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ABSTRACT

Specialist’s/Master’s degree in 14.03.02 Nuclear physics and technologies.
Course title: Atomic physics.

Variable part of block, 5 credits.

Instructor: Ph.D. Quarton L.A.

At the beginning of the course a student should be able to:

For successful study of the discipline "Atomic Physics” the following preliminary
competences should be formed for students:

* possession of a culture of thinking, capable of generalization, analysis, perception
of information, setting goals and choosing ways to achieve it (GC-1);

Learning outcomes:

OPC-3

ability to use the basic theoretical knowledge of the fundamental sections of General
and theoretical physics to solve professional problems

PC-3

willingness to conduct physical experiments according to a given method, compiling
descriptions of the research and analysis of the results

PC-4

the ability to understand and present the information received and the results of
physical research.

Course description:

The course "Atomic Physics" is based on the content of the following disciplines:
"Philosophy", "Molecular Physics", "Theoretical Mechanics", "Physical Practicum”,
"Equations of Mathematical Physics”, "Quantum Mechanics", "Fundamentals of
Mathematical Analysis", "Mathematical Analysis" undergraduate .

Discipline is the foundation for such disciplines as “Physics of the Atomic Nucleus
and Particles”, “Physics of the Condensed State”, “Quantum Theory” and most of
the special training courses.

At present, the entry into the era of nano-technology, the emergence in the life
around us of an increasing number of devices and devices operating at the atomic
level, knowledge of the foundations of the structure of the atom becomes a sign of
any educated person. For students of physics, this course is the first and fundamental
in the study of the laws and features of a micro-object in general and the electron
shell of an atom in particular. As a section of the general physics course, atomic
physics includes the consideration of phenomena, in which fundamental quantum-
mechanical regularities manifest themselves in an obvious way, which make it
possible to formulate the basic concepts and model of this field of phenomena. For a
theoretical description of the structure of the electron shell of an atom and atomic
phenomena in the course, a number of basic concepts and methods of quantum
theory are used.

The objectives of the development of the discipline "Atomic Physics" - consists in
the formation of ideas about the nanoworld, its spatial and temporal scales and basic
laws based on quantum ideas.

Tasks:



 formation of students' understanding of the quantum laws of the structure of the
atom, the "scale" of the manifestation of quantum atomic effects and phenomena,

» students learning theoretical material;

* development of skills for analyzing atomic phenomena and solving problems;

« formation of the ability to set and solve experimental problems at the level of
atomic phenomena;

« understanding of the main problems of atomic physics as a science;

« competent use of acquired knowledge and skills in special disciplines.

Main course literature:

Main literature

(print and electronic publications)

1. Sivukhin, D.V. A general physics course: a manual for physical specialties of
universities [Text]: [in 5 tons.] V. 5. Atomic and nuclear physics / D.V. Sivukhin. -
M.: Fizmatlit, 2008. - 782 p.

EC NB FEFU:

http://lib.dvfu.ru:8080/lib/item?id=chamo:675292

2. Shpolsky, E. V. Atomic Physics [Text]: textbook [in 2 vol.]: Vol. 1. Introduction
to Atomic Physics / E. V. Shpolsky. - SPb. : Lan, 2010. 557 p.

EC NB FEFU:

http://lib.dvfu.ru:8080/lib/item?id=chamo:307400

3. Shpolsky, E. V. Atomic Physics [Text]: textbook [in 2 tons]: v. 2. Fundamentals
of quantum mechanics and the structure of the electron shell of an atom / B.. V.
Shpolsky. - SPb. : Lan, 2010. - 441 p.

EC NB FEFU:

http://lib.dvfu.ru:8080/lib/item?id=chamo:307393

4. lrodov, l.Ye. Quantum Physics. Basic laws [Text]: [textbook for universities] /
I.E. Irodov. - M.: BINOM. Laboratory of Knowledge, 2007. - 256 p.

EC NB FEFU:

http://lib.dvfu.ru:8080/lib/item?id=chamo:277584

5. Barsukov, O. A. Fundamentals of atomic physics [Text] / O. A. Barsukov, M. A.
Elyashevich. - M.: Scientific World, 2006. - 648 p.

EC NB FEFU:

http://lib.dvfu.ru:8080/lib/item?id=chamo:253326

6. Irodov l.Ye. Problems in Quantum Physics [Text]: textbook for universities /
I.E.Irodov. - M.: Laboratory of Basic Knowledge, 2006. - 215 p.

EC NB FEFU:

http://lib.dvfu.ru:8080/lib/item?id=chamo:276074

7. Elyashevich, M.A. Atomic Spectroscopy [Text] / M.A. Elyashevich, preface.
L.A. Gribova. - M.: LIBROKOM, 2009. - 415 p.

EC NB FEFU:

http://lib.dvfu.ru:8080/lib/item?id=chamo0326343

Form of final knowledge control: exam



AHHOTAIMSA

PaGouas mporpamma aucruIuimHBI «ATOMHas ¢uU3MKa» pa3paboTaHa s
ctynentoB 3 kypca HampasieHus 03.03.02 «®Pusuka», B COOTBETCTBUU C
tpedoBanusimu OC BO JIBOY no nanHOMY HanpaBIlICHUIO.

HucuunmuinHa  «ATtomHas — ¢u3uka» oTHocuTes K pasaeny b1.B.5.5
00s13aTENbHBIX TUCIUIUIMH 0a30BOM YacTH y4eOHOrO IJIaHa.

OOmast TpyAOEMKOCTh JUCIUIUIMHBI COCTaBIsI€T S 3a4YETHBIX EIUHHUII,
180 yacoB. Y4eOHbIM IJITAHOM TPEIYCMOTPEHBI JEKUHOHHBIE 3aHATUs (36 yac.) u
naboparopubie  pabotel (54 wac.), mpakTudeckwe 3aHATHS (36  Hac.),
camocrosTenbHas padota (54 Jac., B TOM YKCjIe Ha IMOATOTOBKY K 3K3aMeHy 36 Jac.).
JucuumnHa peanusyercs B 5 cemectpe 3 Kypca.

Kypc «Atomuas ¢usuka» onupaercss Ha COACp)KaHWE JIUCUUILIUH
«Dunocodusi»y, «MonekynapHas  ¢usukay, «Teopernyeckas  MeXaHHUKay,
«Duznyeckui IIPAKTUKYMD, «Metoabl MaTeMaTU4EeCKOU bu3uKNY,
«MaremaTHueCcKON aHAIU3).

HucuumivHa saBiseTcs GyHAAMEHTOM JJId TakKuX AUCIUIUIMH, Kak «Dusnka
aTOMHOTO fJIpa U YacTul, «Du3nka KOHICHCUPOBAHHOTO COCTOSIHUSY, « KBaHTOBasI
MEXaHHUKa» U OOJILIIMHCTBA KYPCOB CIEIIMAIIbHON MOJATOTOBKH.

B HacTosimiee BpeMs BCTYIUIEHHS B 3MOXY HAHO-TEXHOJIOTUM, TMOSIBICHUS B
OKpYXalollled Hac JKU3HU Bce OOJBIIEro 4dYHcia NpudOpOB H  YCTPOUCTB,
paboTaImux Ha aTOMHOM YPOBHE, 3HAHME OCHOB CTPOCHHS aToMa CTaHOBHUTCS
MPU3HAKOM JIFOO0TO0 00pa3oBaHHOTO 4enoBeKa. (i cTyaeHTOB-(U3UKOB JTaHHBIN
KypC SIBJISICTCSI TIEPBBIM M OCHOBOIIOJIAralOlIUM B M3yYEHUU 3aKOHOMEPHOCTEH U
0COOEHHOCTE MHUKPOOOBEKTa BOOOIIE W DJIEKTPOHHON OO0OJIOYKM aToMa B
yacTtHocTH. Kak pa3znen kypca oOwel pusuku, atToMHas (pu3nMKa BKIIOYAET B ceOs
pacCMOTpEHUE SIBJIGHUM, B KOTOPBIX OYEBUJHBIM OOpa3oM MPOSIBISIOTCS
dbyHIaMEHTAIbHBIE KBAHTOBO-MEXaHMYECKHUE 3aKOHOMEPHOCTH, TO3BOJISIOIIHE
chOpMyIMPOBATh OCHOBHBIE TOHSATHS M MOJIETh ATOW oOnacTu siBleHui. Jlns
TEOPETUUYECKOTO OMHCAHUS CTPOCHHS DJICKTPOHHOW OOOJIOUKH aToMa M aTOMHBIX
SBJICHUN B KypCE€ MCMOJIb3YEeTCS Psii OCHOBHBIX TMOHSTHH M METOJ0B KBaHTOBOM
TEOPHUH.

Hean ocBoeHUsT AUCHUIIIMHBI «ATOoMHass (¢uU3UMKa» — COCTOMT B
dbopMUpPOBAaHUM TPEACTABICHUNM O HAHOMHUPE, €ro MPOCTPAHCTBEHHO-BPEMEHHBIX
MaciTabax 1 OCHOBHBIX 3aKOHAX HAa OCHOBE KBAaHTOBBIX HJIECH.

3agaum:

e (opmMupoBaHHE Yy CTYJEHTOB MOHMUMAaHUS KBAHTOBBIX 3aKOHOMEPHOCTEH
CTpPOEHHUsI aTOMa, «MaclITa0OB» MPOSBICHUS KBAHTOBBIX ATOMHBIX 3(PQPEKTOB U
SIBJICHUH,



® YCBOEHHUE CTYJEHTaMHU TEOPETUYECKOIO MaTepuaa;

e (hopMupoBaHKE HABBIKOB aHAJIN3a ATOMHBIX SIBJICHUH U pelICHUs 3a]1ay;

e (hopMUpOBaHKE YMEHUS IMIOCTABUTH U PEIINTH IKCIIEPUMEHTAIBHBIX 3371a4 Ha
YpOBHE aTOMHBIX SIBJICHH;

® [TOHMMAaHUE TJIABHBIX MPOOJIEM aTOMHON (PU3UKHU KaK HAYKH;

® I'PAMOTHOE UCTOJIb30BAHUE MOJIYYCHHBIX 3HAHUN M YMEHUH B CIEIIMAIIbHBIX
JTUCIUTUTMHAX.

JI71s1 yCenHoro u3y4eHus: AUCHUILUIUHBI « ATOMHas (U3UKa» y 00ydarommxcs
JOJDKHBI OBITH CHOPMHUPOBAHEI CIICTYIOIINE TIPEIBAPUTEIHHBIC KOMIICTCHITUH:

® BIAJICHUEM KYJIbTYpOW MBIIUICHHS, CIOCOOEH K O0OO0OIIEeHHIO, aHAIHU3Y,

BOCIIPpUATHIO HH(i)OpMaIII/II/I, IIOCTAHOBKEC LECJIN U BBI60py HYTeﬁ €€ IOCTHKCHUA
(OK-1);

B pesynbrare u3yueHusi JaHHOW AUCIMIUIMHBI Y 00y4aromuxcst GopMupyroTcs
CeAyoMe OOMEKYyIbTypHbIE / MPOodEeCCHOHAIbHBIE KOMMETEHIHUH (3JE€MEHTHI
KOMITETCHITHHN ):

Kona u popmyaupoBka Jransl popMUpPOBaAHUS KOMIIETEHIIUN
KOMIIETEeHI[UH

HpOCTGfIH.IPIG YpaBHCHUA, OTMCBIBAOIINC 0COOEHHOCTH
IIOBCACHHA aTOMHBIX CUCTEM,

COCTaBUTH YpPAaBHCHHA IJIA HpOCTeﬁHIPIX CJIydacB
MOBE/ICHUS] HAHOYACTHII, TOJTYYHTh U
MMpOoaHaJIUu3nupPOBaATh X PCIICHWA, OUCHUTH YN CJICHHBIC
3HAUCHUS XapPAKTEPHBIX BEIUYUH JIsl KOHKPETHOTO
COCTOSIHMA YaCTHUILIbI, TPOBOANTH BEIYUCIICHHUSA C
TpeOyeMoii CTENeHbIO TOYHOCTH; (POPMHUPOBATH
JTOKYMEHTHI C pe3yJIbTaTaMU CBOEH PabOThI, HCIIONB3YS
cpenctea Word u Excel

OIIK-3 criocoOHOCTH
UCIIOJIH30BaTh Oa30BbIE
TEOpEeTUYECKHUE 3HAHUS
byHIaMEHTAIBHBIX
pa3zienoB oomiei u
TEOPETUUECKON (HPU3UKU

JUIS PELICHUs
pO(eCCHOHANBHBIX METOJUKAaMH MaTeMaTU4ecKol 0OpabOTKU NaHHBIX.

3anau OLICHUTh YHMCJICHHBIE 3HAYEHUS XapaKTEPHBIX BETUYNH
JUIsl KOHKPETHOTO COCTOSIHUSL YaCTULIBI, IIPOBOAUTH
BBIYHCIICHUS C TpeOyeMOl CTENEHbI0 TOYHOCTH;
METOAMKaMH 00pabOTKM JAHHBIX C TOMOILBIO
COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTUI

TIK-2 OCHOBHBIC 3KCIICPUMCHTBI, HIUIFOCTPUPYIOITHUEC IPUPOAY
CIIOCOOHOCTH 3Haer 00BEKTOB U SIBICHUN HaHOMUDA, MOPAIKU BEJINYHUH B
HpOBO,I[I/ITL Hay‘-IHBIC aTOMHOM MI/IpC.

HCCIEeN0BaHUs B

- obpamarhcs ¢ 060pyIoBaHHEM DH3HIECKOi
130paHHOl 061acTH pain pyA ¢ €CKO

SKCIIEPUMEHTATBHBIX napoparopuu;

(I/IJII/I) TEOPETUYECKUX VMeer NPUMCHATH TCOPCTUYCCKUC 3HAHUA K PCIICHUTIO
buznyeckux MPaKTUYECKUX U HAYyYHBIX 3a/a4;

HACCIICAOBAHUH C NOHUMATb, U3J1araTh U KPUTHUECKU aHAJIM3UPOBaTh

MTOMOIIIBIO o0mepu3nyecKyr0 HHPOpPMAIIHIO.




COBPEMEHHOM
npuOOpHO 6a3sl (B TOM

qHCIIe CIIOKHOTO METOJIMKaMH MaTeMaTH4eCKOl 00pabOoTKU JaHHBIX,
buznueckoro OLICHKH YMCJICHHBIX 3HAYEHUI XapaKTEPHbIX BEIUUUH
000py0BaHuUs) U Brnaneer JJIS1 KOHKPETHOT'O COCTOSTHUS YaCTHUIIBI,
MH(pOPMALHOHHBIX METOAMKaMH 00paOOTKH JJAHHBIX C TOMOIIBIO
TEXHOJIOTHH C yIETOM COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHIA.

OTEYECTBEHHOT'O U
3apy0eKHOTO OTbITa

CYILIECTBEHHbIE 3aKOHOMEPHOCTH BOZHUKHOBEHUS U
pa3Butusa QyHIaMEHTANbHBIX (DU3HMUECKUX TEOPHIt;

OCHOBHBIC ITPUHIIMITEI M COOTHOIIICHHUS, KOTOPBIC
[1K-4 criocoGHOCTH

BBHEKaHHTH33KCHCpHMCHTOBaTOMHOﬁ(bH3HKH.
IIOHHMMAaTh U HU3Jjiaratb

HOJTy4aeMyto COCTaBUTb YpaBHEHMS Ui POCTEHIINX CIy4aeB
UHPOPMALIHIO U MOBEJICHHSI HAHOYACTUII, TOJIyIUTh U

IPEICTaBISATH [IPOAHAIM3UPOBATh UX PEILICHHUS.

PE3yIIbTATEI MIpHeMaMH BbIBO/Ia OCHOBHBIX COOTHOILIEHUHN MEXTY
(bU3HIECKUX

. (bu3MYECKUMHU BEIHMUYMHAMU CIIEAYIONIUE U3 TIOCTYJIaTOB
HCCIICIOBAaHNI .
TEOPUU WUJIU U3 PE3YJIbTATOB SKCIIEPUMEHTA,;

METOJaMH BBIUUCIICHUS ¢ TPEOYEeMOM CTENEHBIO

TOYHOCTH.

Jlis popmupoBaHUS BBIIIEYKA3aHHBIX KOMIIETEHIIMM B paMKaX JUCIMILIMHBI
«ATOMHas buzuka» IPETYyCMOTPEHBI Cleyromue METO/IbI
AKTUBHOTO/MHTEPAKTUBHOIO OOYYEHHS: BCE JIEKIIMOHHBIE 3aHATHUS TPOBOJATCS C
UCIIOJIb30BAHUEM  MYJIbTUMEIUA-TEXHOJIOTUM, IPU PACCMOTPEHHWH MaTepuaia
UCIIOJIB3YETCSl METOJ MpoOJieMHOM Jekuuu. JleBu3 Kypca: aroMHas (Qui3uka —
O0opb0a ue.

|. CTPYKTYPA U COAEP)KAHUE TEOPETUYECKOM YACTH KYPCA

Pasznea |. OcuoBbl aTomHoili dusuku (20 yac.)

