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1. llesan ocBOEeHMSI AN CIMIIJIMHbI

[enstMu OCBOCHUS TUCIMIUIMHBI « ATOMHAsI (PU3UKa» SIBISIETCS W3YYCHHE OCHOBHBIX ITO-
HATUA MHKPOMHPA, OCHOBHBIX SKCIICPUMEHTAIBHBIX JaHHBIX O CTPOCHUH BEIIECTBA, KBAHTOBO-
MEXaHUYECKUX MPEJICTaBICHUM O CTPOCHUU aTOMa, MaKPOCKONMMYECKUX KBAHTOBBIX SIBICHUU.

2. MecTo AMCUMIIMHBI B CTPYKTYpe 00pa30BaTeIbHOM MPOrpaMMbl
JucrunnnHa «AToMHasE (pu3nKa» OTHOCHTCS K 0Os3aTENhbHOM 4YacTH 0Opa3oBaTeIbHOMN
pOTrpaMMbI» M BXOAUT B Moaynb «OOmas ¢uznuka». «AToMHas (U3UKa» SBISIETCS MPEAIO-
CIIeTHEeW MUCIMIUIMHON Kypca obmel Gpusnku, mpeamnonaraetT GopMupoBaHUE OCHOB (PU3HUECKO-
T'0 MHUPOBO33PEHUS, COBPEMEHHOHN (PU3MUECKOM KapTUHBI MUPA.
[Tomydennble B Kypce « ATOMHas pU3MKa» 3HAHUS HEOOXOIUMBI 71l U3YUYEHUS KypcoB OJ10-
ka «Teopernyeckas puzukay.

3. [lnanupyemble pe3yJibTaThl 00YUEeHUS MO JAWCHUIIHHE, COOTHECEHHbIE ¢ MJIAHUPYEeMbI-
MU pesyJbTatamu ocBoenusi OIl 0akanaBpuara

[Iponiecc u3yueHus: MUCIUIUTMHEI HAMIPAaBJICH Ha (OPMHUPOBAHUE CIECIYIONINX 3JIEMEHTOB
komrieteHmii B cootBercTBHM ¢ ®PI'OC BO, OI1 BO u mnpuobOpereHus cleayronux 3HaHHMH,
YMEHUM, HABBIKOB U (MJIM) ONBITA IEATETbHOCTH:

®opmupyemass | MHAMKATOP J0CTHKEHUSA Ilepeyenn
KOMIIETCHIHA KOMIIETCHIIUH IUIAHUPYEMBbIX Pe3yJIbTATOB 00y4YeHH s
(xox u popmy- (xox u popmyIHpOBKA)

JIUPOBKA)

Ob6menpogeccnoHaabHbIe KOMIIETEHINH




OIIK-1. Cnoco-
OEH  HCIOJB30-
BaTh IOJIOXKEHUS,
3aKOHBI U METO-
OBl  €CTECTBEH-
HBIX HayK M Ma-
TEMATUKN JUIA
pewenus  3anad
WH)XEHEPHOU Je-
SITCIIBHOCTU

N-OIIK-1.1 3naer Qyn-
JTaMEHTAIbHBIC 3aKOHBI
IPUPOJIBI M OCHOBHBIE (pH-
3WYECKHe U MaTeMaThye-
CKHUE 3aKOHBI..

N/I1-OIIK-1.2 . Cnocoben
MIPUMEHATHh (PU3NUECKHIE
3aKOHBI 1 MAaTEMaTHYECKHE
METOJBI ISl pEIICHHS 3a/1a9
TEOPETUYECKOTO U TIPH-
KJIQJIHOTO XapaKTepa..

NJ1-OIIK-1.3
JleMOHCTpUpYET HaBBIKU
MCIOJIb30BaHUS 3HAHUH (u-
3WKU ¥ MaTEMaTUKH TIPH
pELIECHUH MTPAKTUYECKUX
3a1a4.MCTI0JIb30BaHUs 3Ha-
HUH (pU3UKN U MaTeMaTHKH
IPY PEIICHUN TpaKTHYe-

3HaTh:

— KOPITYCKYJISIPHO-BOJIHOBO Jyanu3M B MHUK-
pomupe,

— MPUHIIMUI HEOPEEIIEHHOCTH;

— KBAHTOBBIC YPABHCHHA ABUKCHUA,

— CTPOEHHS aToMa, MarHeTU3M MHKPOYACTHIL,
MOJIEKYJIAPHBIE CIIEKTPBIL;

Ymers:

- OCYHICCTBJIATH NOCTAHOBKY 3a/1a4H,

- BBIOMpaTh CIIOCOOBI pEIICHUS.

3HaTh:

— CHUCTEMYy aTOMHBIX EIUHUIl WU3MEPCHHS Be-
JINYUH,

— YHUBEpCaJIbHBbIC (DU3NYECKUE KOHCTAHTHI U
UX pa3MEpPHOCTH;

— COBPEMEHHYIO (PM3UYECKYI0 KapTUHY MHUDA.
YMeTh:

— TMPUMEHSATHh MaTeMaTHYEeCKUi ammapar, ¢hu-
3UYCCKHUEC 3aKOHBbBI H TGOpI/II/I JUUIA pGI_HeHI/ISI
MIPUKIIATHBIX U TEOPETUUECKUX 3a]1a4.

Baagers HAaBBIKAMU:

— pelICHHsI TUTIOBBIX, OPUTUHAIBHBIX, TO3HA-
BaTEJbHBIX 3a/1a4;

— QHAJIMTHYECKOI'0 MBIIIJICHHS, METOAUKAMU
00pabOTKHU IKCIIEPUMEHTATIbHBIX JTAHHBIX;

— HaBBIKAMHU aHATUTHYECKOTO MBIIIIEHNS,
METOAMKAaMHU 00paOOTKH ONBITHBIX JTAHHBIX.

Baaaers HaBbIKaMM:

- MPaKTHYECKOTO MPUMEHEHHS MaTeMATHKH TIPH
pelieHud (pU3NIEeCKUX 3a/1a4;

- HCTIONH30BAHUS METOJIOB BEPOSTHOCTHOTO OTTH-
CaHUSI COCTOSIHUS YACTHIIBL;

WCIIONIH30BAHUSI METOJIOB MaTeMaTHIeCKoH (hopma-

JIM3aIH 3aKOHOB aTOMHOM (PH3HKH.




4. O0beM, CTPYKTYpPA U COAEpPKAHUE TUCUUNINHBI

OO6mias TpyJ0€MKOCTh JUCIUIUIMHBI COCTABIISIET 3 3a4eTHRIX enunmi, 108 akan. dacos.

Ne Tembl (pa3aenbl) Buab! yueOHbIX 3aHATHIA, DopMbI TEKYILIETO KOH-
n/n JUCHUILINHEI, £ | BKJIIOYas CAMOCTOSTENLHYIO Pa- | TPOJIsi YCeBAEMOCTH
HX coep:KaHue 3 00Ty CTyeHTOB,
s U UX TPYI0EeMKOCTH dopmMa MPOMEKYTOTHOIH
o (B aKaJeMHYECKHX 4acax) aTTecTaAlMH
(no cemecmpam)
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KopnyckymnspHo-
1 |BonHOBOM nyanu3m cBera | 4 6
) [Inanerapnas Moaenb 4 4 3 ) 3amanus UI1 caMOCTOS-
aToma TEJIBbHOM paboThI
3 BoHOBEIE cBOliCTBA Ya- 4 4 3 3amanus UI1 caMOCTOS-
CTHIIL. TEJIBbHOM paboThI
VYpasuenue lpeaunrepa 3amanus UI1 caMOCTOS-
4 4 | 4 4 |1 4 | tenpHOM paboTsl. Kon-
TpoJsibHast pabota Ne 1
5 [Toctynarel KBaHTOBOU 4| a4 4 ) 3amanus A1 CaMOCTOsI-
MEXaHHUKH. TEIHLHON PaOOTHI
6 Ta6auna /.. MenneneBa 4 4 6 | ) 3amanus UI1 caMOCTOS-
TEJIBbHOM paboThI
OKCIEepUMEHTAIIbHbBIC
3amanus I CaMOCTOS-
7 |MOATBEPKIECHUS BBIBOJIOB | 4 4 2 N
M TeIbHOU padoThI
KBAaHTOBOM MEXaHHKH
2 MaruuTtHble CBOMCTBA 4 4 1 3 3amaHus I CaMOCTOS-
aTOMOB TEIHLHON PabOTHI
2 105 33,5 JK3aMEH
Bcero 3a 4 cemectp 34 171 5 |05 51,5

COIEPXKXAHUE PA3JIEJOB INCHUITJIMHBI
1. KopnyckyJ/isipHO-BOJIHOBOM 1yaJIn3M CBeTA.
Nznydenne abcomotHo depHoro tena. @orodaddext. Teopus dororddexra. DOTOITEMEHTHI.

Pamnometp Kpykca.

2. IInaneTrapHasi Mofie/Ib aTOMa



[TepBeie monmenu atoma. OnbiT Pesepdopna. @opmyna Pesepdopna. [Tnanerapras monens ato-
Mma. Cnektp aroma Bopopojaa. ITocrynarsl bopa. bopoBckas monens atoma Bogopona. OmnbIThl
®panka u ['epua. Beisog ¢popmyssr Punbepra uz monenu bopa.

