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1. MACIIOPT ®OHJA OHEHOYHBIX CPEJICTB
1.1. ObaacTh NpUMeHeHus!

®onn  oneHouHblx cpenctB (POC) — HeoThemsieMas dYacTh pabodeil MporpaMmbl
muciuiinael - 51.0.08.05  «OOmass u  skcrnepuMeHTanbHas (usuka (aromHas (QU3UKa)» U
IpelHa3HayeH JJIsi KOHTPOJISI M OLEHKH OOpa30BaTENbHBIX JOCTHXKEHUN CTYJEHTOB, OCBOMBIIMX
IpOTpaMMy JTUCIUILIHHEI.

1.2. Heau u 3axa4u (pOH/IA OLIEHOYHBIX CPEICTB

Henp ®OC — ycTaHOBUTH COOTBETCTBHE YPOBHS MOJATOTOBKH 00YyUarolierocsi TpeboBaHUsIM
®I'OC BO 6akanaBpuara 1o HampasiaeHuto nmoarotoBku 44.03.05 Ilenarornueckoe obpazoBanue (c
JIBYMS IPO(UIIIMU ITOATOTOBKH ), YTBEPKICHHBIM MPUKa30M MHHHCTEPCTBA 0OOPA30BaHMS U HAYKH
Poccutickoit ®eneparuu ot 22.02.2018 1. Ne 125 (¢ u3MEHEHUSIMH B TIOTIOJIHCHUSIMHU ).

1.3. IlepeueHb KommeTeHU M, (OPMHUPYEMBIX B IMpoLEcCe OCBOEHUSI OCHOBHOM
0o0pa3oBaTeJIbHOM MPOrPaMMBbI

[Ipouecc ocBoeHMS AUCUMILIMHBI HaNpaBieH Ha (OPMUPOBAHUE CIEAYIOUIMX KOMIETEHIIUN
Y UHIUKATOPOB UX JOCTHIKEHHUS:

Kox mo ®1'OC BO \ HNHaukaTop 10CTHKEHUS

[IpodeccronanbHble

I1K-1.1.
ITK-1. [1K-1.2.
I1K-1.3.

1.4. Dranbl (opMHpPOBaHUS KOMIETEHIMH W CpPeICTBA OIEHMBAHHUSA YPOBHS HX
copMHPOBAHHOCTH

JTansl (])opanmiamm KoMneTeHuun KoHnTpoJibHO-011eHOYHBIE cpeacTBa /
KOMIIEeTCHII U CIocod OLeHNBAHUA
Pasnea 1. M3nydyenue abco1i0THO YepHOro tesia. KBaHTBI JHepruu.
Tema 1. Bsenenue. OcHOBHEIE Pemenue 3aga4 1 ”HAMBUIYaIbHOE
NPEINOCBUIKM  CO3/IaHUSl  aTOMHBIX K-1 3a/laHue
mozener. QOOmacTb HcclieqoBaHUI
aTOMHOMU (PU3UKHU.
Tema 2. TeroBoe U3Iy4YCHHUE U €O Pemenue 3ana4y u vHAUBUAYATbHOE
3aKOHBI. XapaKTEPUCTUKU TEIIOBOTO 3a/laHue
u3nydeHus. 3akoH Kupxroda. 3axoHsl
U3JIy4deHUs: a0COJIOTHO YEPHOTO Tela. K-1
Knaccuueckass Teopusi paBHOBECHOTO
U3ITy4EHUS. KBantoBas  Teopus
paBHOBecHOro wusnyueHus. dopmyna
I1maHka.
Tema 3. Buemnuit  ¢porodrddexr. Pemrenne 3amau u uHAMBUYAIBHOE
®otoadp¢ext. 3akoHbl oTodPPekTa. K-1 3aaHue
OJleMeHTapHas KBAaHTOBAas  TEOpHUs
dororddekra.
Tema 4. DoroHBEI M HUX CBOKCTBA. Pemenue 3aga4 1 ”HAMBUIYaJIbHOE
®otonbl. JlaBnenue cBera. ONBITHI 3aJlaHnE
I1K-1
JleGenera. Oddexkr  KommroHa.
PeHTreHoBCcKOE U3ITyUeHHueE.




