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PA3JIEJ 8.1.
KBAHTOBOONTHYECKUE SIBJEHHASA. ®U3NKA
ATOMA

8.1.1. 3axoHBI TENJI0BOr0 U3JIy4YeHHUsI

OcHoBHBIE GOpMYJIbI, HCIOJIb3YeMble MPU PelIeHHH 32124

«— 3akoH Credana — bonbiimana

M, = cT* ,
rne M. sHeprerudeckas  CBETUMOCTb  4epHOro  Ttena;, [ —
TEPMOAMHAMHUYECKAsT  Temmeparypa, o —mnocrosiHHas  CredaHa-
Bombumana, 6 = 5,67-10°° Br/(m*K?).

— DHepreTuveckas CBETIMOCTb CEPOTO Teja

M, = 8074,
rae € — KO3 PUIUEHT TeMJIOBOTO U3NyYeHHsl (CTEMEeHb YePHOTHI) Cepo-
ro Tena.

— 3axoH cMenieHust Buna

rrne A, — IJUHA BOJIHBL, HA KOTOPYIO MPUXOIUTCS MAKCHMYM SHEPTHH
-3
U3Ny4eHus;, b — mocTosiHHAs 3akoHa cmeimneHus BunHa, b=2,90-10

— ®opwmyna Inanka

A = 2mhc? 1 .

AT 75 ehc/(McT) -1 >
_ne’ 1

ol 47[202 eh‘m/(kT) -1 >

rae M7, Mg — CIEKTpajibHbIe TUIOTHOCTH 3HEPreTHYECKOW CBETUMO-
CTH YEPHOTO TeNia, A — JJIMHA BOJIHBI, () — KPyroBas 4acroTa, ¢ —
CKOPOCTb CBeTa B Bakyyme, k—mocrosiHHas bonbimana, 71—
TepMOJMHAMHUYECKAass  TemIepaTrypa, /1 —mocrosiHHas  [lnaHka;
h = h/(2n) — mocrostanas Ilnanka, nenenHas Ha 27». [https://pandia.ru]

— 3aBUCHMOCTh MaKCUMAJIbHOH CMEKTPaJbHOU MIOTHOCTH SHepre-
THYECKOW CBETUMOCTH OT TE€MIIePATYPhI

(MX,T)maX = CTS,
rne C — nocrosiaas, C = 1,30-10~° Bt/m* K.



8.1.1.1. Ilpumepsl pemienus 3aaa4

«IIpumep 1. Hccnenosanue cnexkrtpa uznyueHus CoJHLA NOKa3bl-
BAET, YTO MAKCHUMYyM CIIEKTPaJbHON TUIOTHOCTH 3HEPTEeTUYECKOI CBe-
TUMOCTH COOTBETCTBYeT JutnHE BOJHBI A = 500 HM. [Ipuanmas ConHne
3a YEepHOE TEJO, ONPEAENHTb. |) SHEPreTHUYecKyl CBETHUMOCTh Me
Connua; 2) morok sHeprun @., nznydaembiii ConHuewm; 3) maccy m
3JIEKTPOMArHUTHBIX BOJH (BCEX IUIMH), n3nyyaeMbix ConHiem 3a 1 c.

Pemenne 1). DHeprerndeckass CBETUMOCTb M, YEPHOTO TeNa BbIpa-
xaercst popmynoit Credpana — bonpiimana

M, =cT" (1)

Temmneparypa u3JIydaromiei MoBEPXHOCTH MOXKET OBITh OIpeesieHa
u3 3akoHa cMmeweHust Buna: A, = b/7T. Breipa3us orcrona temneparypy T
U, IO/ACTaBUB €€ B opmyiny (1), momydaum

M, = o(b)". )

[Ipoussens Beruucaerus no Gopmyse (2), NoaydIum

M, =64 MBt/m”

2). Ilotox sneprun D, nznydaemsiii CoMHIEM, paBeH MPOU3BEIEC-
HUIO SHepreTudeckol ceeTuMocty COJTHIA Ha MIomaas S ero noBepx-
HOCTH:

@, = 4u*M,, (3)
rae ¥ — paauyc ConHua.

IMoncrasus B popmyny (3) 3HaueHust w, ¥ u M, U, IPOU3BEIS BbI-
YHUCIICHHS, TIOTYIUM

®,=3,9-10" Br.

3). Maccy 3JIeKTPOMAarHUTHBIX BOJIH (BCEX MJIMH), H3JTy4aeMbIX
Connuem 3a Bpems /=1 c, onpeneiaum, NPUMEHUB 3aKOH MPOMOPLHO-
HANLHOCTH MAcChl M 3HEprum £ =mc’. DHEPrus 3/MeKTPOMATHUTHBIX
BOJIH, M3JIy4aeMbIX 32 BpeMs /, paBHA MPOU3BEACHHUIO MOTOKA YHEPTUH
@ (momHOCTH M3NydeHns) Ha Bpems £ = @f. Crnenosarensuo, @, = mc’,
otkyma m = @, /c*.

[Ipoussens BeIMHCISHHS MO 3TOH (POpMyJIe, TTOTyIUM

m=43-10° kr». [https://library.samdu.uz]

«IIpumep 2. JIyinHa BOJIHBI A, , HA KOTOPYIO MPHUXOIUTCS MAaKCH-
MyM 3HEPIUHM B CHEKTPE HM3Jy4eHUs 4epHOro teina, pasHa 0,58 MkM.
Onpenenutb MakCUMAalbHYIO CIEKTPAIbHYIO IUIOTHOCTb SHEpreTude-
CKO# CcBETUMOCTU (M), T)max, PACCUNTAHHYIO HAa HMHTEPBAJ UIMH BOJIH
AX =1 HM BOTU3U A,y,.

Pemenne. MakcuManbHasi CIEKTpaibHAS TUIOTHOCTh HSHEpPreTHde-
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CKO¥M CBETMMOCTH MpPOTOPLHMOHAIbHA TISITOM CTENEHH TEMITEPATyPbl
KenbBuna u BeIpakaetcst popmynoi

(MX,T)maX = CTS (l)

Temneparypy 7 BbIpa3uMm 3 3akoHa cMmereHust Buna A,, = b/7, ot-
kyna 1'= b/h,.

IToxcTaBuB MONy4EeHHOE BbIpaKEHUE Temrepatypsl B popmyny (1),
MOJIY9UM

(MX,T)maX = Cv(b/)\fm)5

B Ttabnunax 3nauenue C maercs oObiuHO B enuHuiiax CH, B koTO-
PBIX €OUHUYHBIA MHTEPBaAT AIHH BOJH AA = 1 M. ITo ycnoBuro e 3ana-
9y TpeOyeTcsi BBIMUCIUTD CIEKTPAIBHYIO IJIOTHOCTh 3HEPreTHUECKOM
CBETHMOCTH, PACCYMTAHHYI0 Ha WHTEPBAJ JJIUH BOJH | HM, MO3TOMY
BoinuineM 3HaueHne (' B enuHunax CH u mepecunTaem ero Ha 3amaH-
HBII UHTEPBA JJIMH BOJIH:

C=1,3010" Br/(M’K’) = 1,30-10° Br/(M*M-K) =

=1,30-10"* Br/(M*umK’).

Beruncnenne no ¢popmyne (2) naet

(72, T)max = 40,6 xBT/(M-uaM)». [https://library.samdu.uz]

8.1.1.2. 3agauu a1 CAMOCTOSAITEILHOTO PelIeHUs

3akon Credana — boabumana

«34.1. Onpenenuts Temnepatypy /, Ipu KOTOpPOH 3HepreTuyeckas
CBETUMOCTD M, YEPHOTO TeNna paBHa 10 kB1/M.
[https://library. samdu.uz]

«34.2. Tlotok sHeprun @, U3aydyaeMblii U3 CMOTPOBOIO OKOILIKA
MJIaBUIIbHOM Tieun, paseH 34 Bt. Onpenenurs Temneparypy 1 neun, ec-
JIM TIOIa b OTBepeTHs S = 6 cM>. [https:/library.samdu.uz]

«34.3. Onpenenutsb 3HEpruto0 W uziayuaemyro 3a Bpems = 1 MuH.
13 CMOTPOBOTO OKOIIKA MLIOMAAbI0 S = 8 CM° MIABHJIBHON IEHH, eCIIH
ee remneparypa 7'= 1,2 kK». [https://library.samdu.uz]

«34.4. Temnepatrypa 1 BepxHuUx cioeB 3Be3apl Cupuyc paBHa
10 kK, Onpenenute notok sHeprun @P,, U3aydaeMmblii ¢ MOBEPXHOCTU
miomanpo S = 1 km” 9Toit 3Be3zp. [https://library.samdu.uz]

«34.5. Ompenenuth OTHOCHTENbHOE yBenmuueHue AM, /M, >Hepre-
TUYECKOI CBETHMMOCTH YEPHOIO Teja NMPHU YBEIHMUYEHUU ero TeMiepary-
pei Ha 1 %». [https://library.samdu.uz]

«34.6. Bo cxonpkO pa3 HagO YBEJIWYUTb TEPMOJMHAMHUYECKYIO
TEMIEPATypy YEPHOTO TeJa, YTOObI €ro SHEPreTHIYECKasi CBETUMOCTb M,
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BO3pocha B 1Ba pa3a?» [https://library.samdu.uz]