Tema 1. BBegenue B jucuuninny (2 vac.)

[Ipenmer u wmetoawl. Ilpedensl TPUMEHUMOCTH KJIACCUYECKOW (PU3HKH.
Eqununpel m3MepeHuss W TMOPSAKM BEIMYMH B aToMHOM (usuke. M3znydenue
abcoiroTHO u€pHOTO Tena. PoTodPDExT.

Tema 2. CTpoenne aTomMa, IMCKPETHOCTH ATOMHBIX COCTOsTHUIA (8 uac.)

NurepakTuBHas popma : npodaeMHAast JIeKIUA

Mopgenn cTpoeHusi artoma. 3aKOHOMEPHOCTM B aTOMHBIX CHEKTpax.
KomOunarmonueiii mpuHiiun. OMBITEL 110 PacCeSHHUIO O-4acTHIl. SaepHas Mojelb
atoma. [loctymarel bopa. Ombitei ®@panka u ['epma. DnemeHTapHas OOpoBCKas
Teopust atoMa Bogopoaa. [Ipuniun coorBercTBHs. Bomopoaonomo0Hbie aTOMBI.

Tema 3. D1eMmeHTHI KBaHTOBOI Mexanuku (10 gac.)

['mnore3a pne bpoina. Oneitel  J[9BHccoHa u  [xepmepa. I[lpuHuun
HeonpeneneHHoctu. Ypasuenue lIpenunrepa. Cmbica ncu-¢ynkuuu. KBantoBanue



MOMEHTa uMIyJbca. KBaHTOBaHME »JHEPruu. OJIEKTPOH B MNPSAMOYTOJIBHOU
MOTEHIUAJIBHOU sAME. | ' apMOHUYECKUI OCHUIUISTOP.

Paznea |l. ®usuka aromoB u moJsiekyJa (16 gac.)

Tema 1. AToMHBIE clIeKTPHI (2 4ac.)

AtoMm Bomoponaa. CroekTpbl MIeNOYHbIX MeTauioB. lllupuHa crekTpanbHBIX
JUHAW. MyJIbTUILIETHOCTD CIIEKTPOB U CIIUH JIEKTPOHA.

Tema 2. MexaHu4YeCKHil 1 MATHUTHBII MOMEHT aToMa (4 4ac.)

Pe3ynbTupyrommii - MEXaHMYECKUA MOMEHT MHOTO3JIEKTPOHHOIO — aToMma.
O0603Ha4YeHUs] AaTOMHBIX COCTOSHMM. MarHuTHeld MOMEHT aroMma. (PeKTsI
3eemana u [ITapka.

Tema 3. ATomMHBIe 3aKOHOMepPHOCTH (4 yac.)

HNuTepakTuBHas ¢gopma : npodaeMHasA JeKIHUS

[Ipmammn  Ilaymu. PacnpeneneHue  3JEKTPOHOB IO DHEPrETUYECKUM
coCTOSIHMSIM ~ artoMa. llepuonnueckas cucremMa 3JIEeMEHTOB  MeHeneesa.
PentrenoBckue cnekTpol. 3akoH Mo3miu.

Tema 4. MoJiekyJia (4 gac.)

Anunabatudeckoe mnpubmkeHue. Monekyna Bojgopoaa. MonekyspHbie
crieKTpbl. CEKTPhI ABYXaTOMHBIX MOJIEKYI.

Tema 5. Makpockonnyeckne KBAaHTOBBIE siBJIeHHUsI (2 Jac.)

CrnontanHoe ¥ BbIHYXKJIeHHOe wu3nyudeHue. Koaddunuents I¥HIITEHHA.
Jlazepsl. CBepXOpOBOJUMOCTD, CBEPXTEKYUECTh, UX KBAHTOBAs IPUPOJIA.

1. CTPYKTYPA U COAEP)KAHUE MPAKTUYECKOM YACTH
KYPCA

IIpakTHUYecKkue 3aHATHS

3anamue 1.  Eounuyvl usmepenus u nopsaoku 6eiudur 8 amomHou gusuxe.
H3znyuenue abconromuo yéproeo mena. Pomosghpexm (2 uaca).

3ansmue 2. Onvimwl no paccesnuto a-yacmuy. Aoepras mooeno amoma (4
yaca).

3auamue 3. Onvimul no paccesHuo o-4acmuy. foepras mooens amoma
(npooondicernue)

3anamue 4. Onvimwul @panxa u I'epya (2 waca).

3anamue 5.  Dnemenmapras 60posckas meopusi amoma 600opooda (2 waca).

3anamue 6.  Boodopooonooobnvie amomol (2 uaca).

3ansmue 7.  T'unomesa oe Bpoiinsa. Onvimet [peuccona u [orcepmepa (4
yaca).

3anamue 8.  T'unomesa oe bpoiinsa. Onvimul [[p6uccona u [xcepmepa
(npooondicerue)

3anamue 9.  Ilpunyun neonpedenennocmu (2 uaca).



3anamue 10.  VYpasnenue lllpeouncepa. Cmvicn ncu-@ynkyuu. IneKmpon 8
NPAMOY20N1bHOU NOMEHYUANbHOU Ame (2 yaca).

3anamue 11. Koumponvnas paboma (2 uaca).

3anamue 12.  Cnexmpul wenounvix memannos (4 waca).

3anamue 13. Cnexmpwl wjeiouHbIX MEMAios (Npooodicenue)

3anamue 14.  Pe3ynomupyowuti MexaHuuecKuti MOMeHm MHO20JIeKMPOHHO20
amoma. Obo3HaueHus amoMHbIX cocmosanull (4 uaca).

3anamue 15.  Pe3ynomupyowuti MexaHuuecKuti MOMeHm MHO20JIeKMPOHHO20
amoma. Obo3HaveHUsi AMOMHBIX COCIMOSHUL (NPOOOAdNCEHUE).

3ansmue 16. Maenumuwiii Momenm amoma (2 uaca).

3anamue 17. O¢hgpexmul 3eemana u llawena-baka (2 yaca).

3anamue 18. HUmoeosoe 3anamue (2 uaca).

3amaun A MPAKTUYECKUX 3aHATUN cojlepikaTcs B mocobuu ''3amaud 1o
aToMHOU (uzuke" st CTyJeHTOB 3 Kypca HIKOJIbI €CTECTBEHHbIX Hayk [[BOY
JILA.KyaproHn, 2012, 50 c. (152 3apauu, 16 peméHHbIX TPUMEPOB).

JlaGopaTopHublie padoTsl (54 gac.)

[lo yeTHBIM HENENSAM MPOBOJAATCS YETHIPEXUACOBBIE 3aHATHA (Bcero 36 yacoB
32 CEMECTp) C KCIOJIb30BAHUEM METOJIOB aKTUBHOTO oOydeHus «case study» u
«UHJIUBUAYATbHBIA MPAKTUKYM.

KoauvecTBo paGor Ha cemectp — 9 mr. Ha kaxnyw padoTy cTyaeHTy
oTBOAMTCA 6 yac. CIMCOK KOHKPETHBIX JIA0OPATOPHBIX padOT — MHAMBUAYATbHBIM
JUISL KQKJIOTO CTYIEHTA.

JlaGopaTopHnas padora Nel. Judpakuus 3;nexrponos (Phywe).

BrimonasieTcss BapuadT omnbiToB TomcoHa u TaprakoBckoro. HabGmromarorcs
BOJIHOBBIE CBOMCTBA JJIEKTPOHOB. M3 aHanmu3za AMQPPAKIMOHHBIX MAaKCUMYMOB
IIPOU3BOAUTCS PACUET MEKIUIOCKOCTHBIX PACCTOSHUM KPUCTAUIMYECKON PELIETKU
rpadura.

JlabopaTopHnasi padora Ne2. Cepust banbmepa u onpeeneHue NoCTOSTHHOM
Punoepra (Phywe).

C nomoimplo AUGPAKIIUOHHON PEMICTKH HAOIIOJAETCS CHEKTP HCIyCKaHUS
BOJIOPOJHON jammbl. M3mepsitoTcsi 3HaueHHWs JJIMH BOJIH 4-X JIMHUM Cepuu
banbMepa, mo3BoJISIIONIME paccuuTaTh NOCTOSAHHYIO0 Prnbepra.

JlaGoparopuass padora Ne3. CooTHolmleHHe  HeompeaeJTeHHOCTel
Ieiizenoepra (Phywe).



HaGmogaercs nudpakumoHHass kapTtuHa oT oaHod wmenu. HWexons wu3
M3MEPEHHON HMIMPUHBI TJIABHOTO MAKCUMyMa MPU HECKOIbKUX 3HAYEHUAX IIUPUHBI
Tu(PaKIIMOHHON IIMENH, CTYIASHTHI YOEXKTArTCSd B TOM, YTO COOTHOIIEHHUE
HeomnpeaenéHHoCTel U KaHOHMYECKUX TEPEeMEHHBIX (MMITyJbca M KOOPIWHATHI)
(OTOHOB BBITIOJTHSIETCS.

JlabopaTopnasi padora Ne4. OnpenesieHue yaeJbHOr0O 3apsiia 3JeKTPOHA
(ABDY).

N3mepsitoTcst XapakTEpUCTUKUA MarHETPOHA, IO KOTOPBIM JBYMS CIIOCOOaMHU 1O
rpaukaM OMPENESIOTCS KPUTUYECKUE 3HAUYCHUS MAarHUTHOW WHIYKIUW (TICPBBINA
MeTo), Kod()(PUIMEHT HAKJIOHA BOJILT-aMIEPHON XapakTepuctuku (rpapux U2, 1)
Y pacCUMTHIBACTCS 3HAUYCHHE &/m.

JlabopaTtopnasi paGora NeS. ATOMHBIE CHEKTPbI ABYX3JEKTPOHHBIX
cucrem: He, Hg (Phywe).

N3mepsroTcst JIMHBI BOJIH JIMHHUM B CIIEKTpax reJIMeBOM, a 3aTeM PTYTHOM JamIl
(pa3noxeHue B CIEKTp — C MOMOIIbI0 TudpakiroHHon pemietku). Ha ocHoBanuu
aHaju3a CIEKTPOB CPAaBHUBAIOTCS KYJIOHOBCKHE, CIIMH-OPOUTANIbHBIE U OOMEHHBIE
B3auMoeicTBuA 1 jierkoro (He) u tsokenoro (HQ) atomoB.

JlaGoparopHasi pabora Ne6. 3akon Credana-boabumana (Phywe).

N3mepsieTcst 3aBUCUMOCTh MHTETPAIbHON CBETUMOCTH JIAMITbI HaKaJIMBaHUA (C
MOMOIIBIO TEPMOCTOJIOMKA) B 3aBUCHMOCTH OT TEMIEPAaTyphl CIHPAIU JIaMIIBI
(oLleHHBaeMOM KOCBEHHO TIO TEMIIEPATypHOW 3aBUCUMOCTH €€ DIIEKTPHUUECKOTO
COMPOTHUBJICHUS). AHAIU3 COOTBETCTBYIOIIETO TpaduKa TO3BOJSIET CTYACHTaM
yoenuThCa B cripaBeyIMBOCTH 3akoHa Ctedana-bonbiMaHa, naxe Mpu yCIOBUSX,
KOT/JIa JIaMIla He MOXET CYUTATHCS aOCOIOTHO YEPHBIM TEJIOM.

JlaGoparopHuasi padora Ne7. 3akon Credana-boabumana (Pocyunpudop).

OOBeKT ucciaeaoBaHus NPeACTaBIsIeT COO0M MoJieNb a0COTIOTHO YEPHOTO Teja
Y BBINOJHEH KaK 3aKpbITasi TEPMOMU3O0JIUPOBAHHAS JIEKTPONEYb C OTBEPCTUEM Ha
nepenHen creHke. Jlisi u3MepeHuss TeMmIepaTypbl BHYTPU I€YM KOHTAKTHBIM
CIIOCOOOM CITY’)KHT TepMoIiapa, PEeryjIupyeMblii HCTOYHWUK THTAHHS TIO3BOJISICT
pazorpets mneub g0 Temmeparypbl 800°C. Ilocrosinnas Credana-bonabiMana
paccuuThiBaeTCs 4epe3 Kod(PhUIMEHT HaKJIOHA TIPSMOM B CIIEIIMAIbHO BHIOPAHHBIX
KOOPJAMHATHBIX OCSX.

JlaGopaTopnas padora Ne8. OnbiT @panka u I'epua ¢ HEOHOBOH JaMMoi
(Pocyunpudop).

Kinaccuueckuii onbit @panka u ['epuia npoBOaUTCS ¢ HEOHOBOM JaMIion (st
CTYJIEHTOB — JlamIia ¢ HEW3BECTHBIM razoMm). Ha skpane ocmmiorpada CTYIEHTHI
HaAOJIIOAAI0OT BOJIbT-aMIIEPHYIO XapaKTEPUCTUKY, OTPAKAIOIIYI0 00JIaCTH YNPYTUX U
HEYNPYTUX COYAapEeHU aTOMOB C 3JEKTPOHAMHU. AHATU3UPYsS PACCTOSIHUS MEXKIY
MaKCUMyMaMH Ha OCIWJUIOTpaMMe, CTYJEHThl OMNpPENEeNstoT MEepBbI MOTEHIMal



BO30Y)KJIEHHSI aTOMOB, M 3aTeM 110 TabJMIe TOTEHIIMAIOB BO30YK/I€HUS BBISICHAIOT
NpUPOAY ra3a B JamIle.

JlabGopaTopuasi pabGota Ne9. Onpenenenne nocrosuHoi Ilnanka B onbiTax
¢ BHemrHuM ¢otodrPpdexrom (Phywe).

B ombeitax ¢ QororddexTom U3MEpSIOTCS 3HAUECHUS — 3alUPAIONIETO
HaMpsHDKEHUS MPU  HECKOJIbKUX 3HAYEHHUAX [UJIMH BOJH PTYTHOM Jamiibl (Kak
HWCTOYHUKA, BbI3bIBatoOmero  (GooTodddeKT), BBIACIECHHBIX C  MOMOIIBIO
uHTeppepeHIMoHHbIX  puibTpoB. [lo rpaduky mONIy4eHHOW 3aBUCUMOCTH
3aMMPAOIIET0 MOTEHIMAIA OT JJIMHBI BOJIHBI BBIUHUCISAETCA 3HAaYEHUE IMOCTOSHHOM
[Inanka, BXoasIIel B ypaBHEHUE DWHILITEHHA.

JlaGoparopnasi padora Nel(. IlpuHuunsl padoThl Jia3epoB M CBOWCTBA
JiazepHOro udiaydenus (IBDY).

N3yyaroTcs CBOMCTBAa H3JIy4EHHUS TEIMI-HEOHOBOTO JIa3epa: pacXoIUMOCTH,
MOIIIHOCTh, MOJISIPU30BaHHOCTh. OJHO W3 3aJaHUi MOCBSIIEHO H3YYEHUIO
IOTJIOIIECHUS JIA3€PHOTO H3JIy4EHHUS BEIIECTBOM U COINOCTABICHHUIO IOJYYEHHBIX
JAHHBIX ¢ HA0JIFO1A€MBbIM LIBETOM PacTBOPOB.

JlaGoparopHas padora Nell. OnpenesieHne MMPHUHBI 3aNPEIIEHHON 30HbI
repmanus (Phywe).

N3mepsieTcst mpoBOAMMOCTh 0o0Opasiia repMaHusi Kak (QYHKIUS TEeMIIepaTyphl.
[Io »TMM JaHHBIM C [OMOUIBIO CIHEHHATBHOTO MPOrPAMMHOIO KOMILIEKCA
OIpENENSIETCS IHUPUHA 3aNPENIEHHON 30HBI IOJYIPOBOJHHUKA.

JlaGopaTopnasi paGora Nel2. JiemeHTapHBIN 3apsil M ONbIT MUJLJINKEHA
(Phywe).

3apsoKeHHbIE B DJIEKTPUYECKOM TMOJ€ KamneiabKh Macia JBUXKYTCS TOJ
JEHUCTBUEM DJEKTPUUYECKOTO M TPABUTALMOHHOIO TOJIEW MEXIYy IJIAaCTUHAMU
KOHJIEHCATOpa. DJIEMEHTAPHBIN 3aps] ONpenensercs Mo U3MEPEHHBIM CKOPOCTAM
OTZIEJIbHBIX Kallelb, OTCIEKMUBAEMbIX BU3YaJIbHO YEPE3 MUKPOCKOII.

JlabopaTtopuass pabdora Nel3. Cepus baabmepa B cnekrpax
BOI0POA0NIOA00HBIX aTOMOB ([IBDY).

N3nydyenue BOAOPOI-AECUTEPUEBON JIAMIIBI Pa3jiaracTcs B CHEKTP BBICOKOTO
pa3peuieHusi ¢ MOMOIIBIO CIEKTPOMETPA, CHEKTP PErUCTPUPYETCS CaMOIUCLEM.
CTyneHTbl  M3MEpSAIOT  BEIMYMHY  HM30TOMHOIO  PACIICIUICHHS  3aJaHHOMN
npernojiaBarenieM JUHUM U3 cepun banbmepa M CpaBHUBAIOT MOTYYEHHOE 3HAUCHHE
C pacCUMTaHHBIM TEOPETUYECKHA Ha OCHOBAaHUM Teopun bopa.

