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1. HEJIX OCBOEHUMA TUCHUTIINHBI

Henp nucuuruinHel «ATOMHas prU3KKa» COCTOUT B POPMUPOBAHUU Y CTYJCHTOB €IUHOM, CTPOWHOM, JIOTHYECKH HETIPOTUBOPEYNBOM
(u3nIecKol KapTHHBI OKPYXKAIOIIEr0 HAaC MUpPa MPHPOABL, IPHOOPETEHHE HAaBBIKOB PEIICHUS M HCCIICI0BAHIS KOHKPETHBIX
(hu3nueckux 3a1ad.

OCHOBHBIE 33J1a4H JUCITUTLUTHHBI: MU3YyUYCHHUE OCHOBHBIX TOHATHHA aTOMHOM (1)I/I3I/IKI/I, N3YyYCHUE OCHOBHBIX ME€TOJ0B UCCIICIOBAHUS B
(1)I/I3I/IKe aToOMa; 3HAKOMCTBO C HCKOTOPBIMH IPUIIOKCHUAMHA aTOMHOU (1)I/I3I/II(I/I.

Pe3yJ’ILTaTI)I 06y'-IeHI/I$I 10 JUCHUIITIMHE HAIIPABJICHBI HA JOCTHKCHUEC NHAUKATOPOB!:

OIIK-1.1. O6nanaeT 6a30BEIMU 3HAHHUSMH, TTOTYYCHHBIMHU B 00J1aCTH QU3HUKU U paquoQU3HKH.

OIIK-1.2. JIleMOHCTpHpYET YMEHHUE pelaTh 3a1a4u, GOpMyJIUpyeMble B paMKaX GU3UKU U PATHOPHUIUKH.

OIIK-1.3. ImeeT HaBbIKY UCIIOIb30BAHUS OCHOBHBIX MOHATHH, TEOPEM, 3aKOHOB (DU3UKU U paguo(pU3UKHU I pelleHus 3a1ad
npodecCHOHANBHON AeITeIBHOCTH, B TOM YHCIe B cepe MeJarornIecKoil 1esTeIbHOCTH.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OIIOII

Huka (pazgen) OITOIT: B1.0.05

2.1 TpeGoBaHus K NMpeIBapPUTEIbLHOI MOAT0OTOBKE 00yYaloIIerocs:

Mexanunka

MonekynsipHas Gpusuka

QHCKTpI/ILIeCTBO U MarHe€Tusm

OnTuka

2.2 JIncuUNIMHBI U MPAKTHKH, 1JI51 KOTOPBHIX 0CBOeHHE TaHHOI THCHUILINHBI (MOIY.J151) HE00X0AUMO KAaK MpeliecTBYIolIee:

®duzrka aTOMHOTO Aapa v DJIEMEHTAPHBIX YaCTUIL

KsanrtoBas paxuodusuka

3. KOMIETEHLUY OB YYAOIETOCSl, ®°OPMUPYEMBIE B PE3YJIbTATE OCBOEHM S JUC LI TAHBI
(MOJYJIS)

OIIK-1: Cnoco0eH npuMeHATH 6a30Bble 3HAHUA B 00/1acTH (PU3UKH M PaIHO(PHU3NKH U UCII0JIB30BaTh HX B
Npo(ecCHOHAIBHOM 1eITeJIbHOCTH, B TOM YHCJIe B cepe neaaroru4eckoi AesreJJbHOCTH;

3HaTb:

Jns noctmwkenus OITK-1.1: 0cHOBBI TEOPHH, IPUHLUIEI X METO/IbI aTOMHOI (DU3UKU; METOABI TEOPETUUECKUX U
SKCIIEPUMEHTAIBHBIX HCCIICJOBaHHI B aTOMHON (DU3HKe; 6a30BbIE TEOPETHUECKIE 3HAHUS TI0 ATOMHOIT (hH3HUKe.

YMmeTnb:

Jus noctmxenus OIMK-1.2: noHuMare, U3naraTh U KPUTHYECKH aHATM3UPOBATh 0a30BYI0 001Ie(hU3NYECKYI0 HHPOPMALIUIO;
HOJIB30BATHCSL OCHOBHBIMH TIOHATHSIMH, 3aKOHAMH U MOJIEIISIMH aTOMHON (DU3HKH; PEIIaTh THIOBBIC 3aa41; UCIIOIb30BaTh Oa30BbIe
TEOPETHYESCKUE 3HAHUSI [I0 aTOMHOH (hU3HKeE.

Baaners:

Jus noctmwkenus OITK-1.3: metonamMu 00pabOTKM M aHANIN3a SKCIIEPUMEHTAILHON U TEOPETUUECKON (U3NIeCKON HHPOpMaLUH;
HABBIKOM PEIICHUS KOHKPETHBIX (DH3MYECKUX 3314 10 aTOMHOH (pu3HKe.

B pe3yjabTaTe 0CBOCHUSI THUCHUILIIHHBI OﬁyllalOlIIMﬁCH JOJIZKCH

3.1|3naTth:

3.1.1|ocHOBEI TCOpHUH, TPUHIUIIBI U METOIBI aTOMHOM q)HBI/IKI/I; METOABI TCOPETUYCCKUX U IKCIICPUMCHTAJIBHBIX
I/ICCHGHOB&HI/Iﬁ B aTOMHOM (1)I/I3I/IK8; 0a30BEIC TEOPETUYCCKUC 3HAHUSA 110 aTOMHOM (bPIBPIKe.

3.2|Ymers:

3.2.1|moHnmartp, U3naraTh ¥ KPUTHYECKH aHATM3UPOBATh 0a30BYI0 00mehU3nIecKyr0 HHGOPMALNIO; OIB30BaAThHCS
OCHOBHBIMH TIOHSITHSIMH, 3aKOHAMH U MOJICJISIMH aTOMHOW ()U3UKH; PEeIIaTh THIIOBBIC 3a/1a4H; UCIIOIB30BaTh 0Aa30BbIC
TEOpeTHYECKUE 3HAHUS [0 aTOMHOH (u3mke.

3.3|Baagern:
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crp. 4

331

pelIeHns KOHKPETHBIX (GU3MYECKUX 3a/1a4 110 aTOMHON (QU3HKe.

MCTOAaMM 06pa6OTKI/I W aHalIn3a SKCHepHMeHTaHLHOﬁ u TeOpeTH‘-IeCKOﬁ (1)H3H‘{GCKOI71 I/IH(I)OpMaI_[I/II/I; HaBBIKOM

4. OFBEM JUCLUIIIMHBI (MOY.JIST)

O6Lwasa TpyaoemMkocTb

43ET

YacoB 1o yueOHOMY TUIaHYy :
B TOM YHCIIE :

AyJUTOPHBIC 3aHSITHS :
caMocCTosTebHas padoTa :
4acoB Ha KOHTPOJIb
KOHTaKTHas pabora: 55,3

144
52 JK3aMeHEHI 5
61,7
27

Bunapl koHTpONI B cemecTpax:

HKP: 3,3
5. CTPYKTYPA U COAEP KAHUE JUCHUTIJIMHBI (MOJIY JIsT)
Kon HaunmenoBaHue pa3/ie/ioB U TeM /BUJ 3aHATU/ Cemectp | YacoB Jlutepatypa
3aHATHS [ Kvpc
Pa3nen 1. Beenenne. AToMbI U siApa
11 KpaTkuii HCTOpHUYECKHUiT OUepK Pa3BUTHS MPEICTABICHUS 00 aTOME | sfpe. 5 4 JI1.1 J11.2J12.1
TTopsiaku BEeMYMH PACCTOSHUN M SHEPTUIl B aTOMHBIX U SJIEPHBIX ITpoIieccax. J12.2J13.1
Crierurika 3ak0HOB MUKpOMHUpa. OCHOBHBIE YACTHUIIBI, HX XapaKTCPUCTHKA. 213233 34 35 26
Snepnas mozenb aroma. Onbit Pezepdopaa o paccestHuro anbsga yactui. 37
DddextuBHOE ceuenue. IHeprus csizu. OOOCHOBAHNE BO3MOXKHOCTH
pa3zenbpHOro paccMoTpeHus (u3nku aroma u pusuku sapa. /Jlex/
1.2 Pemenue 3anau. Paccestaue yactui. @opmyna Pesepdopaa. /Tp/ 5 4 JI1.1 J11.2J12.1
J12.2J13.1
31 32 33 54 35 56
27
1.3 Paccestnue yactun. ®opmyna Pesepdopna. /Cp/ 5 10 JI1.1 J11.2J12.1
J12.2J13.1
3132 33 54 35 56
27
Paznen 2. JkcnepuMeHTAIbHBIE OCHOBBI KBAHTOBBIX NPEACTABIEHU
21 CTannoHapHOCTh U TUCKPETHOCTh aTOMHBIX cocTosiHUH. OmnbiT @panka n 5 6 JIT.1 JI1.2J12.1
T'epua. IlpoctpancTBenHoe kBanTOBaHue. OnbIT lllTepna u I'epnaxa. JI2.2J13.1
KopnyckynspHao-BostHoBO# nyanusm. Dddext Komnrona. 'unoresa ae- 213233 34 35 26
Bpoiins. JJudpaxuus 31eKTpoHOB HEHTPOHOB, aTOMOB. COOTHOIIEHUE 27
HeonpezeaeHHocTH. /Jlex/
2.2 Pemenue 3anau. Kopnyckynspao-BoaHoBoi ayanusm. @otosddert. Iddext 5 4 JI1.1 J11.2J12.1
Komnrona. /IIp/ J12.2J13.1
3132 33 54 35 56
27
2.3 Kopnyckynspao-BonHoBo# nyanusm. ®otoadderr. dpdexr Komnrona. /Cp/ 5 10 JI1.1 J11.2J12.1
J12.2J13.1
3132 33 54 35 56
27
Paznen 3. ®uznyeckue NPUHIUIBI KBAHTOBOI MeXaHMKH
3.1 BonnoBas ¢pynkuus. YpaBuenue lpeaunrepa. Otiandne KBaHTOBO- 5 8 JIT.1 J11.2J12.1
MEXaHHUYECKOTO ¥ KJIACCHYECKOTO ONMCaHus qBIKeHus. [Ipocreiimme J12.2J13.1
OJHOMEpHBIE 33J]a4l KBAaHTOBOW MEXaHUKH: CBOOOJHOE IBM)KEHHUE YaCTHIIBL, 019233 34 35 06
YacTHIA B TIOTEHIIMAIBHON sSMe, TApMOHHYECKHI OCIMILIATOP, TPOXOXKACHHE 27
YaCTHIl Yepe3 MOTCHIMAIbHBINA 0apbep. V3aydeHHe U MorjomeHe YHEPTUH.
Hepa3manMocTh 0TMHAKOBBIX MUKPOYACTHI. 5030HBI 1 pepMUOHEIL.
Ipunuun Maymu. /Jlex/
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3.2 Pemenue 3ana4. Bonnosas gynkuus. Ypasuenue lpenunrepa. /IIp/ 2 JI1.1 J11.2J12.1
J12.2J13.1
013233 34 35 26
37
3.3  |BonnoBas ¢pynxums. Ypasrenue llpenunrepa. /Cp/ 10 JI1.1 J11.2J12.1
J12.2J13.1
013233 34 35 26
97
Pa3znen 4. CTpoeHHe aTOMa U ATOMHBIE CIIEKTPBI
4.1 KBaHTOBO-MEXaHUUECKOE OIIUCAHUE BOAOPOJONON00HBIX CUCTEM. Y POBHU 8 JI1.1 J11.2J12.1
SHEPI'UH, BOJIHOBBIC (DYHKIINH, pacIpe/IeSICHUE TNIOTHOCTH BEPOSITHOCTH. J12.2J13.1
Cnextp aTomMa BogopoJa. OObsICHEHUE TOHKON U CBEPXTOHKOM CTPYKTYpBI 013233 34 35 26
ATOMHBIX CIIEKTPOB. DIICKTPOHHBIE 000J0YKH aTOMa U MX 3aMO0JIHEHHUE, 27
¢usnyeckoe 0OBICHEHNE IEPUOANIECKOT0 3aKOHA. PEHTIeHOBCKOE
H3ITydeHHe, IPUPO/Ia, CBOWCTBA M METO/IbI HcCcieqoBanus. JlelicTBre
MAarHuTHOTO 10JIS Ha aToM. D¢ dekT 3eeMana. DIeKTPOHHBIHM apaMarHUTHBIH
pe3onanc. /Jlex/
4.2 Pemenue 3anau. KBaHTOBO-MEXaHWYECKOE ONMUCAHUE BOJOPOAONOA00HBIX 4 JI1.1 J11.2J12.1
cucteM. DIeKTpoHHbIe 00010uku. /TIp/ JI2.2713.1
30132 33 2435 26
37
4.3 |KBaHTOBO-MEXaHMYECKOE OIMCAHUE BOJOPOIONOJOOHBIX CUCTEM. 10 JI1.1 J11.2J12.1
DnekrpoHHbie 000m0uku. /Cp/ JI2.2713.1
30132 33 2435 26
37
Pa3nen 5. CTpoenne u cBOIiCTBa MOJIEKY.JT
5.1 Turnel cBsA3eit aTOMOB B MoJieKyJIe. Ilopsiku BeTMUuH JI€KTPOHHO, 6 JI1.1 J11.2J12.1
KoJe0aTeTbHOM U BpamaTelbHOW SHEpTHH. MOJIEKYISIpHBIE CIIEKTPEI. J12.2J13.1
Komb6unanuonnoe paccesnue. Cuiisl Ban nep Baansca. /Jlex/ 3013233 2435 26
37
5.2 Pemenne 3anay. Mexanndyeckuii 1 MarHUTHBIM MOMEHT aToMa. ATOM B 2 JIT.1J11.2J12.1
MarautHoM moe. /TIp/ JI2.2J13.1
D132 33 34 35 26
37
5.3 MexaHn4YeCKHid 1 MarHUTHBII MOMEHT aToMa. ATOM B MarHUTHOM moe. /Cp/ 10 JIT.1J11.2J12.1
J12.2J13.1
013233 34 35 26
37
Pa3nen 6. KBantoBbIe cBOIicTBA TBEPABIX TeJ
6.1 Turel cBsA3eil aTOMOB B TBEPBIX TeJaX. JHEPreTUYECKUE 30HBI. 2 JI1.1 J11.2J12.1
TIpoBogumocTs TBEPBIX Ten. CBEPXIPOBOAUMOCTD U CBEPXTEKYUECTh H UX J12.2J13.1
KBaHTOBas npupoja. TemtoemMkocTs. /JIex/ 013233 34 35 26
37
6.2 Pemenue 3anau. Cesa3p aToMoB B MoJiekyJie. KonebaTenbHas U BpaliaTenbHast 2 JI1.1 J11.2J12.1
sHeprud. KBaHTOBBIC CBOMCTBA TBepabIX Teu. /TIp/ J12.2J13.1
013233 34 35 26
97
6.3 Cpsi3b aTOMOB B MoJjiekyine. KonebaTenbHas 1 BpalareibHas SHEPTHH. 11,7 JI1.1 J11.2J12.1
KganTtoBbIe cBOiicTBa TBepabIX Teu. /Cp/ JI2.2J13.1
D132 33 34 35 26
97
Paznen 7. Mnast koHTakTHast padoTa
7.1 WHnuBHIyanbHbIe KOHCYIBTAINH, TEKYIUi KOHTpob /MTKP/ 3,3 JIT.1J11.2J12.1
J12.2J13.1
0103233343526
37
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6. POHJ1 OHEHOYHBIX CPEJICTB

6.1. Ilepeyens BUIOB OLIEHOYHBIX CPEeACTB

Ortuer o MPaKTUYCCKUM 3aJaHUAM.
KOHTpOJ’ILHLIe BOIIPOCHI.

6.2. TunoBbie KOHTPOJIbHBIC 3aIaHUA U HHbIC MaTepHUaJIbl 1JIsA TeKyl.[Ieﬁ aTrecTaluu

TumnoBsie KOHTPOJIBHBIC 3alaHUs 1 UHBIC MaTCPpHAJIbI 1JId TeKyHIeﬁ aTTeCTalluy IPEACTaBJICHBI B HpI/IJ'IO)KeHI/II/I 1.

