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MIMHOBPHAYKU POCCUN
\,} DenepanbHOE roCyJapcTBEHHOE OI0/DKETHOE 00pa3oBaTeIbHOe
@ Y4pEeXAEHUE BbICIIETo 00pa3oBaHus

«Yenabunckuii rocynapcrseHnsliil yausepeuret» (PI'bOY BO «Henl'Vy»)

Pabouas nporpamma nmucuuminHsl "AtoMHas Gu3nka" 0 HapaBIEHHUIO MOATOTOBKH (crienuaibHoCTH) "Pu3uka”

cTp. 2
HampaBieHHOCTH (npoduinio) Pusrka KoHaeHCHpOoBaHHOTO cocTosiHus BetnectBa T BOY BO «Uenl'Vy» P

Conepxanue

1. Ileau 0CBOECHMS TUCLHUILIMHBI

2. Mecro nucummivHbl B ctpykrype OITOIT

3. Komnerenuun odyyaromerocs, opMupyeMble B Pe3yJIbTaTE OCBOSHUS AUCIUIUIMHBI
(Momyst)

4. O0beM JUCHUTIIAHBI (MOTYJIS)

5. CtpyKTypa u cofepKaHue JUCIUTUTHHBI (MOTYIIs)

6. @OHJT OLICHOYHBIX CPEACTB

6.1. IlepeueHp BUJIOB OLICHOYHBIX CPEJICTB

6.2. TunoBble KOHTPOJIBHBIE 33JJaHUSI U1 UHbIE MaTEPUAIbI JJIs1 TEKYILEH aTTecTaluu
6.3. TunoBbIe KOHTPOJIBHBIE BOIIPOCHI U 3aaHUSA ISl IPOMEKYTOYHOM aTTECTAUN

6.4. Kpurepun onieHUBaHUA

7. YueOHO-MeToAnYECKOe U HMHPOPMAIMOHHOE 00€CTICUCHUE AUCITUTLITUHBI (MOTYJIs)
7.1. Pekomenayemas nureparypa

7.2. Ilepeuenpb pecypcoB HH(HOPMaAIIMOHHO-TEIEKOMMYHUKAITMOHHOM ceTu "MHTepHet"
7.3. Ilepeuenb nHOOPMATMOHHBIX TEXHOIOTUI

8. MarepualibHO-TEXHUYECKOE 00eCIeUeHUE AUCITUTLIIUHBI (MOTYJIs)

9. MeTtoanueckue ykazaHus JUisi 00y4aroIuXcsl 10 OCBOCHUIO JUCIMILIUHBI (MOTYJIs)
10. CnenuanbHble yCIOBUSI OCBOCHUS AUCLIUILIIMHBI 00Yy4atOIMMUCS C MHBAJIMIHOCTBIO U
OTPaHUYECHHBIMU BO3MOKHOCTSIMU 3JI0POBBS
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MHMNHOBPHAYKHU POCCUN
\)} denepanbHOE rocyJapcTBEHHOE OI0/DKETHOE 00pa3oBaTeIbHOe
@ YUpEKIECHHUE BBICIIETO 00pa3oBaHUsL

«UensOunckuii rocynapcrsenHsiil yausepeurer» (PI'bOY BO «Henl'V»)

Pabouas nporpamma nmucuuminHsl "AtoMHas Gu3nka" 0 HapaBIEHHUIO MOATOTOBKH (crienuaibHoCTH) "Pu3uka”

cTp. 3
HampaBieHHOCTH (npoduinio) Pusrka KoHaeHCHpOoBaHHOTO coctosiHus BetnectBa T BOY BO «Uenl'Vy» P

1. HEJIX OCBOEHUMA TUCHUTIINHBI

Lenb aucuuinHbl «ATOMHAs! (PU3HKa» COCTOMT B (JOPMUPOBAHUH Y CTYIEHTOB €JUHOM, CTPOHHOM, JOrHYeCKH HETPOTHBOPEYNBOI
(u3nyecKol KapTHHBI OKPYXKAIOIIEr0 HAaC MUPa MPHPOIBI, TPHOOPETEHNE HABBIKOB PELICHHS M UCCIIEAOBAHMUS KOHKPETHBIX
(u3nueckux 3a1ad.

OCHOBHBIE 33J1a4l TUCITUTUIHHBI: N3YyUYCHHUE OCHOBHBIX TTOHATHHA aTOMHOM (t)I/BI/IKI/I, N3YyUYCHUE OCHOBHBIX METOJIOB UCCJICIOBAHUA B
(1)1/131/11«: aToOMa; 3HAKOMCTBO C HCKOTOPBIMH IPUIIOKCHUAMHA aTOMHOM (bPI3I/IKI/I.

Pe3yJ'H>TaTI)I 06y‘IeHI/I$I 10 JUCHUIIIMHE HAIIPABJICHbI HA NOCTHKECHUE NHAUKATOPOB!

OIIK-1.1. O6nanaeT 6a30BBIMU 3HAHUSAMH, TIOJTYYCHHBIMH B 001aCTH (PU3UKO-MaTEMATHUECKUX M (M) ECTECTBCHHBIX HayK.

OIIK-1.2. leMoHCTpHpYET yMEHHUE peliaTh 3a1a4u, GOpMyJIUpyeMble B paMKax (PU3NKO-MaTEeMaTHUECKUX U (HJTH) €CTECTBEHHBIX
HayK.

OIIK-1.3. FImMeeT HaBBIKK MCIIOJIB30BAHUS OCHOBHBIX TIOHSITHH, 3aKOHOB (DU3UKO-MaTEeMaTHUECKUX U (MJIM) ECTECTBEHHBIX HAYK JUIS
penreHus 3a1a4 NpohecCHOHANBEHOHN NesTeTbHOCTH.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OIIOII

Hukn (pazgen) OIIOIT: b1.0.13

2.1 TpeGoBaHus K NpeJBapuUTeIbHOIl NOATOTOBKE 00y4aloLIerocs:

Mexanunka

MonekynsipHas Gpusuka

9H€KTpI/I‘IeCTBO U MarHc€TUusm

OnTuka

2.2 JInCUUNINHBI U MPAKTHKH, 1JIs1 KOTOPHIX 0CBOEHHUE TAHHOH TUCHMILIMHBI (MOAYJIs1) HEOOX0AUMO KaK MpeAllecTBYIoOLIee:

®duznka aTOMHOTO Aapa | DJIEMCHTAPHBIX YaCTUIL

Odusuka QyHIAMEHTATBHBIX B3aUMOICHCTBHIMA

B3aumoneiicTBue n3nyueHus ¢ BEIECTBOM

TToaroroBka k ciade v caava rocyJapCTBEHHOT'O 3K3aMEHa

3. KOMIIETEHLIY OBYYAIOIIETOCSl, ©OPMUPYEMBIE B PE3YJIbTATE OCBOEHUSI JUCUILJIMHBI
(MOJYJIST)

OIIK-1: Cnoco0eH npuMeHSITh 0a30Bble 3HAHUA B 00J1acTH (PU3NKO-MaTeMaTHYeCKUX M (WJIM) eCTeCTBEHHBIX HAyK B cdepe
cBOei MpodeccuoHANIBLHOI 1eATeJIbHOCTH

3HaTh:

Jus noctwkenns OITK-1.1: 0cHOBBI TEOPHH, IPUHLUIIEI U METOIbI aTOMHOH (DU3UKH; METObI TEOPETHUECKUX U
9KCIIEPUMEHTANBHBIX HCCIIEJOBaHHI B aTOMHOHN (DU3HKe; 6a30BbIE TEOPETHUECKIE 3HAHUS 0 ATOMHOIT (hH3HUKe.

YMmeTnb:

Jus noctmxenus OITK-1.2: noHuMare, U3naraTh U KPUTHYECKH aHAITM3UPOBATH 0a30BYI0 001Ie(hU3NUECKy0 HHPOPMALIUIO;
HOJIB30BATHCSL OCHOBHBIMHE TIOHSATHSIMH, 3aKOHAMH U MOJIEISIMA aTOMHOMN (DM3UKH; pelIaTh TUIIOBBIC 33/a4H1; UCIIOIB30BaTh 0a30BbIC
TEOpEeTHYECKUE 3HAHUS [0 aTOMHOI (HU3HKe.

Baanern:

Jns noctmwkenns OITK-1.3: meTonamu 00pabOTKM M aHANIN3a SKCIIEPUMEHTAILHON U TEOPETHUECKOH (U3NIeCKON HHPOpMAaLUH;
HABBIKOM PEIICHUS KOHKPETHBIX (hM3MUECKUX 331ad 110 aTOMHON (usuke.

B pe3yabTaTe 0CBOCHUS TUCHUIIIMHbI 06y'—lal()l.[l]rliflc5l JOJIZKCH

3.1|3naThb:

3.1.1|ocHOBBI TCOpHUH, MPUHIUIIBI U METOBI aTOMHOM (1)I/ISI/IKI/I; METOABI TCOPETUYCCKUX U IKCIICPUMCHTAJIBHBIX
I/ICCJ'I@,HOBaHI/Iﬁ B aTOMHOM (1)1/131/11(8; 0a30BEIC TCOPETUYCCKUC 3HAHUS T10 aTOMHOM (1)I/I3I/IK6.

3.2|YmeTh:

3.2.1|moHnMaTh, U3naraTh ¥ KPUTHYECKU aHATM3UPOBATH 0a30BYI0 00mehU3NIeCKyI0 HH()OPMALIIO; OIB30BaTHCS
OCHOBHBIMH TIOHSITHSMH, 3aKOHAMH M MOJICJISIMU aTOMHOW (DM3UKH; PelIaTh THIIOBBIE 3a]Ja4H; UCIIOJIb30BaTh 0a30BbIC
TEOpETHYECKHE 3HAHUS 110 ATOMHON (U3HKE.
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MHMNHOBPHAYKHU POCCUN
denepanbHOE rocy1apCcTBEHHOE OI0DKETHOE 00pa3oBaTeIbHOe
YUpEKIECHHUE BBICIIETO 00pa3oBaHUsL

«UensOunckuii rocynapcrsenHsiil yausepeurer» (PI'bOY BO «Henl'V»)

Pabouas nporpamma qucuumiinesl "AtoMHas Gu3nKa" M0 HaIpaBIECHHIO OATOTOBKH (crienraibHocTH) "dus3nka”
HanpasieHHOCTH (mpoduiro) Puznka KoHAeHCHpOoBaHHOTO cocTosiHuA BemectBa PI'BOY BO «Uenl'Y»

crp. 4

33

Baaners:

33.1

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

MCTOAaMM 06pa6OTKI/I W aHalIn3a BKCHepHMeHTaHLHOﬁ " TeOpeTH‘{eCKOﬁ (1)I/I3I/I'-ICCKOI71 I/IH(i)OpMaIII/II/I; HaBBIKOM

4. OFbEM JUCIUIIJIMHBI (MOIY.JIsT)

O6Laa TpyooeMKocTb

33ET

YacoB 1o y4eOHOMY IUIAHY :
B TOM YHCIIC
ayJUTOPHbBIC 3aHSITHS :
camocTosTebHas padoTa : 28,6
4acoB Ha KOHTPOJb : 18
KOHTaKTHas pabora: 61,4

108

52 9K3aMeHEHI 5

Bupt KOHTPOJIsI B CEMECTpax:

HKP: 9,4
5. CTPYKTYPA U COAEPKAHUE JUCHUIIIMHBI (MOIY JIS)
Kon HanmeHoBaHue pa3/ie10B H TeM /BH] 3aHATHSA/ Cemectp | Hacos Jlutepatypa
| 3aHATHS [ Kvpc
Pa3neus 1. BBenenne. AToMbl U siipa
1.1 Kpatkuii ucropudeckuii ouepk pa3BUTHS NpeACTaBIeHUs 00 aTOMe U sape. 5 4 JI1.1J11.2 J11.3J12.1
Tlopsinku BenMUWH pacCTOSHAN U SHEPTUH B aTOMHBIX U SIEPHBIX IPOIleccax. JI2.2J13.1
Crnenuduka 3akoHOB MUKpoMupa. OCHOBHBIE JACTUIIBI, UX XapaKTE€PUCTHUKA. 013233 24 25 56
SInepnas mozenb atoma. OnbIT Pesepdopa mo paccesiHuio anbha yacTuil. 27
D¢ dexruBHOE ceuenue. JHeprus cBsizu. OOOCHOBaHNE BOZMOKHOCTH
pas3zienbpHOro paccMoTpeHus (U3nKu atroMma U pusuku sapa. /Jlex/
1.2 Pemienue 3anau. Paccestnue yactui. @opmyna Pesepdopaa. /Tp/ 5 4 JI1.1 J11.2 JI1.3J12.1
J12.2J13.1
3132 33 54 35 56
27
1.3 Paccesnue yactun. ®opmyna Pesepdopaa. /Cp/ 5 4 JI1.1J11.2 J11.3J12.1
J12.2J13.1
01 32 33 24 25 56
27
Pa3znen 2. DxcnepuMeHTaIbHbIE 0CHOBBI KBAHTOBBIX MpPeACTABJIeHUT
2.1 CTranuoHapHOCTh U TUCKPETHOCTh aTOMHBIX cocTOsTHUM. OnblT @panka u 5 6 JI1.1 J11.2 J11.3J12.1
T'epua. IIpoctpanctBennoe kBantoBanue. Omnbit LlTepra n ['epnaxa. JI2.2J13.1
KopnyckynspHo-BonHoBo# nyanusm. Dddexr Komnrona. 'unoresa ae- 01 32 33 24 25 56
Bpoiins. [ndpakiuns 3JeKTPOHOB HEHTPOHOB, aTOMOB. COOTHOIIICHHE 27
HeomnpeaeaeHHocTu. /JIex/
2.2 Pemenue 3anau. Kopnyckynspao-BoaHoBoi ayanusm. ®otosddert. Iddext 5 4 JI.1 J11.2 J11.3712.1
Komnrona. /TIp/ J12.2J13.1
013233 24 25 56
27
2.3 KopnyckynsipHo-BotHOBOH nyanu3m. @otodpdekr. Dpdext Kommrona. /Cp/ 5 6 JI1.1J11.2 J11.3J12.1
J12.2J13.1
013233 24 25 56
27
Paznen 3. ®uznyeckue NPUHIUINBI KBAHTOBOI MeXaHMKH
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MIMHOBPHAYKU POCCUN
\,} DenepanbHOE roCyJapcTBEHHOE OI0/DKETHOE 00pa3oBaTeIbHOEe
@ y4pEeXAeHUE BbICIIEro 00pa3oBaHus

«Yenabunckuii rocynapctBeHHbii yHusepcuret» (PI'bOY BO «Henl'Vy»)

Pabouas nporpamma aucuumiInHsl "AToMHas Gu3MKa" 0 HaIpaBIEHUIO NOATOTOBKH (crieruanbHocTH) "dusnka

