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1. llean ocBOEeHMSsI AN CIMIIJIMHBI

LenssMu OCBOCHHS TUCIMIUIUHBI SIBISETCA M3YYEHHUE OCHOBHBIX MOHITHH MHUKPOMHpA,
OCHOBHBIX 9KCIIEPUMEHTAIBHBIX JaHHBIX O CTPOCHUHU BEIECTBA, KBAHTOBO-MEXaHUUECKHX IMPEe/-
CTaBJIEHUW O CTPOCHUHU aTOMa, MAKPOCKOTTMYECKUX KBAHTOBBIX SIBJICHUH.

2. MecTO AUCHUIIIMHBI B CTPYKTYpe 00pa30BaTeJIbHON MPOrPpaMMbl
JIMCLUIUIMHA OTHOCUTCS K 00s3aTeNbHOM YacTH 00pa3oBaTeIbHOM MPOrpaMMbD» U BXO-
TUT B MOIylb «O0mas Gpusukay. «AToMHas GU3NKay» SBISETCS MPEINOCICTHEH TUCIUIUTHHON
Kypca obmeit ¢pusuku, npeamnonaraet GopMHUPOBaHHE OCHOB (PU3MYECKOIO MHUPOBO33PEHUS, CO-
BpPEMEHHOW (PU3NIECKON KapTHHBI MHpA.
[TonmyueHnHble B Kypce 3HaHUsS HEOOXOAMMBI JUIsl U3yUYeHUs KypcoB Moays « TeopeTndeckast

(buzukay.

3. [Ilnanupyemble pe3yabTaThl 00y4eHHs MO AUCHHUILIMHE, COOTHECEHHbIE C MJIAHHPYeMbI-
MU pe3yJibTaTaMU 0CBOeHHs 00pa30BaTeIbHOM MPOrpaMMbl

[Ipomecc m3ydeHus: TUCIUTUIMHEI HAIIPABJICH Ha (OPMHUPOBAHUE CIICAYIONINX JIEMEHTOB
komneTeHnuii B coorserctBuu ¢ ®I'OC BO, OIl BO u mpuoOpereHus Cienyroux 3HAHUMH,
YMEHHM, HAaBBIKOB U (MJIM) OTbITA 1€ATEIbHOCTH:

dopmupyemast HNupuxarop no- Ilepeuyennb
KOMIIeTeHI Ul CTHKEHHUS] KOM- IUIAHMPYeMBbIX pe3yJIbTATOB 00yUeHH s
(xox u popmyn- NneTeHI U
poBKa) (xox u popmy.n-
pOBKa)

OobmenpodeccnoHalbHbIe KOMIIETEHIMU
OIIK-1. Cmoco6en | UJI-OIIK-1.1 3HaTh:
npuMeHaTh  0aso- | OcyluecTBiser — KOPITyCKYJIIPHO-BOJIHOBOM yaJIn3M B MUKPOMUDE,

BbIE 3HAaHUA B 00-
7acTd  (QU3UKU |
pannopu3uKu "
UCIIOJIb30BaTh UX B
npodeccuoHaIbHON
NEeSTEIIbHOCTH, B
TOM YHCJIC TIeIaro-
TUYECKOMN

MOCTAaHOBKY 3a/1a-
4H, BEIOMpAET
croco0 ee petie-
HUS

— MPHUHLIMIT HEOPEIEIIEHHOCTH;

— KBAHTOBbIC YPAaBHEHUS IBU)KCHUS;

— CTpOEHHS aToMa, MarHeTU3M MUKpPOYACTHUL], MOJIE-
KYyJISIpHBIE CTIEKTPBI;

Ymern:

- OCYIIECTBIIATh IOCTAHOBKY 3a/1a4M;

- BBIOMPATh CIOCOOBI PELICHMSL.

HU-OIIK-1.2
[Ipumenser mate-
MaTHYSCKHH amra-
part, puzndeckue
3aKOHBI U TEOPUU
JUISL peuIeHus MpHU-
KJIaJIHBIX U T€Ope-
THYECKHUX 3a7a4, B
TOM YHCJIC IIeaa-
TOrMYCCKOU Jes-
TEIIbHOCTH

3HaTh:

— CHUCTEMY aTOMHBIX €IMHHI] U3MEPEHUS BEITNIMH;

— yHHMBEpcaJbHbIe (PU3MUYECKUE KOHCTAHTHI U HX
pPa3MEpHOCTH;

— COBPEMEHHYIO (PH3UYECKYIO KapTUHY MHPA.
YMeTh:

— TPHUMEHATh MaTeMaTHYeCKU ammapar, pu3uye-
CKHE€ 3aKOHBI M TEOPUH JJISI PEUICHUS TPUKIAIHBIX U
TEOPETUYECKHX 3a]1a4.

Buagers HaBBIKAMMU:

— pelIeHus TUTIOBBIX, OPUTUHAIBHBIX, TO3HABATEb-
HBIX 3a7a4;

— aHAJIUTHYECKOTO MBIIUIEHHUS.

4. O0beM, CTPYKTYpPA U COAepKaHMe JUCHUIIIIHMHbI

OO01mast TpyJ0eMKOCTh JUCIUTUINHBI COCTABIISET 2 3a4ETHBIX SIUHUIIBI, 72 aKal. Jaca.
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Ne Tembl (pa3aesbl) Bujabl yueOHbBIX 3aHATHI, DopMbI TEKYIIET0 KOH-
n/n JAMCIATIHHBI, BKJIIOYAsl CAMOCTOSITEJIBHYIO Pa- | TPOJIA yCIIEBAEMOCTH
HX coAepsKaHue 00Ty CTyIeHTOB,
H X TPYI0E€MKOCTh dopMa NPOMeKYTOYHOM
o (B akaleMHYeCKHX Yacax) aTTecTaluu
§ Kouraktnas paGora (no cemecmpam)
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KopnyckynsipHo-
1 |BonHOBOM nyanmu3m ceera | 5 | 6
) [ImanerapHast MOJEb 5 | 4 3 |os ) 3agaHus A1 CaMOCTOsI-
aToma ’ TeIbHON PabOThHI
3 BosiHOBBIE CBOIICTBA Ya- 5 4 | ) 3amgaHus i1 CaMOCTOsI-
CTHIL. TeIbHON PabOThHI
VYpasuenue Hlpenunrepa 3agaHus A1 CaMOCTOsI-
4 51 4 4 1 2 TenbHOU paboThl. KoH-
TpoJibHast pabota No 1
5 [TocTynaTel KBAHTOBOM 5 | 4 4 1 ) 3agaHus A1 CaMOCTOsI-
MEXaHUKH. TEIBHOUN pabOoTHI
6 Ta6auna JI.W. Mennenee- 5 4 6 |05 ) 3amaHus s CaMOCTOS-
Ba ’ TEIHLHOUN pabOThHI
DKCIepUMEHTAIbHBIC
3agaHus A1 CaMOCTOsI-
7 |MOATBEPXKIECHUS BBIBOIOB | 5 4 0,5 2 .
M TEIbHON pabOThI
KBAaHTOBOW MEXaHUKHU
g MarauTtHble CBOMCTBA 5 4 0.5 17 3amaHus 11 caMOCTOSI-
aTOMOB ’ ’ TEJIBbHOM PabOThI
5 0,3 2 3a4eT
Bcero 3a 4 cemecTp 72 34 17 | 5 |03 | 15,7
yaca

COJAEPXKXAHHUE PA3JIEJIOB JIUCIIUIIJIMHBI

1. KopnyckyJIsipHO-BOJTHOBOI 1yaJIu3M CBeTA.
N3nyuenune abcomotHo vepHoro tena. Dotodrdpdexr. Teopus dororddexra. dortodse-
MeHThl. Pagnomerp Kpykca.

2. [Inanerapuasi MoJeJib aTOMa

[TepBeie momenu atoma. OmbiT Pesepdopna. @opmyna Pesepdopna. [Tnanerapnas mo-
nenb aroma. Cnektp atoma Bogopoja. Ilocrynarel bopa. bopoBckast Moaens aroma BoiopoAa.
Omnbiter @panka u ['epua. BeiBoa hopmynsr Punbdepra u3 monenu bopa.

3. BoJIHOBBIE CBOHCTBA YaCTHIX

l'unoresa ne bpoitna. Onsitel [xapmepa u J[pBucona. BonHoBas (GyHKIHS 3J€KTpOHA.
Judpaknus 351eKTpoHOB Ha 1BYX Imensx. [lapamokc nabmromarens. COOTHOIIEHHWE HEOMpee-
nenHocrtel. ['eitzenbepra. llupuna cnexkrpanbHoit uHuu. [IpeobpazoBanue dypre. CBs3b co-
OTHOIIIEHHUS HEOPEIeIICHHOCTEN 1 peoOpa3oBanus Dypbe.




4. Ypasuenue lllpenunrepa

Bpemennoe ypaBuenue lllpenunrepa. Craunonapaoe ypasaenue lllpenunrepa. Cranuno-
HapHbIe COCTOsIHUSA. YacTua B OTHOMEPHOU M TPEXMEPHOU MOTEHIMAIbHBIX sIMax. KBaHTOBBIN
npuuen cynepnosunuil. [Tapagokc Kora Ilpeaunrepa. [IpoxoxxaeHue yacTuipl HaJ U MOJ IO-
TEHIUAJIBbHBIM OapbepoM. ['apMOHUYECKHI OCIIMILISATOP.

5. IlocTynaThl KBAHTOBOW MeXaHMKH. DPMHUTOBBI ONEPATOPhl U MX HCIOIb30BaHHUE B
MaTEMaTHUYECKOM arapare KBaHTOBOW MexaHuku. KommyTtarop. OnepaTop yriioBoro MOMEHTA.
Omnepatop MarHUTHOTO MOMeHTa. [locTyaThl KBAHTOBOI MEXaHUKHU.

6. Tadauua .. MenaeneeBa. Yactuna B cpepuuecku cumMMmeTpudHOM 1ose. Bogopo-
IOToA00HBIE aTOMBl. DHeprerudyeckue ypoBHH. lloTeHiumanbl BO30YXKIACHHS M HOHHU3AIIMU.
Crektpsl Bo1opoAonogo0Hex atoMoB. [lpuanmn I[laymwm. CtanmapTHBIA 3aKOH 3aIlOJIHCHUS
3MeKTpOoHHBIX obonouek. [Ipasuno Manenyrua-Kinukosckoro. [IpaBuna Xynna. Tepmbl OCHOB-
HBIX COCTOSIHUU.

7. IKcnepuMeHTATbHbIE MOATBEPKICHUsI BIBOJOB KBAHTOBOH MEXaHMKH.
@opmupoBaHus NpeacTaBieHus o cnuHe 3aekTpoHa. OnbiTel Iltepna u 'epiaxa. ®ep-
MHUOHBI ¥ 0030HBI. [IpuHITUTT paboTHI J1a3epa.

8. MaruuTHbI€ CBOIICTBAa ATOMOB
CBsi3b YTTIOBOTO U MAarHUTHOTO MOMEHTA B Kilaccuueckoi (usuke. Bzanmopeiicteue cod-
CTBEHHBIX ¥ OPOUTAIBHBIX MAarHUTHBIX MOMEHTOB. DakTopsr Jlanme. Dddexr 3eemana.