3. Bos1HOBBIE CBOHCTBA YACTHIY

l'unotesa ne bpoitnsa. OnbiTel [kapmepa u J[sBucona. BonHoBas ¢yHkius snextpona. Audpax-
IIMs JIEKTPOHOB Ha ABYX mensx. [Tapagokc Habmomarens. CoOTHOIIEHNE HEONPEAETICHHOCTEH.
Ieiizenbepra. [lupuna cnextpanbHoil nuHuH. [IpeoOpasoBanue @ypbe. CBsSI3b COOTHOILCHUS
HEoNpeIeIeHHOCTEH 1 mpeoOpa3oBanus Dypee.

4. YpaBuenue llpenunrepa

Bpemennoe ypaBuenue llpenunrepa. Craunonapaoe ypasHenue Lllpeaunrepa. CranuonapHsie
cocTosiHus. YacTuiia B OTHOMEPHON M TPEXMEPHOU MOTEHIMAJIbHBIX siMaxX. KBaHTOBBIN MpuUllen
cynepnosunuii. ITapagokc Kora Ilpenunrepa. IIpoxoxaeHne yacTuipl Haa ¥ 104 NOTEHIUANb-
HBIM O6apbepoM. ['apMOHMYECKU OCITUILIATOP.

5. IlocTy1aThl KBAHTOBOM MEXaHUKH. DPMUTOBBI ONEPATOPHI U UX MCIOIb30BAaHUE B MaTeMa-
THUYECKOM anmnapaTe KBaHTOBOM MexaHuku. Kommyrtatop. OnepaTop yriaoBoro Mmomenrta. Onepa-
TOp MarHUTHOTO MOMEHTA. [locTyaThl KBAHTOBOI MEXAHUKH.

6. Ta6auua /.M. MenneseeBa. Yactuna B chepuuecku CUMMETpUIHOM Tojie. Bomopomono-
NoOHBIE aTOMBbl. DHepreTudyeckue ypoBHU. [loTeHnnansl Bo3OyxaeHus 1 noHu3auuu. CrekTpsl
BOJ10po10110100HbIX aroMoB. [Tpuniun [Maynu. CTangapTHBIN 3aKOH 3arOJHEHHS JIEKTPOHHBIX
ob6omnouek. [IpaBmno Manenyrua-Kinnukosckoro. IlpaBuna Xynma. TepMbl OCHOBHBIX COCTOSI-
HHUH.

7. JKcnepuMeHTAIbHbIC MOATBEPKICHUsI BIBOAOB KBAHTOBOH MEXaHMKH.

®opmupoBaHus npeacTaBieHus o cnuHe ekTpoHa. OneiTel LlTepHa u 'epiaxa. @epMuoOHbI 1
6030HbI. [IpuHIMT pabOTHI 1a3epa.

7. MarHuTHBIE CBOICTBA ATOMOB

CBsI3b yIJIOBOTO M MarHUTHOT'O MOMEHTA B KjlaccMueckor ¢usuke. BzaumoperictBue coOCTBEH-
HBIX U OpOUTATBLHBIX MAaTHUTHBIX MOMEHTOB. Daktopsl Jlanae. Dddexrt 3eemana.

5. O0pa3oBaTe/ibHbIE TEXHOJOTHMH, HCIOJIb3yeMble NPH OCYIIeCTBJIEHNH 00Pa30BaATEILHOI0
npouecca no JMCUMIINHE
B mpouiecce 00yueHust HCIOIB3YIOTCS ClEAYIONINE 00pa3oBaTeIbHbIE TEXHOIOTHH:

BBoanasi Jieknusi — 1a€T MepBOE 1EIOCTHOE MPEACTABICHUE O TUCHUIUIMHE U OPUEHTHU-
pPYET CTy/IeHTa B CUCTEME W3YUYeHHs JaHHON AMCUUILTHHBL. CTyJAeHTHl 3HAKOMSATCS C Ha3HAYEHU-
€M U 3aJa4aMH Kypca, €Tro poOJIbI0O 1 MCCTOM B CUCTCMC y‘-IGGHBIX JUCHUIIJIIMH U B CUCTEMEC IO~
TOTOBKHU B 1esoM. JlaeTcst kpaTkuil 0030p Kypca, UCTOPHS pa3BUTUS HAYKHU U MPAKTUKU, TOCTH-
JKEeHHS B 3TOHU C(bepe, HMCHA U3BCCTHBIX YUCHBIX, U3JIAratoTCA INCPCIICKTUBHBIC HAITPABJICHUA HUC-
cnenoBanuil. Ha 3Toil neKuuu BBICKA3bIBAIOTCS METOJWYECKHE U OpraHU3aIlMOHHbIE 0COOEHHO-
CTH paboThl B paMKax JaHHOW AMCIMILTUHBI, a TAKXKE JACTCS aHAU3 PEKOMEHIYyeMOW y4eOHO-
METOIUYECKON JTUTEPATYPHI.

AxagemMuyeckas JeKIUs (MU JEKIUs 00IIEro Kypca) — moclieJoBaTeIbHOE U3JI0KEHUE
MaTepuaia, OCyLIeCTBIsIEMOe MPEUMYIIECTBEHHO B BHJI€ MOHOJIOra mpemnojaBatens. Tpebosa-
HUS K aKaJeMHYEeCKON JIEKLIMU: COBPEMEHHBIN HayuHBIH YPOBEHb U HaChHIIIEHHAss HH(POPMATHUB-
HOCTb, yOeIUTeNIbHAs apryMeHTAalus, JOCTYIIHAs U MOHATHAS peyb, YeTKasi CTPYKTypa U JIOTHKA,
HaJIM4YKe SIPKUX MPUMEPOB, HAYUHBIX JOKa3aTeNbCTB, 000CHOBaHUI, (DaKkTOB.



HpaKTﬂ‘IeCKOG 3aHATHE — 3aHATUC, MMOCBAINICHHOC OCBOCHHIO KOHKPCTHBIX YMC-
HUM U HaBBIKOB U 3aKPCIVICHUTIO MTOJYUCHHBIX Ha JICKIIUN 3HAHUH.

B npouiecce 00ydeHus: HCHOMB3YIOTCS CIEIYIOIME TEXHOJIOTHH 3JIEKTPOHHOTO 00YYEeHHUs
U IUCTAaHLMOHHBIE 00pa30BaTEIbHbIEC TEXHOIOTHUHU:
DEeKTPOHHBIN yueOHbIH Kypc «PU31Ka aTOMOB U aTOMHBIX SIBICHUI»(JICKIIMH U TIPAKTHYECKUE
3aasaTus) (PO-3160, OH-3150, ®-3160)» B LMS Dnekrponnsiii yausepcuteT MoodleSpl'V, B
KOTOpPOM:

- TpEeACTaBJICHbI 3aJaHMsl I CaMOCTOSTEIbHOW paboThl O0ydYaromuxcs MO TeMaMm
JUCLUIUIMHBI,

- OCYLIECTBIISIETCS IPOBENECHUE OTACIBHBIX MEPOINPHUATHI TEKYIIEro KOHTPOJIS
yCIIEBAEMOCTH CTY/IEHTOB;

- IpenCTaBJIEHbl TEKCTHI JIEKIUH 110 OTJAEIbHBIM TEMaM JUCLUILINHEI,

- TpeACTaBJIEHBI IPABUJIA TPOXOXKIECHUS IPOMEXKYTOUHOHN aTTECTAllUH 110 TUCLUITIINHE;

- TPEACTaBICH CHHCOK YYeOHOW JUTEpaTyphl, PEKOMEHAYEeMOW JJsi OCBOCHUS
JUCLUIUIMHBI,

-- TocpencTBOM (opymMa OCYLIECTBISIETCS CHHXPOHHOE M (WJIM) ACHHXPOHHOE
B3aUMO/IEHCTBHE MEXKAY 00yUarOIIUMUCS U IIPENOoIaBaTeIeM B paMKax U3yUeHHs JUCLUIUINHBL

6. [lepevyeHb JMUEH3MOHHOTO U (WJIN) CBOOOJHO PACNIPOCTPAHAEMOr0 MPOrPpaMMHOro odec-
NneYeHusi, UCNOJIb3yeMOro NMpU OCYLIecTBJIEHHH 00pPa30BaTeJIbHOIO Mpolecca Mo JHCIHU-
TUIHHE

B nporecce ocymiectBieHuss 06pa3oBaTeabHOro Mpoiiecca o JUCHUIUIMHE UCTIOIb3YIOT-
csl:

i (opMHpOBaHUS MAaTEPUANIOB JJIS TEKYIIETO0 KOHTPOJS YCIEBAEMOCTH U MPOBEACHHUS
MPOMEKYTOUHOM aTTecTaruu, 1isi GOpMUPOBAHUS METOIMYECKUX MATEPUAJIOB MO TUCIUTUIMHE:

- mporpammbl Microsoft Office;

- u3marenbckas cucrtema LaTex;

- Adobe Acrobat Reader.

