
3aoanue 7
[NapamienpHBI MydOK MOHOXpOMAaTHYeCKOro cBeta (A = 662 HM) MafaeT Ha 3a4epHEHHYK
MOBEPXHOCTH U MPOU3BOAUT Ha Hee AaBienue p = 0,3 mxlla. OnpenenuTs KOHIEHTPALMIO 71 POTOHOE
B CBETOBOM ITyUKE.
3adanue 8
PentrenoBckoe m3mydeHue ¢ JUIMHOW BOJHBI A = 10 mIM paccemBaeTcst CBOOOJHBIMH JJIEKTPOHAMH
Onpenenure MaKCUMAJIbHYIO JUIMHY BOJIHBI PEHTTEHOBCKOTO M3JIy4E€HHS B PACCESHHOM ITyUKe.
3adanue 9
Kakyio pa3sHOCTh MOTEHLHUATIOB JOIDKEH MPOHWTH DIEKTPOH M3 COCTOSHUS MOKOSI, YTOOBI €ro JIJIMHE
BOJIHBI cTasia paBHoit 0,16 HM?
3aoanue 10
Bo ckompko pa3 pasnuyaroTcsl JJIMHBI BOJH Jie Bpoiiis MpOTOHA W DIEKTPOHA, €CIM OHU HMEIO]
OIMHAKOBYIO KuHETH4ecKyto suepruto 7 = 0,511 MaB?
3adanue 11
ATOMapHBI BOAOpOA, BO30OY)KACHHBI CBETOM OMNpENEeNICHHON JUIMHBI BOJHBI, TPH TEpexoie E
OCHOBHOE COCTOSIHHE HCITyCKaeT TOJbKO TPH CHEKTpajbHblC JIMHUU. ONpeneauTs JIMHBI BOJIH THX
JIMHUH ¥ yKa3aTh, KAKUM CEPUSIM OHHM NPUHAIIIEHKAT.
3adanue 12
B kakux mpezenax MOMKHBI JIGKATh JJIMHBL BOJH A MOHOXPOMAaTHYECKOTO CBETa, YTOOBI MpF
BO30YXICHUH aTOMOB BOJIOPO/Ia KBAHTAMH 3TOTO CBETa PaJnyC OPOUTHI Ik 3JIEKTPOHA YBETUUUIICS E
9 pa3?
3aodanue 13
Ilpu w3MepeHHH OTHOCHTENBHOW HEONPENENeHHOCTH CKOPOCTH JIOKaJU30BAaHHOTO B HEKOTOPOF
obmacTu 3MeKTpoHa, yckopeHHoro HampspkeHneM U = 10 B, momyueno 3nawenme 0,01. Omenute
pa3mep 00JIacTH JIOKaIU3aLHH.
3adanue 14
Kakyro HamMeHbLIyI0 pa3HOCTh HOTeHIMaNoB U Hajmo NPWIOKWTH K  PEHITEHOBCKOM  TpyOKe.
4TOOBl MONYYNTHh BCE JIMHUM K-Cepuu, eciy B Ka4eCTBE MaTepHaa aHTUKATO/A B3ATh: a) Melib; O
cepeOpo; B) Bob(pam; I) IIIaTHHY?
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3aoanue 1
MakcuMyM CHEKTpajbHON IUIOTHOCTH HEPreTHYECKOH CBETUMOCTHU ())max SPKOHM 3BE3IbI APKTY[
NPUXOIUTCS HA JUIMHY BOJHBEI A,, = 580 HM. [IprHnMas, uTo 3Be3/1a n3imydaer Kak aObCOIFOTHO YEPHOE
TeJO0, ONIPENENUTh TEMIIEpaTypy 7 IOBEPXHOCTH 3BE3MBI.
3adanue 2
B Kkakmx o0iacTax cCrekTpa JeXaT UIMHBI BOJH, COOTBETCTBYIOIINE MAKCHMYMY CHEKTPAIbHOY
TUIOTHOCTH SHEPreTHUYECKON CBETUMOCTH, €CJIM HCTOYHHMKOM CBETa CIYXKHUT: a) CIUpalb 3JIEKTpHYe-
