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1.

Ipasuaa opopmiaenns KOHTPOJIBHOM PABOTHI (KP)

Howmep Bapuanta KP cooTBeTcTBYET nociennen nudpe cTy1eH4ecKoro
owiera. YToObl mOMTydnTh 3a4€T 110 KOHTPOIBHOM paboTe, CTyIEHT JOJIKEH
MPABWJIBHO PEIINTH BCE TPU 3a/1a4H.

Bce paboThl NpUHUMAIOTCS TOJIBKO B 3JIEKTPOHHOU (pOopMeE, BBINIOJIHEHHbIE
cpeancrBamu Microsoft Office (pacmmpenus ¢arinos doc, docx, rtf). Ilepen
OTIpaBKoi 00s3arenbHO nepeBecT B hopmat PDF u orripaButs B DUOC
110 HOMepY cBoel rpymnmbl. PaboTsl, mpecTaBleHHbIE B IpyruX (opMarax, K
PaCCMOTPEHHIO HE TPUHUMAIOTCS.

PaGoTa okHa HAYMHATHCS C TUTYJIBHOTO JIUCTA ¢ yKa3aHueM Bamei
dbamumu, TPYyMIb], BApUaHTa, HOMepa CTYJEHUYECKOro OuiieTa, HoMepa
pacueTHO-Tpaduyeckoi padoTsl. OOpasel] TUTYJIBHOTO JINCTA YKa3aH HUXKE.
JIia kaskoi 3a1auu JOJIKHO OBITh PUBEJICHO MOJIHOE YCIOBUE 3aauH, a
TakKe e€ KpaTKoe YCJIOBHE, C 3alTUChI0 OCHOBHBIX UCXOJHBIX JTAHHBIX; €CITU
JaHHbIE JAHBI B IPOU3BOJIBHOM CHCTEME €AMHHULL, TO HEOOXOJUMO UX
nepesecTtH B cucremy CH.

[IpuBeneHo MoaHOE peleHre 3aa4u, ¢ TOSICHEHUSIMU X0/1a pelIeHus (ecau
IPUBENIEHBI TOJIBKO (hOpMYIIbl, O€3 MOSICHEHU, TO 3a/1a4a HE CUUTAETCS
pEIEHHOM).

[TpousBenén pacuér TpeOyeMbIX BEIMYUH U 3aMMCaH OTBET C YUYETOM
pa3MepHOCTH.

®opMyIIbl JOHKHBI OBITH HAOpaHbI CPEACTBAMU BCTPOCHHOIO PEAAKTOPA
dopmyn Word. Pemenune 3a1a4, BCTaBJICHHOE IIEJIMKOM B BUJIC PUCYHKA, HE
IPUHUMAETCSI.

[TosicHuTENbHBIE YEPTEXKU U CXEMBI BBITIOIHAIOTCS JIIOOBIM U3 TPEX
crioco6oB: 1) HenocpeacTeenHo cpeactamu Word; 2) ucronb3yeTcst 1000k
rpaduyecKuil peaKkTop, ¥ BHITIOJIHEHHBIA PUCYHOK BCTABIISIETCSA B JOKYMEHT
KOHTPOJIbHOM paboThl; 3) UepTeX BHIMOIHIETCS BpyUHYIO Ha Oymare,
dboTtorpadupyercs (CKaHUPYETCs) U BCTABISETCS B BUJIC PUCYHKA B
JTIOKYMEHT.

Bce gopmyibr nomkHbI ObITH IpoHYMeEpoBaHbl. [Ipumep odopmiaenust
3a/1a4M CM. HUIKe.

10.Pa6ots! otnipaBisitorcss B OUOC B cooTBeTcTBYHOMIYIO nanky (KoHTponbHas

pabota Ne2) u nipoBepsieTcs npenojiapateiaeM. Eciu ook HET, TO
cTaBUTCS 3aueT (0e3 oneHku). Eciu paboTa He 3auTeHa U OTIpaBiieHa Ha



nopaboTKy, To B BamieM ¢aitiie (popmat PDF) kpacHbIM OyayT BbIJIE€TIE€HbI
Ballll OMIMOKH U HAITMCaHbl KOMMEHTAPUH, YTO HEOOXOIUMO UCIIPABUTh. Bbl
UCTIpaBIIsieTe BCE OMIMOKH M BBICHIJIACTE CHOBA Ha MpoBepKy. llepen
OTIIPaBKOI 00s3aTeNbHO CTEpeTh CTaphlil daiin. Eciau ommlku ocTanuck, TO
BBl CHOBa UCTIPAaBIIsIETE Ballly padoTa M BBICHUIACTE OIATh HA TIPOBEPKY. JTa
nporeaypa JUTUTCS 0 TEX MOp, TOKa CTYICHT HE HCIIPAaBUT BCE OIIMOKH.

Bam npucnanssiii gaitn 1omKkeH UMeTh onpeieI€éHHbIN (popMaT Ha3BaHUS

Haszsanue daiina: ®UO, rp. 311-201 (202), KP ..., Bap ...

[Tpumep: Bomomma B.I1., rp. 3I1-201, KP 2, Bap 2

Ecnu ctyaeHT He npuaepxuBaetcs naHHoro ¢popmarta, To PI'P He npoBepsiercs!



KOHTPOJIBHAS PABOTA Ne 2
Bapuanr 1

1. B onbiTe FOHra BHavane paccMaTpuBaeTCsl U3IyYEHHUE C JJIMHONW BOJHBI A1 = 0,7
MKM, a 3aTeM ¢ Ap. Onpenenure 3Hau€HUE JUIMHBI BOJIHBI A, €CIIU LIECTasl CBETJIas
I10JIOCA B IIEPBOM CJIy4ae COBIAAACT C IEBATOW TEMHOM IIOJIOCOM BO BTOPOM CIIydae.
PucynkoM nosicaute cxeMy onbita FOHra, ykaxute Ha pUCYHKE pacHpeleseHue
WHTEHCUBHOCTH CBeTa Ha SKpaHe. OMbIT MPoBOIUTCS B BakyyMme. (1, = 494,1uM)