«34.7. Ilpunumas, uro CoJIHLIE U3y4aeT KaK YePHOE TEJIO, BbIUHC-
JHUTb €r0 SHEPreTUYECKYI0 CBETUMOCTb M, u Temmeparypy I ero mo-
BepxHOCTH. CoNHEeuHbIH TucK BUAeH ¢ 3emin nox yriioM 3 = 32" Coin-
neunast nocrosiaHas C = 1,4 kJ[x/(mM>c). CONHEYHOH MOCTOSIHHOM Ha-
3BIBAETCSI BEJIMYMHA, PABHASI NMOBEPXHOCTHON IUIOTHOCTU TMOTOKA SHEP-
run m3nydeHus CoHIA BHE 3eMHOH aTMocdepbl Ha CPeIHEM PacCTos-
Huu ot 3emun 1o ConHuay. [https://library. samdu.uz]

«34.8. OmnpenenuTh yCTAHOBUBLIYIOCS TeMmmeparypy /' 3adepHEH-
HOM METAJJIMYECKON TUTACTHUHKH, PACIIOJIOKEHHON MEePIeHANKYIISPHO
COJTHEUHBIM JIyuaM BHE 3€MHOU aTtMoc(epsl Ha CPEHEM PACCTOSIHUU OT
3emnu go CojHia. 3HaueHUE COJHEYHOM TNMOCTOSHHOHN NpUBEIEHO B
npensaymei 3anaue». [https:/library.samdu.uz]

«34.9. Tlpunnmast K03¢PUIUEHT TEIUIOBOTO M3NYYeHUs b yriis pu
temneparype 7'= 600°K paBubM 0,8, onpenenuts: 1) sHEPreTHUIECKYIO
CBETHMOCTb M, yruist; 2) sHEpruro W, N3nydaemyro ¢ MOBEPXHOCTH YIS
¢ Iomanbio S =5 cM” 3a Bpemsi = 10 mur.». [https:/library.samdu.uz]

«34.10. C noBepXHOCTU CaXH TUIOIIAIbLI0 S = 2 cm® MIpHU TeMIIepa-
Type 1'=400°K 3a Bpems /=5 MMH. usiydaercs sHeprus W = 83 Jlx.
Onpenenuts  KO3(QOUIHMEHT TEIUIOBOTO  HM3JyYCHUS €  CAKI».
[https://library. samdu.uz]

«34.11. MydenpHas neub notpedisier MmomHOCTh P =1 kBT. Tem-
nepatypa 7' ee BHYTPeHHEH MOBEPXHOCTH MPU OTKPHITOM OTBEPCTHU
[LIOMAABI0 S =25 cm? paBHa 1,2 kK. Cuuras, 4TO OTBEPCTHUE MEUU W3-
Jy4aeT Kak 4epHOE TeJO, OMpPENeNuTh, Kakas 4acTh () MOLIHOCTH pac-
cenBaeTcsi creHkammy. [https://library. samdu.uz]

«34.12. MOXHO yCIIOBHO MpPUHATh, YTO 3eMJIsl U3Iy4aeT Kak cepoe
TeNo, Haxomsmeecs nmpu temreparype /' =280°K. Omnpenenuts k03¢-
(PULIMEHT TEIJIOBOTO M3NYYEHHUS € 3€MJIH, €CIIH SHEPreTUIeCKast CBETH-
MocTe M, ee  mosepxHOocTH  paBHa 325 kJDK/(M7u)  ».
[https://library. samdu.uz]

«34.13. MomHocTh P usnyueHus mapa paguycom R =10 cm mpu
HEKOTOpOM moctosiHHOH Temmnepatype /' pasHa 1 kBt. Haiitu 31y Tem-
nepaTypy, CUMTas mWap CeprIM TEJIOM ¢ KO3(PPHLHUEHTOM TEIIOBOTO H3-
nydennst € = 0,25». [https://library. samdu.uz]

3akon Buna. ®@opmyaa [lnanka
«34.14. Ha xakyr IJIMHY BOJHBI A, MPUXOAUTCS MAKCHMYM CIIEK-
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TPANbHON TJIOTHOCTU JHEPTreTHYECKOU CBETUMOCTH (M) 1)max YEPHOTO
tena mpu temmneparype ¢ = 0°C?» [https:/library.samdu.uz]

«34.15. Temneparypa BepxHux cinoes Connua pasHa 5,3 kK. Cun-
tasi COJTHIIE YEePHBIM TEJIOM, OINPEIENUThb JUIMHY BOJIHBI A, , KOTOPOH
COOTBETCTBYET MAaKCHMAaJIbHAsl CIIEKTPAJIbHAsl TUIOTHOCTb SHEpPreTude-
ckol cBeTUMOCTH (M), 1)max Comunia». [https://library.samdu.uz]

«34.16. Onpenenutb TemnepaTypy 1 4epHOro Tena, MpU KOTOPOM
MaKCUMyM CHEKTPAJIbHON TUIOTHOCTU JHEPreTUYECKON CBETHMMOCTHU
(M. 7)max TIPUXOOUTCA HAa KPAaCHYH TPAHHUIY BHUIAMNMOIO CIEKTpa
(M =750 Hm); Ha ¢duoneToByro (M, =380 aM) ».
[https://library. samdu.uz]

«34.17. MakcuMyM CHEKTpPalbHON IUIOTHOCTH 3HEPreTUYECKON
CBETUMOCTH (M), 7)max SPKOH 3Be31bI APKTYp NPUXOAWUTCS HA JJIHHY
BOJIHBI A, = 580 HM. [TpuHMMast, 9TO 3Be3M1a U3NTy4aeT KaK YepPHOE TeJO,
OTIpENIEINTD TeMIepaTypy T MOBEPXHOCTH 3BE31BDY.
[https://library. samdu.uz]

«34.18. Bcrnencreue M3MEHEHUST TEMIIEPaTypbl YEPHOrO Teja MakK-
CUMYM CIEKTPAIBbHOU TIOTHOCTH (M), r)max CMeCTHICS € A = 2,4 MKM
Ha A, = 0,8 MkMm. Kak u BO CKOJIKO pa3 M3MEHHWJINCH SHEPreTHYeCKast
CBETHMOCTb M, Tela U MaKCHUMaJIbHasl CIIEKTPaibHAsl TJIOTHOCTh SHEP-
reruueckoii ceerumoctu?y [https://library. samdu.uz]

«34.19. Tlpu yBenuueHUU TepMOAMHAMHUYECKON Temmeparypbl [
YEepHOro Tejla B /IBA Pas3a JJMHA BOJIHBI A, HA KOTOPYIO NMPUXOIUTCS
MaKCUMyM CHEKTPAJIbHON TUIOTHOCTU JHEPreTUYECKON CBETHMMOCTHU
(Mh.7)max, yMeHbImnach Ha AA =400 oM. OnpenenuTh HAYANbHYIO W
KOHeuHyto Temreparypsl 77 u 1o». [https://library.samdu.uz]

«34.20. DTanoH eAVHULBI CUJIbI CBETA — KaHAENA — MPEICTABIISCT
co0O0# MONHBIN U3Ny4aTeNb (M3JIy4aroliid BOJHBI BCEX [UIMH), MOBEPX-
HOCTh KOTOporo miomaapo § = 0,5305 MM® HMeeT TeMneparypy f 3a-
TBepAeBaHus MaThHbI, paBHy 1063°C. OnpenenuTs MOIIHOCTD P 13-
aydarensy. [https://library. samdu.uz]

«34.21. MakcumanbHasi CeKTpanbHask IIIOTHOCTb 3HEPreTUYECKON
cBetuMOCTH (M) 7)max depHOTO Tea pasHa 4,16:10'" (Br/m”)/m. Ha ka-
KYIO JUTMHY BOJIHBI A, OHa npuxoautcsi?y [https:/library.samdu.uz]

«34.22. Temneparypa T uepHoro tena pasHa 2 kK. Onpenenuts: 1)
CHEKTPAIbHYIO IUIOTHOCTb JSHEpPreTudeckoil ceermmoctu (M r) mns
IUTUHBI BOJIHBI A = 600 HM; 2) SHEPreTHYeCKyl CBETUMOCTb M, B WH-
TepBaJie IIHH BOJH OT A = 590 HM 10 A, = 610 aM. IIpuHaATh, uTO Cpen-
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HsA CIIEKTPaJibHAA IJIOTHOCTD BHGPFGTHHGCKOP'I CBECTUMOCTHU TE€Jia B 3TOM
HWHTCPBAJIC pPaBHA 3HAYCHUIO, Haﬁ,[[eHHOMy aJa  AJIUHBI  BOJIHBI
A =600 umy». [https:/library.samdu.uz]

8.1.2. ®OTOJIEKTPHUECKHA YPDPEKT.

OcHoBHbIe GpopMyJibl

«— Dopmyna DHHIITEHHA:

a) B o0mmeM ciy4dae

e=hv=A+ T
uin ho = A4 + Ty,
rae € = ho = ho — sHeprust poToHA, MAAAOIIEr0 Ha TOBEPXHOCTh Me-
TaNa;

A — paboTa BBIXO/a 3NIEKTPOHA U3 METAJIA,

Tinax — MAKCUMaJIbHASI KHHETHYECKAsl SHEPTHsI (POTOIIEKTPOHA,;

0) B ciyuae, ecau 3Heprusi HOTOHA MHOTO OOJbIe padOTHI BBIXOJA
(hv>>4),

ho = Tmax
Wi ho = Tipax.