ckoit nmamrouku (T = 3000K); 6) mosepxuocts Conrua (T = 6000K); B) atomHas OoM0a, B KOTOPOH E
MOMEHT B3pbIBa pasBuBaetcs Temmeparypa T ? 10° K? V3myueHne cuuTaTh GIM3KEM K H3TYHEHHK
a0COJIFOTHO YEPHOTO Tea.
3aoanue 3
AbcomoTHO 4yepHOe Teno mmeer Temmeparypy 71 =2900K. B pesynbrare OCThIBaHMS Tea JUIMHE
BOJIHBI, HA KOTOPYIO MPUXOAUTCS MAaKCUMYM CIIEKTPaIbHON IUIOTHOCTH YHEPreTHUECKOM CBETHUMOCTHU
n3MeHunach Ha AA = 9mMxMm. Jlo kakoit Temneparypsl 72 0XJIaIuI0Ch TEI0?
3aoanue 4
®Dotonbl ¢ 3Heprueit e = 4,95B BBIPBIBAIOT AIIEKTPOHBI U3 MeTamia ¢ paboToi Beixoga A = 4,53B
Haiitn mMakcuManmbHBIN UMITYIBC Pjq TEPEAABAEMBIN MOBEPXHOCTH METaljia MPU BBUIETE KaXkKJIOTC
JIEKTPOHA.
3adanue 5
®oton ¢ sHepruel &, = 10 3B magaer Ha cepeOpsHYIO TIACTHHKY W BbI3BIBaeT (PoTod(hdeKT
Onpenenure HMITYJbC, I[OMYYEHHbIH IUIACTUHKOW, €CIIM IBIKEHUS (OTOHA U (POTOIIIEKTPOHE
HarpasJIeHb! OIMHAKOBO U MEPIECHANKY/ISIPHBI HOBEPXHOCTH IIACTHHKH.
3adanue 6
Karon doTosneMeHTa ocBenaeTcss MOHOXPOMATHYCCKHUM CBETOM ¢ JJTMHOM BOJIHBI A = 310 HM. [1pu ec
n3MeHeHnn Ha 25% 3azepxuBaroliee HamnpspkeHue ymeHsmmiocs Ha 0,8 B. Ilo atmv
SKCTIEPUMEHTAIBHBIM JaHHBIM paccunTaiTe MOocTosHHYIO [ 1nanka.
3aoanue 7
Haiitn BemuumMHYy HOpPMANBHOTO IAaBJICHWS HA IUIOCKYIO TOBEPXHOCTH IMpPU 3€PKAJIBHOM OTpPaKEHHY
MapaJyIeTbHOTO CBETOBOTO IMOTOKA ¢ MHTEHCUBHOCTHIO | = 0,5B1/cM?, eciu K03(ppuIeHT oTparkeHus
JTAaHHOW ToBepxHOCTH p = (0,6, a yroa MeXay HallpaBJICHHUEM CBETa M HOPMAIBIO K MOBEPXHOCTH ¢ =
30°.
3adanue 8
Kakass moms sHeprum ¢oTOHAa NMPUXOAUTCA Ha IJIEKTPOH oTmaun mpu dddexre Kommrona, ecnr
paccestHue (OTOHA NPOUCXOAUT Ha yroa 0 = 90°? Dueprus ¢poroHa 10 paccesHus g, = 0,51 MaB.
3adanue 9
B mopemu Bopa a5exTpoH IBMKETCS BOKPYT SiApa aToMa BOJOPOAa IO KpyroBoil opoute. Cuuras
pamuyc opoutsl paBabM 0,053 HM, oIpeenuTe IIMHY BOJTHEI ¢ bpoiins anekrpona.
3aoanue 10
Haiitu nnuay BonHBI e Bpoiiiis A uis 2JIeKTpoHa, MMEIOIIEero KHHeTH4ecKyto sHepruto: a) Wy = 1(
Kx3B; 6) W, = 1M>aB.
3adanue 11
®oron ¢ 3Heprueit € = 16,5 5B BBIOWI 2JEKTPOH M3 HEBO30YKIESHHOTO aromMa Boaopoaa. Kakyic
CKOPOCTH V OyJeT MMETh 3JIEKTPOH BIAJH OT siipa aToma?