HanpasieHHOCTH (npoduinro) dusnka koHAeHCHpoBaHHOTO cocTosiHKA BemectBa PI'BOY BO «Uenl'Y» ctp- 5
3.1 Bonnosas ¢pynkuus. Ypasuenue lllpeannrepa. OTinune KBaHTOBO- 5 8 JIT.1J11.2 J11.3J12.1
MEXaHMYECKOTO U KIIACCHYECKOTO Onucanust ABrxeHus. [IpocTeitmme J12.2J13.1
OJIHOMEpHBIE 33/1a41 KBAHTOBOM MEXaHUKH: CBOOOJHOE TBHIKEHHE YaCTHIIbI, D1 D2 53 54 D5 D6
YyacTHUlla B IOTEHIUAIbHOH sIME, TApMOHNYECKUI OCLMIIATOP, IPOXOXKIEHHE 37
YacTull Yyepe3 MOTeHIHAIbHbINH Oapbep. V3mydueHue u norjoneHue SHepruy.
HepaznnunMocTb 0JUHAKOBBIX MUKPOYACTHI. BO30HBI U ()epMUOHBI.
punun [Maynu. /Jlex/
3.2 Pemienue 3anau. Bonnosas ¢ynkuus. Ypasuenue [lpeaunrepa. /Tlp/ 5 2 JIL.1J11.2 J11.3J12.1
JI2.2J13.1
D132 33 54 35 26
97
33 Bonnosas ¢pynkuus. Ypasuenue [llpeaunrepa. /Cp/ 5 4 JI1.1J11.2 J11.3J12.1
JI2.2713.1
D132 33 54 35 26
97
Pa3nen 4. CTpoeHne aToMa U aTOMHBIE CIIEKTPBI
4.1 KBaHTOBO-MEXaHUUECKOE ONUCAHIE BOAOPOJOIOA00HBIX CUCTEM. Y POBHU 5 8 JI1.1J11.2 J11.3J12.1
9HEPIuu, BOJHOBBIC ()YHKIINH, pacpe/Ie/ICHUE MIOTHOCTH BEPOSITHOCTH. J12.2J13.1
Criextp aToma Bogopoja. OObsiCHEHHE TOHKON U CBEPXTOHKOH CTPYKTYPHI 30132 33 2435 26
aTOMHBIX CIIEKTPOB. DJIEKTPOHHBIE 000JIOYKH aTOMa M UX 3aI0THEHUE, 27
¢dusnueckoe 0ObICHEHHE IEPHOANYECKOT0 3aKOHA. PeHTreHoBCcKOe
W3ITydeHue, IPUpoaa, CBOHCTBA M METOABI UccieioBanusL. JeficTBre
MarHUTHOTO MoJIs Ha aToM. D¢ ¢ekT 3eeMana. JNeKTPOHHBII TapaMarHUTHBINA
pe3onanc. /Jlex/
4.2 Pemenue 3agau. KBaHTOBO-MEXaHHYECKOE OMMCAHUE BOAOPOIOIIOA00HBIX 5 4 JIT.1J11.2 J11.3J12.1
cucteM. DIeKTpoHHbIe 000oukH. /TIp/ JI2.2713.1
D132 33 34 35 26
37
43 KBaHTOBO-MeXaHHUECKOE OMUCAHUE BOJIOPOIONIONOOHBIX CHCTEM. 5 4 JIT.1 J11.2 JI1.3J12.1
DnekTpoHHbie 0600ukH. /Cp/ JI2.2J13.1
D132 33 34 35 26
37
Paznen 5. CTpoeHnue u cBOiiCTBa MOJIEKY.JT
5.1 Tuns! cBs3eir aToMOB B MoJieKkyie. [lopsinku BeTranuH 3JIEKTPOHHOM, 5 6 JIT.1 J11.2 JI1.3J12.1
KoJIeOaTeIbHOW ¥ BpalaTelbHOM SHEPru. MOJIEKYISpPHBIC CIICKTPHI. J12.2J13.1
KomoOunannonnoe paccesuue. Cunbl Ban nep Baanbca. /Jlex/ 2132533 2435526
97
52 Pemenue 3amay. MexaHndeCcKuid 1 MArHUTHBINM MOMEHT aToMa. ATOM B 5 2 JI1.1 J11.2 J11.3J12.1
MarauTHoM noute. /Ilp/ JI2.2J13.1
2192 33 54 D5 D6
37
53 MexaHn4ecKuii 1 MarHUTHBII MOMEHT atoMa. ATOM B MarHuTHOM nose. /Cp/ 5 4 JIT.1J11.2 J11.3J12.1
JI2.2J13.1
D192 33 B34 D5 D6
37
Pa3nen 6. KBanTtoBbIe cBOWiCTBAa TBEPABIX TeJ
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MHMNHOBPHAYKU POCCUN
\,} denepanbHOE rocyJapCcTBEHHOE OI0/DKETHOE 00pa3oBaTeIbHOe
@ YUpEKIECHHUE BBICIIETO 00pa3oBaHUs

«HensOunckuit rocynapcrsenHbiil yausepeurer» (PI'bOY BO «Henl'V»)

Pabouas nporpamma nucuuminHsl "AtoMHas Guznka" 0 HapaBIEHHUIO OATOTOBKH (CcrieruaabHoCTH) "Pu3uka”

HampaBieHHOCTH (mpodunio) Dusrka KoHaeHCHpOoBaHHOTO cocTosiHus BetnectBa T BOY BO «Uenl'Vy» ctp. 6
6.1 Tumsl cBsA3ell aTOMOB B TBEPJIbIX TeIaX. DHEPreTHUECKUE 30HBL. 5 2 JI1.1J11.2 J11.3J12.1
[IpoBogmmocTs TBepABIX Ten. CBEpXIPOBOIUMOCTD U CBEPXTEKYUIECTh U UX JI2.2J13.1
KBaHTOBas npupoja. TemioemkocTs. /JIex/ 0132 33 24 25 56
97
6.2 Pemenue 3anau. Ces3p aroMoB B MoJiekyJe. KonebaTenbHas u 5 2 JI1.1J11.2 J11.3J12.1
BpaiarenbHas SHepruu. KBaHtoBble cBoMcTBa TBepAbIX Teu. /TIp/ JI2.2J13.1
01 3233 24 25 56
97
6.3 CBs13p aTOMOB B Mojiekyie. KonebatenbHas u BpalateabHas SHEPTHU. 5 6,6 |JI1.1JI1.2J11.3J12.1
KBanToBBIE CBOMCTBA TBepABIX Teu. /Cp/ JI2.2713.1
01 32 33 24 25 56
27
Pa3nen 7. Unas koHTaKkTHasi padoTa
7.1 MuauBuayanbHble KOHCYIBTAIMH, TEKYIUi KOHTpob /VIKP/ 5 9,4 |JI1.1J11.2 JI1.3J12.1
J12.2J13.1
010233 34 3526
ey

6. POHJI OHEHOYHBIX CPEJICTB

6.1. Ilepeuens BHI0B OLIEHOYHBIX CPEICTB

Ortuer o MPaKTUICCKUM 3aJaHUAM.
KOHTpOJ’ILHLIe BOIIPOCHI.

6.2. TunoBble KOHTPOJIbHbIE 32IaHNUS 1 HHbIe MaTePUAJIbI /ISl TEKYLIel aTTecTallUN

TumnoBbie KOHTPOJIBHBIC 3aJaHN U UHBIC MaTCpHalibl 1Jisd TCKyHLCﬁ aTTeCTalliy NPEACTABJICHBI B HpI/IJ'lO)KeHI/II/I 1.

6.3. TunoBbie KOHTPOJIbHBbIC BONIPOCHI U 3aJaHUA I l'lpOMe)KyTO‘{HOﬁ arrecranun

Tunosble KOHTPOJIBHBIE BONPOCHI U 3aJaHUs AJIs IPOMEKYTOUHOMN aTTecTaluy npeacTasieHs! B [Ipunoxenun 2.

6.4. Kputepuu oneHuBaHus

DK3aMeH 110 JUCIHILUIMHE TIPOBOMUTCS B AJIEKTPOHHOM BUe. Borpockl mogduparorcst n3 6a3sl JaHHBIX BOIIPOCOB U 3amad. Ha
JK3aMeHe CTyJeHTy npearaercst 20 Bonpocos, u3 Hux 6 3anad. Eciu cTyaeHTt nmpaBuiisHO oTBedaeT Ha 11-12 BompocoB, OH MOXKET
MOJIY4YUTh OLICHKY «yJOBJIETBOPUTEILHO», HA 13-15 — «xopomio», 16 u 6onee — «oTinyHO». Eciiu cTyieHT npaBmIIbHO OTBEYaeT
nuib Ha 10 BOIIPOCOB M MEHEE, TO OH MOXKET MOJIYyYUTh OLIEHKY «HEYIOBIETBOpUTENbHOY. [loce BBeieH s 0TBETa Ha MOCIETHUM
BOITPOC TeCTa M (POPMAIBLHOTO OABEACHHSI KOMITBIOTEPHOM POrpaMMOi pe3ylIbTaTOB TECTUPOBAHHMS, ITPENOAaBaTeNb 00CyKIaeT H
3a7aeT JOMOJIHUTEIbHbIE BOIPOCH! CTYAEHTY I10 IIOBOAY TOI'O MJIM MHOTO OTBeTa. [0 uToraMm Takoro codeceoBaHus NpenoiaBarelib
OTIpeJeIieT YPOBEHb OCBOEHUS MTPOBEPAEMBIX KOMIIETCHIIMI U BBICTABIISICT COOTBETCTBYIOIIYIO OLEHKY: «OTIMYHO» — CTYIEHT
JIOJIKEH MPOJEMOHCTPUPOBATh OTIUYHOE 3HAHUE MaTepHaia, BOCIPON3BEIs COOTBETCTBYIOIINE MAaTEMATUYECKUE BBIKIIAAKI U
JIOTUYECKHE PACCYKIESHUS, CTYICHT NMPABIIILHO 000CHOBBIBAET NPHHSITHIE PEIICHUS; «XOPOIIO» — CTYAEHT TBEPIO 3HAET yIeOHBIN
MaTepHaj, TPaMOTHO U 10 CYILECTBY M3JIaraeT €ro, HO MPHU 3TOM JOIYCKAaIOTCS HErpyOble OIMOKH NpH BbIBOJIE (GOpMYIT MK
OTCYTCTBUE HCKOTOPBIX 3JICMEHTOB BbIBOJA; «YJOBJICTBOPUTEIILHO) B ClIydac yCl'ICllIHOf/’I caauu 6a3031)1x 3HAHUM OCHOBHBIX
TIOHSTHUI, Ha3BaHUH U (PU3UYECKOTO CMBICI BEJIMYUH, BHIa OCHOBHBIX paclpelelieHnil 1 COOTHOLIeHHH (0e3 BBIBOA);
«HEYJIOBIICTBOPUTEILHO» B ClTyyae OTCYTCTBHS 0a30BbIX 3HAHUI OCHOBHBIX MOHATHUMN, HA3BaHUH U U3MYECKOTO CMBICT BEJIMYHH,
BU/1a OCHOBHBIX paclipeJesIeHHi 1 COOTHOIIEHHH (0e3 BBIBOIA).

7. YHEBHO-METO/JMYECKOE I HTHOOPMAIIMOHHOE OBECIIEYHEHWE TUCHUIIJIMHBI (MOAY JIS)

7.1. PexoMenyemas qutepatypa

7.1.1. OcHoBHasi TUTEPaTypa

ABTOpBI, COCTaBUTEIH 3arnaBue WznarensctBo, ron| Pecypc
JI1.1 |HUpomos U. E. 3apauu o oduielt pusnke: yuebHoe nocodue s By30B Cankr- IlerepOypr | OBbC
(https://e.lanbook.com/book/152437) : Jlans, 2021
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Pa6ouas mporpamma aucuuminHsl "AtoMHas Gu3nKa" Mo HAIIpaBIEHUIO TOATOTOBKY (crenuaabHocTH) "Pusnka”

HanpasieHHOCTH (mpoduiro) Pusnka KoHAeHCHpOoBaHHOTO cocTosiHuA BemectBa PI'BOY BO «Uenl'Y» ctp. 7
ABTOpBI, COCTaBUTEIIH 3arnaBue W3zpatensctBO, ron| Pecype
JI1.2 |CuByxuH [I. B. OO0muil kypc ¢pusuxu: yuebHoe nocodue Mocksa : 9bC
(https://biblioclub.ru/index.php?page=book&id=82991) duszmatiuT, 2002
JI1.3 [CaBennes U. B. KBanToBas ontruka. AtromHas pusuka. ®usnka TBEpAOro Tela. Camnkr- [Terepoypr| OBC
Pu3KKa aTOMHOTIO SIpa U 3JIEMEHTAPHBIX YaCTHI] : JIans, 2022
(https://e.lanbook.com/book/206909)
7.1.2. lonoJIHUTebHAS JIUTEPaTypa
ABTODBI, COCTaBUTEIHN 3ariaBue WznparensctBo, ron| Pecypce
JI2.1 |I'puropses 10. M., @Du3uka aToMa ¥ aTOMHBIX SIBJIEHUI: yueOHOe ocobue Mocksa : 9bC
Kerukun 1. C. (https://biblioclub.ru/index.php?page=book&id=457657) ®duzmariur, 2015
JI2.2 |Inonsckuii O. B. Beenenue B aToMHY0 (QU3HKY Cankr- [Terepoypr| OBC
(https://e.lanbook.com/book/210398) : Jlans, 2022
7.1.3. MeTonnueckue pa3zpabdoTku
ABTODBI, COCTaBUTETHN 3ariaBue WznarensctBo, Ton| Pecypce
JI3.1 |Kamammunkos H. I1., TIpakTHKyM IO PELICHHUIO 3a/1a4 0 00IIeMy KypCcy (QH3HKH. Camnkr- [Terepoypr| OBC
Koxesnukos H. M., OcHoBBI KBaHTOBOM ¢u3uku. CTpoeHue BeuecTBa. ATOMHas U : Jlanb, 2022
Kortsipno T. B., saepHast hu3nKa
Crmpun I'. T. (https://e.lanbook.com/book/211592)

7.2. IlepeyeHnb pecypcoB HH(OPMAIMOHHO-TeJIeKOMMYHHKAMOHHO ceTn "UHTepHeT"

D1 |YuebHo-meronuueckuii caiiT «[IpenogaBarensm u ctyaentam» http://teachmen.csu.ru

92 |HayuHble 1 Hay4yHO-NIOMYyJIIpHBIE Jiekuy http://elementy.ru

93 |Hayunas snektponHas 6udnuoreka Poccuiickoit Akanemun Hayk http://www.elibrary.ru

94 |9BC «YHuepcuterckas OubauoTeka onnaiin» http://biblioclub.ru/

35 |9BC uznarenncrBa «Jlanpy https://e.lanbook.com/

26 |9BC uznmarensbcrBa «THPpa-M» znanium.com http://znanium.com/

37 |9BC «tOpaiit» https://biblio-online.ru/

7.3 Ilepeyenb nHGPpOPMAIMOHHBIX TEXHOJIOTHIA

7.3.1 IlporpaMmmHoOe oGecniedeHue

Adobe Reader

LibreOffice

WinDjView

Adobe Connect Acrobat

LMS Moodle

MS Office365

7.3.2 TIpodeccuonasibubie 6a3bl JAHHBIX H HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMBbI

1. DnexTpoHHbIi KaTanor HayuHou 6ubmorexu Yenl'V [DnekrpouHblit pecypc] : 6a3a nanubix / Uensto. roc. yH-T. — YenssOUHCK,
1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : sxypHaisl
American Physical Society : caiit. — URL: http://journals.aps.org/about — 53. anri1. — Pexum nocTyma: TOJIBKO U3 CETH
yHHUBepcuTeTa. — TEeKCT : 2IeKTPOHHBIMH.