MakcuManbHasi KHHETHYecKas SHeprusi (POTOINEKTPOHAa B ABYX
ciyvasix (HepeJSITUBUCTCKOM U PENIITUBUCTCKOM) BBIPAXKAETCSI Pasiiid-
HBIMU (OPMyJIaMH:

a) ecau poroaddexT Br3BaH (HOTOHOM, MMEIOIINM HE3HAYUTEb-
Hyto sHepruro (hv = ho =5 k3B), T0

1, max — Y mOVZmaX,

T7Ie My — Macca MOKOsI HJIEKTPOHA;

0) ecnmu poroaddekT Bb3BaH (POTOHOM, OONATAFOINNM OOJBIION
sHepruei (hv =ho =>>5 x3B), T0

Tmax = (m - mO)CZ;

2 1 _1

J1-p* )

7€ B = Vmax/C — Macca PeISITUBHCTCKOTO 3JIEKTPOHA.
— Kpacnas rpaanna ¢potosddexra

wm 1 =myc

max

ho = hclA
i Ay = 21 he/A;
vo=Alh

U oy = A/h,
rre Ao — MaKCUMAJTbHASI IJTHHA BOJIHBI U3JIYUYEHUMN, Do U ()9 — MUHUMAJTb-
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HBIC COOTBCTCTBCHHO HAaCTOTA M KPYyroBasd 4daCTOTa, IPU KOTOPBIX CIIEC
BOo3MOkeH poToaddexr». [https://library. samdu.uz]

8.1.2.1. Ilpumepsl pemienus 3aaa4

Hpumep 1. OnpenenuTs MaKCUMAIBHYIO CKOPOCTD Vimax (OTOIIEK-
TPOHOB, BBIPBIBAEMBIX C ITOBEPXHOCTH cepedpa: 1) ynpTpadpuoneToBbM
U3JIy4EHUEM C AJTMHON BOJHBI A1 = 0,155 MKM; 2) y-U3nydeHuem ¢ -
HOM BOJIHBI A, = 2,47 M.

Pemenne. MakCHMabHYIO CKOPOCTh (DOTORJIEKTPOHOB OIPEEITUM
U3 ypaBHEeHUs DHHINTEHHA 1151 poTodddexTa:

e=A+ Tiax (D)

Oueprust poToHa BbUUCHAETCS 10 popmyne € = hc/h , paboTa BbI-
xona A ykaszana B Ta0n. 20 (cm. mpwt.) st cepedpa 4 = 4,7 3B.

Kunernueckast sueprusi (OTOINEKTPOHA B 3aBHCUMOCTH OT TOTO,
Kakasi CKOPOCTh €My COO0IIaeTcst, MOJKET ObITh BbIpaske€Ha HITH 11O KJlac-
cudeckoii popmyie

T="Ys gy’ )
WJIU IO PENSITUBUCTCKON
7= (m — mg)c. (3)

Ckopoctb (hOTOREKTPOHA 3aBUCHT OT SHEPTHH (POTOHA, BBI3bI-
Baromero goroaddexr: ecnu sHeprus GPoTOHA € MHOTO MEHBIIE SHEP-
TUH TIOKOSI 3JIEKTPpOHA Fj, TO MOxkeT ObITh puMerneHa popmyia (2); ec-
JM K€ € CPaBHUMA IO pasMepy ¢ [, TO BbiuucieHue no dopmyie (2)
NPUBOAUT K rpyOoii omubKe, B 3TOM Cilydae KHHETHUECKYIO SHEPTHIO
(boToaeKTPOHA HEOOXOAUMO BBIUUCIATD TIO opmye (3).

1. B ¢popmyny sHepruu hoToHa € = Ac/A NOACTaBUM 3HAYCHHUS Be-
JIMYHH A, ¢ U A 1, IPOU3BEs BHIYUCIEHHUS, AJIsI YIbTPaQHOIEeTOBOrO U3-
JYYEHHS TIOJTY4UM

g1 = 1,28 a/l>x = 8 3B.

JT0 3HaueHHe >HEPruM (POTOHA MHOTO MEHBIIE SHEPTrUU TOKOS
snekTpoHa (0,51 MaB). CnenoBarenbHO, Al AAHHOTO Cilydasi MaKCH-
MaJibHasi KUHeTUYecKasi sHeprust HoTosnekTpoHa B ¢popmyne (1) moxer
GBITH BBIPAXKEHA IO KIaccHueckoit hopmyie (2) &1 = A + Vs mpV pay, OT-
Kyza

Viax = A 2, - A)/m, . 4)

Brimuimem BennuuHbl, BXOAsmue B Gopmyiy (4):
g1 =1,2810"® JIx (BbIUKCIIEHO BbIIIIE);
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A=473B=471610" x=0,7510"° Ix;
mo=9,11-10"" kr (cM. Tabu. 24 mpui.).

IToncraBuB uncioBble 3HaYeHUs B Gopmyny (4), HalimeM MakcH-
MAaJIbHYIO CKOPOCTb:

Vimax = 1,08 Mm/c.

2. Berancianm 3aEpruto (POTOHA Y-H3ITYyISHHUS:

& = hcl/hy = 8,04 Ik = 0,502 MaB.

Pabota BbxOma snektpoHa (4 =4,73B) npenebpexkumo mana Mo
CPaBHEHHIO C SHeprueu y-poToHa, MO3TOMY MOKHO MPUHSTH, YTO MaK-
CHUMaJIbHasi KHHETUYECKasl SHEPTUs SJIEKTPOHA PaBHA 3HEPTrUu (POTOHA!

Tnax = €2 = 0,502 M3B.

Tax kak B JAHHOM Clly4ae KHHETHYECKasl YHEPTHsl 3JIEKTPOHA CPaB-
HUMa C €ro 3Heprueil MoKosi, TO IJIsl BBIYUCISHHUS CKOPOCTH 3JIEKTPOHA
CJIEAYET B3STh PEISTUBUCTCKYIO (OPMYNy KHHETHUECKOH sHepruu (3),
rae Fo = moc’.

BeinmonHuB npeobpazoBanus, HaliaeM

Jesnr _ (1
E+T L 1-p?

CaenaB BBIMUCIIEHHS], TOJYIUM

B=0,755.

CrnenoBaTenpHO, MAKCHMAJbHAsl CKOPOCTb (DOTOINEKTPOHOB, BbI-
PBIBAEMBIX Y-U3JTyUYEHHEM,

Vmax = €} = 226 Mm/c

«IIpumep 2. OnpenenuTh KpaCHyIO TpaHHLly Ay PoTosddexra mist
L[e3Us], €CNIU MpH OOJNYYeHHUH €ro MOBEPXHOCTH (DUOJIETOBBIM CBETOM
IUTMHOM BONTHBI A = 400 HM MakCUMAaJIbHAsI CKOPOCTh Viax (POTOINIEKTPO-
HOB pasHa 0,65 Mw/c.

Pemenne. ITpu oGnyueHnn CBETOM, AJTMHA BOJIHBI Ag KOTOPOTO CO-
OTBETCTBYeT KpacHoOU rpanuiie porosaddexra, ckopocts, a, cienoBa-
TEJNBHO, U KUHETHYeCKast SHeprusl (poTornekTpoHOB paBHbI Hymo. Ilo-
3TOMYy ypaBHeHue JifHmTelHa misi potosdpdekra € =4 + 7' B ciydae
KPaCHOM rpaHULIbl 3AMUILETCS B BHIE

e=A4
i he/hg = A.

Orcrona

Ao = hcl/A. (1)
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PaboTy BbIXOHA IUIS 1€3UsT OMpPENEIMM C MOMOIIBI0 YPaBHEHHS
DHHIITERHA,

2
A=g_r=le_mv )
A2

BbIHI/ILHeM YHUCJIOBBIC 3HAYCHUS BECJINYHMH, BpraSI/IB HUX B CH
h=6,62:10"* Jix-c;
c=310%m/c;
L =400 aM =410 Mm;
m=9,11-10"" kr;

v=6,510" m/c.
[ToxcTaBuB 3TH 3HaueHUs BEIMYUH B Gopmyny (2) W, BBIYUCIHB,
MOJIY9UM

A=3,0510" Jx = 0,305 aJlx.

Jns ompeneneHust KpacHOH rpaHuibl ¢Gotosdderra MoACTaBUM
3HaueHus A, h u ¢ B popmyny (1) u BIYHCTIM:

ho =651 am». [https://pandia.ru]

8.1.22 3apayu a1 CAMOCTOSAITEILHOTO PelIeHUs

«35.1. Onpenenuts paboTy BeIXOAa A 3IEKTPOHOB U3 HATPUS, €CITU
KpacHas rpannua dorosppexra Ao = 500 HM.

35.2. byner nu Habmronathbest hoTodd(HeKT, ecu Ha MOBEPXHOCTH
cepeOpa HamMpaBHUTh YIbTPAQHOIETOBOE H3JIyUY€HUE C IJIMHON BOJHBI
A =300 um?

35.3. Kakast monst sHeprum (OTOHA M3PACXOOBaHA HA pabOTy BbI-
peiBaHusT (POTORJIEKTPOHA, €CITM  KpacHas rpaHuma ¢oroaddekra
A =307 HM U MakCUMaJibHasE KHUHETUYEeCKasi SHEePTrusi .y (POTO3NIEK-
TpoHa paBHa 1 3B?

35.4. Ha noBepxHOCTb JIUTHUS MaJaeT MOHOXPOMATHYECKUN CBET C
IIUHOM BOJIHBI A = 310 HM. UTOOBI MPEKPATHTh SMHICCHIO 3JIEKTPOHOB,
HYKHO TIPWJIOKUTD 33JePKUBAIOINYI0 PA3HOCTh NOTEHIHMAIOB U HE Me-
Hee 1,7 B. Onpenenuts paboTy BeIXOAA A.