JlaGopaTopnasi padora Nel4. CnekTpbl aTOMOB IIEJOYHBLIX METAJJIOB
(AB®DY).

N3mepsroTCs JJIMHBL BOJH B CIEKTPE HATPUEBOM JIAMIIbl, IPOBEPSIOTCS
TEOPETUYECKUE 3aKOHOMEPHOCTH YacTOT MEPEXOAOB TJIABHOM CEpUHM  ATOrO
nie04yHoro Mmeramia. I[lo MmojaydyeHHBIM JAaHHBIM PpPAaCCUMTHIBAKOTCA 3HAYCHMS



KBAHTOBBIX J€(EKTOB M KOHCTAaHT 3KPAaHUPOBAHUA JUII S- U P-COCTOSHUM.
['padmyecku ompeaenseTcs JUIMHA BOJIHBI MOHHU3AIIMOHHOTO mpexaena. Mcxoas u3
W3MEPEHHBIX 3HAYEHUI JIUTMH BOJH, CTPOUTCS IUarpaMmma 3HEPreTHUYEeCKUX YPOBHEN

atoma Na.
JlabopaTtopnass padora NelS. Hzyuenme d¢orodddexkra u CBOiiCTB
dporornemenTta (JIBDY).

W3nydenne 7naMmibl  HaKaldWBaHUST  UCHOJB3YeTCS  JUIsl  BO3OYXKIACHUS
dboTorpdexra. BonmpT-amrepHbie XapaKTEPUCTUKU H3MEPSIOTCS TPU HECKOJIBKUX
3HAYEHUAX JJUH BOJH (mepBoe 3adaHue). Bo BTOpoM 3amaHuM uU3MeEpsAETCA
CHEKTpabHas XapaKTepucTUKa GOTOIIEMEHTA, ONIPEACIACTCS KpacHasi TpaHUIIa ISl
JAHHOTO MaTepualia, PacCUMTHIBACTCS COOTBETCTBYIOIAs € paboTa BBIXOJA.
JIoTIOTHUTENBHO OIIEHUBAETCS KBAHTOBBIN BBIX0]T (hoTOIPdeKTa.

JlabopaTtopuasi padora Nel6. ChnekTpbl NOIJIOIMIEHHS IBYXaTOMHBIX
MoJiekyJ (IBDY).

Cnexktp NOTJIONIEHUST MOJIEKYJSIPHOIO KOJa, UCIApsSEeMOro B CIIEUAIbHOMN
KIOBETE€, PETUCTPUPYETCS CIEKTPOMETPOM B aHajgoroBoMm Buje. CTyIaeHTbI
BBIJICTISIIOT TOPSIYYI0 U XOJIOAHYIO CEpUM Ha CIEKTpPEe, H3MEPSAIOT YacTOThI
KOJIeOATEIbHBIX KOMIIOHEHT 3JICKTPOHHOTO Iepexoda U CTposST rpaduku, u3
KOTOPBIX CpeacTBaMu npuiioxeHus EXcel monydaroT rapMoHHUYEcKHE 4YacTOTHI U
KOHCTaHThl aHTapMOHMYHOCTH. [lo 3TMM mapameTpam pacCUMTHIBAIOT IHEPTUIO
JMCCOLUALINYU MOJIEKYJIbI HOAa.

JlaGopaTopuas padora Nel7. ekt Xosuta (Phywe).

[Ipy KOMHATHOW TeMIlepaType HU3MEPSAETCS TMONEePEUYHOE HamNpsHKEHUE B
oOpa3Iiie py pa3IuYHbIX 3HAYEHUSIX MAarHUTHOTO MOJis. PacCUMThIBalOTCS: 3HAaUCHUE
MOCTOSHHOM  XOJla M KOHIIGHTpauMWsT HOCUTENEH 3apsiga B JaHHOM
MOJTYTIPOBOJHUKE, UCCIIENYETCS 3aBUCUMOCTh XOJUIOBCKOM Pa3HOCTH MOTEHIIMATIOB
OT UHAYKIIUA MAarHUTHOTO TOJISL.

I1l. YYEBHO-METOIAMYECKOE OBECIIEYEHHUE
CAMOCTOSTEJBHON PABOThI OBYYAIOIIUXCSI

Y4eOHO-METOAUYECKOE o0ecrieueHne CaMOCTOSITEIILHOU paboThI
OOy4JaroIuxcs Mo AUCHUILUINHE «ATOMHas du3uKa» mpeacrapieHo B [Ipunoxennn
1 u BKIIOYAET B ceO:

e IIAaH-Tpa(UK BBHITIOJHEHUS CAMOCTOSTENBHOW PabOThI MO JUCIUIUIMHE, B
TOM YHCJIC TPUMEPHBIC HOPMBI BPEMEHHU Ha BBITIOJHEHUE TI0 KAXKIOMY 3aJJaHUIO;

e XapaKTEPUCTHKA 3aJaHWA JJII CaAMOCTOSATEIbHOH pPaOOThI CTYACHTOB H
METOJIMYCCKHE PEKOMEH IAIUU 110 MX BBITIOJIHCHHUIO;



e TpeOOBaHUS K  MPEACTaBICHUIO U O(DOPMIIEHUIO  pEe3ylbTAaTOB
CaMOCTOATENBbHON padOTHI;
e KPUTEPUU OLICHKH BBITIOJIHEHHUSI CAMOCTOSTEIbHON paOOTHI.

IV. KOHTPOJIb JOCTUKEHUS LEJEN KYPCA

No KonTponupyembie Konpl u sTamnst O1ieHOYHbIE CPEACTBA
n/n pas3zaensl / TeMBbI ¢dbopmupoBaHus TEKYIIUA KOHTPOJb IIPOMEXYTOYHAs
JVCLIATUTHHEI KOMIIETEHIIHHA aTTecTanus
1 Paszen . OIIK-1 | 3Haer Ompoc (YO-1), Bomnpocsr k
kosokeuym (YO-2), sk3ameny Ne 1-10
OCHOBBI aTOMHOM tect ([1P-1)
usnku yMmeeT Brimonnenue u 3ammura

nabopaTopHbIX paboT No
2-4,9, 11-13, 15 (ITP-6),
(VO-1)

Biaseer | KontponpHas pabora
(TTP-2)

[1K-3 3HAeT Ompoc (VO-1), Borpocs k
kojuioksuym (YO-2), ak3ameny Ne 11-24
®usnka aTOMOB U tect ([TP-1)

MOJIEKYJT yMeeT BrinosHenue u 3ammra
nabopaTopHbIX paboT Ne
1, 4-8, 10, 14, 16, 17
IIP-6), (VO-1)

Biageer | KontponbsHas pabora
(TTP-2)

Pasznen Il.

Tumnossle 3aaHusg, METOAUYECKUE MAaTEpHUalbl, ONPEHEISIONINE IPOLELYPbI
OLICHMBAHUS 3HAHWW, YMEHUI M HAaBBIKOB U (WJIM) OIBITA JIEATEIBHOCTH, a TAKKE
KPUTEPUH U TMOKA3aTeNH, HEOOXOUMBIE JUIsl OLICHKW 3HAHWUM, YMEHUH, HABBIKOB U
XapakTepU3yronMe 3Tanbl (HOPMUPOBAHUS KOMIETEHIMH B MPOLIECCE OCBOEHUS
oOpa3oBaTenbHOI MporpaMMmsbl, peicTaBieHbl B [Ipunoxenun 2.



V. CIIMCOK YYEBHOM JIUTEPATYPbI U UH®OPMAIMOHHO-
METOJUYECKOE OBECIHHEYEHHUE JUCHUIIJINHBI

OcHoBHas JuTepaTypa
(neuammvie u snexmponnvie uzoanus)

1. CuByxun, J[. B. O6mmii kypc ¢usuku: ydyeOHOe mocodue sl (PU3NYECKHX
cnenuanbHocTeld By30B [Tekcr] : [B 5 T.] T. 5 . AtomHas u saepHas ¢usuka / JI. B.
CuByxuH. — M. : ®usmatiut, 2008. — 782 c.

OK Hb JIBOY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:675292

2. llmonbekuit, D. B. Atomuas ¢usuka [Tekcr] : yueOnuk [B 2 T.] : T. 1 .

Beeaenue B atomHyto pusuky / 9. B. llInonsckwuii. — CIIO. : Jlans, 2010. — 557 c.
OK Hb JIBOY:
http://lib.dvfu.ru:8080/lib/item?id=chamo:307400
3. nonbckwuit, D. B. ATomuas ¢usuka [Tekcr] : yueOHuk [B 2 T.] : T. 2 . OCHOBBI

KBaHTOBOW MEXaHUKU U CTPOECHHE AJIEKTPOHHON 000si0uku atoMa / J. B. IlInonbckuii.
— CIIG. : Jlann, 2010. — 441 c.

OK Hb JIBDYVY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:307393

4. Upomos, . E. KsantoBast ¢usuka. OcHoBHBIC 3akoHBI [Tekct] : [yueOHOE
nocoobue g By3oB] / U. E. Uponos. — M. : BUHOM. JlabopaTopus 3nanuii, 2007. —
256 c.

OK Hb JIBDYVY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:277584

5. bapcykos, O. A. OcHoBbl aromHol (usuku [Texcr] / O. A. Bapcykos, M. A.

Enpsmesuu. — M. : Hayunsiit mup, 2006. — 648 c.

5K Hb /IBDY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:253326

6. Uponos U. E. 3anaun no kBantoBoi (usuke [Tekct] : yueOHOE mocobue as
By30B / U. E. Upoaos. — M. : JIaboparopust bazoBsix 3nannii, 2006. — 215 c.

DK HE JIBDY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:276074

7. EnbsiieBuy, M. A. ArtomHuas crekrpockonusi [Tekcr] / M. A. Enpsmeruy,
npenuci. JI. A. I'pubosa. — M. : IUBPOKOM, 2009. — 415 c.

5K Hb /IBOY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:286343

JlonoJHUTeIbHAS JINTEPATypPa


http://lib.dvfu.ru:8080/lib/item?id=chamo:675292&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:307400&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:307393&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:277584&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:253326&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:276074&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:286343&theme=FEFU

(neuammnvie u snexmporHHbie U30aHUs)

1. To6perno, JI.H. Atomnas ¢usuka [Tekct] : yued. mocobue mis By3os / JI. H.
JloOperoB. — M. : ®usmatauT, 1960. — 348 c.

OK Hb JIBDYVY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:88577

2. 'mu3oypr, B. JI. COopHuk 3amau o obmemy kypcy ¢usuku [Texer] @ [B 5 kH.]
KH. 5 . AtomHas ¢usuka ; Gusuka sapa v seMeHTapubix yactuil / [B. JI. T'unz0ypr, JI.

M. JleBun, M. C. PabunoBud u np.] ; mox pea. . B. CuByxuna. — M. : ®uzmarnur,
Jlaus, 2006. — 183 c.

OK HB JIBDVY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:694319

3. CaBenbeB, 1. B. COopHuK BOIPOCOB M 3amad mo odmiei ¢usuke [Teker] :
yaebHoe nmocobue s By30B / M. B. Casenwen. — CII6. : Jlans, 2013. — 288 c.

OK Hb /IBDY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:769517

4. Buxwman, 3. bepkneeBckuii kypc ¢usuku [Tekcr] : [yueOHOE pyKOBOACTBO] :
nep. ¢ adri. T. 4 . KBantoBas ¢usuka / 3. Buxman. — M. : Hayka, 1986. — 391 c.

OK Hb /IBDY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:136069

5. bopH, M. Atomuas ¢usuka [Texct] / M. BopH ; niep. ¢ aura. O. U. 3aBbsioBa,
B. I1. ITaBnoBa ; npenucn. H. H. boromo6osa. — M. : Mup, 1970. — 484 c.

OK HB JIBDYV:

http://lib.dvfu.ru:8080/lib/item?id=chamo:71222

6. ®pumr, C.D5. OnTrueckue crekTpbl aToMoB [Tekct] : yueoHOe mocodue / C. .
®pwum. — CII6. : Jlans, 2010. — 644 c.

OK Hb /IBDY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:842223

7. Iloptuc, A. BepkneeBckuit kypc ¢usuku. Ousznueckas nadoparopus [Tekcr] :
[maGopatopHbIi TpakTUKyM] : miep. ¢ adri. / A. Tloptuc. — M. : Hayka, 1978. — 318 c.

DK HB IBOV:

http://lib.dvfu.ru:8080/lib/item?id=chamo:136871

8. 'oapaun, JI.JI. JTaboparopubie 3ansaTus no ¢usuke [Tekcr] | yueOHOE mocooue

st pusudeckux crneruanbHocteld By3oB / [JI. JI. Tompaun, ®. ®@. Urommn, C. M.
Kozen u ap.] ; mox pen. JI. JI. Tonpnuna. — M. : Hayka, 1983. — 704 c.

OK Hb JIBDYVY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:304825

9. Knoiioronp, ®. K. Ilocobue mms nosropenus ¢usuku [Tekcr] / D. K.
Knoii6roms ; iep. ¢ Hem. A. B. bepkoBa. — M. : DHeprousnar, 1981. — 256 c.



http://lib.dvfu.ru:8080/lib/item?id=chamo:88577&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:694319&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:769517&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:136069&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:71222&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:842223&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:136871&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:304825&theme=FEFU

OK Hb /IBDY:

http://lib.dvfu.ru:8080/lib/item?id=chamo:324595

10. Xsrob6ep, K.-I1. KoncranTel nByxatoMHBIX MOsekyn [Tekct] : [cripaBodHbIe
maTtepuainbl| B 2 4. : 4. 1 . Monekynsl Ag2 — MoO ; 4. 2 . Monekynst N2 — ZrO / K.-IL
Xbrooep, I'. I'epuoepr ; nox pen. H. H. Cobonesa ; niep. ¢ anri. A. FO. Bonkosa. — M.:
Mup, 1984. — 408 c. ; 366 c.

OK Hb /IB®YV:

http://lib.dvfu.ru:8080/lib/item?id=chamo:416034

http://lib.dvfu.ru:8080/lib/item?id=chamo:416035

11. Mansues, A. A. MonekynspHas CIEKTPOCKONHUs (TEopus, MPaKTHYECKUE
pabotel, 3amaun) [Tekcr] : yueOHOe TmOCOOME JUII XHUMHUYCCKUX, XUMHKO-
TEXHOJIOTMUECKUX U (PU3NYECKUX cliennaibHocTel By30B / A. A. Manbues. — M. : U3n-
B0 MockoBckoro yHuBepcuteta, 1980. — 271 c.

OK Hb IB®YV:

http://lib.dvfu.ru:8080/lib/item?id=chamo:42233

Ilepeyens pecypcoB MHPOPMALUOHHO-TEJICEKOMMYHHUKAIIMOHHOM CEeTH
«HHTEepHET»

1. Kuarton, L. Atomic Physics: e-learning course in LMS Coursesites [electronic
resourse] / L. Kuarton. —2012. — Mode of access: www.Coursesite.com o mapoiro.

2. Buaconexknuu:

http://www.univertv.ru/video/fizika/atomnaya fizika/?mark=science

3. Electron in Motion http://www.science20.com

4. Nnrepuer-xypHan «[loctHaykay:

http://www.novayagazeta.ru/society/54213.html

Ilepeyenb nHGPOPMALMOHHBIX TEXHOJIOT U
U IPOTPaMMHOT0 o0ecrevYeHust
[Tpu ocymiecTBiIeHNN 00pa30BaATEIBLHOTO MPOLECCa TUCHUILIMHA PEeaTu3yeTcs C
UCIIOJIb30BaHMEM dJIeKTpoHHOU cuctemMbl Blackboard JIB®Y, unentudukarop:

FU50702-011200.62-AF-01, pexxum qocTyma — 1o MapoJio €MHON yUeTHOU 3aIlich
JIBDY.

VI.METOAUYECKHUE YKA3ZAHUSA 10 OCBOEHUIO JUCHUIIJINHBI


http://lib.dvfu.ru:8080/lib/item?id=chamo:324595&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:416034&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:416035&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:42233&theme=FEFU
http://www.coursesite.com/
http://www.univertv.ru/video/fizika/atomnaya_fizika/?mark=science
http://www.science20.com/
http://www.novayagazeta.ru/society/54213.html

Tekymiass arrecTamusi CTYJAEHTOB MO JUCHUIUIMHE «ATOMHas (uU3uKa»
MPOBOJIUTCS. B COOTBETCTBUU C JIOKAJIbHBIMM HOpPMAaTUBHBIMU akTamu JIBOY wu
SBIISIETCS] 00S3aTEIHHOM.

Tekymas arrectamus TpoBOAUTCS B (OpME OIMpoca, 3aIIUTHI JTA00OPATOPHBIX
paboT ¥ BBHINOJIHEHUS KOHTPOJIBHOW pPabOThl MO OIEHUBAHUIO (hAKTUUECKHUX
pe3ynbTaTOB O0YyUEHHUSI CTYACHTOB M OCYILIECTBIISIETCS BEAYIIUM MPEMNO/1aBaTEIIEM.