Pa3nea 2. Boanbl 1 yacTunbl. KBaHTOBEIE MOJ€eJIN aTOMA.

Tema 5. KopmyckynspHO-BOJTHOBOM
QyanusMm 4dactul. Bomuel ne bpoitrs.
DKCIIEPUMEHTAIBHOE MOATBEPKICHUE
BOJIHOBBIX CBOICTB YacTHULL.
Hudpaxus 3JIEKTPOHOB.
CooTHOIIEHHE HEONIPEAEIEHHOCTEH.

I1K-1

Pemenue 3amay u MHAMBUIYAJTbHOE
3aJlaHue

Tema 6. OcCHOBHBIE TIOHATHS H
MOJIOKEHUSI KBAHTOBOW MEXaHUKH.
WNuTtepnperanuss BOJTHOBOW (YHKIIHUH.
CobcTBeHHbBIC byHKIIN u
CcOOCTBEHHBIE 3HAYCHHS (PUINUECKUX
BeJIMUMH. YpaBHeHus Ilpenunrepa.
KBaHTOBO-MEXaHUYECKUI  MPUHIIMI
CYIIEPHO3UIA MOJIOKEHU M.
BeposiTHOCTB OINpPEEICHHOr O
3HaUCHUS! (U3UUYCCKUX BEITUIHH.

I1K-1

Pemenue 3amay u MHAMBUYAJTbHOE
3aJlaHue

Tema 7. [IpocTble 3a1aul KBAaHTOBOM
MEXaHUKHU. Yacruna B
MOTEHIMANIBHON AMe. ["apMOoHMYeCKUit
OCLIWJLIATOP. [Ipoxoxnenue
MUKPOYACTUIIHI yepes
MOTEHIIMAIBHBINA Oapbep.

I1K-1

Pemenue 3a1a4y 1 UHIUBUYaIbHOE
3aJaHue

Tema 8. ATOMHBIE CIEKTPHI.
Crpoenue artoma. Teopus bopa.
3aKOHOMEPHOCTH aTOMHBIX CIEKTPOB.
Oneitel  Pezepdopma. Ilnanerapnas
Mozens aroma. Ilocrymarsl  bopa.
OKCepUMEHTAJIbHOE MOATBEPKICHNE
noctynaroB bopa.

I1K-1

Pemenue 3a1a4y 1 UHIUBUYaIbHOE
3aJaHne

Tema 9. Onwiter ®@panka u [epua.
IloHsATHE yIpPYyroro M HEYNpyroro
paccesiHus, pacrpeneneHus
DJIEKTPOHOB IO DJHEPIUSIM U €ro
AKCIEPUMEHTAIBHOTO MOJTYy4YECHUS
IToMoLp MPUHLMIIUATIBHOM  CXEMBI
OITBITOB, MX ITOCJICICTBHSL.

I1K-1

Pemenne 3aa4 1 UHANBUAYAJIbHOC
3aaHuc

Pa3pea 3: Kinaccuuyeckue Moaes I aToMa.

Tema 10. ATtoMm BOJIOpOa
(Bomopomonoo0HbIe aTOMBI).
Mogens aroma Boaopona mo bopy.
Henocrarku teopuun bopa. KBanToas
Teopust atomMa Bogopoma. CrhexTp
aTOMOB BOJIOpO/ia

I1K-1

Pemenne 3a1a4 1 UHANBUAYAJIbHOC
3aJaHuc

Tema 11. MexaHUJeCcKUH Hu
MarHUTHBII MOMEHTHI DJIEKTPOHOB B
aToME. MarsuTHBIN MOMEHT
3JICKTPOHA. CoOcTBeHHBIN
MarHUTHbII ~ MOMEHT  3JIEKTpOHA.
Omnbitel Illtepna u I'epnaxa. Cnwuw.
[IpaBuia  100aBIEeHUST MOMEHTOB.
ITomHabIH MEXaHHYCCKUI u

I1K-1

Pernienue 3a1a4 ¥ MHAWBUAYAIBHOEC
3a7aHue




MarHUTHBII MOMEHTBI 3JIEKTpOHA B
atome. [IoJHBIA MEXaHUYECKUH U
MArHUTHBI MOMEHTHI aTOMa.