5. O0pa3oBare/ibHbIe TEXHOJIOTHH, B TOM 4YHCJ€ TEXHOJOTHH JIEKTPOHHOI0 00y4eHHMs W
AMCTAHIMOHHBbIEC 00pPa30BaTe/JbHbIC TEXHOJIOIMH, HCIIOJIb3YyeMble IIPH OCYHIECTBICHHH 00-
Pa30BaTeIbLHOIO Mpolecca o JMCHUIIIHHE

B mporecce 00yueHus UCTIONB3YIOTCS CIeAyIOIUe 00pa3oBaTeIbHbIE TEXHOJIOTHH:

BBoaHast jieKuMs — 1aeT NEPBOE LEJIOCTHOE MPEACTABICHUE O TUCLUUIIIIMHE U OPUEHTHU-
PYET CTyICHTa B CUCTEME U3YUYEHUsI JaHHON AMCUUIUIMHBL. CTyAEeHThl 3HAKOMSTCS ¢ Ha3HAYEHU-
€M U 3aJjauaMy Kypca, ero pojibl0 U MECTOM B CHUCTEME YUeOHBIX AUCLUUIUIMH U B CUCTEME IOJI-
TOTOBKH B 1esoM. Jlaercst kpaTkuii 0030p Kypca, UCTOpUsl pa3BUTHs HAYKH M MPAKTUKU, TOCTH-
JKEHUS B 9TOU cpepe, MMeHa U3BECTHBIX YUEHBIX, U3JIaraloTcs MepCreKTUBHbIE HAPaBICHUS HC-
cnenoBaHuii. Ha 3Toii MeKIMK BBICKA3BIBAIOTCS METOJAUYECKUE M OPTaHU3AIMOHHBIE OCOOCHHO-
CTH paboThl B paMKax JaHHOW AMCLUMILUIMHBI, a TaKXKe AeTcs aHaJlu3 peKOMEHAyeMoi ydeOHO-
METOUYECKOMN JIUTEPATYPHI.

AxageMuveckast JeKIus (WIN JICKIUs 00IIero Kypca) — MoCIeI0BaTeIbHOE U3II0KEHUE
MaTepHala, OCyIIeCTBIIIEMOe MPEUMYIIECTBEHHO B BHIE MOHOJIOra Ipernojaasatensi. TpeGoBa-
HUS K aKaJeMHUYeCKOH JIEKIIMU: COBPEMEHHBII Hay4HbIH YPOBEHb U HACHIIICHHAs WH(OPMAaTUB-
HOCTb, yOeuTenbHasi apryMeHTalus, 10CTyIIHAs U OHATHAs pedb, YeTKasi CTPYKTypa U JIOTHKA,
HaJIMYUE SIPKUX IPUMEPOB, HAYUHBIX JOKAa3aTeIbCTB, 000CHOBAHUMN, (PaKTOB.

IIpakTHyeckoe 3aHATHE — 3aHATUE, IOCBSILEHHOE OCBOECHUIO KOHKPETHBIX YMEHUH U
HAaBBIKOB U 3aKPEIUICHUIO MTOJIyYEHHBIX Ha JIEKIUH 3HAHUM.

KoncyabTanum — BHJ y4eOHBIX 3aHATUH, SBIAIONUICS OZHOH U3 (opM KOHTpOIIs
CaMOCTOSITENIbHOM  paboThl  CcTyaeHTOB. Ha KOHCynbTanusx MO Mpocb0e CTYACHTOB
paccMaTtpuBaioTcsi HauOoJjiee CIIOKHBIE MOMEHTBHI IPH OCBOCHHH MarepHaja JUCIUILIUHBEI,
IIPENoaBaTellb OTBEYAaEeT HA BOMNPOCHI CTYJIEHTOB, KOTOPbIE€ BO3HUKAIOT y HUX B IMpoLecce
CaMOCTOSITEIIbHON PaOOTHI.

B npornecce o0yueHus: UCMONb3yIOTCS CIAEAYIONME TEXHOJIOTHH 3JIEKTPOHHOTO 00y4YeHHUS
U IUCTAaHLMOHHBIE 00pa30BaTeNbHbIC TEXHOIOTHH:



DNEKTPOHHBIA yUeOHBIH Kypc « DU3HUKa aTOMOB U aTOMHBIX SIBJICHHI (JICKIIUU U TIPAKTHYECKUE
3ansatus) (PO-3150, OH-3150, ®-3150)» B LMS Dnexrponnslii yauepcuter Moodlespl'y, B
KOTOpPOM:

- TpeICTaBJICHbl 3aJaHUs ISl CaMOCTOSATENbHOW palOoThl OOyYarouMxcs MO TeMaM
JCIUIIMHBL,

- OCYIIECTBIISIETCS TMPOBEJEHUE OTIECIbHBIX MEPONPUATUNA TEKYLIEro KOHTPOJIS
YCIIEBAEMOCTH CTY/ICHTOB;

- MpeACTaBJIEHBI TEKCTHI JEKLIHUH 11O OTIAEIbHBIM TEMaM JAUCIUIUIMHBL

- IpEeACTaBJICHBI IPABUJIA IPOXOKICHHS IPOMEKYTOUYHOU aTTECTALMHU 110 AUCLUIUIMHE;

- TpEICTaBJeH CIHUCOK Yy4eOHOW JHUTepaTypbl, PEKOMEHIYyeMOH HJsi OCBOCHUS
JUCIUIINHBL,

-- mocpeAcTBOM ¢opymMa OCYIIECTBISETCS CHHXPOHHOEe H (WJIM) aCHHXPOHHOE
B3aMMOJIEICTBIE MEX Ay 00y4JaroIMMUCS U MPENoIaBaTeIeM B paMKaxX U3yUYeHUs TUCHUIUIMHBIL.

6. [lepevyeHb JMLEH3MOHHOTO U (WJIM) CBOOOJHO PACTIPOCTPAHSIEMOr0 MPOrPaMMHOT0 00ec-
NneYeHsl, MCMOJIb3yeMOro MpH OCYLIeCTBJIEHHH 00pa30BaTeIbHOI0 Mpomecca Mo JAUCHU-
IJIMHE

B mpotiecce ocymiectBiieHnss 00pa3oBaTeIbHOTO TPoliecca Mo AUCITUTUTMHE UCIIOIb3YIOT-
co:

JUIst GOPMHUPOBAHUS MATEPUAJIOB JJIsI TEKYIETO0 KOHTPOJIS YCIEBAEMOCTU U MPOBEACHHUS
MIPOMEKYTOUHOM aTTecTaluu, st GOopMUPOBaAHUS METOAMUYECKUX MAaTEPUANIOB MO TUCIUILINHE:

- mporpammsl Microsoft Office;

- u3gareabckas cuctema LaTex;

- Adobe Acrobat Reader.

7. IlepeyeHb COBpeMeHHBIX NMPO(EeCCHOHAIBHBIX 0a3 JAHHBLIX U MH(OPMANMOHHBIX CIpa-
BOYHBIX CHCTEM, HCHOJIb3yeMbIX MPH OCYIIECTBJIEHHH 00pPa30BATEJHLHOI0 Mpolecca Io
JUCHUIIMHE (P He0OXO0TUMOCTH)

B npornecce ocymiectBiieHus: 00pa3oBaTeabHOrO Mpoliecca Mo IUCHUIUIMHE UCTIONb3YI0T-
csl:

ABTOMatm3upoBaHHass  OuOnmoreuHo-uHpopmanuonnas cucremMa «BYKU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk_cat find.php

8. IlepeyeHb OCHOBHOI W JONOJHUTENbHON y4eOHOIH JUTepaTypsbl, pecypcoB nH(popmanu-
OHHO-TEJIEKOMMYHHUKALMOHHOH ceTH «/HTepHeT», HEOOXOAUMBIX /I OCBOCHHMS JMCIHU-
TUIMHBI

1. CuByxun JI. B. O6muii kypc ¢usuku: yued. mocodue s By30B : B 5 T.. T. 5, AToMHas u
anepHas ¢pusuka. / JI. B. CuByxun; M-Bo obOpasoBanusi P® - 3-e u3zz., crepeotumn. - M.:
®usmatiut, 2006. - 782 c.

2. HWpopos U. E. 3agauu no obmeit pusuke: Yued. mocodue mis By3oB. / U. E. Uponos - 6-¢
u3 ., crepeorurt. - CII6.: JIanp, 2004. - 416¢.

3. Cusyxun, . B. O6muii kypc ¢usuku. AtomHas u suepHas pusuka. Tom 5. ATomHas u
sanepHas pusuka : yueoHoe mocooue ais By3oB / CuByxuH /1. B. - 3-e u3a. , crep. - Mockaa:
OU3MATIIAT, 2008. - 784 C. - URL:
https://www.studentlibrary.ru/book/ISBN9785922106450.html

0) MOMOJIHUTEIbHASA JIUTEepaTypa
1. ®pum C. 3. Kypc obmieli pusuku: B 3 T. : yueOHUK 1115 By30B.. T. 3, Ontuka. AtomHas du-
suka. / C. D. @pum, A. B. Tumopesa - 8-¢ uzn., crepeotun. - CI16.: Jlanb, 2006. - 648 c.



2. Umonsckuit 3. B. ATomHas ¢usuka: y4ue0. mocobue s By3os / D. B. lllnonsckwuii; M-Bo
BeIcUI. U cpel. cren. oopa3oanuss CCCP. T. 1: Beenenue B aToMHyt0 QU3UKY. - 6-¢ U311,
ucnp. - b.m.: b.u., 1974. - 575 c.

3. Inonsckuit 3. B. AToMHas ¢usuka: yued. nocobue s By3os / O. B. llInonsckuii; M-Bo
BbIcll. U cpea. cner. oopazoBanusi CCCP. T. 2: OcHOBbI KBaHTOBOM MEXaHUKHU U CTPOCHHE
ANEKTPOHHOU 000JI0UKH aToma. - 4-e u31., nepepad. - b.m.: b.u., 1974. - 447 c.: un.

4. CagsenwseB U.B. Kypc pusuku: yue6nuk B 3-x Tomax T3: KBantoBas ontuka. AtomHas (u-

3uka. Pusmka TBepporo Ttena. OHU3MKa aTOMHOTO S/Apa M AJIEMEHTapHBIX YacTHI. - M.:
Hayxka, 1989.-301c.

B) pecypchl cetu «MHTEpHET»
1. DnextponHas 6uGnuoTeka yueOHbIX MaTepraios Spl'yY
(http://www.lib.uniyar.ac.ru/opac/bk cat find.php).

9. MaTepunaibHO-TeXHHYecKasi 0a3a, He00X0AUMAasI 1JIsl OCYLeCTBJICHHS 00Pa30BaATEJILHOIO
npouecca no JUCHUIINHE

MarepuanbHo-TexHUYECKas 0aza, HeOOXoauMast ISl OCYIIECTBICHHS 00pa30BaTEILHOTO
nmpomnecca no JUCHUIUIMHE BKIIIOYACT B CBOM COCTaB CIICHUAJIBbHBIC TIOMCIICHUA !