35.5. Jlns mpekpamenust Gorosddexra, BI3BAHHOTO 00IyYeHHEM
yIbTPa(UONETOBBIM CBETOM IUIATUHOBOHM TUIACTUHKH, HYXHO MPHIIO-
JKUTD 3aJIep>KUBAIOLIYI0 pa3HOCTh noteHuuanos Uy = 3,7 B. Ecnu nna-
TUHOBYIO IIJIACTUHKY 3aMEHHUTh APYrod IUIACTUHKOH, TO 3alep KUBAr0-
YO Pa3HOCTh MOTEHLMAJIOB MPUAETCS YBEIUIUTh 10 6 B. Onpenenutsb
padoTy A BBIXOJA 3JIEKTPOHOB C MOBEPXHOCTHU 3TOH MIACTUHKH.

35.6. Ha NMHKOBYIO IUIACTHHKY ManaeT MOHOXPOMAaTHYECKUI CBET
12



¢ mmmHON BOJHBI A =220 M. OmnpenenuTh MaKCHMAJBHYIO CKOPOCTb
Vmax POTORIEKTPOHOB.

35.7. Onpenenuts AJIMHY BOJIHBI A YIABTPA(pHOIETOBOIO U3yUEHUS,
Majarolero Ha NOBEPXHOCTh HEKOTOPOTo MeTajlia, MPU MakCUMaslbHON
ckopoctu (PoTo3IeKTpOoHOB, paBHOH 10 Mwm/c. PaboToii BRIXO#a 3Iek-
TPOHOB U3 MeTajlJla PeHeOpeyb.

35.8. OnpenenuTh MAKCUMAIIBHYIO CKOPOCTD Vinax (POTOIITEKTPOHOB,
BBUIETAIOLIMX W3 MeTajlla MoJ JeHCTBUEM Y-U3JIyuYeHUs C JJIMHON BOJI-
Hbl A = 0,3 HM.

35.9. OnpenenuTs MAKCUMAIIBHYIO CKOPOCTD Vinax (POTOIIEKTPOHOB,
BBUICTAIOIUX W3 MeTajla MpHu OOJMyd4eHHWH Y-(QOTOHAMHU C HHEpPruen
e=1,53 MsB.

35.10. MakcuManbHasi CKOPOCTb Viax (POTORNIEKTPOHOB, BBLIETAO-
mMUX U3 MeTajuia npu obnydeHuu ero y-poroHamwu, pasHa 291 Mwm/c.
Omnpenenutsb SHEPrUIo € Y-HOTOHOBY. [https://pandia.ru]

8.1.3. JABJIEHUE CBETA. ®OTOHBbIL
OcHoBHbIe GpopMyJibl
«— JlaBneHue, MpOU3BOAMMOE CBETOM ITPH HOPMAJIbHOM TaIeHHH,
P =(E/c)(1+p)
wi P =o(1 + p),
rae /2. — 00My4eHHOCTh OBEPXHOCTH;
€ — CKOPOCTb 3JIEKTPOMArHUTHOTO M3JIyYE€HUS B BAKyyME,
® — 00BbeMHAs TUIOTHOCTh SYHEPTHU U3JTyUEHUS,
p — KO3(pPUIHEHT OTPaXKEHHUSI.
— DHeprust HOTOHA

= hv = hc/h
uiu € = ho,
rae h — nocrosinHast I1naHka;
h = h/(2n);

D — 4acTOTa CBETA,
® — KPyroBasi 4acToTa,
A — IUIMHA BOJIHLL
— Macca u umnynbe (OTOHA BBIPAKAIOTCS COOTBETCTBEHHO (op-
MyJIaMU
m = g/c* = h/(ch),
p = mc = h/b». [https://pandia.ru]
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8.1.3.1. Ilpumepsl pemienus 3aaa4

«IIpumep 1. Ily40x MOHOXPOMATHYECKOIO CBETA C JJIMHON BOJIHBI
A =663 HM TaJaeT HOPMaJbHO HA 3ePKATBHYIO MIOCKYIO MOBEPXHOCTH
ITotox aneprun @, = 0,6 Br. Onpenenute cuny /' naBaeHUs, UCIbITHI-
BAEMYIO 3TOH TMOBEPXHOCTBIO, a TakXke 4uciIo N (OTOHOB, MaAAFOLINX
Ha Hee 3a Bpems f =5 c.

Pemenue. Cuna CBETOBOIO JaBJIeHUs HA MOBEPXHOCTb paBHA MpoO-
U3BEICHHUIO CBETOBOTO JIABJICHUS p Ha IJIOIIAb S TIOBEPXHOCTH:

F=pS. (1)

CBeToBOE aBJieHUE MOXKET ObITh OMPeeNieHO 1Mo popMyJie

p_Ep+D) .
¢

[Moncrasmsist Beipakenue (2) nasneHus ceera B popmyny (1), momy-
YUM
B, 6)

c

Tax xax npousBeaeHne oONy4eHHOCTH F, Ha TUIOIIA/b 5 TOBEPXHO-
CTH PaBHO MOTOKY @D 3HEPTHH U3YYEHUS, MaJar0Ilero Ha MOBEPXHOCTb,
TO COOTHOLIEHHE (3) MOJKHO 3aIUCaTh B BUIE

F= . (p+1D.

c

ITocne noacraHoBkM 3HadeHHd P, U ¢ ¢ yderoM, uto p =1 (mo-
BEPXHOCTb 3€pKaJIbHAsT), TOJTYIHM

F=4aH.

Uucno N poTtoHoB, magaromux 3a BpeMsi Af Ha IOBEPXHOCTb, OIIpe-
nensiercs o gopmysie

N AW _ DA

g g
rae AW — sHeprust u3aydeHusi, MojiydaeMasi TOBEPXHOCTBIO 32 BpeMs
At

I =

2

BeipasuB B 310ii Qopmysie 3Hepru0 (OTOHA 4Yepe3 AJIHHY BOJHbBI
c
(e= N ), TOJTyIHM
D AAL

hc
[ToacraBuB B 3TOH (OopMysie YHUCIOBBIE 3HAYEHUST BEJIUYHH, MOJy-

N
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UM
N =10" doronosy. [https://pandia.ru]

«Ilpumep 2. IlapannenbHblli Ny4OK CB€Ta MAJIWHOW BOJIHBI
A =500 HM magaeT HOPMAJILHO Ha 3aYePHEHHYIO MOBEPXHOCTH, MPOU3-
Boxas naenenue p = 10 mxlla. Onpenenuts: 1) KOHUEHTpaUUO 1 HOTO-
HOB B Iy4Ke; 2) 4uCyO #; (POTOHOB, MANAOIIHNX HA MOBEPXHOCTH ILIO-
maznpio 1 M° 3a Bpems | c.

Pemenne. 1. Konuenrpauus 7 GOTOHOB B My4Ke MOXKET OBITH Haii-
JeHa KaK 4YaCTHOE OT JeNeHUs OOBEeMHOH IUIOTHOCTH HEPruu O Ha
SHEPTHIO € OJHOTO (POTOHA:

n=—. (D)

€

W3 dhopmynsl p = o(1+p), onpenensromeli naBjieHUe CBETa, IIE P —

k03¢ puLmeHT oTpaskeHus, HaliaeM

o=-"L_ )

p+1

IToncraBuB BhIpaXKEHHE M1 O U3 ypaBHeHHs (2) B dopmyny (1),
MOJIY9UM

n=—"__ 3)
(p+1e
Oneprusi POTOHA 3aBUCHUT OT YaCTOTHI , &, CIENOBATENBHO, U OT
JUTUHBI CBETOBOM BOJIHBI A
ge=ho= he . 4)
IToxcraBuB BhIpakeHue it SHepruu GoroHa B popmyny (3), omn-
penesuM UCKOMYIO KOHLIEHTPALMIO (POTOHOB:
n= _pr . (5)
(p+1e
KospduumeHnt oTpaxkeHus: p 1isi 3a4ePHEHHON MOBEPXHOCTH MPU-
HUMAaeM PaBHBIM HYJIIO.
IToxcTaBuB uncnOBBIC 3HAUECHUS B (popmyay (5), moaydum
n=25210" m".
2. Yncno n; GOTOHOB, MANAMOIINX HA TOBEPXHOCTS MIOMAABI0 1 M’

. N
3a Bpems | ¢, HalileM U3 COOTHOLIEHHUS 7, = < rae N —uuciuo ¢oro-
t
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HOB, TAJIAIOIINX 32 BPeMsi / Ha MOBEPXHOCTD momaneto S. Ho N = neSt,
CJIeIOBATENBHO,

neSt
n = =nc .
St
[ToacTaBuB Cro/1a 3HAYEHUS 1 U C, TIOJy4UM
m =7,56:10"" M ¢ '». [https://pandia.ru]

8.1.3.2. 3apauu A cCAMOCTOSITEILHOIO PeleHus!