6.3. TunoBble KOHTPO/IbHbIE BONPOCHI U 3aaHHUS 151 HIPOMEKYTOUHOIH aTTecTaluu

TunoBble KOHTPOJIBHBIE BONPOCHI U 3aJIaHUs AJIs IPOMEKYTOUHON aTTecTalluy npeacTaBieHs! B [Ipunoxenun 2.

6.4. Kputepuu oneHuBaHus

DK3aMeH 110 JUCIMIUIMHE IPOBOJUTCS B SIEKTPOHHOM BUe. Bompock! moabuparotcst u3 6a3pl JaHHBIX BOIIPOCOB U 3a1a4. Ha
9K3aMeHe CTy/AEHTY npeyiaraercs 20 Bonpocos, U3 HUX 6 3a1a4. Eciu cTyqeHT npaBuiibHO oTBedaeT Ha 11-12 BomnpocoB, OH MOXeT
MOJIYYUTh OLICHKY «yJOBJICTBOPUTEIHHO», Ha 13-15 — «xoporio», 16 u 6onee — «oTnIHO». ECiN CTyIeHT PaBUIIbHO OTBEYACT
b Ha 10 BOIPOCOB U MEHEE, TO OH MOXKET ITOJIyYUTh OLIEHKY «HEYJOBJIETBOPUTEIHLHO». [lociie BBeIeH s OTBETA Ha MOCIIEeIHUH
BOITPOC TecTa ¥ (HOPMAIBHOTO MOABEAECHHSI KOMITBIOTEPHOM MPOrpaMMOil pe3ylIbTaTOB TECTUPOBAHHMS, ITPENOAaBaTeNlb 00CyKIaeT 1
3a/1aeT JOTIOIHUTEIbHBIE BOIIPOCHI CTYAEHTY MO TIOBOAY TOTO WIIM HHOTO oTBeTa. [1o mroram Takoro cobecemoBaHus IpenoaBaTelb
oIpeeIieT YPOBEHb OCBOCHUS MIPOBEPAEMBIX KOMIIETEHIIMH U BBICTABIISIET COOTBETCTBYIOIIYIO OLUEHKY: «OTIMYHO» — CTYAEHT
JIOJDKEH MPOIEMOHCTPUPOBATH OTIIMYHOE 3HAHUE MaTepHralia, BOCIPOU3BEIs COOTBETCTBYIOIINE MaTeMaTHUESCKUE BBIKIAIKH U
JIOTHYECKHE PACCYKICHHS, CTYICHT MPaBUIbHO 00OCHOBHIBACT NPUHSTHIC PEUICHUS; «XOPOIIO» — CTYACHT TBEPJO 3HAET y4eOHBII
Marepuai, TPaMOTHO U I10 CYIIECTBY U3JIaraeT ero, HO TP ATOM JIOITyCKAIOTCs HETpyOble OMIMOKH NP BBIBOE (OPMYIT HITH
OTCYTCTBHE HEKOTOPBIX JIEMEHTOB BBIBOJIA; «YIIOBJIETBOPUTEIILHO» B Clydae YCIICIIHOW c1ayi 0a30BBIX 3HAHUI OCHOBHBIX
MOHATHA, HA3BaHUI U PU3UUECKOTO CMBICI BEJIMUYHH, BU/Ia OCHOBHBIX Paclpeie/IiCHU U COOTHOIICHHUH (0e3 BBIBOIA);
«HEYJIOBJIETBOPUTEILHO B CIIydae OTCYTCTBHsI 0a30BbIX 3HAHWH OCHOBHBIX NOHSATHI, HA3BaHUH U (PU3UUECKOTO CMBICIT BEJIMYHUH,
BHJ/Ia OCHOBHBIX paclpe/IesicHH U COOTHOIICHH (0e3 BBIBOIA).

7. YHEBHO-METOAUYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHUE JUCHUIIIMHBI (MOJY JIsT)

7.1. Pexomenayemasi iuTepaTypa

7.1.1. OcHoBHasi TUTEPaTypa

ABTOpBI, COCTaBUTEIH 3arnaBue WznarensctBo, ron| Pecype
JI1.1 |CuByxuH /1. B. O06muii kypc ¢pusuku: yuebHoe nocobue Mockaa : 9BC
(https://biblioclub.ru/index.php?page=book&id=82991) ®usmariut, 2002
JI1.2 [CaBennes U. B. KBanToBas ontrka. AtomHas gusuka. ®u3rka TBEpAOTo Tela. Camnkr- [Terepoypr| OBC
®u3rka aTOMHOTO s1/Ipa U 3JIEMEHTapHbIX YaCTHUI] : Jlans, 2022

(https://e.lanbook.com/book/210611)

7.1.2. lonoHUTEIbHAS TUTEPATypa

ABTODEI, COCTABHTEIH 3arnaBue WznarenscTBO, Tox| Pecype
JI2.1 |I'puropses 0. M., ®Du3nka aToMa ¥ aTOMHBIX SIBJICHUI: yuyeOHOe mocobue Mockaa : 9BC
Korukuu U. C. (https://biblioclub.ru/index.php?page=book&id=457657) ®dusmariut, 2015
JI2.2 |MInonsckuit 3. B. BBeneHue B aTOMHYIO (DU3UKY Camnkr- [Terepoypr| OBC
(https://e.lanbook.com/book/210398) : JTanb, 2022

7.1.3. MeTonnueckue pa3pabdoTku

ABTODEI, COCTABHTEIH 3arnaBue WznarenscTBO, Tox| Pecype
JI3.1 |Kanamnuukos H. II., IMpakTHKyM 1O penIeHuIo 3a1a4 o 00meMy Kypcy GpHU3nKH. Cankr- ITerepbypr| 3BC
Koxesnukos H. M., OcHoBbI KBaHTOBOM (u3uku. CTpoeHue BemecTsa. ATOMHas U : Jlans, 2022
Koteipio T. B., snepHas pu3nKa
Coupuna I'. T (https://e.lanbook.com/book/211592)

7.2. Ilepeuens pecypcoB HHPOPMALMOHHO-TeJIeKOMMYHMKAIMOHHOM ceTH ""UHTepHeT"

31 |Yuebno-meronudeckuii cailt «IIpenonasaressm u cryaentam» http://teachmen.csu.ru

32 |Hayunsie u HaydHO-TIOMyJIsipHBIe Jiekimu http://elementy.ru

D3 |Hayumnast snekrponHas 6ubnuoreka Poceuiickoit Akagemuu Hayk http://www.elibrary.ru

34 |3BC «Yuusepcurerckas dubnuoreka onnaiiay» http://biblioclub.ru/
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D5 |9BC uznarenscria «Jlaub» https://e.lanbook.com/

26 |9BC uzparenscrea «UHdppa-M» znanium.com http://znanium.com/

27 |9BC «lOpaiir» https://biblio-online.ru/

7.3 IlepeueHb HHGPOPMALMOHHBIX T€XHOJIOTHIi

7.3.1 IIporpaMmmHoOe oGecnieyeHue

Adobe Reader

LibreOffice

WinDjView

Adobe Connect Acrobat

LMS Moodle

7.3.2 IlpodeccnoHabHbIE 0a3bl JAHHBIX U HHPOPMALHMOHHO-CIIPABOYHbIE CHCTEMbI

1. DnexkTpoHHbIH KaTanor HaydyHoi Oubanoreku Yenl'Y [DnexTponHsld pecypce] : 6a3a nanubix / Yenso. roc. yH-T. — YensOuHCK,
1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : sxypHaiis
American Physical Society : caiit. — URL: http://journals.aps.org/about — 5I3. anri. — PexxuM 10CTyma: TOIbKO U3 CETH
yHHUBepcHTETA. — TEKCT : DJIEKTPOHHBIH.

3. Web of Science : mynbTuanCIMIITHHAPHAS pedepaTuBHAs 6a3a AaHHBIX / KoMmaHus Thomson Reuters. — Pexxum goctyma: aist
3apeructpup. nmonp3oBareneit YenlY. — TeKCT : 271eKTpOHHBIH.

4., Scopus : pedeparuBHas 6a3a mannbix / Elsevier BV. — URL: http://www.scopus.com/ — SI3. aurit. — Pexxum mocTymna: uist
3apeructpup. noas3opareneil Uenl'Y. — TekcT : 31eKTpOHHBIN.

5. Springer Link : [caitt]. — URL: http://link.springer.com/ — £I3. auri. — Pesxum gocTyma: s 3aperucTpup. moss3osatereii Yenl'Y.
— TeKcT : 3NeKTPOHHBII.

6. KOHCIIEKTBI JICKIIHH ¢ ICMOHCTPAMSIMH ¥ BUPTYaIbHBIMH JIADOpaTOPHBIMH 3KCIIEPUMEHTaMH Ha caiite http://teachmen.csu.ru

8. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHbBI (MOYJIST)

I[J'lﬂ peanm3al JUCHUIIINHBI UCIIOJIB3YIOTCA y‘{C6HbI€ AyAUTOPUU ISt IPOBEACHUA 3aHATUH JICKHUOHHOTO THIIA, MPAKTUYCCKUX
3aHATHI, TPYIIIOBEIX ¥ HHIWBHIYATbHBIX KOHCYIIBTANH, TEKYIIETO KOHTPOJIS U IPOMEKYTOTHOH aTTECTalllH, a TakKe IIOMEICHHS
JUISL CAMOCTOSATENIbHON paboTHL.

VueOHbIe ayANTOPUH YKOMIUIEKTOBAHEI CIIEIHATN3UPOBAHHON MEe0ENbI0 M TEXHUIECKHUMH CPEACTBAMHU 00yIeHHS -
MYJIbTUMEANHHBIM 000pyI0BaHUEM (IKpaH, HOYTOYK, IPOEKTOP, KOJIOHKH).

Jlns mpoBeaieHNs 3aHATHH JIEKIIMOHHOTO TUIIA NIPEJIaraloTcsi Habopbl JEMOHCTPALMOHHOIO 000PYAOBAHNS U yUeOHO- HATJIAHBIX
noco6uit (MyJIbTHMEHITHbIC IPE3CHTAINH).

Hcnonb3yeTcs 3eKTPOHHBINA YUTANIBHBIHN 321 HayuHo# OubaroTeku Yenl'Y (ayautopus 206) i cCaMOCTOSITEIBHONW paboOThI
CTYJIeHTa, OCHAIIEHHBIH IePCOHAILHBIMU KOMIIBIOTEpPAaMH, MYJIbTUMEIUNHHOI anmapaTtypoil. B aynuropuu obecneder JoCTym K
Pa3IMYHON CIIPaBOYHOM JINTEPATYpE, SHIUKIONEIUSIM, OHOIHOTpadhUUeCKUM 1 MIOTHOTEKCTOBBIM 0a3aM JaHHbIX,
UH()OPMAIIMOHHBIM pecypcaM «HTepHeT».

9. METOAUYECKHUE YKA3ZAHUWSA JJIS1 OBYYAIOIIIUXCS IO OCBOEHUIO JUCHHUTIITMHBI (MOY JIST)

OcBoeHue cojiepkaHusl yueOHOM AUCIUIIIMHBI « ATOMHAs PU3HKa» OCYIIECTBIISETCS Ha JICKIHAX, TPAKTUUECKUX 3aHITUSIX U B
MPOIIECCEe CAMOCTOSATEILHOMN YyUeOHOM AeSTEIbHOCTH CTYCHTOB.

Jlex1MOHHBIE 3aHATHS 00ECIICYHNBAIOT TEOPETUYECKOE U3YUeHHE AUCHUITMHBL. OCHOBHBIMH METOAAMHU OOYUEHHUS SIBIISIFOTCS
HH(POPMAITHOHHO-00BACHUTENLHBIN 1 POOIeMHBINA. Ha JIEKIHSIX H3J1araeTcsi OCHOBHOE COJICPKAHUE TEM ITPOrPAMMBI, TIPOBOAUTCS
aHaJIN3 OCHOBHBIX MOHATUN M pacCMaTPUBAIOTCS IPUMEPHI.

JIeKIIMOHHBII MaTepua sBJISIETCS BAXKHBIM, HO HE €MHCTBEHHBIM JIJIsl YCBOSHHS y4eOHOW AuCHMIUIMHEL Ero o0s3arenpHo
HE0O0XOMMO JOTIOITHUTH MaTEPHaJIOM OCHOBHOW U JTOMOJTHUTEILHOU JTUTEPATYPHI TI0 TEME.

IIpakTudeckue 3aHATHS CIY>KaT IS 3aKPEIUICHUSI TEOPETHUECKUX OCHOB, M3J1araeMbIX B JIEKIUAX. Ha mpakTnyeckux 3aHATHIX
oOydJaeMble OBJIAJIEBAIOT OCHOBHBIMU METOJAMH U TIpUEMaMU pelieHus 3a1ad. J{Jis mpoBeAeHUs TEKYIIETO U MPOMEXYTOUHOTO
KOHTPOJIS MPOBOJUTHCS KOHTPOJIbHASL pa00Ta W 3alUThI 33]1a4 110 KaXKJ0H TeMe MPAKTUYECKUX 3aHATHH. 3aluTa 3a1a4 TO TEME
Mo/Ipa3yMeBaeT pelieHIe 3a/1a4 U3 MPEAI0KEHHOTO CITUCKA 3a7ad U YMeHHe OOBSICHUTH X0 pemieHus 1-2 3anad u3 tembl Cuctema
KOHTPOJIBHBIX MEPOTIPUATHH T0JDKHA 00ecneunBaTh 00BEKTUBHYIO OLICHKY 3HaHHUI U HABBIKOB CTY/ICHTOB, CIIOCOOCTBOBATh
MOBBIICHHUIO 3PPEKTUBHOCTH BCEX BUIOB YUCOHBIX 3aHITHMH, BKIIIOYAs U CAMOCTOSITEIIbHYIO paboTy.
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BaxHpIM MOMEHTOM TP U3YUEHHH JIFOOOH TUCIMIUIMHBI SBJISETCS OpraHnu3alisl CaMOCTOsATeNIbHOM padoThl. [1pu ocBoeHNH
Marepuaia He CleyeT CTPEMHUTHCS K MEXaHHUECKOMY 3allOMHHAHHUIO TPUBEICHHBIX ONIpeAeNeHH, GOPMYIHPOBOK U MOJIOKEHHUH,
ecyiu TpeboBaHus K BaM npsMo He yKa3bIBalOT Ha 3T0. BrionHe 3ekTHBHON MOXKET 0Ka3aThCsl MOMBITKA MOHATh CYTh SIBJICHUS,
BBIPa0OTaTh CBOE OTHOLIEHHE K HEMY, OIHPAsCh HAa MaTepHall, COJACPKaIMICS B pEKOMEHAOBaHHOH JIuTeparype. Taroke
PEKOMEHIyeTCs PaBHOMEPHO PaCIpeenaTh Harpy3Ky CaMOCTOSITEIbHOTO 00YUeHUs B TEUEHUE CEMECTPA.

B ocBoeHuy auctMIUIMHEL (MOAYJIS) MHBAIMAAMH U JIMLAMH C OTPaHUYSHHBIMU BO3MOXKHOCTSIMH 37I0POBBS OOJIbIIIOE 3HAUCHHE
UMeeT UHIUBHIyanbHas padoTta. [Tox nHIUBUIyanpHOI paboTol MoapazyMeBaeTcs ABe (GOPMBI B3aUMOICHCTBUS C
[pernojaBaresieM: HHANBUIyalbHas yaeOHas padoTa (KOHCYIbTAMK), T.€. JONOJIHUTEIbHOE pa3bsiCHEHHE y4eOHOro MaTepuana u
yrIIyOJICHHOE U3YYeHHE MaTeprala ¢ TEMH 00yJaronIMMUCs, KOTOPBIE B 3TOM 3aHHTEPECOBAHbI, 1 HHANBUAYaIbHAsl BOCIHTATEIbHAS
pabota. InauBuayaibHbIE KOHCYJIBTAIIMU TI0 TIPEAMETY SBJISETCS BXKHBIM (PaKTOPOM, CHOCOOCTBYIOIIUM WHAVMBUAYaIIU3AIH
00y4eHHs ¥ yCTaHOBJIEHHIO BOCIIMUTATEILHOTO KOHTAKTa MEKAY MTPENoAaBaTeeM U 00yJaromuMcs HHBATUIOM HIIH 00YJarOIIMCS
C OrpaHUYECHHBIMH BO3MOKHOCTSIMH 37I0POBBSI.