3aoanue 12
Ha pudpakunoHHyro  pemeTky HOpPManbHO  TaJaeT  IYYOK CBeTa OT pas3psiHOW TPYyOKH
HAINOJIHEHHOW aroMapHbIM BojgoponoM. IlocrosinHas pemtetkn d = Smkm. Kakomy mepexoe

3JIEKTPOHA COOTBETCTBYET CIIEKTPAJIbHAS JIMHUS, HA0JF0JaeMast ITPHU MOMOIIH 3TOH PEIISTKH B CIIEKTPE
ISATOrO MOpsAKA MOA yriioM o= 41°7

3aoanue 13

Hcxoms U3 TOro, 4to pajnyc aromMa BOAOpOjJa MMeeT 3HadeHue mopsaaka 0,1 HM, OlEeHHTE CKOPOCTE
JBHKEHHS €TO DJIEKTPOHA.

3aoanue 14

Cuntas, uto ¢opmyna MoO3TH ¢ JOCTATOYHOH CTEMEHBIO TOYHOCTH JACT CBSI3b MEXAY JUTHHOF
BOJIHBI A XapaKTEPUCTUYCCKUX PEHTICHOBCKHX JIyUeil M MOPSIKOBEIM HOMEPOM 3JieMeHTa Z, U3 KOTO-
POro C/IeNaH aHTUKATO/I, HATH HAauOOJBIIYIO JITUHY BOJIHBI A JTHMHUI K-cepyuu PEHTTeHOBCKHUX JTydei
JlaBaeMBIX TPYOKOH C aHTHKAaTOJOM M3:  a) )Kene3a, 0) Memu; B) MonuOnmeHa; T) cepeOpa; I
TaHTaJa; ¢) Bob(pama; k) iatuHel. g K-cepuu IOCTOSHHAS KpaHUpOBaHMs G = 1.
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3aoanue 1
BcenencrBue u3MeHeHHsT TeMIIEpaTypbl YEPHOIO Tejla MAKCUMYM CIEKTPAIBHOW IUIOTHOCTH (Fy)ma;
cmectuiics ¢ A = 2,4 Mxm Ha A2 = 0,8 Mxm. Kak u BO CKOJBKO pa3 M3MEHWINCH YHEpPreTHyYecKas
CBETHMOCTh Te€JIa 1 MAKCUMaJIbHAS CIIEKTPAIbHAS IDIOTHOCTh SHEPT€TUYCCKON CBETUMOCTH?
3aoanue 2
Ha pucyHke nana KpuBas 3aBUCHMOCTH CNIEKTPAIBHON IUIOTHOCTH
JHEPreTHYECKOW CBETMMOCTH a0CONIOTHO YEpHOro Tema Ij OT
JUIMHBI BOJIHBI A TIpH HEKOTOpoW Temmeparype. K kakoit
temmnepatype T oTHocuTcss dTa KpuBasi? Kakoi mpomeHT
W3JTy4aeMoi SHEPriy MPUXOAUTCS Ha JOJO BUIUMOTO CIIEKTpPa MPH
3TOM Temreparype?

0 2 4 A M:;I

3aoanue 3

OnpenenuTs TeMIeparypy Telna, MPH KOTOPOH OHO m3iydasnio Obl sHEepruu B 10 pa3 Oombiie, dewv
norsyomaro. Temneparypa okpykatoiei cpenst to = 23°C.

3aoanue 4

Onpenennure MaKCUMaJIbHYIO CKOPOCTB (DOTOIJIEKTPOHA, BEIPBAHHOTO C IMTOBEPXHOCTH 30J10Ta (POTOHON
¢ JHepruen g4 = 9,3 3B.

3adanue 5

ITmockwii cepeOpsHBII AIEKTPO]T OCBEIIAeTCI MOHOXPOMATUIECKUM CBETOM C JUTMHOHM BOJHBI A = 18
oM. Omnpezenure, Ha KAKOE MAKCUMAIIbHOE PACCTOSIHHAE OT MOBEPXHOCTH DIIEKTPOJIA MOXKET yIATUThCS
(OTOIIIEKTPOH, €CIM BHE JJIEKTPOJa MMEETCs 3aJlepKHUBaroIlee OJHOPOTHOE AJIEKTPUIECKOE IO
HanpsbKkeHHOCThIo £ = 0,5 kB/M.