2. Kpacnas rpanuna gororddexra pyounus Ao=0,81 Mmxm. OnpenenuTs CKOPOCTh
(G OTORIEKTPOHOB NP 0OJIYUEHUH PYyOU TSI MOHOXPOMATUYECKUM CBETOM C JITTUHOM
BotHBl A=0,4 MkMm. Kakyro 3aaepKuBalollyl0 pa3HOCTh noteHiumaioB U, Hamo
MPWIOKUTH K (POTOIIEMEHTY, YTOOBI MpeKpaTuTh PoToToK? Ha CKOIbKO N3MEHUTCS
3aJiep KUBaloIas pa3sHoOCTh noreHnuanoB AU, mpu yBeIMYEHUM JJIMHBI BOJHBI
nagatomero ceera Ha AA=200 um? M300pa3ure Ha PHUCYHKE BOJBTAMIIEPHYIO
xapakTepuctuky Gorodddekra (BAX); mokaxure Ha BAX Tok HachiieHUs u
3a/Iep>KUBAIOIINNA noTeHmal. (v = 7.44 - 105M/c; U, =1.57 B; AU = 1.036 B)

3. CBOOOIHBIN >JEKTPOH, HMMes KUHETUYECKYyl0 BHepruto 15 3B, Heympyro
CTOJIKHYJICSI C aTOMOM BOJOPOJia, HAXOMASIIMMCS B OCHOBHOM COCTOSIHUU, H
OTCKOYMJI OT HEro, MOTEpPSB 4YacTh OJHEPruU. OHEPrus »3JIEKTPOHA IMOCIe
CTOJIKHOBEHMS OKaszanack 2.91 3B. OnpenenuTs MIMHBI BOJH, KOTOPBIE MOXET
U3JYyYUTh aTOM BOJIOpPOJAA TOCJIE CTOJKHOBEHUS C 3JeKTpoHOM. M300pa3zure Ha
PUCYHKE JHEPreTUYECKYH IHarpamMMmy aromMa BOJIOpPOJa, IOKAKUTE Ha HEW Bce
nepexoabl MEXIy YPOBHSIMH, KOTOPbIE MOTYT IPOM30MTH MOCIE CTOIKHOBEHUS.

(4, = 102.58 uM; 1, = 121.58 aM; 13 = 656.51 HM)



Bapuant 2

1. BeptukansHo-pacnoiokeHHasi MbUIbHASI TUIEHKA 00pa3yeT KIWH, YroJl KOTOPOTro
cocraBuseT 25,2 cekyHasl (25,2°). B oTpakéHHOM CBeTe HaOIIOJAIOTCA IIOJOCHI
paBHOM TONMIMHBIL. J[JTMHA BOJIHBI MOHOXPOMATHYECKOTO cBeTa paBHa 650 HM, 4TO
COOTBETCTBYET KpacHOMy IiBeTy. [lokazarens mpenomieHus rieHku n = 1,33.
CKOJIbKO KpacHBIX TMOJIOC HaOmrojaeTcss Ha ydacTke jumHoM 1 cm? CBer Ha
MOBEPXHOCTH KJIMHA MajlaeT HopMalibHO. MI300pa3ute X0/ Tyueid B KIIMHE, PUCYHKOM
MOSICHUTE, KaKHe JIydu UHTepPepupyroT B 3ToM cirydae. (N=5)

2. Ilpu ocBellleHNH KaToAa CBETOM C JIJIMHOM BOJHBI cHavyana A1=440 HM, a 3aTeM
A=680 HM OOHapyXWIH, YTO 3aNMPAIOIIMA NOTEHIHMATl H3MEHWJICS B 3 pasa.
Onpenenuts pabOTy BbIXOAA 3eKTpoHa A, u3 karoma. CpaBHUTE CKOPOCTH
AJIEKTPOHOB Vm1 U Vimz, ¢ KOTOPBIMUA OHU BBUIETAIOT U3 KaTtoja. M300pasure Ha
PUCYHKE BOJIbTaMIIEpHYIO XapakTtepucTuky (ororddexra (BAX); mokaxute Ha

. v,
BAX Tok HackIenus I, u 3aaepxuBaromuii morenman U,. (A, = 1.33 3B; Vil =

m2
1.73)

3. AToMapHBI BOJOPOJ, HAXOJSIIMICI B OCHOBHOM COCTOSIHHH, OOTydaeTcs
MOHOXPOMATHYECKUM CBETOM C dHeprueil 15 sB. DieKTpoHbI, BhUICTAIONINE W3
aTOMOB B pe3yJIbTaTe HOHU3AIINH, TIOMAIAI0T B MATHUTHOE TI0JIe C MHAYKImen 1 MTo
NEPIICHIUKYISAPHO JIMHUSAM WHAYKIHH. ONpeNenuTh paguyc OKPYKHOCTH, TIO
KOTOPOW JIBIDKYTCS JJIEKTPOHBI. M300pa3Wte HAa PHUCYHKE DSHEPTreTHYECKYIO
JIarpaMMy aToMa BOJOpOJZa; Ha OTIEIBHOM PHUCYHKE H300pa3suTe IBMKCHUEC
9JICKTPOHOB B MAarHUTHOM TOJIE. ( = 4 MM)



Bapuanr 3

1. EcrectBeHHbIii cBer cwiod 20 K MajgaeT MO HOpPMalM Ha IOJIIPU3ATOp H
ananmu3atop (Puc. 5.1), yron Mexay TJIaBHBIMHU TUIOCKOCTSMHU KOTOPBIX COCTaBJISICT
o = 37° a morsnomieHne CBETOBOro MydKa B KaXIoM U3 HuX cocTtaiseT K. ITocne
IIPOXOXICHUS CHCTEMBI MOJIIPU3aTOp — aHAJIU3aTOp, CBETOBOM MYyYOK MajacT 10
HOpPMAaJIM Ha 3epKaJio U, OTPA3UBIINCH, BHOBD IIPOXOIHT YEePE3 CUCTEMY aHAIIU3aTOP
— TOJIApH3aTOP B OOpPaTHOM HaNpaBJICHUH M BBIXOJIUT M3 ToJiipu3aropa. Cuuras,
YTO WHTEHCHUBHOCTH CBETOBOTO ITy4YKa, BEIXOJSIIETO U3 TOJSpH3aTOpa COCTABIISACT
9 % OT BXOJSIEro B IOJISIPU3ATOP, ONpeaeNnuTe: 1) Ciuly cBeTa Majaroliero Ha
3epkaio lp; 2) koaddunuent nortomenus K. (k = 0.1844; I, = 4.24 kn)

3
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Puc. 5.1 II — nonsipuzatop, A — aHanuzaTop, 3 — 3epKayo, le — UHTEHCUBHOCTh €CTECTBEHHOTO
CBETa Ha BXO/I€ B [IOJIAPU3ATOP, |1 — MTHTEHCUBHOCTH CBETA MOCIIE MIPOXO0KIEHUS MoJsipu3aropa, Iz
— MHTEHCUBHOCTh CBETa, MAJAroIIero Ha 3epkano, | — HHTEHCHBHOCTH CBETa BBIXOJAIIETO U3
HoJIIpU3aTopa.