7. IlepeyeHb cOBpeMeHHBIX NMPO(eCcCHOHATBLHBIX 0a3 JaHHBIX U MH(OPMANMOHHBIX CIpa-
BOYHBIX CHCTEM, HCIOJb3yeMbIX INPH OCYLIeCTBJICHMH 00pa30BaTEJbLHOIO Ipouecca Io
JUCHUILIMHE (MPUA He0OXO0UMOCTH)

B npouecce ocymiecTBieHus: 00pa30BaTENbHOTO MPOLEcca MO JUCHUILIHHE UCTIONb3YIOT-
csl:

ABToMarusupoBaHHass ~ OubnamoreuHo-uHpopmannonnas cucrema «BYKU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk cat find.php

8. IlepeyeHb OCHOBHOI M JONOJHUTEIbHON Y4eOHOI JUTepaTyphl, pecypcoB HH(popmanu-
OHHO-TEJIEKOMMYHHKAIMOHHOH ceTH «HTepHeT», HEOOXOAUMBIX I OCBOCHUS JHMCIHU-
TUINHBI

a) OCHOBHasI JIUTepaTypa
1. Cagenwes, 1. B. Kypc ¢usuku : yuedbHoe mocodwue : B 3 Tomax / . B. CaBenbeB. — 7-¢
u3n., crep. — Cankr-IletepOypr : Jlans, [0. 1.]. — Towm 3 : KBanToBas ontuka. AToMHas
¢usuka. dusuka TBepmoro Tena. OU3MKa aTOMHOTO Sipa W 3JIEMEHTAPHBIX YacTUI] —
2019. — 308 c. — ISBN 978-5-8114-4254-6. https://e.lanbook.com/book/117716




2. HWponos, N.E. 3agaun no obmeii ¢pusuke : yueoHoe nocodbue / U.E. Upomos. — 11-e uzs.
(311.). — Mockaa : JIaboparopust 3nanuii, 2017. —434 c. : uin., Tadmn., cxem. — ISBN 978-5-
00101-491-1.. http://biblioclub.ru/index.php?page=book red&id=462150

0) 1OMOJIHUTEIbHAS JTUTEepaTypa

1. CuByxun [I. B. O6mmii xkypc ¢usuku: yueb. mocobume mus By3oB: [B 5 T.] / J. B.
CuByxuH; M-Bo BbIcil. U cpefl. cuen. oopasoBanust CCCP.

2. Tep-Kpuxopo A.M. Kypc maremaTudeckoro ananusa [ DIeKTpOHHBIN pecypc]: yueOHoe
nocobue st By3oB/ Tep-KpukopoB A.M., llabynun M.M.— DIeKTpOH.TEKCTOBHIE
nanubie.— MockBa: BUHOM. JlaGoparopus 3nanuii, 2015.— 673 ¢.—ISBN:978-5-
9963-2987-8 http://www.iprbookshop.ru/88987.html

Eal

CagenbeB U.B. Kypc obmieit ¢pusuku, 1.3, M.: Hayka, 1982.- 432 c.
MartseeB A.H. Kypc o6mieit pusuxu. - M.: Bpicmas mkosa, 1989 T. 5.

e

9. MaTepuajibHO-TeXHUYeCKas 0a3a, He00OX0AMMAas ISl OCYIeCTBIEHUs 00Pa30BaTEIbLHOI0
npouecca no JMCUMIUInHE

MarepuanbHo-TeXHUYECKas 0aza, HeoOXoauMas JJIsI OCYIIEeCTBICHHUsI 00pa30BaTEIHLHOTO
npoiiecca 1o AUCIUIUIMHE BKIIOYAET B CBOM COCTaB CIEIUATbHbIE TOMEILICHHUS:

-yueOHbIC ayJAUTOPUU I TIPOBEICHUS 3aHATHUH JIGKIIMOHHOTO THIIA U MPAKTHYECKUX 3aHATUN
(ceMuHapoB);

- yueOHbBIC ayAUTOPUH TSI IPOBEJICHHUS TPYIIIIOBBIX U WHIMBHUIYaIbHBIX KOHCYJIbTAIUH,

- yueOHbIC ayIUTOPUH IS TPOBEICHUS TEKYIIEro KOHTPOJISI U TPOMEKYTOYHOH aTTeCTaIui;
-TIOMEIICHHS 111 CAMOCTOSITEIbHOU paOOTHI;

-TIOMENICHHSI IJIs1 XpaHEHUS ¥ MPOPUIAKTHIECKOTO 00CTYKUBAHUSI TEXHUYECKUX CPEACTB 00Y-
YeHHUS.

CrieninaiabHbIE TTOMEIICHUS YKOMILJIEKTOBAHBI CPEJCTBAMHU OOyUYEHUS, CIIYKAIUMHU IS
MIpEACTABICHUS YueOHOW nHPOpMAIHK OONBIION ay TUTOPHH.

Jliis mpoBeieHUsI 3aHATUN JIEKIIMOHHOTO THIA MPEIaraloTcss Habophl JEMOHCTPAIIHOH-
HOTO 000PYIOBaHUS U YYCOHO-HATJISITHBIX TTOCOOUH, XpaHAIIUECs Ha SJIEKTPOHHBIX HOCUTEISIX U
o0ecrevynBaroINe TEMAaTUYECKHE WJUIIOCTPAIIUN, COOTBETCTBYIOIIME pPaboduM mporpaMmmam
JHCIATUINH.

[TomemeHust 1Ji1 CaMOCTOSATENBHON PAOOTHI O0YUYAIOUTUXCS OCHAIIEHBI KOMITHIOTEPHOM
TEXHUKOW C BO3MOYKHOCTBHIO TOAKIIOUYEHHUSI K cetu «VHTepHeT» M obecriedeHueM JOCTyma B
AIIEKTPOHHYIO WH()OPMAIIMOHHO-00pa30BaTENLHYIO CPEAY OpTaHU3aIUH.

Uwucno mocagouHbIX MECT B JICKIIMOHHOW ayaUTOpPUU OOJbIIe JIMOO PaBHO CIIUCOYHOMY
COCTaBy IOTOKA, a B ayIUTOPUH ISl MPAKTUUECKUX 3aHATUN (CEMUHAPOB)— CIIMCOYHOMY COCTa-
BY TPYIIIBI 00YYaOIIHUXCH.

ABTOp(BI) :
[Tpodeccop kadeapbl MUKPOIIEKTPOHUKHI
U o6meit pu3uku, JOKTop ¢.-M.H. JI.®. benoHoXKO

(noonucv)



IIpuio:xkenne Nel k padoyeil nporpaMme M CHUANINHbBI
«ATomMHasi puznka»
@DoH/1 OLIEHOYHBIX CPECTB
JJIS1 IPOBEAeHN S TEKYLEero KOHTPOJISl YCIeBaeMOCTH
U MPOMEKYTOUHOI aTTeCTALMHU CTY/IEeHTOB
N0 AUCHUIIHHE

1. TunoBbIe KOHTPOJIbHBIE 32JaHUSI WJIM HHbIE MATEPHAJIbI,
HCHOJb3yeMble B MPoliecce TEKYIero KOHTPOJIs YCIeBaeMOCTH

3agaHus 17151 CAaMOCTOSITEILHON PadoThI
(OanHble 3a0anus BLINOIHAIOMCA CIYOEHMOM CAMOCMOSAMENbHO U npenodasamesiem 8 0053a-

menbHOM nopsoke nposepsaomcs, npogepka cpopmuposannocmu OIIK-1, unouxamopwi
][ OIIK 1.1, ][ OIIK 1.2)

KonTpoabsnasi padora Ne 1
(nposepka cpopmuposannocmu OIIK-1, unouxamopwvr MJ] OIIK 1.1, UJ] OIIK 1.2,
1 OIK 1.3)
3agaya.l YenuHeHHbIH [MHKOBBINA IIApUK OOIydaeTcs yJIbTpapuOJIETOBBIM CBeE-
TOM C JIuHOU BOJHBI A =250 HM. /[0 KakOro MakCMMaJbHOTO MOTEHITHANA 3apsi-
nuTcs mapuk? PaboTa BeIX0a 37IEKTPOHOB AJis IMHKA paBHa 4 =3.74 3B.

B8blX

3agaua 2 Omnpenenuth HEPrur0 (HOTOHA, COOTBETCTBYIOIIETO BTOPOW JIMHUMU B
nepBoil uHppakpacHoi cepuu (cepus [lamena) atoma Bogopoaa.

3agaua 3.

DnekTpoH B Mojenu H. bopa anekTpoH aroMa BopoJa ABUKETCS B KYJIOHOBCKOM
noJie sapa. MOKHO JIM B 3KCIEPUMEHTE CO3/1aTh JIEKTPUUECKOE M0JIE, CIIOCOOHOE
MOHU3MPOBATh aTOM Boaopoaa? IIpakTnuecku JOCTHKUMbIE 3HAYEHUsT HAIPSHKEH-

noctn 10" —10° B/m.