B pamkax manHO¥M guciuruivHbl npeaycMorpeHo 90 yacoB caMOCTOSITENIbHOMN
paboThl, KOTOpass HeoOXoauMa IIPU MPOopabOTKe MaTepuasa JICKIUi, 00paboTke u
oopMICHUU pE3yJabTATOB M TMOATOTOBKE K 3ammre JabopaTOpHBIX padoT,
MOTOTOBKE K KOHTPOJIBHOU paboTe, 3a4€Ty, FK3aMeHYy.

B camocrositenbHyto paboTy MO JTUCHUIUIMHE «ATOMHAs (PU3MKa» BKIIOUYEHBI
CJIETYIONTUE BUIBI IEATETbHOCTH:

— TIOUCK UH(MOPMAITMH 0 TEMaM JIsl CAMOCTOSATEILHOTO U3YUEHHUS;

— pa3bop TEOPETHUUECKUX ACIEKTOB, 00pab0oTKa U oopMIICHUE PE3yIbTATOB U
MOJITOTOBKA K 3allIUTe JaOOpaTOPHBIX PadoT;

— TIOJITOTOBKA K TEKYIIEMY M MMPOMEKYTOTHOMY KOHTPOJIIO.

Jlmst  3akperuieHHWsT HaBBIKOB M 3HAHWM  CTY/ACHTA, TIOJYyYCHHBIX Ha
7a00paTOPHBIX W JICKITMOHHBIX 3aHITHSIX, CTYACHTY B TECUCHHE Kypca HEO0OXOIUMO
npaBuiIbHO 00paboTath W OQOPMUTH JaHHBIE W 3alUTUTh OTYETHI  IIO
nabopaTopHbIM pabotam. J[yig 3TOro He0OXOAMMO HCIOJIB30BaTh BCE MOJYYCHHBIC
3HAHUS U YMEHHUS.

CryneHTy cienyeT TIIATENbHO TIUIAHUPOBATh M OPTaHU30BBIBATH BpEMS,
HEOOXOoMMMOe I  HW3YYCHHS  JUCIUIUIMHBL. ~ HemomycTMMo  OTKJIaJbIBaTh
O3HAKOMJIEHUE C TEOPETHYECKOM 4YacThio M odopmiieHHE J1adOpaTOpHBIX padoT,
MTOCKOJIBKY 3TO HEMHUHYEMO TIPHBEACT K CHIDKCHHIO KaueCTBa OCBOCHUS MaTepHaa.
Bce Buapl paboT MO MUCIMIUIMHE PEKOMEHIYETCS BBITIOJNHATH 1O KaJeHIApHOMY
iaHy, npuBeaeHHoMy B [Ipunoxkenun 1.

VII. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHUE
JANCIUIIJIMHBI

st ocyliecTBiIeHUsT 00pa30BaTEIbHOIO Mpollecca Mo JUCHUILUIMHE « ATOMHAas
¢dbuszukay HeoOXoauMa MYJIbTUMEIUNWHAS ayJUTOpHUs C JOCKON (JInbO mepeHOCHOM
POCKTOP), HOYTOYK.

Jlst MIPOBEICHMUSI 71a60paTOPHOTO MPaKTUKyMa UCIIOJIB3YETCS
CHieIMaIn3upoBaHHas J1abopaTopusi aTOMHOW (PU3HUKH, OCHAIIIEHHAS KOMIUIEKTOM 16
YCTaHOBOK JIJISl BHITIOJTHEHUS JIAOOPATOPHBIX padoT, U3 KOTOPBIX NeBATh (NeNe 1, 2,
3,5,6,9, 11, 12, 17) npousBojactBa repmanckoii gpupmbl Phywe, ase (NeNe 7, 8)



npou3BojicTBa Pocyunpubop u mectsb padot (NeNe 4, 10, 13 — 16) camocTosTebHON
coopku Ha kadenape B [IBI'Y-/[BOY.
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IInan-rpa¢guk BHINOJHEHHUS CAMOCTOATEIbHONH PadOThI MO JMCHMILIMHE

IIpumepHbie
No Hara/cpoxkn HOPMBI ®opma
BbINIOJIHEHNS,| Bua camocTosiTe/ibHOI padoThI BpeMeHH Ha
n/n KOHTPOJIA
HeJ eI BbIIIOJIHEHHE,
yac
1 1 Pabora ¢ KoHCIIEKTaMH JIEKIIUH. 25 KomnokBuym
Pemrenune nomamHux 3amay !
Pabora ¢ KOHCIIEKTaMU JIEKIIUH. DIIEeKTPOHHBII
2 2 [ToaroroBka u TMCTaHIIMOHHOE 25 TECT-AOIYCK K
MOJIyYEHUE JO0IMYCKA K BBIIOJHEHHUIO BBIIIOJIHEHUIO |
paboThI paboThI
Pabota ¢ koHCTIEKTaMHM JISKITH. TpeHupoBOYHBI
[ToaroroBka MMCbMEHHOTO OTYETA O 3JIEKTPOHHBIN
na6.paboTe, OTBETHl HA KOHTPOJIbHBIE Tect Ne 1.
3 3 BOIIPOCHI 10 TCOPHH 2,5 Komnoksuym.
[TuceMeHHbI
OTYET O
nab.pabote
Pabora ¢ KoOHCTIEKTaMH JICKIIUH. 3aueTHBIN
[ToaroroBka v TMCTaHIMOHHOE 3JIEKTPOHHBIN
IOJIYYEHHUE JOITYCKa K BBINIOJIHEHHUIO tect Ne 1.
4 4 paboThI 2,5 DNEeKTPOHHBIN
TECT-AOIYCK K
BBINIOJIHEHUIO 2
paboThl
PaGora ¢ KoHCTIEKTaMH JIEKIIUH. Konnoksuym.
IToaroroBka MUCHLMEHHOI'O OTYETA O Bri6opounas
na6.paboTe, OTBETH HA KOHTPOJIbHBIE MIpOBEpKa
5 5 BOIIPOCHI IO TEOPUH 2,5 JIOMAIITHUX 3a/1a4.
[IucemenHbI
OTYET O
nal.pabore
Pabota ¢ KOHCIIEKTaMU JIEKIIUH. DNEeKTPOHHBIN
[ToaroroBka k caMOCTOATENbHON TECT-AOIYCK K
6 6 pabote Ne 1. [ToaroroBka n 25 BBIMTOJTHEHUIO 3
JTUCTAaHIIMOHHOE MOJyYeHUE JOIMyCcKa paboTHL.
K BBIIIOJIHEHUIO Pa0OThI
Pabora ¢ KoHCTIEKTaMU JIEKIIUH. Komnnoksuym.
7 7 ITonroroBka NMCEMEHHOTO OTYETA O 25 IInceMeHHBIN
na6.paboTe, OTBETH HA KOHTPOJIbHBIE ' OTUET O
BOIIPOCHI [10 TEOPHUHU nab.pabote
Pabora ¢ KOHCTIeKTaMH JISKIU. ONEKTPOHHBIN
5 8 [ToaroroBka u TUCTaHIIMOHHOE 25 TECT-AO0IMYCK K
MOJIyYEHUE JO0MYCKA K BBIIOJIHEHUIO BBITIOJIHEHUIO 4
paboThI paboThI
TpeHrpOBOYHBIN 3JIEKTPOHHBIA TECT KomnokBuym.
9 9 Ne 2. Tloaroroska NUCHMEHHOT'O 25 ITuceMeHHEBIN
ordyera o J1ab.paboTe, OTBETH Ha ' OTYET O
KOHTPOJIBHBIC BOITPOCHI TIO TEOPHH n1a6.pabote




3aueTHbIN MEeKTPOoHHBIN TecT Ne 1. ONEKTPOHHBIN
10 10 [ToaroroBka U AUCTaHIIMOHHOE 25 TECT-JIOMYCK K
II0JIy4Y€HHUE JI0ITyCKa K BBIIOJIHEHHIO BBITNIOJIHEHUIO 5
paboThI paboThI
Paborta ¢ KOHCTIEeKTaMH JICKIHHA. Komnoxsuym.
11 11 [ToaroroBka NMCbMEHHOTO OTUYETA O 25 [TucbMeHHBIN
n1a0.paboTe, OTBETH HA KOHTPOJIbHBIC ' OTYET O
BOIIPOCHI IO TEOPUH na6.padore
Paborta ¢ KOHCTIEeKTaMH JICKIHHA. DIEeKTPOHHBIN
12 12 [ToaroroBka U AUCTaHIIMOHHOE 25 TECT-JIOMYCK K
II0JIy4Y€HHUE JI0ITyCKa K BBIIOJIHEHUIO BBITIOJIHEHUIO 6
paboThI paboThI
Pabora ¢ KOHCTIEeKTaMH JICKIHA. Komnoxsuym.
13 13 [ToaroroBka MUCEMEHHOTO OTYETA O 25 [TuceMeHHbIi
na6.paboTe, OTBETHI HA KOHTPOJIbHBIC ' OTYET O
BOIIPOCHI IO TEOPUH nab.padore
Pabora ¢ KOHCTIeKTaMu JIEKITHA. Komnoksuym.
[ToaroroBka v AUCTaHIIMOHHOE DNEKTPOHHBIH
14 14 IIOJIy4YEHUE JOITYCKA K BBIIIOJHEHHUIO 2,5 TECT-AOIIYCK K
paboThI BBITMIOJTHEHUIO 7
paboThl
TpeHupoBOYHBIN NIEKTPOHHBIN TECT Komnoksuym.
15 15 Ne 3. [ToaroroBka NmuCbMEHHOTO 25 [TuceMenHbI
oTyeTa o J1ab.paboTe, OTBETHI Ha ' OTYET O
KOHTPOJIbHBIE BONPOCHI TI0 TEOPUHU na0.padote
3aueTHBIN JIEKTPOHHBIN TecT Ne 3. ONEKTPOHHBIN
16 16 [ToaroroBka v JUCTAaHIIMOHHOE 25 TECT-JIOMYCK K
MIOJIy4YEHHUE I0ITyCKa K BBIIOJIHEHHIO BBITNIOJTHEHHIO 8
paboThI paboThI
CeMecTpOoBBIil 2JIEKTPOHHBIHN TECT. KomnokBuym.
17 17 [ToaroroBka MUCbMEHHOTO OTYETA O 25 [IucemenHbI
11a0.paboTe, OTBETHI HA KOHTPOJIbHBIE ' OTYET O
BOIIPOCHI 10 TEOPHUH nal.pabore
18 1-18 Iloaroroska k 3a4€ry 25 3auéT
19 1-18 IToaroroBka K 3K3aMeHy 45 JK3aMeH

XapakTepucTHKA 3aJaHUH VISl CAMOCTOATEILHON PadoThl 00y4al0IIUXCHA U
MeTOAMYECKHE PEKOMEHIANMH M0 UX BBITOJTHEHUIO

B pamkax manHON MUCHUIUIMHBI npeaycMoTpeHo 90 yacoB caMOCTOSITEILHOM
paboThI, KOTOpasi HEOOXoAMMAa MPU MPOpPabOTKEe MaTepuana JEeKIui, o0paboTke U
oopMIICHUU pe3yJabTATOB M TMOATOTOBKE K 3ammre JabopaTOpHBIX padoT,
MOJITOTOBKE K KOHTPOJILHOM paboTe, 3a4€Ty, IK3aMEHY.

B camocrosTensHyo paboTy 1o AUCIUIUIMHE «ATOMHAs (PU3HMKA» BKIIFOUCHBI
CJICTYIONTUE BUBI IEATETLHOCTH:

— TIOWCK WH(OPMAITIH TI0 TEMaM JIsl CAMOCTOSATEIILHOTO U3YUCHHSI;

— pa300p TEOPETUUYECKUX aCMEKTOB, 00padoTka U oopMIIeHUE PE3yIbTATOB U
MOJATOTOBKA K 3alllUTe JabOpaTOPHBIX padoT;

— MOJITOTOBKA K TEKYLIEMY U MPOMEKYTOUYHOMY KOHTPOJIIO.



Jlnst  3akperuieHMsT HABBIKOB M 3HAHUM  CTY/AEHTA, TIOJYyYEHHbIX Ha
7a00paTOPHBIX M JIEKIMOHHBIX 3aHSATHSX, CTYACHTY B T€UEHHE Kypca HE0OXOIUMO
npaBWIbHO 00paboTaTh W O(GOPMHUTH JaHHbIE U 3alIUTUTH OTYETHI IO
nabopatopHbIM paboTtam. [ 3TOro HE0OXOJUMO HCHOIB30BaTh BCE MOTYUYCHHBIE
3HAHUS U YMEHHUSL.

CryneHTy cienyeT TIIATEIbHO IUIAHUPOBAaTh M OPraHU30BBIBATH BpEMS,
HEOOXOaUMOe JUId HW3YYEeHHMs JUCHUIUIMHBL.  HemomycTMMo — OTKIIaabIBaTh
O3HAKOMJICHUE C TEOPETHYECKOM 4YacThio U odopmiieHHE J1abOpaTOpHBIX padoT,
MOCKOJIBKY 3TO HEMUHYEMO MPUBEACT K CHIDKCHHIO KauecTBa OCBOCHUSI MaTepurara.
Bce Buapl paboT MO JUCHUIUIMHE PEKOMEHIYETCS! BBINOJHATH MO KaJleHAapHOMY
IIaHy.

KonTposbHbIE BONPOCHI K J1a00paTOPHBIM padoTam

DONEeKTPOHHBIE TECThl IJIs JOMYCKa K BBINOJIHEHHUIO JIa0OpAaTOPHBIX padoT
CYILIECTBYIOT TOJBKO B 3JIEKTPOHHOM BHJIE€ M Pa3MEIIEHbl Ha CTPAaHUIIE Kypca B
Blackboard. Kaxnpiii u3 Takux TecToB cOIepKUT OT 8 10 20 BOMPOCOB pa3HBIX
TUIIOB, B TOM YHUCJE€ MHTEPAKTUBHBIE BOMPOCHI C MUMHJDKEBBIMU (ailnmamu — ais
IPOBEPKU 3HAHUS DJIEMEHTOB YCTPOMCTBA, NPUHLMUIIOB M IMPUEMOB pPaOOTHl Ha
DKCIIEPUMEHTAJIbHON YCTAaHOBKE, METOAUK IIPOBEICHUS U3MEPEHUI.

TpeHupoBoUHbIE U 3aUETHBIE TECTHI 110 KaXJA0MY MOAYJIIO, a TAK)KE€ UTOTOBBIN
CEMECTPOBBIN TecT, hopMmupyroTes cuctemor LMS u3 obmero nyna. [pu kaxkmoit

HOMNBITKC I CTyACHTAa I'CHCPHUPYCTCA HOBBIHN I/IHI[I/IBI/I):[VaJIBHBII\/'I TECT M3 IIyJia I10

naHHOM Teme. Koau4ecTBO BO3MOKHBIX MOMBITOK OOBSIBIISETCS CTYJACHTAM 3apaHee
(wamie Bcero, 3).

TpedoBaHus Kk npeAcCTaBIeHUIO U 0POPMJICHUIO Pe3yJIbTATOB
CaMOCTOAITEJIbHOI PadOThI
OTu€T 1O BBIMOJHEHHOW JA0OpaTOpHON paboTe JOKEH COJEpXKaTh
CJIEIyIONTUE YacTH: IIeJib PabOThl, CYHNIHOCTh METOAQ, XOJ padOThl, TaOIUILy C
MOJIYYCHHBIMA  DKCIIEPUMEHTAIBHBIMA ~ JaHHBIMH, GOpMYJIbl W pacd€Tt (mpu
HEOOXOJMMOCTH),  BBIBOJ,  COJACpIXKAIUK  pe3yiabTaThl  JKCHEPUMEHTa, W
CPaBHUTEIIBHYIO XapaKTePUCTUKY TIOJyICHHBIX JTaHHBIX.

Kpurepuu oeHK# BbINOJHEHHS CAMOCTOATEIbHON PadoThI

3aumeno — nonyden B cucteme Blackboard nomyck k koHTposbHOU padore,
paboTa BBINOJHEHA, MNpPaBUIBLHO oOdopMieH OTuéT mo JabopaTopHO padorte,
3aKOHYEHHBIC ¥ BEPHO BBHITIOJHEHHBIC PACUYETHI, TPABHIIBHBIE M MOJIHBIE OTBETHI HA
TEOPETHYECKHE BOIPOCHI 110 TeMe PaOOTHI.

He 3aumeno — paboTa HE BBINIOJHEHA WJIH OTYET COACPIKHUT CYNICCTBEHHBIC
omuOKku B OQOPMIICHHH, pPACUEThl TPOBEACHHI HEBEPHO W/WIM COJAEpKAT
CYIIECTBEHHBIC OINMMOKH, HE JIaHbl OTBETHl HAa TEOPETHYECKHE BOIPOCHI IO TEME
paboThI WM OHH HE IOCTATOYHO TTOJTHEIE.