— yueOHbIe ayIUTOPHHU Ui NIPOBEACHUS 3aHATHH JEKIIMOHHOTO THUIA U MPAKTUYECKUX 3a-

HATUN (CEMUHAPOB);

— y4eOHbIEC ayIUTOPUH AJIsi IPOBEJCHHS TPYIIIOBBIX M MHAUBUIYATbHBIX KOHCYJIbTAIIHA,

— y4eOHbIe ayAUTOPHUU ISl MPOBEACHUS TEKYIIEr0 KOHTPOIS U MPOMEXYTOUHOM aTrTecra-
1uy;

— IIOMCUICHUS IJIA CaMOCTOSITEITbHOM pa6OTBI;

— TIOMEIIEHHUS 71l XpaHEHUs! U MPOPHIAKTUYECKOTO 00CTYKUBAHUS TEXHUUYECKUX CPE/ICTB
o0y4eHusl.

[Tomemenust st CaMOCTOSTENFHON pabOThl 00YYAIOMIMXCSI OCHAIICHBI KOMITBIOTEPHOU
TEXHUKOW C BO3MOXKHOCTBIO MOAKIIOUEHUs: K ceTu «VHTepHeT» M oOecreueHueM IocTymna B
AIIEKTPOHHYIO HHPOPMALIMOHHO-00Pa30BaTENBHYIO CPEely OpraHU3alllH.

Uucno mocaJoyHbIX MECT B JIEKIIMOHHOW ayAUTOpUH OoJiblie JHO0 PaBHO CIHUCOYHOMY
COCTaBy IOTOKA, a B ayTUTOPUH AJIsl IPAKTUUECKUX 3aHATHI (CEMUHApPOB) — CHIUCOYHOMY COCTa-
BY TPYIIIBI 00YYarOIIHUXCSl.

ABTOD:
[Tpodeccop
Kaeapsl MUKPOAJIEKTPOHUKH U 0011l GU3NKH J1.®. benoHoXKO



ITpnioxenne Nel k paGouei nporpaMme M CUHUIIIMHBI
«ATOMHas (puzuka»

®oHJ O1IEHOYHBIX CPEICTB
A1 IPOBe/IeHNsl TeKylero KOHTPOJIsA yCleBaeMOCTH
U MPOMEKYTOYHOM aTTecTAlMHU CTYACHTOB
10 AUCHMILIHHE

1. TunoBbie KOHTPOJIbHBIE 3aJaHUA UJIX UHbIC MaTepPHUAJIbI,
HCII0JB3YEMbBIE B IPOLIECCE TEKYIIECT0 KOHTPOJIA YCIIEBAEMOCTH

3agaHus AJ151 CAMOCTOSITEILHON PadoThI
(OanHble 3a0anUs BLINOIHAIOMCS CIYOEHMOM CAMOCMOSAMENbHO U npenoodasamesiem 8 0053a-

menbHOM nopsoKe nposepsaomcs, nposepka cpopmuposarnnocmu OIIK-1, unouxamopul
][ OIIK 1.1, 1]] OIIK 1.2)

3aanus AJ151 CAMOCTOATEIbHON padoThI (110 TeMam)

3anaHus NpeCcTaBiIAIOT co00i 3a1aun, crpynnupoBaHHble o TeMaM. KoHTposs peme-
HUS 3a/1a4 OCYIIECTBIISIETCS] HA MPAKTUYECKUX 3aHATUSAX.
3agaun no reme 1 «IKcCnepUMEHTAJbHBIC OCHOBBI ATOMHOM (QU3UKH»
1. Beruucnuth cornacHo Mozenu ToMcoHa paanyc aToMa BOJOpOJa U JAJUHY BOJIHBI UCITyCKae-
MOTO UM CBE€Ta, €CJIM U3BECTHO, YTO YHEprus nonuzaruu atoma E = 13,6 3B.

2. Haiitu nnuHy BOJHBI FOJIOBHOM JIMHUU TOM CHEKTPaIbHOM CEpUU HOHOB He', y KOTOpPOU UH-
TE€pBaJI YaCTOT MEXKY KPATHUMH JIUHUSIMH A® = 5,18-10"c "

3. Onpenenuts AT aTOMa BOAOPOAA M MoHA He': SHEPrHIo CBS3M SIEKTPOHA B OCHOBHOM CO-
CTOSIHUM, TIOTEHLIMAI MOHU3AIMH, TIEPBBIA MOTEHLMAN BO30YKIEHUS U AJTUHY BOJHBI [OJOB-
HOU JInHMM cepun JlaiimaHa.

4. OmpenenuTs AIUHY BOJIHBI A CIIEKTPaIbHON JIMHUU aTOMAapHOI'0 BOJIOPOJIA, YACTOTa KOTOPOH
paBHA Pa3HOCTH YacCTOT CIEAYIOLIMX JIBYX JUHUIA cepun banemepa: A,=486,1 um u A,=410,2

HM. Kakoil cepuu nmpuHaIIeKUT 3Ta JTUHUS?
5. V3kuii nydok o-yactul ¢ kuHetuaeckoi sHeprueit T = 600 k3B nagaet HopManbHO Ha 30J10-

19 2 o
Tyto ¢onery, comepxamryo n = 1,1-10 ~ sgep/cm . HailTu OTHOCUTENBHOE YHCIO OL-9ACTHII,
paccesHHbIX moj yriamu 0 < 6, = 20°.

6. Ha xakoe MUHMMaJbHOE PAcCTOSIHUE MPUOTU3UTCS (L-4aCTHIA C KMHETHYecKoi sHeprueit T
= 0,40 M»>B (mpu 10600BOM cOymapeHHH) K TMEPBOHAYAIBHO MOKOWBIIEMYCS JIETKOMY CBO-
6oaHOMY si1py "Li?

7. HaiiTi KBAHTOBOE YMCIIO N, COOTBETCTBYIOIIEE BO3OYKICHHOMY COCTOsIHHIO HoHa He , eciu
IPY TIepexo/ie B OCHOBHOE COCTOSIHHE 3TOT MOH HCITYCTHJI TOCJIE0BATENHFHO Ba (POTOHA C
JumHamMu BoJiH 108,5 u 30,4 um.

8. TlokouBmuiics aTOM BOJOPOa HCITYCTHIT (DOTOH, COOTBETCTBYIOIINI TOJIOBHOM JIMHUU CEPUN
Jlaitmana. Kakyto ckopocTs mpuodpen atom?

9. Tokosmmiics non He™ ucnyctun GOTOH, COOTBETCTBYIOUINI TOIOBHOM JTUHUH cepuu Jlaii-
MaHa. OTOT (OTOH BBIPBAT (DOTOBIEKTPOH M3 MOKOSILETOCS aToMa BOJOPOAA, KOTOPBIH
HaXOJWJICA B OCHOBHOM cocTOsiHMM. HaifTu ckopocTh OTO31EKTpOHA.

10. [IporoH ¢ kuHeTH4ecKoi 3Hepruei T U NMPUIIENbHBIM TapaMeTpoM b paccesyicsi Ha KyJOHOB-
CKOM I10JI€ HETIOABIKHOTO siipa aToMa 30J10Ta. HaliTu MMIysbC, NepeNaHHbli aapy.



33}]3'11/] 1o TeMaM 2 «IJieMeHThI KBAHTOBOI MEeXaHUKH» U 3 «OI{HOMepHOC ABHKCHHUE»

1.

10.

Heiitpon ¢ kunetnyeckoit sneprueid T = 25 3B HaneraeT Ha MOKOSIIUKCA IEHTPOH (SAPO
TSDKETIOro Bojopona). Haiitu neGpoitneBckre ATMHBI BOJTH 00CHUX YaCTHIl B CUCTEME MX IICH-
Tpa Macc.

VY3Kkuil My4oK MOHORHEPIe€TUYECKUX 3JIEKTPOHOB MaJaeT HOPMAJIBLHO HA MOBEPXHOCTh MOHO-
KpHUcTajia HUKessd. B HanpaBienuu, coctapistonieM yrou 6 = 55°c HopManbio K HOBEPXHO-
CTH, HaOJII0JJaeTCs MAKCUMYM OTPa)KEHHS YETBEPTOTO MOPSIIKA MPU SHEPTUU JIEKTPOHOB E
= 180 3B. Bp4ncIUTh COOTBETCTBYIOIIEE 3HAUYEHUE MEKIIIIOCKOCTHOT'O PACCTOSIHUA.

JIBe 0JlMHAKOBbIE HEPENSATUBUCTCKUE YACTHULIBI JBUKYTCS NEPIEHANKYIISIPHO APYT K IPYTY C
neOpOIIeBCKUMU JUIMHAMHU BOJH A, U A,. HaliTu neOpoiineBcKkyto AaMHY BOJHBI KaXKI0H da-

CTHIIBI B CUCTEME UX LIEHTpa Macc.

[TonyuuTs BBIpaXKeHUE ISl JCOPOMICBCKON TMHBI BOJIHBI A PEISTUBHCTKON YaCTHIIBI,
nBuKymieiics ¢ kunerndeckoit sueprueit T. [Ipu kakux 3Hauenusix T ommbka B ompenese-
HUH A TI0 HEPEISITUBUCTCKON (hopMyJie He mpeBbimaet 1% i 3eKTpoHa U IpoToHa?

B momeHT t = 0 BosTHOBast QyHKIMSI HEKOTOPOM YacTHIIBI UMEeT BHI Y = A exp (— X l4c” +

ikx). 3006pa3ute mpuMepHBIA BUI 3aBUCUMOCTH: a) ICUCTBUTEIHLHOM YaCcTH J OT X; 0) | U} |2
OT X.

YacTuia HaXOAUTCS B OCHOBHOM COCTOSIHUM B OJHOMEPHOW MPSIMOYTOJIBHON TOTEHIINAIb-
HOW siMe HUPUHBI [ ¢ aOCOMOTHO HempoHullaeMbiMu cTeHkaMu (0 < x < /). Haiitu BeposiT-
HOCTB TIpeObIBaHMS YacTHUIIBHI B oOnacTu /3 < x < 2//3.

CB0OOIHBIHM 31€KTPOH B MOMEHT t = 0 nokanusoBaH B obmactu Ax, = 0,10 HM (mopsimok

pa3mMepa aTtoma). OLleHUTh MUPUHY 00IACTHU JOKATU3ALUH 3TOTO IEKTPOHA CITycTs t = 1c.
Haiitu 1eOpoityieBCKyI0 JUIMHY BOJIHBI PEIITUBUCTCKUX 3JIEKTPOHOB, MOIETAIOIUX K aHTHU-
KaTOJly PEHTI€HOBCKOI TPYOKH, €CIIH JIMHA BOJIHBI KOPOTKOBOJIHOBOM IPaHMIIb! CILIOIIHO-
ro crnekrpa Ag = 10,0 mm.

V3Kkuil My4oK 3JIEKTPOHOB ¢ KuHeThueckor sHepruet T = 10 k3B nmpoxoaut yepe3 mosu-
KPUCTAJNTMYECKYIO aJIOMHHUEBYIO (hONIbry, 0oOpa3ys Ha 3KpaHE CUCTEMY JU(PPAKIHUOHHBIX
KoJell. BRIUCIUTh MEXKIUIOCKOCTHOE PacCTOSIHUE, COOTBETCTBYIOIIEE OTPAKEHHUIO TPETHETO
MopsiIka OT HEKOTOPOH CHUCTEMbI KPUCTAJUIMYECKHX IIOCKOCTEH, €clI eMy OTBEYaeT M-
(dpakuronnoe koibio auamerpa D = 3,20 cMm. Paccrosinue Mexay sxpaHoM u (ombroit /=
10,0 cm.