2. ITpu HarpeBaHuy aOCOJIFOTHO YEPHOTO Tejla €ro TeMIleparypa u3MeHuIach ot T
=1000 K mo T,=2000 K. Bo ckompko pa3 H3MEHWJIACh MPU ATOM: 1) ero
DHEPreTUYeCKasl CBETUMOCTh R,; 2) MakcMMallbHas H3JIydaTelabHas CIIOCOOHOCTH
lm; 3) Ha CKOJBKO HW3MEHMJIACh JJIMHA BOJHBI Am, Ha KOTOPYIO IPHUXOJIHUTCS
MaKCHUMyM H3JIy4aTeJIbHOW CIIOCOOHOCTH 3TOr0 Tella, YBEIUYUTCS WIIH

YMEHBITUTCS? Pucynkom moscautre rpaduK pacnpenesieHus dHEPruu

U3ITydaTeIbHON CIIOCOOHOCTH B CHEKTPE HM3IY4YCHHUS aOCOMIOTHO YEPHOTO Tera,
Ry, L MAmz2 __

YKQXKUTE [JI JAHHBIX TEMIIEPATyp TOJOXKEHUE Ami U Amo. - = 16; =
32 Am1

32; A1 = 1,45 MkM)

3. ATOMapHBI BOAOPOJ, HAXOIALIMNCA B MEPBOM BO30YKICHHOM COCTOSHUM,
NepexXoaUT B OCHOBHOE COCTOSIHME, UcCIycKasg (oToH. DTOT (POTOH momagaer Ha
MOBEPXHOCTh KaJMEBOro (QoTokaTtoda W BbI3bIBaeT (ororddexr. Uemy paBHa
MaKCUMaJIbHO BO3MOKHasi CKOPOCTh (hoTodnekTpoHa? Pabora Bbixona kanus 2.15
»B. M300pa3uTe Ha pPHUCYHKE SHEPreTHMYECKYIO IuUarpaMMmy aToMa BOAOPOAA,
MOKXUTE Ha HEW Tepexo], COOTBETCTBYIOIIEH naHHOW 3amade. (v = 1.685 -
10° m/c)



Bapuanr 4

1. Ha mens mmpunoit 0,05 MM najaeT HopMajabHO MOHOXpoMaTudeckui cBet. [lon
yriom 2° Ha6mogaeTcss MUHEMYM 4eTBEPTOro nopsaka. HaiiTu yriioByro mupuHy
LEeHTpajibHOrO MakcuMyMa A@. IlpuBeauTe pPUCYHOK Uil CXEMbl YCTAHOBKH.
N300pa3ute mudpakiMOHHYI0 KapTHHY WHTEHCUBHOCTH CBETa Ha DKpaHe.
[Tponymepyiite Bce mudpaKkMOHHBIE MAKCUMYMBbI, KOTOPBIE MOTYT OBITh BUHBI HA
SKpaHe, BBICIUTE YIIIOBYIO IIMPKHY LIEHTpanbHOro Mmakcumyma Ag. (Ap = 1°)

2. Kpacnas rpanuna ¢ororddekxra 111 Marepuana, U3 KOTOPOTO caejaH KaToj,
Ao = 0,62 mxM. OnpenenuTh JJIMHY BOJIHBI A1 CBETa, MAJAIONIET0 Ha KaTOJ, €CIIH
3aaepxkuBatoiiee HarnpsokeHue Uz =1B. Bo BTOpoM ombITe € 3TUM K€  KaTOJIOM
JUTMHA BOJIHBI CBETA, Majaromiero Ha katoa A = 0,7 A;. CpaBHUTE BO CKOJIbKO pa3
OynyT oTnm4uarhes 3anepkuBarorniue HanpsokeHus (U, u Us) B MakcUMallbHBIC
CKOPOCTH, C KOTOPBIMHU BBUIETAIOT AJEKTPOHBI U3 KaToAa (U, U Upyp) B ATHUX
onbiTax. M300pa3ute Ha pUCYHKE BOJbTAMIIEPHYIO XapaKTEPUCTUKY (oTod(hdexTa

(BAX); nokaxkxute Ha BAX Tok HackIeHus [, v 3aaep:kuBaronui norenmuan U..
U

(A4, = 4143 um; =22 = 2.29 ; 7™ = 1.51)
Us1 Um1

3. AToMmapHbIi BOJOPOJ, HAXOISAIIUMKUCS B OCHOBHOM COCTOSIHMM, OOJydaeTcs
MOHOXPOMATHYECKUM CBETOM C JUIMHOM BOJHBI 88,6 HM U HWOHU3UPYETCS.
DIIEKTPOHBI, BBUIETAIONIME W3 aTOMOB B Pe3yJIbTaT€ WOHM3ALMHU, TMOMNAJAI0T B
MarHMTHOE TOJIe MEePIECHIUKYIISIPHO JTUHUSIM WHIYKIIMU U HAUUHAIOT JABUTATHCA MO
OKpYXHOCTH pamuycoM 1 M. OnpeaenuTs BEIMYUHY HHAYKIIMA MAarHUTHOTO
nosis B. I300pasurte Ha pUCYHKE SHEPTETUUECKYIO JUarpaMMy aromMa BoJIopoa; Ha
OTJICJIbHOM PUCYHKE M300pa3uTe ABUKEHHUE JIEKTPOHOB B MarHUTHOM Tioiie. [1pu
pelIeHnd 3alaud OompeAeiuTe: 1) SHEepruuM HOHM3alMM aTOMApHOrO BOJIOPOJIA
(Hdx); 2) kuHeTHMYecKyr B3Heprusi BblOUTOro siyekTpoHa (/Ix); 3) ckopocTb
BBIOUTOTO 3JIEKTpOHA (M/C); 4) OACTaBbTE CKOPOCTh B pacueTHY0 hopMyity st
MHIYKIUM MarHuTHOrO noJis B m mosyuute otrBeT B Ti. Ilpu pacuerax Bcerma
UCIIOJI3YUTE MPABUIIO COXPAHEHHMS IBYX 3HAYAIIMX (P MOCIe 3amsITol ¢ y4eToM
OKpYTJIEHUs 110 TpeTheil udpe. (B = 2.21 - 1073Tax)