[Tpunoxenue 2

MUWHHUCTEPCTBO OBPA3OBAHMS U HAYKU POCCUICKOM ®EJIEPALIMU
q)ez[epanLHoe TOCyJapCTBEHHOEC aBTOHOMHOC O6paSOBaTeJ'IBHOG YUPEKACHUC
BBICIIIETO TTPO(ECCHOHATEHOTO 00Pa30BaHHUS
«/1aJIbHEeBOCTOYHBIN (eepabHbI YHUBEPCUTET»
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10 JMCUMILVINHE KATOMHAasA PU3NKA»
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MMacnopt ®OC

Kon n popmyimmposka
KOMIIETCHIIUH

Jrtanbl (OPMUPOBAHHUA KOMIIETEHMH

OIIK-3 crtocoOHOCTh
HCIIOJIB30BaTh 0A30BEIE
TEOPETUYCCKHIE 3HAHUS
byHIaMeHTaTbHBIX
pa3zennoB oomiei u
TEOPETUYECKON (PU3UKU
JUTSL PEIICHUS

HpOCTGﬁHIHC YpaBHCHH:, OIIMCBIBAIOIIUEC 0COOEHHOCTH
IIOBCACHHA aTOMHBIX CUCTEM,

COCTaBUTh YPaBHEHUS IS IIPOCTEUIIINX CITydaeB
MOBEJICHUS] HAHOYACTHII, [TOJTYYHUTh H
[IPOAHAIN3UPOBATH MX PEIICHHUS, OLIEHUTD YHCIICHHbIE
3HAYCHUS XapPaKTEPHBIX BEIUYUH JIJIsi KOHKPETHOTO
COCTOSIHHSI YaCTHUI[bI, IPOBOIUTH BBIYHCIICHHS C
TpeGyeMOii CTENEHbIO TOYHOCTH; (POPMHUPOBATH
JOKYMEHTHI C pe3yIbTaTaMU CBOCH PabOTHI, HCIIONIb3YsI
cpeacrea Word u Excel

PO eCCHOHANBHBIX METOAMKaMHU MaTeMaTH4eCKOi 00pabOTKH JaHHBIX.

3a1a4 OLICHUTH YHCJICHHBIC 3HAYCHHUS XapaKTEPHBIX BEITHYNH
JUI1 KOHKPETHOTI'O COCTOSIHUS YAaCTULIbI, TPOBOIUTh
BBIUUCIICHUS C TPeOYEeMOH CTETIEHbIO0 TOYHOCTH;
MeTOAMKaMHU 00pabOTKH JAHHBIX C TOMOIIBIO
COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHIA

[TK-2 OCHOBHBIE JKCIIEPUMEHTBI, HIUTIOCTPUPYIOLIUE ITPUPOTY

CIOCOOHOCTD 3Haer 00BEKTOB | SIBJICHUI HAaHOMHPA, MOPSIKK BEJIUYHMH B

IIPOBOJIUTH HAyYHBIE ATOMHOM MHDE.

UCCIIE/IOBaHNS B

u36paHHoii 061acTn oOpatatecsi ¢ 000py10BaHUEM (PU3UUECKON

JKCIIEPUMEHTAIIBHBIX U nabopaTopu,

(MIH) TEOPETUIECKUX Vieer MPUMEHSTh TEOPETUYECKHE 3HAHUS K PEIICHUI0

usmaecKnx 5 MIPAaKTUYECKUX U HAy4HBIX 3a/a4;

HCCIC0BaHNM C MIOHMMATh, U3JIaraTh U KPUTHIECKH aHATM3UPOBATH

TIOMOIBIO obmepu3nIecKyro HHGOPMAIHIO.

COBPEMEHHOM

npubopHOit 0a3bl (B TOM

YHCIIe CII0KHOTO METOJAMKAMH MaTeMaTH4YeCKO 00pabOTKH TaHHBIX,

¢usnueckoro OLIEHKH YHMCJIEHHBIX 3HAYCHHUI XapaKTEPHbBIX BEIUYUH

06opyoBaHNA) U Braneer JUJI1 KOHKPETHOI'O COCTOSIHUSA YaCTUIIHI,

UH(POPMALIMOHHBIX

TEXHOJIOTHI C y4€TOM
OTEUYECTBEHHOTO U
3apyOeKHOTO OMBITA

METOJNKaAMH O6pa6OTKI/I JaHHBIX C IIOMOIIIBIO
COBPEMCEHHBIX KOMIILIOTCPHBIX TEXHOJIOTHiA.

IT1K-4 cnocoOHOCTH
MMOHUMATh U U3JIarath
MOJTy4aeMyIo
uH(pOpMaIUIO U
MPEJICTaBISTh
pE3yNbTATHI
buznuecKux
HCCIEe0OBaHUN

CYLIECTBEHHbIE 3aKOHOMEPHOCTH BOZHUKHOBEHUS U
pa3BuTHs pyHIaMEHTAIbHBIX (U3UUYECKUX TEOPHIA;
OCHOBHBIE ITPUHIIMIIBI M COOTHOIIEHHUS, KOTOPBIE
BBITEKAIOT U3 HKCIIEPUMEHTOB aTOMHOM (DPUBHKH.

COCTaBUTL YpPAaBHCHHUA IJIA HpOCTCfIIHI/IX CJIydacB
MMOBCACHWA HAHOYACTUI, ITIOJTYUUTH U
MpOaHaJIN3UPOBATh UX PCIICHUA.

IIPUEMAaMHU BBIBOJIa OCHOBHBIX COOTHOILIECHUM MEXKIY
($U3NYEeCKUMHU BEIMYMHAMHE CIIEIYIOLINE U3 MTOCTYIATOB
TEOPUH WU U3 PE3YJIbTAaTOB SKCIIEPUMEHTA,;




TOYHOCTH.

METOAAaMHU BBIYUCICHHS C TPeOyeMOi CTENeHbIO

Ne KoHTtponupyemslie Kopp! 1 aramnst OueHouHsble CpecTBa
n/n pas3zaensl / TeMBbI ¢dbopmupoBaHus TEKYIIHA KOHTPOJIb IIPOMEXYTOYHAs
JVCLIUTIINHBI KOMITETEHITU aTTecTanusa
1 Paszen | OIIK-1 | 3Haer Ompoc (YO-1), Bomnpocsr k
xomioksuyMm (YO-2), sk3ameny Ne 1-10
OCHOBBI aTOMHO# tect (ITP-1)
(1)1/131/11(]/1 YMEET BrmosnHeHue n 3aluTra
nabopatopHbIX padboT Ne
2-4,9, 11-13, 15 (ITP-6),
(YO-1)
Brnageer | KonrponpHas pabora
(TTP-2)
2 Pasnen Il [K-3 3HAeT Ompoc (YO-1), Bompockr k
kosokeuym (YO-2), ak3ameny Ne 11-24
dwu3nka aTOMOB U tect (ITP-1)
MOJICKYII yYMEET Brimmonnenue u 3amuTra
nabopatopHbIX padboT Ne
1, 4-8, 10, 14, 16, 17
I1P-6), (YO-1)
BIaacCT KOHTpOJ'IBHa}I pa60Ta
(TTIP-2)
IlIkaJia oueHuBaHusl YPOBHA CHPOPMHUPOBAHHOCTH KOMIIETEHIIU I
Kon n Jranbl GOPpMUPOBAHMS KOMIIETEHIIUH | KPUTEpHH noKa3areyu
¢opmynuposka
KOMIIETEeHIINH
CYLLECTBEHHBIC 3HaHUE OCHOBHBIX CnocoGHOCTh
3aKOHOMEPHOCTH 3aKOHOB OO0IIIeH HaITHCaTh 3aKOH,
BO3HUKHOBEHUS U (uzukwy, 00BSCHUTH €T0, U
pa3BuUTUA QJICKTPOANHAMHUKH, MIPUMEHUTDH JJIA
OIIK-3 (yHITaMeHTaNbHBIX | KBAHTOBOM peneHus
CIIOCOOHOCTH 3HACT (I)I/ISI/I‘{CCKI/IX MCXAHHKH, aTOMHOM IMPaKTUYCCKUX 3aJ1ad.
HCIO0JI30BaTh (TIoporoBbIi TEOpUil; OCHOBHBIE U sifepHO# pHu3uKy.
6azoBble YPOBEHB) NIPUHLIUIIBL U Nwmets
TEOPETHYECKUE COOTHOLICHHS, NpeCTaBICHUE O
3HAHUS KOTOpBIC BBITEKAIOT | CTPOCHHUE BELIECTBA,
(byHIaMeHTaIbHBIX U3 9KCIIEpUMEHTOB | hopmax
paszenos o0ueit n aTOMHOW (M3HKH. OpraHu3alnuu
TEOPETHYECKOI MAaTEpHH.
by st COCTaBHTh YMEHHE Ha OCHOBE CIIOCOOHOCTD PEITHTh
pereHus YpaBHEHHUS IS 3aKOHOB aTOMHOM 90 % 3amau B obacT
Ipo¢heCCHOHATBHBI NIPOCTENIINX (u3nKN pemaTth ATOMHOW (DU3UKU
X 3a/1a4 yMeeT CllyJaeB IIOBEICHHS | 3a/auy;
(TpOIBHHYTHIH) HAaHOYACTHII, 9KCIIEPHUMEHTAIBHBIX
HOJTyYHTh U JaHHBIX
MPOAHATU3UPOBATh
UX pELICHHSI.




IpueMaMH BbIBOJIa | yMEHHE CIOCOOHOCTH IIPOBECTH
OCHOBHBIX HCIIOJIb30BATh ¢busnyecknit
COOTHOIICHUH METO/IbI ¥ IPUEMBI 9KCIIEPUMEHT U
MEXAY MIPOBECHUS OCYIIECTBUTH
busnyecKuMH (dusnyecKoro 00paboTKy
BEIWYMHAMU 9KCIIEPUMEHTA U 9KCTIEPUMEHTATBHBIX
R— CIIEAYIOIIHE U3 CHOCOOBI 00Pa0OTKH. | AaHHBIX; HAYIHO
. MIOCTYNIATOB TEOPHUU 000CHOBBIBAThH
(BBICOKHT)
WIN U3 PE3yNIbTaTOB MIPUHAMAEMbIE METOIBI
9KCTIEPUMEHTA; pemeHus
METOaMH podeccHoHaNBHBIX
BBIYHCIICHHS C 3amaq
TpeOyemoit
CTEINEHBI0
TOYHOCTH.
3HaHHe OCHOBHBIX CrnocoOHOCTh
XapaKTEePUCTUK Hanucarth 3aK0H,
SZIEPHBIX U3IY4YEHHUH, | OOBSCHUTH €ro, U
(byHIaMEHTaTbHBIX NPUMEHUTH 3HAHUS B
OCHOBHBIE o
OCHOB CTPOCHUS MIPaKTHYECKOH
9KCTIEPUMEHTHI,
BEIIIECTBA; JIESITEIIEHOCTH JUTS
WITIOCTPUPYIOLIHE
3HaeT TIPUHINIIOB PELICHUS THITOBBIX
. MIPUpPOy OOBEKTOB .
(moporossIit ., KBaHTOBOH 3a7ad.
U SIBIICHUH
YPOBEHB) MEXaHHKH,
HaHOMUDA, 2
ypaBHEHHI
TIOPSIIKY BEJIMYHH B
ATOMHOM MiDe TPUBJICKAEMBIX IS
IK-2 pe. OTIHCaHUA
CHOCOOHOCTD HPOXOXKICHUS
MIPOBOAUTH U3ITyYeHU yepes
Hay4HbIE BEILIECTBO.
HCCIIEI0OBaHUs B oOparatecs ¢ YMeHue peuiatsb CHOCOOHOCTH PEIIUTh
n30paHHOH 00MacTu o0opyioBaHNEM NIPUKJIAIHBIE U 90 % npuKIaAHBIX U
9KCTIEPUMEHTAIIBHBI ¢dusHIecKoit TEOpEeTHYECKHE TEOPETHYECKHX
X 1 (i) MabopaTOpHH; simepHO-(DU3MIEeCKue | SIepHO-PU3NICCKIX
TEOPETHYECKUX TIPUMEHSTh 3aJ1a4M, IPOBOJUTH 3aj1a4; CHOCOOHOCTD
¢busHUecKnX TEOpEeTHYECKNE ¢dusmueckne CaMOCTOSATEIHLHO
HCCIIeIOBAaHUH ¢ eer 3HAHMS K PENICHUIO | SKCIIEPUMEHTHI B BBITIOJTHUTD
TIOMOUIBIO y . NPaKTHYECKUX U J1abopaTopun busnyecknit
N (mpoaBUHYTHIIT)
COBpEMEHHOM Hay4YHbIX 3a/1a4; 9KCIIEPUMEHT,
npudopHoit 6a3sl (B HOHUMATB,
TOM 4HCIIe U3J1araTh U
CJIOKHOTO KPUTHYECKU
¢dusngeckoro aHAIN3UPOBAThH
o00opymoBaHUs) U obnreru3nIecKyro
nH(pOpMaMOHHBIX nHdopmanuio.
TEXHOJIOTHH C METOIUKaMHU Brimonaenue CriocoOHOCTH
y4eToM MaTeMaTH4ecKOr CaMOCTOSATENLHOM obpaboraTpb
OTEYECTBEHHOT0 1 00paboTKU TaHHBIX, | PabOTHI C yIeOHOW M | IOJTydeHHbIE
3apy0eKHOro OLICHKH YMCIICHHBIX | Hay4HOH, 9KCTIEpUMEHTAJIbHBIE
OIIBITA 3HAYECHUHN CIIPaBOYHOM JIAHHBIE U IIPEICTABUTH
XapaKTEePHBIX nuteparypoid. Pabora | ux B ¢popme oTueTa;
BEJIMYMH I ¢ OTKpHITEIME O0a3amu | CriocoOHOCTH
BJIaJeeT KOHKPETHOT'O JIaHHBIX, MPE/ICTaBUTD
(BBICOKHIA) COCTOSIHUS MPE/CTABICHHBIX B WHIIUBHyalIbHbBIC
YaCTHIIBL; cetu VIHTepHET. JIOKJI]IbI TI0 TEMaM
METOUKaMHU CaMOCTOSITEIILHBIX
00paboTKU TaHHBIX pabor.
C TIOMOIIBIO
COBPEMEHHBIX
KOMITBIOTEPHBIX
TEXHOJIOTHIA.
ITIK-4 ciocobHOCTh | 3HaeT CYIIECTBEHHBIC 3HaHMe OCHOBHBIX CriocoOHOCTh
MOHUMATh U (moporossIit 3aKOHOMEPHOCTH 3aKOHOB 00mIei HANucaTth 3aK0H,




U3JIaraTh
MIOJTy4aeMyo
nHpopmanuio u
MPEICTaBIISTh
Ppe3yNbTaThI
¢dusngeckux
HUCCIIEIOBAHUN

YPOBEHB) BO3HMKHOBEHHS U ¢busmKH, 0OBSCHUTH €ro, U
pa3BUTHS JJIEKTPOMHAMHUKH, NPUMEHUTBH JUIS
(yH/IaMEHTaNbHBIX | KBAaHTOBOM pemeHus
(bu3HYeCKuX MEXaHHMKHU, aTOMHOW | IPaKTUYECKHUX 3aJau.
TEOpuil; OCHOBHBIE | U sIEpHOM (DU3UKH.
MIPUHLIUTIEL 1 Hmers
COOTHOIIICHHS, TIPEACTABICHUE O
KOTOpPBIE BBITEKAIOT | CTPOEHHE BEIIECTBA,
13 DKCTIEPUMEHTOB | popmax
aTOMHOW (pHM3HKH. OpTaHM3aINA
MaTepHH.
COCTaBUTH YMEHHE Ha OCHOBE CIOCOOHOCTH PEIINTh
YpaBHEHHMS JJIsI 3aKOHOB aTOMHOH 90 % 3amau B o0acTu
MIPOCTEHIITNX ($u3MKH peraTh ATOMHOM (PU3UKH
yMeer Clly4aeB TOBEJCHUS | 3a1auH;
(mpoaBUHYTHIIT) HaHOYaCTHUll, JKCIIEPUMEHTAIBHBIX
MOJYYUTh U JaHHBIX
MIPOAaHATU3UPOBATh
UX pelIeHHUSI.
NpUeMaMH BbIBOJIa | yMEHHE CHOCOOHOCTH MPOBECTH
OCHOBHBIX HCTIONB30BAThH ¢busnyecknit
COOTHOIIICHUH METO/BI ¥ IPUEMBI 9KCTIEPUMEHT 1
MEXIY MIPOBEICHNUS OCYIIECTBUTH
¢$u3mIeCKUMI ¢uzndeckoro 00paboTKy
BENUYNHAMU 9KCIIEPUMEHTA U 9KCTIEPUMEHTAIBHBIX
— CIICAYIOIINE U3 CHOCO0BI 0OPaOOTKU. | AaHHBIX; HAYYHO
. MIOCTYJIATOB TEOPHU 000CHOBBIBATH
(BBICOKHIA)
WJIN U3 Pe3yJIbTaTOB NPUHUMaEeMbIE€ METO/IbI
9KCIIEPUMEHTA; peteHus
MeToJlaMU npodeccHoHaNbHBIX
BBIYHCIICHHS C 3a1aq
Tpedyemon
CTENEHBI0

TOYHOCTH.