«36.1. OnpenenuTh AaBJ€HUE P COJTHEUHOIO U3JIyUeHUs Ha 3aqep-
HEHHYIO ITUIACTUHKY, PACIOJIOKEHHYIO MEepPINEeHIUKYJIAPHO COJHEUYHbIM
Jyd4aM W HaxOJIIYIOCS BHE 36MHOH atMoc(epsl Ha CpeIHEM pacCTosi-
Huu ot 3emun 1o ConHna (cm. 3amaqy 34.7)». [https://pandia.ru]

«36.2. OnpenennuTh NOBEPXHOCTHYIO IUIOTHOCTDH / MOTOKA 3HEPTUU
W3JIy4€HMs], MaJAroLEero Ha 3epKAJbHYK MOBEPXHOCTh, €CJIM CBETOBOE
JABJICHUE p MPU NEPNEHIUKYIIPHOM nafaeHuu aydend pasHO 10 mxllay.
[https://pandia.ru]

«36.3. Ilotok sHeprun @D, U3Ny4aeMbIil SJIEKTPUUECKON JaMIIOi,
paBen 600 Bt. Ha paccrosHuu r=1M OT jammbl NEPHNEHAUKYJSAPHO
NafaroIIuM JIy4aM PACMOJIOKEHO KPYIrjoe IUIOCKOEe 3€pKaIbLe JUaMEeT-
pom d =2 cm. IlpuHnMas, 4TO H3JIy4eHHE JIAaMIBI OJUHAKOBO BO BCEX
HaNpPaBJIEHUSX U YTO 3€pKasiblie MOJHOCTBIO OTpa)kaeT Majarolluil Ha
HEro CBET, ONpEeAeNUTb CUy [+ CBETOBOTO JABJEHUsS] Ha 3€pPKajblie».
[https://pandia.ru]

«36.4. Ha 3epkanble C HACATbHONW OTPAKAKOLIEH MOBEPXHOCTHIO
momansio S = 1,5 cM” magaer HOPMANBHO CBET OT SIEKTPUUECKOH Iy-
ru. Onpenenutb UMIYJbC p, MOJIYUYEHHBIN 3€pKalbLieM, €ClIU MOBEpX-
HOCTHAsl MJIOTHOCTb NMOTOKA M3Jy4Y€HUs @, MaJArOIIEero Ha 3epKajbLe,
paBHa 0,1 MBt/M®. IlpomomkurensHocTh — obmyuenmst =1 c.
[https://pandia.ru]

«36.5. CriyTHUK B (hopMe mmapa JBHXKETCS BOKPYT 3eMJIM Ha TaKOH
BBICOTE, YTO MOTJIOIIEHWEM COJIHEYHOTO CBETa B aTMocdepe MOXKHO
npeneOpeun. uamerp cnytHuka d =40 M. 3Hasi COJTHEUHYIO MOCTOSH-
HyI0 (cM. 3amady 34.7) v MpUHMAMAS, YTO MOBEPXHOCTb CIYTHHKA IOJI-
HOCTBIO OTPaXaeT CBET, ONpEeAeNUTb CHIy NaBJieHus ¥ COJHEUYHOro
cBeTa Ha cyTHHKY. [https://pandia.ru]

«36.6. OnpenenuTs YHEPTHUIO €, MACCY M U UMITYJIbC p (POTOHA, KO-
TOPOMY COOTBETCTBYET JJMHA BOJHBI A = 380 HM ((puonerosas rpanua
BUJIUMOTO criekTpa) ». [https://pandia.ru]
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«36.7. OnpenenuTh NJIUHY BOJHBI A, MAaCCy M U UMIYJILC p (hOTOHA
¢ s"eprueii € = 1 MsB. CpaBHuTh Maccy 3Toro oToHa ¢ Maccoil mo-
KOSILIIETroCs 3JIeKTpoHay. [https://pandia.ru]

«36.8. Ompenenuth IJIUHY BOJHBI A (POTOHA, MUMIYJIBC KOTOPOTO
paBEH UMITYJIbCY JIEKTPOHA, OOJANaIomeEro CKopocThio v =10 Mwm/c».
[https://pandia.ru]

«36.9. Onpenenutsb MIMHY BOJIHBI A (POTOHA, Macca KOTOPOTO paBHA
Macce mokost: 1) anekrpoHa; 2) mpotoHay. [https://pandia.ru]

«36.10. JlapneHue p MoHOXpomMaTudeckoro ceera (A =600 HM) Ha
YEPHYIO MOBEPXHOCTD, PACIIOJIOKEHHYIO MEPIEHANKYIISIPHO MaJAI0LIIM
aydam, pasHo 0,1 mxlIla. Onpenennuts yrcno N GOTOHOB, MAAAIOLINX 32
Bpemst £ = 1 ¢ Ha MOBePXHOCTH momansio S = 1 cm. [hitps://pandia.ru]

«36.11. MOHOXpOMATHYECKOE U3JIy4YE€HHE C JJIUHOM BOJIHBI
A =500 HM mamaeT HOPMaJbHO HA IJIOCKYIO 3€PKATBHYIO TOBEPXHOCTH
u naBut Ha Hee ¢ cwiod /=10 HH. Onpenenuts uncio N GHOTOHOB,
€XKEeCeKYHIHO MaJarolINX Ha 3Ty MOBEepXHOCTHY. [https://pandia.ru]

«36.12. IlapannenpHbli MNy4OK MOHOXPOMAaTHYECKOIO CBETa
(A= 662 HM) magaeT Ha 3aYEPHEHHYIO MOBEPXHOCTh M MPOU3BOAUT HA
Hee nasneHue p = 0,3 mklla. OnpenenuTs KOHIEHTPALUIO /7 HOTOHOB B
cBETOBOM My4ke». [https://pandia.ru]

8.1.4 DOPEKT KOMIITOHA.

OcHoBHbIe GpopMyJibl

«— V3MeHeHue nimuHBI BOJIHBI AA (POTOHA MpH pacCessHUU €ro Ha
3JIEKTPOHE Ha yroJi 6

A =N— ;\_@(l— cos(@)) = 22 sin (9}
mc 2

r7ie M — Macca 3JIeKTPOHa OTIavHy,
A ¥ A — IUTHHBI BOJH.
— KomniTtoHOBCKAast ITMHA BOJIHBI
27th
Ao o
Ilpum.: Tlpu paccesHun (pOTOHa Ha BJIEKTPOHE Ac = 2,436 mmy.

[https://pandia.ru]

8.1.4.1. Ilpumeps! pemienus 3aaa4
«IIpumep 1. B pesynsrare 3¢pexra Komnrona goton npu coyna-
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PEHUU C BJIEKTPOHOM ObLT paccestH Ha yrou O = 90°. Dueprus €' pacce-
ssHHOTO (poToHa paBHa 0,4 MaB. Ompenenutb 3HEPrur0 € GOTOHA A0
paccestHusL.

Pemenne. /s onpeneneHus nepBUYHOTO (POTOHA BOCIOIB3YEMCS
dopmynoii KomnToHa B BUE

k‘—kzZ@sinz[gj. (1)

mc 2

@opmyny (1) mpeobpasyem creayromum oOpasoMm: 1) Beipasum

IUTMHBI BOJIH A' ¥ A 4epe3 SHEPruu € U € COOTBETCTBYIOIIUX (POTOHOB,

2mhc
BOCIOJIB30BABIINUCH COOTHOILIEHUEM € = T; 2) YMHOUM YUCTUTEIb

U 3HAMEHATEJb NPaBoii YacTu Gopmyiel Ha ¢. Torma moaydum
2mhc 2mhc  2mhc . . 2[6}
- = 2sin

’

€ € mc
CokpatuB Ha 27mAc, BBIpa3uM W3 3TOH (HOPMYJIBI UCKOMYKO 3HEp-
THIO:

g'mc’ <= e'E, - )
mc® —¢'-2sin’| — | E,-2¢ —sin’|
2 2

Beruncnenus no ¢gopmyne (2) ynoGHee BeCTH BO BHECHCTEMHBIX
eIMHULAX JJIS1 SHEPTrUU TIOKOs 3JIEKTPOHA B MEra’JeKTPOH-BOJbTaX.
[ToxcTaBUB YNCIOBBIEC JAHHBIE, TIOTYYUM

€ = 1,85 MaB». [https://pandia.ru]

£ =

«Ilpumep 2. ®otoH ¢ sHepruen € = 0,75 M»sB paccesncs Ha CBO-
O6oxHOM 3ekTpoHe mon yriioM 6 = 60°. TlpuHumasi, YT0 KHHETUYECKasi
SHEPTUs U UMITYJILC JJIEKTPOHA IO COyaapeHusi ¢ (OTOHOM ObUIH Tpe-
HeOpPEXKMMO MaJlbl, OMpenenTh. 1) 3Heprur € paccessHHOTO (OTOHA,
2) KMUHETHYECKYIO SHEPrur0 /' 3JEeKTPOHA OTHauH; 3) HampaBJIeHUE €ro
IBYKEHUS.

Pemenne. 1. DHepruto paccessHHOro (OTOHA ONPENEITHM, BOCTIONb-
30BaBIINCH hopmyroii Komnrona:

A=A = @(l —cos(0)).

mc

BeIpasuB mMHBI BOJIH A' B A 4epe3 HEPTruu €' M € COOTBETCTBYIO-

mHX (POTOHOB, MOTYIUM
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2nhe 2mhce  2mh
— = = (I-cos(9)).

€ € mc
Paznenus 06e yacTH 3TOro paBeHCTBA Ha 27/c, TIONYyYNM:
1 1 1-cos(©)
g e me®
Otcroma, 0003HAYMB UISI KPATKOCTH HEPTUIO TIOKOS 3JIEKTPOHA

2 .
mc” yepes Fy, HailneM

g = ¢ . (1)
£ (I—cos(0))+1
EO

[TopcTaBUB YNCITOBBIC 3HAYEHUS BEJIMYHH, TTOJTyIUM

€' =0,43 MaB.

2. Kunernueckasi 3HEprust 3JEKTPOHA OTAA4YH, KaK 3TO CIEAYeT W3
3aKOHa COXPaHEHUs] YHEPTHH, PaBHA PAa3HOCTU MEXIy SHeprueil € ma-
naroriero GoToHa U SHEprueH &' paccessHHOTO (POTOHA!

T'=e—¢=0,32 MaB.