B ciiydqae nprMeHeHHs Ipy 00yYeHNH UCIUIUIMHEL DIEKTPOHHOTO 00Yy4YeHUs, AUCTAaHIMOHHBIX 00pa30BaTeNbHBIX TEXHOIOTHI
oOrieHre 00y4aroIuXcsl U NpernojaBarelis OCyIECTBISIETCS B PEKUME PealbHOTO BpeMeHH (OHJIaiH-TIeKIiK (BeOUHAPHI), YaThl,
BHJIE0-KOH(DEPEHIINH 1 JIp.) WU OTIOKEHHOTO BpEMEHH (CHCTeMa qucTaHImonHoro ooygenus Moodle, MS Office365, ¢popymsr,
3JIEKTPOHHAS [10YTA U JIp.).

IIpu 0Oy4yeHun U1 ¢ OTpaHMYSHHBIMHA BO3MOXKHOCTSIMU 3/I0POBBSI JJIEKTPOHHOE 00YUSHHUE, TUCTaHINOHHBIE 00pa3oBaTebHbIe
TEXHOJIOTHH NPeyCMaTPUBAIOT BO3MOXKHOCTD IIpHeMa-liepeau HHHOpMaIUu B JOCTYIIHBIX JUI HUX opMax.

Peanuzaiius TUCHUIUIMHBI C IPUMEHEHUEM DJICKTPOHHOTO 00yUYeHHUs, TUCTAHIIHOHHBIX 00pa30BaTEIbHBIX TeXHOMOrHH (nanee — 30,
J1OT) ocymectBnsercs: Ha oCHOBaHUU «I10JI0kKEHUS O pealu3allul OCHOBHBIX U JIONIOJIHUTENBHBIX 00pa30BaTeNIbHbIX IPOIPAMM C
NpUMEHEHUEM 3JIEKTPOHHOTO 00YYeHHs M AUCTaHINOHHBIX 00pa30BaTeNbHBIX TEXHOJIOTHH B (eiepabHOM T'OCYAAPCTBEHHOM
010/PKETHOM 00pa30BaTEILHOM YUPEXKICHUH BBICIIET0 00pa3oBaHus «HeassOMHCKHIM TOCyJapCTBEHHBIN YHUBEPCUTETY,
«[TonoxxeHns o mopsiIKe 3a4era 00yJAIOIMMHUCS IO OCHOBHBIM NPO(ECCHOHAIBFHBIM 00pa30BaTeIbHBIM MPOrpaMMaM BBICIIIETO
obpazoBanus B DT BOY BO «YUenl V» pe3yabTaToB OCBOSHUS B OpraHU3alUsgX, OCYLIECTBIAIOMIX 00pa30BaTeIbHYIO
JeATeNTbHOCTD, YIeOHBIX PEIMETOB, KypPCOB, TUCIHUIUINH (MOIyJIel), IPaKTHK, AOTOJHUTEILHBIX 00pa30BaTEIbHBIX TIPOTPaMM»
MOCPEICTBOM JIEKTPOHHOI HHpOpMamoHHO-00pa3oBarensHoi cpenbl PTBOY BO «Uenl Vy». B HCKIIOUUTENBHBIX CITydasx
(opc-Makop H T.I1.) IPU pealiu3aliiyi 00pa3oBaTeIbHON AeaTenbHOCTH ¢ puMeHeHneM D0, JIOT MOryT NpUMeHATh KOMIIOHEHTBI,
He BXOJUAIIYE B IePeUeHb 3IEKTPOHHONH HH(POPMALMOHHO- 00pa30BaTENbHON Cpeibl.

10. CHEIIMAJIBHBIE YCJIOBUS OCBOEHUA JTUCHUIIJIMHBI OBYYAIOIUMUCSH C THBAJIMJTHOCTBIO 1
OI'PAHUYEHHBIMHU BO3MOXHOCTSIMHU 31OPOBbS

OcBoeHME IUCIUIIINHEI HHBAIMIAMH U JIHI[AMH C OTPaHUYCHHBIMU BO3MOXHOCTAMH 3I0POBBS OCYIIECTBISICTCS C MCHONIB30BaHHEM
CIEIUANbHBIX TEXHHMYECKUX CPEICTB U HMH(OPMALMOHHBIX TEXHOJOTHUH, NMpeaoCcTaBisieMbIX PecypCHBIM yueOHO-METOANYECKHM
IEHTPOM IO OOYYCHHIO WHBAIUIOB ¥ JIHI[ C OTPaHWYCHHBIMH BO3MOXKHOCTSIMH 310poBbs Yenl'V mo 3ampocy oOywaromerocs
(MOOUIBbHBIE CIIEIMAIBHBIE TEXHUYECKHE CPEICTBAa UL JIMI[ C HApYIICHUSMM 3pEHMS M C HapyLIeHHEM CJIyXa, acCUCTHBHBIC
HH(POPMAITIOHHbBIE TEXHOJIOTHUHN).

IIpn HeoOxomumocTH AN OOYYAIOIIMXCS € HAPYIICHUSIMU 3pEHHsS Ha pabouux MecTax IJIsl MPOBEICHUsS MPAKTUYECKUX MM
Ta00paTOPHBIX 3aHATHI YCTaHABIMBACTCS CIEIMAIbHOE MPOrpaMMHOE OOecTeueHHe (IporpaMMa pedeBOil HaBUTAIHH, PEucBhIe
CHHTE3aTOPbI, 3KPAHHbIE JIYIIbI).

B yueOHbIe ayquTopun 00ecTieunBaeTCs OeCTIPeIITCTBEHHBII JOCTYH s 00yJaloIUXCs C MHBAHIHOCTBIO U C OTPAaHHICHHBIMH
BO3MOKHOCTSIMU 310pOBbSL. B kaxknoii aynuropuu, rie o0y4aroTcs HHBAIUIBI U JIUIA C OTPAaHUYEHHBIMU BO3MOXKHOCTSAMHU 37I0POBbS,
IpeyCMaTPUBAETCS COOTBETCTBYIOIIEE KOIUUECTBO MECT VISl 0OYUAIOMUXCS ¢ YU€TOM HapYIIEHUH UX 340POBbSI.

Jns ocBoeHHs NUCHMIUIMHBI MHBANMAAM M JIUIAM C OTPAHMYCHHBIMHM BO3MOXHOCTSMH 3J0POBBS HMPEJOCTaBISETCS ITOCTYI K
MeYaTHBIM MCTOYHHUKAM, UMEIOIUMCS B Hay4yHOH Oubmmuorexe Yenl'VY, ¢ MOMOIIBIO ClIENUATbHBIX TEXHUUECKUX CPEJCTB; JOCTYII C
TIOMOIIBIO CIIENMANbHBIX TEXHHYECKHX M IIPOTPAMMHBIX CPEACTB K 3IEKTPOHHBIM HCTOYHHKAM, IIPEACTABICHHBIM B (opme
3JIEKTPOHHOTO JIOKyMeHTa B (poHIe HayyHO! Onbanoreku Yenl'Y wimu aeKTpOHHO-OMOIMOTEUHBIX CHCTEMAX.
Yu4ebHO-MeToAnYECKHE MaTepUalbl A1 00y4arolUXCsa U3 YHCJa UHBAIMOB U JIULl C OTPAaHUYEHHBIMU BO3MOXKHOCTSAMH 340POBbS
MPEIOCTaBIAIOTCS B POpMax, alalTHPOBAHHBIX K OTPAHUUYCHUSM UX 3I0POBbSI U OCOOCHHOCTSIM BOCTIPUATHS HHGOPMALIUHL.

JU1s1 HHBANIUIOB U JIUL C OTPAHUYEHHBIMY BO3MOXKHOCTSIMU 3J0POBbsI OCBOSHUE AUCLIUILIMHBI MOKET OBITh YACTUYHO MU HOJTHOCTBIO
OCYIIECTBIICHO C UCTIOIb30BAHUEM AUCTAHLIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHIL.

IIpu npoBegeHUM NPOMENKYTOYHOM aTTECTalMU [0 AUCLMIUIMHE OOYy4aromMMCS C UHBAIUJAHOCTBIO U C OTrPaHUYEHHBIMU
BO3MOKHOCTSIMH 37I0pOBbsl 00€CHEeYMBaeTCs MO MX 3asiBICHHIO NPENOCTaBICHHE B IOCTYIHOH (opMe B 3aBHCUMOCTH OT HX
WHANBHIYAJIbHBIX OCOOCHHOCTEH WHCTPYKIMH O IOPSIKE INPOBEACHUS INPOMEKYTOUHOHW AaTTECTAI[MH, OLCHOYHBIX CPEICTB U
BO3MOKHOCTH OTBETOB Ha 3aJaHus (IMCbMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIbIOTEpEe, MUCbMEeHHO ImpudTom bpaitns, ¢
HCIOJIB30BAHIEM YCITYT aCCHCTEHTa, YCTHO).
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[Tpu npoBeneHUN MPOLEYPHI OLIEHUBAHUS PE3yJIbTATOB 00Y4YEHUs] HHBAIM/IOB U JIAL C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMH 310POBbsI
IpeTycMaTpUBAETCsl UCIIOIb30BaHue npenocTaBieHHbIX Yenl' Y uian coOCTBEHHBIX TEXHHIECKUX CPEICTB, HEOOXOIMMBIX UM B CBS3H
C X UHJIUBHUYaJbHBIMH 0COOEHHOCTSIMU. [Ipy HE0OOXOAMMOCTH MHBAIMIAM U JIULAM C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMU 3/J0POBbS
MPEeI0CTaBIIeTCS JOIOIHUTENFHOE BpeMs Ul TIOATOTOBKH OTBETa HA 33/IaHMs, IPOLeypa OLCHUBAHUS PE3yIbTaTOB OOYYESHHUS 110
JUCLUIUIMHE MOXET MPOBOJUTHCS B HECKOJIBKO 3TAIOB.
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IIpunoxenue 1

IIpuMepbl BADHAHTOB 3aIaHUN K NMPAKTHYECKUM 3aHATHAM

basa BoIpocoB iisl OLleHKH 0a30BOT0 YPOBHS

Ne
/o

®opmyaupoBKa Bompoca

BapI/IaHTBI OTBETOB

Beenenue. AtTomsl u sigpa

D¢ddexTuBHOE CceueHHe B3aUMOICHCTBUS
- 3TO

1. mmomaas cedeHUs aroMa -
B3aNMOICHCTBUSI
2. IJIomaab
B3aNMOICHUCTBHS
3. O

LEHTpa

CEUCHHA LIEHTpa
YacTHII, HCITBITABIINX
B3aUMOJICHCTBUE, OTHECEHHAass K YHCIY
LIEHTPOB  B3aWMOJICUCTBUA HA  €IUHUIE
TUIOIIA A MHUIIICHHU

4, nmoas  4YacTMl, TNpomeamux 0e3
B3aMMO/JIeliCTBHSI, OTHECEHHAast K YHCJIY
HEHTPOB B3aMMOJEiCTBUSI Ha eIUHHIE
IJIOIIAAM MU IIIEHHU

5. IIonaap CeYEHUs sapa - [eHTpa
B3aNMOJICHCTBHSA

Kakoe B3aHUMOJECICTBUE
OTPEIEISIONINM VIS
CTpoeHus aroma?

ABJIACTCA
IIOHUMAaHUsA

siepHOe (CUITLHOE)
3JIeKTPOMATHHUTHOE

ciaboe

IPaBUTAIMOHHOE

BCE MIEPEUYNCIICHHBIE OJIMHAKOBO BaXHBI

[IpunensHoe paccrosiHue (MPHULEIbHbII
apamerp) - 3T0

1.
2.
3.
4.
5.
1.

paccTostHUE  MEXIYy  TpPaeKTOpueH
JIBWKEHHMS 4YacTHIBl M  PACCEUBAIOLIUM
LIEHTPOM

2. paccTosiHue
B3aUMO/ICVCTBYIOIIMMY YaCTHIIAMH
3. IOHSATHE HE UMEET CTPOTrOr0 ONPEACIECHUS
4. paccTosinue MEXKIY JIMHU el
MEePBOHAYANBHOI0 IBHKEHUS YACTHLIBI M
pacceuBalOIMM LIEHTPOM

MEXIY

OTINYUATEILHON 0COOEHHOCTBIO
YIPYTOr'o pacCesHUs YaCTULBI SBJISIETCS

l. coxpaHeHue mMOJHOMI
B3aNMOJIECHCTBHHU

2. COXpaHEHHE
B3aNMOJIECHCTBHHU

3. HEU3MEHHOCTDh
CTAJIKHBAIOIIUXCS YACTHIL

4. paBEHCTBO YIJIOB pacCesHMs HaJeTarouen
YACTUIIbI M YTJIa BBIJIETA YaCTUIIBI-MUIIICHU
5. HEU3MEHHOCTh HaIPABICHUM IBUXKEHUS
CTAIKMBAIOIIHNXCS YACTHI]

SHEPruHu  IpH

UMITYJIbCa npu

COCTOSITHH

Pasmep snexkTpoHa cieayeT y4duThIBaTh
IIPU PACCMOTPEHUU IIPOLIECCOB

. IPOUCXOAIINX B aTOMax

. IPOUCXOJSIINX B sIIPAaX aTOMOB
. HIKOT/1a He YYUThIBATh

. IPOUCXOSIINX B TBEPJIOM TelIe
5. BCerjia y4uThIBaTh

W —

3KCHCpHM€HT3HBHBI€ OCHOBBI KBAHTOBBIX Hpe,Z[CTaBJIeHI/Iﬁ

1

| VpaBuenue OHHIITElHA

u1s | 1. 3aKOHA COXpaHEHHs MMITYJIbCa




dbotoaddexkra  mpenacraBiaser  coboi
MPUMCHCHUC K JaHHOMY SABJICHUIO...

2. 3aKOHA COXpPaHEeHHs JHepruun

3. 3aKOHa COXpaHEHUs 3apsaa

4. 3aKOHa COXPAaHEHHs] MOMEHTA UMITyJIbCa
5. 3aKOHA OTPAXXEHUs U IIPEIIOMIICHUS CBETA

Ot 4ero 3aBUCUT KOJINYECTBO
3JIEKTPOHOB, BBIPBIBAEMBIX npu
dhoTodrddexre?

I. or d4acTtoTel  3JIEKTPOMAarHUTHOTO
U3IIy4eHUs

2. OT HHTEHCMBHOCTH JIEKTPOMATHUTHOT O
U3J1y4eHHUs

3. OT BEJIMYHUHEI Saﬂep}KI/IBaIOH_[eﬁ Pa3HOCTH
INOTCHIIMAJIOB
4. ot OHCPI'UM nMaaarolinX KBAaHTOB

5. OT [JIUHBI BOJHBI  IIOIJIOLIAEMOIrO
U3ITyYCHUS
6. 3TO BEJIIMYMHA IIOCTOSTHHAS,

XapakTepu3yolas JaHHbIA (POTOAIEMEHT
7. IpaBUJIbHBINA OTBET HE IPUBEJICH

Pabota BbIX0/a JIEKTPOHOB U3 HUKEIIS
cocraniseT 4.84 »B.

MO>KHO 14 HA0II01aTh
OJTHOAJIEKTPOHHBIN GoTod(hdeKT Ha
dboTokarose U3 HUKeNs, 00JIydas ero
MOIIHBIM HCTOYHUKOM BHIMMOIO CBETa?

1. na, B moOOM cirydae

2. HeT, B JIIOOOM cJIyuyae

3. na, npyu JOCTaTOYHON MHTEHCUBHOCTH
CBETOBOTO MOTOKA

4. na, HO TOJBKO IPU XUMUYECKHU OYEHB
YUCTOM HHKEJIE

5. IpaBUILHBIN OTBET HE MIPUBEJICH

B xakux clIydyadXx MOXHO HC YYUTHIBATH
BOJIHOBEIE CBOMCTBA BHGKTpOHa?