MeToauveckue peKOMEHAALNH, ONpeeAIne Npoueaypbl OlleHUBAHUS
pe3yJIbTATOB OCBOEHMS JUCHMILIHHBI
[TpomexxyTouHas aTTecTanus Mo JUCIUTIINHE «ATOMHAS (PU3HUKA» MPOBOJIUTCS
B COOTBETCTBUM C JIOKQJIBHBIMH HOPMAaTWUBHbIMM akTamu JIBOY wu sBisercs
00s13aTENLHOM.
[lo pesynbraTaM BBHIMOJHEHHS BCEX JaOOPAaTOPHBIX palOT, cHauud BCeEX
OTYETOB M TEOPETHUYECKOTO MaTepHayia 1Mo TeMe JIa0OpaTOPHBIX PabOT CTYACHT
MOJy4aeT JOMYCK K SK3aMEHY.

OueHouyHbIEe CpeCcTBA Il MPOMEKYTOUYHOM aTTecTAlNU
1. Dk3amen
Bonpocul k 3x3ameny

1. M3nyyenue abcomotHo u€pHoro Tena. dororddexr.

2. Mogenn cTpoeHHs aroma. 3aKOHOMEPHOCTH B aTOMHBIX CIIEKTpax.
KoMOuHaImOHHbIN TPUHIIUIL.

3. OnBITHI IO pacCesHUIO O-4acTHIl. SlnepHas MOJeNb aToMa.

4. OnbiTel @panka u ['epia.

5. Iloctynatel bopa. DnemeHtapHasi OOpoBcKas TeOpUsi aroMa BOJOPOJA.
[IpuHIUIT COOTBETCTBUS.

6. Bomoponomnono0Heie aTOMBI. 3aBHCUMOCTh JHEPreTHUYECKUX YpPOBHEH H
MOJIOKEHHUS CIIEKTPAJIbHBIX JIMHUHM OT 3apsiJa U Macchl sIpa.

7. I'nmniotesa ne bpoiinsa. Onsitel [IpBHUccoHa u J[xkepMmepa.

8. Ilpunnun HeonpeaeneHHOCTH. COOTHOILIIEHUE HEOTPEIETIEHHOCTEH.

9. YpaBuenue llpeaunrepa. CMbICT ICU-QYHKITHH.

10. DnexTpoH B MPsIMOYTOJIBHOM MOTEHIIHABbHOH siMe. KBaHTOBaHME YHEPTHH.

11. nea pasneneHusi mepeMEHHbIX Mpu pemieHun ypaBHeHus lllpenunrepa
Juist atoma Boaoposa. [IporcxoxaeHre KBaHTOBBIX yKcesl. O0uas xapakTepuCcTHKa
COOCTBEHHBIX BOJTHOBBIX (DYHKITUH.

12. CnekTpsl WIENOYHBIX METauIoB. Mojeiau aromMa € OJHUM BHEIIHUM
AIIEKTPOHOM.

13. CnekTpanbHbIe CEpUU B CIIEKTPAX aTOMOB IIEJIOYHBIX METAIIOB.

14. MyJbTUIIETHOCTh CIIEKTPOB U CIIUH AJIEKTPOHA.

15. Pe3ynbTUpyroniuii  MEXaHMYECKHMI MOMEHT MHOTORJIEKTPOHHOIO AaTOMaA.
O003HaYeHMsI ATOMHBIX COCTOSIHUM.

16. [IpocTpaHCTBEHHOE KBaHTOBAHHUE.

17. MarauTHbII MOMEHT aToMa.

18. D¢ dexTr 3eemana u tapka.

19. Atom renus, ero sHepreTuueckue yposHu. [Ipasuna or6opa.

20. Mpuntun IMaynu. I[lopsimok 3amojgHEHUs 3JIEKTPOHAMHU SHEPreTHYECKUX
coCcTOsiHUM B atroMax. [lepuoaunyeckas cucrema 3ieMeHTOB MeHeneena.

21. PEHTT€HOBCKHE CIIEKTPHI.



22. [IpocThle MOJIEKYJBI W HX CIEKTpajbHbIE CBOICTBa. BpamarenbHble
YPOBHU U MEPEXO/IbI.

23. IIpocTtbie MOJIEKYNbl W HX CHEKTpalibHble cBoiicTBa. KomnebarembHbie
YPOBHU U MEPEXO/IbI.

24. CnioHTaHHOE U BBIHYXJICHHOE n3inyueHue. Jlazepsl.

Hpumep IK3AMEHAUUOHHO20 ounema

buner Nel

3aganue 1

N3nyuyenue abcomtoTHo u€pHoro Tena. Dortosrddexr.

3ananue 2

CriekTpalibHbIE CEPUU B CIIEKTPAaX aTOMOB IIETOYHBIX METAJIJIOB.

Kpumepuu OUECHKU K IK3AMEHY

Ommemxa "Omauyno”

1. Jla" moHBINA ¥ TIPaBUIIBLHBIM OTBET HA OCHOBE CAMOCTOSITEIbHO U3YYEHHOTO
MaTepHaia U MPOBEICHHBIX paHee MPaKTUYECKUX padoT.

2. Matepuan mOHAT U U3y4eH.

3. MaTtepuan W3MI0KEH B OMPEICICHHON JOTHYEeCKOW IOCIeI0BaTeIbHOCTH,
JUTEPATYPHBIM SI3BIKOM.

4. OTBET CaMOCTOSATEIbHBIMN.

Ommemxa "Xopowo"

1, 2, 3 — ananornyno ormerke "OTiIHYHO".

5. Jlomymensl 2-3  HeCyIIECTBEHHBIE  OIIMOKW, WCHPABJICHHBIE TIO
TpeOOBaHUIO TIpernojaBarelis, HaOMoAanach '"MIEPOXOBATOCTh"' B HU3JI0XKEHUU
MaTepuarna.

Ommemxa "Yooenemeopumenvro"

1. Y4eOHnbIit MaTepuai, B OCHOBHOM, U3JIOKEH TOJIHO, HO TMPU STOM JOIMYIICHBI
1-2 cymecTBEeHHbIE OIINOKHU.

2. OTBET HEMOJHBINA, XOTS U COOTBETCTBYET TpeOyemoil TiyOWHE, TOCTPOCH
HECBSI3HO.

Ommemxa "Heyoosnemsopumenvro"

1. He3nanue uiau HenmoHUMaHue OOJbIIeH WM HanboJiee CyleCTBEHHON YacTh
y4eOHOro Marepuania.

2. JlonylieHbl CyIIECTBEHHbIE OLIMOKM, KOTOpPbIE HE MCIPABISAIOTCS TMOCIE
YTOUYHSIIOIIMX BOIIPOCOB, MaTEPHUAIT U3JIOKEH HECBSZHO.



2. 3auér
Bonpocul k 3auémy

3adeT BBICTABIACTCS TO WTOTaM BBITIOJHEHUS pabdOT W TMPEIOCTABICHUS
CTYJIEHTaMH MHCHhbMEHHOW ¥ YCTHOW OTYETHOCTH MO COBOKYITHOCTHU JIAOOPATOPHBIX
paboT, KOTOpasi MHAUBUAYaIbHA IS KaXA0ro cTyaeHTa. OTYETHOCTh MO TEOPUHU
KaXJ10M paboThl MpoxoauT B hopMe Oecespl (KOIIOKBUYMa) B MaJIbIX MOATPYIIIax.
Bonpocs! o Teopun NMpUBEACHBI B pasjielie TeKymel artectanuu «KomtokBuym» u
«3amuTa JJabopaTOpHBIX padOT».

Kpumepuu oyenxu x 3auémy

Ommemxka "Omauuno” ("3aumeno™)

1. Jla" moHBINA U TIPaBUIIBLHBIM OTBET HA OCHOBE CAMOCTOSITENIbHO U3y4Y€HHOTO
MaTepHaia v MIPOBEICHHBIX paHee MPaKTUYECKUX padoT.

2. Marepuai MoHAT U U3y4eH.

3. Marepuan HW3JI0OKEH B OMNPENCICHHOW JOTWYECKON TOCIeI0BATCIIBHOCTH,
JUTEPATYPHBIM SI3BIKOM.

4. OTBET CaMOCTOSITEILHBII.

Ommemxa "Xopowo" (" 3aumeno")

1, 2, 3 — ananornyno ormerke "OTiIHYHO".

5. Jlomymensl 2-3  HeCyIIECTBEHHBIE  OIIMOKW, WCHpPABJICHHBIE TIO
TpeOOBaHMIO TIpErojiaBaresisi, HaOmoAanach 'MIEPOXOBATOCTh' B  H3JIOKEHUU
MaTtepuana.

Ommemxa "Yooenemsopumenvro” ("' 3aumeno)

1. Y4eOHbIii MaTepuai, B OCHOBHOM, U3JIOKEH TIOJIHO, HO TIPU 3TOM JOIYIICHBI
1-2 cymecTBEeHHbIE OIINOKHU.

2. OTBET HEMOJHBINA, XOTS U COOTBETCTBYET TpeOyemoil TiyOWHE, TOCTPOCH
HECBSI3HO.

Ommemxka "Heyooeremsopumenvro” ("'He 3aumeno™)

1. He3nanue uiau HenmoHUMaHue OOJbIIeH WM HanboJiee CyleCTBEHHON YacTu
y4eOHOro Marepuania.

2. lonyuieHbl CyHIECTBEHHbIE OUIMOKH, KOTOpPbIE HE HCIPABISIOTCS MOCHE
YTOUYHSIIOIIMX BOMPOCOB, MAaTEPHUAIT U3JI0KEH HECBSZHO.



OueHo4YHbIE CPeICTBA ISl TeKYIIel aTTecTaluu
Tekymass arTecTamusi CTYJACHTOB MO JIUCHUILIMHE «ATOMHas (U3UKa»
MPOBOJIUTCS. B COOTBETCTBUU C JIOKAJIbHBIMM HOPMAaTUBHBIMU akTamu JIBOY wu
SBJIIETCS 0053aTENLHOM.
Tekymas arrectanus MpoBOAUTCS B GopMe ompoca, 3alluThl JJa0OpaTOPHBIX
paboT W BBHITIOJHEHUS KOHTPOJBHONW pabOThl MO OICHUBAHUIO (DAKTUUECKHUX
pe3yJbTaTOB OOYUYCHUS CTYACHTOB 1 OCYIIECTBIISETCS BEAYIIUM MPETo1aBaTeIeM.

1. KonsiokBUyM
Ilpumepnwie onpocsl no memam

Bomnpoce! k KoI0KBHYyMY 1 10 Teopum

1. DOMnupuyeckre 3aKOHOMEPHOCTH B @aTOMHBIX CTIEKTpax.

2. Omnbitel Tomcona n TapTakoBCKOTO.

3. Jloka3aTelbCTBO BOJHOBBIX CBOMCTB AJIsL OTJEIBHOIO AJIEKTPOHA.
4. 3aBUCUMOCTb PHEPIHH aToOMa OT MacChl M 3apsI0BOr0O YKCIa SApa.
5. OmnsiTel Pesepdopaa.

Bonpocsl K KOJLUIOKBUYMY 2 IO TEOpHH

1. CraumnonaphHoe ypaBHenue lpéaunrepa.

2. CBOOOIHBIN JIEKTPOH.

3. DIEKTPOH B MPSIMOYTOJIBHON OTEHIIUAIBHOM sIME.

4. Tlpunuunsl pemenus ypaBHenus Llpénunrepa aiist atroma Bogopoaa.

Bonpocel K KOIOKBHYMY 3 110 TeOpUH

KBanTOBBIE yHCIIA.

Krnaccudukanuys cocTosiHUI 3JIEKTPOHOB B aTOME

[IpaBuna cioxkeHns MOMEHTOB B MHOTORJIEKTPOHHOM aTOME.

Tunbl CBA3M MEXAY MOMEHTAMM.

[IpuHUIMIBI 3aMOIHEHUS DJEKTPOHHBIX O0O0JOYEK B TMEPUOAUYCCKON

NS

CHUCTEMC DJICMCHTOB. 3MHI/IpI/I‘IeCKI/IC IIpaBUjia.

Kpumepuu oyenku onpoca

Ommemka "3aumeno”
OTBeT MpaBUIIBLHO U TTOJIHO OTPAXKAET COJIEPKaHKE MPOOIJIEMBI TIO BOIIPOCY.
Ommemxka "He 3aumeno”



OTBeT HE JJaH UM OH HE MOJHbIN, COAEPKUT CYIIECTBEHHbIE OLIMOKH.
2. 3ammTa J1a00paTOPHBIX padoT
Bonpocwi k 3augume nabopamopuvix padbom

JlabopaTtopHasi pabora Nel. [lndpakuusi 3JIeKTPOHOB

1. ChopmynupyiiTe runoTe3y U 3anuuInTe ypaBHeHue ae bpoitns.

2. BriBenute ycnoBue bparra — Bynbda (audpakuus peHTTeHOBCKHUX JIydeil Ha
KpUcTaJie).

3. B uém cocTout cniocod [ebas — [lepepa?

4. TTonyuute padbouyto popmymy (7).

5. OnummTe KpUCTAIMYECKYIO CTPpyKTypy rpadura. Kakue mockoctu
y4acTBYIOT B (OPMUPOBAHUU UHTEPPEPEHIMOHHBIX KOJEI[ B JaHHOM
AKCIIEpUMEHTE?

6. Kakue ycioBust onpeaenstoT MHTEHCUBHOCTh KOJIEII?

JlabopatopHast padora Ne2. Cepusi banbMmepa u onpeaesieHue NOCTOSHHOM
Punoepra

1. O0bsicHUTE NPUHLIMI JEUCTBUS TU(PPAKIIMOHHOTO CIIEKTPOMETpA.

2. [TomyuwnTe BhIpaxeHue s d5Heprun En v SOHEprun MOHU3AIMKN aToMa BOIOPOAa
no teopun bopa nns kpyeoevix OpOUT B MPEANOJIIOKEHUH OECKOHEYHO
msHCcenn2o 0pa.

3. Kak u3menutcs popmyna nis E,, ecnu macca simpa koHeyHa?

4. TToueMy B CIIEKTPE Ta30pa3psIHON BOAOPOIHON TPYOKU HAPSTY C TUHEHYATHIM
CIIEKTPOM HaOJIF0/IAETCs MOJIOCATHIN CTIEKTpP?

5. KakuMu ycliOBUSIMU OTIPEACIISIIOTCS] 3HAUEHUSI TPAHUYHBIX (MaKCHUMAaIbHBIX U
MUHHUMAaJIbHBIX ) YaCTOT B BUAMMOM "YacTH cniektpa (cepuu bansmepa)?

6. Uto Ha3piBaroT ’Heprueil monmzanuu? Kak M3MEHUTCS HHEPrusi MOHU3AIIUU,
€CIM  aToM  BOJOPOJA  HaXOAUTCS B  BO30YKIEHHOM  COCTOSIHUH,
COOTBETCTBYIOILIEM INIABHOMY KBAaHTOBOMY 4YuCiIy h = 37

7. Ilepeunciute ceKTpaIbHbIE CEPUU aTOMa BOJIOPO/IA.

8. HazoBuTe ocHOBHBIE HefoCcTaTKH Teopun bopa.

9. ChopmynupyiTe TPUHIIUI COOTBETCTBUS MPUMEHUTEIHLHO K MOJICTTH aTOMa.
JlaGoparopuass padora Ne3. CooTHolmIeHHEe  HeompeaeJTeHHOCTel

I'eiizenOepra

1. Yro Takoe KOPMyCKYISIPHO-BOIHOBOW Tyanu3m?

2. 3anuiuTe ypaBHEHHUE JJIsl IJIMHBI BOJHBI J1e bpoiis.

3. B dgewm 3akmrouaercs mpuHIUI HeonpeaeneHHocTu [ eizenoepra?



4. Tlonyyute cooTHoIeHHE HeomnpeneneHHocre (15) u dopmyny (18) u3
yCIIOBHM TU(paKIuy cBeTa.

5. [MomyuuTe COOTHOIICHHWE HEOMPEICICHHOCTEH Il SHEPTMM W BPEMCHH,
ucxons u3 popmyst (15).

6. Ilouemy mpoBepKa COOTHOIICHHSI HEOMPEACICHHOCTEH TIpU TIOMOIIH
Ja3epHOT0 W3IMydeHus: Oojee HalIexkHa, 4YeM Tpu paboTe ¢ JIpyruMH
UCTOYHUKAMU CBETA (HAIIPUMEP, Ta30pa3psIHOM JTaMIoif)?

JlaGopaTopHuasi padora Ne4. OnpeaesieHue yaeJbHOT0 3apsiia JIeKTPOHA
1. Yro npeacraBisieT cOO0H MarHeTpoH?