3agaua 4

Kunernueckass sHeprusi MpoTOHA paBHA €r0 PHEPIMHM NMOKOsA. BpUMCINTB AIHHY
BOJIHBI A€ bpoissg Takoro npoToHa

KonTpouabHnasi padora Ne 2
(nposepka cpopmuposannocmu OIIK-1, unoukamopwr M| OIIK 1.1, UJ] OIIK 1.2,
1 OIK 1.3)
3amava 1. J[okazath CaMOCONPSKEHHOCTh ONEPATOPA MPOEKIIUU YIIIOBOTO MOMEH-
Ta. JIeMCTBOBAaTh aHAJIOTUYHO JOKA3aTENIbCTBY CAMOCHPSIKEHHOCTH ITPOEKIIMU HM-
yJIbCa.
3agaua 2. Cpennee BpeMs )KU3HU MU-HYJIb Me30Ha 1,9 107'°c. Kakoit qomkHa ObITh
paspelaroniasi CiocOOHOCTh MPUOOpa ISl pETUCTPALIMU TAKUX YaCTHUIL?
3agava 3.D5EeKTPOH HaXOAUTCA B OJJHOMEPHOU MOTEHIUAIBHOM sIME C OECKOHEYHO
BbICOKUMHU cTeHKamu. Illupuna smel 1,4 10°m. Onpenenurs SHEPIUIO, U3Iy4dae-
MYIO 3JIEKTPOHOM IIPH MIEPEXOJE C TPETHETO YPOBHS HA BTOPOM.
3anaua 4. Yactuia HaxoauTCsd B OECKOHEYHO TIIyOOKOM OJHOMEPHOW MOTEHIIM-
albHOM sIME 3aJaHHOW IIMPUHBI Ha BTOPOM JHEPreTHUYECKOM YpPOBHE. B kakmx
TOYKaX SIMbI MJIOTHOCTh BEPOATHOCTH OOHApPYKEHHUSI YACTHUIbI COBMAJAET C Kiac-
CHUYECKOW MIOTHOCTBIO BEPOSTHOCTU?



[IpaBria BEICTABJIEHUS OLIEHKH I10 PE3YJIbTaTaM KOHTPOJLHBIX pabot Ne 1-Ne 2:

OreHka 1Mo pe3yJibTaraM KOHTPOJIbHON pa®oTel Ne 2 cunrtaercs B Oayuiax mo Cieayroie-
MY MPUHITUITY: TPABUIIBHO BBIIOJIHEHHOE
- 3aganue Ne 1 — 1 Oam;

- 3amanue Ne 2 — 2 Oainia,
- 3aganue Ne 3 — 1 Oam;
- 3amanue Ne 4 — 1 Oai.

Kaxxnoe u3 3amanuii MOKeT OBITH OIEHEHO IMOJIOBUHOMW 3asBJICHHBIX 10 HEMY OaJIJIOB, B
clIy4ae, KOT/ia P €r0 BBIMOJTHCHUH MIPaBUIIBHO TPUMEHEHBI pacy€THBIE ()OPMYIIBI, HO UMEIOTCS
OImMOKHU B pacueTax.

[TonmHOCTBIO HEMPABUIBLHO BHIIOTHEHHOE 3a1aHue — () OalioB.

MakcumanbHOE KOJIMYECTBO OAJIJIOB TI0O UTOTaM KOHTPOJIBHOM paboThl Ne 1 — 5 Gamos,

5 GariaM COOTBETCTBYET OLIEHKE «OTIUYHO», 4 OallilaM — OI[EHKE «XOpOIIo», 3 Oaiam —
OIICHKE «YJIOBJICTBOPHUTEILHO», 2 U MeHee 0alljloB — OIICHKE «HEYIOBJICTBOPUTEIHLHO» (YyMEHUS
Ha JIaHHOM 3Tarle OCBOSHUS JUCIUIUIMHBI HE CPOPMHUPOBAHBI).



2. Cnucok popMyJs1 1 MOHATHI, KOTOpPbIE TPedyeTcsl 3HATH HAU3YCTh
(nposepxa cpopmuposannocmu OIIK-1, unouxamop U/ OIIK 1.1, U] OIIK 1.2
)

1. KoJsebanus v BOJIHBI.

X = Acos(a)t + goo) - MpocCTeiiiee TapMOHUYECKOe KojiebaHue;

xX= Acos(a)t —kx + (po) - IPOCTeiiIas TapMOHUYECKas BOJTHA;

27 o
T = — - nepuoj KoieOaHui;

0]
I o .
vV =—=— - NUKJINYECKAs YacTOTa; MOKA3bIBAECT YUCJIO MOBTOPCHUI B €IUHUILY
T 2r
-1
BPEMCHU, [v] =ly=c;
2
a)=7 - KpyroBasi 4acToTa; paBHa OBICTpOTE M3MEHEHUs (a3bl KoyieOaTeIbHOIO
pao
WJIH BOJTHOBOTO JIBHIYKEHUS; [a)] =—;
c

T o
k= 7 - BOJIHOBOC YHCJO OJIs BOJIHBI C JJIMHHOHU A ;

@
V= s (dazoBasi CKOPOCTh BOJIHBI (CKOPOCTh MEpEMEIICHUS TPEeOHs);

dw .
V:E - TPyHIoBasi CKOPOCTh (CKOPOCTh MEpPEMEIIEHUs OTHOal0IIe BOJIHOBOTO
MaKkeTa ¥ pacpoCTPaHEHUsI CUTHAJA);

2. CBeleHus 13 MeXaHUKH.

2 2

mv p
E, = T = 2— - KUHETUYECKAasl SHEPTUsl B HEPEIATUBUCTCKOM MPUOIIMKEHUH
m

2
E,=mc" - dHeprus nokos B PeIATUBHUCTCKOM IPUOJIMKECHNH;

2
mc
E= ﬁ - [TOJIHAS DHEPIHSI B PEIIATUBUCTCKOM IPHOIMKEHUY;
1-v/c

2
mc

E, = ﬁ —mc’® - KHHETUYeCcKas SHEPrUsl B PEIATUBUCTCKOM MPHOIHKEHHH;
1-v/c

2 v
E, <<mc® wm (M) v<<c - KpUTepUIl NPUMEHHUMOCTH HEPEJIATUBUCTCKOIO

PUOJIMKEHHUS.
2 2 2 2 4
E*—p°c® =m°c” - cBA3b SHEPTUU U UMITYJIbCA B PEIATUBUCTCKOM MPUOIINKECHNN
2
mv .
P =——=—= - PCIATUBUCTCKHH NMITYJIbC;
1-v'/c

10



3. CBejleHUs1 M3 BOJHOBON ONITHKH.

R=0T" - 3akon Crepana-Boabumana;
R - sHepreTuueckasi CBETUMOCTb a0COJIFOTHO YEPHOTO TelIa;
T - aGcontoTHas TemMIeparypa Tena;
o - nocrosinHas Credana-bonpimana.

AT =b -3ak0oH cMemieHusi Buna;

A_. - JUIMHA BOJIHBI, HA KOTOPOH CHEKTpasibHas IJIOTHOCTb W3IYUYEHUS

max

a0COJIFOTHO YEPHOT'0 TeJIa MaKCHMaJIbHa;
b - nmocrosuuas BuHa.

E=hv= h% =ho - >ueprus poroHa;

h
h - nocrosiHHag Ilnanka; 7 = Py nocTtossHHas Jlupaka;
Vs

0|~ St

P =hk - ummynsc Gporona;
P==

1+ p)=w(l+ p) - naBi1eHne cBera;

I - THTCHCUBHOCTH CBETA;
£ - KOO PUIUEHT OTpaKeHHUS;
W - 00beMHas IJIOTHOCTh SHEPTHH.
hv=A, +E _  -ypaBHeHHe JHHIITelHHA sl BHeIIHero ¢gotodddexra;

A - pa60Ta BbIXO/la 9JICKTPOHOB U3 METAaJlIa,

8blX

E

k max

max

- MAaKCHUMaJIbHAA KHHCTHYCCKAsA OHCPIuA (bOTOBJ'IGKTpOHOB.

A=A, (1 —cos (8, )) - H3MeHeHHe JUINHBI BOJIHBI B 3¢ ¢exre KomnrTona;
h  hc

ﬁ’C == - KOMIITOHOBCKasia AJIMHA BOJIHBI YaCTUIIBI.