Tema 12. Cnextpsl atomoB. [IpaBuiia
orbopy. Cmmr ¢otona. Tonkas
CTPYKTypa CIIEKTPOB aTOMOB
BOJIOPOJIa M IIEIIOYHBIX METAJJIOB.
DddekT 3eemana.

I1K-1

Pemenue 3amay u MHAMBUYJIbHOE
3aJlaHue

Tema 13. MHOro31€KTpOHHBIE
atoMmbl. [lepuonmyeckas  cucrema
3JIEMEHTOB J.N. Menpeneena.
Cucremsl TOKJIECTBEHHBIX
Mukpoyactull. [Ipuauun [Taynu.

I1K-1

Pemrenue 3a1au u MHAMBUIYATIbHOE
3aJaHne

Tema 14. Monexkynpl: XUMHYECKUE
CBA3M M DHEPreTHYECKHE YPOBHH.
HNoHHBIE W  KOBAJIECHTHBIE CBS3H.
Ob6menHoe B3alMO/ICIICTBHE.
OHepreTUYecKue ypoOBHH MOJEKYJI U
UX  KBaHTOBbIE  3aKOHOMEPHOCTH.
DIEKTPOHHBIN MOJIEKYJISIPHBIA
CIICKTD. KonebarenbHbie "
BpaliaTeyibHbIe CIIEKTpBI.
KomMOuHanmoHHoe paccesiHie CBETa.

I1K-1

Pemenue 3a1a4y 1 UHOAUBUYaIbHOE
3aJaHue

HpOMe)KYTOqHaH aTTCCTal A

I1K-1

DK3aMeH (MMChbMEHHBIN )

1.5. Onucanue noxkasarese (pOPpMHUPOBAHUSA KOMIIETEHIUH

Koa xomnerennuu

Pe3yibTarhl CPOPMHPOBAHHOCTH

[IK-1. Cooco0eH | 3naem:
0CBauBAaTh U | CTPYKTYpY, COCTaB M JUJAKTHYCCKUE CIWHUIIBI TPEAMETHONH O00JacTH
KCII0JIb30BaTh aTOMHOM (PU3UKH.

TCOPCTUICCKHUEC 3HAHUA Ymeem:

" NPAaKTUYECKHUE | OCYILECTBIATh OTOOp Y4eOHOro COJep:KaHus A €ro peajn3alud B
YMEHHSI M HaBBIKUM B | pa3IMYHBIX opMax oO0yuyeHHs B cOOTBETCTBUU ¢ Tpeboanusimu OI'OC

npeametrHoit  obmactu | OO.

npu pemenuu | Bradeem nagvikamu.
npodeccuoHaIbHbIX pa3paboTKu pa3nuyHbIX (GOPM yueOHBIX 3aHATHH, IPUMEHEHUS METO/OB,
3a/1ad4. IPUEMOB U TEXHOJIOTHH 00yUYeHHMsI, B TOM YHCJIe HHPOPMALIMOHHBIX.

1.6. Kpurepun oneHUBaHHUA KOMIIETEHIMI HA Pa3HbIX 3Tanax ux (popmupoBaHus

KoimnuecTBo
Bup yueOHoit padoTnbl 0aJ1J10B
020 | 0-390 300
WNunuBuayanbHoe 3ajaHne 20 - -
JlaGopatopHbie paboThI 20 - -
KonTtponbHbIe paboTh 20 - -
Teopernueckuii oTYET 20 - -
OK3aMeH 20 - -
Bcero 100




HakonuteabHas cucreMa oneHuBanuda no 100-0anabHoi HIKaJIe

5 - 6anbHas
cucTeMA
OLleHHBAHMS
IK3aMeHa

100 -
oaJIbHa
A IKAJa

BykBennas mkaJsa, coorsercrpywmas 100-0a/u1bHoi mKaJie

OTIIMYHO

90-100

A — OTIMYHO — TEOPETHYECKOE COJCPKAHHE Kypca OCBOEHO
MOJIHOCTBIO, 0€3 TPOoOeNoB; HEOOXOAMMBIE MPAKTUYCCKUE
HaBBIKK paOOTHI C OCBOEHHBIM MaTepHaioM COPMHPOBAHBI; BCE
MPETyCMOTPEHHBIE TPOrpaMMOi OOy4YeHHsS y4eOHbIC 3aTaHUs
BBIIIOJIHEHBI, KAYECTBO MX BBIIOJHEHHS OIEHEHO YHCIOM
0aJu10B, OJIM3KMM K MAKCUMAJIbHOMY