1. 371eKTpOHBI B razopa3psiiHoii TpyOKke

2. DNEKTPOH B aTOME BOJOPO/Ia

3. 2JIeKTPOHHBI yckopuTesb Ha 1 7B

4. paccesHuEe DIEKTPOHOB C DJHEpruen
nopsiika 3B Ha aTomax rasa

5. 3JIEKTPOH ABUIKETCS K aHOAY B
paauoJamie

Ha mnyrtu y3koro mydka O3JIEKTPOHOB
YCTaHOBJICHBI MOCJIE10BATENbHO
madparMa B BUAE 1AM U
¢dotomnactunka. [locne nposiBneHus Ha
¢doTomnacTUHKe OOHAPYKUTCS

1. yeTkoe n300pakeHue Lenu

2. HUKAKOro H300pa)KeHUs, T.K. AJIEKTPOHBI
He JIeHCTBYIOT Ha GoToCION

3. mudpakioHHAas KapTHHA B BUJE TI0JIOC

4. pe3yJbTaT HeJib3sl MPeACcKa3aTh, He 3Has
reoMeTpMHU U JHEPruu IJIEKTPOHOB

5. nudpakioHHast KapTUHA B BUJIE psAaa
OKPYXHOCTEU

dusnueckue IMPUHIUIIBI KBAHTOBOM MEXaHUKH

Yactuna ABHXKETCS B NPSMOYTOJBHOU
[IOTECHIMAIBHOM sIME B  OCHOBHOM
COCTOSIHUM. I'ne BEPOATHOCTH
HaXO0XAECHUS YaCTULIBI MaKCUMaJIbHA?

1.y neBoro kpas

2.y mpaBoro kpas

3.10 xpasim

4.B mieHTpe

5.0JIMHAKOBA MO BCEH NIUPUHE SIMBI

Kunernueckas SHEPIus YaCTHULbI
OTJINYHA OT HYJISl B OCHOBHOM COCTOSIHUU
- 5TO CIIPABEMJIUBBINA PE3YNIbTAT

1. 171 Bcex 3a71a4 KJIaCCHYECKONH MEXaHUKH

2. 1)1 BCeX 3a71a4 KBAHTOBO MeXaHUKH

3. TOJNBKO TMpU JBIKEHHM YacTHUIBI B
HOTEHIIMAIBLHOHN sIMeE

4. TONBKO TMTpPU JBWKCHUM YacTHIBI B
norenrmane suga U(X)=(kx?)/2

5. n1s BceX 3aj1ay KJIacCHYeCKOM U
KBAaHTOBOM MEXaHHKH




3 | KBampar monyns BosHOBOM ¢yHKImm | 1. 1a
UMEET CMBICII IUIOTHOCTU BEPOATHOCTH | 2. HET
HAax0>KJICHUs YaCTUIIbl B JAHHOM MecTe. | 3. He Bcerja
4 Uem omnpenensiercs BuA ~ BOJHOBOHU | 1. BUumom oneparopa Jlamnaca
GYHKIIMM YacTHIBl B CTAllMOHAPHOM | 2. KHHETHUYECKOI 3Heprueit yactuisl E
ypaBHenuu Llpenunrepa? 3. Maccoi yacTUIlbl m
4, BuaoM (pyHKIIUM MOTEHUHATbHOM
3Hepruu yactuubl U
5 BonnoBas  ¢yHkmus, omnwuceiBaromas | 1. KOHEYHOM
peanbHyI0 (U3UYECKYIO CUCTEMY, BCEerAa | 2. OTHO3HAUYHOU
SIBJISIETCS 3. HEIpPEPBIBHOM
4. HOpMHUPOBAHHOM
5. Bce OTBEThI BEPHBI
CtpoeHune aToMa U aTOMHBIE CHEKTPbI
1 DNEeKTpOH Imepeniesl M3 COCTOSHUA C | . sHeprus aroma Majno U3MEHUTCS
MaJIBIM CPEJHUM PACCTOSIHHEM OT SiApa B | 2. JHEPrUsl aTOMA YBeJTUYUTCS
COCTOSIHME C OONBIIMM yAalNeHHUEM OT | 3. aToOM MpPEeBpPaTUTCS B UOH
anpa. IIpu aTom ... 4. sHeprus aTOMa yMEHbIIUTCS
5. aToM UCIyCTUT KBAHT SHEPTUU
6. IpaBWJIbHBIM OTBET HE IPUBENIEH
2 | JluneWyartslil CIEKTp AAIOT... 1. BeICOKOTEMITEpATypHAas IJ1a3mMa
2. )KUJIKOCTH
3. ra3pl B aTOMapHOM COCTOSTHHH
4. ra3pl B MOJIEKYJISIPHOM COCTOSTHUU
5. IpaBUIILHBII OTBET HE IPUBEJIECH
3 C Kakoro sHEpreTMYecKoro ypoBHs Ha | 1. co BTOpOro Ha mepBbIi
KAKOW NEepEeXOIUT DJIEKTPOH B aTOME | 2. C TPETHETO HA NMEPBBIN
BOJIOpOJIa TIPH HCITYCKAaHHH BOJHBI C | 3. ¢ TPeThero Ha BTOPOii
HauMEHBIIEW YacTOTOM B BHIUMOM | 4. C UETBEPTOTO HA NEPBBIN
oOnactu cnekrpa? 5. ¢ UeTBEPTOro Ha BTOPOM
4 | B onruyeckoM JAMana3oHe CIUIOUIHBIE | 1. mapbl MEeTaIIoB
HEINpPEpbIBHBIE CIIEKTPHl MUMEIOT : 2. HarpeThle KUIKOCTHU U ra3bl
3. ra3sl
4. maphbl )KUJIKOCTEH
5. MOJIOTPETHIE KUAKOCTH
6. NpaBMJIbHBII OTBET He IPUBEIeH
5 | [IpuHauIeKHOCTh CHEKTPaTbHOW JIMHUM | 1. CKOPOCTBIO ABMIKEHHS DJIEKTPOHA BOKPYT
OIHOM W3  cepuil  aroma BOJOpOAA | slpa
(Jlatimana, banbmepa, Ilamena u np.) | 2. HAYAJIBHBIM COCTOSIHUEM 3JIEKTPOHA
ONPEIEIAETCH. .. 3. JHEprueu 3JeKTpoHa
4. IMITyJIbCOM 2JIEKTPOHA
5.  KBaHTOBBIM  YHMCJIOM  KOHEYHOIO
COCTOSIHUS
6. MPaBUJIbHBIA OTBET HE MPUBEJICH
6 | [IpuBenenHas macca cuctembl M3 JBYX | 1. OOJbIlIe MAacChl JIETKOM YacTHUIIBI
YacTHI] ... 2. MeHbllIe MaCChl JIETKOH YacTUIbI
3. 0OJbIIIE MACChl TSHKEION YaCTULIBI
4. paBHa CyMMe€ MAacc JIETKOW U TKEJION
YaCTHII, JCIICHHOM Ha JIBa
CTpOoeHME U CBOMCTBA MOJIEKYJ
1 \ IIpu cOamKeHMH aTOMOB BOJOpOJA U \ PACIICINVIAIOTCS




o0pa3zoBaHUH MOJICKYJIbI H»
ANEKTPOHHBIC SHEPTETHYCCKUE YPOBHU ...

BceraBpTe nponyieHHoe Ci0Bo.

OHeprusi Mosekyiasl Ho cymMme(bl) | MEHbIIIE
SHEPruil JBYX M30JUPOBAHHBIX ATOMOB
BOAOpPOJA.
BceraBpTe nponymeHHoe Ci0Bo.
Ecim Mosekyna mnpu  aucconuanuy | KOBaJIEeHTHOM
pacnazaercss Ha aTOMbl, TO CBS3b
CIIeIyeT CUYUTATh (MoOHHOIA
WJTU KOBAJICHTHOI).
Kakue u3 npuBeneHHsix Hike moisekyn | 1. O2
UMEIOT  KOBAJIEHTHYIO  XuMudeckyto | 2. CO
CBSI3b? 3. HCI
4. NO2
5. NaCl
OmHo M3 TEpEeUYUCICHHBIX  HUXE | 1. ABM:KeHMe 3J1eKTPOHOB BOJIHOO0pPa3Hoe

3aKJIIOYEHUN OTHOCUTEIBHO MPOSIBICHUS
B MOJEKYJax BOJIHOBBIX  CBOWCTB
3JIEKTPOHOB HENPABUIIBHO. Y KaXKUTE €ro.

2.  DHEPreTU4eCKUil
JIACKPETHBIN

3. UMeeTcsl OTJIMYHAs OT HYJS BEPOSITHOCTh
HAWTH JIEKTPOH BIAJM OT SAEP

4. cymiecTByeT KOBAJICHTHAas XHWMHUYECKas
CBSI3b

5. DJIEKTPOHBI HE MAAAI0T HA sApa, U
MOJIEKYJIa YCTOMYMBA B LIEJIOM

CIICKTp  9JICKTPOHOB

KBanToBbIC CBOMCTBA TBEPABIX TCJI

B ciyyae TEPMOANHAMUYECKOTO
paBHOBECHsSI B Cpele IpU KOMHATHOMN
TeMIeparype

pacnpezeneHue MOJIEKYJT 1o
KoJeOaTeNbHbIM  YPOBHSIM  DHEPrUU
UMeEET CIIEAYIONIME 3aKOHOMEPHOCTH:

1. GONBIIMHCTBO MOJIEKYJ XapaKTepU3yeTcs
MAaKCHMAaJIbHO BO3MOKHOU dHEPTUEN

2. OOJBUIMHCTBO MOJIEKYJ HMMEIOT SHEPTHUI0
(3/2)kT

3. MOJICKYJIbI pacnpeaesieHbl
K0J1e0aTeJJbHBIM YPOBHSIM 3HEPIrUH
cooTBeTCTBHU ¢ opmyJioit bosabumaHna;
4. KOIUYECTBO MOJIEKYT MOHOTOHHO YObIBaeT
10 Mepe BO3pacTaHusi HoMepa
K0J1e0aTeIHbHOTO YPOBHS YHEPTUH

mo
B

OtHOcuTENnbHO YpOBHS DepMU MOXKHO
CKa3aTh, 4TO 3TO:

1. sHeprust B3aMMOJECHCTBUSA 3JIEKTPOHOB C
pELIEeTKON KpUcTasua

2. cymMMmapHas KHHETHYecKas  JHEeprus
CBOOOJIHBIX DJICKTPOHOB KpHcTaimna npu T
Ooupmie nim paBao 0

3. KHHeTHYecKasi JHeprust HauboJiee
BBICOKOIHEPreTHYeCKHX CBOOOIHBIX
3J1eKTPOHOB Kpucrauia npu T =0

4, JHEPrUsi  JJIEKTPOHHOIO  YPOBHA
KpHucTajiia B MOI e CBOOOJTHBIX
3JIEKTPOHOB, BEPOSAATHOCTHb 3aINOJHEHUS

KOTOpOoro 1/ 2

B 30HHON MOAENM MOJIYNPOBOAHUKU OT
IOUDJIEKTPUKOB  OTJIMYAIOTCA HIMPUHOU

3anpEIEHHON 30HbI




Oneprusi kpuctamia NaCl... cymme(sr)
SHEpPT 17071 HU30JIMPOBAHHLIX ATOMOB HATPUA
U XJIOpa, COCTABJISIFOIIMX KPUCTAILIL.
BcraspTe npomnyinieHHoe ci1oBo.

MCHBIIC

ba3a BOIIpocoB Il OLIEHKH CPEAHETO YPOBHS

i}i PopMynMpoOBKa BOIIPOCa BapuanTtsl oTBETOB
Beenenue. Atomsl u sigpa
1 PaBHOBecHOE 1OJIOKEHHE 3JEKTpOHA B | 1. B HeHTpe 3apsikeHHOI0 1Iapa
aTOM€ BOAOpPOJA COINIACHO  MOJENH | 2. Ha IOBEPXHOCTH 3apsHKEHHOIO 11apa
Tomrncona HaxoauTCs 3. B m000i TOYKE BHYTPH 3apsHKCHHOTO
niapa
4. B arome TomrcoHa paBHOBECHOE
II0JIO)KEHUE OTCYTCTBYET
5. IOJIOYKEHNUE IEKTPOHA 3aBUCUT OT
3apsaga
2 Kakoii u3 nepeunciaeHHbIX HUXKe METOA0B | 1. meron MuiukeHa, OCHOBAaHHBIN Ha
IIO3BOJISIET M3MEPUTH 3apsi]l MIEKTPOHA C | U3MEPEHUH 11apaMeTpoB JBUKCHUS
HanOOoIbIIeH TOYHOCTHIO? 3apsSOKEHHBIX Kalelb B 3JIEKTPUYECKOM
1oJie
2. METOJ] MarHeTpoHa
3. U3MepeHue TOJIINHBI CIE1A JIEKTPOHA B
kamepe Bunbcona
4. W3MepeHHM NapaMeTPOB BH:KEHMS
YCKOPEHHOI0 3JIEKTPOHA B MAarHUTHOM
noJje (Macc-cneKTpoMerp)
S. HA OVH U3 NIEPEUYHCICHHBIX
3 s MIOJIyYEHUS KOJIMYECTBEHHOTO | 1. MOXHO HE yUUTBIBATH
corjacus JKCIIEPUMEHTAIIBHBIX U | 2. HaJl0 yYUTHIBATh BCET/a
pacyeTHbIX JAaHHBIX IO  PACCESIHUIO | 3. HAI0 YYMTHIBATH TOJIBKO /IS
anbda-yacTull B TOHKHUX  (osbrax | 60JbIIHX YIJIOB paccesiHUsl
KOHEYHBIN pa3Mep sAapa 4. Haj0 yYUTBIBATH TOJIBKO I MaJbIX
YIJI0B pacCesiHus
4 Ilorox  anbda-yactury  pacceuBaercs | 1.IlokazaHus He U3MEHSTCA
TOHKOM MHIIEHBIO M3 CcBUHIA. JleTekTop | 2.YMeHblIarcs B 2 pa3a
ycTaHoBJeH 1moa yriioMm 30° otHocuTenbHO | 3.YMeHbInatcs B 4 paza
IIEpPBOHAYAIIEHOTO HarnpaBieHus | 4.YMeHbmarcs B 16 pa3s
JBIDKEHUS YacTULl M perucTpupyer | 5.YBeaumuarcs B 4 pa3a
kummn/c. Kak wu3menstcs mnokaszanust | 6.[1paBuiibHBIN OTBET HE IPUBEICH
JETEKTOpAa, eciu asb(ha-gyacTHIIbI
3aMEHUTDH Ha MPOTOHBI TOM K€ CKOPOCTH?
5 IIpn kxakoil 3Heprum IEKTPOH OKaxercs | 938
TsDKeJiee MOKOAIIErocsl MpoToHa?
Otset npuBeaute B MaB.
OKCIIEpUMEHTAJIBHBIE OCHOBBI KBAHTOBBIX IPEACTABJICHUN
1 Omnpenenure SHEPTHUI0 ¢dotoHoB, | 1.63

COOTBETCTBYIOIIMX HauOoJee IITUHHBIM
BOJIHAM BUJMMOM 4acTu criekTpa 760 HM.
OtBeT B 5B naiiTe ¢ TOYHOCTBIO JO TpPEX
3HAYAIIMX IUQD.




Kakomy yrimy paccesHus (B Tpamycax)

COOTBETCTBYET MaKCUMaJILHOE
KOMIITOHOBCKO€E CMelIleHnEe JUTAHBL
BOJIHBI?

180

OHeprus (OTOHA paBHA KHHETUYECKOM
SHEPTUU 3JIEKTPOHA.
CpaBHUTE UX UMITYJIbCHI.

1. uMnyJabc 23j1eKTpoHa OoJjible, T.K.
Macca NoKosl 3JIeKTPOHA He PaBHA HYJII0
2. umiynbc (poroHa OonbIle, T.K. y HETO
OoJbIIIe CKOPOCTh

3. MIMITYJIbCBI YaCTHI] PABHBI

4. OTBET 3aBHCHUT OT BEJIMYMHBI DHEPTHH

dotona wu KUHETUYECKOW  SHEpruu
AJIEKTPOHA

[Toreniman, 10 KOTOPOrO MOXKET 1.56B

3apAIUTHCS METAITTNYECKas IJIACTUHA, 2.3.6B

paboTa BBIX0/1a AJICKTPOHOB U3 KOTOPOI 3.28B

1.6 5B, ipu AIUTETEHOM 4.48B

OCBEIICHMH  TOTOKOM  ¢otoHOB ¢ |5.2.4B

sHeprueit 4 3B, paseH...