3. Web of Science : MynbTHANCIMIUTHHAPHAS pedepaTuBHas 6a3a naHHbIX / kommanus Thomson Reuters. — Pexxum noctyna: mist
3apeructpup. noin3opareneii Uenl'yY. — TekcT : 37eKTpOHHBIN.

4. Scopus : pedeparupnas 0a3za nanubix / Elsevier BV. — URL: http://www.scopus.com/ — SI3. anri. — Pexxum nocryna: s
3apeructpup. noas3osarencii Uenl'V. — TekcT : 3€KTpOHHBIN.

5. Springer Link : [caiit]. — URL: http://link.springer.com/ — 3. auri1. — Pesxxum goctyma: s 3aperucTpup. noss3osaterneit Yenl'Y.
— TeKcT : ANeKTPOHHBIH.

6. KOHCIIEKTHI JIEKIUI ¢ AEMOHCTPAIMMH ¥ BUPTYAIbHBIMHU J1a0OPaTOPHBIMH dKCIIEpUMEHTaMH Ha caiite http://teachmen.csu.ru

8. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHME JUCHHUIIJIMHBI (MOY JIsT)
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cTp. 8
HampaBieHHOCTH (npoduinio) Pusrka KoHaeHCHpOoBaHHOTO cocTosiHus BetnectBa T BOY BO «Uenl'Vy» P

Jist peanu3alyy AUCLHUILIMHBL HCTIONB3YIOTCS y4eOHbIe ayAUTOPHH JJIS TPOBEICHHSI 3aHATHH JIEKIIMOHHOTO THIIA, MPAKTHYECKUX
3aHATHH, TPYNIOBBIX U MHIUBHIyaIbHBIX KOHCYJIbTAIMH, TEKYIIEro KOHTPOJIS U IPOMEXYTOUHOM aTTeCTalluy, a TaKKe TOMEIIEHHUS
JUIsl CAMOCTOSITEIBHONW PabOTHI.

VYueOHbIC ayAUTOPHN YKOMIUIEKTOBAHBI CHEI[HAIN3HPOBAHHON MEOEIBIO U TEXHUIECKIMH CPEeICTBAMH O0yUEHHS -
MYJIbTUMEIUHHBIM 000pYA0BaHUEM (3KpaH, HOYTOYK, IPOEKTOP, KOJTOHKN).

Jnst mpoBeaeHus 3aHATHIH JISKIIMOHHOTO THUIA MPeAIaraloTcst Habopbl JEMOHCTPAIIOHHOTO 000PY/A0BaHHS M Yy4eOHO- HATTISIHBIX
nocoOuii (MyIbTUMEINIHBIEC TIPE3EHTALNH).

Hcnonb3yeTcs 31eKTpOHHbIN YnTanbHbIN 3a1 HayuHol 6ubinnotexu UYenl'V (ayauropus 206) Uit caMOCTOATENbHON pabOThI
CTY/ICHTA, OCHAIIICHHBIH IEPCOHAILHBIME KOMITBIOTEpaMH, MYJIbTHMEINIHHON anmaparypoii. B ayantopun obecrieueH 10CTym K
Pa3IMYHON CIIPaBOYHOM JIUTEPATYpe, SHIUKIONEIUSIM, OMOIHOrpadUUECKUM U IIOJTHOTEKCTOBBIM 0a3aM JIaHHBIX,
UH(DOPMAIIMOHHBIM pecypcaM «HTepHeT».

9. METOAUYECKHUE YKA3ZAHUWSA JJIS1 OBYYAIOIUXCSA 11O OCBOEHUIO JUCHUIIJIMHBI (MOAY JIST)

OcBoeHue cosiepKaHus yIeOHOW TUCIUILIMHE « ATOMHAs (DM3HUKa» OCYIIECTBISIETCS Ha JISKIHSX, TPAKTHUECKAX 3aHATHIX U B
Ipolecce CaMOCTOATENbHON YUeOHO! IeITeIbHOCTH CTYACHTOB.

JleKIMOHHBIE 3aHATHS 00ECTIEUNBAIOT TEOPETHUECKOE U3YIeHNE TUCHUIUTNHEL. OCHOBHBIMH METOJaMH 00yUeHHS SBIISIOTCS
UH()OPMAIIMOHHO-00BSICHUTENbHBIH U TpoOneMHbIi. Ha JeKIusIx n3inaraercs OCHOBHOE COJIep KaHUEe TeM IPOrpaMMBbl, IPOBOJUTCS
aHaJIN3 OCHOBHBIX MOHATHH U pacCMaTpUBAIOTCS IIPUMEPBHI.

JIeKIMOHHBIN MaTepHall SIBISIETCS BKHBIM, HO HE €IMHCTBEHHBIM IS YCBOCHUs ydeOHOM AucuuIuiHel. Ero o0s3arensHo
HEOOX0IMMO JONIOJHUTH MaTePHAIIOM OCHOBHOMW H JIOTIOIHUTEIHHON INTEPATYPHI II0 TEME.

[IpakTudeckue 3aHATHUS CIIyXKaT JUIsl 3aKPEIUICHHUs TEOPETUUECKUX OCHOB, U3J1araeMbIX B JIEKIMAX. Ha nmpakTHuecKkux 3aHATHAX
o0ydJaeMbIe OBJIA/IEBAIOT OCHOBHBIMHU METOJIAMH 1 TIPHEMaMH pelIeHus 3a1a4. sl mpoBeaeH:s TEKYIIETo H IPOMEKYTOTHOTO
KOHTPOJISI IPOBOJUTHLCSI KOHTPOJIbHAS pab0Ta U 3aIUTHI 33134 10 KaX 10l TeMe NPaKTUUeCKUX 3aHATUH. 3alura 3a1a4 To TeMe
oJjpa3yMeBaeT pelleHne 3a1a4 U3 MPeJIOKEHHOTO CITMCKA 33/1a4 M yMeHHe 00BSICHUTE X0 pemenus 1-2 3aga4 u3 remsl Cucrema
KOHTPOJIbHBIX MEPOIPHUATHI 10/DKHA 00ecrieduBaTh 0ObEKTUBHYIO OLICHKY 3HAHUM U HAaBBIKOB CTY/I€HTOB, CIOCOOCTBOBATh
TOBBIIICHUIO 3((GEKTUBHOCTH BCEX BUJOB YUSOHBIX 3aHATHIA, BKIIIOYAst U CAMOCTOSITEIIbHYIO PaboTy.

BaXHBIM MOMEHTOM IIPU U3Y4EHUH JTH000H TUCIUILUINHBI ABJIIETCS OpraHu3alus caMocTosATeNbHON padoTsl. [Ipu ocBoeHUM
MaTepuasa He ClIeIyeT CTPEMUTHCS K MEXaHHIeCKOMY 3aIIOMUHAHHIO TIPHBEICHHBIX ONpeNeNeHUuH, (OPMYIUPOBOK U TTOJIOKEHHH,
eciu TpeboBaHus kK BaMm IpsiMo He yka3bIBaloT Ha 3T0. BrionHe 3¢ ekTuBHOI MOXKET OKa3aThCs MONBITKA IOHATH CYTh SIBJICHUS,
BBIPa0OTaTh CBOE OTHOLIEHHE K HEMY, OIHPAsCh HA MaTepHall, COJCPIKaIUCI B PEKOMEHJOBaHHO! uTeparype. Taxxke
PEKOMEHAYETCsI PABHOMEPHO PACIPEEIIATh Harpy3Ky CaMOCTOSTENFHOT0 00y4eHHs B TCUCHUE CEMECTpa.

B ocBoeHHHM qUCHUIUIAHEI (MOIYJIs) HHBAJTUIAMU H JIUIIAMH C OTPaHHYEHHBIMH BO3MOXKHOCTSMH 3[J0POBbs OOJBIIOE 3HAUCHUE
UMeeT UHAUBUAYyaIbHas paboTa. [log nHnuBUAYanbHON paboTol nogpasymeBaeTcs B¢ HOPMbI B3aUMOJEHCTBHUS C
IpernoiaBaTesieM: HHINBUAyaIbHas ydeOHas paboTa (KOHCYIbTAIHMM), T.€. JOTOJHATEIbHOE pa3bsiCHEHHE YaeOHOr0 MaTepuana u
yIIIyOJICHHOE U3YYeHUE MaTepuala ¢ TeMH 00yJarolUMUcs, KOTOPhIE B 3TOM 3aUHTEPECOBAHbI, U HHIUBUIYaIbHAS BOCIIUTATEIbHAS
paGOTa. I/IH[{I/IBI/Iﬂyaﬂbele KOHCYJIbTAllUU 110 MPEAMETY ABJISCTCSA Ba’KHBIM q)aKTOpOM, CHOCO6CTBy}OlU,I/IM WHAUBUAYAJIU3allUN
00y4YeHH s U YCTAaHOBJIEHHIO BOCIIMTATEILHOTO KOHTAKTa MEXKIY MperoiaBaTesieM M 00yJalomuMcss HHBATHIIOM HITH 00yJaromumest
C OTpaHUYC€HHBIMH BO3MOKHOCTSIMU 310POBbA.

B cirydae npuMeHeHus Ipy 00YYSHUH AUCIATUTMHEL DJIEKTPOHHOTO O0YYEeHUSs, IUCTAaHIMOHHBIX 00pa30BaTEeNbHBIX TEXHOIOTHI
o0rieHre 00y4arIUXCsl U MPENoaBaTelis OCYIIECTBISIETCS B PEKUME PEealbHOTO BpeMeHH (OHJIaiH-TIeKIiK (BeOUHAPBI), YaThl,
BU/IC0-KOH(EPEHIINH U JIp.) WK OTJIOKESHHOTO BpeMEeHH (CHCTeMa AUCTaHIMOHHOTO 00yueHust Moodle, MS Office365, dpopymsl,
9JIEKTPOHHAS 110YTa U Ap.).

Ipu 0Oy4yeHun U1 ¢ OrpaHMISHHBIMUA BO3MOKHOCTSIMH 3I0POBbBSI DJIEKTPOHHOE 00yYEeHHUE, TUCTAaHIMOHHBIE 00pa30BaTeIbHbIE
TCXHOJIOTHH MPEAYCMAaTPpUBAOT BO3BMOKHOCTh ITpUEMa-repeaaan I/lH(i)OpMaLlI/II/I B JOCTYIIHBIX IJId HUX Q)opMax.

Peanuzarus [UCUMIUIMHBI C IPUMEHEHUEM AJIEKTPOHHOTO 00y4YeHus], JUCTAaHIIMOHHBIX 00pa30BaTeNIbHBIX TeXHOJO0TruH (Hanee — 30,
JOT) ocymectBnsercss Ha OCHOBaHHHU «I10JIOKEHUS 0 peanu3anyy OCHOBHBIX U AOTIOJHUTEIBHBIX 00pa30BaTeIbHBIX IPOrPaMM ¢
MIPUMEHEHUEM JIEKTPOHHOTO 00yYEHUS ¥ JUCTAHIIMOHHBIX 00pa30BaTENbHBIX TEXHOJIOTHH B (helepallbHOM TOCYIapCTBEHHOM
OI0PKETHOM 00pa30BaTEIbHOM YUPEKICHUH BRICIIETO 00pa3oBaHus « HeIssOMHCKHH TOCyJapCTBCHHBIH YHUBEPCUTETY,
«ITono>xxeHus 0 mopsike 3auera 00y4JaroIUMHCS TI0 OCHOBHBIM NpodeccroHaIbHbIM 00pa30BaTeIbHBIM IIPOTPaMMaM BBICIIETO
obpazoBanus B PTBOY BO «Uenl 'Y» pe3yabTaToB OCBOCHUSI B OpPraHU3aLUX, OCYIIECTBISIONIMX 00pa30BaTENbHYIO
JIeSITeNbHOCTD, YUE€OHBIX NPEIMETOB, KypPCOB, AUCUUILIMH (MOAYJIEH), MPAKTHUK, JOTIOIHUTEIbHBIX 00pa30BaTEIbHBIX ITPOTPAMM)
MOCPEICTBOM AJIEKTPOHHOM HHPOpMaImoHHO-00pa3oBarenbHo cpenbl PTBOY BO «Uenl Vy». B HCKIIOYUTENBHBIX Cydasx
(ope-maxkop u T.I1.) IpU peanu3aly o0pazoBarenbHON AesTensHocTH ¢ npuMeHenreM 30, IOT MoryT npuMeHsTh KOMIIOHEHTHI,
He BXOJSIIME B IEPEUCHb dJICKTPOHHON HHPOPMALMOHHO- 00pa30BaTENbHOM CPebl.
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10. CHEIIMAJIBHBIE YCJIOBUS OCBOEHUA JUCHUIIIMHBI OBYYAIOIIINMMUCSH C HHBAJIMTHOCTBIO 1
OI'PAHUYEHHBIMHU BO3MOKHOCTAMMU 310POBbs

OcBoeHMe JUCHUIUIMHBI HHBAJIHJIAMH U JIMLAMH C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMU 3/I0POBbSI OCYILIECTBIISIETCS C HCIIOJIb30BAHUEM
CIeIUANbHBIX TEXHUYECKUX CPEJCTB M TOJI0 HH(POPMAIIMOHHBIX TEXHOIOTHH, TPEAOCTaBIsIeMBIX PecypcHBIM yaeOHO-METOANIECKIM
LEHTPOM 110 00YYSHHIO MHBAJIMJIOB U JIUI] C OTPAaHUYEHHBIMU BO3MOXKHOCTSIMH 30poBbsl UenlY mo 3arpocy oOydatomierocs.

1. MoOusnbHBIE CrielaNbHble TEXHHYECKUE CPECTBA IS JINI] C HapYLIISHUSIMHU 3PEHHS: HOPTATUBHBIH KOMIIBIOTEP C BBOJAOM/BBIBOJIOM
mpudToM bpaiins ¢ cuntesaropom peuu «ElBraile-W14J G2»; HOyTOyku ¢ mporpaMMHOM 5kpaHHOTO focTyna NVDA; a1eKTpoHHbIe
YBEIMUIUTEIH A1 yAaJIeHHOTO IPOCMOTPa; BUICOYBEINUUTENN TIOPTATHBHEIE; TH(IOIIIeep; T} POBBIE TUKTO(OHBL.