2. Kak BBIMISAAT TPACKTOPHH AJICKTPOHOB MPH PA3IMYHBIX 3HAYCHUSX WHIYKITUU
Y TI0CJIE€ MPEKPAILCHUs] aHOJITHOTO TOKa B KOAKCHAIbHOMU Jlamie?
3. O0bsIiCHUTE, TIOYEMYy YpaBHEHHE JIBM)KCHHUS JJICKTpOHA B MOMEHT KacaHUs
aHOJa MOXKHO 3aIliCaTh B BUJIC
(mv?)
R = ez)BKp —
Kaxkoii cMbIch 351ech nmeeT nepeMenHas R?

ek,

4. Kak cBsizaHa BeJIMYMHA JIMHEHHON CKOPOCTU L AJIEKTPOHA B MOMEHT ‘‘KacaHus’”
aHOJla C PA3HOCTHIO MOTEHIHMATIOB MEXIY aHOIOM U KatojgoM U,? JIns olieHKn
CKOPOCTH HYXXHO MMEThb BBH]Y, 4TO cwmiia JlopeHIia He coBepiaeT padoThl,
MOCKOJIbKY HamnpaBj€Ha MEpPIEeHAUKYISIPHO CKOPOCTH, a 3HAYUT, JSHEPTHs
AIIEKTPOHA U3MEHSETCS TOJIBKO MO/ IEUCTBUEM JIEKTPUUYECKOTO MOJIS.

5. [onyuuTe BbIpakeHUE Uil pacyeTa yIAeIbHOro 3apsiaa 3JEKTPOHA, UCTIOIb3ys
ypaBHEHHE MOMEHTOB JIJIsl €T0 JBUKEHUS B MarHeTpoHe (HauallbHbIC YCIIOBHUS:
npu t=0,r =1y, ¢ = 0):

e 8U, 1
m BZ,r# (1 B i)
ré

6. Kakoii ¢pm3ndeckuii CMbICII UMEET KpUBasi, MOTy4ueHHas B 3aganuu Nol?

R

7. KakoB (huzndeckuii cMbici 6e3pa3MepHOi KOHCTaHThI k?

JlaGopaTopnasi paGora NeS. ATOMHBIE CHEKTPbI ABYX3JIEKTPOHHBIX
cucrem: He, Hg
1. Yro Takoe aToMHbIi 0cTOB? (3 Gasa)

2. Yto Takoe criun? (2 6ana)

3. [IpuBennTe Bce M3BECTHBIC BaM KBAHTOBBIC YKCIIA, KAK C UX MOMOIIBIO MOYKHO
OXapaKTeprU30BaTh COCTOSTHUE dJIEKTpoHA B aToMe? (4 Oara)

4. BextopHass Mojenb aroma. l[IpaBuio ciokeHuss MoMeHTOB. OO03Ha4YCHHUS
aToMHBIX TepMOB. (10 6atoB)



o B~ WD

(G2 F ~ NN GO I \S)

1.

. Uro takoe mpaBuna oroopa? Ilepeuncnure nmpaBuiia oréopa A AUMOIBHBIX

MEePEX0I0B B aTOMAaX C OJTHUM BHEIIIHUM SJICKTPOHOM. (8 Oaion)

. I3n0)xuTe OCHOBHBIC NPUHLUIIBI, PETYIUPYIOIIME TOPSAAOK 3alOJHEHUS

ANEKTPOHHBIX  000JI0OYEK B  MHOTOJXJICKTPOHHBIX aroMmax. IlpuBemute
OSMIUPUYECKUE TPaBHIA, OOJETYAIOIINE MPAKTUIECKOE MPUMEHEHHE JSTHX
IPUHIIUIIOB (8 OaIoB).

. Uto moapaszymeBaeTcs IO, OOMEHHOM SHEpruei, Kak MOXHO OILICHUTh e&

BEJIMYHUHY U3 CIIEKTpa?

JlabopaTtopHasi pab6ora Ne6. 3akon Credana-boabumana (Phywe)

. UTo Takoe TeImIoBOE I/I3J'Iy‘~I€HI/I€? OT 4yero 3aBHCHUT n3jydacmas TCJIIOM

AIEKTPOMArHUTHAS SHEPTUS?

. Kakoe teno Ha3piBatoT abcontoTHO YepHbIM? Cephbim?

. B ueM coctourt 3axon Kupxroda ansa uznydeHus?

. Uro onpenensier popmyna [Inanka?

. Jlaiite ompezaeneHne aOCONIOTHOM MHTETPAIIbHOM CBETUMOCTU. B Kakux

€IMHUIAX OHA U3MEepsAETCs?

. Chpopmynupyiite 3akon Ctedana-bonbimana.

JlaGoparopHas padora Ne7. 3akon Credana-boabumana (Pocyunpuodop)

. Uto Takoe TEImIoBOE HSHy‘{eHI/Ie? OT 4ero 3aBUCHUT n3jrydgacmasa TCJIOM

AIIEKTPOMArHUTHAs SHEPTUs?

. Kakoe Teno Ha3piBaroT abcoMOTHO YepHBIM? CephiM?

. B ueM coctourt 3akon Kupxroda mansa uznyderus?

. Uro onpexaensier popmyna [Inanka?

. Haiite omnpeznenenne aOCONIOTHOW MHTETpPAJIbHOM CBETUMOCTU. B Kakux

€IMHUIAX OHA U3MepsAeTCs?

. Chopmymupyiite 3akon Ctedana-bonpiimana.

JlaGopaTopHas pabora Ne§. OnbiT @panka u I'epua ¢ HeOHOBOM JJaMNOi
OnuimMTre NPUHIUIUATBHYIO CXEMY JKCIEPUMEHTaIbHONW YCTAHOBKHU OMbITA

®panka u ['epua.

OOBsicHUTE XapaKTep BOJbTAMIIEPHON XapaKTEpUCTUKH B ombiTe dDpaHka u
I'epua.

Jlokaxxute, 4TO TPU YHOPYTUX CTOJKHOBEHUSIX JJICKTPOHA C aTOMOM rasa
SHEPIUsl ANEKTPOHA MPAKTUYECKU HE MEHSIETCHI.

Kak mposiBnsieTcsi KOHTakTHasi pa3HOCTh MOTEHIHUANOB B onbiTe dpaHka u
['epua?



JlaGopaTopHast padora Ne9. Onpenenenue nocrossuuoi Ilinanka B onbiTax

¢ BHeIIHUM (o103 eKTOM

1.

2.

o b

Yro Ha3piBalOT BHEMHUM (oTodddektom? OnuimmTe sBICHHE BHEUTHETO
doroaddekra. Uto Takoe BHyTpeHHUN (HOTOIDDEKT?

Kakue nskcnepumentanbHbie (PakThl QoTodPdexta HE MOKET OOBSICHHUTH
Kiaccuueckas pusuka’?

Kakoe ypaBHenue omnmceiBaeT BHemHUN ¢GoTodddext? Kakoit puznueckuit
CMBICJI UMEIOT BCE BXO/JISAIIME B HETO BEIUYUHBI?

Ot 4dero 3aBUCHUT pabOTa BBIXO/IA DIEKTPOHOB U3 MeTasuia?

Kax ompenensercs kpacHas rpanuna goroaddexra, 4To OHA O3HAYAET U OT
Yero 3aBUCHUT?

N3 xakux (uU3MYECKUX COOOpaKeHHMM cienyeT paBeHCTBO (6) s
3aJ1€PKUBAIOIIETO HANIPSYKCHUS !

Kak yctpoen ¢poTtosnemeHT?

JlaGoparopnasi padora Nel(. IlpuHuunsl padoThl Jia3epoB M CBOWCTBA

JJA3€PHOIo N3JIYyYCHUSA

1.

A

CnoHTaHHOE, BBIHYXIECHHOE U3TyUyeHHE (MCIyCKaHue U noroiieHue). CBszb
Mexay kKodhdurmentamu DUHINTERHA 4714 3TUX mporeccos. (10 6amios)
WNHBepcus 3aceeHHOCTH, CIIOCOOBI ee ToTy4YeHusl (Hakauku). (6 6aJ1oB)
3akon JlamOepTa-byrepa-bepa. Kputepuu ero npumeHuMoctu. (8 6aion)
VYcunenue nznyuenus B pesonarope. Mojpl. (6 6ayioB)

CgoiicTBa nazepHoro uznydeHus. (4 0asnma)

[Ipunuun paboThl TeENU-HEOHOBOTO Jia3epa, CXema dSHEePreTUYEeCKUX
ypoBHe#. (10 6amioB)

Kak oOBsSCHUTH HaMM4Me€ E€CTECTBEHHOW IIHMPUHBI CIEKTPAIbHBIX JUHUN
UCXO/Is1 U3 COOTHOIIEHUS HeonpeeaeHHocTe? (8 0amioB)

JlabGopaTopHasi padora Nell. OnpenesieHue MMPUHBI 3aNPEIEHHON 30HbI

repMaHus

1. Yrto Takoe BaJeHTHas 30HA U 30HA MPOBOAUMOCTH?

2. KakoBbl =~ OCHOBHBIE  OTJWYHUS  30HHBIX  CTPYKTYp  METaJUIOB,
MOJTYTIPOBOHUKOB U JUIJICKTPUKOB?

3. Urto Takoe mMpHUHA 3alpelieHHON 30HbI?

4. Kak onpeaenuTh cpeaHee KOJIUYECTBO JIEKTPOHOB B KBAHTOBOM COCTOSIHUM
C 3a/IaHHOM PHEpPrucii?

5. Chopmynupyiite 3akoH Oma B auddepeHIranbHOM W HHTErpabHOM
dbopwme.

6. Kak 3aBuCAT OT Temmeparypbl YIEIbHOE COMPOTUBICHUE W YyAEIbHAS

MPOBOAUMOCTD MOJTYTIPOBOJHUKOB?

Yro Takoe COOCTBEHHBIN TOYITPOBOTHUK?

8. Uro takoe sneprust Gepmu?

~
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9. HapucyiiTe 30HHYIO AMarpaMMy COOCTBEHHOT'O MOJIyIPOBOJHUKA, YKAKUTE
JTHO 30HBI TPOBOJMMOCTH, IOTOJIOK BAJICHTHOM 30HBI, 3HEpru0 depmu npu
HYJIEBOW TEMIIEPATYPE.

10.00bsicHUTE METOAMKY OMpEACNICHUs IIMPUHBI 3aMPEIIEHHON 30HBI
MOJTyTIPOBOTHUKA MO MOJIYYEHHBIM B pab0Te SKCIIEPUMEHTAIbHBIM JTaHHBIM.

JlabopaTtopHasi paGoTa Nel2. DiieMeHTApPHBIA 3apsiA U ONBIT MUJJIMKEHA

3anumure Gopmyny Crokca.

VYkaxuTe Bce CHIIbI, JICHMCTBYIOIINE Ha KaIlIIO0 B pabouei kamepe.

B uéwm 3akirouaercsa naesa onbita MuuimkeHa?

[Tonmy4yuTe BeIpaXeHUE IJI paanyca Kariu B 3TOM 3KCIEPUMEHTE.

N3n0%uTE€ OCHOBHBIE MPUHLMIILI AHATU3a SKCIEPUMEHTAIbHBIX JAHHBIX, Ha
KOTOPBIX OCHOBAHO U3MEPEHHE IIEMEHTAPHOTO 3apsiJia B onbITe MUIUTUKEHA.

Jlaboparopnass padora Nel3. Cepus baabmMepa B  cmekrpax

BOJIOPOJI0INIOA00HBIX ATOMOB

1.

w

1.
2.
3.

[Tonyunte BbIpakeHue s sHeprud E, W sHepruMm HOHU3AIMU aToMa
BOojiopoAa Mo Teopun bopa nmns kpyzcouvix OpOUT B IMPEANONIONKEHUU
beckoneuno msaxcenozo sopa (10 6anos).

Kak uzmenurcs popmyna mis E, , ecniu macca sinpa koneuna? (4 6aia)
[lepeuncinure cekTpaibHble CEPUU BOAOPOIONOI00HBIX aTOMOB (6 0asioB).
Yrto Takoe uzoronudeckuit casur? llomyuure dhopmyny s pa3HOCTH JJIUH
BOJIH CIIEKTPAJIbHBIX JIMHUN BOJIOpOJia U aeitepus (8 6aiuioB)?

[lepeuncnure HegocTaTku Teopun bopa (6 6amios).

ChopmynupyiiTe mpuHIKI COOTBETCTBUS (5 OaioB).

JlaGoparopHnas pabora Nel4. CrieKTpbl aTOMOB 1IEJIOYHBIX METAJLJIOB

Kakue aToMbl OTHOCSIT K BOJAOPOAONION00HBIM? (4 Oasia)
Urto Takoe aToMHBIN ocToB? (3 Oasa)
B dem ¢usuueckuii cmpicn nonpaBok a M o ? [lokaxure, kKakuM 00pa3om
pPacCMOTPEHHE, YYWUTHIBAIOIIEE B3aWMOJCWCTBHE BHEIIHETO JJIEKTPOHA C
OCTaJbHBIMU DJJICKTPOHAMH B aToMe€ KaK HeOoabuioe B803MyueHue,
Hanazaroujeecss Ha KyJI10HO08CKOe NPUMSICEHUe aMOMHO20 OCMO6d, TTPUBOIHUT
K BBIPOKCHUIO JUISI DHEPTUW, aHAJOTUYHOMY BBIPOKEHUIO JUIsI aToMa
Bozopona (1)

Ro Ro

Eny = Tmror (10 GamoB).

2
Tesf
Urto takoe criun? (2 6aia)

[lpuBenuTe Bce M3BECTHHIE BaM KBAaHTOBBIE YHWCIIA, KAK C UX TOMOIIBIO
MO’KHO OXapaKTepH30BaTh COCTOSHUE AJIEKTpOHA B aTrome? (4 Oaia)



6. BektopHas monens atoma. I[IpaBuio cnokeHuss MomMeHTOB. OO03HAYCHHUS
aTOMHBIX TepMOB. (10 6aoB)

7. Yto takoe mpaBuiia otoopa? Ilepeuncnure mpaBuiia 0TOOpa sl TUMOJBHBIX
MEPEX0/I0B B aTOMaX C OJJHUM BHEITHUM 3JIEKTPOHOM. (8 0asioB)

8. Kakue criekTpanbHble CepyUU HAOIIOAAIOTCS B CIIEKTPaX aTOMOB IICIOYHBIX
MeTaIoB? (8 0aIoB)

9. M3noxxuTe OCHOBHBIC TPHUHIUIBI, PETYIUPYIOMINE TMOPSIOK 3arOJTHCHUS
DJIGKTPOHHBIX  00OJIOUEK B MHOTOZJIEKTPOHHBIX aromax. [lpuBenute
OSMIIUPUYECKUE TPABWIA, OOJIETYArONINe MPAKTHYECKOE MPUMEHEHUE JSTHUX
MPUHIHUIIOB (8 OaIoB).

Jlaboparopuass padora NelS5. HUsyuenue d¢orordpdexkra u CBOICTB
¢ororiiemenTa

1.Uto mpezacraBisieT coO0O CBET KaK BOJHOBOM MPOIECC M KaK MOTOK YAaCTHII?
Urto Ha3bIBatOT (POTOHOM U Y€MYy paBHa Heprus (hoToHa?

2. Yrto nHazpiBatoT BHEMHUM (oTodhdexkrom? OnuimTe SBICHUE BHEIIHETO
dboToaddexra.

3. Kakoe ypaBHeHue omnucbiBaeT BHemHu Gororddext? Kakoit puznueckuii
CMBICIT UMEIOT BCE BXOISAIINE B HETO BETNINHBI?

4. Ot 4ero 3aBUCUT paboTa BbIXOJA AJIEKTPOHOB U3 MeTaia?

5. Kak onpenensiercsi kpacHas rpanuia ¢Gororddexra, 4To oHA O3HAYAET U OT
YEero 3aBUCHUT?

6.3 kakux ¢usnueckux cooOpakeHUN cleayer paBeHCTBO (6) s
3a1€P>KUBAIOIIETO HANIPSKEHUS !

7. Kakoe cBOMCTBO AM(PAKIMOHHON PEIIETKH HAIpaBJsSE€T CBETOBBIE BOJIHBI C
Pa3HBIMU YaCTOTaMH B pa3Hble 00sacTu mpoctpancTBa? OT KaKUX BEJIUYUH
3aBUCHUT 3TO SIBIICHHE?

8.Kak ycTpoen doTosnmemeHT?

JlaGopaTtopuasi padora Nel6. ChnekTpbl NOIJIONIEHUS IBYXaTOMHBIX
MOJIEKY.JT
1. Kak omnpenenuTh IIBET MapoB Hoja Ha OCHOBaHUU €r0 CIEKTpa IMOTJIOMICHUS?

(8 GanoB)

2. OnumuTe CTPYKTYpy SHEPreTHUYECKUX YPOBHEH JIBYXaTOMHOW MOJIEKYJBI (6
0aJlIoB).

3. [Ipeanonoxxum, uyto Bam HE0OXOAMMO MOCTPOUTH aUarpaMmy puc. 1 B
peanbHOM Macmtabe. [lomb3ysach cootHomenuem (1), u  u3o0Opaxkas
pPacCTOSIHMSI MEXIY COCEIHMMH BpallaTelIbHBIMA YPOBHSIMHU  (TIOpsAKa
BpaIIaTeIbHOTO KBAaHTA) BEIUYMHOW, HAmpuMmep, B 1 MM, OIEHUTE B STOM
MacmTade TOPSAAKA BEITUYMH PpACCTOSHUNA MEXAYy KojeOaTenbHbIMU U
AIIEKTPOHHBIMHU YPOBHAMU (5 OaIoB).