Ha rpaduxke npezacraBieHbl 3aBUCUMOCTH
3axepxkuBamomero HamnpspkeHuss U ot
4acTOThl ~ Iajarouiero  ceera.  Yem
OTJIMYAKOTCA  YCJIIOBHA, TIpU  KOTOPBIX
II0JIyYEHBI 3TH NpsMBbIE?

padoToii BbIX01a

DHeprusi CBeTa, MAJalolIero Ha KaTo[l,
YMEHBUINIACh, TPU HEU3MEHHOW JIMHE

1. yncsaa BLIOMTBHIX JIEKTPOHOB
2. Macchel (pOTOIIEKTPOHOB

BOJIHBI. [Ipu 3TOM MPOU30LUI0 | 3. CKOPOCTH (POTOIEKTPOHOB
YMEHBIIICHUE. .. 4. paboThI BBIX0J1a 3JIEKTPOHOB U3 KaTo/1a
5. HAYEro He YMEHBIIUTCS
du3nueckue NPUHLIUIBI KBAHTOBOM MEXaHUKU
KBantoBas  wactmma  Haxomgurcss B |1.X=0
OECKOHEYHO TIIyOOKOW MOTCHIHANBHOH | 2. X = a/2
sIM€ IIMPUHON a B COCTOSIHUU C TJIaBHBIM | 3. X = @
KBaHTOBBIM YHCIIO N = 3. 4.x=al3
B kakux TOYKax YacTWIla HaxOAMThCs HE | 5. X = 2a/3

MOKeET?
[IpaBuibHbIii(e) Ha Bam B3risg Homep(a)
oTBeTa(0B) BBEIUTE Yepe3 mpode.

KBanToBass wacTuma  HaxoguTCs B
OECKOHEYHO TIyOOKOH MOTEHIMAIBHOM
sAMe€ IMPUHOW a. B kakmx TOuKax
uHTepBana (0,a) MIOTHOCTH BEPOSITHOCTU
HaxO0XJICHHUs YaCTHUIl B COCTOSIHUSIX C
TJIaBHBIM KBaHTOBBIM Uucio n =1 un =2
OJIMHAKOBa?

[IpaBunbHeIii(e) Ha Bamn B3rmsg Homep(a)
0TBeTa(0B) BBEJIUTE Yepe3 mpobel.

1. a/4 u 3a/4, cOOTBETCTBEHHO WII n = 1 H
n=2

2. a/3 u 2a/3, coorBeTcTBeHHO Mt n = 1
un=2

3.a/2

4. a/5 u 4a/5, cooTBETCTBEHHO 1A n=1u
n=2

[Ipo3pauHocThb MPSIMOYTOJIBHOTO
MIOTEHIIUAJIBLHOTO Oapbepa I ¢
3JIEKTPOHOB € 3Hepruen 5 3B pana 0.1.
Uemy oHa OyneT paBHA MPHU YBEIHUYECHUU
UPUHBI Oapbepa B 2 paza?

1. yBenmuuuTcs B 2 pa3za
2. yMEHBIINTCS B 2 pa3a
3.0.01

4.0.025

5.04

6.0.014




7. IpaBUJIBLHBIA OTBET HE MPUBEJICH

B omeite Pam3zayspa  HaOmromanuch
QHOMAJMHU B  3aBUCUMOCTH  CCYCHHS
paccesiHus JIGKTPOHOB HA aroMax

OsaroposiHbIX razoB. Ha ocHoBanuu
9TUX M3MEPEHUM OH IpUIIET K BBIBOAY,
4TO

1. CTONKHOBEHHUSI RJIEKTPOHOB C aTOMaMu
ynpyrue
2. aTOMbI MOXHO BO30YIHTb, COOOIIasi UM
TOJIBKO ONpeiesieHHbIE

MOPLIMK SHEPTUHU
3. CTOJNKHOBEHHUS JJIEKTPOHOB C aTOMaMu
HEeyIpyrue
4. aroMbl HMMEIOT HE pPaBHBIA HYJIIO
MAarHUTHBII MOMEHT
5. aTromMbl MOXHO BO30YAHTbH, cooOLIast UM
Tr00bIe

MOPILUHU SHEPTUU
6. mpMm MaJBIX CKOPOCTAX 3JIEKTPOHOB
3aMeTHO NMPOSIBJISAIOTCH  HMX BOJIHOBbIE
CBOlicTBa
7. moBe/ieHnEe aTOMOB IIPOTHBOPEUHT
nocrysaraM bopa

Kakoe w3 mTpUBEICHHBIX SBICHUU HE
TpeOyeT aiisi OOBSICHEHUS MPEACTABICHUS
0 TyHHeTbHOM 3¢ dexTe?

1. xonomHas »dMHCCHUS DJICKTPOHOB U3
MeTaia

2. 3 dexr xo3edcona

3. aHOMAJIMM B 3aBHCHMOCTH CeYeHHS
paccesiHusl JJIEKTPOHOB Ha aToMax
0s1aropoaHbIx ra3oB (onbiT Pam3ayspa)
4. MBUKEHHE SIEKTPOHOB B TBEPABIX TeIax
5. anb(a-pacnaa paguoaKTUBHBIX SACP

CrpoeHue aToma H ar

OMHBIC CTICKTPBI

Kakoe w3 mnpuBeneHHBIX BBIPAKEHUN
MO3BOJISIET  paccuuTaTh JJIMHY BOJIHBI
BTOPOU IO CHETY JIMHWM CEpUH JIMHUN B
yIbTpauOJIETOBOM YacTH CIEKTpa aroMa
Bosopoaa (cepust Jlaitmana)

1.c/R

2. 4c/3R
3. 9c/8R
4. 16¢/15R

5. NpaBUJIBLHBIA OTBET HE MPUBEICH

[TosHast SHEprus SJEKTPOHA HA N - OM
YPOBHE ONpEeNsieTcs COOTHOIeHneM En
- 13.6/n*> »B. Kakyio HanMeHBIIYIO
SHEPTHUIO HY)KHO COOOIIHUTH
HEBO30YXKJICHHOMY  aTroMy  BOJOpPOJa,
9TOOBI CHEKTP M3IYYCHHS ra3za U3 TaKuxX
aTOMOB  COJIepKaJl  TOJBKO  OJIHY
CHEKTPATBHYIO TUHUIO?

OtBet B 5B naiiTe ¢ TOYHOCTBIO 10 TpEX
3HAYAIIMX IUQD.

10.2

ATOM BOJIOpOJa TIEpENIeN U3 OCHOBHOTO
COCTOSHUS B COCTOSHHE C TJIABHBIM
KBAaHTOBBIM  YHCIIOM 1N, TP ITOM
a0COJIIOTHAS BEIMYHHA

HOTEHIINAILHON SHEpPruun
B3aUMOJICHCTBUSL AJIEKTPOHA C  SAPOM
yMeHbImiace B 4 paza. Ilpm
MOCJIEIYIOLEM NIEPEXOJIE U3 COCTOSIHUS C
IJaBHBEIM KBAaHTOBBIM  YHCJIOM 1
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COCTOSIHUE C TJABHBIM  KBAaHTOBBIM
yuciioM m  a0CoJIFOTHAs  BEJIWYMHA
MOTEHIUATBLHOU SHEPIHU

B3aUMOJICHCTBUSL 3JIEKTPOHA C  SIAPOM

OmATh  yMEHbIIWIIACH B 4  pasa.
Omnpenenure m.
HemnoaBrxHpIit aToM Bojiopoaa | 10

HAaXOQWICSA B TIEPBOM BO30YXKICHHOM
COCTOSSHUM € KBAHTOBBIM YHCJIOM N = 2.
[TornotuB (oTOH ¢ dHepruei, paBHOI
(0.24 sHeprumn MOHU3AIMU, aTOM BOJAOpOAA
mepemies;l B COCTOSSHUE C KBAaHTOBBIM
guciioM m = ... Ompenenure KBaHTOBOE
YHCJI0O KOHEYHOT'O COCTOSHHS.

UYepe3 pa3pexCHHBI Tra3 IPOIYCKAIOT
H3JIy4YECHUE C HEIPEPBIBHBIM CIEKTPOM.
Kakoii BHJ HMMEET CHEKTp IOTJIOUICHHUS
pa3pexeHHoro rasza?

1. pa3HOIBETHBIE JIMHUU Ha TEMHOM (hoHe
2. CHIEKTp UMEET BUJl pagyru

3. oTAe/IbHBIC TeMHble JUHUU Ha (oHe
HeNpepbIBHOIO CIIEKTPa

4. nBera JUHUN HEPA3IMYUMO IEPEXOMAT
OJMH B JIpyroun

5. Ha (OoHE HEeNpephIBHOIO CIEKTpa BUIHO
MHO>KECTBO TEMHBIX I10JIOC

6. IpPaBWJIbHBIN OTBET HE IPUBENICH

AtoMm BOJIOpOJA HAXOJUTCS B
BO30Y>KJIEHHOM COCTOSTHUHU CO 3HAYEHUEM
[JIABHOTO KBAaHTOBOTO dYHCiIa n = 4,

CKOJBKO CHEKTpaJIbHBIX JTMHUN
OyzeT comepkaTh CIEKTP U3IY4EHUs rasa
U3 TaKUX aTOMOB?

6

CTpoeHue U CBOMCTBA MOJIEKYT

Cucrema BpaIllaTeIbHBIX ypOBHEH
SHEPIMU MOJIEKYJI MMEET CIIEAYIOIIHe
XapaKTepUCTHUECKUE OCOOCHHOCTH

1. nmo Mepe YyBeJlHYeHHUS] IHEPrUH
HHTEPBAJ MEKAY COCETHMMH YPOBHSIMH
yBeJIUYNBaeTCs

2. JHeprus YPOBHS OCHOBHOT'O
cocTosinusi paBHa () 1J1s1 BceX MOJIEKYJT

3. DJHepruu ypOBHEW Oojee JErKux
JIBYXaTOMHBIX ~MOJIEKYJl MEHbIE, YeM
0oJee TSKETBIX

4. Mo Mepe yBEeTHYEHHUS YHEPTUU HHTEPBAT
MEXIY COCEIHUMHU YPOBHAMU
YMEHbIIIACTCS

Jns BpalaTeIbHbIX
IIOTJIOLEHUST  JIBYXaTOMHBIX
XapaKTEPHO CIETYIOLIee:

CIIEKTPOB
MOJIEKYJI

1. uHTEpPBAJ YACTOT MEKAY COCETHUMU
JIMHUSIMH CIIEKTPa NPUMEPHO OINHAKOB
2. HHTEPBAJ YACTOT MEKIAY COCETHUMH
JIMHUSIMH CIIEKTPA 3aBUCUT TOJIbKO

OT MOMEHTA UHEPIIUU MOJICKYJIbI

3. MHTEpBaJ JJIMH BOJH MEX]y COCETHUMHU
JUHUSMH CTIEKTPa OJIMHAKOB

4. UHTEepBAJl YaCTOT MEXKY COCETHUMU
JUHUSMH CTICKTPa 3aBUCHUT OT
TEeMIIepaTypbl

Ecnu cpaBHMTH 4YHCTO BpaliaTelbHbBIE

1. oHM oTJIMYAIOTCS YACTOTAMM JUHHI




criekTpsl noraomieHus mosiekysa HF u HBr
, TO MOXXHO OOHApYXHUTb, 4TO:

2. OHU HE OTJINYAKOTCSI HHTEHCUBHOCTSMU
JIMHUAN

3. B ciektpe HF nnTepBa yacror
MesKIy COCeJTHUMH JTUHUSIMHU 00JIb11Ie,
4yeM B ciiektpe HBr

4. B cnextpe HF nntepBan yactot Mexay
COCEIHMHU JINHUSIMU MEHBIIE, YEM B
crekrpe HBr

5. HabI0IeHUE CIIEKTPOB MOTJIOMICHUS
Mosiekys1 HBr HeBO3MOXKHO

B o6mem cirydyae kosie0aHusi aTOMOB B
MOJIEKYJIaX HE SIBJISTFOTCS ,
OJTHAKO TaKOE€ MPUOJIMKCHUE TIPUEMIIEMO
MIPY MAJTBIX aMIUTATYIaX KOJICOAHUH.
BcraBbTe mponynieHHOE CI0BO.

rapMOHHYIC€CKUMHU

Bcenencreue AHTapMOHUYHOCTH
Kosle0aHUH MOJIEKY1 MpU YBEIUYEHUU
aAMIUIATY/IbI

KoJeOaHUH HHTEpBal DSHEPrudl MExXIy
COCEJTHUMH SHEPreTUYECKUMH YPOBHSIMU

1. yBesmuuBaercst
2. yMeHbIIaeTcs
3. He U3MeHseTCs

B ciydae TEPMOJUHAMHYECKOT O
paBHOBECHsT B cCpele IpU KOMHATHOU
TEMIIEPATYpPE pacIpeleIeHUE MOJIEKYJI 110
K0J1e0aTeIbHbBIM YPOBHSIM 3HEPTUU UMEET
CJIEYIOLIME 3aKOHOMEPHOCTH:

1. OOJIBIIMHCTBO
XapaKkTepu3yercs
BO3MOKHOM SHEPTUEH

2. OONBIIMHCTBO MOJIEKYJI UMEIOT SHEPTHUIO
(3/2)kT

3. MoJIeKyJbl  pacnpeieieHbl 1O
K0J1e0aTeJIbHBIM YPOBHAIM JHEPruM B
cooTBeTCTBHU ¢ opmyJioit bosabumaHna;
4. KOJNMYECTBO MOJEKY1 MOHOTOHHO
yOBIBaeT 10 Mepe BO3pacTaHUsl HOMepa
K0J1e0aTEeIbHOTO YPOBHS SHEPTUU

MOJICKYJI
MaKCHUMAJIBHO

KBaHTOBBIE CBOICTBA TBEPABIX TEI

O Hy7neBBIX KOJIEOAHUSIX MOJIEKYT MOXKHO
CKa3aTh, UTO:

1. konebaTenbHOE IBHKEHUE OTCYTCTBYET
2. aMIuIMTy/a KoJieOaHUW paBHA HYIIIO

3. 310 Ko1ebanust npu T =0

4, 3TO KoJIe0aHus C MHUHHUMAJIBHO
BO3MOSKHOM aMILTMTYAOM

5. 3T0 KoJIeOaHNsI ¢ MUHUMAJIbHO
BO3MOKHOM JHepruen

OtHocuTenbHO ypoBHA DepMu MOXKHO
CKa3aTh, 4TO 3TO:

1. Heprus B3auMOAEUCTBUS IJIEKTPOHOB C
pELIEeTKON KpucTasuia

2. cyMMapHas KUHETHYEeCKas DSHEprus
CBOOOJIHBIX 3JIEKTPOHOB KpHUCTaia mpu T
paBHO i OosbIre 0

3. KHHeTHMYecKasi JHeprusi Haubo.jee
BBICOKOIHEPIreTHYeCKNX CBOOOIHBIX
3J1eKTPOHOB Kpucrauia npu T =0

4. JHeprusi 3JEKTPOHHOIO YPOBHS
KpHUCTAJIa B MOJEJM  CBOOOJHBIX
3JIEKTPOHOB, BEPOSATHOCTH 3aI0JHEHUS
KOTOpOoro 1/ 2

Ilpu cOmmxkeHUM aToMOB JIUTUS U

pa3pelieHHbIE 30HBI




o0pa3oBaHUM KpUCTaJIa 3JEKTPOHHBIE
SHEpPreTUYECcKre YpoBHH 00pas3yror ... .
BcraBbTe nmponyiieHHoe.