BonHoBas GpyHKIMS 4aCTHIBI MACChl M JJIi OCHOBHOTO COCTOSIHHSI B OJTHOMEPHOM MOTEHITH-

anpHOM monie U(x) = kx?/2 umeet Bug y(x) = A exp (— OLXZ), rae A U o - HEKOTOpbIE TOCTO-

ssHHbIE. Haiitn ¢ momombto ypaBHeHus llIpenuHarepa nmocTossHHYy0 o M 3HEPruro E gacTuisl
B 9TOM COCTOSIHUHU.

3agaun no teme 4 «/IBUiKeHNe B HEHTPAJIBLHOM IOJIE»

1.

OHpGI[eJ'H/ITB COUHOBBIM MEXaHUYECKUM MOMCHT aTOMa B COCTOSHHH DZ’ €JIn MaKCUMaJIbHOC

3HAYEHHUE MPOEKIIMU MAarHUTHOTO MOMEHTA B 3TOM COCTOSIHUM PAaBHO YETHIPEM MarHeTOHAM
bopa.

Hammcars ¢ moMomipro mpaBwil XyHAa CHEKTPaIbHBIM CHMBOJ OCHOBHOTO T€pMa aToMa,
€IMHCTBEHHAsl HE3alOoJIHEeHHas MOA000I0uKa KOTOPOro 3amnoiHeHa: a) Ha 1/3, u S = 1; 6) Ha
70%,u S =3/2

Hanwucats ciekTpaibHOE 0003HaYEHHUE TepMa, KPaTHOCTh BOPOKEHUSI KOTOPOTO PaBHA CEMH,
a KkBaHTOBBbIE uMcia L u S cBsa3aHbl cooTHOomeHueM L = 3S.

Bbruncnuth nosiHoe paciueruienue Ao crnekTpanbHoi JuHuu *Ds—*P2 B ciiaboM MarHuTHOM
nosie ¥ uHayKuuen B=3,4 kI'c.



10.

HexoTtopslif aTom, Kpome 3am0JIHEHHBIX 0007109€K, UMEET TPH dJeKTpoHa (s, p u d) U Haxo-
JUTCSI B COCTOSTHUHM C MaKCUMAaJIbHO BO3MOKHBIM JJIsi 3TOW KOH(UTYpaIMy MOJHBIM MeXa-
HAYECKMM MOMEHTOM. HaliTh B COOTBETCTBYIOIIEW BEKTOPHOW MOJEIM aTOMa YOl MEXAY
CIIMHOBBIM U MOJIHBIM MEXaHUYECKUMU MOMEHTAaMU JJAHHOTO aToMa.

Haiitu sHepruro CBsI3W BaJIGHTHOTO AJICKTPOHA B OCHOBHOM COCTOSIHUM aTOMa JINTHUSI, €CIU
U3BECTHO, YTO JJIMHA BOJIHBI TOJIOBHOM JIMHUM PE3KOH cepuu A, = 813 HM U UIMHA BOJHBI

KOPOTKOBOJIHOBOM I'paHHIIbI 3TOM cepun A, = 350 HM.
JlnuHbl BoaH nyOnera skentoit muaud Hatpust (*P—2S) paBubl 589,59 u 589,00 um. Haiitu

OTHOIIIEHWE HWHTEPBAJIOB MEXAY COCEIHHMHU IMOAYPOBHSIMHM 3€EMAHOBCKOTO pPACLICIUICHUS
TepMoB *P3/, 1 *P1, B cmabom MarHMuTHOM HOJIE.

N3006pa3uth cxemy BO3MOXHBIX MEPEXOJO0B B CIaOOM MarHMUTHOM TIOJI€ MEXIY TepMaMH
-1

*P3/, n *S1;,. Beraucnuts 1y MmarautHOro nonsd B = 4,5 kI'c cmemenns (B ¢ ) 36€MaHOBCKHX
KOMIIOHEHT 3TOM JTMHHUH.

JlnuHbl BoaH nyOnera skentoit muaun Hatpust (*P—2S) paBubr 589,59 u 589,00 um. Haiitu
WHAYKIMIO B MarHuTHOTO MOJIs, IPU KOTOPOM MHTEPBAI MEXAY COCEIHHUMU MOAYPOBHSIMHU
3€€MaHOBCKOI0 paciuerieHus tepma *Ps, 6yner n = 50 pa3 MeHbIIe €CTECTBEHHOIO pac-
mernjieHus pema *P.

Hexotopslii aToM HaXOAUTCS B COCTOSIHUH, JJISl KOTOPOro S = 2, MOJHBIA MEXaHUYECKUU

MoMmeHT M = \2h, a MAarHWTHEIH MOMEHT paBeH HyJr0. Hammcarh crieKTpanabHBII CUMBOJI
COOTBETCTBYIOILIETO TEPMaA.

3agauu no reMaMm 4 «/[BU:KeHHe B HEHTPAJIbHOM I10JIe»
U 5 «JJIeKTPOHHBIE CBOWCTBA MOJIEKYJI U TBEPABIX TeJD»

1.

2.

OueHuTh, CKOJBKO JTUHUM COAEPKUT YMCTO BpallaTenbHbIN crnekTp mMojekyn CO, MOMEHT
MHepLUH KOoTopbixX 1=1,44-10 " r-cM2,

Haiitu ans monexyn HF umcnio BpamaTtenbHBIX YPOBHEH, PACTIOIO0KEHHBIX MEXYy HYJIEBBIM
" IICPBBIM BO36Y)KI[6HHI)IM KOJ'IC6aT€J'II)HBIMI/I YPOBHAMHU, CUHUTAA BpallaTCIIbHBIC COCTOAHUA
HE 3aBUCAILIUMH OT KoJieOaTeIbHbIX

B cepenune xosebaTelbHO-BpaaTelIbHOM TOJOCH criekTpa ucmyckanus monekyn HCL, rae
OTCYTCTBYET «HYyJIeBas» JUHUS, 3allpelleHHasl MPaBUIOM 0TOOpa, HHTEPBAT MEXKIY COCE-

HiMH JHIIMA Ao = 0,79-10" ¢ ' Bbrauciuts paccTosiHue Mexay sapamu moiekynst HCL.
Haittu a1t 1ByXaTOMHOM MOJIEKYJIbI YUCJIO YHCTO BpAIlATEJIbHBIX YPOBHEW HA €IMHUYHBIN
unTepBan sHepruu dN/dE B 3aBHUCHMOCTH OT BpamaTeabHOro KBaHTOBOTO YKcia J U Bpala-
TeNbHOU 3Hepruu E. BeUUCIUTE 3Ty BEIUUUHY IJ1s1 MOJIEKYJIbI oaa ipu J = 10

Haiitu oTHOIIeHHe yuciia MOJIEKYJl BOJAOPOAA Ha MEPBOM BO30YKIEHHOM KOje0aTeIbHOM
YpOBHE K YHCITy MOJIEKYJI Ha IEPBOM BO30YkJI€HHOM BpalllaTeIbHOM YPOBHE MpHU TeMIlepa-
type T = 880 K. MImeTs B Buay, 4TO KpaTHOCTb BBIPOKICHMSI BpalllaTEIbHbIX YPOBHEN paB-
Ha 2] + 1.

BbIuncnuTh ATMHBI BOJIH KPAaCHOTO M (DUOJIETOBOTO CITyTHUKOB, OMMKAMIINX K HECMEIICH-
HOU JIMHHMHU, B KOJIEOATEIbHOM CIIEKTpe KOMOHMHAILMOHHOIO paccesHust Mosekyn F,, ecim

JUIMHA BOJIHEI ajaroniero ceera A, = 404,7 am.

Haiitu cobcTBeHHYI0 4acTOTy KoJjieOaHUi M K03(pPUIIMEHT KBAa3UyNPYTol CHIIBI MOJIEKYJIbI
S,, ecnu B KoeOaTeNIbHOM CIIEKTPe KOMOMHAMOHHOTO pacCesHHs CBETA UIMHBI BOJIH Kpac-
HOTO M (PUOJIETOBOTO CIIyTHHKOB, OMMXAWIIMX K HECMEUIEHHOW JWHWHU, paBHBI 346,6 u
330,0 um

JIByxaTOMHasi MOJIEKYJIa ¢ MOMEHTOM HMHEpLUU 1,16:10 r-cM” HAXOIMTCS B COCTOSIHHH C
BpamarenbHoit sHepruu 1,8 M3B. Haiitn wacrory o QoToHa (mpuHaanexalieMy 4YUCTO



BpaIlaTeIbHOMY CIIEKTPY), KOTOPBIM MOKET UCIYCTUTh JJaHHAs MOJIEKYJla IIPU MEPEXoJe U3
3TOr'0 COCTOSHUSA

9. Iloka3aTh, UTO MHTEpBAJIbl YAaCTOT MEXAY COCEIHUMH CHEKTPAJbHBIMU JHUHHUSIMH YHUCTO
BpALIaTEeIIbHOIO CIEKTpa JBYXaTOMHOM MOJIEKYJIBI UMEIOT OJUHAKOBYIO BelnuyuHy. Hailtu
MOMEHT MHEPIIMH U PacCTOSIHUE MEXy siapaMu MoJiekynbl CH, eciiu nHTEpBaibl MEXIy CO-

12 -1
CETHUMHU JIMHUSMH YHCTO BPAIIaTEIbHOTO CIIEKTPpa 3TUX MojeKydl Aw=5,47-10 "¢
10. Nmesd B BuIy, 4TO KPaTHOCTh BBIPOXKJIEHUS BpallaTeIbHbIX ypoBHEN g = 2J + 1, HaliTu Bpa-
11aTeIbHOE KBAHTOBOE YHCIIO Jiy, Haubouiee 3aCeIeHHOr0 BPaaTeIbHOTO YPOBHS MOJIEKYJIbI

O, npu temneparype T = 300 K. M306pa3uth npuMepHsIil rpaduk 3aBUCUMOCTH 3aCEJIEHHO-
CTH BpamaTenabHbIX ypoBHel NJj/No oT J mpu 3T0# Temmeparype.

KpuTtepun oneHnBaHus pemieHus 32/1a4 B paMKax 3aIaHUi VIS CAMOCTOSITeIbHOI padoThl

Iloka3zaTenu Kputepun
Ilonnmanue ycio- — Kparkas 3anuce ycinoBusl.
BUs 3a/1a91 — Hcnonws3zoBanue GU3NIECKON CHMBOIHMKH.

— 3anuch eAVHUL U3MepeHus U nepeson ux B CU

— Xoporuee opopmiieHue paboThl, YeTKHE PUCYHKH U YEPTEKH.

— Haxoxnenue u 3anuch HeOOXOAMMBIX TAOIUYHBIX U IOTIOJHUTEIb-
HBIX JJaHHBIX.