Bapuanr S

1. TlapaysienbHBIN MTy4OK CBETA C JUIMHOM BOJHBI A = 643,8 HM majaeT 1o HopMaju
Ha MJIACTUHKY M3 KpHUCTaJljla KBaplia B TIOJIOBUHY JJIMHBI BOJIHBI MEPIICHIUKYISIPHO
e¢ ontuueckol ocu. I[lokazarenu mnpesomiieHUss HJiE HEOOBIKHOBEHHOTO H
OOBIKHOBEHHOTI'O JTy4€H COCTaBIISIOT COOTBETCTBEHHO N, = 1,5514 un, = 1,5423.
Onpenenutk: 1) JUIMHBI BOJIH 3TUX Jy4Yel B KpUCTAIIE; 2) MUHUMAJIBHYIO TOJILIUHY
IUTACTUHKHY; 3) pa3HOCTh (pa3 Mexay HeOOBIKHOBEHHBIM U OOBIKHOBEHHBIM JIydaMu
Ha BBIXOJIE€ M3 IJIACTUHKH; 4) ypaBHEHHE TPACKTOPUU KOHLA PE3YJIBTUPYIOLIETO
CBETOBOTO BEKTOpa JUIsl Jiyda Ha BbIXOJE U3 MIAaCTUHKU. OOOCHOBATH, KAKOW THUII
noJisipu3anu OyaeT HaOII0JaThCs y Jyda Ha BBIXOJE U3 IIacTUHKU. M300pasute
Ha PUCYHKE XOJI JUIsl HEOOBIKHOBEHHOTO M OOBIKHOBEHHOTO JTyUel, MOKAXUTE THI

MOJISIPU3ALINHT ATUX JTy4dei. (A, = 414,98 um; A, = 417,43 um; d,, =
35,37 MmkM; AD =m; E,, = —gem“" E,,)

2. Pabota BbIXOJa 3jekTpoHa W3 Metamia A, = 23B. I[loBepxHocTh MeTaia
o0nydaercs GoToHAMU ¢ ITUHON BOJHBI A= 0,4 MkM. OnpeienuTh 3aJepKUBAIOLIEee
HanpspkeHnue U, 1t aToro onbita. HaliTi MakcHManbHbBIN UMITYJIBC, TIEpe/laBaeMbli
MOBEPXHOCTU MeTajlla MPU BbUIETE KaXAOTr0 3JIEKTPOHA (Pnos). BO CKOIBKO pa3s
OTJIMYAETCS MMITYJIbC BBIOMTOrO 3J€KTpoHa (p,) OT mMIynbca (oToHa (Pg),
KOTOpBIA NajaeT Ha MoBepxHOcTh? M300pa3utre Ha PUCYHKE BOJIbTAMIIEPHYIO
xapakTepuctuky ¢potorddexra (BAX); nokaxure Ha BAX Tok Haceienus I, u

5 KI'M, De

saepuatouii notenuman Us. (U; = 1108 B; pyop = 5.69-1072°—; < =

P

342,6)

3. AToMmapHbIi BOJOPOJ, HAXOISAIIMKUCS B OCHOBHOM COCTOSIHMM, OOJydaeTcs
MOHOXPOMATHYECKUM CBETOM C IJIMHOW BOJHBI 121,58 HM u mnepexoauT B
BO30YXKJEeHHOE cocTosHue. OmnpenenuTs paauyc r OOpPOBCKOM OpOUTHI ITOTO
BO30Y>KJIEHHOTO cOCTOsIHUS. M300pa3uTe Ha PUCYHKE IHEPTreTUIECKYIO JUATPAMMY
aToMa BOJIOPOJIa, MOKAKWUTE Ha HEW MEepexoJ M3 OCHOBHOTO B BO30YXKIEHHOE
COCTOSHHE, COOTBETCTBYIOLIEE JaHHOM 3anaue. (1 = 2,116 - 10710 m)



Bapmuanr 6

1. MOHOXpOMaTHYECKHUI CBET MaJacT HOPMaJIbHO Ha Hedb mupuHOM 10 MxM. 3a
IIeIbI0 HAaXOJWTCS TOHKAas JIMH3a ¢ ontudeckor cwiod 4/lntp. B doxanbHoM
MJIOCKOCTH JIMH3BI PACMoJIOKEH 3KpaH. HalTtu miuHYy BOJHBI cBeTa A, eciu
pacCTOSIHME MEXIY CHUMMETPUYHO PACHOJIO)KEHHBIMM MHHUMYMaMH BTOPOTO
nopsigka paBHo 6 cm. IIpuBenute puUcCyHOK Mg cXeMbl ycTaHOBKU. M300paszute
Tu(paKIMOHHYI0 KapTUHY MHTEHCUBHOCTH CBeTa Ha dKkpaHe. [IpoHymepyiiTe Bce
Tu(paKIIMOHHBIE MAaKCUMYyMbI, KOTOPhIE MOTYT OBITh BHIHBI Ha 3KpaHe. (A =
595,7HM)

2. TemnepaTypa aOCOIIOTHO YEPHOTO Teja yBeau4wiIach B 1,5 pasza, B pe3ynbrare
Yero JUIMHA BOJIHBI Am, HA KOTOPYIO IPUXOAUTCS MAaKCUMYM SHEPIHH U3ITy4YEHUs,
u3MeHwiacb Ha Alp= 800 HM. Omnpegenuth HauvanbHyto Ti1 U KoHeuHyro T»
TeMIiepaTypy Tena. Bo CKOJIBKO pa3 B pe3ynbTare HarpeBaHUs W3MEHHIIACH
TEIUIOBas MOIMHOCTb, H3JIydaeMas TenoM? PucyHkoMm moscHUTE Trpaduk
pacnpeeneHrs YHEPTUH B CIIEKTPE U3IIy4YE€HUsI aOCOIIOTHO YEPHOTO Tea, YKAXKUTE