Xopomo

83-89

B — od4eHp XOpOIIO — TEOPETHYECKOE COJEpPIKAHHE Kypca
OCBOGHO  TIOJHOCTBIO, 0€3  mpoOeloB;  HEOOXOJMMBIE
MPAKTUYECKHE HABBIKK pPAa0O0Thl C OCBOCHHBIM MaTEpHAIOM B
OCHOBHOM C(HhOpPMHUPOBaAHBI; BCE MPEIYCMOTPEHHBIC POTPAMMOiA
o0yueHHsl y4eOHbIe 3a/I1aHUS BBITOJIHEHBI, KAUYECTBO BBITOJIHCHHUSI
OOJILIIMHCTBA M3 HUX OICHEHO YHCJIOM OaioB, OJM3KHM
K MaKCHMaJIbHOMY

Xopo1io

75-82

C — XOpomo — TEOPEeTHYECKOEe COJCpIKaHHE Kypca OCBOCHO
MOJTHOCThIO;  HEKOTOpPbhIC  IMPAKTHYECKUE HABBIKK  PabOTHI
C OCBOCHHBIM MaTrepuanoM c(hOPMHUPOBAHBI HEAOCTATOYHO; BCE
MPEIYCMOTPEHHBIC MPOrpaMMOil OOyYeHHUs ydeOHBbIC 3alaHMsI
BBIIIOJIHEHBI, KAa4YC€CTBO BBIIIOJIHCHHUSA HHU OJHOI'O H3 HUX HE
OLICHEHO MHUHHMAJbHBIM YHCJIOM OasIoB, HEKOTOPHIC BHJIbI
3aI[aHPII>’I BBIIIOJIHEHBI C OIINOKaMU

Y 10BIETBOPUT
€JIBHO

63-74

D — ynOBIETBOPUTENBHO — TEOPETUYECKOE COJepKaHUe
JUCIHUIUIMHBL  OCBOEHO YaCTUYHO, HO MpoOeNbl He HOCAT
CYLIECTBEHHOTO  XapakTepa, HeOoOXOAMMble IpaKTHYECKHUE
HaBbIKH pabOTBl € OCBOEHHBIM MaT€pUajioM B OCHOBHOM
c(opMHpOBaHBI; OOJBIIMHCTBO MPETYCMOTPEHHBIX MPOTrPaMMOi
oOydeHuss  y4eOHBIX  3aJaHUNl  BBINOJIHEHO, HEKOTOpPbIE
U3 BBINOJIHEHHBIX 33JJaHUH, COAep)KaT OMIMOKU

Y 10BIETBOPHUT
€JIbHO

50-62

E — mnocpeacTBEHHO — TEOpETHYECKOE CoOJIep)KaHHue Kypca
OCBOCHO YaCTMYHO; HEKOTOpbIE MPAKTUYECKHE HaBBIKU PaOOTHI
He COPMUPOBAHbI, MHOTHE MPEIyCMOTPEHHBIE MPOrpaMMOil
o0yueHMsT yuyeOHbIe 3aJjaHHs HeE BBHINOJIHEHBI JHMOO KadecTBO
BBITIOJTHEHUSI HEKOTOPBIX W3 HUX OILIEHEHO YHUCJIOM OaJlioB,
OJIM3KUM K MUHHMAJIbHOMY

Heynosnersop
WUTEIBHO

21-49

FX — HeyZoBIeTBOPUTENBHO — TEOPETUYECKOE COJIEep KaHUe
Kypca OCBOGHO YaCTHYHO; HEOOXOIMMbIE TPAKTHUECKHUE HABBIKU
paboTel HE CPOPMUPOBAHBI; OOJBIIUHCTBO TMPETYCMOTPEHHBIX
MporpaMMoil 0O0ydeHHsl y4eOHBIX 3a/JaHUN HE BBIMOJHEHO OO0
Ka4yeCTBO HX BBITIOJIHEHHS OIICHEHO YHCIIOM OaJlJIOB, OJIM3KUM
K MUHUMAaJIbHOMY; TIpPU JOMOJTHHUTEIHHOW CaMOCTOSITEIIbHOMN
paboTe HaJI MaTeprualioM Kypca BO3MOXHO TOBBITIICHHE KaueCcTBa
BBITIOJTHEHUS YUEOHBIX 3a/JaHUM