3. HanpaBienue IBIKEHUS JEKTPOHA OTHAYM HalaeM, MPUMEHHB
3aKOH COXPAHEHHsI UMITYJIbCa, COTIIACHO KOTOPOMY HMMITYJIbC P TMaak0-
mero (OTOHA paBEeH BEKTOPHONW CYMME UMITYJILCOB PAcCeTHHOTO (OTO-
Ha p' ¥ BIEKTPOHA OTAAYH MV

p=p +mv.

Bexropnas nuarpamMma HMMIyJb-
coB m3zobpakeHa Ha pwuc. 8.1.1. Bce
BEKTOPBI NMPOBEAEHbI U3 Touku (), rae
HaxXOAWJICSA D3JIEKTPOH B MOMEHT CO-
ynapenus: ¢ goroHoM. Yroa ¢ ompe-
JieNsieT HanpaBlieHHe JIBM)KEHUs HJIeK-
TPOHA OTJAYH.

Puc. 8.1.1
U3 tpeyronbauka OCD Haxomum

CD (CA|sin(0) 'sin(© sin( 0
o= 1C2 - _1cA __psin®) _ sin(9)

‘OD‘ - ‘OA‘ —‘CA’COS(@) ~ p-p'cos(®) P cos(0) '

€ ,_ €
Tak kak p=—u p'=—, 10
c c
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sin(6)

E' —cos(6)
g

1g(p) = (2)

)
[Ipeobpasyem opmyny (2) Tak, yTOOBI YroJl (¢ BbIpAXKAJICS HETO-
CPEICTBEHHO Yepe3 BeJIMYHHBI € U 0, 3aJaHHbIe B yCJIOBHHU 3amaun. U3
dopmyinel (1) cnenyer

3: Eio(l —cos(8)) +1. 3)

3amenum B popmyiie (2) COOTHOIICHUE 3' no popmyie (3):
g
sin(0)

1+ ;’0)(1 — cos(9)) |

1g(¢p) =

Yuureipast, uto sin(0) =2 sin[gj cos[gj u 1-cos(0) =2 sinz[gj ,

II0CJI€ COOTBETCTBYIOIIUX IPE0OPa30OBaHUI MOIyIUM

0
o{2) .

1+ &
EO
[Tocne Beraucnenus mo gopmyse (4) noayaum
1g(9)=0,701 = ¢ =35%. [https://pandia.ru]

tg(p) =

8.1.4.2. 3apauu A CAMOCTOSITEILHOIO PeleHus!

«37.1. PeHTreHOBCKOE M3NIy4eHHE UTMHON BOJHBI A = 55,8 M pac-
cenBaeTcsl TUIMTKOHN rpadura (komMnToH-3Pdext). Onpenenurs ATUHY
BOJIHBI A' CBETa, PacCesHHOro mnox yriom 6 = 60° Kk HampaBJICHUIO Ma-
JaroIIero my4dka ceeray. [https://pandia.ru]

«37.2. OnpenenuTs MakCUMaJbHOE U3MEHEHHE JJIMHBI BOJHBI TIPU
KOMITOHOBCKOM paccessHuu: 1) Ha CBOOOIHBIX 3JIEKTPOHAX;, 2) HA CBO-
OomHbIX poToHaxy. [https://pandia.ru]

«37.3. Onpenenutb yroa 0 paccesHusi (pOTOHA, MCIBITABLIETO CO-
yIapeHue co CBOOOIHBIM 3JIEKTPOHOM, €CJIM U3MEHEHUE JUTMHBI BOJIHBI
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A) mipu paccestHuH paBHO 3,62 vy [https://pandia.ru]

«37.4. ®oton ¢ sHepruenn €= 0,4 MsB paccesics nox yriom
0 = 90° Ha cBOOOAHOM 3J5ekTpoHe. OnpenenuTh SHEPTHIO €' PacCessHHO-
ro (¢GoToHa Y KHUHETHYECKYK) OJHEPrur0 [ »3JIEKTPOHA OTHAuny.
[https://pandia.ru]

«37.5. OnpenenuTh UMIYJIBC p 3JIEKTPOHA OTAAYU TpU dddekte
KowmrntoHa, ecin OTOH ¢ sHEprue, paBHOM SHEPTHH MOKOS HJIEKTPOHA,
ObLT paccesiH Ha yrou 6 = 180°». [https://pandia.ru]

«37.6. Kakas nons sHepruu ¢ortona npu 3dpdexre Komnrona npu-
XOIOUTCS Ha 3JIEKTPOH OTAAYH, eciu (OTOH MpeTeprieN paccesHue Ha
yron 6 = 180°? Dueprust € ¢oroHa 10 paccesHus pasHa 0,255 MaBy.
[https://pandia.ru]

«37.7. ®otoH ¢ sHepruei € = 0,25 MaB paccesincst Ha cBoOogHOM
3NeKTpoHe. DHeprus €' paccessHHOro otoHa pasHa 0,2M»sB. Ompene-
JUTh yroJ paccesHus 0». [https://pandia.ru]

«37.8. Yron paccesHus 6 gotoHa paser 90°. Yron otmauu ¢ 3Jek-
TpoHa paseH 30° Omnpenenuth 5HEPruI0 € Nagarmero (OTOHAY.
[https://pandia.ru]

«37.9. @oton (A =1 M) paccesisicsi Ha CBOOOTHOM 3JIEKTPOHE TMOJ
yriom 0 =90°. Kakyro noyito cBoeli 3Hepruu (POTOH mepenan 3JIeKTpo-
Hy?». [https://pandia.ru]

«37.10. JInnaa BOJHBI A (OTOHA paBHA KOMIITOHOBCKOW IUTHHE Ac
snektpoHa. Omnpenenutb >HEPTHI0O € HW  HUMIOYIbC p  (POTOHAY.
[https://pandia.ru]

«37.11. Dueprusi & manmaromero (GpoToHAa paBHA SHEPTUU TOKOS
snekTpoHa. OnpenenuTs 00 ®1 SHEPTrUU majaroiero GoToHa, KOTO-
PYIO COXpaHHUT paccesiHHbIA (POTOH, M AOTIO ®y 3TOH SHEPTHH, TOIY-
YEHHYIO 3JIEKTPOHOM OTAA4H, €CIIU Yrod paccesiHus 0 pasen: 1) 60°; 2)
90°; 3) 180°». [https://pandia.ru]

8.1.5. ATOM BOJAOPOJA 11O TEOPHUU BOPA.
OcHoBHbIe GpopMyJibl
— MomeHT umImynbca 3JeKTPOHA Ha CTALlHOHAPHBIX opOuTax *
L=mvr=nh@Boecen=1,23,..),
T7ie /11 — Macca dJIEeKTPOHa,
¥ — paguyc OpOHUTHI 3JIEKTPOHA,
V — CKOPOCTb 3JIEKTPOHA Ha opOuTe;
1 — TJIAaBHOE KBAHTOBOE YHUCIIO;
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h — noctosinHas [1nanka.

Cnenyer oTMmeTutb, 4To BOp MCXOOUNI M3 MPEANOJOKEHHUS, «UTO
3JICKTPOHBI OOpaIaroTCsi MO KPyroBbiM opbOutam. 3ommepdenba 1o-
noJHUI Teopuro bopa BBeaeHnem smmnTryuecknx opout. CoBpemMeHHast
¢du3nKa OTKa3anach OT MPEACTABIEHHS 00 3JEKTPOHHBIX opOuTax. Bme-
CTO OpOUT BBEIEHO MOHsSTHE 00 3HEPreTHYeCKUX YpOBHsX aTtoma. [lpu
5TOM HOMeEpa YpOBHeEH COBMAmar0T ¢ HOMepamu OopoBckux opbur. On-
HAKO B LIEJIAX HAMISAHOCTH MHOTAA MOJIB3YIOTCSI TEPMUHOM KOPOHTam.
[https://pandia.ru]

— DHeprus 3JIEKTPOHA, HAXOAALIErocs Ha H-if opouTe,

me*

" 32nteln’n’

e € — SJCKTPUUYECKAs TTOCTOSTHHAS.

— CepuanbHas opMyIia, ONpeAessroIias JUIMHY BOJIHBI A HJTH Yac-
TOTY 0 CBETa, MU3JIy4a€MOr0 WM TOTJIOIaeMOro aTOMOM BOJIOPOAA TPH
Mepexo/ie U3 OJTHOTO CTALIMOHAPHOTO COCTOSIHUS B APYTOE,

1 1 1

- 2 2|2
A n,n,

3]
noon

rie R u R-nocrosmmas  Pupbepra  (R'=1,097-10"m ';
R=cR'=3,29-10" ¢™);

1] — HOMep CepUr CHeKTpaibHbIX JHHUN (1 =1 — cepust Jlalimana,
n, =2 — cepust banemepa, n; =3 — cepust Ilamena u T.1.); 111 JaHHOM
cepuu ny = m+l, m+ 2, m+3 u t.4. (1 ¥ np — Uenble Yncia).

— DHeprus (OTOHA, UCITyCKaEMOT0 aTOMOM BOJIOPOJIA MPU MEPEXO-
i€ U3 OJTHOTO CTAIlHOHAPHOTO COCTOSIHUS B IPYTO€,

1 1
e=L| ———|
nm

rrae £; — sHeprust noHu3anuu Boaopona: F; = 2nhhR = 13,6 3B.