JUIS TAaHHBIX TEMIEPATyp MONIOKEHUE Ami ¥ Am2. (T; = 1207.5K; T, = 1811,25 K;
i—j = 5.063)

3. AToMapHbIii BOJIOPO/I, HAXOASIIUNCA B HEKOTOPOM BO30Y>KI€HHOM COCTOSIHUH,
NepexoauT B OCHOBHOE cocrtosinue. [lpm sTtom panumyc OOpOBCKOW OpOUTHI
yMeHbITaeTcs B 9 pa3. OnpeaenuTh Bce IITUHBI BOJIH A;, U3ITy9aeMble TIPU TIEPEX0/Ie
13 IEPBOHAYAJILHOTO COCTOSIHUSI B OCHOBHOE, UMES B BU]TY, UTO IIEPEX0]] B OCHOBHOE
COCTOSIHUE MOKET IMPOUCXOAUTH Yepe3 MPOMEKYTOUHBIE cocTosiHUS. M300pa3uTe Ha
PUCYHKE SHEpPreTUYECKYI0 IHarpaMmy aToMa BOJOpPOJa, MOKaXUTE Ha HEH BcCe
nepexobl U3 BO30YKIEHHOTO B OCHOBHOE COCTOSIHHE, BKJIIOUYAsi MTPOMEKYTOUHbIE

nepexosl. (A; = 656,47 HM; A, = 121,57 um; A3 = 102,57 HM)



Bapuanr 7

1. PaccTositHue Mex 1y 2KpaHOM U TudpakiimoHHo# pemeTkoi paBHo 42,0 cM. Eciu
ndpakMoHHas peleTka ocBeniaeTes KenTon auauend Hatpus (A1 = 589 HM), TO
MaKCUMyM II€pBOrO MOpPsAKAa Ha JKpaHE OTCTOMT OT LIEHTPAJbHOTO IHKAa Ha
paccrosinuu 2,48 cm. Jlpyrod MCTOYHHK CO3[a€T MAKCMMyM II€pBOro MOpSJIKa,
orcrosiumit Ha 2,0 cM OT IIEHTpalIbHOTO MakcuMyma. KakoBa ero JJinHa BOJHBI Ao?
N300pasutre Ha pucyHke: 1) cxeMy OKCIEpUMEHTa C YyKa3aHWEM pHUCYHKa
TUGPaKIIMOHHON pELIETKH, T/e MPOCTaBIEH €€ Mepuoj; 2) AudpakuroHHYIO
KapTHUHY MHTEHCUBHOCTHU CBETA Ha dKpaHe I ITTMH BOJIH A1 M A2, BBIIETUB Pa3HbIMU
[BETaMU OTH JJUHBI BOJH, IPOHYMEpPYHTEe BCEe TJaBHbIC IU(PAKINOHHBIC
MaKCUMYMBI, KOTOPbIE MOTYT OBITh BUJIHBI Ha 3KpaHe. (A, = 475 HM)

2. Ompenenutb pabOTy BbIXOJIa 3JIEKTpOHOB 3 HaTpus (A;,»B), ecnu kpacHas
rpanuna ¢otroddpdexkra Ay = 500 HM. Uemy paBHa KHUHETUUECKAs DHEPTUS
BbLUIETEBIIETO AJeKkTpoHa (W,,5B), ecnu Hatpuii 00iydaTh cBeToM ¢ A = 0,35 MKM.
Haiitu 3nauenue 3anepskuBatomiero Hampspkenus (U,) mpu TakoMm OOJy4YEHUHU.
N300pa3ute HA pUCYHKE BOJbTAMIIEPHYIO XapakTepuctuky poroaddexra (BAX);
nokaxute Ha BAX Tok Hachlmenus I, u 3aaepkuBarontuii noreHiman U,. (A, =
2.493B; U, = 1.065 B; W, = 1.705 - 10~ 1% /Ix)

3. B nokosimeMcs aToMe BOOPOJa 3JIEKTPOH MEPEIIEN C MATOI0 3HEPreTUIECKOro
YPOBHSL B OCHOBHOE cocTosiHue. Kakylo ckopocTh v, mpuoOpén aTtom 3a cyer
ucryckanus gorona? M3006pa3ute Ha pUCYHKE SHEPTETHUECKYIO IUarpaMMy aroMa
BOJIOPOJA, MTOKAKUTE HA HEW MEPEXO/I, COOTBETCTBYIOIIEH TAHHOM 3a/1a4e.

(v, =4.18M/c)



Bapuanr 8

1. Hudpaxnuonnas pemerka mmpuHod 10 mm coxepxkut 5000 mTpUXOB.
OnpenenuTh TMOJTHOE YHUCIO MAKCUMYMOB N,p,,y, HAOIIOAAEMBIX B CIHEKTpE
TU(PAKIIMOHHON PEIIeTKH I JIMHBI BOJTHBI 0,6 MKM. ONPEaenuTh Yol @, qy
COOTBETCTBYIOIIUN TOCIEHEMY MakcuMyMmy. M300pa3ute Ha pucyHke: 1) cxemy
HKCIIEPUMEHTA C YKa3aHHEM PUCYHKA TU(PAKIIMOHHON PEIIeTKH, IIe MPOCTaBICH
ee mnepuon; 2) NUPPAKIUMOHHYIO KAPTUHY WHTEHCUBHOCTU CBETa Ha DJKpaHe,
MPOHYMEPYWTE BCE TIIaBHbIE NU(GPAKIIUMOHHBIE MAKCUMYMBI, KOTOPbIE MOTYT OBIThH
BUJIHBI Ha JKpaHe, MOKWKUTE Ha PUCYHKE YIONd Pmax - ( Npmax =77 Pmax =
64.16°)