3aoanue 6
Haiitn cBeroBoe naBneHue P Ha cTeHkH djekTpudeckod 100-artHOM mammbl.  Komba nammb
npeAcTaBisieT coboi cdepuueckuii cocyn pagumycoM I = Scm. CTeHKH JamIiel oTpaxkarT 4% v
npormyckawT 6% mnanaroriero Ha HUX cBera. CUUTaTh, YTO BCS MOTpeOJIsieMas MOIUIHOCTh WJET He
U3JTy4eHHE.

3aoanue 7
OHpe)IeJ'H/ITe MaKCUMAJIbHOC N3MCHCHUEC MJIMHBI BOJHBI HpI/I KOMIITOHOBCKOM paCCCfIHI/II/I CBCTA. a) He¢
CBOOOJIHBIX JIEKTPOHAX; 0) Ha CBOOOIHBIX IIPOTOHAX.

3adanue 8

OJEeKTPOH NBMXKETCS MO OKPYKHOCTH pamguycoM I = 0,5 cM B OAHOPOJHOM MAarHMTHOM IIOJE (
unaykiueit B = 8 mTi. Onpezenure ero 1e0POUICBCKYO JUIMHY BOIHBIL.

3aoanue 9

3apspKkeHHasl 4acTHLA, YCKOPEHHas! pa3HOCThio noTteHuaioB U = 200 B, wuMeer [uIMHY BOJHBI ¢
Bpoiinst A =2,02 nm. HaiiTi Maccy M gacTHIIBL, €CIIU €€ 3apsi YUCIEHHO PaBEH 3apsay dJIEKTPOHA.

3aodanue 10

BeluMCINTG [IMHY BOITHEI A, KOTOPYIO HCIycKaeT uoH renus He' mpu mepexome co BTOporc
SHEPreTHUECKOTO YPOBHS Ha MepBbIii. C1enaTh TaKoi xKe TmojcueT 11s noHa mutas Lit™

3aoanue 11

Haiitn nnuHy, BonHBI ae bpoitns A ans 37eKTpoHa, MBHXKYLIETOCsS MO HEpBOM OOPOBCKOI OpOHTS
aToma BOJIOpoJa.

3aoanue 12

OIeHUTE C TIOMOIIBI0 COOTHOIICHHS HEOIPEICICHHOCTeH MUHHMAIBHYI) KUHETHUECKYIO SHEPTUK
DIIEKTPOHA, JIOKATH30BAHHOTO B 06siacTi pazmepoM | = 0,2 um.

3aoanue 13

Haifti mocTosTHHYTO SKpaHUpOBaHUS ¢ IS L-cepuu peHTreHOBCKUX JIy9eH, €CIIi M3BECTHO, YTO IIPF
nepexo/ie dMEeKTpoHa B aToMe Boib(pama ¢ M- Ha L-cioil mciyckaroTcsi peHTT€HOBCKHE Y9 (
JUIMHOM BOJHEI A = 143 M.