2. MoOunbHble crienuanbHble TEXHHYECKUE CPENICTBA U JIML C HAPYLICHUS MU CIIyXa: CHCTeMa CBOOOJHOIrO 3BYKOBOI'O IOJS CO
BCTPOEHHOW coBMecTUMOCThI0 ¢ FM-yctpoiictBamu; paguokiaccsl «Coner-PCM» ¢ mepemaTymkoM, 3ayIIHBIM HHAYKTOPOM U
WHIYKIIMOHHOW TeTiel; cucreMa WHPOpMaIMOHHAasA Ul cllabociblamux nepeHocHas «Mcrok» A2 co BCTPOSHHBIM ILIEEPOM —
3BYKOBBIM HH(OPMATOPOM; JOKyMEHT-KaMepa; IporpaMMUpPyeMbIe CITyXOBBIe alllapaThl HHIUBHIYAIbHOTO TOJIE30BAHHSI.

3. AccuctuBHbIe WH()OPMAIOHHBIE TEXHOJOIHU: IPOTrpaMMHOE OOecreueHHe SKPaHHOIO JOCTyNa ¢ CHHTe30M peun NVDA;
MIPOTPaMMBI SKPaHHOTO YBEJIMYESHHUS; MPOTPaMMBI PEUEBOTO CHHTE3a ISl KOMITBIOTEPOB U HOYTOYKOB; IPOTPaMMBI PEUEBOTO CHHTE3a
JUI1 MOOMJIBHBIX YCTPONCTB; KpaHHas KJIaBUATypa; SKpaHHAs JIyma.

IIpu HEOOXOOMMOCTH I OOYYAIOIIMXCS € HApYIICHHWSMH 3pEHHs Ha Pa0douuX MecTaxX Uil MPOBEICHUS MPAKTHISCKUX HIIH
na00paTOpHBIX 3aHSATHH YCTaHABJIMBAaeTCs CIIEUUAIBHOE IIpOrpaMMHOe obecrieueHue (mporpamMma pedeBoid HaBuranun NVDA,
peueBble CUHTE3aTOPBI, SKPAHHBIE JIYIIbI).

B yueOHble ayauTopuu oOecrieunBacTCs OCCHpPENSITCTBEHHBIH MOCTYN JUis OOYYarol[MXCs HWHBAIKWAOB M OOYYaroOUIUXCS C
OTrpaHUYEHHBIMH BO3MOXKHOCTSIMH 37I0pOBBSl. B KakIol aynurtopum, riae oOydyaroTcs HMHBAJIMIAbl M JIMLA C OTPaHUYCHHBIMU
BO3MOKHOCTSIMH 3[J0POBbSI, IPETyCMaTPUBAETCSI COOTBETCTBYIOIIEE KOJTHMIECTBO MECT U 0OYUarOUINXCS C yIeTOM HapyIIeHHH HX
3JI0POBbSL.

Jns ocBOeHMS AWCUWIUIMHBI MHBAJIUIAM M JIMLIAM C OTPAaHWYEHHBIMH BO3MOKHOCTSIMH 3I0POBbSI NPEIOCTABIISETCS IOCTYI K
MeYaTHBIM MCTOYHHKAM, UMEIOIIMMCS B Hay4HOH Oubnuorexe Yenl'Y, ¢ MOMOIIBIO CriENMANbHBIX TEXHUYECKHX CPEJCTB; TOCTYII K
JJIEKTPOHHBIM HCTOYHHKAM, IPEICTAaBICHHBIM B (OpMe IJIEKTPOHHOTO NOKyMeHTa B (oHne HaydHOH OmbOmmorexu Yenl'V wmmm
JIEKTPOHHO-OMOIMOTEUHBIX CHCTEMAX, ¢ IOMOIIBIO CHELHUATIbHBIX TEXHUYECKUX U NPOrPaMMHBIX CPeACTB (pabouee MecTO Uit
HE3psIUero TOJIb30BaTeNs € MPOTPAMMHBIM OOECIIEYeHHEeM 3KpaHHOTO A0CTyma ¢ cuHTe3oM peun NVDA, pabGouee mecto ¢
KOMITBIOTEPHBIM POJUIepOM U KinaBuaTypoil Clevy ¢ G0nbIIMMY KHOIKAMU U ¢ pa3Aeisioleil KIaBUIIY HaKJIaJ{KON).
VY4eOHO-MeToANIECKIe MaTepHANbI I O0YJAIOIUXCS M3 YHCJIA WHBAJIHMIOB H JIUI C OTPAaHWYEHHBIMH BO3MOXKHOCTSMH 370D OBBSI
IPEeOCTaBIAIOTCS B OpMax, alaliTHPOBAHHBIX K OTPAHUUYCHUSM UX 3/I0POBbSI U BOCIIPUSTUS UHPOPMALIUKL:

Jnst M1 ¢ HapyIIeHUSIMU 3pSHUS:

- B IIe4aTHOH (opMe yBETUIECHHBIM IIPUGDTOM,

- B (pOpMe DIIEKTPOHHOTO TOKYMEHTa,

- B hopme ayamnodaiina,

- B meuaTHO# hopme mipudTom bpaiins.

Jlist nun ¢ HapyIIEHUsMHU CIlyXa:

- B eyaTHO# hopme,

- B ()OpME IEKTPOHHOTO JOKYMEHTA.

Jnst M1 ¢ HapyIIeHUsIMU OTIOPHO-JIBUTATEILHOTO arapara:

- B eyaTHoOi hopme,

- B (hopMe DIIEKTPOHHOTO TOKYMEHTa,

- B hopme aynuoaiina.

JlaHHbI TIepedeHb MOXKeT OBITh KOHKPETH3HPOBAH B 3aBUCHMOCTH OT KOHTUHI'€HTA 00 YUJarOIIHXCSI.

I[J'lﬂ HWHBAJIMAOB U JIML C O'paHUYCHHBIMU BO3MOXXHOCTAMMU 3JOPOBbs OCBOCHUC TUCHUIIMHBI MOXKET 6]>lTb YaCTUYHO WJIH ITOJIHOCTBIO
OCYIIECTBJICHO C UCIOJIb30BAHNEM JAUCTAHIIMOHHBIX 00pa3oBaTenbHBIX TexHoNorui (Moodle, Adobe Connect Pro u mp.).

B ocBoenunn AUCHUIUIMHBI UHBAJIMAAMHU U JIMOAMU C OTPaHUYCHHBIMU BO3MOKHOCTSAMU 3J0POBBA HUCIOJB3YCTCSI WHAWBUAYAJIbHAA
pabota. [lox wHAMBHAYaIBHOH padoTol moapasymeBaeTcsl ABe (HOPMBI B3aMMOICHCTBUS C MperoJaBaTeNieM: WHIUBHIYabHAS
y4aeOHast paboTa (KOHCYJIbTAlUH), T.€. JOIOJHUTEIBHOE Pa3bsICHEHNE yIeOHOro MaTepraa i yriayOJeHHOe H3ydeHHe MaTepuaia ¢
TEMHU O6y‘{a}OH_[I/IMI/ICH, KOTOpBIE B OTOM 3aMHTCPCCOBAHbI, W HHAMBUAYAJIbHAsA BOCHUTATCIIbHAA pa60Ta. I/IH}II/IBI/I}IyaHBHBIC
KOHCYJIbTAllU¥ HATIPABJICHBI HA HHANBHIYATU3ALUI0 O0YISHHUS M YCTAaHOBIICHUIO BOCIIUTATEIbHOTO KOHTAKTa MEXK/Ty MIPEI01aBaTesieM
n O6y‘{a}OH.II/IMCH HWHBAaJINAOM HJIU O6y‘{a}OHII/IMCH C OTpaHUYCHHBIMH BO3MOKHOCTAMU 3J0OPOBbBA.

IIpu npoBeeHNH POLIEAYPB! OLICHUBAHMS PE3yIbTATOB 00yUYEHNS HHBAJIHIOB ¥ JIHL C OTPaHHYCHHBIMA BO3MOYKHOCTSIMH 37I0POBbSI
10 AUCLMIIIINHE OGCCHC‘{I/IBaCTCﬂ BBINIOJIHCHUEC CJICAYIOIINX HOIOJHUTCIbHBIX TpC6OBaHI/II‘/’I B 3aBUCMMOCTHU OT HWHAMBUAYAJIbHBIX
0COOEHHOCTEH, 00YJaIOIITIXCS:

a) MHCTPYKIMSA IO TOPSIKY MPOBEACHUS MPOLEAYPHl OLEHUBAHUS MPEIOCTABIACTCS B AOCTYNHOH Gopme (YCTHO, B HCbMEHHOM
¢dopme, B mucbMeHHON popme mpudToM Bpaidiis, yCTHO ¢ HCHOIB30BaHHEM YCIYT CYpAOIIEPEBOIUHKA);

6) noctynmHas ¢opma NPeJOCTaBICHMS 3aJaHUH OIIEHOYHBIX CPEeACTB (B He4yaTHOH ¢opMe, B MEYaTHOH (GopMme yBEIHUCHHBIM
mpudTom, B medaTHo# Gpopme mpudrom bpaiins, B popMe 371€KTPOHHOTO TOKYMEHTA, 3aIaHUs 324U THIBAIOTCS aCCUCTEHTOM, 33/IaHHs
IPEIOCTABIAIOTCS C UCTIOIb30BAHUEM CYPIOIEPEBOIA);

© ®I'BOY BO «Henl'V»




MHWHOBPHAYKH POCCHUU

@\)} denepanbHOE rocy1apCcTBEHHOE OI0DKETHOE 00pa3oBaTeIbHOe

YUpEKIECHHUE BBICIIETO 00pa3oBaHUsL
«UensOunckuii rocynapcrsenHsiil yausepeurer» (PI'bOY BO «Henl'V»)

Pabouas nporpamma nmucuuminHsl "AtoMHas Gu3nka" 0 HapaBIEHHUIO MOATOTOBKH (crienuaibHoCTH) "Pu3uka”

ctp. 10
HampaBieHHOCTH (npoduinio) Pusrka KoHaeHCHpOoBaHHOTO cocTosiHus BetnectBa T BOY BO «Uenl'Vy» P

B) noctynHas ¢opMa MpeoCTaBICHUS OTBETOB Ha 3a1aHus (IMCbMEHHO Ha Oymare, HAOOp OTBETOB Ha KOMIBIOTEPE, MHCbMEHHO
mpudrom bpaiins, ¢ HCIOIB30BAHUEM YCIYT ACCHCTEHTA, YCTHO).

IIpu npoBeeHNH MpoLEeyphl OLIEHHUBAHUS PE3YJIHTATOB O0YUYEeHHUS] MHBAJIH/IOB U JIMI C OTPAHMYEHHBIMUA BO3MOXKHOCTSMH 3710POBBSI
IpeTycMaTPUBAETCS CIIOIb30BaHNE TEXHUIECKHIX CPECTB, HEOOXOJUMBIX MM B CBSI3H € X HHINBHUAYAIbHBIMI OCOOCHHOCTSIMU. DTH
cperactBa MoryT ObITh mpenocraBieHsl YenlY MM MOTyT HCHOJIB30BaThCS COOCTBEHHBIE TEXHHYECKHE cpencTBa. llpu
HEOOXOJMMOCTH WHBAJIU/IaM U JIMI[AM C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMH 3710POBBSI MPEAOCTABIISETCS JOIOJIHUTENBLHOE BpeMs JJIst
MOATOTOBKH OTBETA Ha 3aJaHHs, IPOLEeypa OLCHUBAHUS PE3YIbTaTOB OOYUSHHUS 10 TUCLUIIIIMHE MOXKET IPOBOJHUTHCS B HECKOIBKO
3TAIIOB.

[IpoBenenre npouenypbl OLEHUBAHHS PE3yIbTaTOB OOy4YEeHHsS MHBAIWAOB M JIMI C OTPAaHUYCHHBIMH BO3MOKHOCTSIMH 3IOPOBBSI
JIOITyCKAeTCsI C UCIOJIb30BaHUEM JMCTAaHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHIA.

© ®I'BOY BO «Henl'V»




IIpunoxenune 1

IIpumepbl BADHAHTOB 3aIaHUN K MPAKTHYECKUM 3aHATHAM

ba3a BoIpocoB i1 OLleHKH 0a30BOT0 YPOBHS

é\i ®opmynrpoBKa BOIIpoca Bapuants! oTBeTOB
Beenenue. AtTombl u sipa
1 D¢ddexTuBHOE ceueHre B3auMOAEUCTBUA | 1. TUIOIIAAL CEYeHHs aromMa - LEeHTpa
- 3TO B3aUMOJICUCTBUS
2. IJI0IA/b CEUYECHUS LEHTpa
B3aUMOJICVCTBHUS
3. JOJIS YacTHll, HCIIBITaBUINX
B3aUMOJICHCTBUE, OTHECEHHAas K YHCIY
LEHTPOB  B3aUMOJICUCTBUS HA  E€QUHULE
TJIOIAI MUIIICHU
4. moast 4acTMl, mnpomexmmx 0e3
B3aMMO/IeliCTBHS, OTHECEHHAsi K YMCJIY
LHEHTPOB B3aMMOJAECHCTBHA HA eJUHHIE
IJIOIA AU MHUILIEHU
5. moma e ce4eHus Aapa - HeHTpa
B3aMMOJICVCTBUS
2 Kakoe B3aUMO/JICHCTBUE sBisieTcs | 1. simepHoe (CHIIbHOE)
OTIPEIEISIONIUM JUTSt MMOHUMAHUA | 2. 3JIEKTPOMATHUTHOE
CTpOCHUs aToMa? 3. cnaboe
4. rpaBUTALIMOHHOE
5. BCE MEPEUYUCIICHHbIE OIMHAKOBO BaXHBI
3 [IpunensHoe paccrosiHue (NMpULENbHBIN | 1. paccrossHue  MeXay  TPaeKTOpHeEl
napamerp) - 3To JBWKEHHUS YacTHIbl M  PACCEHBAIOLIUM
LEHTPOM
2. paccrosiHue MEXIY
B3aUMO/ICUCTBYIOIIMMU YaCTUIIAMH
3. IOHATHE HE UMEET CTPOrOro ONPEAEIICHUS
4. paccrosiHue MeKIY JIMHM el
NMEePBOHAYAJIBHOIO IBUKEHUS YACTUIBI W
pacceuBaOIMM IIEHTPOM
4 OTnnunTenbHON OCOOCHHOCTBIO | 1. COXpaHeHHWE TIOJIHOM DJHEpruu Mpu
YIOPYTOTO PacCEsTHUSI YACTHIIBI SABJISICTCSI | B3aUMOJICHCTBUM
2. COXpaHEHue HMITyJIbCa npu
B3aMOJICHCTBUU
3. HEU3MEHHOCTh COCTOSTHMH
CTAJKHUBAIOIIMXCH YACTHIL
4. paBEHCTBO YIJIOB PACCESIHUSI HAJIETAIOIIEH
YACTUIIbI M YTJIa BBIJIETA YaCTUIIBI-MUIIICHU
5. HEU3MEHHOCTh HaIPABJICHUM IBUKEHUS
CTAJIKUBAIOTIUXCS YaCTHUII
6 Pazmep nnexkTpoHa ciegyer y4uThIBaTH | 1. MPOMCXOIAIIMX B aTOMax

IIPY paCCMOTPEHHUH ITPOLIECCOB

. IPOUCXOJSIINX B sIIPAaX aTOMOB
. HUKOI'JIa HEe YYUTHIBATH

. IPOUCXOSIINX B TBEPJIOM TeIIe
5. BCerja y4YuThIBaTh

AW =

SKCHepI/IMCHTaHBHBIC OCHOBBI KBAHTOBBIX Hpe,Z[CTaBJIeHI/Iﬁ

1

‘ YpaBHeHHE OHHIITEHA

juist | 1. 3aKOHA COXPAHEHHs HMITYJIbCA




dbotodddexkra  mpencraBiaseT  coOoi
MNPUMCHCHUC K JTaHHOMY SABJICHUIO...