4 B xopo11o npoBoasmux 3J€KTPUIECKHMA 1.BanieHTHAas HEpreTuyecKas 30Ha

TOK TBEp/AbIX Tejax (MeTajliax) 3aI10JIHEHA IEKTPOHAMHU [IOJHOCTHIO
2.BaJIeHTHAsl SHepreTu4yecKasi 30Ha
YACTHYHO 32I10JIHEHA JIeKTPOHAMHU
3.3aroHeHNEe BaJIEHTHON 30HbI HE UMEET
3HA4YeHUs

4.BaneHTHas 30Ha OJIM3Ka K IEpPBOM
LIEJINKOM 3all0JIHEHHOM 30He
5.IpOBOIUMOCTH O0YCIIOBIIEHA IBUKECHUEM

HMOHOB
5 DNEeKTPOHBI B 30HE MPOBOAMMOCTH | |.paBHOMEpPHO pacIpeneNstoTcss MO BCEM

MeTajuia BO3MOYKHBIM COCTOSTHHSIM
2.3aMoJIHSAIOT noaApsig BCE

HHU3KOJIeKAIIMe COCTOSHHMS BIUIOTH [0
3Heprun ®Pepmu

3.3an0JIHSIOT HOJPSJ BCE BBICOKOJIEKAIINE
COCTOSIHUSI C DHEPTHUSMHU, MPEBHIIIAIOITUMU
sHepruto Oepmu

4.MMEIOT OJIHY DSHEPruio, Ha3bIBAEMYIO
sHepruen depmu

S.pacrnoJiararotcsi BOJIM3H JIHA 30HbBI

6 Kakoro tumna cBsi3u U3 epeyrciaeHHbIX B | 1. HOHHas
KpHUCTaJIJIaX HE CYIIECTBYET? . KOBaJICHTHAsI

. BOIOpOJHAas

. MOJIEKYJIsIpHast
. MeTaJuIn4ecKas
. IOJIMMepHast

o N B WIN

ba3a KOHTPOJBHBIX 3aJaHUN TSI OLIEHKU BBICOKOTO YPOBHSI

Ne

W dopmynupoBKa BOIpoca BapuanTsl 0TBETOB

Brenenne. ATomel 1 sigpa

1 Boeruncnure paguyc aroma Boxpopoza | 237 HM
coriacHo Moxaenn TommcoHa, —eciu
U3BECTHA SHEpPrus MOHM3auuu aroma Ej
=13,6 »B.

OTBeT JaiTe B HM.

2 Beraucnure MakcumanbHyo | E=1/(4me)*(Z*e/r)
HaIpPSKEHHOCTh AJIEKTPUUECKOTO TOJIA B
BOJZIOPOJIONIOAO0OHOM  HOHE  COTJIACHO
mozenu Tommcona. IlopsakoBbiii HOMEp
Z, paauyc aToMa NPUHSATS I.

3 Henonswxkubiii  map  pamguyca R | 0=n—2¢, b=(R+r)sin¢
o0JIy4aloT ~ MapajuIeIbHBIM  [TOTOKOM
YacTHIl, paauyc KOTopbix r. Cuwnras
CTOJIKHOBEHHE  YacTUIBI C  IIapoM
yIOpyruM, HaWTH yroa 6O OTKIOHEHHS
YacTHIBI B  3aBUCHMOCTH  OT €€
NPULIEIBHOTO napameTpa b




[IpoTton ¢ kuHernueckon sHepruet T =
10 M»sB mponeraer Ha pacctossHuu b = 10
IM OT CBOOOJHOTO  IOKOMBIIETOCS
aNeKTpoHa. HalTu 3HEpruro, KOTOPYHO
MOJyYUT  DJIGKTPOH,  CYHUTas,  YTO
TPAEeKTOPHS IMPOTOHA MPAMOJMHEHHAS W
3a BpeMsi NpoJieTa JJIEKTPOH OCTaeTcs
MPAKTUYCCKU HCIIOABUKHBIM.

3,83B

V3KkHil My4oK 0-4acTUI ¢ KMHETUYECKOM
sHeprueil 1,0 MaB nagaer HopManbHO Ha
MJIaTHHOBYIO (hosery TommmHel 1,0 MKM.
HaGmroneuue paccessHHbIX YaCTHI]
BeJeTcs 1o yriaom 60° K HamnpaBIICHUIO
Majarolero  mydyka MNpd  TOMOIIU
CUETUYHKA c KPYTJIbIM BXOJHBIM
oteepctHeM miomaan 1,0 cm?, KoTopoe
pacrnoyioxkeHo Ha pacctossHuu 10 cMm ot
pacceuBaromiero ydactka ¢onsru. Kakas
JIOJISI PACCesSHHBIX (-4acTHIl I1aJlaeT Ha
OTBEPCTUE CUETUUKA?

3,35*10°

BKCHepI/IMeHTaHBHHe OCHOBBI KBAHTOBBIX HpeI[CTaBJ'IeHI/Iﬁ

[Ipenmonoxum, 4YTO NOKOSIIUICS aTOM
nornotun (oTtoH ¢ sHepruenr 1,2*10°Y
JIx. UeMy paBeH uMnysbc aroma?

4*10726 kr*m/c

V3Kuil Ny4OK Q-4aCTHL[ ¢ KUHETUYECKON
sHepruer T = 600 3B mamaer
HOPMaJIbHO  HA  30JI0TYIO  (OJNBLY,
comepxamyo n = 1,1*¥10Y° snep/cm?.
HaiiTu oTHOCHTENBHOE YMCIO O-YACTHIL,
pacceuBarouxcs noja yriaamu 9 < 30 =
20°.

0,6

®oton ¢ sHeprueit 15,0 5B BriOMBaeT
ANEKTPOH M3  TOKOSIIErocs  aroma
BOJIOPO/Ia, HAXOJSIIETOCSs B OCHOBHOM
coctodsHM. C Kakoll CKOPOCTBIO V
JIBUKETCS AJIEKTPOH BAAIM OT sipa’?

6,93*10° m/c

Heiitpon ¢ xuHernueckon sHepruen T =
25 »B Haneraetr Ha MOKOAIIMNACS HEHUTOH
(smpo  TspKenoro  Bojopojna). Haiitu
NeOpONIEBCKUE JJIWHBI  BOJIH  00€HX
YacTHI] B CUCTEME UX LIEHTPA UHEPIHUU.

8,6 nm

[ToporoBasi 9yBCTBUTEILHOCTh CETYATKH
YeIOBEYECKOro TJla3a K JKEITOMY CBETY C
mmHOM BoJHEI 600 HM cocTaBiIseT
1,7-10-18 Bt. Ckonpko (OTOHOB mMagaer
€KECEKYHHO Ha CETYATKy?

Du3nYECKre MPUHIUIBI KBAHTOBOW MEXaHUKHU

[TpsAMOYTOBbHBIN MOTEHIIMATBHBIN Oapbep
umeeT mupuny 0,1 am. Onpenenure B 3B
pasHocTh 3Hepruii U-E, mpu koropoit
BEPOATHOCTb IPOXOXKIEHUS DIIEKTPOHA
CKBO3b Oapbep coctaBuT 0,5

0,454 >B




OueHuTh C€ TIOMOIIBIO COOTHOLICHUS
HEOIPEIEIEHHOCTEN MHUHUMAJIBHYIO
KHHETUYECKYI0 ~ DHEPrHIO  JJIEKTPOHA,
JIOKaJIM30BAHHOTO B 00JacTH pasmepom |
=0,20 aM.

15B

Yactuna Haxomurcs B JABYMEPHOMU
MPSMOYTOJIBHOM MOTEHIMAIBHON SIME C
a0COJIFOTHO HENPOHUIIAEMBIMU CTEHKaMHU
(0 <x <a 0 <y <b) Onpenenurp
BEPOSITHOCTh HAXOXACHHUS YaCTULIBI C
HaMMeEHbIIeH dHepruei B odmactu 0 < x <

a/3.

19,5%

DJIEKTPOH C KMHETH4ecKoil aneprueit T =
4 5B nmokanu3oBaH B 00acTu pazmepom |
= 1 wMxM. ONeHHTP C¢ IOMOIIBIO
COOTHOIICHUS HeolpeieIeHHOCTEN
OTHOCUTEIIbHYIO HEOIPEAENIEHHOCTh €ro
CKOPOCTH.

9,76*10°

ONeKTpoH ¢ sHeprue E nBuxercs B
MIOJIO)KUTEIPHOM HAlpaBiIeHUH ocu X.
IIpn xakom 3Hauenuun U-E, BbIpakeHHOM
B DJEKTPOH-BOJNbTAX, KO3 UIMEHT
npo3paunoctd D=10-3, ecnu mupuna d
Gapbepa paBHa 0,1 Hm?

45>B

CTpOGHI/Ie aTOMa U ATOMHBIC CIICKTPbI

IIppu mnepexome aroma BOXOpPOJA H3
4EeTBEPTOr0 HHEPrETHUECKOIO COCTOSHMS
BO BTOpOE€ U3JIydyaroTcd (OTOHBI C
sHepruet 2,55 5B (3eneHas nuHUA
BOJIOPOJHOTO  criekTpa).  OmnpenenuThb
JUIMHY BOJIHBI 9TOW JIMHUM CIIEKTpa.

486 um

OHeprus CBA3M BAJEHTHOIO DJIEKTPOHA
aToMa JWUTUA B cocTostHUsX 2S u 2P
paBHa cOOTBETCTBEHHO 5,39 u 3,54 3B.
Bbruncauts  puaOeproBckue MOMPaBKU
Juist S- u P-TepMOB 3T0T0 aroma.

-0,409
-0,037

Atom HaXOJIUTCS B COCTOSIHHH,
MYJIBTUIUIETHOCTh KOTOPOTO paBHA TPEM,
a IIOJHBIA MEXaHWYeCKUd MOMEHT — h
sqrt(20). Kakum MOXKET OBITH
COOTBETCTBYIOIIEE KBAHTOBOE YKCyo L?

3,4,5

Halitn HanpspkeHWe Ha pPEHTIE€HOBCKOM
TpyOKe C HUKENEBbIM aHTUKATOIOM, CITH
pasHocTh JMH BoJH Ko-muHum u
KOPOTKOBOJIHOBOM TPaHUIIbl CIUIOLIHOTO
PEHTT€HOBCKOIO CIEKTPA paBHa 84 MM.

15 kB

[lpy  yBenWYEeHHWM  HANpPSDKCHUS  HA
pentreHoBckoi Tpyoke ot Ul = 10 kB no
U2 = 20 kB unTepBan JUIMH BOJIH MEXIY
Ko-munueit u KOPOTKOBOJIHOBOM
IpaHUIEH CIJIONIHOTO PEHTI'€HOBCKOTO

29




criekTpa yBemuuwics B n = 3,0 paza.
Onpenenursb IIOPSIAKOBBIN HOMEP
9JIEeMEHTa aHTHKATOJIa 3TOM TPYOKH.

CTpoeHue 1 CBOWCTBA MOJIEKYJI

1 CKOJIBKO TPOIEHTOB CBOOOTHBIX 65
2JIeKTpOHOB B MeTaiuie npu T = 0 umeer
KHHETHYECKYIO YHEPTHIO,
MIPEBBIIIAIOIIYIO TTOJIOBUHY
MaKCHMaJIbHOM?

2 Haiitu umcno cBOOOTHBIX 3IEKTpPOHOB, | 0,97
NPUXOAAIIUXCS HAa OIMH aTOM HaTpUs
npu T = 0, ecnu ypoBen» ®@epmu EF =
3,07 3B u miotHocTh HaTpus pasHa 0,97
r/cm3.

3 IloBbiieHne Ttemmneparypsl karona B | 4,453B
ANEKTPOHHOW Jlamme OT 3HaueHus T =
2000 K na AT = 1,0 K yBenuuuBaer TOk
HaceimeHus Ha = 1,4%. Haiitu paboty
BBIXO0/JIa AJIEKTPOHA U3 MaTepHalia Karoja.

KBaHTOBBIE CBOMCTBA TBEPBIX TEI

1 [MpunsB  ana  cepebpa  3Hayenwue | 0,018 >B
temneparypol  Jlebas 0=208 K,
OINPENEIUTh: MaKCHMaJbHOE 3HAYCHHE
SHEPruu €m GOHOHA

2 [lpunsie st cepebpa  3HaueHue | 1
temneparypsl  JleGas 0=208 K,
ONpENEINUTh: CpeOHee HHUCI0 <Nm>

(oHOHOB c SHepruei €m IpU
temneparype T=300 K.

3 Ilonarasg, 4ro Ha kaxnaplii atrom wMmeau | 4,23 3B
MIPUXOJIUTCS OIAWH CBOOOJHBIN IJIEKTPOH,
OTIpEICTUTh:

CPEIHIOI0 KMHETUYECKYI0 3Hepruto <E>
CBOOOJTHBIX AJIEKTPOHOB npu
aOCOJIFOTHOM HYJIE

4 [Tonaras, uro Ha Kaxablii arom wmenu | 32,7*10% K

MPUXOJUTCS OAUH CBOOOJIHBIN AJEKTPOH,
ompenenuTs:  Temmeparypy T, npu
KOTOPOHM CpeHSsl KUHETUYECKasi SHEPTust

AJIEKTPOHOB KJIACCUYECKOI0
JJIEKTPOHHOTO  raza  paBHSUIach OBl
cpenHen SHEPTUU CBOOOTHBIX

3JIEKTPOHOB B Meau npu T=0.

Bomnpocsl k 3x3ameny
1. [Topsiaky BeTMYUH PACCTOSIHUM U SHEPTHM B aTOMHBIX U SIIEPHBIX MPOLIECCAX.
2. Crnernurka 3aKOHOB MEKPOMHUPA.
3. OCHOBHBIE YaCTHIIbI, UX XaPAKTEPUCTHUKA.
4. SInepHas MozeNb aTOMa.
5. Onsit Pesepdopaa no paccesHuto anbga 9acTull.
6. D heKTUBHOE CEUYCHHE.
7. DHeprusi CBSI3U.




8. O0ocHOBaHKE BO3MOKHOCTH Pa3/IEIbHOTO paCCMOTPEHHS (DU3UKH aToMa M (PU3HMKH siIpa.
9. CTanMOHapHOCTh U AUCKPETHOCTh ATOMHBIX COCTOSTHUI.

10. OnbiT ®panka u I'epua.

11. IIpocTpaHCTBEHHOE KBAHTOBAHUE.

12. OnsiT HlTepHa u I'epinaxa.

13. KopnyckyisipHO-BOJIHOBOM Ayalii3M.

14. Dddexr Komnrona.

15. I'unote3a ne-bpoits.

16. Audpakiuus 3JeKTPOHOB HEUTPOHOB, aTOMOB.

17. CooTHOIIIEHUE HEOTTPEACICHHOCTH.

18. BonHoBast pyHKIuS.

19. YpaBnenue lIpeaunrepa.

20. OTnnyrie KBaHTOBO-MEXaHUYECKOTO U KJIACCUYECKOIO OMMCAHUS IBUKEHMUSL.

21. IIpocTeiiiye o1HOMEPHbIE 3a/1a4d KBAHTOBON MEXaHUKU: CBOOOIHOE ABMKEHHE YACTHIIbI,
YacTULIA B TOTEHLIUAJIBHON sIME, TAPMOHUYECKUI OCHUIIIATOP, IPOXO0KIECHUE YaCTHUL] Uepe3
HNOTEHIMATIBHBIN Oapbep.

22. VI3ny4yeHue 1 NOorjouIeHUE SHEPTUH.

23. Hepa3nuuuMoCTh OJJMHAKOBBIX MUKPOYACTHLI.

24. Bo3oHBI ¥ (PepMHOHBI.

25. [lpunuun I[aynu.