3adanue 14

Cunrtas, uto (opmyna Mo3nmu C OCTATOYHOH CTENEHBI0 TOYHOCTH JA€T CBSI3b MEXAY JUIMHOV
BOJIHBI A XapaKTEPUCTUYCCKUX PEHTICHOBCKHX JIyUeil M MOPSIKOBBIM HOMEPOM 3JieMeHTa Z, U3 KOTO-
POro C/IeNaH aHTUKATO/I, HATH HAanOOJBIIYIO JITUHY BOJHBI A THMHUIN K-cepuu PeHTTeHOBCKHUX JTydei
JTaBaeMBIX TPYOKOH C aHTHKATOJOM HM3:  a) )Kene3a, 0) Memu; B) MonuOnmeHa; T) cepeOpa; I
TaHTaJa; €) Bob(pama; k) miatuael. s K-cepuu IOCTOSHHAS 3KpaHUpOBaHMs 6 = 1.
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3aoanue 1
ITpu yBenuveHHH TEPMOJMHAMUYECKOM TeMneparypbl T abCOMIOTHO YEPHOTO Tella B JIBa pa3a JJIHHE
BOJHBI A,, Ha KOTOPYIO IPHUXOOUTCS MAaKCUMyM CIIEKTPAJIbHOM IUIOTHOCTH 3HEPreTU4ecKol
CBETUMOCTH, YMEHBIIMIACh Ha Al,, = 400 HM. OnpeenTh HAYaIbHYI0 ¥ KOHSYHYIO TeMIepaTypsl 1
u 7s.
3adanue 2
[lpu HarpeBaHnu aOCONIOTHO YEPHOTO TENa JUIMHA BOJHBI A, HA KOTOPYIO HMPUXOJHUTCS MaKCUMYM
CHEKTPaTFHOHN TIOTHOCTH SHEPTeTHUECKON CBETUMOCTH, 3MeHmach ot 690 mo 500 am. Bo ckomibkc
pa3 yBeIM4MIACh IIPH 3TOM SHEPreTHYecKasi CBETUMOCTh Tesa?
3aoanue 3
Jlazep Ha pyOHMHE H3Ily4aeT B UMIyJbce JuuTenbHOCThIO T = 0,5 Mc sHepruro E = 10 /Ix B BHAC
napajuieIbHOro0 CBETOBOTO ITyuka. /liHa BoJHBI Jasepa A = 694,3 uM, mmpuHa nuaun AA =0,001Mm
Onpenenuts MO CHEKTPAIbHOH IIOTHOCTH U3IydeHHs 3(P(EeKTHBHYIO TeMrepatypy Ihpp B Ja3epPHON
Jyde.
3aoanue 4
BakyyMmHbIil (OTORNIEMEHT COCTOMT W3 LEHTPATBHOTO KaToaa (BOJIb(PAaMOBOroO IIApHKa) W aHOME
(BHYTpEHHEH MOBEPXHOCTH MocepeOpeHHoi M3HYTpH KojObl). KoHTakTHas pa3sHOCTh MOTEHLIMAIIOE
Mmexny anekrporamu Ug = 0,6 B yckopser BbuleTaromue >JaeKTpoHbL. POTORJIEMEHT OCBEILAETCS
cBeTOM ¢ JIMHON BONHEI A = 230HM. Kakyro 3amepXuBaroniyio pasHocTs moTeHnuaioB U Hazc
NPUIOKHUTh MEXKAY JIEKTpoAaMH, 4ToObl (GoToTOoK ymanm mo Hyas? Kakylo ckopocTh v moiydal
SNIEKTPOHBI, KOTAA OHHU JOJETAT 10 aHo[a, €CIM HE NPHKIAaJbIBaTh MEXKIY KaToIoM M aHOJIONM
Pa3HOCTHU TTOTEHLIUAJIOB?
3adanue 5
Kakast mons sHeprum (oToHa M3pacxomoBaHa Ha pabOTy BBIPHIBAHUS (POTORJIEKTPOHA, €CIIM KpacHas
rpanuna Gpotodddexra Ay, = 310 HM, a MaKCUMabHas KHHETHYECKas SHEPTHsl (POTOIIEKTPOHOB PaBHE
4-B?
3adanue 6
[Ipu ocBemieHnu KaTojila CBETOM C JUIMHOM BOJHBI, paBHOM cHavasma 207 HM, a 3arem 270 HM,
3a7epKMUBaloIlee HapsDKEHNE H3MEHWIIOCh B 2 pasa. OnpenennTe KpacHyro rpanuiy ¢potoaddexra.
3aoanue 7
Ha moBepxHocTh miommaasio S = 0,01 M’ B €JIMHUITY BPpeMEHU TpaeT cBeToBas 3Heprus £ = 1,08
x/c. Haiitm cBeroBoe naBneHue P B ciydasx, KOrJa IOBEPXHOCTH MOJHOCTHIO OTpa)aeT
MTOJTHOCTHIO TIOTJIOTAET MAA0IIHIE Ha HEee JIy4H.
3adanue 8
B pesymbrare addexra Komnrona doron c sueprueit Eqy = 1,02 MdB paccesH Ha cBOOOIHONM
anekTpoHe Ha yroi 0 = 150°. OnpenenuTe SHEPTrUi0 PACCESTHHOTO )OTOHA.
3adanue 9
Kakyro sHepruio HeoOXOAMMO IOMOJHUTENBHO COOOLIUTH JJIEKTPOHY, YTOOBI €ro AeOpoiineBckas
JUTMHA BOJIHBI yMeHbImiack ot 100 1o 50 mm?
3aodanue 10
CocTaBuTh TaONUITY 3HAYEHUH JTHH BOJH Jie Bpoinns A 1uist aeKkTpoHa, JBIKYIIETOCs CO CKOPOCTHK
v, pasroii: 2 - 10%2,2 -10% 2,4 - 10%; 2,6 - 10% 2,8 -10% w/c.
3adanue 11
BbrauciuTh 4acToTHI V1 U Vo BpAILIeHUs 3JICKTPOHA B aTOME BOJIOPOAA Ha BTOPOW M TpeTbeil opOuTax
CpaBHHUTH 3TH YacTOThI C YAaCTOTOM V H3JIydeHHUS NPU MEPEXOle VIEKTPOHA C TPETbed Ha BTOPYK
opoury.
3adanue 12
Haiitu paguyc ri mepBoii 60pOBCKO# AIIEKTPOHHONH OpOWTHI [UII OJAHOKPAaTHO HMOHM30BAHHOTO TENHS
M CKOPOCTH V DJICKTPOHA HA HEH.
3aoanue 13
[TokaxxuTe, YTO VIS YACTHIIBI, HEOTIPEICICHHOCTh MECTOMOIOKEHHUSI KOTOPOM Ax = App/21 T1e Ap)p - €€
neOpoiiIeBcKas UIMHA BOJIHBI, HEONPENENICHHOCTh CKOPOCTH paBHA HPUMEPHO CaMOH CKOPOCTY
YaCTHLIBL.
3adanue 14
Haifty mocTostHHYTO SKpaHUpOBaHUS ¢ IS L-cepuu peHTIreHOBCKUX Jy4eH, €CIIi M3BECTHO, YTO IIPY
Iepexofie JNIEKTpOoHa B aroMe Boib(pama ¢ M- Ha L-cioil MCIycCKarOTCS PEHTI€HOBCKHE JIY4H (
JUIMHOM BOJHEI A = 143 M.