2. 3aK0HA COXPaHEeHHs JHepruun

3. 3aKOHa COXpaHEHUs 3apsaa

4. 3aKOHa COXpPaHEHUsI MOMEHTA UMITYJIbCa
5. 3aKOHA OTPAXEHUs U IIPEIIOMIICHUS CBETA

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

I. or 4acTtoTel  3JIEKTPOMAarHUTHOTO
U3ITy4eHUs

2. OT HHTEHCUBHOCTH 3JIEKTPOMATHUTHOI'O
H3JIyYeHHUs

3. OT BEJIMYUHBI Saﬂep}KI/IBaIOH_[eﬁ Pa3HOCTH
INOTCHIIMAJIOB
4. ot OHCPI'vM MaaarolinX KBAaHTOB

5. OT JIMHBI BOJHBI  IIOIJIOIIAEMOIO
U3ITydCHUS
6. 3TO BCJIIMYMHA IIOCTOSHHAS,

XapaKTepHU3yIolas JaHHbIH (GOTOAIEMEHT
7. IpaBUJIbHBINA OTBET HE IPUBEJICH

Pabota BbIXO/a JIEKTPOHOB M3 HUKEIIS
cocraniseT 4.84 »B.

MO>KHO 14 HAa0II01aTh
OJTHOAJIEKTPOHHBIN (oTod(hdeKT Ha
(dboTokaToe U3 HUKENs, 00Iydas ero
MOIIHBIM HCTOYHUKOM BHIMMOTIO CBETa?

1. na, B m000M citydae

2. HeT, B JIIOOOM cJjiyuyae

3. na, npu JOCTaTOYHON MHTEHCUBHOCTH
CBETOBOTO MTOTOKA

4. 1a, HO TOJBKO ITPU XUMHUUYECKH OYEHb
YUCTOM HHKEJIE

5. IpaBWILHBINA OTBET HE NTPUBEJICH

B kakux cimydasx MOXXHO HE yYUTHIBATh
BOJIHOBBIE€ CBOMCTBA 3JIEKTpOHA?

1. 371eKTPOHBI B razopaspsiAiHoi TpyOKe

2. 3JNIEKTPOH B aTOME BOJOpO1a

3. 31eKTPOHHBIN yckopuTeab Ha 1 1B

4. paccesHuEe OJEKTPOHOB C DJHEpPrueu
nopsiika 3B Ha aTomax rasa

5. 3JIEKTPOH JABHKETCH K aHOAY B
paauoJamie

Ha mnyru y3koro mnydka 53JI€KTPOHOB
YCTaHOBJIEHBI MIOCJIE/I0BATEIIEHO
nadparMma B BUAE 1AM U
¢oromnactunka. [locie nposBieHns Ha
¢doTomnacTUHKe OOHAPYKUTCS

1. yeTkoe n300pakeHue LIenu

2. HUKAKOro H300pa)Ke€HUs, T.K. AJIEKTPOHBI
He JIeHCTBYIOT Ha oTocIon

3. audpakroHHas KapTUHA B BUJIE MOJI0C

4. pe3yIbTaT He/Ib3sl MPEICKa3aTh, He 3Hasl
reoMeTpMHU U JHEPruu IEeKTPOHOB

5. nu¢pakioHHas KapTUHA B BUJIE psla
OKPYKHOCTEH

dusnueckue ITPUHIUIIBI KBaHTOBOM MEXaHUKHU

Yactuna ABUKETCS B NIPSIMOYTOJBHOU
IIOTCHIMAIbHOM sIME B  OCHOBHOM
COCTOSIHUM. I'ne BEPOSATHOCTH
HaXO0XJACHUS YaCTHULIBI MAKCUMaJIbHA?

1.y neBoro kpas

2.y mpaBoro Kpas

3.1m0 Kpasm

4.B neHTpe

5.0JIMHAKOBA MO BCEH NIUPUHE SIMBI

Kunernueckas SHEprus YaCTHUIIBI
OTJIMYHA OT HYJISI B OCHOBHOM COCTOSIHHH
- 3TO CIIPaBEAJIUBBIN pE3yJIbTAT

1. 1714 Bcex 3a71a4 KJIaCCHYECKOH MEXaHUKH
2. 1Jsl Bcex 3a7a4 KBAaHTOBOM MeXaHHUKH

3. TOJNBKO TMpU JBWKEHHM YaCTHUIBl B
MOTEHIINAITBLHON sIME

4. TONBKO TpPU JABWKEHUU YACTUIBI B
norennuane suga U(x)=(kx?)/2

5. 1718 BceX 3ajJ1ay KJacCHYecKoM U
KBAHTOBOM MEXaHUKH




3 KBagpar monxyns BoiHOBOW ¢yHKIuu | 1. na
UMEET CMBICII IUIOTHOCTH BEPOATHOCTH | 2. HET
HAax0’KJICHUs YaCTUIIbl B JAHHOM MecTe. | 3. He Bcerja
4 Uem omnpenensiercs BujA  BOJHOBOHU | 1. BUumom oneparopa Jlamiaca
(GYHKIIMM YacTHIBl B CTAllMOHAPHOM | 2. KWHETHUYECKOH sHepruen yactuunl E
ypaBHenuu Llpenunrepa? 3. Maccol yacTuilbl m
4. BuioM GyHKIUM MOTEHUIHAILHOM
3Hepruu yactuubl U
5 BonnoBass  ¢yHkmus, omnwuceiBaromas | 1. KOHEYHOU
peanbHyI0 (U3UYECKYIO CUCTEMY, BCEeTAa | 2. OTHO3HAUYHOU
SIBJISIETCS 3. HENpPEPHIBHOM
4. HOpMHPOBaHHOMU
5. BCe OTBEThI BEPHbI
CtpoeHue aToMa U aTOMHBIE CEKTPbI
1 DNeKTpoH Imepeniesl M3 COCTOSHUA C | . SHeprus atoma Majno U3MEHUTCS
MaJIbIM CPEJHUM PACCTOSIHUEM OT S1pa B | 2. JHEPIrUsi aTOMA YBEJIMYUTCS
COCTOSIHME C OONBIIMM yAaleHHUEM OT | 3. aTOM MpPeBpPaTUTCS B UOH
anpa. Ilpu aTom ... 4. sHeprus aToMa yMEHbILINUTCS
5. aToM UCIyCTUT KBAHT SHEPTUU
6. IpaBWIbHBIM OTBET HE IPUBENIEH
2 | JIuHeluaTklil CHEKTp AAOT... 1. BeICOKOTEMITEpATypHAas IJ1a3mMa
2. )KUJIKOCTH
3. ra3pl B aTOMapHOM COCTOSIHUM
4. ra3pl B MOJIEKYJISIPHOM COCTOSTHUM
5. IpaBWILHBINA OTBET HE MIPUBEJICH
3 C Kakoro sHEpreTMYecKoro ypoBHs Ha | 1. co BTOpoOro Ha nepBblit
KaKkol MEepexXOoJUT »3JIEKTPOH B aTOME | 2. C TPEThEro Ha MepBbIi
BOJOpPOJA IpPU MHCIYCKAaHUU BOJHBI C | 3. ¢ TpeThero Ha BTOPOM
HavMEHbIIIEM YacTOTOM B BUIUMOM | 4. C UETBEPTOrO Ha MEPBBIM
obmacTu criekTpa’? 5. ¢ UeTBEPTOro Ha BTOPOH
4 | B onruueckoM Juamna3soHe CIUIOIIHBIE | 1. mapbl METaIOB
HENpPEphIBHBIE CIIEKTPbl MUMEIOT : 2. HarpeThle KUJIKOCTHU U ra3bl
3. ra3sl
4. mapbl )KUIKOCTEH
5. MOJIOTPETHIE KUAKOCTH
6. IpaBHJIbHBIN OTBET HEe NPUBEACH
5 [IprHaIEKHOCTh CHNEKTPAIIBHON JMHHMM | 1. CKOPOCTBIO JIBHJKEHUS JJIEKTPOHA BOKPYT
OIHOM M3  cepuil  aroma BOJOpOAA | slpa
(Jlatimana, banbmepa, Ilamena u np.) | 2. HAYaJIBHBIM COCTOSIHUEM 3JIEKTPOHA
OTIpe/IEIIAETCS. .. 3. DHeprueiu 31eKTpoHa
4. UMITyJIbCOM DJIEKTPOHA
5. KBaHTOBBIM  YHMCJIOM  KOHEYHOI'O
COCTOSIHUS
6. MPaBUJIBHBIN OTBET HE IPUBEJICH
6 | [IpuBeneHHas Macca cuctembl M3 JBYX | 1. OOJbIlIe MAaccChl JIETKOW YacTHUIIBI

qacTuIl ...

2. MEHbIIIE MACCHI JIErKOM YacTHIbI

3. 0OJIbIIIE MACCHI TSHKEIIONW YaCTUIIBI

4. paBHa CyMM€ Macc JIETKOU M TSHKEJOM
YacTHII, JCICHHON Ha IBa

CTpoeHue u CBOWCTBA MOJIEKYII

1

\Hpn CONMMKEHNH aTOMOB BOJOPOJA I/I‘

paCIIENISIOTCS




o0pa3zoBaHUH MOJICKYJIbI H»
ANEKTPOHHBIC SHEPTETHYECKHUE YPOBHU ...

BceraBpTe nponyiieHHoe Ci0Bo.

OHeprusi Mosekyiasl Hp> cymMme(bl) | MEHbIIIe
SHEpPrUi JBYX H30JIMPOBAHHBIX ATOMOB
BOAOpPOJA.
BceraBpTe nponyieHHoe C0Bo.
Ecin  Mosekyna mnpu  Juccolualnuy | KOBaJEeHTHOIM
pacnazaercss Ha aTOMbI, TO CBS3b
ClIeIyeT CUYUTATh (MoHHOI
WJTU KOBAJICHTHOI).
Kakue u3 npuBeneHHbIX HIKe Moiiekyln | 1. O2
UMEIOT  KOBAJIEGHTHYIO  xumuueckyro | 2. CO
CBSI3b? 3. HCI
4. NO>
5. NaCl
OgHO M3 MEpeurclEeHHBIX  HIDKE | 1. ABM:KeHHe 3J1eKTPOHOB BOJIHOOOpa3Hoe

3aKJIIOYEHUH OTHOCUTEIBHO IMPOSIBICHUS
B MOJIEKYJax  BOJIHOBBIX  CBOWCTB
3JIEKTPOHOB HEMPABUIIbHO. Y KaXUTE €rO.

2. DHEPreTU4YeCKUil
JIUCKPETHBIN

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

4. cCyuecTByeT KOBaJE€HTHas XHMHUYECKas
CBSI3b

5. 5JIEKTPOHBI HE MAAAI0T HA S/1pa, U
MOJIEKYJIa YCTOMYMBA B LIEJIOM

CIICKTp  9JICKTPOHOB

KBaHTOBBIC CBOMICTBA TBCPABIX TCJI

B ciyyae TEPMOANHAMUYECKOTO
paBHOBeCHsl B cpejlie IpU KOMHATHOM
TeMmIeparype

pacnpezeneHue MOJIEKYJT 1o
KojeOaTeNnbHbIM  YPOBHSIM  DHEPrUM

HUMECT CIICAYIOINE 3aKOHOMEPHOCTU:

1. GOJBIIMHCTBO MOJIEKYJ XapaKTepU3yeTCs
MaKCHUMaJIbHO BO3MOXHOM 3HEpruei

2. OOJBUIMHCTBO MOJIEKYJ] HUMEIOT SHEPTHUI0
(3/2)kT

3. MOJIEKYJIbI pacrnpeeJieHbl
KO0J1e0aTeIbHbIM  YPOBHSIM JHEPruH
co0TBeTCTBHH ¢ (popmy.ioi boabumana;
4. KOTMYECTBO MOJIEKYJ] MOHOTOHHO yOBIBaeT
110 Mepe BO3pacTaHHs HoMepa
K0J1e0aTeNbHOTO YPOBHS SHEPTUH

mo
B

OtHocuTenbHO ypoBHS DepMH MOMKHO
CKa3aTh, 4TO 3TO:

1. sHeprus B3aMMOJCHCTBUSA JJIEKTPOHOB C
pELIETKON KpucTasua

2. cymmapHas KUHETHYecKas  dSHeprus
CBOOOJIHBIX D3JIEKTPOHOB KpHcTamia npu T
Oosb1e uiu pasHo 0

3. KHHeTHYecKas JHeprus HaumboJee
BBICOKOIHEPreTHYeCKHX CBOOOIHBIX
3J1eKTPOHOB Kpucrauia npu T =0

4.  oJHeprusi  JJIEKTPOHHOIO  YPOBHSH
KpUCTA/JIAa B MOJeIH  CBOOOJHBIX
3J1eKTPOHOB, BepPOSTHOCTb 3aINOJHEHUs

Kotoporo 1/2

B 3o0HHOI MOJCIN TOJYIIPOBOAHHUKU OT
AUDJICKTPHUKOB  OTJIIMYAIOTCA HII/IpI/IHOfI

3anpELIEHHON 30HbI




Oneprusi kpuctamia NaCl... cymme(sr)
SHEPIUi U30JIMPOBAHHBIX ATOMOB HATPUs
U XJIOpa, COCTABJISIFOIIMX KPUCTAILIL.
BcrasbTe nmpomnynieHHoe ci1oBo.