ITnan pemennst 3a- | —  OGocHOBaHHE BBIOOPA pHU3HUECKUX HOPMYIT ISl PELICHHSL.
Aaqu — PanmonanbHbIi crioco0 perieHus
— 3anwuce hopmyn
OcyuiecTBieHue — BriBoa pacuetnbix(oit) hopmyin(sl), penieHne 3a1a4u B 001IeM BUIe
penicHuA — Maremarnueckue onepaluu ¢ eAMHUIIAMU U3MEPEHUS (PU3MUECKUX
BEJIMYMH, BBIYUCIICHUS
IIpaBunbHOCTS pe- — Kpatkoe oO6bscHeHUE penieHusl.
HICHWA 3aJla4u — AHaiu3 NONy4YEeHHBIX PE3YJIbTATOB

[IIkana oLleHUBaHMS:
0 GayTOB — OJTHOE OTCYTCTBHE KPUTEPHS,
1 6anmn — yacTUYHOE BBIIOJIHEHNUE KPUTEPHUS;
2 Gasuta — MOJTHOE BBHITTOJTHEHUE KPUTEPHS

CymmupytroTcs Oansl 3a KaxIyro 3a/1ady.

Omnenka 3a paboTy WM 33aJaHHE B LEJIOM IPOCTABISIETCS MO KOJIMYECTBY HaOpaHHBIX
0asoB:
MeHee 60% oT MakCHMaIbHO BO3MOXKHOT'O KOJIMYECTBA 0aJJIOB - HEYI0BIETBOPUTEILHO,
60-75% 0T MaKCUMaJIbHO BO3MOXHOI'O KOJIMUECTBA OAJIJIOB - yI0BJIETBOPUTEIHHO,
76-85% 0T MakCHMaJIbHO BO3MOXKHOT'O KOJIMYECTBA 0ajIOB - XOPOILIO,
86-100% oT MakCHMalbHO BO3MOXXHOTO KOJMYECTBA OANIJIOB — OTIHYHO.

KonTtposbHnas padora Ne 1
(nposepka cipopmuposannocmu OIIK-1, unoukamoper /] OIIK 1.1, H/] OIIK 1.2,
Ul OIIK 1.3)

3agaya.l YenuHeHHbI LIMHKOBBIM MIApUK 00JydaeTcs yJIbTpadUOIETOBBIM CBETOM C JJIMHON
BoaHbl A =250 nM. Jlo kKakoro MakCMMaJabHOTO TIOTEHIMANA 3apsAauTCs mapuk? PaGora BbIXO-
11a 2JIEKTPOHOB i nuHKa pasaa A =3.74 >B.

B8blX
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3agauya 2 OnpenenuTh HEPTUIO (POTOHA, COOTBETCTBYIOIIETO BTOPOIl JIMHUU B MEPBON HMH(Ppa-
KpacHoii cepun (cepus [lamena) atoma Bogoposa.

3agava 3.

OnextpoH B mozaenu H. bopa anekTpoH atoMa Bojapoja IBHXKETCS B KYJIOHOBCKOM IOJIE sifipa.
MOHO JIi B 9KCIIEPHUMEHTE CO3/1aTh JIEKTPUUIECKOE I0JIe, CIOCOOHOE MOHU3UPOBATH ATOM BO-

nopozna? IpakTiaeckn KocTHkuMBble 3Hauenns Hanpsukennoctn 10” —10° B/u.

3agaua 4

Kunernueckas 3Heprus IpoTOHA paBHA €0 YHEPTUHU MMOKOsA. BeIUMCINTE JUIMHY BOJIHBI A¢ bpoii-
JIs1 TAKOTO ITPOTOHA

KonTposbnas padora Ne 2
(nposepka cipopmuposannocmu OIIK-1, unoukamoper MJ] OIIK 1.1, /] OIIK 1.2,
HJ OIIK 1.3)

3agauya 1. Jloka3atb caMOCONpPSKEHHOCTh ONlepaTopa MPOEKLUUU YIiIoBOro MomeHTa. [leiicTBo-
BaTh aHAJIOTUYHO JI0KA3aTeJILCTBY CaMOCHPSKEHHOCTH MPOEKIIMY UMITYJIbCA.

3amaua 2. Cpenuee BpeMms KU3HH MH-HYIb Me3oHa 1,9 107, Kaxkoii nomkHa ObITH paspemiaro-
11asi CHOCOOHOCTh MPUOOpa A PErUCTPALIMH TAaKUX YacTUI?

3agaya 3.D7eKTPOH HAXOTUTCS B OJHOMEPHOW MOTCHIIMAIBLHOW sIME C OCCKOHEYHO BBICOKUMU
crenkamu. [upuna smer 1,4 10°m. OnpenenuTs SHEPIUIO, H3Ty9aeMyko JIEKTPOHOM TP Hepe-
XOJI€ C TPETHETO YPOBHS Ha BTOPOM.

3anaua 4. Yactuna HaxoauTcs B OECKOHEYHO IIyOOKOH OHOMEpPHON MOTEHIMATIbHOH siMe 3a-
JAHHOM IMPHUHBI HA BTOPOM SHEPTETHYECKOM YPOBHE. B Kakux TOYKax sIMbI IJIOTHOCTH BEPOSIT-
HOCTH OOHapy»KEHHUs YaCTHIIbI COBIA/IAET C KJIACCHUYECKOM MIIOTHOCTBIO BEPOSITHOCTH?

IIpaBua BRICTaBICHHUS OLICHKH M0 PE3YJIbTaTaM KOHTPOJIbHBIX Da6OT Ne 1-Ne 2:

OreHka 1Mo pe3yJibTaraM KOHTPOJIbHOW pa®oThl Ne 2 cumraercst B 6ayiax mo cieayroie-
MY TPUHITAITY: TPABUJIHO BBIIOJIHEHHOE
- 3amanue Ne 1 — 1 Oa;

- 3amanue Ne 2 — 2 Oaiia,
- 3amanue Ne 3 — 1 Oa;
- 3amanue Ne 4 — 1 Oaur.

Kaxxnoe u3 3amanuii MOXKET OBITH OIEHEHO TMOJIOBUHOM 3asBJICHHBIX 10 HEMYy 0ajlioB, B
CiIydae, KOT/Ia PH €0 BHIMIOTHEHUH MIPaBUIIBHO TPUMEHEHBI pacyETHbBIE (DOPMYIIBI, HO UMEIOTCS
OImMOKH B pacueTrax.

[TonHOCTHIO HEMPABUIILHO BHITIOTHEHHOE 3a1aHue — () OayioB.

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

5 GanaM COOTBETCTBYET OIEHKE «OTIUYHO», 4 OaltaM — OIIEHKE «XOpOIoy», 3 Oammam —
OIICHKE «YJIOBJIETBOPHUTEIBLHO», 2 M MEHEe 0ajIOB — OLICHKE «HEYOBJICTBOPUTEIHLHO» (YyMEHUS
Ha JIAaHHOM 3Tare OCBOSHUS JUCIUTUINHBI HE CPOPMUPOBAHBI).
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Cnucok ¢gopmy.1 1 NOHATHH, KOTOpPbIe TPedyeTcs1 3HATH HAU3YCTh
(nposepka cipopmuposannocmu OIIK-1, unouxamop HJ] OIIK 1.1, MJ] OIIK 1.2)

1. KoJie0anus ¥ BOJIHBI.
x = Acos(@t + ¢,) - npocTeiiiee rapMOHHYECKOE KOIeOaHHE;

x=A cos(a)r —kx + gpo) - MPOCTEHIIIasi rTapMOHWYECKAs BOJIHA;

2 .
T = — - nepuoj KojebaHui;
0]
1 .
YV =—=— - HUKJIMYECKas YacTOTa; MOKa3bIBA€T YHCJIO MOBTOPEHUU B €JIMHHILY
T 2rx
-1
Bpemenn; [v]=1Ty=c";
2

a)=7 - KpyroBas 4acToTa; paBHa OBICTPOTE M3MEHEHHS (pa3bl KoJeOdaTeIbHOrO

pao
WJTA BOJTHOBOT'O JIBHIKCHUS, [a)] =—)
c

/A o
k= 7 - BOJIHOBOE YHCJIO JIJISI BOJIHBI C JUTMHHOM A |

0]
V= . ¢da3oBasi CKOPOCTh BOJIHBI (CKOPOCTH MEepEeMEIICHUs IPEOHS);

do .
% =a - TPyHIoBasi CKOPOCTh (CKOPOCTh MEpPEeMENICHUs OTHOAIOIIe BOJHOBOIO
MaKeTa M pPaclpoCTPAHCHHS CUTHAIA);
2. CBejleHHUs] U3 MeXaHUKH.
2 2
mv p
. = 5 =2— - KHHETUYECKAas DHEPTUs B HEPEIATUBUCTCKOM NPHUOJINKEHUH
m

E,=mc” - dHeprus MoKos B PEIATUBUCTCKOM MPUOIHKECHHH;

el
mec”
E = ——— - niosiHas ’HEPrus B PEISITUBUCTCKOM ITIPUOIMIKEHNH;
2, 2
J1=-v/c

2
. mc

E = ﬁ —mc® - KHHETHYECKAs] SHEPIrHsl B PEJIAITHBUCTCKOM TPHOIINKEHHIH;
1—v/e

2 [
E, <<mc™ ummu (M) v<<c¢ - KpUTEpUH NPUMEHUMOCTH HEPEISITUBHUCTCKOIO
IPUOIINKCHHUS.
E> = p’c® =m’c* - cBSI3b JHEPTHH ¥ NMITYJIbCA B PENIATHBHCTCKOM MPHOIIMKCHHIN;

2
mv .
P =—=—=—= - PCIATUBHCTCKHIi HMITYJIbC;
V1—=v/c
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3. CBe/leHHs1 M3 BOJHOBOH ONTHKH.

R=0T" - 3akon Credana-Boabumana;
R - sHepreTuyeckas CBETUMOCTH a0COIIOTHO YEPHOTO TEa;
T - aGconroTHas TeMIeparypa Tena;
o - nocrosinHas Credana-bonpumana.

A T =b -3akoH cMemieHusi Buna;

max

A - JJIMHa BOJIHBI, Ha KOTOpOﬁ CIICKTpaJibHasA IIJIOTHOCTH H3JIYUCHHA

max

a0COJIFOTHO YEPHOT'0 TeJla MaKCHUMAJIbHA;
b - nnocrossuHas Buna.

E=hv= h% =ho - 3ueprust GoToHa;

h - nocrosinnas Ilnanka; /i = - moctosinHas J{upaka;

2z
P =hk - ummynse ¢dotoHa;
1

P= Z(l + p) = w(l +p) - 1aBJICHHE CBETAa;
I - UYHTEHCUBHOCTD CBETA;
£ - KOOQOUIUEHT OTpaXKeHUs;
W - 00beMHasi IUIOTHOCTh SHEPTHH.

hv=A, +E, . -ypaBHeHHe DWHIITeHHA JIsi BHemIHero gorodddexra;
A, - paboTa BbIX0/1a 2JIEKTPOHOB U3 MeTaJljla,
E, .. - MaKkcuMaJlbHas KWHETUYECKasi SHeprus (POTOIIEKTPOHOB.