HeynosnerBop
HUTEIIBbHO

0-20

F — HEeyTOBJIETBOPHUTEIHLHO — TEOPETHIECKOE COZCpKAHHUE Kypca
HE OCBOEHO; HEOOXOJMMBbIE TPAKTUYECKHE HABBIKM pPaOOTHI
He cGOPMUPOBAHbI; BCE BBINOJHEHHBIE yueOHBbIE 3aJaHUs
coJiepKaT rpyObie OMMOKH, MOTIOTHUTEIbHAS CaMOCTOSATEIbHAs
paboTta Hajg MaTepHaJOM Kypca HE NPHUBEACT K KaKOMY-JIHOO
3HAYMMOMY IOBBINICHUIO Ka4CCTBA BBLIITOJHCHUA y‘-Ie6HBIX
3aJaHuN




Oo0pa3zen opopmiieHns IK3aMeHAITUOHHOT0 OUIeTa

MHUHUCTEPCTBO ITPOCBELIEHUA
POCCHUUCKOU ®PEJEPALINN

OEJNEPAJTBHOE
TFOCYJAPCTBEHHOE BIO/’KETHOE
OBPA3OBATEJIBHOE YUYPEXJIEHUE BBICHIEI'O OBPA3OBAHUSA
«JIYTAHCKHM I'OCYJAPCTBEHHBIN NNEJATOI' MYECKUHA YHUBEPCUTET»
(®TI'BbOY BO «JITI'TTY»)

2024/2025 yueoHblii rox
HNHcTuTyT QU3HKO-MaTeMaTHYECKOr0 00pa3oBaHusi, HH(POPMAIIMOHHBIX

U 00C/Ty’KUBAKOIIMX TEXHOJIOT Uil

9K3aMeH (yCTHBIN/IUCHbMEHHBIN ) IO AUCIIUILIINHE
«O01mas ¥ 3KCnepuMeHTaIbHAsE (pu3nKa (aToMHas pusuka)»
Kopn/nazanus nanpasienuii moarorosku 44.03.05 IMegaroruyeckoe oopazoBanue
(c AByMs npo¢uiIsiMu MOATOTOBKH)
®usuxka. Uupopmaruka
OPO/300

3K3AMEHAIIMOHHBIN BUJIET Ne 1

YTBepxkIeHo Ha 3aceqaHud Kadenpbl GU3NKA U METOIUKHU TpernonaBaHus Gu3uku, [IpoTokom ot
«30» Hos10ps 2023 1. Ne 4.

3aBenyrouuii kadeapoit

OK3aMeHaTop



2. KOHTPOJIbHO-OLIEHOYHBIE CPEJICTBA
2.1. OneHoOYHbIE CPEACTBA TEKYIIEr0 KOHTPOJIS

TunoBble 3aJa4n:

1. Temmeparypa aGcomoTHO uepHOTO Tena m3MeHsercs ot 727 no 1727 °C. Bo ckombko
pa3 U3MEHUTHCS IIPU ATOM DHEPrusl, U3IydaeMas TeaoM?

2. Kakas JuiMHa BOJHBI COOTBETCTBYET (POTOHY, PEIATUBUCTCKas Macca KoToporo 1,66-10°

30 yer?

3. Ha noBepxHOCThb IMTHs TajaeT MoHoxpomaTuueckuii cer (0=310 um). YToObI

NPEKPaTUTh SMHUCCHIO JIEKTPOHOB, HY)KHO MPUIOKHUTH 3aJCPKUBAIOILYI0 PA3HOCTh MOTEHIIMAIOB
He meHe 1,7 B. Onpenenuts paboTy BbIxona A.

4. doron (O=1 M) paccesncs Ha cBOOOIHOM 371eKTpoHe mox yrioM 0=90°. Kakyro momo
CBOEH 2HEpruu (POTOH Mepena MEKTPoHy?