2. 1ns npekpatieHus: potodPpdhexra, BBI3BAHHOTO 001y4YeHUEM YIbTPadrOoIETOBBIM
CBETOM IUIATUHOBOM IJIACTUHKH, HAJ0 MPWIOKUTH 3aJI€PKUBAIOIIEE HAMPSIKECHUE
U;1=3,7 B. Eciu nnaTuHOBYIO IUIACTUHKY 3aMEHUThH JPYTrOM IUIACTUHKOM, TO
3aJIep KUBAIOIEee HAMPSKEHNE HYKHO yBeI4UTh 10 Uy = 6 B. Onpeaenuts paboTy
BbIXOJ1a A, DJIEKTPOHOB C TTOBEPXHOCTH 3TOM TutacTUHKU (B 3B). Pabora BbIXOIa
AJIEKTPOHOB IS MIATUHBL Agq = 5,3 3B. M300pa3ute Ha pucyHKe BOJbTaMIIEPHYIO
xapakTepuctuky ¢potorpdexra (BAX); nokaxure Ha BAX Tok Haceienus I, u
3afepxuBaromuii morennuan U,. (A, = 3.0 3B)

3. Bo30y:x1eHHBIM aTOM BOJIOPO/Ia IIPHU MIEPEX0/I€ B OCHOBHOE COCTOSIHUE UCITYCTHUII
JIBa KBaHTa, NOCIEAOBaTeNbHO, ¢ JiuHamMu BoJH 4,051 Mxm u 97,25 HM.
Omnpenenute: 1) HOMEpa SHEPreTUYECKUX YPOBHEH, C KOTOPBIX aTOM BOJOpOAa
nepeumen B OCHOBHOE COCTOSIHME; 2) sHepruto W HauBBICHIETO 3HEPTETUYECKOTO
YPOBHSI U paguyc 7 OOpPOBCKOM OpOUTHI Il JaHHOTO YpoBHA. M300pa3ute Ha
PUCYHKE DSHEPreTUYECKylH auarpaMmy aTtoMa BOJIOpPOJia, TMOKKUTE Ha HEH
IIEPEX0/Ibl, COOTBETCTBYIONIUE AaHHOU 3amade. (n = 5; m = 4; W = —0.544 3B;
r =1.325-107"Mm)



Bapuant 9

1. Cocyn ¢ TIUUEPUHOM 3aKPBIT CTEKJISIHHOM (TSDKENBIM KpOH) KPBIIIKOMH,
MpeICTaBIIAIONICH cOO0M MIIOCKONapalienbHy0 maacTuny. Cocyn MOMEIIEeH B BOIY
(Puc. 5.2). JIyud cBeta, mpoxosuiuii yepe3 BOay, magaeT Ha cTeksio. KakoB yron
MaJICHUS CBETA (¢ HA CTEKJISIHHYIO KPBILIKY, €CJIU CBET, OTPAXKEHHBIN OT IJIULEPUHA,
SIBIISIETCS. MAKCUMAJIBHO TMOJIIPU30BaHHBIM? Perienne 00s3aTeabHO COMPOBOXKAATH
PUCYHKOM, Ha KOTOpPOM yKas3aTb Xxonx Jyded. Ilpum pemenun 3amaum
pykoBoacTByiTech nocoouem M.B. I'pumenko, AWM. I'ymunos, A.I'. MBanoBa
Pacuérno-rpaduyeckas padora No2 mo kypcy ¢usuku juisi 0akaiaBpoB. 3aoyHas
dbopma 00yueHusi. Yuebnoe nocodbue. /Cubl'YTU. Tlpumeps perieHus 3agad Ha
nosisipu3anuto, npumep 4. Ilpu pacuerax Bcerjia HCIONIb3YHTE MPABUIIO COXPAHEHUS
JIBYX 3Hayalllux HUQp nocse 3ansiTol ¢ y4eTOM OKPYIJIEHUs IO TpeTbel nudpe.
(neﬂuuepulm:];47, ncmelc/la:]; 65; Neoom — 1;33)

(a = 55,619)

Eriniidd] CTenAnn b

ravuepmH

Puc. 5.2 K 3agaue 1, Bapuant 9.

2. Kakas pons sHepruum ¢OTOHa 7) U3pacxoj0oBaHAa Ha pabOTy BBIPHIBAHUS
(b oTo2JIeKTpOHA, eclii KpacHas rpanuna Gororddexra Ao=307 HM, a MaKCUMaTbHAas
KHUHEeTHUYecKas 3Heprus (poroaniekTpoHa paBHa 1 3B. Onpenenute 3aaepxuBaroiee
Hanpspkenre U, mpu  3aJaHHOM  OCBEILICHUH. N300pa3ute Ha pUCYHKE
BOJIbTAMIIEPHYIO XapakTepucTuky dorodddekra (BAX); nmokaxute Ha BAX Tok
HachleHus I, v 3aaepxkuBatoniuii noreniuan U,. (n = 0.8; U, = 1.0 B)

3. Bo3Oyxnennslii atom Bojopoaa umeer paauyc 0,848 um. Ilpu mepexozne B
OCHOBHOE€ COCTOSIHWE OH MCITYCTWJ JIBa KBaHTa. /[[nMHa BOJIHBI MEpPBOro KBaHTa
paBHa 484,8 uM. Onpenenute: 1) HOMepa HEPreTUYECKUX YPOBHEH, ¢ KOTOPBIX
aTOM BOJIOpOJia TMEPEIIET B OCHOBHOE COCTOSIHME; 2) JUIMHY BOJHBI, SHEPTUIO U
UMITYJIbC BTOPOTro KBaHTA. M300pa3uTe HAa PUCYHKE SHEPIeTUUYECKYIO AUarpammy
aToOMa BOJIOPOAA, TOKAXXUTE HA HEM Nepexo/ibl, COOTBETCTBYIOLIUE TaHHOM 3a/1aye.

(n=4; m=2;1,=12157um;, W, =10.233B; P, =5.45-10"2"kr~)
b ¢ c



Bapmuanrt 0

1. dudpakimonnas pemietka, umeromias S00 mrpuxoB Ha 1 MM, ©UMeET HIUPUHY 2
cM. Ha Hee HoOpmanpHO Tamaer cBeT C JiauHaMu BojdH Ay = 550 HM wu
Hen3BeCcTHOU A,. OnpenenuTs MUHUMAIBHOE pa3iuduue AA,,;, Mexny A, u A,, ecnu
HX HEOOXO0IUMO pa3pelIuTh BO BceX mopsiakax? B kakom mopsiake my JOCTUTAeTCs
HaWJTydIlee pa3pelieHue s Baiien pemeéTku? M300pa3ure cxemy dKCIepuMEeHTa ¢
yKa3aHUEM pHUCYHKa TU(PPaKIIMOHHON PEIIETKH, T/ie MPOCTaBJieH ee nepuoa. Kpome
ATOT0, U300pa3UTE HA PUCYHKE TUGPAKIIMOHHYIO KAPTUHY MHTEHCUBHOCTH CBETA Ha
dKpaHe, MPOHYMEPYWTE BCE TJIaBHBbIC TU(PAKIIMOHHBIE MAaKCHMYMBI, KOTOPBIE
MOTYT OBITh BUJHBI Ha 3KkpaHe. (A, = 0.055 HM; m, = 3)