A = )ic(l —cos(é’m)) - H3MeHeHMe JUIMHBI BOJIHBI B d3pdexte KomnrTona;
h he

/?'C = = £ = KOMIITOHOBCKasa JJIMHA BOJIHBI YdCTHUIIbI.
mc
0

2dsin (6’) =mA; m=1;2;... - 3akon Byadga-bparra

d - paccTosHUE MEX 1y aTOMHBIMH IJIOCKOCTSIMH KPHCTAJIIA;
€ - yroi paccesiHusl PEHTI€HOBCKUX JIYYEeH;

asin(é‘m)z tmA; m=1;2;... - HanpaBjeHusi IMPPAKUNOHHBIX MUHHUMYMOB NPH
AH(PPAKIHMA OT OAHOM LIEJIH;

1 1 1

= RyZ? (—2 - —2) - 0600mennas popmyia Baibmepa;
n m

Z -3apaa anapa; Ry - moctosiHHas PunOepra;
n=123,.; m=n+lLn+2,n+3,..

n=1 -cepus Jlitmana; (Y® o6s1acts)

n=2 - cepusa bansmepa; (Buaumas 00JacTh)
n=3 - cepus [lamena; (nappakpacHas 00sacTp)
n=4 - cepus bpakera; (nHppakpacHas 00s1acTh)
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4. BosHoBasi pyHKUHSA (AMILIUTYIA BEPOSITHOCTH)
Baowcnvie oboznauenus

TOYKA IIPOCTPAHCTBA
X ecnu 3a0aya ooHomepua: N =1

r=4 X,y ecau 3a0aua ogyxmepua: N =2

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

3JIEMEHTAPHBIN 00BbEM
dx ecau 3adaya oonomepna: N =1

dv=1 dxdy ecnu 3adaua osyxmepna:N =2

\dxdydz ecnu 3a0aua mpexmepna: N =3

1
6ca uucnosaa npsamas R ecau 3a0aua oonomepna: N =1

N 2
R" =16ca uucnosas npsamasa R°  ecau 3a0aua ogyxmepna: N =2

3
6csi uucnosas npamas R ecau 3a0aua mpexmepna: N =3

|‘iP(r,1')|2 dv=Y*(r,t)¥(r,t)dv=dP(r,t) - pusnueckuii cMpic;

dP(l’,f) - BEPOSITHOCTh OOHAPYKUTh YACTHUIY B BJIEMEHTAPHOM 00bEeME

d v, coaeprKalieM TOYKY I';

|‘P(r,£‘)|2 E@ - IUIOTHOCTh BEPOSITHOCTH OOHApPY)KUTh YACTHILY B
\'%

MaJIOM OKPECTHOCTH TOYKH I';

P(V) = I‘P *Wdv - Bep. oOHAPYKUTH YACTUYKY B KOHEYHOM o0beme V' ;
V

B opnomepHom ciiyqae V' 3TO OTpPEe30K WIIM CHUCTEMA OTPE3KOB, B
ABYXMEpbe — IUIOCKasi Qurypa WIH CHCTEMa IUIOCKUX Guryp, B
TpexMepbe — 0ObeMHast pUrypa win cucreMa 00beMHBIX (GUryp;

I Y*W¥Ydv=1 - ycrnoBue HOpMUPOBKH;
!

(F ) = j VY*FWYdv - cpennee 3HaueHne (PU3MUECKON BETUYUHBI [ ;
RY

I b *[F,G]‘PdV: 0 - xpurepuii COBMECTHON H3MEPUMOCTH (PUIUUYECKUX
RrY

BemmunH F u G [ﬁ,é]sﬁé—éﬁ - KOMMYTaTOp OIEepaTopoB

3aJIaHHBIX (PU3UUYECKUX BEJIUYUH;
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FY =FY - 3agaua omnpeneneHus COOCTBEHHBIX (DYHKIMHA i U COOCTBEHHBIX

3HaueHun F omeparopa F. DOTO COCTOSSHUS M 3HA4YCHUs, KOTOpHIE
PETUCTPUPYIOTCS B IKCIIEPUMEHTE;

J VY, *¥,dv=0 - ycinoBue opToroHaabHOCTH BOJTHOBBIX QyHKuui ¥, u WV, ;
RY

5. CooTHOIIeHUs HeonpeaejgeHHocTel I'eiizeHoepra

h h h
Ax>—; Ay =>—; Az>—3
Ap, > Ap, Ay > Ap. >
AEA:ZE;
2

31ech cUMBOJI A O3HAYaeT CTaHIAPTHOE (CPEIHEKBAAPATHUYECKOE) OTKIOHECHHE

U3MEpSIeMOM BEJIMYMHBI OT CPEJHEr0 3HAYeHHs. 3HAK PaBEHCTBA peain3yeTcs,

TOJILKO €CJIM IUIOTHOCTb PACHpEEICHUs BEPOSITHOCTH H3MEPSAEMON BEIMYMHBI
2

|LP| MOJYMHIETCA TayCCOBOMY HOPMAJIbHOMY pacrpeieieHuo. B ocTanbHbIX

clIydasaXx pCalIn3yCTCAa HCPABCHCTRBO.

6. Bouina ne-bpoiiis

I
ik x— —(px-Et) » .
Y=A" = 4ot - pocTeiinas BoaHOBas (PYHKIMS — BOJIHA Je-Bpoiins,

pacrpocTpanstonascs B1oib ocu Ox ;
p = hk - uMI1ynbC BOJIHBI Jie-bpoiis;

E =ho - >Heprus BoiHbI Ae-bpoitns;

h .
A =— - IMHA BOJHBI Ae-bpoiins;
p

7. Ypasuenue lllpeaunrepa
o

iha— = —2—A‘P +UY - nonnoe ypaBHenue lllpeaunrepa /s 0HOM 4aCTHULIbI;
t m
2

—h—Al//—FU!//:EW
2m

3 pasueix cnocoba 3anucu

[:11//=E1//

2
Ay/+h—T(E—U=0)

~

cmayuonapHoeo ypasnenus Lllpeouneepa

B CTallHOHAPHBIX COCTOAHHAX (KOF)J,EI HaOJI0/JaeMble BEJIMYUMHBI HE MEHSIOTCS C

1

[
LE
TEYeHHEM BPEMEHH, a dHEprus npunumaetr Qxuc. snavenne) ¥ (r,t)=y(r)e " ,

rae i (r) - KOOpAMHATHAS YaCTh BONHOBON (YHKLIHH.
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U= U(l",f) = NOTCHUHAJIbHAA SHEPTHUA YaCTHUILBI B KIITACCHYCCKOM BHCIIHEM I10JIC.

U =0 -mist cBOOOJTHOM YaCTHIIBI;

0 0<x<d
U=U(x)=

o0 x<Qumux>d
JUist 4acTHUIBI B OJTHOMEPHON OECKOHEUHO TJTyOOKOH MOTEHIIHAIBHOM SIME;

U U( ) C 0<x<d
= X)=
0 x<Qumu x>d

Jis  gacTuibl, NPeoAoJieBaAOIICH IMPSAMOYTOJBHBIM IOTEHUMANBHBIN Oapbep
HIUPUHBI d

8. Oneparopsl GU3HYECKHX BeJTHYHH
XV =x¥Y - onepaTop x- KOOPAMHATHI;
y¥ =y¥ - oneparop y - KOOPHHATEI;
z¥W =z¥ - onepartop z- KOOpJWHATEI,

~ . a

p.Y = —xha— - OIIEPATOP X - KOMIIOHEHTBI MMITYJIbCa,;
x

-~ . a

p,¥= —lha— - OIIEpaTop y - KOMIOHEHTHI UMITYJIbCA;

. L, 0
p.Y= —zha— - OTIEPATOp Z - KOMITOHEHTHI HMITYIThCa;
z
P’ =—h’AY - oneparop kBajaparta umnyisca (A - onep. Jlamnaca);
2

EYY =———AY - oneparop KHHETHUYECKOH YHEPIHH;
2m

-~

~ L O
LY =—zha— - OmepaTop Zz - MPOCKLHUH YTJIOBOI'O MOMEHTa (¢ - yros rnoBoporta

BOKpYr Oz B HampaBJICHUU MPABOTO BUHTA);
2

HY = (Eﬁ_ +0)‘P = —;—A+ UJ‘P - oneparop ['amuiibTOHA
m

(omepaTop MOJIHON YHEPTUU YACTHIIHI)
CaoiicTBa onepaTopoB pU3HUECKUX BeJTHYHH

F(a¥,+pY,)=aF¥, + SFY, a,f - KoMIIeKcHbIe unca

JIMHEeIHOCTh onepaTopa F';

[ xFedv=[(FP)*¥,dv
J

R N

-~

IPMHUTOBOCTH (CAMOCONPSIZKEHHOCTH) oneparopa F

CoO0cTBeHHBbIE 3HAYECHHS JDPMHUTOBA ONePaTOpa — ACHCTBUTEIbHbIE YHCJIA.,
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[w,*¥,dv=0,
RY
OpTOroHaJAbLHOCTH COOCTBEHHBIX PYHKIMM.
Ecm Y¥,,¥, - coGcrBeHHble (YHKUMH PMHUTOBOTO OIEPAaTOpa, OTBEUAIOIINE

Pa3sHbIM COOCTBEHHBIM 3HAYCHHAM, TO OHH OPTOTrOHAJILHEIL.

9. DJIeKTPHYECTBO H MATHETH3M.
- 1 %% s r 9,9, -
F = - (CH) F =-%¢, (CI'C) —3akon Kyiona
47&,‘0 r r
1
U=— 9% (CH); U=9% (CI'C) - noreHUHAJbHAs JHEPrus
dre r r

o

B3aMMO/JIEHCTBHS IBYX TOYEYHbIX 3aPs/I0B;
M=IS8n (CH) M =—Srn (CI'C) — MArHUTHBIii MOMEHT IUIOCKOT0 MAaJIOT0
c

BUTKA € TOKOM [, WIOAALI S W HOPMAJBI 71, 00pa3ymoulei
NpaBbli BUHT ¢ HANPaBJIeHHeM TOKA. (MarHUTHBIH AMII0JIb).

m=2r (CN) m=-—17 (CI'C) — MarHUTHBIH MOMEHT KJIaCCHYeCKOM
2m 2mc

YaCTHYKH C 3apssaoMm ¢, Maccoi m W yriiIoBbiIM MOMEHTOM L.

KodpdpuuueHT nponmopumoHaabHOCTH Mexay M u L Ha3bIBaercs
rHPOMAarHUTHBIM OTHOLLIEHHEM

LF=[MXB] - MOMEHT CHJI, JAeHCTBYIOIIMA HAa MArHMTHBIH JMIOIbL B

MArHUTHOM HoJjie B;

F =(M -V)B - CHJIa, JIeHCTBYOIIAs HA MArHUTHBIH JUIOJAbL B MArHUTHOM

OB
foz
U =—(M - E’) - MOTeHIUATbHAS (PYHKIUSI MATHUTHOTO TMII0JISI B MATHUTHOM
noie B.
10. IlpaBuj10 KBAHTOBAaHHSI MOMEHTOB
Opburanbhbii |Z\ =nJi(I+1) 1=0,1,2,3,..
yIJI0BOM MOMEHT
3JIEKTPOHA ,=mh;  m=-l,—- (1+1),
CoOcTBeHHBIH 1 h
YTJIOBOM MOMEHT |LS‘ hys(s+1) \/_
3JIEKTPOHA (CITUH) 5
Ls =+—.
- 2
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OpﬁHTam’Ijblﬁ |A7[‘ = LUy U(l + l) [=0,1,2,3,...
MarHUTHBIA ~ MOMEHT
SMEKTpOHa M. =mpu,; m:—l,—(l—l),...,(l+l),l
CoOCTBEHHBIN
MarHUTHBIA  MOMEHT |MS‘ = 2#3\/3(3 + 1) =2, %(% + 1] = ﬂsﬁ
3JIEKTPOHA

Ls =X2u,s =%, .