DHeprusi MOHU3AINH, BBIPAKEHHAS B JICKTPOH-BOJIbTAX, PaBHA TMO-
TEHLUAJy UOHHM3AINH, BHIPAXKEHHOMY B BOJbTax. [loTeHIMAIOM HOHU-
3allMM  HA3bIBAETCS YCKOPSIOUIAs PA3HOCTh TMOTEHIUANOB, KOTOPYIO
NOJKEH MponTu OOMOApAMPYIOIINI 3JeKTPOH, 4TOObI mpuodpecTu
SHEPTHUIO, JOCTATOYHYIO JUIsl HOHU3ALWH aTOMA.
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8.1.5.1. Ilpumepsl pemienus 3aaa4

Hpumep 1. Beraucnaute pamuyc nepBoil OpOUTHI aTOMa BOAOPOIA
(BopoBckwii paguyc) U CKOPOCTb 3JEKTPOHA Ha 3TOH opoute.

Pemenne. CornacHo Teopun bopa, paguyc » 31€KTPOHHOH OpOUTHI
U CKOPOCTb V 3JIEKTPOHA HA HEW CBsi3aHBbI paBeHCTBOM mvr = nh. Tax
Kak B 3a7aue TpeOyeTcsl ONpeneInTb BEIUYUHBI, OTHOCSIIUECS K Iep-
BOI opOuTe, TO rIIaBHOE KBAHTOBOE YMCIIO /7 = | M yKa3aHHOE BBIIIE pa-
BEHCTBO MPUMET BUJA

mvr = h. (D)

Jlns onpeneneHus: NByX HEM3BECTHBIX BEJIUYHH /' U V HEOOXOAMMO
elle OJHO ypaBHeHHe. B kauecTBe BTOPOro ypaBHEHHUS BOCIOJB3YEMCs
ypaBHeHHEM JBMKeHUs saekTpoHa. CornacHo teopuu bopa, snektpoH
Bpalnaercs BOKpYT siapa. [lpu aTom cuna B3auMOeCTBUS MEXIY dJIeK-
TPUUYECKUMH 3apsiiaMy SiApa M 3JIEKTPOHA COOOIIAaeT 3JEKTPOHY LeH-
TpoCTpeMuTeNbHOe yckopeHue. Ha ocHoBanuu BrOporo 3akoHa Heto-
TOHA MOXEM 3aIH1caTh

my’ 1 € 5 1 €

= —=>my = —, (2)

r 4me, v e, r

I7Ie € U M — COOTBETCTBEHHO 3apsil U Macca 3JIEKTPOHA).

CosmectHOe peweHne paBeHCTB (1) 1 (2) OTHOCHTENBHO ¥ AaeT
_4meh

me®

IToncraBuB croma 3Ha4YeHHs A, e, m W, TPOU3BENS BBIYHCIICHUS,
Haliiem OOPOBCKUI pamuyc:

r=a=52910"m

U3 pasencrsa (1) mosyuyuM BBIpa)KEHHE CKOPOCTH 3JIEKTPOHA HA
nepBoii opoure:

v=—-:.

mr
[Ipoussens BeIMHCISHHS MO 3TOH (POpMyJIe, TTOITyUUM
v=2,18 Mm/c.

Hpumep 2. Onpenenuts 3HEPrUI0 € (POTOHA, COOTBETCTBYIOLIETO

BTOPOH JINHUM B nepBoii nH(pakpacHo cepun (cepun [lamena) atoma
Bogopona (puc. 8.1.2).
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Pemenne. Oueprus
€ (oTOHa, H3Iy4aEMOro
aTOMOM BOJOpOAa IIpU

Usnyuenue, coomBemcmby=  nepexome snexTpoHa C
HOwjee CNEXmpansHod au-

Auu jcepuy Naweng ~— OMHOH opOWTBI Ha Ipy-
IyIo,

e=1l (iz - sz ’
nl n2

rne [i; — 3Heprus HOHW3alUK aTOMa BOAOPOJA,

m=1,2,3, .. —HOMep OpOHUTHI, HA KOTOPYIO MEPEXOAUT HJIEKTPOH
(puc. 1); ny =m+1; m+2; ...; ni+m — HOMEp OpOUTHI, C KOTOPOH mepe-
XOIWT 3JIEKTPOH, M — HOMEP CHEKTPaJbHON JIMHUHU B AAHHOW CEpPHUU.
Hnsa cepumn Ilamena »; =3; ansg BTOPOH JMHUM BTOH Cepuu m =2,
m=mtm=3+2=>5.

[ToncraBuB YKUCIOBBIE 3HAYCHMSI, HAWIEM SHEPTHIO (POTOHA!

£=0,973B.

Puc.8.1.2

8.1.5.2. 3agauu a1 CAMOCTOSAITEILHOTO PelIeHUs

«38.1. Beraucnutb paanuychel #; ¥ 13 BTOPOH U TpeTheil opOUT B aTo-
Me Bomopoaay. [https://library. samdu.uz]

«38.2. OnpenenuTb CKOPOCTh V 3JIEKTPOHA HA BTOPOU OpOHUTE aTo-
Ma Bomopoaay. [https://library. samdu.uz]

«38.3. OnpenenuTh 4acTOTy OOpaIleHHs 3JIEKTPOHA HA BTOPOU Op-
ourte atoma Bogopona». [https:/library.samdu.uz]

«38.4. OnpenenuTh NOTeHUUANbHYIO [/, KuHeTHUeCKyO 1 U MoJj-
HYIO [ 5HEprum 3JIeKTPOHA, HAXOMALIEerocs Ha nepBod opOuTe aTomMa
Bogopoaay. [https://library.samdu.uz]

«38.5. Onpenenutb JUIMHY BOJIHBI A, COOTBETCTBYIOIIYIO TPETbel
CIIEKTpaJIbHOM IMHUY B cepuu bampmepay. [https:/library.samdu.uz]

«38.6. Haiftu HanOOJIBIIYIO Amax HAUMEHBIIYIO Amin JUTMHBI BOJH B
nepBoil mH(ppakpacHOH cepum criekTpa Bojpopona (cepuu Ilamena) ».
[https://library. samdu.uz]

«38.7. Ber4ucuTh 3HEPrUi0 € (POTOHA, UCMYCKAEMOTO MPHU MePexo-
7€ BJIEKTPOHA B aTOME BOJOPOJA C TPETHETO SHEPTEeTHYECKOrO YPOBHS
Ha niepBbIiy. [https://library. samdu.uz]
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«38.8. OnpenenuTh HAUMEHBINYIO Emin U HAUOOJBINYIO Emax YHEP-
run potoHa B ynbTpaduoONETOBON cepum CHeKkTpa Bojopona (cepuu
Jlaitmana) ». [https:/library.samdu.uz]

«38.9. AtomapHbIii BOIOpO, BO30YKIEHHBIH CBETOM OIpeneIeH-
HOH JUIMHBI BOJIHBI, IPU NEPEXOJ€ B OCHOBHOE COCTOSIHUE MCITyCKAaeT
TOJIBKO TPHU CHeKTpajbHble TUHUM. OmpeneiauTb JUIMHBI BOJH 3THX JIH-
HUH M yKas3aTb, KakuM  CepUsIM  OHU  IPUHAAJIEXAT».
[https://library. samdu.uz]

«38.10. ®oToH ¢ sHepruei € = 16,5 3B BbIOWIT 3JEKTPOH U3 HEBO3-
Oy:kneHHOro aroma Boaopona. Kakyw CKopocTs v OyIeT UMeThb 3JieK-
TPOH BAaM OT siapa aroma?» [https:/library.samdu.uz]

«38.11. BpMuCIUTD IIMHY BOJHBI A, KOTOPYIO HUCITYCKAaeT HOH Te-
must He' mpu mepexone co BTOPOTO 3HEPTeTHYECKOro YPOBHS Ha Tiep-
Beiii. Chenath Tako#M ke TOACYET JuUis  wWoHA satust  Li».
[https://library. samdu.uz]

«38.12. Haiitu suepruio £, u notenuman U; noHu3aumy noHos He'
u Li ». [https://library.samdu.uz]

«38.13. Berancnuth 4acToThl fi U f; BpalleHHs 3JIEKTPOHA B aTOMeE
BOJIOPOZIa Ha BTOPOH 1 TpeTbeit opdutax. CpaBHUTB 3TH YaCTOTHI C Yac-
TOTON ¥ U3JIy4YeHUsI IPU NEePEXOe SJEKTPOHA C TPEThel Ha BTOPYIO Op-
outy». [https://library.samdu.uz]

«38.14. AToM BOAOPOAA B OCHOBHOM COCTOSIHUH IOTJIOTUJI KBaHT
CBeTa C INIMHOM BOJHBI A = 121,5 HM. Onpenenuts panuyc 7 3JIeKTPOH-
HOI opOUTHI BO30Y’KAEHHOTO aToMa BOIOPOJAY.
[https://library. samdu.uz]

«38.15. Ompenenuts nepsbiii moteHuuan U; Bo30yXAeHUsT aToMa
Bogopoaay. [https://library.samdu.uz]

8.1.6. PEHTTEHOBCKOE U3JIYUEHHUE

OcHoBHbIe GpopMyJibl

«— KopoTkoBONHOBast rpaHUL@ Amin CIUIOIIHOTO PEHTTEHOBCKOIO
CHeKTpa

_ 27he
min | e | U 2

e e — 3apsAj JIEeKTPOHa,

U — pa3HOCTb NOTEHIMAJIOB, MPHJIOKEHHAs! K PEHTT€HOBCKOH TpyO-

K€,

2

h — nocrosinuas [1nauka.
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— 3axoH Mo3znu:
a) B o0mmeM ciay4dae
o =CR(Z - o)°,
r7ie ( — 4aCTOTa JIMHUI PEHTI€HOBCKOTO CIEKTPa,
Z — aTOMHBIIl HOMEp 3JIEMEHTA, U3YYaIOIIero dTOT CIEKTP;
R — nocrosinnast Punbepra, R = 2,07- 10' cfl);
6 — MOCTOSIHHAS KPAHUPOBAHUS,
C — MOCTOsIHHAS,
0) nnst Ky-muamii (6 = 1, C = 3/4)

3 1 3
0, =—R(Z-1 wm —==R(Z-1),
Ko 4 ( ) 7\,K0c 4 ( )
rne R' — mrpuxoBaHHas nocrosinHas Punbepra, R' = 1,10- 10 Mil;
1
=2 _ sonnosoe unco.
A 2w

1
BonHoBoO€ unciao v = x HE CJIEyeT MyTaTh ¢ LUKIWYECKUM BOJI-

27n
HOBBIM YUCJIOM A = — .