2dsin(0)=mA; m=1;2;... - 3akon Byadpa-Bporra
d - pacCTOSIHHE MKy aTOMHBIMH TIITOCKOCTSMH KPHCTAILIA;
@ - yron paccesiHusl PEHTT€HOBCKHX Tydeii;
asin(6, )=+mA; m=1;2;... - HanpaseHnst AMGPAKUMOHHBIX MHHHMYMOB NIPH

AU(PPAKUMH OT OHOM LIeJIH;
% =RyZ* (Lz - Lz) - 0000menHas ¢popmyJsia baabmepa;
n-m

Z -3apsan aapa; Ry - noctosiHHas PunOepra;
n=123,.; m=n+ln+2,n+3,..

n=1 -cepus Jlitmana; (Y® ob6nacts)

n=2 - cepusa banbmepa; (BuauMas 001acTh)
n=3 - cepus llamena; (unppakpacHas 001aCcTh)
n=4 - cepus bpakera; (nuppakpacHas 00J1acTh)

11



4. BoanoBas dvHKINSA (AMIUINTY/IA BEPOATHOCTH)
Baoicnvie obosnauenus

TOYKa IMPOCTPAHCTBA
]
X ecnu 3a0aya oonomepHa: N =1

r=5 x,y ecau 3aoada 08yxmepua:N =2

X,y,z ecau 3a0aua mpexmepHa: N =3

DJICMEHTAPHBIN 00bEM
dx ecau 3a0aya oonomepra: N =1

dv=4 dxdy eciu 3adaua ogyxmepna:N =2
dxdydz ecnu 3a0aua mpexmepna: N =3
ecau 3a0aya oonomepua: N =1
ecau 3a0ada 08yxmepua: N =2

ecnu 3aoaua mpexmepua: N =3

1
6CA Yucioeas npAamas R

N 2
R" =<6ca uucnosas npamas R

6CA Yucioeas npiamas 1{3

|‘IJ(1',t)|2 dv=V* (r,t)\P(r,t)dV = dP(r,t) - pu3HYeCKHH CMBICI;
dP(r,t) - BEPOSATHOCTh OOHAPYKUTHh YACTUIY B BJIECMEHTAPHOM O0BEME

d v, cogeprKalieM TOUKY I ;
2 dP(r,t )
| =———— - IUIOTHOCTHh BEPOSITHOCTH OOHAPYKUThb YACTHUIY B

|‘{’(r,t) .

MaJION OKPECTHOCTH TOYKH I ;

P(V)= J“P *Wdv - Bep. 0OHAPYKUTH YACTUUKY B KOHEUHOM 00BbeMe V ;

V
B omHomepHOM ciyuae V' 3TO OTpE30K WM CHUCTEMA OTPE3KOB, B
JIByXMEpbe — IUIOCKas (Qurypa WIM CUCTEMa IUIOCKHX (uryp, B
TpexMepbe — 00beMHas (purypa uim cucrema oObeMHBIX (QUTYD;
J. Y*Wdv=1 - ycioBue HOpMUPOBKH;
RN
<F > = I Y*FYdv - cpentee 3HaueHHE (PU3NUICCKOM BEIMUUHBI F |
RN
I P [F , G]‘Pd v=0 - xpurepuii COBMECTHOH H3MEPUMOCTH (PUIUYECKUX
RN

BeruunH F u G; [ﬁ ,G]Eﬁé—éﬁ - KOMMYTaTop OIEpaTOpOB

3aJaHHBIX (I)I/ISI/I‘ICCKI/IX BCIIMYHH,

12



FY=FY - 3amaua ompeneneHus COOCTBEHHBIX (YHKIMHA U COOCTBEHHBIX

A

3HaueHu F omeparopa F. DOTO COCTOSHHA W 3HA4YEHUS, KOTOPBIE
PETUCTPUPYIOTCS B SKCIIEPUMEHTE;

J Y, *¥,dv=0 - ycnoBue opTOroHaJIbHOCTH BOJHOBLIX QyHKIMHA ¥, n ¥, ;

RN
5. CooTHoIIeHUud HeonpeaejadeHuocten I'eiizeHoepra
h h h
Ap Ax2—3 Ap Ay =>—; Ap,Az2>—;
2 2 2
AEAt > E ;

3ZIGCB CUMBOJ A O3Ha4aeT CTaHAapTHOC (CpeI[HeKBaI[paTI/I‘-ICCKOC) OTKJIOHCHHC
I/I3Mep${eMOﬁ BCIIMYUHBI OT CPECAHCTO 3HAYCHMHA. 3Hak PaBE€HCTBA pPCaInU3yCTCAd,
TOJIBKO CCJIM INUIOTHOCTBH PacCIpCACIICHUA BCPOATHOCTHU I/ISMCPSIGMOﬁ BCIIMYUHBI

2
“I" HNOJUUHSIETCA TayCCOBOMY HOPMaJbHOMY paclpejeneHuto. B ocTaibHbIX
ClIydasix peajn3yeTcs HepaBeHCTBO.

6. Bouna ge-bpoitas
i
Y=g = Aeg(pkEt) - mpocTeiiiias BoJHOBas (GyHKIMS — BOJIHA Jie-bpois,
pacnpocTpaHstomasics Baojab ocu Ox ;
p = hk - umImynbc BOJIHBI ie-bpoiins;

E =ho - »neprus BonHsl ne-bpoiins;

h .
A =— - JyInHAa BOJHBI fe-bpoitns;
p

7. YpasHenue lllpeaunrepa
., 0¥ / .
lha— = —2—A‘P +UVY - nonnoe ypaBuenue llpeaunrepa aist OTHOM 4aCTULIBL;
t m
h2
-——Ay +Uy = Ey
2m

fy - E 3 pa3znvix cnocoba 3anucu
VR cmayuonapHozo ypasnenus [llpeounecepa

Az//+2h—T(E—U:O)

B cranumonapHbIX cOCTOSIHUAX (Korja HaOJIoJaeMble BEJIMUYMHBI HE MEHSIOTCS C

—Et
TE€YEHUEM BPEMEHH, a SHEPrus NPUHUMAET (PKUC. 3HAUCHHUE) lP(r,t) =l//(r)e e,

rae W(r) - KOOPAMHATHAS YaCTh BOJHOBOW ()yHKIIUU.
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U= U(r,z‘) - HOTCHOUAJIbHAA OHCPIrUd 4aCTUIbI B KITACCUYCCKOM BHCIIHEM II0JIC.

U =0 -1 ¢cBOOOIHOM YaCTHIIHI;

0 0<x<d
U=U (x) =
00 x<Owumu x>d
JJist 9acTUIBI B OJTHOMEPHOI O€CKOHEUHO TITy00KOH MOTCHIIMAIILHOU M€,
C 0<x<d
Uu=U (x) =
0 x<Owumu x>d

JUis 4YacTuipl, NPEo0JIEBAIONIEH MNPSIMOYTOJbHBI NOTEHIHUAIBHBIN Oapbep
UIMPUHBI d

8. Omnepartopsl pu3n4ecKUX BeJTUYUH
¥ =x¥ -onepatop x- KOOpPAUHATHI;
y¥ =y¥ - omeparop y - KOOPJIMHATEL,
Z¥Y =z¥ - omeparop z- KOOPJIUHATHL;

. . 0

p. Y =—ih— - onepaTop x - KOMIIOHEHTHI UMITYJIbCA;
Ox

. . 0

p,'¥ =—ih— - omeparop y - KOMIIOHEHTBI UMITYJIbCA;

. ., 0
p.¥Y= —zha— - ONepaTop z - KOMIIOHEHThI UMITYJIbCa;
Z

A

p°Y =-h*AY - omepaTop kBajaparta uMIyibca (A - omep. Jlamnaca);

A h? .
EY= —2—A‘{’ - OIepaTop KNHETHYECKON YHEPTUH;
m

A .0
LY :_Zhé_ - OmepaTrop z - MPOEKIMHU YIIIOBOTO MOMEHTA (¢ - Yroj MoBOpOTa

BOKpYr (Jz B HampaBJIEHUU MIPABOTO BUHTA);
. A K2
HY = (Ek + U)‘P = —2—A +U |Y - onepatop ["amunbroHa
m
(omepatop MOJIHOW SHEPTUU YACTHUIIHI)

CaoiicTBa onepaTopoB (pu3HYeCKHX BEeJIUYHH

F(a¥, +p¥,)=aF¥, + BFY, o, - koMIIeKcHEIE THCTa

JIMHEHHOCTH oneparopa [';

[ Fwdv=[(Fv)*w,dv
RY RY

JPMHUTOBOCTH (CAMOCONPSIKEHHOCTH) oneparopa F

CoOcTBEeHHBIE 3HAYECHHUSA 3pMI/lTOBa onmepartopa — AeHCTBUTEIbHbIEC UHCJIA.
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[, *w,dv=0,

OpTOroHAJLHOCTh COOCTBEHHBIX HDVHKIIMHA.

Ecm W ,¥, - coOGcTBeHHBIE (D)YHKIMM SPMUTOBOIO OIEpaTopa, OTBEYaIoINe

Pa3HbIM CcOOCTBEHHBIM S3HAUCHUAM, TO OHU OPTOTOHAJILHBI.

9. J1eKTPUYECTBO M MATHETHU3M.

- 1 -

F = ql—gzér cn; F= ql—czhér (CrC) — 3akon KyJiona
dre, r r

U= LM Ccn); U= 49> (CI'C) - noreHUUAJbHASI JHEPrUs
dre 1 r

o
B3aHMOIIeﬁCTBHﬂ ABYX TOYCYHBIX 3aPAAO0B;

M=I1Si (CH) M :£Sﬁ (CI'C) — MarHUTHBIA MOMEHT ILIOCKOI'0 MAaJIOro
c

BHTKAa ¢ TOKOM [/, IJIOWAABI0 S W HoOpMaabl 7, ol0pa3ymwomiei
NPaBbIil BUHT ¢ HANIpaBJieHueM TOKAa. (MarHMTHBIN AUIO0JIb).

—

m=47 cn m=-47 (CI'C) — MarHuTHBIE MOMEHT KJIACCH4YeCKOM
2m 2mc

—

YaCTHYKH C 3apsaAoOM ¢, Maccod m W YIJIO0BbIM MOMeHTOM L.