[ - opOUTAIBLHOE KBAHTOBOE YHCIIO;
§ - CIIMHOBOE KBAaHTOBOE YHCJIO;

eh eh
= (CB) y,=
2m

e e
11. O0o3HaYeHHUsA COCTOSIHUI DJIEKTPOHA B ATOME.
O603HayeHHEe 000JI0YEK

My = (CI'C) - marueron bopa

CumBoa K L M N
000104KH
I'n. kB. uHCI0 N 1 2 3 4

Janbuie o andapury

Obo3nauenue opouranei (mogoboI049eK)

CumBoJ s p d f
Opouraau
Op0. KB. yncio / 0 1 2 3

Janeure no andasuty

12. JImana3oHbl H3MEHEHUS KBAHTOBBLIX YHCeJl.

KBantoBoe 4ucjio JInana3on Bcero 3nayenuii
['maBHOE KB. YHCJIO 7 n=1223,.... 0
OpOuranbHOE KB. YUCIIO / [=0, 1,2,...,(n —1) n
MarHuTHOE m=—1,—(I-1),...,(I+1),1 2/ +1
(a3MMyTaJIbHOE) KB. YHUCIIO
CrnuHOBOE KB. UUCIIO mg =+1/2 2

13. Macwmradbl pu3HYeCKHX BeJIHYHH

E, =—13.65B8 - 3Heprusi OCHOBHOIO YPOBHs aTOMa BOJOPOA;
1, =0.53 A - nepsoiii bopoBckwmit paguyc

1 4=10""m - omuH anrcTpem;
19B=1.6-10" Iwc=1.6-10"9pe
E, (e) =0.51M5B - >HEprus MOKos IEKTPOHA;

E, ( p) =940M>B - sHeprus Mokos MpoTOHA.
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2. CIHCOK BONPOCOB M (WJIN) 32/IaHUM VIS IPOBEACHNUS MPOMEKYTOYHOM aTTeCTAlluN
(nposepka cipopmuposannocmu OIIK-1, unouxamop HJ] OIIK 1.1, UJ] OIIK 1.2,
HJ] OIIK 1.3)

Bonpocsl k 3aueTy «ATOMHasi pU3NKA»
1. 3akoHBI TEIUIOBOrO M3JIydeHUs: 3akoH Buna, 3akoH Credana-bosblimana, 3akoH Panes-
Jbxuaca. YabprpaduoneroBas katactpoda. I'mnoreza M. Ilnanka. Poxnenne KBaHTOBOHW mexa-
Huku. [locrossunas [1nanka. [locrosunas upaka.
2. Smnenwms, moareepxaaromue rumnotesy M. [lnanka: apdexr Komnrona (kparko: ¢popmyna u
MoYeMy OH IPOTHUBOPEUHT Kiaccuueckoi dusmke), hotord ekt (3akoHbl poTodddekTa, FKcie-
pUMEHTAJIbHOE OmpejeneHne nocrositHHon Ilnanka, mpoTuBopeune ¢ KiIacCUUecKoM (U3MKOH),
JaBieHue cBeTa (popMmyiia M KaUeCTBEHHOE OObSICHEHNUE).
3. Mogens atoma TomcoHoB. Ee ocHoBHas unes. Teopernueckas OlleHKa pa3mepa aToMa B
Mozenu ToMCOHOB.
4. Cxema ombita Pesepdopaa no paccesauto anbga gactuul. [IpunensHblil napamerp. 3aBucu-
MOCTh yIJIa paccesHusi OT NMPHUIEIbHOro mapamerpa (6e3 BbIBOJA, HO C OOBSICHEHHEM OTKY/a
dopmyina B3sack). ®opmyna Pesepdopna (6e3 BeiBoaa). [Touemy monens ToMcOHOB He 00bsic-
HSET pe3yJIbTaThl onbITOB Pezepdopra?
5. BwBoxa dopmynsr Pesepdopna. Obmue BeiBoABI 10 dKkcniepuMmeHTam Pesepdopna. [lnane-
TapHasi MOZEIIb aTOMA.
6. Henocratku minanerapuoit monenu. [locrynatsl bopa. Onbitel @panka u ['epiia.
7. CnekTpaibHble 3aKOHOMEpHOCTH atoma Bojopoaa. Popmyna Punbdepra. Iloctosunas Pun-
Oepra. [1a1p nepBrix cepuil (Jlaiimana, banbmepa, Ilamena, ®ynaa). KomOuHaunmoHHbI OpUH-
mun Purna.
8. OOwbsacuenne H. bopa cnekTpaibHbIX 3aKOHOMepHOCTeH aTtoma Bojpopoaa. dopmyna ans
SHEPIruM Pa3IMYHbIX COCTOSHUHM aToma BoJopoa. OCHOBHOE U BO30YXkIEHHOE COCTOSHUE aTo-
Ma. Jluarpamma I'porpuana.
9. KommuectBeHHas Mozens aToma Bojgopoaa mo bopy. Paguycer crarmonapueix opowur. Ilep-
BBl bopoBckuii panuyc. BelpakeHue M1 DHEPruM CTAlMOHAPHBIX COCTOSHUM 4epe3 MUPOBbIE
KOHCTAHTBI.
10. BeiBog ¢opmynsl Punbepra ams Bogopoaonogo0HbIX HOHOB. JIOCTOMHCTBA M HEIOCTAaTKU
Mozenu bopa.
11. DkcnepuMeHTalIbHbIE 10KA3aTEIbCTBA HAIMYUS BOJIHOBBIX CBOMCTB 3yieKTpoHa. OnbITh []>-
BrcoHa u J[xeomepa. OnbiTel ToMcona u TapTakoBCKOrO.
12. KopnyckynspHo-BoiaHOBOW nyanu3Mm. Bomsbl ne-bpoiinsa. Bonnsl ne-bpoiins nu bopoBckas
MOJIeJIb aTOMa BOJOPOJA.
13. Mudpaxmus GpoToHOB Ha ABYX Ha JIBYX Ineistx. Kiaccuueckas unreprperanus onsita FOnra.
HecoBepieHCTBO K1accu4ecKoil MHTepIIpeTaluy pH c1ab0il HHTEHCUBHOCTH CBETOBOTO ITy4Ka.
BeposiTHOCTHast HHTEpIIpeTalsi UHTeHCUBHOCTU. HoBast koHLenIus, 00BsICHAIONAs ONBIT U CO
CJ1a0BIM M ¢ MHTEHCUBHBIM ITy4KOM.
14. BonnoBas ¢yHkuus. COCTOSHUE CUCTEMBI B KJIIACCHUECKOM MeXaHHKe U B KBaHTOBOM. Ilep-
BBIM TIOCTYJIaT KBAaHTOBOW MeXaHHWKHW. BonHoBas ¢yHkmus. OcHOBHAs 3a/adya KBAHTOBOM MeXa-
HUKH. BEepOATHOCTHBIN XapaKTep 3aKOHOB KBAHTOBOM MEXaHUKH.
15. Cootnomenue HeompeaeneHHocterd [eiizenbepra. Ero cBs3p ¢ mpeodpazoBanmem Dypbe
(xopotko). ComnpspkeHHble (pru3nyeckue BeMUYUHbI. [lorpenHocTy uX COBMECTHOTO Ompejee-
Hus. [Ipunnun nononHuTensHoctd bopa. EctecTBeHHas mumpuHa crnekTpaibHod auHuu. Camo-
CTOSITEIbHO: HEONPE/ICICHHOCTh KOOPJAMHATHI M MUMITYJIbCA B OMBITE CO HIENBI0 (CM. YYEOHUK
Hponosa, naparpad 3.4)
16. Vpasuenue lllpenunrepa. Bonna ne-bpoitns, kak pemenue ypasaenus lpenunrepa. Coii-
CTBa BOJTHOBOM (DYHKITHH.
17. CraumonapHslie coctosiHus. OnpeeneHue cTaluoOHapHbIX cocTossHUuM. CTallnoHapHOe ypas-
Henue lpenunrepa. CBOMCTBa CTAllMOHAPHBIX COCTOSTHUM.
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18. Ilpumep pemenus ypasHenus llpenunrepa. CBoboanast yactuna (¢ BeiBogoM). OgHOMEp-
Hasi OeCKOHEUHO IiTy0oKasi MOTEHIMAaIbHAs sMa: OCTAaHOBKA, (pOpMyJia JjIsl KBAHTOBAHUS SHEP-
ruu (6e3 BbIBOJA), BUJI BOJIHOBBIX (DYHKUUN PA3IMYHBIX COCTOSIHMM U UX CMBICH (0€3 BBIBOJA).
VYcnous nepexona K 3a1aye KIacCH4eCKOM MEXaHHUKH.

19. OnnomepHast OeckoHEYHO TITyOOKasi TOTeHIHanbHas siMa. Pemenune ypasaenue lllpennne-
repa. KanroBanue sneprun. [ToctpoeHre BOIHOBBIX (DyHKIHH.

20. KpanToBblii nmpuHnun cynepnosunuu. Ilapagokc kora Illpeaunrepa. CpoiicTBa pereHUs
ypaBHeHus Lllpenunrepa 11 6eCKOHEYHO ITy0. MOTEHIIUATIBHON SIMBI.

21. IIpoxoskIeHne KBaHTOBOW YaCTHUIIbI uyepe3 MOTeHIMaNbHbIN Oaphep. [locTtanoBka. [1nan pe-
menus. TyHHenbHBIH 3 dexT. Koaddumnuent npoxoxaeHus yactuibl yepe3 6apbep (Gpopmyna
6e3 BeIBoJA). [IprHIMI pabOThl CKAHUPYIOIIETO TYHHEILHOTO MUKPOCKOTIA.

22. OmnepaTopbl (pU3MUECKUX BEIMYMH B KBAHTOBOM MexaHuke. HemocTaTOYHOCTH 4YMCIOBOTO
onucaHus (HU3NUECKUX BeJWYUH. BTOpO# mocTynaT kBaHTOBOW MeXaHUKH. JIMNHEHMHOCTH onepa-
TOopoB ¢u3ndeckux BenuuuH. Cynepno3uiys, kommyTarop. [IpuMeps! onepaTopoB Gpu3HUEcKuX
BEJIMYMH.

23. 3apaua Ha COOCTBEHHBIE 3HAYEHMs M COOCTBEHHbIE (YHKIMU JUHEHHOro omepaTtopa. Tpe-
TUN U YETBEPTHIN MOCTYJIAThl KBAHTOBOW MEXaHUKU. Penent npoBepku AByX (GU3NYECKUX BEIH-
YUH Ha COBMECTHYIO U3MEPUMOCTb.