MCHBIIC

ba3a BOIIpocoB 1JIsl OLIEHKH CPEAHETO YPOBHS

iﬁ; ®opmyaupoBKa BoIpoca BapuanTtsl 0TBETOB
Beenenue. ATomsl u sigpa
1 PaBHOBecHOE 1OJIOKEHHE 3JIEKTPOHA B | l. B eHTpe 3apsiKeHHOI0 1apa
aTOM€ BOAOpPOJA COINIACHO  MOJENH | 2. Ha IOBEPXHOCTH 3apsHKEHHOIO 11apa
TomricoHa HaxoAUTCs 3. B m000i TOYKE BHYTPH 3apsHKEHHOTO
niapa
4. B arome TomrcoHa paBHOBECHOE
II0JIO)KEHHUE OTCYTCTBYET
5. OJIO’KEHUE AIIEKTPOHA 3aBUCUT OT
3apsiza
2 Kakoii u3 nepeuncieHHbIX HUXKe METOJ0B | 1. meron MuiukeHa, OCHOBAaHHBIN Ha
IIO3BOJISIET M3MEPUTH 3apsi]l MIEKTPOHA C | U3MEPEHUH I1apaMeTpoB JBUKCHUS
HanOOoIbIIeH TOYHOCTHIO? 3apSOKEHHBIX Kaleslb B JJIEKTPUYECKOM
oJie
2. METOJ] MarHeTpOHa
3. U3MepeHue TOJILNHBI CIE/1a JIEKTPOHA B
kamepe Buibcona
4. M3MepeHMH NapaMeTPOB [BHMKCHUSI
YCKOPEHHOI'0 3JIEKTPOHA B MATHMTHOM
noJie (Macc-CneKTpoMeTp)
S. HA OIVH U3 NIEPEUNCICHHBIX
3 s MIOJIyYEHUs KOJIMYECTBEHHOTO | 1. MOXHO HE yUUTBIBATH
coryiacus JKCIIEPUMEHTAIIbHBIX U | 2. HaJl0 yYUTHIBATh BCEr/A
pacueTHBIX JaHHBIX II0  PACCESHMIO | 3. HA0 YYUTHIBATH TOJIBLKO IS
anba-yacTull, B TOHKUX  (osbrax | 60JbIIMX YIJIOB paccesiHUsl
KOHEYHBIN pa3Mep sAapa 4. HajO y4UTBIBATH TOJIBKO I MaJbIX
YIJI0B PaCCEsTHUS
4 ITorok  anbda-yactur,  pacceuBaercs | 1.IlokazaHus He U3MEHSATCA
TOHKOW MHIIEHBIO M3 cBHUHIA. JleTekTop | 2.YMeHbIarcs B 2 pa3a
ycTaHoBJIeH 1o yriioMm 30° oTHocuTenbHO | 3.YMeHbIuaTcs B 4 pasza
IIEpBOHAYAIBHOTO HamnpasiieHus: | 4.YmMenbatcs B 16 pa3
JOBWOKEHMSI 4YacTUL M perucrpupyert | S.YBeauuarcs B 4 pasa
kumn/c. Kak wu3MensaTcs mnokaszaHus | 6.IIpaBuibHBIN OTBET HE IPUBEACH
JETEKTOpa, eciu asib(ha-4yacTHIIbI
3aMEHUTDH Ha MPOTOHBI TOM K€ CKOPOCTH?
5 IIpn kxakoil PHepruM IEKTPOH OKaxeTcs | 938

TsDKeJiee MOKOAIIErocst MpoToHa?
OtBet npuBeaute B MaB.

SKCHepI/IMeHTaJ'H)HI)Ie OCHOBBI K

BAaHTOBBIX HpeI[CTaBJ'IeHI/Iﬁ

Omnpenenure JHEPTUIO ($OTOHOB,
COOTBETCTBYIOIIMX HauOoOJee IITUHHBIM
BOJIHAM BUJMMOM YacTu criekTpa 760 HM.
OtBer B 5B naiiTe ¢ TOYHOCTHIO IO TpEX
3HAYAIIMX IUQD.

1.63




Kakomy yrimy paccesHus (B Tpamycax)

COOTBETCTBYET MaKCUMaJILHOE
KOMIITOHOBCKO€E CMeIleHNE JUTAHBL
BOJIHBI?

180

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

. uMmyabc 3JeKTpoHAa OoJiblle, T.K.
Macca MoKos 3JIeKTPOHA He PaBHA HYJII0
2. umiynbc (poroHa Oonble, T.K. Y HETO
OoJtbIIIe CKOPOCTh

3. MIMITYJIECBI YaCTHI] PABHBI

4. OTBET 3aBHCHUT OT BEJIMYMHBI DHEPTHH

dotona wu KUHETUYECKOW  SHEpruu
AJIEKTPOHA

[Toreniman, 10 KOTOPOrO MOMKET 1.56B

3apsAIUTHCS METAITNYECKas IJIACTHUHA, 2.36B

paboTa BbIX0/1a AJICKTPOHOB U3 KOTOPOI 3.2.8B

1.6 3B, ipu AnUTETEHOM 4.48B

OCBEIIECHUHU IIOTOKOM (dhoToHOB c|5.248B

sHeprueit 4 5B, paBeH...

Ha rpaduxe npezacraBieHbl 3aBUCUMOCTH
3axepxkuBaromero HanpspkeHuss U ot
4acTOThl  Iajarmouiero  ceera.  Yem
OTJIMYAKOTCA  YCJIOBHA, TIpU  KOTOPBIX
IIOJIyYE€HBI 3TH NpsAMBbIE?

padoToii BbIX01a

DHeprusi CBeTa, MaJalollero Ha KaToj, | 1. YMcjia BHIOMTBIX 3JIEKTPOHOB

YMEHbIIWIAach, MPU HEU3MEHHON anmuHe | 2. Macchl (POTOANEKTPOHOB

BOJIHBI. [Ipu 3TOM IPOU30LLIO | 3. CKOPOCTH (POTOIIEKTPOHOB

YMEHBIIICHHUE. .. 4. paboTBI BBIXOJIa JICKTPOHOB U3 KaTO1a
5. HAYEro He YMEHBIIUTCS

dusznyecKre MPUHINITBI KBAHTOBOW MEXaHUKH

KBanToBas uyactmma  Haxomurcas B |1.x=0

OECKOHEYHO TIyOOKOH MOTeHIMANbHOM | 2. X = a/2

sIME IUPUHON a B COCTOSIHUMU C TJIABHBIM | 3. X =a

KBAHTOBBIM YHCJIO N = 3. 4.x=a/3

B kakmx Touykax JacTUIla HaXOOUTHCA HE | 5. x = 2a/3

MOKET?
[IpaBuibHblii(e) Ha Bam B3risg Homep(a)
oTBeTa(0B) BBEIUTE Yepe3 npode.

KBanToBass wactTuma  HaxoguTcsi B
OECKOHEYHO TIyOOKOH MOTEHIMAIBHOM
M€ IMPUHOM a. B kakux TOYKax
uHTepBana (0,a) MIOTHOCTh BEPOSITHOCTU
HaxO0)KJICHHUsl YaCTHUIBl B COCTOSIHUSX C
TJIABHBIM KBaHTOBBIM UMCcIO n =11 n =2
OJIMHAKOBa?

[IpaBunbHeIii(e) Ha Bamn B3rmsg Homep(a)
oTBeTa(0B) BBEJIUTE UYepe3 mpobel.

1. a/4 n 3a/4, cooTBeTCTBEHHO WII n = 1 U
n=2

2. a/3 1 2a/3, cooTBEeTCTBEHHO AJs n = 1
un=2

3.a/2

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

[Ipo3paunocTs NIPAMOYT'OJIBHOTO
IIOTEHIIUAJILHOTO Oapbepa TUISL
3JIEKTPOHOB € 3Hepruent 5 3B pasna 0.1.
YeMy oHa OyneT paBHA NpH yBEITUUECHUH
HIMpUHBI 0apbepa B 2 pasza?

1. yBenmuutcs B 2 pasa
2. yMEHBIINTCSA B 2 pa3a
3.0.01

4.0.025

5.04

6.0.014




7. IpaBUJIbHBIA OTBET HE MPUBEJICH

B ombite Pam3ayspa HaOmromanuch
aHOMAJMHM B  3aBUCHUMOCTH  CEUYCHHUS
paccesiHus JJIEKTPOHOB HA  aToMax

OsaroposiHbIX razoB. Ha ocHoBanuu
9TUX WU3MEPEHUM OH INpUIIET K BBIBOAY,
4TO

1. CTONKHOBEHHUS SJIEKTPOHOB C aTOMaMH
ynpyrue
2. aTOMbI MOXHO BO30YIHTb, COOOIIast UM
TOJIBKO ONpeiesIeHHbIE

MOPLIMH SHEPTUHU
3. CTOJKHOBEHHUS JJIEKTPOHOB C aTOMaMu
HEyIpyrue
4. aroMbl HMMEIOT HE pPaBHBIA HYJIIO
MAarHUTHBII MOMEHT
5. aTromMbl MOXHO BO30YAHTbH, cooOlIast UM
Tr00bIe

MOPLUU SHEPTUU
6. MPH MAJBIX CKOPOCTAX 3JIEKTPOHOB
3aMeTHO NMPOSIBJISAIOTCH  HMX BOJIHOBbIE
CBOJiCTBA
7. moBeieHnEe aTOMOB IPOTHUBOPEUHT
noctysaraM bopa

Kakoe w3 TpuBEICHHBIX SBICHUU HE
TpeOyeT s OOBSICHEHUS MPEICTABICHUS
0 TyHHeTbHOM 3¢ dekTe?

1. xonomHas »dMHCCUS DBJICKTPOHOB U3
MeTaia

2. 3 dexr Ixo3edcona

3. aHOMAJIUM B 3aBHCHMOCTH CeYeHHUA
paccesiHusl JJIEKTPOHOB Ha aToMax
0s1aropoaHbIxX ra3oB (onbiT Pam3ayspa)
4. MBUKEHHE SIEKTPOHOB B TBEPABIX TeIax
5. anb(a-pacnajg paguoaKTUBHBIX SACP

CTpOGHI/Ie aToMa M1 aT

OMHBIC CIICKTPBI

Kakoe wu3 mnpuBeNeHHBIX BBIPAKEHUN
MIO3BOJISIET  paccuuTaTh JJIMHY BOJIHBI
BTOPOU IO CYETY JIMHUM CEPUH JIMHUN B
yIbTpauOJIETOBOM YacTH CIIEKTpa aroMa
BozopoJa (cepust Jlalimana)

1.c/R

2.4c¢/3R

3.9¢/8R

4. 16¢/15R

5. NpaBUJIBLHBIA OTBET HE MPUBEJICH

[TomHast PHeprusi PJIEKTpOHA HA N - OM
YPOBHE ompezenseTcss cooTHouieHneM En
- 13.6/n*> 5B. Kakylo HaHMeHBIIYIO
SHEPIUIo HYXHO COOOLINTH
HEBO3OYKJICHHOMY  aTroOMy  BOJOpPOA,
YTOOBI CHEKTP M3IYYEHHUs Ta3a U3 TaKUX
aTOMOB  CoOJepXall  TOJBKO  OJHY
CIEKTPAJIbHYIO JTUHUIO?

OtBer B 5B naiiTe ¢ TOUHOCTBIO 7O Tpex
3Ha4yauwmx mudp.

10.2

AToM BOIOpOAA MEpeniesl U3 OCHOBHOTO
COCTOSIHUSI B COCTOSIHUE C TJIABHBIM
KBaHTOBBIM  YHCJIOM 1N, TMpPH 3TOM
a0CoOIOTHAs BETMYUHA

MTOTEHIIUATIBHON JHEpPruu
B3aUMOJCUCTBUS DJIEKTPOHA C  SAPOM
ymenpmminace B 4 pasa.  llpwm
IIOCIIEAYIOLIEM IIEPEXOE U3 COCTOSHUSA C
TJIaBHBIM ~ KBAHTOBBIM  YHCJIOM 1N

2

B

el S e
— 00 &N




COCTOSIHHEC C T'JIaBHBIM KBaHTOBbIM
YHUCIOM m a0cooTHAs BCIN4YHHA
HOTCHHHaHBHOﬁ SHEpIruun

B3aUMOJICHCTBUSL 3JIEKTPOHA C  SAPOM

OmATh  yMEHBIIWJIACH B 4  pasa.
Onpexpenure m.
HemnoaBrxHbIit aToM Bojoposa | 10

HaXOQWICSA B TIEPBOM BO30YKICHHOM
COCTOSSHUM € KBAHTOBBIM YHCJIOM N = 2.
[TornotuB (oTOH ¢ sHepruei, paBHOI
0.24 >Hepruv MOHU3ALUH, ATOM BOAOPOA
mepemiesl B COCTOSHUE C KBAaHTOBBIM
guciioM m =... Onpenenure KBaHTOBOE
YHCJI0O KOHEYHOT'O COCTOSHHSL.

Uepes pa3pexkeHHBIH Ta3 MPONYCKAKOT
W3JIy4eHHE C HENPEPBIBHBIM CIIEKTPOM.
Kakoif BUJI WMeeT CHEKTp MOTJIOLEHHUS
pa3pexeHHoro rasza’?

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

3. oTaeJbHBIC TeMHbIC JMHHHM Ha (oHe
HeNpepbIBHOIO CIIEKTPa

4. nBera JUHUN HEPA3IMYUMO IEPEXOMSAT
OJUH B JIpyrou

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

6. IpPaBWJIBHBINM OTBET HE IPUBENICH

ATtoMm BOJIOpOJA HAXOJIUTCS B
BO30Y>KJICHHOM COCTOSTHUU CO 3HAYEHUEM
[JIABHOTO KBAaHTOBOTO dYHciIa n = 4,

CKOJBKO CIIEKTPaIbHbIX JIMHUN
OyZeT colepiKarh CHEKTP M3ITydeHUs Traza
W3 TaKUX aTOMOB?