4. B kakux oOnacTsAX CHEKTpa HaOMIOAAIOTCS MEePEXO0JIbl MEXAY SJIECKTPOHHBIMH,
K0J1e0aTeIbHBIMU, BPAIIATeILHBIMU COCTOSTHUSMHA MOJIEKYJIBI? (4 6auioB)

5. IlomyunTte BoipaxkeHue (9) AJist 4aCTOT IEKTPOHHO-KOJIEOATEIbHBIX MIEPEX0JI0B
MoJIeKy (4 6aa).

6. [Touemy nsisi annpoKCUMAIIMKM KPUBBIX MOTEHIIMAIBHON SHEPTHH ABYXaTOMHBIX
MOJIEKYJI 9acTo ucnojib3yeTcs: GyHkims Mop3ze? (6 6amioB)

7. BeiBenute popMyiy i pacyeTa SHEPTHH AUCCoraIuuy (8 6aioB).

8. O0BsicHUTE, TOYEMY SHEPTUI0 AUCCOLUAIMKU MOXKHO ONPENEIUTh MO rpaduKky
AVO=f(V'D) (5 6anmos).

JlaGoparopHasi padora Nel7. Dddekt Xo1a

1. B uém cocrour sBiaenue Xoa?

. Kakumu puznyeckrumu BenmuuuHaMu omnpeenseTcs 3.,.c. Xoia?

3. O0bsicHUTE HA3HAYCHHE KOHTAKTOB Ha TOJYMPOBOIHUKOBOM oOpasie st
XOJIJIOBCKUX U3MEPEHHUI.

N

4. Kakumu  QU3WYECKUMM SIBJICHUSMH M [apaMeTpaMu MOJYyIpPOBOJHUKA
ONpeneIsAeTCs NOCTOsIHHAsA XoJu1a?

5. O0BsICHUTE CXEMY U3MEPUTEIILHON YCTAHOBKHU.

6. [loueMy wu3MepeHUs MONEPEYHOW PA3HOCTH MOTEHIMAIOB HEO0OXOIUMO
IIPOBOJUTH JIBa pa3a IpPU INPOTHUBONOJOKHBIX HAIPaBICHUSAX MarHUTHOTO
noJia?

7. O0bsiCHUTE 3aBUCHMOCTH 3.1.C. XOJUla OT BEJIMYMHBI MHIAYKIIMH MarHUTHOTO
OJISL.

8. Kakyro ¢usnueckyro MHMOpPMALHUIO MOXXHO TOIYYUTh TPHU HCCIEAOBAHUU
apdexra Xona?

Kpumepuu oyenku evinonnenus 1abopamophnoil paoomut

Ommemxka "3aumeno"

PaGoTa BhIMOTHEHA, MPaBWIIBHO OGopMIIeH OTUET TO JIabopaTopHOU pabdoTe,
3aKOHYEHHBIE ¥ BEPHO BBINMOJHCHHBIC PACUYEThI, IPABUJIbLHBIC U MOJHBIC OTBETHI Ha
TEOPETHYECKHE BOMPOCHI IT0 TEME pabOTHI.

Ommemkxka "He 3aumeno"

PaboTa BBITTOJTHEHA, OTYET COJCPIKHUT CYIIECTBCHHBIC OIMMOKHA B O(OPMIICHUH,
pacy€Thl POBEICHBI HEBEPHO W/WIIHM COACPIKAT CYIICCTBEHHBIC ONIMOKH, HE JaHbBI
OTBETHI HAa TEOPETUYCCKHUE BOIPOCHI MO TeME pabOThl WM OHU HE JTOCTATOYHO
ITOJIHBIE.

3. KonTpoabHas padora



Ilpumep 3a0anuii KOHmMpPOLHOU padomovl

Bapuant Ne 5 (konTpoJbHas 1)

Pabouas Temneparypa jgammnsl paBHa 4300 K. PaccuuTaiite snepruio ¢porona,
COOTBETCTBYIOIIYIO MAKCUMYMY €€ H3ITy4CHHUSI.

Pabota BeIxona 35eKTpoHOB U3 kKaamus paBHa 4,08 3B. Kakoit nomkHa ObITH
JUTMHA BOJIHBI U3JIy4€HUs, YTOOBI MpU PoTodPPeKTe MaKCUMalbHasi CKOPOCTh
GoTo31meKTpOHOB OblTa paBHa 2:108 m/c?

V3kuii My4yok o-4yacTull ¢ KuHetndeckod sHeprued K=1,50 M»>B mnapaer
HOpMaJbHO Ha TOpueByIO ¢oubry tommuaon d=1,0 mxm. [ToTok wyacTwuIl
1=4,5-10* ¢!. HaliTi uncao a-9acTuil, paccesHHBIX (OJILIoi B TedeHue 1=>3,0
MUH. TI0J1 yTJIaMU B UHTepBaje 59-61°.

Bapuant Ne 4 (KoHTpOJILHASA 2)

OnextpoH ¢ kuHetnueckoi sHeprueit K=10 sB nokanuszoBan B obiactu
pasmepom |=1,0 MkM. O1IEHUTh OTHOCUTEIBHYIO HEOIPEICIIEHHOCTh CKOPOCTH
AIEKTPOHA.

Yactuia Maccbl M HAXoAUTCd B OJHOMEPHOM  MPSMOYTOJbHOU
ITOTEHIIHAIGHON sIME ¢ OECKOHEYHO BBICOKMMH cTeHkamu. Haiitm yucio dN
SHEPreTUYECKUX ypoBHeW B mHTepBajie sHepruii (E, E + dE), ecnu ypoBHH
PAacCMoJIOKEHBI BEChMa I'yCTO.

CKOJIBKO ~ CHEKTpajJbHBIX JIMHHWM, pa3pelieHHbIX MpaBUjiaMu  0TOOpa,
BO3HUKAET IPpU IIEPEXOJIE AaTOMOB JIUTHUS B OCHOBHOE COCTOSIHHE W3
COCTOSIHUSA:

a) 4S; 0) 4P?
Bonpocwel k konmponwvhou pabome no meopuu

1. Atom Bozmoposa no bopy.

2. Ombitel Gpanka u ['epia.

3. CootHomieHne HeonpeaenénnocTeit [ elizendepra.
4. Omneitel [J3BUCCcOHA U J[)kepmepa.

Kpumepuu oyenku ebinonnenus KOHMpPOaIbHOU paoomuol

Ommemxka "Omauuno”
BepHo BeinosHeHo 6osee 85% 3amaHuii.

Ommemxa "Xopowo"
Bepno BeinonHeno 75-85% 3ananuii.

Ommemxa "Yooeremsopumenvho"”
Bepsno Beinonneno 60-75% 3agaHui.
Ommemxka "Heyoosnemseopumenvro"

Bepno BbinonHeHo menee 60% 3aqaHui.



5. Tect

[TomHBIH mysT BOIPOCOB ISl TEKYIIETO ¥ UTOTOBOTO TECTUPOBAHMUSI COJCPKHT
406 BompocoB, u3 kotopbix cucrema LMS Blackboard aBromatudaecku ¢popmupyer
WHIUBUIYalbHBIA TECT JUIS CTYJCHTA, HMCXOAS W3 3aJIaHHBIX IperojaBaTeieM

KIIFTOYCBbIX CJIOB, Ha3BaHUM Pas3aciioB KypCa U TUIIOB BOIIPOCOB.

Ilpumepor mecmoeswix 3a0anuii

1. Kakas koMOMHALMsI MHUPOBBIX MOCTOSHHBIX MOKET CIYXUTh €IWHULIECH

M3MEpPEHUS JJIMHBI B MUKpOMUpE?

a.) mc?/h; 0.) mc?; B.) h/mc; r.) mc.

2 2
2. ®opmyna Pesepdopaa do = i( L1 2] a0 :
A\ Amemv® ) e o
B dopmyie Pesepdopna do u dQ — 3to:
a.) CKOpPOCTb YaCTHIIbI;
0.) muddepeHnnaIbHOE CEUCHHE,
B.) DJIEMEHT 00BEMa,;
I.) 2JIEMEHT TEJICCHOTO YIJIa;
J1.) 3apsiIOBOE YHMCIIO;
€.) IpUIIEJIbHOE PaCCTOSHUE.

3. B cucreme CU do usmepsercs B:
a.) Ku; 0.) M; B.) CM; r.) M2 1.) Monb L,

4. Ha pucyHke crmpaBa IOKa3aHbl TPAaCKTOPUU JIBHKCHUS
0-4aCTHI] TIPU UX PACCESIHUU HA TOHKOM CJIO€ OJTHOTO M TOTO XK€
Metauia. HauanbHasi CKOpOCTh BCEX YacTUIl oguHakoBas. Kakoii
BapuaHT COOTBETCTBYET HauOoJIbIIIEMY MPULIETBHOMY
napameTpy?

5. Ha cnenyromeM puCyHKE IIOKa3aHa BOJbT-aMIIEpHAs XapaKTEpPHUCTUKA,
nojsyuyeHHass B onbiTe @panka u I'epua ¢ Hekumu aromamu. PaccuMraHHas Ha

OCHOBaHHUH rpa(bmca pE€30HaHCHAaA AJIMHA BOJIHBEI paBHA IIPUMCPHO:



a.) 1000 A;
6.) 2000 A; _ /N
B.) 6000 A; S

r.) 8000 A; '
11.) 10000 A.

AHOAHER T 0K

6,87 1442 2203 U B

Il

6. U3 puc. x Bompocy 5 cleqyer, 4YTo MOTEHIMal BO30YXKICHUSI TaKOro aToMa
MPUOIU3UTEIILHO PABEH:

a.) 20 B; 6.)10B; B)76B; 1.)25B; na)16B; e.)0,8B.

7. CornacHo Teopuu bopa nonHas sHeprus aroma BoJOpoJa:
a.) IpsIMO TIPOMOPIIMOHATIFHA KBAHTOBOMY UHUCIY;

0.) IpsiMO MPONOPLUMOHAIbHA KBAIpaTy KBAHTOBOI'O YHCIIA,;
B.) 0OpaTHO MPONOPIMOHAIEHA KBAHTOBOMY YHCILY;

I.) 00paTHO NPONOPLHUOHATBHA KBaIpaTy KBAHTOBOT'O YHCIIA.

8.Ha  ¢ororpadum cepum  bampmMepa B CHEKTpe  TOTJIOIICHHS
BOJIOPOJIONIOIOOHOTO aTOMa CTPEJIOYKOW OTMEThTE JIMHUIO, COOTBETCTBYIOIIYIO
nepexoay MeXIy YPOBHIMU CN=5un =2

1 B onbiTax @panka u ['epua aHanm3upoBanoch

YHCJIO 3JICKTPOHOB IOCJIC MPOXOKACHUA YCPE3 MCTAJNIMICCKYIO IIJIACTHHKY

pacCesiHUE 0-4aCTHIL

pacrpeeneHre 3JIeKTPOHOB 10 SHEPTHSIM B PE3YJbTaTe COyAapEeHUN C
aToMamMu

OTPAKCHHC DJICKTPOHOB OT IOBECPXHOCTU MOHOKPHUCTAJLJIA

2 B ombiTax ®@panka u ['epiia 66110 1OKA3aHO, YTO

B IICHTPC aTOMa HAXOAUTCA TAKCIIOC ITOJIOKHUTCIIBHO 3apsAKCHHOC AP0

OHCPI'UU JJICKTPOHOB 3aBUCAT OT YIJId OTPAKCHUA

MOXHO TOYHO USMCPUTDH 3apsJibl aTOMHBIX AOCP

OHCPIrur aTOMHBIX COCTOSIHUM JAUCKPCTHEI

3 CootHolieHue HeompeneaeHHocTel [ eiizenoepra MOKeT ObITh 3aMHUCaHO KaK
(BO3MOKHO 2 OTBETA)




Vg * V.p = C2

AX - Ap <h

AX - Ap >h

AX - Ap ~h

Kakoe u3 nepeuncieHHbIX CBOMCTB HE SBJISIETCSI CBOMCTBOM BOJIHOBOM
byaKIn?

KOHCYHasA

OeCKOHEeYHas

muddepeHpyemas

OJHO3Ha4YHasi1

3HaHUE BOJHOBOM (hYHKITUM MO3BOJISIET CYJAUTh

00 SHEpruM HaxoAALIEHCs B ONIPENEIEHHON TOYKE MPOCTPAHCTBA YACTHUIIBI

00 HMITYJIbCC YaCTHIIEI, HBHH(ymeﬁCH B OTpaHUYCHHOM 00neme dV

0 pacnpeielIieHUH BEPOSITHOCTEH 0OHAPYKUTh YACTUITY B PA3JIMUHBIX TOUKAX
MIPOCTPAHCTBA

1 VYcnoBue HOpMUPOBKY AJIA BOJHOBOW (PYHKIIUH, ONIPEACIICHHON B 00bEMe
V:

[l =1 O | [l zn ¢ | [l =n

Vv Vv Vv

Kakue n3 nepeurciieHHbIX IEPEMEHHBIX HE BXOJAT B IBHOM BHUJIE B
ypaBHenue [lIpenunrepa? (BO3MOKHO HECKOJIBKO)

CKOPOCTH YaCTHIIbI

IMOJIHAA OHCPI'rsd YaCTHUIIbI

INOTCHIOHAJIbHAA SHCPI'UA YaCTHUIIbI

KoopanHaTa 4YaCTHUIIbI

HNMITYJIBC 9aCTHUIIbI

Macca 4acTHIIBI

KakoBa BeposTHOCTB
OOHapYXHUTh YaCTHILY B
o0JacTu MeXay KOOpAHHA-
tamu | u 3?7

25/81

BomHonas GyHKIFE

17/27

5/9 s 1 3 3 4 s

17/81 e

5/81

CornacHo TCOpHUHU Bopa IIoJIHag S9HCPrug aroMa BOJOpoaad




IpAMO IMPONNOPpHKMOHAJIbHA KBAHTOBOMY YHCITY

00paTHO MPONOPIHOHAJIBHA KBAHTOBOMY YHCITY

MPsIMO MPONOPIIMOHAJIBHA KBaIPATy KBAHTOBOIO YKCJIA

O6paTHO IMPOINIOPIHMOHAJIbHA KBAAPATY KBAHTOBOI'O YHUCJIA

Bonpocwt 10, 11 omnocamesa Kk yacmuye 6 NOMEHYUAIbHOU AMe ¢ 0eCKOHEeUHO
6bICOKUMU CIMEHKAMU

10 | C yBenuueHueM MUPUHBI TOTEHIIMATBHOMN SIMBI PACCTOSTHUE MEXKITY
JYHEPreTUYECKUMU YPOBHIMHU YaCTHILIBI

YBCIMYIHNBACTCA

YMCHBIIACTCS

OCTAacTCA IIOCTOSIHHBIM

11 C YBCIMYCHUCM MACChI HaCTHUIIbI PACCTOAHUC MCIKAY SHCPICTUICCKUMHA
YPOBHAMHU Y4CTHUIIBI B HOTGHHH&JIBHOﬁ SAMC

YBCIMYINBACTCA

YMEHBIIACTCS

OCTAacTCA IIOCTOSIHHBIM

12 | PaccrostHre MEXAy YHEPreTHUECKUMHU YPOBHSIMHU TaPMOHUYECKOTO
OCIMJUISITOPA C POCTOM DHEPTHUH

YBCIIMYNBACTCS

YMEHBIIAETCS

OCTAacCTCsA IIOCTOSAHHBIM

13 | KBaHTOBO-MeXaHMYECKas 3a/1ada 00 aTOME BOJIOPOJIa PEIIACTCs B

ACKAPTOBLIX KOOpAHWHATAX

chepruecKUX KOOpIMHATAX

HWINHIPUYECKUX KOOPAMHATAX

14 | KBanTOoBOE umcIio | Ha3bIBaeTCs

T'JIaBHBIM

OpOUTATHHBIM

MAaromuTHBIM

15 | KBaHTOBOE YHMCJIO M HA3BIBAECTCS

T'JIaBHBIM

OpOUTAJILHBIM

MaromuTHBIM

16 | KanToBoe uuciio | mpuHMMaeT Bcero 3HaueHui

n-1

2n+1




n2

n
17 | CteneHb BBIPOXKACHUSI SHEPTETUUECKOTO COCTOSHUSI aTOMa € 3aIaHHBIM N
paBHa
n-1
2n+1
n2
n

Kpumepuu ouyenku ptnoinenus KOHmMpPOouabHOol padoomaul

Ommemrka "Omauuno”

BepHno BeinoaHeHo 6omee 85% 3amaHuii.

Ommemxa "Xopowo"

Bepno BbinosHeHo 75-85% 3ananuii.

Ommemxka "YooenemeopumenvHo"

Bepno BeinoaHneno 60-75% 3ananuii.

Ommemxka "Heyodosnemseopumenvro"

Bepno BeinonHeno menee 60% 3amanuil.