26. KBaHTOBO-ME€XaHUUYECKOE OMTMCAHUE BOJAOPOI0MOTO0HBIX CUCTEM.

27. YpOBHU 3HEPruH, BOJIHOBbIE (DYHKIMH, pacHpeieeHUe INIOTHOCTH BEPOSTHOCTH.
28. CnexTp atoMa BOJOpOa.

29. OObsAcHEHUE TOHKON U CBEPXTOHKON CTPYKTYPBI AaTOMHBIX CIIEKTPOB.

30. DnexkTpoHHBIE 000JIOUKH aTOMa U UX 3aloJHEeHHe, (U3nuecKoe 0ObSICHEHNE
NEPUOANYECKOT0 3aKOHA.

31. PentreHoBckoe nU3iydyeHue, Npupoja, CBONCTBA U METO/IbI HCCIIET0BAHUS.

32. JleficTBME MarHUTHOTO IOJIS HA ATOM.

33. Dddexr 3eemana.

34. DneKTpOHHBIN TapaMarHUTHBIN pE30HaHC.

35. Tunsl cBsi3ell aTOMOB B MOJIEKYJIE.

36. IlopsAKKM BETMYUH 3JIEKTPOHHOM, KOJIeOaTeIbHOM 1 BpallaTeIbHON SHEPIUH.

37. MonekymsipHbIE CIIEKTPHI.

38. KomOuHamoHHoe paccesiHue.

39. Cunel Ban nep Baanbca.

40. Tunsl cBA3€H aTOMOB B TBEP/IbIX TENAX.

41. DHepreTuyecKue 30HbI.

42. ITpoBOAMMOCTB TBEP/BIX TEIL.

43. CBepXnpoBOAUMOCTb U CBEPXTEKYUYECTh M MX KBAHTOBAs IIPUPOJIA.



IIpuMepsbl 3K3aMeHAUMOHHBIX 3a1aHUI

rlﬁl ®opmyaupoBKa BoIpoca BapuanTtsl oTBETOB
1 PaBHOBecHOE MONIOXKEHHE AUIEKTpOoHA B | 1. B HeHTpe 3aps:KeHHOro mapa
aToOM€ BOJOpPOJAa COIVIACHO  MOJIENH | 2. Ha IOBEPXHOCTH 3apsHKEHHOIO 1iapa
Tomncona Haxoaurcs 3. B m1000H TOYKE BHYTPH 3apsKEHHOTO
mapa
4. B arome TomICOHa paBHOBECHOE
I10JIO)KEHHUE OTCYTCTBYET
5. OJ0XKEHUE PIEKTPOHA 3aBUCUT OT
3apsaa
2 Kakoil u3 nepeuuciieHHbIX HUKE METOA0B | 1. Meron MunkeHa, OCHOBaHHBIM Ha
MIO3BOJISIET U3MEPUTH 3aps] JIEKTPOHA C | U3MEPEHUU [apamMeTpoB JIBUKECHUS
HauOoJIbIIeH TOYHOCTHIO? 3apsSDKEHHBIX  Kaleidb B 3JIEKTPUYECKOM
noJe
2. METO/1 MarHeTpoHa
3. U3MepeHue TOJIIMHBI CIe/1a AIEKTPOHA B
kamepe Bunbcona
4. M3MepeHMH NapaMeTPOB [BMKeHUS
YCKOPEHHOI'0 3JIeKTPOHA B MATHUTHOM
noJje (Macc-cneKTpoMeTrp)
5. HM OJIMH M3 NEPEUUCICHHBIX
3 [Ipu xakoii sHepruM IMEKTPOH OKaxercs | 938
TsKEJee MOKOSIILErocss IpoToHa?
Otset npuBeaute B M1B.
4 Onpenenure JHEPTUI0 ¢otoHOB, | 1.63
COOTBETCTBYIOIIMX HauOoyiee JINHHBIM
BOJIHAM BHJIUMOM 4acTH criekTpa 760 HM.
Otser B 5B naiiTe ¢ TOUHOCTHIO JIO TpEX
3Haqyauwmx mudp.
5 Kakomy yriy paccesnus (B rpamaycax) | 180
COOTBETCTBYET MaKCUMaJIbHOE
KOMIITOHOBCKOE CMEIllEHue  JJIUHBI
BOJIHBI?
6 OHeprus (oOTOHA paBHAa KHHETHYECKOM | 1. mMmyJabc 3JieKTpoHa OoJblie, T.K.

OHCEPTIHUU DJICKTPOHA.
CpaBHI/ITe X UMITYJIbCBI.

Macca MOKOsl 3JIeKTPOHA He PaBHA HYJIIO
2. umnyinsc (oToHa Oonblie, T.K. Y HEro
00JIbIIIe CKOPOCTh

3. IMITYJIbCBI YACTHUI] PABHBI

4. OTBET 3aBHCUT OT BEIWYHMHBI SHEPTUH

dotoHa wu KHHETUYIECKOW  JHEpPTruu
HIIEKTPOHA
7 KBantoBas uwactuna  Haxomurca B |1.Xx=0
OECKOHEUHO TJIYyOOKOH MOTeHIMaIbHOU | 2. X = a/2
sIME IMUPHHON a B COCTOSIHHM C TJIABHBIM | 3. X = @
KBAaHTOBBIM YKCJIO N = 3. 4. x=al3
B kakux Toykax 4dacTuMLa HAXOMMUThCS HE | 5. X = 2a/3

MOXKET?
[IpaBunbHeIii(e) Ha Bam B3rsg Homep(a)
oTBeTa(0B) BBEIUTE Yepe3 MPoOelL.




B omweire Pamzayspa Habmromamuchk
aHOMaJInu B 3aBUCHUMOCTHU CCUCHUA
paccesHus JJIEKTPOHOB Ha aToMax

O6maropoHbIX ra3oB. Ha ocHoBaHuun
ATUX U3MEPEHUU OH MpUIIET K BHIBONY,
4TO

1. CTONKHOBEHHS 3JEKTPOHOB C aTOMaMH
yHpyrue
2. aTOMbI MOXHO BO30YIUTb, COOOLIAsT UM
TOJILKO ONpECTICHHbIC

HOPLMH SHEPTUU

3. CTOJKHOBEHHUS JJIEKTPOHOB C aTOMaMu
Heylnpyrue
4. aTOMBI UMEIOT HE paBHBIA HYIIO
MarHUTHBIA MOMEHT
5. aTOMBI MOXHO BO30YIHTb, COOOIIasi UM
mo0bIe

MOPIIMH SHEPTUU
6. mMpu MaJbIX CKOPOCTSX 3JIEeKTPOHOB
3aMeTHO NPOSIBJAIOTCA  HMX BOJIHOBbIE
CBOIICTBA
7. IOBEIEHNE aTOMOB IIPOTUBOPEYHT
nocrynaram bopa

Kakoe w©3 npuBEACHHBIX SBICHUN HE
TpeOyeT ansi 0ObSACHEHUs MPEeACTaBICHUS
0 TyHHeTbHOM 3 dekte?

1. xoyomHas »>MHCCUS BJIEKTPOHOB U3
MeTala

2. a¢pdexT [xo3edpcona

3. aHOMAJUM B 3aBHCHMOCTH CeYeHHS
paccesiHUs JJIEKTPOHOB Ha aToMax
0s1aropoaHbIX ra3oB (onbiT Pam3ayspa)
4. JABMIKCHUEC 3JICKTPOHOB B TBCPJbLIX TCJIaX
5. anbda-pacnaz paTuoaKTUBHBIX SAEP

10

[lonHas sHeprus 3J€KTPOHA HAa N - OM
YPOBHE ONIPENENIeTCs COOTHOIIEHuEM En
= - 13.6/n*> »B. Kakyi0o HauMeHBIIYIO
JHEPTHUI0 HYKHO COOOINTH
HEBO30YXXJIEHHOMY aroMy  BOAOpPOJa,
YTOOBI CHEKTP M3IY4YEHHUs Ta3a U3 TaKUX
aTOMOB  coJiepkKajl  TOJbKO  OJIHY
CHEKTPaIbHYIO JIMHUIO?

OtBer B 5B naiiTe ¢ TOUHOCTHIO JIO TpEX

3Ha4yauwmx mudp.

10.2

11

ATOM BoOJOpOAa Teperies U3 OCHOBHOTO
COCTOSIHMSI B COCTOSIHUE C TJIABHBIM
KBaHTOBBIM  YHCJIOM 1N, TMpPH 3TOM
a0CoOTHAs BETMYUHA

MTOTEHIIUATIBHOMN JHEpPruu
B3aMOJEICTBUS DJIEKTPOHA C  SAPOM
ymenpmminace B 4 paza.  llpwm
MOCJIEAYIOLEM IEPEXOJIE U3 COCTOSIHUS C
[JIaBHBIM ~ KBAHTOBBIM YHCJIOM N B
COCTOSIHUE C  TIJIaBHBIM  KBAHTOBBIM
YUCIOM m  a0COJIOTHAs  BEJIMYUHA
IIOTEHIUAIbHOU SHEpruu
B3aMMOJCHCTBUS DJIEKTPOHA C  SAPOM
OlsATh ~ yMeHblIIWIach B 4  pa3sa.
Onpenenvre m.

el A
B oo AN

12

HenonBu:xHbIi aToM BOJOpOIA
HaxOJWJICS B TIEPBOM BO30YKJIECHHOM

10




COCTOSSHUM C KBAHTOBBLIM YHCJIIOM N = 2.
[TornotuB (oTOH ¢ dHepruei, paBHOI
(0.24 >Hepruv MOHU3ALUH, ATOM BOAOPOJA
mepemiesl B COCTOSIHUE C KBAaHTOBBIM

gucioM m = ... Omnpenenute KBaHTOBOE
YHCII0 KOHEYHOTO COCTOSIHUSI.

13 | Cucrema BpaniaTeIbHbIX ypoBHel | 1. mo Mepe yBeJMUYEHHUS] DJHEPruu
SHEPruM MOJIEKYJ HMEET CJEAYIOUIME | HHTEPBAJ MEXKAY COCeTHHMH YPOBHSIMU
XapaKTepUCTHUECKUE OCOOCHHOCTH yBeJIUYNBaeTcs

2. JHeprus YPOBHS OCHOBHOTI'0
cocTosinusi paBHa () 1JIs1 BceX MOJIEKYJT

3. DHepruum ypoBHEW Ooyiee  JIETKHUX
JIBYXaTOMHBIX ~MOJIEKYJl MEHbIIE, YeM
0oJ1e€e TAKENbIX

4. Mo Mepe yBEeITHYEHHUS SHEPTUU HHTEPBAI
MEXy COCETHUMHU YPOBHSIMHU
YMEHbIIIACTCS

14 Bciaencrsue aHTapMOHUYHOCTH | 1. yBesimumBaercst
KojeOaHui MOJIEKYNl TpU YBEJIUYEHHUH | 2. yMEHBIIACTCS
aAMILIUTY/IbI Kosie0aHui UHTEpBaJ | 3. HE U3MEHsAETCS
SHEpruit MEXIy COCETHUMU
HEPreTHYCCKUMH YPOBHSIMU

15 |B ciydae TepMoauHamMuueckoro | 1. OOJIBIIMHCTBO MOJIEKYIT
paBHOBECHsI B cCpeae IMpH KOMHATHOM | XapaKTepusyeTcs MaKCUMAaJIbHO
TeMIepaType pacrpesielieHne MOJIEKYJI 0 | BO3MOKHOU sHeprueit
KoJIe0aTeIbHBIM YPOBHIM SHEPTHH UMeEeT | 2. OOJBIIMHCTBO MOJIEKYJ UMEIOT SHEPTHIO
CIICAYIONINE 3aKOHOMEPHOCTH: (3/2)kT

3. MoJIeKyJbl  pacnpeiejeHbl 1O
K0J1e0aTeJIbHBIM YPOBHSIM JHEPrud B
cooTBeTCTBHU ¢ opmyJioit bosabumaHna;
4. KOJNYECTBO MOJIEKYl MOHOTOHHO
yOBIBaeT 10 MEpe BO3pacTaHHsI HOMEPA
K0J1e0aTeIbHOT0 YPOBHS SHEPTUH

16 | O HyneBBIX KOJIICOAHUSAX MOJIEKYN MOXHO | 1. KomebarenbHOe TBMKEHUE OTCYTCTBYET

CKa3arb, 4TO: 2. aMIIMTyAa KojeOaHui paBHA HYIIO
3.3710 konedanus mpu T =0
4. 3T0 KOJEOAHMS ¢ MHUHUMAJIBLHO
BO3MOSKHOM aMILTMTYH0M
5.3T0 Ko/1e0aHUsA ¢ MUHMMAJILHO
BO3MOKHOM JHepruen
17 | OtHocutenbHOo ypoBHA @DepmMu MOXHO | 1. PHEpPrus B3aUMOJEHCTBUS IJIEKTPOHOB C

CKas3aThb, 4TO IOTO:

pELIeTKON KpucTamia

2. cymMmapHas KHHETHYeCKas DJHEeprus
CBOOOJTHBIX AJIEKTPOHOB KpHUCTaIa mpu T
paBHO 1 Oosblire 0

3. KHHeTHYecKasi JHeprusi Haubojee
BBICOKOIHEPreTHYeCKHX CBOOOTHBIX
3JIEKTPOHOB KpucTaia npu T =0

4. JHeprusi 3JEKTPOHHOIO YPOBHS
KPHCTA/UIa B MOJAEJHM  CBOOOJHBIX
3J1eKTPOHOB, BEPOSITHOCTH 3aNOJIHEHHUS
KoToporo 1/2




18

DIJIEKTPOHBI
MeTasuia

B

30HC

IIPOBOAMMOCTH

1.paBHOMEpPHO pacHpeneNsoTcs] MO BCEM
BO3MOXHBIM COCTOSAHHUAM

2.3aI0JHAIOT noaApsijg BCE
HHU3KOJIeKallue COCTOSHUS BIUIOTH /10
sHepruu ®epmu

3.3amO0JIHSIOT MOJIPSJ] BCE BBICOKOJIEKAIINE
COCTOSIHUSI C DHEPTUSMHU, MPEBBIIIAIOIINMHU
sHepruro Pepmu

4.MMEIOT OJIHYy DSHEPruio, Ha3bIBAEMYIO
sHepruei Gepmu

5.pacnionaratorcsi BOJIM3H JTHA 30HbBI




0NN KW

IIpunoxenne 2

TunoBbie KOHTPOJIbHBIC BOIIPOCHI JIsA I[pOMe)KyTO‘{H()ﬁ aTrTeCcTalumn

. Ilopsinku BeMUYUH pacCTOSHUN M SHEPIHid B aTOMHBIX U SIIEPHBIX Ipolieccax.

. Cnenuduka 3aKOHOB MUKPOMUPA.

. OCHOBHBIE YaCTHIIbI, UX XapaKTEePUCTHKA.

. SlnepHas Mozenb atoMa.

. OnbIT Pesepdopaa no paccessHuio anbda yacTull.

. D dexTuBHOE ceueHME.

. DHEprus CBSI3U.

. OBocHOBaHME BO3MOXKHOCTH Pa3AeIbHOIO pAaCCMOTPEHUS (PU3UKHU aTOMa U (PU3UKH SIIpa.
. CTaliMoHapHOCTh M JUCKPETHOCTh AaTOMHBIX COCTOSIHUIA.

. OnpiT ®@panka u ['epua.

. IIpocTpaHCTBEHHOE KBAaHTOBAHMUE.

. Onpit llTepna u I'epnaxa.

. KopnyckysispHO-BOITHOBOM Ayalin3m.

. O dexr Komnrona.

. 'mnoresa ne-bpoitns.

. Andpaxmust 31eKTpOHOB HEHTPOHOB, ATOMOB.

. CooTHOLIEHNE HEOTIPENEIEHHOCTH.

. BomHOBast pyHKIHS.

. YpaBnenue llIpenunrepa.

. OTnMune KBaHTOBO-MEXaHUUECKOT0 U KIIACCHYECKOTO OITUCAHUSI IBUYKEHUSI.
. Ilpocreiimue oJHOMEpHBIE 3a7]aui KBAHTOBOM MEXaHUKHU: CBOOOHOE IBUKEHUE YACTUILIbI, YACTHUIIA B

HOTCHHHaHBHOﬁ SAMCE, l"apMOHI/I'-IGCKI/II\/JI OCHUJIIATOP, MPOXOXKACHUC YaCTHUILl YCPE3 HOTCHHH&HBHBIﬁ 6apLep.

22.
23.
24.
25.
26.
27.

28

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41

42.
43.

W3mydenue v NOriomeHne 3HEprui.

HepaznuuumocTh 01MHAKOBBIX MUKPOYACTHII.

Bo3ons! 1 (hepMHOHBI.

[Ipunnun [Taymn.