2. YenuHEeHHbIN IMHKOBBIN MIAPUK 00TyYaeTCsl CBETOM C NTMHOM BOJIHBI A=200
oM. Omnpenenuth: 1) ¢ Kakol HamOOJbIIEH CKOPOCTHIO U, OYAyT BBLUIETATH
AJIIEKTPOHBI U3 MIapuKa?; 2) 70 KaKOT0 MaKCUMAJIBHOTO MTOTEHIIUAIIA (0,y, 3aPSATUTCS
mapuk, Tepsisi potoanekTponbl? Pabora Beixoma st nuHka 4 sB. M3o0pasute Ha
PUCYHKE BOJIbTaMIIEpHYIO XapakTtepucTuky (ororddexra (BAX); mokaxkute Ha
BAX Tok Hacekimenus I, u 3anepxwuBaromui norennuan U,. (v, = 8,826 -

105%; om = 2.215 B;)

3. HeB030y>kIeHHBII aTOM BOJOpPOAa MOTJIOMIAET KBAHT U3IYUYEHUS C JJIMHON
BOJIHBI 97,25 HMm. Onpegenure: 1) HOMEp PHEPrETUIECKOTO YPOBHS BO30YKIEHHOTO
aToMa BOJOpPOJa; 2) paauyC »dJIECKTPOHHOM OpPOUTHI BO30YKIAECHHOTO aTroMa
BOJIOPOJia; 3) CKOPOCTh 3JIEKTPOHA Ha OpOUTE BO3OYXKIEHHOIO aToMa BOJIOPO/IA.
N300pa3ute Ha pUCYHKE SHEPTETUUECKYIO UarpaMMy aToMa BOAOPO/a, TOKaKUTE
Ha HEH Bce Mepexojsl M3 BO30YKIEHHOTO COCTOSIHMSI B OCHOBHOE JIJIsl BallleTo
Cilydasi, BKJIIOYash IPOMEKYTOYHBIE mepexomsl. (n =4; r = 8.48-1071%u; v =
5.44-10°m/c)



IIpuMmep opopMiaeHus 3axaqu.

3. 3aryxarouie KoyieOaHUS MPOUCXOJAT B KOJIEOATEIIBHOM KOHTYpE C
UHIYKTUBHOCThIO KaTymku 80 wmIH, eMkocThio KoHaeHcaTopa 2 MKD u
cornpotuBieHueM 16 Owm. B HauyanbHBII MOMEHT BPEMEHM HAIpsDKEHHE Ha
oOKkJIaaKax KoHAeHcaropa O0blI0 24 B, a TOK B KOHTYpe OTCYTCTBOBaJ. 3alMILUTE
ypaBHEHHE 3aTyXarollMX KoJeOaHWil A 3apsAna, HANpsOHKEHUS U CUJIBl TOKa C
YHUCIIOBBIMH KOA(PUIIMEHTAMH, OTIPEIETUTE BPEMsI peslaKCcalluy, YUCIO KoJIeOaH i
3a 3TO BpeMsi U JOOPOTHOCTh KOHTypa. M300pa3uth rpaduk 3aTyXarouiux
KkoneOanust g Hampspkenus U(t) B mpenenax JBYX BpeMEH pellaKCalllu.
N300pa3uth rpaduk wusmenenus sueprun W (t) B mpenmenax ABYX BpeMEH
pelaKcaIuy.

JaHo:

C=2MK® =2-10"°
R =16 Om;

L=80MIH =8 -10"%TH;
U,=24B;1(0)=0A
Haiitu:

q(t)-7?

u(t)-?

1(t)=7?

=7

N,—=?

Q-7

Pemenue:

PaccuuthiBaeM KOA(DUIIMEHT 3aTyXaHUS:
R 16

=—=——=10%¢"1 1
B 2L 2:8-107% (1)

PaccuuThiBaeM COOCTBEHHYIO YaCTOTY KoJieOaHU M

1 1

= = =2,5-103¢7? 2
VLC  V8-1072:2:1076 ’ 2)

Jlns Hamel 3agauM BBIIOJNHAETCA ycloBue w3 >> f2; 6,25-10° > 10% -
cJIe/I0BATEIHLHO B KOHTYpE peann3yercs ciaboe 3aTyXaHue.

Wy

[Tpu cnabom 3aTyxaHuu

w=+w—P?%=w,=25-103¢"1 (3)
1) OnpenensieM ypaBHEHHE 3aTyXalONKUX Koebanuii 3apsina q(t)

YpaBHeHue 3aTyxaronux koyiebanuit 3apsaa q(t) B o0O1em Buje:



q(t) = qme " cos(wt + ) (4)
MakcumanbHOe 3HaYeHue KoJIeOaHuid 3apsia:
m = Uy C=24-2-10"°=4,8-10"5Kn (5)
OmnpenenseM HaYaIbHYIO a3y @

B HauanbHbI MOMEHT BpeMeHu t = 0 3apsi B KOHACHCATOPE MaKCUMAaJIbHBIN

qm = qm e P cos(w - 0 + @) = q,, cos(p) (6)
cos(p) =1 (7)
=0 (8)
YpaBHeHHE KOJIeOaHN 3apsaa ¢ YUCISHHBIMUA KOADUITUESHTAMH:
q(t) =4,8-107°e7 100t ¢o5(2,5- 103t), Kn (9)
VYpaBuenue konebanuit Hanpspkenus U (t) B oOmiem Bue:
U(t) = Uye Pt cos(wt + @) (10)
VYpaBuenue konebanuit Hanpspkenust U (t) ¢ yucineHHbiMu Ko duiimenraMu
U(t) = 24e7 190 ¢05(2,5-103t),B (11)
YpaBuenue koneOanuii cuiibl Toka I (t) B 00mem Bue:
I(t) = I,e Pt cos(wt + ¢ + ) (12)

1) — cMmeleHue 1o (ha3e Toka OTHOCUTENBHO 3apsia U HanpsuKeHust; [y, — aMILuTy1a
KoJIe0aHUM CUJIbI TOKA.