— DHeprus poTtoHa K,-TMHUN PEHTTEHOBCKOTO M3JIyYEeHUs
3 2
Exa :ZEz(Z_l) p

rae L — sneprus MOHU3aLINH aToma BOJOPOAAY.
[https://library. samdu.uz]

8.1.6.1. Ilpumepsl pemienus 3aaa4

Hpumep 1. Onpenennuts IIMHY BOJHBI Axy U SHEPTHIO €xy (HOTOHA
K,-TUHIM PEHTTE€HOBCKOTO CIIEKTPa, H3Iy4aeMoro BOJb(ppamMoM mpu
6oMOapaupoOBKe €ro OBICTPBIMHU 3JIEKTPOHAMH.

Pemenne. IIpu GomOapmupoBke BoJbhpamMa OBICTPBIMHU 3JIEKTPO-
HaMU BO3HHKaeT PEHTTE€HOBCKOE W3JIyueHHE, HMelollee JIMHeHdaThli
CHEKTp. BBICTpBIE 3IEKTPOHBI, MPOHUKAS BHYTPh 3JIEKTPOHHOH 0001104-
KW aTOMa, BBIOMBAIOT 3JIEKTPOHBI, MPUHAICKAIINE SJIEKTPOHHBIM CJIO-
SIM.

Bivxainnii Kk sApy 3JMEKTPOHHBIA Cioil (K-Cloii) COmep kKUT /Ba
snekTpoHa. Eciau onuH U3 5TUX 3JEKTPOHOB OKAa3bIBAETCS] BBIOMTHIM 32
Npeaesbl aTOMa, TO Ha OCBOOOAUBIIIEECS MECTO MEPEXOIUT IEKTPOH U3
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BbIenexamux cioes (L, M, N). Ilpu 3ToM BO3HHKAaeT COOTBETCTBYIO-
mast tuHusA K-cepun. Ilpu nepexone snexkrpoHa ¢ L-cinost Ha K-cioi us-
JaydaeTcst HauboJjiee WHTEHCUBHAsI K -JIMHHUSI PEHTTE€HOBCKOTO CIIEKTpPa
(puc. 8.1.3).

N eymzenoberoe xa-
S Da kmepucmusecioe JlnvuHa ~ BOJIHBI
USTYHENUE Koy~ STULHIL 3TOU JIMHUHA omnpene-

JACTCA MO  3aKOHY

Mos3mu:
L Srazay,
. 4
OTKyZa
4
N M = SRz
~

Puc. 8.1.3

IToncraBuB croga 3HaueHus Z (nist Bonbdpama Z = 74) u R', Haii-
aem

Ao =2,28-10" M =228 nm.

3Hasi IJIMHY BOJIHBI, OMPEIEIUM SHEPrut0 (OTOHA MO hopMyJie

_ 27he

o 7\1 :

IMoncrasuB B 3Ty hopMysy 3HadeHUs A, ¢, Axy U, TPOU3BEIsS BbI-
YHUCICHHS, TIOTYIUM

gxa = 54,4 x3B.

3ameTum, 4TO SHEPrur0 (POTOHA U-TMHUU K-CEepHH PEHTTEHOBCKOTO
U3JIYYeHUS! MOXKHO OTIPENENNTh TAK)KE HEMOCPEACTBEHHO MO (popmylie

3 o
€y = ZEi(Z —1)?, npuBeneHHON B Hauane nojpasena.

€k

o

Hpumep 2. Onpenenute Hanpstkerue U, mox KOTOpbIM padoTaeT
PEHTIeHOBCKas TPyOKa, €CJIM KOPOTKOBOJIHOBASI TPAHULIA Amin B CIIEKTPE
TOPMO3HOT'O PEHTT€HOBCKOIO U3JIy4€HUsl OKa3aj1ach paBHOU 15,5 mm.

Pemenne. TopMO3HOE PEHTI€HOBCKOE W3JIyuY€HUE BO3HUKAET 3a
CUET BHEPIUH, TepsAeMON 3JIEKTPOHOM NPU TOPMOXKEHUU. B peHTreHos-
CKOM TpyOKe 3JIEKTPOH MPUOOpeTaeT KHHETHYECKYIO SHepruto 7, KOTo-
pas cBsA3aHa C YCKOPAMOLIEH pa3sHOCThIO MOTEHIHAana0B {/ COOTHOIIEHU-
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I'=le|l (D
T7€ € — 3apsl JIEKTPOHa.

B cooTBeTCTBUM ¢ 3aKOHOM COXPAHEHUS SHEPTHH 3HEepPrusi GoToHa
HE MOJKET MPEBBICUTh KMHETUYECKOW SHEPTHH JJIEKTPOHA, T.e. An<T.
MakcumarnbHasi SHeprusi POTOHA B 3TOM CiIydae ONMPEAeNsieTCs] PaBeH-
CTBOM

ho=T=|e|U. (2)

Tak kak MakCUMajbHas YyrJOBas 4acTOTA Mmax CBSA3aHA C MHUHH-
MaJIbHOU JJIMHOU BOJTHBI Amin COOTHOIIICHHEM

A = 2me ’
(Dmax
TO 13 BeIpaxkeHui (1) u (2) Haxoaum
_ 2mhe
elU”

HpOI/ISBeHeM BBIYUCJIICHUA.
2-m-1,05-10*.3-10°
1,60-10"°-1,55-10 "

=7,98-10" B ="79,8 xB.

8.1.6.2. 3agauu A CAMOCTOSITEILHOIO PeleHus!

«39.1. OnpenenuTb CKOPOCTh V 3JIEKTPOHOB, MAJAIOIINX HA AHTHU-
KaTOJl PEHTT€HOBCKOM TPYOKH, €CIT MUHUMAJIbHAS ITHHA BOJHBI Amin B
CIUIOLIHOM CIIEKTpPEe pPEHTIE€HOBCKOIO M3JIydeHHs paBHa 1 HM».
[https://swsu.ru]

«39.2. Onpenenuth KOPOTKOBOJHOBYIO TPAHULY Amin CIUIOLIHOTO
CHEKTpa PEHTT€HOBCKOTO HM3JIYYSHHs, €CIM PEHTTeHOBCKas TpyOka pa-
oortaet nox HanpspkeHuem U = 30 kBy. [https:/swsu.ru]

«39.3. Beruncnuth HaMOOJBINYIO AJTUHY BOJHBI Amax B K-cepuu xa-
PaKTEpUCTUYECKOTO PEHTTE€HOBCKOTO CIIEKTpa CKaHAMS.
[https://swsu.ru]

«39.4. Ilpu uccnenoBaHuM JTMHENYATOrO PEHTTCHOBCKOTO CIEKTpa
HEKOTOPOTO 3JIEMEHTa OBbLIO HAWAEHO, YTO JUIMHA BOJIHBI A JUHHH K
pasHa 76 M. Kakoii 310 anement?» [https://swsu.ru]

«39.5. Kakylo HauMEeHbILIYI0 Pa3HOCTb MOTEHUUANOB Upin HYXXHO
NPUIIOKHUTb K PEHTT€HOBCKOH TPYOKe, aHTHKATO KOTOPOH MOKPBIT Ba-
HaznueM (Z = 23), 4ToOBbl B CIIEKTPE PEHTI€HOBCKOT'O M3JIyYEHHS TOSIBH-
auck Bce JuHMM K-cepunm BaHaaus? I'panuna K-cepun BaHanus
28



A =226 mmy. [https://swsu.ru]

«39.6. OnpenenuThb SHEPTHIO € POTOHA, COOTBETCTBYIOLIETO JTUHUU
K, B XapakTepuCTHUECKOM cCIekTpe Mapranma (Z=25) ».
[https://swsu.ru]

«39.7. B arome Bosb(pama 3yeKTpoH mepemien ¢ AM-cios Ha L-
cioil. lIpuHuUMas MOCTOSIHHYXO SKpPAaHUPOBaHMs G = 5,5, ONpenenuThb
IUTMUHY BOJIHBI A UCTyIeHHOTro (oToHaY. [https://swsu.ru]

«39.8. PenrtrenoBckas TpyOka paboTaer mox HampsLKEHUEM
U=1MB. Onpenenuts HAaMMEHBINYIO UIMHY BOJHBI Amin PEHTTEHOB-
ckoro usnydenus». [https://swsu.ru]

«39.9. BbHUCIUTD AMHY BOJHBI A U 3HEPTUIO € (OTOHA, IPUHA-
nexxaiero K,-JTMHUM B CIIEKTPe XapaKTePUCTHUECKOTO PEHTI€HOBCKOIO
U3JTy4eHUs TUIATUHBD. [https://swsu.ru]

«39.10. Ilpu kaxoM HauMeHbllleM HanpsbKeHUM Upin PEHTIEHOB-
CKOW TpyOKe HAYMHAIOT TOSBJIATBCS JHHMUA cepun K, Memu?»
[https://swsu.ru]
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