— —

KosdpdpuuueHT nponopumoHaibHOCTH Mexkay N u L Ha3bIBaercs
TMPOMATHUTHBIM OTHOILIIEHUEM

LF=|:MXB] - MOMEHT CHJI, AeHCTBYIOIIMA HA MArHUTHBIA JHIOJIL B

MATHUTHOM MoJie B;

F :(M -V)B - CHJIa, JefCTBYIOIIAsi HA MATHUTHBIN JWIOJb B MATrHUTHOM

- — OB
noae B.Ecam B napannenvuo Oz, > ;
Z
U =—(1\7I -E) - MOTEeHIHAJbHAS (PYHKIUSI MATHUTHOTO JHI0JISI B MATHUTHOM
nose B.
10. IIpaBujo KBAHTOBAHHSI MOMEHTOB
Op6uransHbii L|=n|1(1+1) 1=0,1,2,3,..
YIJIOBOM MOMEHT
IEKTPOHA L =mh; m=-l— l 1 l+1
CoOCTBeHHBIN 1 h
yIJI0BOH MOMEHT ‘LS| h\/S s+1) \/_
3JIEKTpOHA (CITHH) 5
Ls, =+—.
2
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Op6I/ITaJIL}ELH?I ’M’:ﬂg (Z+1) 1=0,1,2.3,..
MArHUTHBIH ~ MOMEHT

AJIEKTPOHA M, =muy; m=—l,— l 1 l+1
CoOcTBEHHBIN

MArHUTHBIH ~ MOMEHT ‘MS‘ 2,UBJS S+1 =2u, / +1 :UB\/_
3IIEKTPOHA

Ls =X2u,s=*u, .

[ - opOUTaIBHOE KBAHTOBOE YHCIIO;
S - CIIMHOBOE KBAHTOBOE YHCJIO;

eh eh
Hy=7—(CB) 1=
2m

e e

(CrC) - marueron bopa

11. O0o3HAYeHHUA COCTOAHHUN YJIEKTPOHA B ATOME.
O0o3HaueHnEe 000I0UEK

CuMBoOJI K L M N
000/104KH
I'nn. kB. unca0 7 1 2 3 4

Hanbuie no andaBury

O603HaueHNEe opoOuTaen (1Mo 0001049eK)

CumBoa S p d f
OpoOuTanun
Op®O. kB. yucio / 0 1 2 3

Janbiie no angaButy

12. JIluana3soHbI H3MEHEHUS KBAHTOBLIX YHCEJI.

KBaHTOBOE 4MCII0 Jlnanmazon Bcero 3Hauenuu
['maBHOE KB. YHCIIO N n=1273,..... o0
OpOuTanpHOE KB. YUCIIO [ [=0,1,2,.. (n 1) n
MaruuTHOE m=—1,—(1-1),..,(1+1),! 2[+1
(a3UMyTaJIbHOE) KB. YHCIIO
CnMHOBOE KB. YHCJIO mg =%1/2 2

13. Macmradbl pu3nYeCKUX BeJITHYNH
E, =-13.65B - sHeprus OCHOBHOI'O YPOBHsI aTOMa BOJOPOJa;

=0.53 4 - nepssiit bopoBckuit panuyc

1 AO =10"""m - ouH aHrCTpEM;

198=1.6-10" [ic=1.6-10"3pe

E, (e) =0.51M>5B - sHEprus MOKos NEKTPOHA;
E, ( p) =940M>5B - sHEeprus MOKOsI MPOTOHA.

16




2. Cniucok BONPOCOB M (WJIH) 3aJaHUi J1JI IPOBeleHUs IPOMEKYTOYHOM aTTeCTAIMU
(nposepxa cpopmuposannocmu OIIK-1, unouxamop M/ OIIK 1.1, U] OIIK 1.2,
HJl OIIK 1.3)

Bonpocsl k 3k3aMeny «ATOMHasi GU3NKA)
1. 3akoHbI Tems0OBOro M3nydeHus: 3akoH Buna, 3akon Credana-bonbimana, 3a-
KoH Panes-/xunca. YastpaduoneroBas katactpoda. ['mnoresa M. [lnanka. Pox-
JICHUE KBaHTOBOM MexaHuKH. [locrosannas [Inanka. [locrosannasa Jupaxka.
2. SBnenus, noareepxaatomue runoresy M. [lnanka: sadpdexr Komnrona (kpat-
KO: (popMyna ¥ moueMy OH MPOTHUBOPEUUT Kilaccuueckou ¢usuke), Gpororddexr
(3akonbl PotordekTa, FIKCIIEepUMEHTANBHOE OmpeaeneHue nocrosnHon Ilnanka,
IPOTUBOPEYHE C KJIacCHUECKOW (Hu3MKoii), AaBieHHe cBeTa (popMmyrna v Kade-
CTBEHHOE OOBSCHEHHE).
3. Mopaenb atoma ToMmcoHoB. Ee ocHOBHas unes. TeopeTuyeckas olLieHKa pa3me-
pa aroMa B Moziesid TOMCOHOB.
4. Cxema omnbita Pesepdopna no paccesnuro anbda yactuu. [IpunensHbiii napa-
MeTp. 3aBUCUMOCTD YIJIa paccesiHusl OT MPHUIIeNIbHOTO apameTpa (06e3 BbIBOJa, HO
c oOBsicHeHHeM OTKyna Gopmyna B3siach). Dopmyna Pesepdopaa (6e3 BeiBOIA).
[Touemy mozenb TOMCOHOB He OOBACHSIET pe3yabTaThl onbITOB Pezepdopaa?
5. BeBox ¢opmynsl Pesepdopaa. O6mmie BbIBOABI MO 3KcnepuMeHTam Pesep-
¢dopna. [InanerapHas Moaenb aroma.
6. Henocratku nnanerapron mogenu. [locrynarer bopa. Onbitel @panka u ['ep-
1a.
7. ChnekTpajabpHble 3aKOHOMEpHOCTH aroMa Bojopoaa. ®opmyna Punbepra. Ilo-
crosinHast Punbepra. I1ate nepBeix cepuii (Jlalimana, bansmepa, [1amena, ®ynna).
KomOunamonubiii mpuHnun Putia.
8. OObscuenue H. bopa crnekTpanbHBIX 3aKOHOMEPHOCTEH aTroma BOIOPOJA.
dopmyna [ SHEPTUM PA3JIMYHBIX COCTOSTHUNA aToMa Boaopoaa. OCHOBHOE U BO3-
OyxaeHHoe cocTosiHue atoMa. Jluarpamma ['potpuana.
9. KonuuecTtBeHHass MOJenp aTroMa Bojgopoaa no bopy. Paanycel cTalmoHapHBIX
opour. IlepBriii bopoBckuit panuyc. BeipaxkeHue 1 SJHEPrUM CTallMOHAPHBIX CO-
CTOSIHUM Yepe3 MUPOBbIC KOHCTAHTHI.
10. BoiBon dopmynbl Pundepra anisi BOgopoaonoao0HbIX HOHOB. JlOCTOMHCTBA U
HEJIOCTaTKu Mojaenu bopa.
11. DxcnepuMeHTaNbHBIE JOKA3aTEIbCTBA HATUYUS BOJTHOBBIX CBOMCTB JICKTPOHA.
Omnsbitel [I3BUCOHa 1 [>xeomepa. OnbiTel TOMCOHA 1 TapTakoBCKOTO.
12. KopnyckyiisipHO-BOJIHOBOM Ayanu3M. Bomubl ge-bpoiinis. Bonner ne-bpoinsa u
BbopoBckast MoJienp aToMa BOJOPOIA.
13. ludpakiust GoToHOB Ha ABYX Ha IBYX HIeisax. Kinaccuueckas nHTepnperanus
onbiTa FOHra. HecoBepieHCTBO KJIACCHYECKONW MHTEpHpETaluy Mpu claboil hH-
TEHCHUBHOCTH CBETOBOI'O Myudka. BeposSTHOCTHas MHTEpHpeTausi HUHTEHCUBHOCTH.
HoBas konuenius, 00bsACHSIOMAS ONBIT U CO CJIA0BIM ¥ C UHTEHCUBHBIM ITYYKOM.
14. BonnoBast ¢yukuus. CoCcTOSTHUE CHUCTEMBI B KJIACCHYECKOM MEXaHUKE U B
KBaHTOBOW. IlepBhIii mOCTynaT KBaHTOBOM MexaHukH. BonHoBas yHkuus. Oc-

17



HOBHAs 33/1a4a KBAHTOBOM MEXaHUKH. BEpOATHOCTHBIN XapaKTEp 3aKOHOB KBAHTO-
BOW MEXaHHKH.

15. CooTHomienue HeompeaeneHHoctTel ['eitzendepra. Ero cBsa3p ¢ npeoOpasoBa-
HueM @ypse (kopoTko). ConpsikeHHble (pusndeckue BenuuuHbl. [lorpenHoctu nx
COBMECTHOrO ormpenenenus. [Ipunuun gonmonHurtenbHOCTH bopa. EctecTBeHHas
HMIMPHUHA CHOEKTpaibHOU JTMHUH. CaMOCTOATENbHO: HEONPEAEIEHHOCTh KOOPAHHA-
Thl M UMITYJIbCA B OMbITE CO MIETbIO (cM. yueOHuk Uponosa, naparpad 3.4)

16. Ypasuenue llpenunrepa. Bonna ne-bpoitns, kak peumienue ypasuenus Illpe-
nuHrepa. CBoiicTBa BOJIHOBOM (DyHKIIUU.

17. Craimmonapusie coctostHus. OnpeneneHne cTauuoOHapHbIX cocTosgHuil. Cramu-
oHapHoe ypaBHeHue lllpenunrepa. CBOIICTBa CTALIMOHAPHBIX COCTOSTHUM.