Homawnee 3a0anue no keanmoeoii pusuke Bapuanm 20
3aoanue 1
OTanoH eAMHMIBI CHIBI CBETa - KaHJeNa - MIPEACTaBiIseT co00i MOMHBIN (M3/TyJaroUuii BOJIHBI BCEX
JUTMH) H3Ty4aTenb, MOBEPXHOCTh KOTOPOro miomambio S = 0,5305 mm® mveer Temmeparypy I'
3aTBep/eBaHus MIaTHHbL, paBHyro 1063° C. Onpenenuts MOIHOCTL P u3ilydaTess, IPUHUMAas €ro 3a
abCOIOTHO YEpHOE TEIO.

3adanue 2

Ha xakyio MHYy BONHBI A TIPHXOAWTCS MAaKCHMYM CHEKTPalIbHOW IUIOTHOCTH 3JHEPreTHYECKOb
CBETHMOCTH a0COJIFOTHO YEPHOTO Tela, HMEIOIIEro TeMIlepaTypy, paBHyIo temmeparype t = 37°C
YeJI0BE4YECKOro Tena?

3aoanue 3

B 4epHBIit TOHKOCTEHHBIN METATHYECKHN COCY/, IMEIOMNH (opMy KyOa, HATUT 1KT BOJIBI, HATPETOY
1o 50 °C. Onpenenuts Bpems t octhiBanus cocyna ao 10 °C, ecinu oH TOMEIIEH B YEPHYIO MOJIOCTh
TeMIIeparypa CTeHOK KoTopoi nmoanepskuBaercs npu 0°C, a Boja 3amofiHseT BeCbh 00beM cocy/ia.
3aoanue 4

®DoToH ¢ MHO# BoIHBI A = 0,2 MKM BBIPBIBAET C IOBEPXHOCTH HATPHsI (HOTOIIECKTPOH, KHHETHYECKAs
sHeprusi kotoporo £=2 3B. Onpenenuts paboTy BbIX0/a U KpacHyto rpaHuiy ¢poroaddekra.
3adanue 5