6

CTtpoeHue U CBOWCTBA MOJIEKYT

Cucrema BpaIllaTeIbHBIX ypOBHEH
SHEPIMUM MOJIEKYJI MMEET CIIEeAYIOIIHe
XapaKTepUCTHUECKUE OCOOCHHOCTH

. mo Mepe YyBeJHMYEeHHS DIHEPrUH
HHTEPBAJ MEKAY COCETHHMH YPOBHSIMH
yBeJIHYNBaeTCs

2. JHeprus YPOBHS OCHOBHOT'O
cocTosinusi paBHa () 1JIs1 BceX MOJIEKYJT

3. DJHepruum ypoOBHEW Oojee JErKux
JNBYXaTOMHBIX ~MOJIEKYJl MEHbIIE, YeM
0oJee TSKEbIX

4. Mo Mepe yBEeTHUYEHHUS YHEPTUU HHTEPBAT
MCXKAY COCCIHUMHA YPOBHAMU
YMEHbIIIAETCS

Hns BpAILIATEJIbHBIX
MOTJIOMIEHUSI  JIByXaTOMHBIX
XapaKTepHO CJeNyIoIIee:

CIIEKTPOB
MOJIEKYJI

. HHTEepBaJ YaCTOT MEKAY COCeIHUMU
JIMHUSIMH CIIEKTPAa NPUMEPHO OJUHAKOB
2. HHTEepPBAaJI YaCTOT MEXKIAY COCeTHUMU
JIMHUSIMH CHIEKTPA 32aBHCHT TOJIBKO

OT MOMEHTA UHEPIIUH MOJIEKYJIbI

3. MHTEpBAJ AJIUH BOJH MEXKIY COCETHUMU
JUHUSIMH CTIEKTPa OJIMHAKOB

4. nHTEpBAJl YaCTOT MEXIY COCETHUMU
JUHUSMH CIIEKTpPa 3aBUCUT OT
TeMIepaTypbl

Ecmm CpaBHHUTb 4YHCTO BpallaTCJIbHBIC

1. OHM OTJIMYAIOTCH YACTOTAMM JIMHUIA




criekTpsl noriomenus mojaekyn HF u HBr
, TO MOKHO OOHApPYKUTh, YTO:

2. OHU HE OTJINYAKOTCSI HHTEHCUBHOCTSIMU
JIMHUAMN

3. B cnexkrpe HF unTepBas yacror
MesKIy COCeITHUMH JTUHUSIMH 00Jib11Ie,
4yeM B ciiektpe HBr

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

5. HabOII0/IeHUE CIIEKTPOB MOTJIOMICHUS
Mosiekys1 HBr HeBO3MOXKHO

B o6mem cirydyae kosie0aHusi aTOMOB B
MOJICKYJIaX HE SIBJISTFOTCS ,
OJTHAKO TaKOE€ MPUOJIMKECHUE TIPUEMIIEMO
P MAJIBIX aMIUTUTYyJaX KoJeOaHuH.
BcraBpTe mponymnieHHOE CI0BO.

rapMOHHYIEC€CKUMHU

Benencreue AHTapMOHUYHOCTH
Kosle0aHUH MOJIEKYl MpU YBEIUYEHUU
aAMIUIATY/IbI

KoJe0aHUH HHTEpBal DJHEPrudl MExXIy
COCEJTHUMH SHEPreTUYECKUMH YPOBHSIMU

1. yBeqimunBaercs
2. yMeHbIIaeTcs
3. HE U3MeHseTCs

B ciydae TEPMOJUHAMHYECKOT O
paBHOBECHs B cCpele IpU KOMHATHOU
TEMIIEPATYpPE PaCIpeleICHUE MOJIEKYJI 110
K0J1e0aTeIbHbBIM YPOBHSIM 3HEPTUU UMEET
CJIELYIOIINE 3aKOHOMEPHOCTH

1. OOJIBIIMHCTBO
XapaKkTepu3yercs
BO3MOKHOM SHEPTrUEH

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

3. MoOJeKyJbl  pacnpejesieHbl IO
K0J1e0aTeJIbHBIM YPOBHAIM JHEPruM B
cooTBeTCTBHU ¢ opmyJioit bosbumaHna;
4. KOJIMYECTBO MOJIEKY]1 MOHOTOHHO
yOBbIBaeT 10 Mepe BO3pacTaHUsl HOMepa
K0J1e0aTEeIHHOTO YPOBHS SHEPTUU

MOJICKYII
MaKCUMAJIBHO

KBaHTOBBIE CBOIICTBA TBEPABIX TEI

O Hy7eBBIX KOJIEOAHUSIX MOJIEKYT MOXKHO
CKa3aTh, UTO:

1. konebaTenbHOE IBHKEHHUE OTCYTCTBYET
2. aMIuIMTy/a KojieOaHWuW paBHA HYIIIO
3.9710 kosnedanuss npu T =0

4., 3TO0 KoO0JE€0aHHA ¢ MHHHMAJIbLHO
BO3MOKHOM aMILTMTYAOM

5.9T0 Ko0JIe0aHusl ¢ MUHUMAJILHO
BO3MOKHOM JHepruen

OtHOocUTENbHO YpOBHA @DepMU MOMKHO
CKa3aTh, 4TO 3TO:

1. oHeprus B3auMOAEUCTBUS DJIEKTPOHOB C
pELIETKON KpUCTaLIa

2. cyMMmapHas KUHETHYecKas dSHeprus
CBOOOJIHBIX 3JIEKTPOHOB KpHUCTaia mpu T
paBHO uiH Oosbie 0

3. KHHeTHMYecKas DJHeprusi HambOoJiee
BBICOKOIHEPreTHYeCKHX CBOOOIHBIX
3J1eKTPOHOB Kpucrauia npu T =0

4. JHeprusi IJIEKTPOHHOIO YPOBHS
KpUCTAJIa B MOJEJM  CBOOOJHBIX
3J1eKTPOHOB, BEPOSITHOCTH 3aIOJHEHUs!
KOTOpOro 1/ 2

IIpn cOmmkeHUn aToMOB JIUTUS U

pa3pelieHHbIe 30HbI




o0pa3oBaHMM KpUCTala 3JEKTPOHHBIE
SHEpPreTUYecKre YpoBHH 00pa3yior ... .
BcraBbTe nmponyiieHHoe.

4 B xopo11o npoBoasAmux 3J€KTPUIECKHA 1 .BanieHTHAas1 HEpreTuyecKas 30Ha

TOK TBEp/AbIX Tejax (MeTayax) 3aI10JIHEHA IEKTPOHAMHU [IOJHOCTHIO
2.BajICHTHAsl JHepreTu4yecKas 30Ha
YACTHUYHO 32110JIHEHA )IeKTPOHAMHU
3.3aroHeHNnEe BaJIEHTHON 30HbI HE UMEET
3HAa4YeHUs

4.BaneHTHas 30Ha OJM3Ka K EpBOM
LIEJINKOM 3all0JIHEHHOM 30He
5.IpOBOIUMOCTH 00YCIIOBIIEHA IBUKEHUEM

MOHOB
5 DIIeKTPOHBI B 30HE  IIPOBOJUMOCTH | l.paBHOMEPHO pacCIIpeieNsioTCs 10 BCEM

MeTaa BO3MOXKHBIM COCTOSIHUSIM
2.3an0JHAIOT noAPsT BCE

HHU3KOJIeKAIIMe COCTOSHHMS BIUIOTH [0
3Heprun ®Pepmu

3.3aI0JIHSIOT MOJPSJ BCE BBICOKOJIEKAIINE
COCTOSIHUSI C DHEPTHUSIMHU, MPEBHIIIAIOITUMU
sHepruto Oepmu

4.MMEIOT OJIHY DSHEPruio, Ha3bIBAEMYIO
sHepruer Gepmu

S.pacrnoyiararotcsi BOJIM3H JTHA 30HbBI

6 Kakoro Tuna cBsi3u U3 NepeyrcIeHHbIX B | 1. HOHHAs
KpUCTaJIJIaX HE CYIIECTBYET? . KOBaJIEHTHAas

. BOJIOpOHAs

. MOJICKYJISIpHAS
. MeTaJJINYecKas
. IOJIUMEPHas

AN AW

baza KOHTPOJIBHBIX 3aJaHUN TSI OLIEHKU BBICOKOTO YPOBHSI

Ne

n dopmyaupoBKa BoIpoca BapuanTsl 0TBETOB

Brenenne. ATomel u sigpa

1 Beruncnure paguyc aroma Boxopoaa | 237 Hm
cormacHo wmozenu TomrcoHa, ecnu
W3BECTHA DHEPrus MOHM3alMHU artoma Ej
=13,6 »B.

OTBeT faiiTe B HM.

2 Brruucnure MakcumanbHyo | E=1/(4me)*(Z*e/r)
HaIpPSKEHHOCTh AJIEKTPUYECKOTO TOJIA B
BOJIOPOJIONIOAO0OHOM  HMOHE  COTJIACHO
mozenu Towmmcona. IlopsakoBbiii HOMEp
7, paauyc aTOMa MPUHSATS T.

3 Henomswxknbii  map  pamguyca R | 0=n—2¢, b=(R+r)sin¢
00JTy4ar0T  MapajuleTbHBIM  TTOTOKOM
YacTHIl, paauyc KoTopbix r. Cuwnras
CTOJIKHOBEHHE  YacTUIBl C  IIapoM
yIOpyruM, HaWTH yroa 0O OTKIOHEHHS
JacTUIBI B  3aBHCHMOCTH OT €€
IPULIEIBHOrO Napamerpa b




[IpoTton ¢ kuHernueckon sHepruet T =
10 M»sB mponeraer Ha paccTossHuu b = 10
OM OT CBOOOJHOTO  IOKOMBIIETOCS
aNeKTpoHa. HalTu 3HEpruro, KOTOPYHO
MOJIyYUT  DJIGKTPOH,  CYHUTas,  YTO
TPAeKTOpPUSl NPOTOHA MpPSIMOJUHENHHAs U
3a BpeMsi IpoJieTa JJIEKTPOH OCTaeTcs
IPAKTUYECKH HEIOIBUKHBIM.

3,83B

V3KkHil My4oK 0-4acTHUI ¢ KMHETUYECKOM
sHeprueil 1,0 MaB nagaer HopManbHO Ha
MJIATHHOBYIO (hosery TommuHasl 1,0 MKM.
HaGmronenue paccessHHBIX YaCTHI]
Benercs noj yriom 60° K HampaBJIEHUIO
Najarolero  mydyka TMpd  TOMOIIU
cueTYnKa c KPYTJIBIM BXOIHBIM
oteepctHeM miomaan 1,0 cm?, KoTopoe
pacmnoyioxkeHo Ha pacctossHuu 10 cMm ot
pacceuBaromiero ydactka ¢onsru. Kakas
JIOJISI PACCesHHBIX (-YacTHIl I1aJlaeT Ha
OTBEPCTUE CUETUUKA?

3,35%10%

SKCHepI/IMeHTaHBHLIC OCHOBBI KBAHTOBBIX HpeI[CTaBJ'IeHI/Iﬁ

[Ipenronoxum, 4YTO NOKOSAIIUICS aTOM
nornotun (GoToH ¢ sHepruenr 1,2*107!
JIx. YeMy paBeH umnysbc aroma?

4*1026 kr*m/c

V3Kuil My40K 0-9acTHIl ¢ KHHETHYECKON
sHepruer T = 600 k3B mamaer
HOPMAaJIBHO  Ha  30JI0TyI0O  (OJIBIY,
comepxkamyto n = 1,1*10 snmep/cm?.
HaiiTH OTHOCHTEJIBHOE YHCIO O-YacCTHII,
pacceunBaronmxcs moa yrimamua 9 < 90 =
20°,

0,6

®oton ¢ sHeprueit 15,0 5B BeiOuBaeT
DIIEKTPOH W3  MOKOSIIErocs  aTomMa
BOJIOPOJIa, HAXOJSIIETOCs B OCHOBHOM
cocrosHuu. C Kakol CKOPOCTBIO V
JIBIDKETCS DJICKTPOH BAAIM OT sifjpa?

6,93%10° m/c

Helitpon ¢ xkuHetnyeckon sHepruenn T =
25 5B HaneraeT Ha MOKOSIIUICS IEHUTOH
(smpo  TspKenoro  Bojopojna). Haiitu
NeOpONNIEBCKUE IJWHBI  BOJIH  00€HX
YaCcTHI] B CUCTEME UX LIEHTPA NHEPIUU.

8,6 nm

[ToporoBasi 9yBCTBUTEILHOCTh CETYATKH
YeI0BEYECKOro TJia3a K JKEITOMY CBETY C
mmHOM BoJHBEI 600 HM cocTaBiIseT
1,7-10-18 Bt. Ckonpko (OTOHOB mMagaet
€KECEKYHHO Ha CETYATKy?

Du3nYECKNe MPUHIUIBI KBAHTOBOW MEXaHUKH

[TpsAMOYTONBHBIN MOTEHIATBHBIN 6apbep
nMeet mupuny 0,1 am. Onpenenure B 3B
pasHocts dHepruit U-E, mpu koropoit
BEPOSITHOCTh ITPOXOXKJICHUS DJIEKTPOHA
CKBO3b Oapbep coctaBuT 0,5

0,454 >B




OueHuTh C TIOMOIIBIO COOTHOLICHUS
HEOIIPEIEIEHHOCTEN MHUHUMAJIEHYIO
KHHETUYECKYI0 ~ DHEPrHI0  JJIEKTPOHA,
JIOKAJIM30BAHHOTO B 00JacTH pasmepom |
=0,20 aM™m.

17B

Yactuna Haxomurcs B JABYMEPHOHU
MPSMOYTOJIBHOM MOTEHIMAIBHON SIME C
a0COJIFOTHO HEMPOHUIIAEMBIMU CTEHKaMH
(0 <x <a 0 <y <b) Onpenenurp
BEPOSITHOCTh HAXOXACHHUS YaCTULIBI C
HaMMEHbIIeH dHepruei B odmactu 0 < x <
a/3.

19,5%

DJIEKTPOH C KUHETHYECKOHU sHepruen T =
4 5B nokanu3oBaH B 00JacTu pazmepom |
= 1 wMxM. ONIeHATH, C IIOMOIILIO
COOTHOIICHUS HEOIlpeIeICHHOCTEN
OTHOCUTEIIbHYIO HEOIPEACNIEHHOCTh €ro
CKOPOCTH.

9,76%10

ONeKTpoH ¢ sHeprue E nBmxercs B
MIOJIO)KUTEIPHOM HAlpaBiIeHUH ocH X.
IIpu xakom 3Hauenuun U-E, BbIpakeHHOM
B DJEKTPOH-BOJIbTAX,  KOA(p(HUIMEHT
npo3paunoctd D=10-3, ecnm mupuna d
Oapbepa paBua 0,1 Hm?

45>B

CTpOGHI/Ie aTOMad U aTOMHBIC CIICKTPbI

IIpu mnepexome aroma BOXOpPOJA H3
YETBEPTOr0 HHEPreTHUECKOrO COCTOSHHUS
BO BTOpO€ WM3IydaroTcsi (OTOHBI C
sHeprue 2,55 5B (3enmeHas uHUA
BOJIOPOJHOrO  criekTpa). OmnpenenuThb
JUIMHY BOJIHBI 3TOI JIMHUU CHEKTpa.

486 um

OHeprus CBA3M BAJECHTHOIO AJIEKTPOHA
aToMa JUTUA B cocTosiHUsX 2S u 2P
paBHa cOOTBETCTBEHHO 5,39 u 3,54 3B.
Bbruncnauts puaOeproBckue MONPaBKU
Uit S- u P-TepMOB 3T0T0 aroma.

-0,409
-0,037

Atom HaXOJIUTCS B COCTOSIHUH,
MYJIbTHUIUIETHOCTh KOTOPOTO paBHA TPEM,
a IOJIHBI MEXaHWYEeCKHMH MOMEHT — h
sqrt(20). Kakum MOXKET OBITh
COOTBETCTBYIOIIEE KBAHTOBOE YKCJIO L?