18. Tlpumep pemenns ypaBuenus [lIpenunrepa. CBoOo1Has yacTuna (C BHIBOJIOM).
OpHomepHass OECKOHEYHO TIyOOKasi MOTEHIMANIbHAS SMa: MOCTaHOBKa, (hopmyiia
JUIsl KBAHTOBaHUA 3Hepruu (0€3 BbIBOAA), BUJI BOJHOBBIX (PYHKIIMI pa3IUYHbIX CO-
CTOSIHUM M uX cMbIcH (0e3 BbIBOJA). Y CIIOBHS IMepexoa K 3ajadye KIacCUYeCKOU
MEXaHUKH.

19. OnHoMepHas 6eckOHEUHO riy0oKasi HOTeHIHANIbHAA siMa. Penienue ypaBHeHue
[penunerepa. Ksantoanue 3uepruu. [loctpoeHre BOJTHOBBIX (DyHKIIHMA.

20. KBanrtoBsii npuHuun cynepnosuuud. Ilapagoke xora [llpenunrepa. CoiicTBa
pemenus ypaBaenus Llpenunrepa 1 6€CKOHEUHO II1y0. MOTEHIUATBHOU SIMBI.
21. IlpoxoxxieHne KBaHTOBOM YaCTHUIbI uYepe3 MOTeHIuanbHbI Oapwep. [locra-
HoBKa. [Inan pemenus. Tynnenbnbiii d3pdext. Koadduiment npoxoxaeHus da-
cTulbl yepe3 Oapwep (popmyna 6e3 BbiBoga). [IpuHIUn paboThl CKAaHUPYIOUIETO
TYHHEJIBHOT'O MUKPOCKOIIA.

22. Onepatopsl (pU3NYECKUX BEJIIMYUH B KBAaHTOBON MexaHuke. HemoctaTouHOCTD
YHICJIIOBOTO OMUCAaHUS (PU3HUECKUX BEIMYMH. BTOpO# mocTynaT KBaHTOBOM mexa-
HUKH. JIMHEHHOCTh onepaTopoB (pu3HuecKuX BeauduH. Cyneprno3unms, KOMMyTa-
Top. [Ipumepsl oneparopoB PU3NYECKUX BETUUMH.

23. 3ajaya Ha COOCTBEHHbIE 3HaYEHUSI U COOCTBEHHbIE (DYHKIIMHU JIMHEWHOIO OIe-
patopa. Tpernii u YeTBEPTHIN MOCTYNAThl KBAHTOBOM MEXaHUKHU. PenenT npoBepku
NBYX (PU3NYECKHUX BETUYUH HA COBMECTHYIO U3MEPUMOCTb.

24. YHATapHBIE IPOCTPAHCTBA. DPMUTOBBI OIlEepaTopsl. JlOKa3arenbCTBO 3PMHUTO-
BOCTH OIlEpaTopa MPOECKLIUU UMITYJIbCa HA OCh a0CIUCC.

25. MoMeHT umiyibca (yriaoBoit MmoMmeHT). Omneparop yriioBoro MoMmeHTa. Hems-
MEpPUMOCTh OJJHOBPEMEHHO TpPEX KOMIIOHEHT YIJI0BOrO MoMeHTa. KBaHTOBaHue
MPOKLHH YIJIIOBOTO MOMEHTA Ha BBIJICJICHHOE HAPABJIEHUE.

26. Monynb yrinoBoro MomeHTa. [IpaBuna kBantoBaHus. KBaHTOBBIE UncCIia yIio-
Boro MoMeHTta. CoOcTBeHHbIE (DYHKIIMM OlepaTopa KBajapaTa YrjioBOrO MOMEHTA.
HabGntonenue yrioBoro MOMEHTa 3apssKeHHON YacTHIIBL.

27. Onsitel Tepna u I'epnaxa. Crme 3nexkTpoHa. MarHuTHel MOMeEHT. CBs3b
YIJIOBOTO U MArHUTHOTO MOMEHTOB. Marneton bopa. ®@akrop Jlanze.

28. O030p Teopuu BOAOPOAOMONOOHOTO aroMa. MHOTO3JIEKTPOHHBIE AaTOMBI.
OnektpoHHble 000s0uky. [Tpuniun 3anpera [laymu. [IpuHuun ToxaecTBeHHOCTH
AIIEMEHTAPHBIX YaCTHUL.
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29. Ilepuoguueckas cucrema snemeHToB .M. MennaeneeBa. IlpaBuno XyHna.
(CamocTosTenbpHo no naparpady 6.6 yaeonuka Mpoaosa.)

l'[paBmIa BBICTABJICHHUA OLICHKHU

B sx3aMeHanmoHHble OMIIET BKIIIOYAETCS 1Ba TEOpETUYECKUX Borpoca. Ha moarotosky k
OTBETY JlaeTcsl He MeHee 1yaca.

[To utoram sKk3amMeHa BBICTABISIETCS OJHA U3 OLEHOK: «OTJIMYHOY», «XOPOIIOY», «yA0BJe-
TBOPUTEIBHOY UM «HEYAOBIECTBOPUTEIHHOY.

Onenka «OTINYHO» BBICTABISAETCS CTYACHTY, KOTOPBII BOCIIPOU3BOAUT OCHOBHBIE IO-
J0keHus ATOMHOM (U3MKH, BBIMIOJIHSAET B MOJHOM 00beMe MaTeMaTH4eCKHe BBIKJIAIKU U BOC-
POU3BOIUT (PU3UUECKUE U MATEMaTHUECKUE PACCYXkJIEHUS B MpOIecCe MX BBIBOJA, TOYHO HC-
MOJIb3YET TEPMUHOJIOTHIO OOIIeH (U3UKH, CTUIMCTUYECKH IPaMOTHOE, JIOTHUECKU MPaBUIbHOE
U3JIaraeT OTBETHl HA BOMPOCHI, YMEET JellaTh 00OCHOBAHHBIC BHIBOJIBI, BBITIOJIHSAET MTOCTAHOBKY
3aJa4ul, , OPUEHTUPYETCSI B OCHOBHBIX TEOPHSX, KOHIEMIMSIX M HANpPaBICHUSAX 0 U3ydaeMOn
JUCLUIIMHE U JaBaTh UM KPUTUUYECKYIO OLIEHKY, YYaCTBYET B aKTUBHOW CaMOCTOSITEJIbHOU pa-
00Te Ha MPAKTHUYECKUX 3aHATHUSAX, OTBETHJI Ha BOMPOC dk3aMmeHa 4-5 u3 5 OamioB, caaid KOH-
TpodbHBIC PaboThl Ne 1 U 2 Ha OIEHKY «OTJIMYHO» HIIA «XOPOIIO» WU BBIMOTHII 33aJaHUs U3
JTAHHBIX KOHTPOJBHBIX paboT Ha 3K3aMeHe MpaBuiIbHO Ha 80%.

Onenka «Xopomo» BBICTaBISIETCS CTYIAEHTY, KOTOPBI BOCHPOU3BOJUT OCHOBHBIE IO-
J0XKeHUsI ATOMHON (PU3HKU, BHITMOIHSIET OCHOBHBIEC YaCTH MaTEMaTHYECKUXBBIKIAI0K U BOCIIPO-
U3BOJIUT 0a30Bble (PU3MUECKUE M MAaTEMAaTHUECKUE PACCYKJICHHs B IPOIEcCe UX BBHIBOJIA, CTUIIH-
CTHUYECKH I'PaMOTHOE, JOTMYECKH MPAaBUJIbHOE U3JIaraeT OTBEThl Ha BOMPOCHI, YMEET JeNIaTh BbI-
BOJIbI; BJIaJICET MHCTPYMEHTapUEeM IUCLUMIUIMHBI, YMEET €r0 HCIOJb30BaTh B PEIICHUM 3ajady,
OTBETHUJI Ha BOIMPOC dK3aMeHa 4-5 u3 5 0alioB, cliaja KOHTPOJIbHBIC paboThl No 1 1 2 Ha OIeHKY
«OTJIIMYHO» WIIU «XOPOIIO» WM BBIMOJTHUI 33/IaHUS M3 JAHHBIX KOHTPOJBHBIX pabOT Ha dK3a-
MeHe npaBuiIbHO Ha 60%.

Onenka «YA0BJIETBOPUTENbHO» BBICTABISIETCS CTYJIEHTY, KOTOPBI BOCHPOM3BOAUT
OCHOBHBIE MOJ0XKEHUS ATOMHOHN ()M3UKH, BOCIIPOU3BOJIUT OCHOBHBIE (JOPMYJIBI U 3HAET TPAHU-
bl WX MPUMEHUMOCTH, CAAJl KOHTPOJbHBIE paOoThl Ne 1 1 2 Ha OLIEHKY «yJOBJIETBOPUTEILHO)
WM «XOPOILIO» WJIM BBIMIOJHUI 3aJaHUs U3 JAaHHBIX KOHTPOJIbHBIX pa0bOT Ha 3K3aMeHE MPaBUIIb-
HO Ha 40%.