KBaHTOBO-MeXaHMUYECKOE OMMCAaHUE BOJIOPOIONIOT0O0OHBIX CUCTEM.

YpOBHU SHEPTUH, BOITHOBbIE (PYHKIIMH, paclpeie]ICHUE MIIOTHOCTH BEPOSITHOCTH.
. Cniextp aToMa Boziopoza.

OObscCHEHNE TOHKON U CBEPXTOHKON CTPYKTYPBl aTOMHBIX CIIEKTPOB.
DneKTpoHHbIE 000JIOYKU aTOMa U MX 3al0JHEHUE, (hu3ndeckoe 00bICHEHHE NePUOINUYECKOr0 3aKOHA.
PenTrenoBckoe u3nydeHue, Npupoia, CBOMCTBA U METO/IbI UCCIIETOBAHMUS.
JleficTBHE€ MarHUTHOTO TOJISI HA ATOM.

Dddekt 3eemana.

DNEeKTPOHHBIN MapaMarHUTHBIN pe30HAHC.

Tumnbl cBsi3€il aTOMOB B MOJIEKYJIE.

[Topsikyu BETUYHH NEKTPOHHOM, KONIeOATeTbHOM 1 BpalllaTeIbHON YHEPTHH.
MonekynspHbIe CIEKTPHI.

KoMbOuHanmonHoe paccesHue.

Cunbl Ban nep Baasnbca.

Tunel cBsizeil aTOMOB B TBEP/BIX TENaX.

. DHEPreTUYECKHE 30HBI.

IIpoBOAMMOCTE TBEPBIX TEII.

CBepXMnpoBOIMMOCTb U CBEPXTEKYUECTh U MX KBAaHTOBas MIPUPO/A.



TunoBbie KOHTPOJIbHBIC 3aIaHUA 1JIA HpOMe)l(yTO‘lHOﬁ aTTeCTaluu

rJ[\/@n dopmynrpoBKa BOIpoOca Bapuantsl oTBeTOB

1 PaBHOBecHOE 1OJIOKEHHE »3JEKTpOHAa B | 1. B eHTpe 3apsikeHHOI0 1Iapa
aTOME€ BOAOPOJA  COIJIaCHO  MOJIENH | 2. HA MOBEPXHOCTH 3apsSHKEHHOrO 11apa
Tomricona HaxoauTCs 3. B m000f TOYKE BHYTPH 3apsHKEHHOTO

mapa

4. B arome TomrcoHa paBHOBECHOE
MIOJIOKEHUE OTCYTCTBYET

5. IOJIOYKEHUE IEKTPOHA 3aBUCUT OT
3apsza

2 Kakoii u3 nepeuncieHHbIX HUXe MeToA0B | 1. meron MuimkeHa, OCHOBAaHHBIM Ha
MO3BOJISIET U3MEPUTH 3apsi/i 3JIEKTPOHA C | U3BMEPEHUHU rapamMeTpoB JBUKEHUS
HanOOoIbIIeH TOYHOCTHIO? 3apsSOKEHHBIX Kalelb B  3JIEKTPUYECKOM

nose

2. METOJ] MarHeTpoOHa

3. U3MepeHue TOJILIUHBI ClIe[a HIEKTPOHA B
kamepe Bunbcona

4. u3MepeHMH MApPaMeTPOB [BHMKEHUS
YCKOPEHHOI'0 3JIEKTPOHA B MAarHUTHOM
noJie (Macc-CneKTpoMeTp)

5. HA OIVH U3 NIEPEYNCICHHBIX

3 [Ipu kakoil 3Heprum 3JIEKTPOH OKaxercs | 938
TSDKEJIee TTOKOSIIETOCsl TPOTOHA?

Otset npusegute B MaB.

4 Ompenenure SHEPTUIO ¢dotonoB, | 1.63
COOTBETCTBYIOLIMX HauOojiee UIMHHBIM
BOJTHAM BUJMMOM 4acTu criekTpa 760 HM.

Otser B 3B naiiTe ¢ TOUHOCTBIO JO Tpex
3HaYaImux mudp.

5 Kakomy yrny paccesHus (B rpamaycax) | 180
COOTBETCTBYET MaKCHMaJIbHOE
KOMIITOHOBCKOE CMENIEHUE  JUIMHBI
BOJIHBI?

6 OHeprus (OTOHA paBHA KHHETUYECKOW | 1. MMmyJabc 3JieKTpoHAa OoJblie, T.K.
SHEPTHUU DJIEKTPOHA. Macca NMoKos 3JIeKTPOHA He PABHA HYJII0
CpaBHHTE X UMITYJIbCHI. 2. umnynsc (oToHa Oosblie, T.K. Y HETO

00JIbI1IE CKOPOCTh

3. UMITYJIbCBI YACTHUIL PABHBI

4. OTBET 3aBHCHUT OT BEIMYMHBI IHEPTHH
¢dorona wu KUHETUYECKOW  JHEpruu
AIIEKTPOHA

7 KBantoBas wactuna Haxomurcas B |1.Xx=0
0EeCKOHEYHO TIyOOKOH MOTEHIMaIbHOU | 2. X = a/2
sIME IUPUHON a B COCTOSIHUU C TJIaBHBIM | 3. X = @

KBaHTOBBIM YHUCIIO N = 3. 4.x=al3
B kakux Toukax yacTuIila HaXoIuThcs HE | 5. X = 2a/3
MOXeET?

[IpaBunbHebIii(e) Ha Bamm B3rsg Homep(a)

oTBeTa(OB) BBEANTE Uepe3 Mpoodel.

8 B omeire Pamzayspa Habmomamuchk | 1. CTOJKHOBEHHUS SJIEKTPOHOB C aTOMaMH
AHOMAJMM B  3aBUCUMOCTH  CEYEHHs | yOpyrue




paccestHus ANIEKTPOHOB Ha aToMax
OmaropoHbIX ra3oB. Ha ocHOoBaHuuM

9TUX U3MEPEHUH OH MpUIIEN K BHIBONY,
4TO

2. aTOMBI MOKHO BO30YyIUTb, COOOIIas UM
TOJIBKO OTIpe/IeIICHHBIC

MTOPIIMK SHEPTHH
3. CTONKHOBEHHUS JJIGKTPOHOB C aTOMaMH
HEynpyrue
4. aroMbl HWMEIOT HE paBHBIA HYIIO
MAarHUTHBI MOMEHT
5. aTOMBI MOXHO BO30YIHTb, COOOIIasi UM
JH00bBIC

MOPIIUU YHEPTUH
6. mMpH MaJbIX CKOPOCTSAX 3JIEKTPOHOB
3aMeTHO MPOSIBJISAIOTCA  HMX BOJIHOBBIE
cBOiicTBa
7. IOBEICHNE aTOMOB IIPOTUBOPEYHT
nocrynaram bopa

Kakoe w©3 mnpuBEAEHHBIX SBICHUN HE
TpeOyeT ansi 0ObSACHEHUs MPEeACTaBICHUS
0 TyHHEITbHOM 3 dekTe?

1. xoyomHas >MHCCUS BJIEKTPOHOB U3
MeTaa

2. a¢pdexT xo3edpcona

3. aHOMAJUM B 3aBHCHMOCTH CeYeHHS
paccesiHUsl JJIEKTPOHOB Ha aToMax
0s1aropoaHbIX ra3oB (onbiT Pam3ayspa)
4. JABMIKCHUEC 3JICKTPOHOB B TBEPAbLIX TCJIaX
5. anbda-pacnaz paJuoaKTUBHBIX STEp

10

[TonmHast PHeprusi PIEKTPOHA HA N - OM
YPOBHE ompefensercs cooTHomeHueMm En
= - 13.6/n”> »B. Kakyio HaumMeHBIIYIO
SHEPruIo HYXHO COOOIINTH
HEBO3OYKJICHHOMY aTroOMy  BOJOpPOA,
YTOOBbI CHEKTP M3IYYECHHUs Ta3a U3 TaKUX
aTOMOB  COJepXaJl  TOJBKO  OJHY
CMEKTPAJIbHYIO JTUHUIO?

Otser B 5B naiiTe ¢ TOUHOCTHIO JIO TpEX
3Ha4yauwmx mudp.

10.2

11

AToM BozOpoAa meperies U3 OCHOBHOTO
COCTOSIHMSI B COCTOSIHME C TJIABHBIM
KBaHTOBBIM  YHCJIOM 1N, TMpPH 3TOM
a0CoIOTHAs BETMYUHA

ITOTEHIIUATIBHON JHEpruu
B3aUMOJEICTBUS DJIEKTPOHA C  SAPOM
ymenpmminace B 4 paza.  llpwm
MOCJIEAYIOLEM TIEPEXOJIE U3 COCTOSIHUS C
[JIaBHBIM ~ KBAHTOBBIM YHCIOM N B
COCTOSIHUE C  TIJIaBHBIM  KBAHTOBBIM
YUCIOM m  a0COJIOTHAs  BEJIMYUHA
MOTEHLIMAJIbHON SHEPrUuu
B3aMMOJICHCTBUSL DJIEKTPOHA C  SAPOM
OIsITh ~ yMeHblIWIach B 4  pasa.
Onpenenure m.

el A
B oo AN

12

HenonBuxHbIi aToOM BOAOpOIA
Haxoqwicsd B TIEPBOM BO30YXKIEHHOM
COCTOSIHUM C KBAHTOBBIM YHUCJIOM n = 2.
[TornotuB ¢oToH ¢ dHEprueut, paBHOU

10




(0.24 sHeprun MOHMU3ALMH, ATOM BOJAOpOAA
Hepemen B COCTOSSHHE C KBAHTOBBIM
guciioM m = ... Onpenenure KBaHTOBOE
YHCII0O KOHEYHOT'O COCTOSHHSL.

13

Cucrema BpaIllaTeJIbHBIX yYpOBHEH
SHEPrUM MOJIEKYJ HMEET CJENYIOLIUe
XapaKTepUCTHUECKUE OCOOCHHOCTH

1. mo Mepe YBeJIMYEHHSI JHEPruM
HHTEPBAJ MEXKIY COCeTHHMH YPOBHSIMH
yBeJIHYHBAETCSI

2. JHEPrusi  YPOBHS  OCHOBHOIO
cocTosiHusi paBHa 0 1151 BCeX MOJIEKYJI

3. DHepruum YypoBHEW Ooyiee  JETKHX
JIByXaTOMHBIX ~MOJIEKYJ MEHbIIE, YeM
00J1e€ TSKEIBIX

4. 110 Mepe yBEJIMYEHHsI SHEPTUH HHTEPBA
MCXKAY COCCAHUMHA YPOBHAMU
YMEHbBINACTCS

14

Bcenencreue AHTapMOHUYHOCTH
Kosle0aHUH MOJIEKYl1 MpU YBEIUYEHUU
aAMIUIATY/IbI KoJIeOaHMi UHTEPBAJ
SHeprui MEXTY COCEIHUMU
SHEPreTUYECKUMHU YPOBHSIMU

1. yBesmuuBaercst
2. yMEeHbIIaeTcs
3. HE U3MeHseTCs

15

B cirydae TEPMOJUHAMHYECKOT O
paBHOBECHs B cCpele Iph KOMHATHOU
TEMIIEPATYpPE PaCIpeleICHUE MOJIEKYJI 110
K0J1e0aTeIbHbIM YPOBHSIM 3HEPTUU UMEET
CJIEYIOLIME 3aKOHOMEPHOCTH:

1. OOJIBIIMHCTBO
XapakTepu3yercs
BO3MOKHOM SHEPTUEHN

2. OONBIIMHCTBO MOJIEKYJI UMEIOT SHEPTUIO
(3/2)kT

3. MoJIeKyJbl  pacnpeieieHbl 1O
K0J1e0aTeJIbHBIM YPOBHAIM JHEPruM B
cooTBeTCTBHU € opmyJioit bosabumaHna;
4. KOJNMYECTBO MOJEKY1 MOHOTOHHO
yOBIBaeT 10 MEpe BO3pacTaHMsI HOMEPA
K0J1€0aTEeIHHOT0 YPOBHS SHEPTUU

MOJICKYII
MaKCHUMAJIBbHO

16

O HyNeBBIX KOJEOAHUSIX MOJIEKYJ MOXKHO
CKa3aTh, 4TO:

1. konebaTenbHOE IBUKEHUE OTCYTCTBYET
2. aMITUTY/Aa KosleOaHUi paBHA HYIIO

3. 910 Koedanust npu T =0

4. 310 KOJEOaHUSI ¢ MHHHMAJIBHO
BO3MOSKHOM aMILIMTYA0M

5. 3T0 KOJ1e0aHUsI ¢ MUHMMAJIBHO
BO3MOKHOM JHepruen

17

OtHocuTenbHO YpOBHA PepMH MOKHO
CKa3aTh, YTO 3TO:

1. PHeprus B3aMMOJIEHCTBHS IJIEKTPOHOB C
pELIeTKON KpucTasmuia

2. cymMmapHas KHHETHYeCKas DSHEeprus
CBOOOJHBIX 3JEKTPOHOB Kpucramia npu T
paBHO wiu Oosnbiire 0

3. KHHeTHYecKasi »JHeprusi HamboJjiee
BBICOKOIHEPIreTHYeCKNX CBOOOHBIX
3JIEKTPOHOB Kpucrauia npu T =0

4. JHeprusi 3JEKTPOHHOIO YPOBHS
KpHuCcTalja B  MOIeJHM  CBOOOJHBIX
3J1eKTPOHOB, BEPOSITHOCTH 3aMOJIHEHHUS
KoToporo 1/2
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ONeKTpOHbl B 30HE

MmeTajajia

IpOBOAUMOCTHU

1.paBHOMEpPHO pacHpeneNIoTCsl MO BCEM
BO3MOHBIM COCTOSTHHSIM




2.3an0JHAIT noaApsijg BCE
HHM3KOJIe;Kalie COCTOSIHUSI BILIOTH /10
Hepruu ®epmu

3.3aMoMHSAI0T NOAPA BCE BBICOKOJIEKAILNE
COCTOSIHUSI C DHEPTUSMHU, MPEBBIIIAIOIINMHU
sHepruro Pepmu

4.MMEIOT OJIHYy DSHEPruio, Ha3bIBAEMYIO
sHepruei Gepmu

5.pacnionaratorcsi BOJIM3H JTHA 30HbI




MHWHOBPHAYKH POCCHUI

\,} denepanbHOE rocyaapcTBEHHOE OI0KETHOE 00pa30BaTeIbHOE
y4pexKAEHUE BbICIIEro 00pa3oBaHus

«Yenabunckuii rocynapctBeHnbii yausepcuret» (PI'bOY BO «Henl'Vy»)

Pabouas nporpamma mucuuIuinHsl "AtoMHas Gusnka” IO HapaBIEHHUIO MOATOTOBKH (cneunansHocTr) 03.03.03
"Pammodusnka" HanpaBieHHOCTH (Tpodmto) TerekoMMyHNKaMOHHbEIE CHCTEMBI M HH()OPMAITMOHHBIE TEXHOIOTHH

®I'BOY BO «Henl Y»

ctp. 33

PaGouyas nporpaMmma AuCUMIIMHBI (MOAYJIf1) 0100pEeHa U PEKOMEH/10BaHa:

IIpopexTop no y4eGHOI paboTte yTBep)kAeHO 27.02.26

Y4eHBIM COBETOM (PU3UIECKOTo (PaKymbpTeTa

[Iporokon 3acemanus Ne 04 ot 05.02.2026

[Ipencenarens YueHoOro cosera

¢dm3nyeckoro akynpTeTa COINIaCOBAaHO

3acenanuem kadenpsl oo01eil u Teoperudeckoii puznKu

[potokon 3aceqanust Ne 06 ot 05.02.2026

3aBenyromuii Kadeapoi COTJIACOBaHO

ABTOpBI (COCTAaBUTENH)

A.A. CanamaToB

M.A. 3arpebun

A.E. Maiiep

B.C. KpacHukos
A.E. Maiiep
A.A. D6enn

CTpykrypa paGoueii nporpamMmbl cooTBeTcTBYeT npukasy pekropa ®I'bOY BO «Ueal'¥V» ot «13»

anpes 2021 r. Ne 274-1

© ®I'BOY BO «Henl'V»