Ilpy oOnmy4eHWM IUIATHHOBOW IUIACTHUHBI YIbTPA(QHOIETOBEIM CBETOM 3aJIep)KUBAIOLIasi Pa3sHOCTE
noTeHuanoB OblIa pasHa 4,7 B. Korna rmaTHHOBYIO IIIaCTHHY 3aMEHWIIM HA JAPYTYIO, TO MPHILIOCE
YBEITMYUTH 33JIep>KUBAIOIIYI0 Pa3HOCTh MOTEHINAIoB 10 6,0 B. 3Has paboTy BEIXOJa AJIEKTPOHOB M-
METaJUIOB, ONPENENIUTE MaTeprall BTOPO#l TIACTUHBL.

3adanue 6

Omnpenenure mnoctosiHHylo I[lnmanka 1o pe3yjibraraM dSKCIEPUMEHTa, B KOTOPOM  BJICKTPOHBL
BBIPHIBACMBIC M3 METallla CBETOM C YacTtoTrod Vi = 2,2 - 10" ', momHOCTHIO 3aAEpP KUBATIHICE
pasHocThio moteHnmanoB U, = 6,6 B, a BeIppIBaeMbIe CBETOM C 4YacToTou Vo, = 4,6 - 105 I'm -
pasHocThio oteHImanos U, = 16,5 B,

3adanue 7

MonoxpomaTtudeckuii ydok cBera (A = 490HM), majgas Mo HOPMAaIH K MOBEPXHOCTH, MPOH3BOAMN]
cBeroBoe aasieHne P = 4,9mklla. Kakoe uucno gotonos | magaer B enuHUIly BpeMEHN Ha €MHUILY
IoIaau 3tok nosepxuoctu? Koadduiment orpakenus ceera p = 0,25.

3adanue 8

Ha xaxo#i yrom Opu1 paccesH npu dp¢exre Komnrona y-kBaHT ¢ sHepruen g, = 1,53 M»B, eciv
KUHETHYecKas SHeprus dekTpona otnauu 7 = 0,51 MaB?

3aoanue 9

Kakyro yckopsrolryro pa3sHOCTh HOTEHLHAIOB JOJDKEH NPOWTH NPOTOH, YTOOBI JUIMHA BOJIHBI JI€
Bpoitns st vero 6suma paBHa 1 mm?

3aoanue 10

0-4aCTHIIA JBIKETCS MO OKPYKHOCTH pajnycoM I = 8,3 MM B OIHOPOAHOM MAarHUTHOM TIOJIE.
HanpsOKEHHOCTh  kKoToporo H = 18,9 kA/m. Haiitu may BoHBI Ae Bpoiiiis A 11 o-4acTHUIBL.
3adanue 11

AToM BOIOpOJa B OCHOBHOM COCTOSHHH TIOTJIOTHJI KBaHT CBETa C JUTMHON BONHBI A = 121,5 HM
Onpenenuts paguyc I' 3IeKTPOHHOH OpOUTHI BO30YKAEHHOTO aTOMa BOJIOPOAA.

3aodanue 12
Haiitu nepeblii moteHiman Bo30yxkaeHuss U; a) OJHOKPATHO MOHH30BAHHOTO Telust; 0) ABYKPATHC
HMOHHU30BaHHOT'O JINTHSL.

3aodanue 13

[Ty4ox MOHOHEPreTHUECKUX IEKTPOHOB MafaeT Ha IMIedb MUPUHOM a = 10 HM. MOXHO CUUTaTh, YTC
€CITH 3JIEKTPOH TPOIIIeN Yepe3 IIelb, TO €0 KOOpAWHATA B HalpaBJICHUH TONEPEK IBIKEHHS N3BECTHE
¢ HeompeaeneHHOCThK Ay= a. OIeHHTe MONydaeMyi0 NIPH 3TOM OTHOCHTENIBHYIO HETOYHOCTH F
ONpeAeIeHUH UMITYNbCa, €CIIU 3Heprus 3nekTpona 7= 10 3B.

3adanue 14

Pentrenosckast TpyOka paGoTaer noa HanpsbkeHneM U = = 1MB. Onpenenuts HaMMEHBIIYIO JUIHH)
BOJIHBI Apin PEHTT€HOBCKOTO M3ITy4eHHS.