Ouenka «HeyaoB1eTBOPUTENIBbHO» BHICTABISETCS CTYACHTY, KOTOPBIA JEMOHCTPUPYET
pa3po3HEHHbIE, 0ECCUCTEMHbIEC 3HAHUS; OECIOPSII0YHO UM HEYBEPEHHO H3JlaraeT maTepuai; He
YMEET BBIIEIATH INIABHOE U BTOPOCTENIEHHOE, HE YMEET COEUHATh TEOPETUUECKUE MTOJIOKEHHUS C
MPAKTUKOM, HE yCTaHABIUBAET MEKIIPEJIMETHBIE CBS3U; JOMyCKaeT IpyOble OMMOKH MPH OIpe-
JICJICHUU CYIIHOCTU PACKPHIBAEMBIX MOHSTHUM, SBJICHUM, BCJIEICTBHE HEMOHUMAHUSA HX CyIIe-
CTBEHHBIX M HECYIIECTBEHHBIX NMPU3HAKOB U CBS3€il; 1aeT HEMOJHBIE OTBETHI, JIOTHKA U MOCe-
JIOBATEIbHOCTD M3JIOKEHUSI KOTOPHIX UMEIOT CYIIECTBEHHBIE U MPUHLMUIHAIIbHBIC HAPYIICHUS, B
OTBETaxX OTCYTCTBYIOT BBIBOJbI, OTBETHJI Ha BOIPOC JK3aMeHa Xyke 2-X u3 5 0ayuioB, HE caal
KOHTpOJIbHBIE paboThl Ne 1 U 2 Ha MONIOKUTENBHYIO oLleHKY. Onenka «Hey1oBneTBOpUTEIbHO»
BBICTABIISIETCS TAK)KE CTYACHTY, KOTOPBINA B3sUT SK3aMEHAIIMOHHBIN OUJIET, HO OTBEYaTh OTKa3a-
csl.
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IMpuioxenne Ne 2 k padoyeid nporpaMme M CHUATIIAHbBI
«ATomMHasi puznka»

MeToaudyecKue YKazaHud 1J1d CTYACHTOB 10 OCBOCHHIO TUCIHUIIJIMHBI

OcHoBHO# (hopMO¥i U3TOKEHHUST y4eOHOro MaTepuala 1Mo AUCHUILIUHE «ATOMHAsA (HU3u-
Ka» SIBJIAIOTCS JIeKIMU. 110 OONBIIMHCTBY T€M IPEIyCMOTPEHBI MPAKTHUECKUE 3aHATHS, Ha KOTO-
PBIX IPOUCXOJUT 3aKPEIUIEHUE JIEKIIMOHHOTO MaTepuaia IyTeM IPUMEHEHHUS €ro K KOHKPETHBIM
(bU3UYECKUM 3a/1adyaM U OTpabOTKa HABBIKOB PA0OTHI C MAaTEMATHUYECKUM aIllIapaToM.

JUnist yCHemHOro OCBOSHUS TUCIUILIMHBI OYeHb BaYKHO PEIICHUE TOCTaTOYHO OOJBIIOrO
KOJIMYECTBA 3a]a4, KaK B ayIUTOPUH, TaK U CAMOCTOATEIBHO B KAYECTBE JOMAUIHMX 3aJaHUU.
[Tpumeps! pemenus 3a1ad pa3OUpPaOTCs HA JIGKUMAX M MPAKTUYECKUX 3aHATHIX, IPU HE00XO-
JUMOCTH 110 HauboJjiee TPYJHBIM TEMaM HPOBOJATCS JOMOJIHUTENbHbIE KOHCYIbTaluu. OCHOB-
Hasl LIeJ1b PELIeHHs 3a[a4 — IOMOYb YCBOUTH OCHOBHBIE 3aKOHBI ATOMHOM (u3uku. /s pere-
HUS BCEX 3a/lay HeoO0XOAMMO 3HaTh M NMOHMMAaTh JEKIHMOHHBIA Marepuan. IloaTomy B mpormecce
U3YYEHHs JUCLUUIUIMHBI PEKOMEHIYETCS PETYJIIPHOE MOBTOPEHUE MPONUJIEHHOIO JIEKLHOHHOIO
Mmarepuaia. Marepuai, 3aKOHCIIEKTUPOBaHHBIM Ha JIEKIUAX, HEOOXOAMMO Jl0Ma ellle pa3 popa-
0aTeIBaTh M IpU HEOOXOAMMOCTH JOMOJHATH MH(pOpPMAIMEH, MMONTyYeHHOH Ha KOHCYJIbTALUsX,
NPAaKTUYECKUX 3aHATUAX UM U3 y4eOHOH IUTepaTyphl.

Bosbiioe BHUMaHKE JODKHO OBITH Y/IEIEHO BBIOJHEHHIO JOMalIHel paboTel. B kaue-
CTBE 3aJaHMH JJI CaMOCTOSITEIbHOM pabOTHI JoMa CTyJEHTaM HIpeUlaraiorcs 3ajadyu, aHajo-
THYHBbIE pa300paHHBIM HA JIEKIUAX M MPAKTUYECKUX 3aHATUSAX WJIM HEMHOTro OoJiee CIOXKHBIE,
KOTOPBIE ABJISIOTCS pE3yJIbTaTOM 00bEAMHEHUS HECKOJIBKUX 0a30BBIX 3a/1ad.

B AtomHOIi (hu3nke HEOOXOAMMO OCHOBHOE BHHUMAHHE YJEIUTh YCBOCHHUIO MPUHIIMIIA
BEPOSITHOCTHOM MPHUPO/IBI SIBJICHUN MUKPOMHUPA, HAUWHAS C YKE C OJHOW CBOOOIHOM YaCTHUIIHI.

ITpu u3yuyenun ypaBuenus lllpegaurepa HeoOX0AUMO OTMETUTH pa3iIUyHbIe (POPMBI €TO,
3allUCH, B TOM YMCJI€ UCIOJIBb30BaHHON B KauecTBe 3nuTaduu Ha Morwie OpsuHa lllpenunrepa.
OOparuTh BHUMaHUE HA Pa3IMUKe CTAllMOHAPHOTO U ol1iero ypasHenus Llpeaunrepa.

B paznene «MarHuTHble CBOWCTBA aTOMOB» HEOOXOAMMO MOHMMATh YCIOBHOCTb KJIACCH-
YECKUX MPEACTABIECHUI O CBA3M YIVIOBOT'O U MarHUTHOI'O MOMEHTA U HE CTapaTbCsl MOJTHOCTHIO
CBECTH BOIPOC K CYry0O MEXaHMYECKOM HHTEPIPETALUH.

B paznene «Tabnua MeHeneeBay n3ydaeTcst He XUMUYECKUe, a GU3NYeCKUe TMPUHITH-
bl €€ yCT yCTpoicTBa — €€ OOBSICHEHUE ABISAETCS KBUHTICCEHIMEH BCEro MpeblIylero Mare-
puasna, KOTOPBIX 0JKEH OBITh TBEP/IO YCBOEH.

B Teme nepemeHHble TOKM 11€1€CO00Pa3HO ISl HAIJISAHOCTU pelIeHus 3a1ad (rae 3To
BO3MO)XHO) CTPOUTh BEKTOPHYIO auarpaMmy. IIpu aHalIuTH4ecKOM pelIeHMM PEKOMEHIYEeTCs
MCII0JIb30BaTh METOJ KOMIUIEKCHBIX aMIUIUTY/,.

DK3aMeH MPUHUMAETCA 110 K3aMEHALMOHHBIM OMJIeTaM, KaXKAbIil 13 KOTOPBHIX BKIIIOYAET
B ce0s J1Ba TeOpeTHUECKUX Bompoca. Ha caMocTosTenbHy 0 MOATOTOBKY K 9K3aMEHY BbIAEISAETCS
3 nHs, BO BpeMsl IOATOTOBKY K IK3aMEHY MPEyCMOTPEHA TPYIIIOBas KOHCYIbTAaLMsL.

OcBOUTH BONPOCHI, U3JIaraeMbl€ B MPOLIECCE U3YUEHUS TUCLUILIMHBI «ATOMHas (PU3HKa»
CaMOCTOSITENIBHO CTYAEHTY KpaliHE CJI0KHO. DTO CBA3aHO CO CII0)KHOCTBIO M3y4aeMOro MaTepH-
asia u 60bIUM 00beMOM Kypca. [1oaToMy nocemieHne Bcex ayIMTOPHBIX 3aHATUHN SBISETCS CO-
BEpPILICHHO HE0OXOAUMBIM. be3 yIOpHBIX U peryysipHbIX 3aHATHN B TEUCHHE CEMecTpa CAATh 3K-
3aMEH 10 UTOTaM U3Y4YECHHs JUCLUILINHBI CTyICHTY NPAKTUYECKU HEBO3MOXKHO.
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