5. Kakoii KuHeTHYECKON SHEpruel o6nagaeT NPOTOH C JUIMHON BOJIHEL e bpoiiis, paBHoi
IPAaHUYHOM JUIMHBI BOJIHBI PEHTT€HOBCKMUX JIyuyeil, BO3HUKAIOLUIMX B TPYyOKE INpU pPa3HOCTU
norennuanos U=40 B?

6. HeompeneneHHOCTh CKOPOCTH 3JIEKTPOHOB, JBHKYLIMXCS BJIOJNb OCH  abCIHCC,
coctaBnser Av=102 m/c. KakoBa mpu 3TOM HEONpeNeleHHOCTh KOOPAMHATHI X, OMpeaessiomeit
MECTOIIOJIOKEHHE IEKTPOHA?

/. Jlns atoma BOIOpO/a, ONMPENETUTE TMOJIHYK DHEPTHIO JyeKTpoHa En Ha opburax ¢
TJIABHBIM KBaHTOBBIM YHCIOM N1=2 u Nx=4, paanyc OpOUTHI Ini, CKOPOCTH DIIEKTPOHA Ha JTOH

opOuTe Vn1 U IEPUOJI €T0 0OpameHust Tni;

8. Ilns atoma BomOpOja, ONpeNeNuTE JJIMHY BOJHBI A ()OTOHA, HM3IYYaeMOro MHpH
nepexo/ie AEKTPOHA C YIHEPTEeTHUECKOTo ypoBHS N1=1 Ha SHEpreTHYecKuii ypoBEeHb C n2=3.

9. Dmnekrponsl, obnamaromme osHeprueii E=16,0 5B, Ha cBoeM IIyTH BCTpEYAIOT
NpSMOYTOJIbHBIN MoTeHIMaIbHbIN 6aphep BoicoToi U=4,0 3B. Haiitu ko3 dunment orpaxenus R
u ko3¢ durment npomyckanust D BomH e bpoitns nis nanHoro 6apbepa.

10. HamicaTs popMyJIbl SIEKTPOHHOTO CTPOEHHS aTOMOB 60pa, YIIepoia, HaTpus.

11 Bpuucnuth B MarHeToHax Bopa MarHUTHBII MOMEHT aTOM BOAOpOda B OCHOBHOM
COCTOAHHMU.

NHANBUIYAJIBHBIE 3AJIAHUS:

TensioBoe nznyyenne @opmyJMpoOBKa 3aJaHUA:

[Tonocts oObeMoM V 3amoyHeHa TEIUIOBBIM H3TyuyeHHEeM Mpu Temneparype 7. Haiigute
terioeMKocTh Cv u sHTpormmio S 3TOro m3nmydeHus. [1oJ0CTh M CTEHKH IOJIOCTH OXJIAIWIN 0
TeMneparypbl ONu3KoW K aOCONIIOTHOMY HYJIO, TeMIlepaTypy KOTOpOl B JanbHeliieM
NOJJIepKUBaIA. B MaHHYH TMOJIOCTh MOMECTHJIM MEIHBIA IIapuK auamMeTpoM O ¢ HavanbHOU
temriepatypoit To. CumTasi TOBEPXHOCTh IIapuKa aOCONIOTHO YEpPHOM, HAWTH Bpems 1, B TeUeHHE
KOTOpOTO €ro TeMIepaTrypa yMEHbIIUTCS B 1 pa3. [locTpouTs rpaduk JaHHOTO Ipolecca.

Bapuanr | T,K | V,n. |d,cm. | To, K | m, oTH. Bem.
1 1001 | 1,14 | 1,20 280 2
2 1002 | 1,13 | 1,21 281 2,01
3 1003 | 1,12 | 1,22 282 2,02




4 1004 | 1,11 | 1,23 283 2,03
5 1005 | 1,10 | 1,24 284 2,04
6 1006 | 1,09 | 1,25 285 2,05

3akonbl porodrddexra @opMyIMPOBKA 3aJaAHUSA:
[Tpu moovepeHOM OCBELICHHH ITOBEPXHOCTH HEKOTOPOTO METaJlJIa CBETOM C JUTMHAMHU BOJH A1 U A2
00HAPY’KUJIH, YTO COOTBETCTBYIOIINE MAaKCUMAaJIbHBIE CKOPOCTH (DOTORIEKTPOHOB OTINYAIOTCS APYT
oT Apyra B 1 pa3. Haligure paboTy BbIxosa Apsrx ¢ HOBEPXHOCTH 3TOT0 MeTaJlIa.
J10 KaKOoro MakCMMaJIbHOT'O MOTEHIMAJIA ¢ 3aPSAOUTCS YAAICHHBIA OT JPYIUX TEJl LIAPUK,