Haxoaum MakcumalibHOE 3Ha4€HUE TOKA B KOHTYpe
Iy = Woqm = 2,5-10%-4,8-107°=0,12 A (13)
Haxoanm cmemenue mo ¢a3e Toka OTHOCUTENBHO 3apsijia U HANPSKEHUs

w 2,510

tany = B inimrrrate —25 (14)
Y = arctan(—25) =1,61 pan (15)
VYpaBHenue koneOanuii cuibl Toka [ (t) ¢ yMciIeHHbIMUA KO3 ULUEeHTaMU
I1(t) =0,12e71%%% ¢c0s(2,5- 103t + 1,61),A (16)
2) DHeprus 3aTyxaroumx KojeoaHui
W(t) = Wye 2ht (17)

W, — oHeprus B HayanbHbIi MOMEHT BpPEMEHH, BCS DHEpPrusi B MOMeHT t = (

HaXOJUTCS B KOHJIEHCATOPE, OHA MAaKCHMaJIbHa:
_ CU% _ 2-107%-242

W, = % = 5761074 /Ix (18)

2

DHeprus 3aTyXxaroumx KojeOaHui ¢ YUCIEHHBIMU KO3 ULIMeHTaMU
W(t) =5,76-10"%e~200t JIx (19)



3) Bpewms penakcanuu

_1_ 1 _ .n-2
T_ﬁ_100_10 ¢ (20)
[Tepuon xonebanuii
T=2=_2_—2513-1073¢ (21)
® 2,510
Ywucio xoineOaHmid 3a BpeMsl pelaKCariu
T 1072
N, = r = osisio s 3,98 = 4 (22)
JlorapudMuyeckuii TIEKPEMEHT 3aTyXaHUs
§ =BT =100-2,513-1073 = 2,513-1071 (23)
J1oOpOTHOCTH KOHTYpa
Vs Vs
Q=35= 025132 12,5 (24)

4) T'paduk 3aryxaromux koseOanus Hanpspkerus U(t) B mpenmenax IBYX
BPEMEH pelaKcauu

U(t) = 24e 199 ¢05(2,5-103t),B (25)
AMIUTUTY 12 KOJIeOaHUN HANIPSHKCHUS
A(t) = U e Pt = 247100t B (26)

I'paduxu mis U(t), A(t) ctpoum ¢ momoIibpio mporpammel EXcel, pazooném

och BpeMenH t Ha 100 neneHuid, Toraa oJHO JACJICHUE PABHO
2 2:1072 -
At = == = =2-10"%c (27)

"~ 100 100

Cosnmaem B Excel tabnuity s Bpemenn tu U(t), A(t).

Ta6muma 1 — Bpewmsi, HanpspKeHUS M aMILTUTY 1A

N 1 2 3 ...| 100 101
tx10% | 0 2 4 ...| 198 200
U(t),B| 240 | 20,64 12,46 .. 1,98 2,00
A(t),B | 24,0 | 23,06 22,60 .. 331 3,25

BanoanseM Tabs. 1 nanHbME U cTpouMm 1Mo HuM rpaduku mis U(t), A(t), puc.
1. Bausy non rpadukom npuBoaum: 1) ypaBaenue U(t); 2) BpeMs penakcamui T,
3) uncno konedanuii 3a Bpems penakcau N,.



3aTyxatowme KonebaHusa HanpsaxeHus U(t)

U(t), A(t), B

-25

Bpema x 1072 ¢

2,5

Pucynox 1 — I'padux 3atyxaronux konedbanust Hanpsbkerus U (t) B mpenenax

JIByX BPEMEH pelaKcaluu

U(t) = 24e7 190 ¢0s5(2,5-103t),B
7=10"%c

N, =398 ~ 4

6) I'paduk sHeprun W (t) B penenax ABYyX BPEeMEH pellaKCallHH.

W (t) = Wye 2Pt
W(t) = 5,76 10"*e 2%, T

(28)
(29)
(30)

(31)
(32)

I'paduku qs W (t), ctpoum ¢ momonipio nporpammbl Excel, pa3o0bém och

BpeMeHH t Ha 10 geneHu, Toraa oAHO JIEJIEHUE PABHO

2t _ 21072

At=—= =2-10"3¢
10 10

Cosmaem B Excel tabmuiy s Bpemenu tu W (t).

Tabnuua 2 — Bpems u aHeprus

(33)

N 1 2 3 10 11
tx10~%¢ 0 0,2 0,4 1,8 2
W (t)x10™* 5,76 3,86 258 0,16 0,11
Jx

Ctpoum rpaduk W (t). Buusy nmoxa rpadukom npusoaum: 1) ypasaenne W (t);

2) BpeMs penakcaluu T.



[paduK aHeprum 3aTyxarwoLmx KonebaHui

W(t) x 1074, [

0 0,5 1 1,5 2 2,5
Bpemsa x 10~2¢

Pucynok 2 — I'paduk suepruu W (t) B mpeaenax AByX BpeMEH peslakcaluu

W(t) =5,76-10"%e 200t Jx (34)
7=10"2¢c (35)

[IpoBepka mpaBUIBLHOCTUA OTBETOB. VCIONB3yeM 3aKOH COXpPAHEHHSI SHEPIUU
JUUISt MAKCUMAJIBHOTO 3HAYEHHUS SHEPTUH B KOHTYpPE, TPOBEPSiEM PABEHCTBO JIEBOM U
IPaBOM 4aCTEu:

CUhw _ LG
= (36)
2:1076-242 _ 8-102-0,122 (37)
2 2
5,76 - 104 Jlx = 5,76 - 104 JIx (38)

PaBencTBo CO6J'HOI[aeTC$I, CJICa0BAaTCIbHO, OTBCTHI ITPABUJIBHLIC.

Otget: q(t) = 4,8 107°e190 ¢05(2,5 - 103t), Kn
U(t) = 24e7 190 ¢0s(2,5 - 103t), B,

1(t) =0,12e71%% ¢c05(2,5- 103t + 1,61), A,
W(t) = 5,76 - 10~4e =200t Iy

_1_ 1 _ inh-2 _ _ ~
r_ﬁ_loo_m ¢, Q=125 N, = 3,98 = 4.
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