24. YHuTapHble NMPOCTpPaHCTBA. DPMUTOBBI oneparopbl. Jloka3aTelbCTBO 3PMUTOBOCTH OIEpa-
TOpa MPOEKLUU UMITyJIbCa Ha 0Ch adcIuce.

25. MowmenT umnyJibca (yriaoBoit MmomeHT). OnepaTtop yrioBoro MmoMmeHnrta. Hensmepumocts of1-
HOBPEMEHHO TPEX KOMIIOHEHT YIJI0BOIO MOMeHTa. KBaHTOBaHME NPOKIMHU yTJIOBOIO MOMEHTa
Ha BBIJICJICHHOE HaIlpaBJICHHUE.

26. Mopnyns yrinosoro MmomeHTa. [IpaBuna kBanToBanus. KBaHTOBBIE UMCIIa yIIIOBOTO MOMEHTA.
CoOcTBeHHbIe (QYHKIIMM OTepaTopa KBajpara yrioBoro MoMeHta. HaOmrogeHue yriioBoro mo-
MEHTA 3apsKEHHOUW YaCTHILIBI.

27. Omnprtel lltepna u I'epnaxa. CnuH amekTpoHa. MarHUTHBIA MOMEHT. CBSI3b YIVIOBOTO U
MarHuTHOro MoMeHtoB. Marneron bopa. ®@akrop Jlanne.

28. O0630p Teopuu BOAOPOIOMOAOOHOTO aTOMa. MHOTORJIEKTPOHHBIE aTOMBI. DIIEKTPOHHBIE
o6osnouku. [IpuHuun 3anpera [laymu. [TpuHIUI TOKAECTBEHHOCTH 3JIEMEHTAPHBIX YaCTHUL.

29. Ilepuonmueckas cucrema aeMmeHToB .M. MenneneeBa. [IpaBuno Xynna. (CamocrosiTesns-
HO o maparpady 6.6 yuebnuka HMpojosa.)

HpaBnna BbBICTABJICHHA OLICHKH

Ha 3auere crynenty gaerca 1 teopetmyeckuit Borpoc. Ha moAroroBky kK OTBETY Jaetcs
He MeHee 20 MUH.

Onenka «3a4TeHO» BBICTABISIETCA CTYJEHTY, KOTOPbI BOCHPOM3BOAUT OCHOBHBIE TIO-
J0xKeHUus: ATOMHON (PU3UKH, BOCIPOU3BOJUT OCHOBHBIE (DOPMYIIBI U 3HAET TPAHULBI HX MPH-
MEHUMOCTH, clla’l KOHTPOJIbHbIE paboThl Ne 1 1 2 Ha OLIEHKY «yJOBJIETBOPUTENIHO» WM BBIIIE
WIN BBITTOJTHUII 33J[aHUsI U3 IaHHBIX KOHTPOJIBHBIX paboT Ha 3K3aMeHe NpaBwibHO Ha 40%.

Ounenka «He 3a4TeH0» BBICTABISAETCS CTYACHTY, KOTOPBIM JEMOHCTPUPYET pa3pO3HEH-
HBIC, 6€CCI/ICTCMHBIG 3HAaHHA, 6€CHOpHILO‘{HO 1 HCYBCPCHHO HM3JIaracTt MaTcpuall; HC YMCCT BbIAC-
JSTh TJIAaBHOE U BTOPOCTETIEHHOE, HE YMEET COEIUHATh TEOPETUUECKHE MOJIOKEHUS C TTPAKTHKOM,
HE YCTaHABIMBAET MEKIIPEIMETHBIC CBSI3U; JIOMYCKAET rPyOble OMIMOKH MPU ONPEISICHUN CYIII-
HOCTU PacCKpbIBAEMBIX MOHSATHH, SIBJICHUI, BCIEACTBHE HETIOHUMAaHUS UX CYIIECTBEHHBIX U He-
CYHICCTBCHHLBIX INPU3HAKOB U CBHBGfI; Ja€T HCIIOJIHBIC OTBCTHI, JIOTMKA W IIOCICAO0BATCIIBHOCTD
U3JI0’KEHUSI KOTOPBIX MMEIOT CYLIECTBEHHbIE M MpHUHLUIUAIbHbIe HapymeHus Onenka «Heza-
YTCHO» BBICTABJIACTCA TAKIKC CTYACHTY, KOTOpBIﬁ OTKa3aJICA OTBEYATh.
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IIpnioxenne Ne 2 k padoyeil mporpaMmme JMCHHIIIHMHBI
«ATOMHas (pusuka»

MeToauueckue YKazaHusA 1JIsl CTYACHTOB 110 OCBOCHUIO TUCHUIIJIMHBI

OcHoBHO# (hopMoii H3N0KeHHsT y4eOHOro MaTepHraa Mo AUCUUIUIMHE SBISIOTCS JEKIHH.
[To GONBIIMHCTBY TeM MPEAYCMOTPEHBI MPAKTUYECKHUE 3aHATHs, HA KOTOPBIX MPOUCXOMAUT 3a-
KpeIyIeHUe JICKIIMOHHOI'0 MaTepuaa ImyTeM NMPUMEHEHHs €ro K KOHKPETHBIM (PU3MYECKUM 3aja-
yaM 1 OTpabOTKa HaBBIKOB Pa0OTHI C MATEMAaTUUYECKUM aIapaToM.

JUisl yCIIeIHOro OCBOEHUS TUCIHILIMHBI OYEHb BaXKHO PEIICHUE JT0CTaTOYHO OOJBIIOro
KOJIMYECTBA 3a/1a4, KaKk B ayJUTOPUHU, TaK U CAMOCTOSTEIBHO B KAa4ECTBE JIOMAIIHUX 3aJIaHHM.
[Tpumeps! perieHus 3a1ad pa30MparoTCs Ha JIEKUUAX M MPAKTUUECKUX 3aHATUAX, PU HEOOXO-
JUMOCTHU I10 Haubosiee TPYJIHBIM TEMaM MPOBOJATCS IONOJIHUTEIbHbIE KOHCYNbTaluu. OCHOB-
Hasl 11eJIb PelIeHus 3a7a4 — IOMOYb YCBOUTh OCHOBHBIE 3aKOHBI aTOMHOM (pu3uku. s penienus
BCEX 33/1a4 HEOOXOAUMO 3HATh W MOHUMATH JIEKIIMOHHBIA MaTepuai. [loaTomy B mpouecce u3y-
YEHUS JUCLMIUIMHBI PEKOMEHAYETCSl PETYJISIPHOE NMOBTOPEHUE IPONACHHOIO JIEKLIMOHHOIO Ma-
Tepuana. MaTtepua, 3aKOHCIIEKTUPOBAHHBIN Ha JIEKIMIX, HEOOX0AUMO JIoMa elle pa3 rnpopada-
TBIBaTh M IPH HEOOXOAMMOCTH JOMOJHATh MH(OpMaIuei, MOIydeHHOM Ha KOHCYJbTAlUsX,
MPAKTUYECKUX 3aHATUSAX UM U3 YUEOHOH JIMTEpaTyphl.

Bonbioe BHUMaHMue JODKHO OBITh YAEJIEHO BBINOJHEHHIO J0oMaliHe paboTsl. B kaue-
CTBE 3aJaHHil JJISI CaMOCTOSITEIHLHON pabOTHI IoMa CTYACHTaM MpeIaraloTcs 3aJadu, aHajlo-
TMYHbIe pa300paHHBIM HA JIEKLUAX U MPAKTUYECKUX 3aHATHUAX WIM HEMHOro OoJiee CIOXHBIE,
KOTOpBIE SBJISIIOTCS PE3YJIbTaTOM O0BEAMHEHNS HECKOIbKUX 0a30BBIX 3ajau.

B AtoMmHOI (hu3nke HE0OXOAMMO OCHOBHOE BHHUMAHHUE YIEIUTh YCBOEHHUIO NMPUHIIMIIA
BEPOATHOCTHOM MPUPOJIBI ABIEHUI MUKPOMHUPA, HAUMHAS C YK€ C OJJHOW CBOOOIHON YaCTULIBI.

ITpu u3yuyenun ypaBnenus llpenuurepa Heo0X0AUMO OTMETUTh pa3IU4HbIE (POPMBI €TO0,
3aMucH, B TOM YHCJIe UCIOJIb30BaHHON B KauecTBe anuTaduu Ha Mormie DpsuHa Llpenunrepa.
OOpaTtuTh BHUMaHUE HA Pa3IM4Ke CTallMOHAPHOro U ob1ero ypaBHeHus llpeaunrepa.

B paznene «MaruuTHble CBOWCTBA aTOMOB» HEOOXOIMMO MOHUMATh YCIOBHOCTD KIJIACCH-
YECKUX NPEACTABIECHUN O CBA3M yIVIOBOTO M MarHUTHOI'O MOMEHTA U HE CTapaThbCsl IMOJHOCTBIO
CBECTH BOIIPOC K CYyTry00 MEXaHMUECKOM HHTEPIPETAIUH.

B paznene «Tabnuna MenaeneeBa» u3yqaercs HE XUMHUYECKHE, a (PU3NUECKHUE TTPUHIIN-
bl €€ yCT YCTpoiicTBa — e€ 00BSICHEHUE ABISETCS KBUHTACCEHIIMEH BCEro MpEeabIIylIero MaTe-
puaia, KOTOpbIH 10JIKEH ObITh TBEPJIO YCBOEH.

B Teme mepemeHHbIE TOKH Iiesieco00pa3HO JAJsl HATrJSAHOCTU pPelIeHus 3aaad (Tae 3To
BO3MOKHO) CTPOMUTH BEKTOPHYIO Auarpammy. IIpu aHanuTH4eCKOM pELIEHHH PEKOMEHIyeTCs
UCIIOJIB30BaTh METO/ KOMIUIEKCHBIX aMILIUTY 1.

OK3aMeH NIPUHUMAETCA 110 3K3aMEHALMOHHBIM OMleTaM, KaKabli U3 KOTOPBIX BKIIIOYAET
B ce0s 1Ba TEOpETHUUECKUX Bompoca. Ha caMoCcTosATeNnbHYI0 MOATOTOBKY K 9K3aMEHY BBIACISCTCS
3 noHs, BO BpeMs IOATOTOBKY K 3K3aMEHY NPEAYyCMOTpPEHa TPYIIIOBas KOHCYJIbTALHS.

OcBouTb BOMNPOCHI, M3JIaracéMble B IPOLECCE U3YHYEHHS AUCLHUIIMHBI CAMOCTOSATEIBHO
CTYACHTY KpaiHe CIO0XHO. DTO CBSA3aHO CO CJIOKHOCTBIO M3y4aeMOro MaTepuaja U OOJIbIIMM
o0beMoM Kypca. [TosToMy mocerienue Bcex ayJAUTOPHBIX 3aHATHH SBIISIETCS COBEPIIEHHO HEO00-
XOIUMBIM. be3 ynopHBIX U PETYJIApHBIX 3aHATHN B TEUEHUE CEMECTPA CAATh HK3AMEH 110 UTOraM
U3Yy4YEeHUs JUCLUIIINHBI CTYJEHTY NIPAKTUYECKU HEBO3MOXKHO.
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