W3rOTOBJICHHBIA W3 JIAHHOTO METa/Ula MPU OOJYYCHHH €ro 3JCKTPOMArHUTHBIM H3JIy4EeHHEM C
JUTHHOMN BOJIHBI A37

Bapuant | A1, MKM | A2, MKM | 1], OTH. BEJL A3, HM
1 0,342 0,564 2,25 140
2 0,343 0,565 2,26 141
3 0,344 0,566 2,27 142
4 0,345 0,567 2,28 143
5 0,346 0,568 2,29 144
6 0,347 0,569 2,30 145

dddext Komnrona @opmyimpoBKa 3aJaHUs:
®oTOoH ¢ dHepruen E paccesuics Ha IOKOUBILEMCs JJIEKTpOHE. B pesynbraTe paccessHus NIMHA
BOJIHBI (DOTOHA U3MEHWJIACh Ha 1) OT MaJarollel ATUHBI BOJHbL. Haiinure: KHHETHUECKYIO SHEPTUIO
Wk »onexkTpoHa oOTHauu; W3MEHEHUE JJUHBI BOJHBI AA; Yroia ¢, MOJ KOTOPHIM BBbLIETEN
KOMIITOHOBCKHH 3JIEKTPOH. IIocTpoiiTe BEKTOPHYIO AMarpammy.

Bapuanr | E, MaB | 1, oTH. Ben.
1 2,00 0,225
2 2,01 0,226
3 2,02 0,227
4 2,03 0,228
5 2,04 0,229
6 2,05 0,230

Teopusi Bopa BogoponononodHbIX aT0MOB POPMYJIMPOBKA 3aJaHUS:
JI11st BOIOpOJONIOJOOHOTO aTOMa, 3apsAA0BOE YUCIO KOTOPOTro Z, OIpPEEINTe:

1) IMMOJIHYIO S9HEPTHIO JJICKTPOHA En Ha Op61/ITaX C I'IaBHBIM KBAHTOBBIM YUCJIOM N1 U N2;

2) pamuyc OpOHTHI I'n1, CKOPOCTh SIEKTPOHA HA ITOM OPOMTE Vn1 U TIEPHOJL €T0 OOpaIeHHS
Tn ;

3) anuHy BoMHBI A (OTOHA, U3TYYAEMOTO MPHU MEPEXOJe DIEKTPOHA C IHEPTETHUECKOTO
YPOBHS N1 HA BHEPTETUYECKUI YPOBEHbD C N2,

4) ChekTpanbHYIO CEPHIO TIEpeXo/a U 061acTh 3IeKTPOMATHUTHOTO u3Tyuenus. [lokasarts
Ha AJIEKTPOHHOM JrarpaMMe BO3MOKHBIE MEPEXObl ISl TAHHOTO 3JEKTPOHA.

Bapuanr | ni |n2 | Z
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2.2. OueHo4YHbIe CpeACcTBA I IPOMEKYTOYHOM aTTecTaluu
Bomnpocsl k 3xk3aMeny

1. OcHOBHBIE TPEANOCHUIKM CO3/IaHUSI AaTOMHBIX Mojenei. OO0nacTh HCCIeIOBaHUM
aTOMHOM (PU3HKH.

2. TemnoBoe W3IIy4eHUE U €Tr0 3aKOHBI. XapaKTEPUCTHKU TEIIOBOTO M3IYYECHHUs. 3aKOH
Kupxroda. 3akoHbsl u3nydeHus aOCOMOTHO depHoro tena. Kmaccuueckass Teopusi paBHOBECHOTO
u3nyudeHus. KBantosas Teopus paBHOBecHOro uznyuyenusi. @opmyina [lnanka.

3. Buemmnwmii doroadpdexr. Dotorddexr. 3akonsl (doTodrddexkTa. DnemeHTapHas
KBaHTOBas Teopusi hoTodddekra.

4. @oronbl u ux cBoictBa. Dotonbl. [laBnenue cBera. OmbiThl JleGeneBa. Dddekt
KomnTona. PEHTTreHOBCKOE U3TydEHHUE.

5. KopmyckynsipHo-BOJIHOBOM yanusm yactuil. BomHbl e bpoitns. DxcnepuMeHnTanbHoe
MOJATBEPK/ICHNE BOJHOBBIX CBOWMCTB vactull. Judpaxmus osnextpoHoB. CooTHOLICHHE
HEONPEeIeICHHOCTEM.

6. OCHOBHBIC MOHATHUS M TIOJIOKEHUS KBAaHTOBOW MeXaHWKHW. VHTeprperaius BOJIHOBOM
¢bynakiun. CoOcTBeHHBbIE (QYHKIIUU M COOCTBEHHBbIC 3Hau€HUs (U3MUYECKUX BEIUYUH. Y PaBHEHHS
[IIpenunrepa. KBaHTOBO-MEXaHMYECKUH MPUHLHUI CYINEPIO3ULIHNA TOJOKEHUN. BeposTHOCTH
OTIpeIeIEHHOTO 3HAUYCHUS (PU3HMUECKUX BEIUYUH.

7. Ilpoctble 3amauM KBaHTOBOM MeXaHUKHU. YacThima B NOTEHUMANIbHOH  sIME.
["apmonnueckuit ocuuuiaTop. [IpoxoxaeHre MUKpOYaCTHIIBI Yepe3 MOTEHIIMATbHBINA Oapbep.

8. Atomueie crektpel. Ctpoenne aroma. Teopusi Bopa. 3akOHOMEPHOCTH aTOMHBIX
cnektpoB. OmbiTel  Pesepdopna. Ilmanerapuas wmomens aroma. Iloctymatet  bopa.
DKCIepuMEeHTaIbHOE MMOATBEPKICHHE MOCTYyIaToB bopa.

9. Ombitet ®panka wu ['epua. IloHaTrne ympyroro # HEYHpyroro paccesHus,
pacmpenenenns 3JeKTPOHOB [0 SHEPrusM M €ro SKCIepUMEHTalbHOro mnosydeHus Ilomomib
MPUHIUITAATIBLHON CXEMBI ONBITOB, UX MOCIEACTBUSL.

10. Atom Bomopoaa (BOAOPOIONON00HBIE aTOMBI). Mojelb aromMa Bojaopoaa mo bopy.
Henocratku teopun bopa. KBanToBas teopust aroma Bogopoa. CrekTp aToMoB BOJOpO/ia

11. MexaHuueckuii ¥ MarHUTHBI MOMEHTBHI AJIEKTPOHOB B aroMe. MarHUTHBII MOMEHT
anekTpoHa. CoOCTBEHHBIM MarHUTHBIM MOMEHT 3jekTpoHa. OmbiTel llltepHa u ['epnaxa. CrwuH.
[IpaBuna noGaBneHuss MOMEHTOB. [1OJIHBIT MEXaHWYECKWA W MarHUTHBI MOMEHTHI JJICKTPOHA B
aroMe. [1oaHbI MEXaHUYECKU U MAarHUTHBIA MOMEHTBI aTOMA.

12. Cnektpel atomoB. [lpaBumna orOopy. CrmH (oToHa. ToHKas CTPyKTypa CIEKTPOB
aTOMOB BOJIOPO/Ia M LIEJIOYHBIX MeTAIIOB. D¢ ekt 3eemana.

13. MHoroanekTpoHHble atoMbl. [lepnonndeckas cucrema siaementoB JI.M. Menzaeneesa.
Cucrembl TOXAeCTBEHHBIX MUKpoyacTHll. [Ipuniun Ilaymnu.

14. Monekymbl: XUMHYECKHE CBA3M U SHEPreTHYecKHe ypoBHHU. VIOHHbBIE U KOBaJeHTHbIE
cBsi3u. OOMEHHOE B3aMMOJACUCTBHE. ODHEPreTHYECKHe YPOBHM MOJIEKYJI M HMX KBAHTOBBIC
3aKOHOMEPHOCTH. OJICKTPOHHBIA MOJCKYJISIpHBIN crnekTp. KomebarenbHble MW BpaliaTelbHBIC
cnekTpsl. KoMOMHaIMOHHOE paccesiHue CBeTa.