3,4,5

Haiitn HampsokeHHME Ha PEHTTEHOBCKOU
TpyOKe C HUKENEBbIM aHTUKATOIOM, €CITH
pasHocTh MH BoJH Koa-muHum u
KOPOTKOBOJIHOBOM TPaHUIbI CIUIOIIHOTO
PEHTT€HOBCKOI0 CIEKTPA paBHa 84 mM.

15 kB

IIpu  yBenuueHHMHM  HaNpsDKEHHA  HaA
pentreHoBckoil TpyOke ot Ul = 10 kB no
U2 = 20 xB uHTEpBan AIuH BOJIH MEXITY
Ko-nmaneit nu KOPOTKOBOJIHOBOM
IPaHULEN CIUIOIIHOIO PEHTTEHOBCKOIO

29




criekTpa yBenuuwics B n = 3,0 paza.
Onpenenutsb IIOPSIAKOBBIN HOMEDP
9JIEeMEHTa aHTHKATOJIa 3TOM TPYOKH.

CTpoeHue 1 CBOWCTBA MOJIEKYJI

1 CKOJIBKO TPOIEHTOB CBOOOTHBIX 65
JIeKTpOHOB B MeTaiuie npu T = 0 umeer
KHHETHYECKYIO YHEPTHIO,
MPEBBIIIAIONIYIO TIOJIOBUHY
MaKCHMaJIbHOM ?

2 Haiitu uymcno cBOOOTHBIX 3IEKTPOHOB, | 0,97
OPUXOAAIIUXCS HAa OAMH aTOM HaTpHUs
npu T = 0, ecnu yposen» Pepmu EF =
3,07 3B u miotHocTh HaTpus pasHa 0,97
r/cMm3.

3 [loBbiieHne TemmepaTypel karoga B | 4,453B
ANEKTPOHHOW Jlamme OT 3HaueHuss T =
2000 K na AT = 1,0 K yBenuuuBaer Tok
HaceimeHus Ha = 1,4%. Haiitu paboty
BBIXOJIa AJIEKTPOHA M3 MaTepHalia KaTo/a.

KBaHTOBBIE CBOMCTBA TBEPBIX TEI

1 [Ipunss JUIst cepebpa  3Hauenue | 0,018 3B
temneparypol  Jlebas 0=208 K,
ONpeAeNUTh: MaKCUMalbHOE 3HAYCHHE
SHEPTrUU €m HOHOHA

2 [lpunsse st cepebpa  3Hauenue | 1
TEeMIEPaTyphl Jebas 0=208 K,
ONpENeNUTh:  CpegHee YHucio  <np>

($hOHOHOB c SHEpTrHUeH €m TIpH
temneparype T=300 K.

3 Ilonaras, 4ro Ha kaxnaplii atrom wMeau | 4,23 3B
MPUXOJUTCS OJUH CBOOOIHBIN IJIEKTPOH,
ONPEIETUTh:

CPEIHIOI0 KMHETUYECKYI0 3Hepruto <E>
CBOOOIHBIX 3JIEKTPOHOB npu
aOCOJIFOTHOM HYJIE

4 [Tonaras, 4yro Ha Kaxaplii arom wmemu | 32,7%103 K

IPUXOJUTCS OAUH CBOOOJHBIN AJEKTPOH,
omnpenenuTs:  Temneparypy T, npu
KOTOPOW CpeAHssi KHHETUYECKask SHEPIHs

DIIEKTPOHOB KJIACCUYECKOI0
AIIEKTPOHHOIO  ra3a  paBHsUIach  Obl
cpenHen SHEPruu CBOOOTHBIX

9JIEKTpOHOB B Meau npu T=0.

Bomnpocsl k 3x3ameny
1. [Topsiaky BeTMYUH PACCTOSIHUM U SHEPTHM B aTOMHBIX U SIIEPHBIX MPOLIECCAX.
2. Cneuuguxa 3akOHOB MUKPOMHUPA.
3. OCHOBHBIE YaCTHIIbl, UX XaPAKTEPUCTHUKA.
4. SInepHas MozAeNb aToMa.
5. Onsit Pesepdopaa no paccesHuto anbga 4acTull.
6. D dhekTUBHOE CEUCHHE.
7. DHeprusi CBS3U.




8. OGocHOBaHKE BO3MOKHOCTH Pa3/IENbHOTO pacCMOTpeHUs (PU3UKU aToMa U (PU3HKHU spa.
9. CTaulMOHAPHOCTh U IUCKPETHOCTh ATOMHBIX COCTOSIHUH.

10. OnbiT ®panka u I'epua.

11. IIpocTpaHCcTBEHHOE KBAHTOBAHUE.

12. OnsiT UlTepHa u I'epinaxa.

13. KopnyckyisipHO-BOJIHOBOM Tyalii3M.

14. Dddexr Komnrona.

15. I'unote3a ne-bpoits.

16. dudpakiuus 3JeKTPOHOB HEUTPOHOB, aTOMOB.

17. CooTHOIIIEHUE HEOTTPEACICHHOCTH.

18. BonHoBas pyHKIus.

19. YpaBuenue lIpeaunrepa.

20. OTan4rie KBaHTOBO-MEXaHUYECKOTO U KJIACCUYECKOTO OMUCAHUS IBUXKEHUS.

21. IIpocreiimume oqHOMEPHBIE 3a]a4l KBAHTOBOW MEXaHUKH: CBOOOHOE JIBUYKEHUE YaCTHIIHI,
YacTHIla B OTCHIIMAIBHON SIME, TAPMOHUYECKUIN OCHUIUISATOP, IPOXOKICHUE YACTHI] Yepe3
NOTEeHLUAIbHBIN Oapbep.

22. VI3ny4yeHue 1 NOrjoueHUE SHEPTUH.

23. Hepaznu4uMoOCTh OJJUHAKOBBIX MUKPOUYACTHII.

24. Bo3oHbI ¥ (pepMHOHBI.

25. [lpunuun Iaynu.

26. KBaHTOBO-MEXaHUUYECKOE OMUCAaHUE BOJAOPOI0MOT00HBIX CUCTEM.

27. YpOBHU 2HEPruu, BOIHOBBIC (DYHKIIUHU, paCIPEeICHNEe INIOTHOCTU BEPOSATHOCTH.
28. CrexTp atoMa BOJOpOa.

29. O6bscHEHUE TOHKON U CBEPXTOHKON CTPYKTYPBI aTOMHBIX CIIEKTPOB.

30. DnexTpoHHbIE 000JIOYKY aTOMa U UX 3all0JHeHne, (pu3nueckoe 0ObsICHEHNE
NEPUOANYECKOr0 3aKOHA.

31. PeHTreHOBCKOE U3IIy4YE€HHE, IPUPOJIA, CBOMCTBA U METO/Ibl UCCIICIOBAHMS.

32. JleiicTBe MarHUTHOTO IIOJISI HA aTOM.

33. Dddexr 3eemana.

34. DneKTpOHHBIN MapaMarHUTHBIN pe30HAHC.

35. Tunsl cBsi3ell aTOMOB B MOJIEKYJIE.

36. Ilopsiaky BENWYUH JEKTPOHHOM, KOIeOaTENbHOM U BpalllaTeIbHOM SHEPTUH.

37. MonekymsipHbIE CIIEKTPHI.

38. KomOuHaImoHHOE paccesiHue.

39. Cunel Ban nep Baanbca.

40. Tumsl cBsA3€il aTOMOB B TBEP/IbIX TEJaX.

41. DHEepreTuyecKue 30HHbl.

42. [IpoBOAMMOCTb TBEPBIX TEI.

43. CBepXnpoBOIMMOCTb U CBEPXTEKYUECTh U MX KBAaHTOBas IPUPO/IA.



IIpuMepsl 3K3aMeHAUMOHHBIX 3aAaHUI

11\/?1 dopmynrpoBKa BOIpoca Bapuantsl oTBeTOB

1 PaBHOBecHOE mMOJIOKEHHE DJIEKTpOHA B | 1. B IEHTpe 3apsIzKeHHOT0 mapa
aToMe€ BOJOpOJAa COrJacHO  MOJENH | 2. HAa MOBEPXHOCTH 3apsSHKEHHOTO 111apa
Tomricona HaxoauTCs 3. B m000H TOUKE BHYTPHU 3apSKEHHOIO

mapa

4. B arome TommncoHa paBHOBECHOE
MOJIOXKEHUE OTCYTCTBYET

5. IOJIO’KEHHUE AIIEKTPOHA 3aBUCHUT OT
3apsja

2 Kakoii n3 nepednciieHHbIX HUKE METOA0B | 1. Meron MuliimkeHa, OCHOBaHHBIA Ha
MO3BOJISIET MU3MEPUTH 3apsii JIEKTPOHA C | U3MEPEHUU rnapameTpoB JBU>KEHUS
HauOOJIbIIECH TOYHOCTHIO? 3apsSOKEHHBIX  Kalellb B JJIEKTPUYECKOM

nosie

2. METOJl MarHeTPOHa

3. U3MepeHue TOJIIIUHBI ClIe[]a AIEKTPOHA B
kamepe Bunbcona

4. u3MepeHMH NApaMeTPOB JABMKEHHS
YCKOPEHHOI0 3JIEKTPOHA B MATHUTHOM
noJie (Macc-crieKTpoMeTp)

5. HU OJIMH U3 MIePEUHCICHHBIX

3 IIpu kakoil 3Hepruu JIEKTPOH OKaxeTcs | 938
TSDKEJee MOKOSIIErocs mpoTona?

OtBet npuBeaute B M1B.

4 Onpenenure JHEPIUI0 ¢doToHOB, | 1.63
COOTBETCTBYIOIIMX HauOoJee IITMHHBIM
BOJIHAM BUJIUMOM yacTu criektpa 760 HM.

Otser B 5B naiiTe ¢ TOUHOCTBIO JIO TpEX
3Haqyauwmx mudp.

5 Kakomy yrmy paccesnus (B rpamaycax) | 180
COOTBETCTBYET MaKCUMaJbHOE
KOMITTOHOBCKOE CMEINICHUE JUTHHBI
BOJIHBI?

6 OHeprus (OTOHA paBHA KHHETUYECKOM | 1. MMmyJabc 3jeKTpoHa OoJblue, T.K.
SHEPTUH dJIEKTPOHA. Macca MOKOS JJIEKTPOHA He PABHA HYJII0
CpaBHUTE UX UMITYJIbCHI. 2. umnynsc (oToHa Oonblie, T.K. Yy HEro

OouiblIIe CKOPOCTh

3. UMITYJIHCBI YACTHUI] PABHBI

4. OTBET 3aBUCUT OT BEIUYMHBI HHEPTUU
dbotona wu KHHETHYECKOW  DHEpruu
AJIEKTPOHA

7 KsanroBags dactmma Haxomutcest B | 1.x=0
OECKOHEYHO TIyOOKOH MOTeHIHANBHOM | 2. X = a/2
M€ IIMPUHON a B COCTOSHUU C TJIaBHBIM | 3. X =a
KBaHTOBBIM YHCIIO n = 3. 4.x=a/3
B kakux Toukax yacTHIla HaxXOJWTHCSI HE | 5. X =2a/3

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




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

OnmaropoHbIX Ta30B. Ha ocHOBaHMM
TUX HM3MEPEHUH OH MpHINE] K BBIBOLY,
4TO

1. CTONKHOBEHHS 3JEKTPOHOB C aTOMaMH
yHpyrue
2. aTOMbI MOXHO BO30YIHUTb, COOOLIAsT UM
TOJIBKO ONpe/CTICHHbIC

HOPLMH SHEPTUU

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

MOPIIMH SHEPTUU
6. IpPH MaJBIX CKOPOCTSX 3JIEKTPOHOB
3aMeTHO NPOSIBJSIIOTCA  HMX BOJHOBbIE
CBOIICTBA
7. IOBEICHNUE aTOMOB IIPOTUBOPEUHT
nocrynaram bopa

Kakoe w©3 mnpuBEACHHBIX SBICHUN HE
TpeOyeT ansi 0ObSACHEHUs MPEeACTaBICHUS
0 TyHHEIbHOM 3 dekTe?

1. xoyomHas »>MHCCUS BJIEKTPOHOB U3
MeTala

2. a¢pdexT [xo3edpcona

3. aHOMAJUM B 3aBHCHMOCTH CeYeHHS
paccesiHusl JJIEKTPOHOB Ha aToMax
0s1aropoaHbIX ra3oB (onbiT Pam3ayspa)
4. JABMIKCHUE 3JICKTPOHOB B TBEPJbLIX TCJIaX
5. anbda-pacnal pagu0oaKTUBHBIX SAEP

10

[TomHast PHeprusi PIEKTPOHAa HA N - OM
YpPOBHE oIpeziessieTcsi cooTHomeHneM Ey
= - 13.6/n*> 5B. Kakylo HauMeHbIIYIO
SHEPTUI0 HY>KHO COOOIIUTH
HEBO3OYKJICHHOMY aTroOMy  BOJOpPOAA,
YTOObI CHEKTP M3IY4YEHHUs Ta3a U3 TaKUX
aTOMOB  CoJepXall  TOJBKO  OJHY
CIEKTPAJIbHYIO JTUHUIO?

OtBer B 5B naiiTe ¢ TOUHOCTBIO JIO TpEX
3Haqyauwmx mudp.

10.2

11

AToM BozOpoAa mepelies U3 OCHOBHOTO
COCTOSIHMSI B COCTOSIHME C TJIABHBIM
KBaHTOBBIM  YHCJIOM N, TMpPH 3TOM
a0CcoJIOTHAs BETMYUHA

MTOTEHIIMAIbHOU JHEpruu
B3aMOJEICTBUS DJIEKTPOHA C  SAPOM
ymenbiminiaace B 4 pasza.  llpu
MOCJIEAYIOLEM TIEPEXOJIE U3 COCTOSIHUS C
[JIaBHBIM ~ KBAHTOBBIM YHCIOM 1N B
COCTOSIHUE C  IJIaBHBIM  KBAHTOBBIM
YUCIOM m  a0COJIOTHAs  BEJIMYUHA
MOTEHLIMAJIbHOU SHEPrUu
B3aMMOJICHCTBUS DJIEKTPOHA C  SAPOM
OIsATh  yMeHblIIWIach B 4 pa3sa.
Ompenenure m.

Ll e
— 00 £ N

12

HenoaBu:xHbIi aToM BOJIOpOJA
HaxXOJWJICS B TIEPBOM BO30YKIECHHOM

10




COCTOSSHUM C KBAHTOBBIM YHCJIIOM N = 2,
[TornotuB QoTOH ¢ sHeprueil, paBHOI
(0.24 >Hepruv MOHU3ALUH, ATOM BOAOPOA
mepemiesl B COCTOSHUE C KBAaHTOBBIM

gucioM m =... OmnpenenuTe KBaHTOBOE
YHUCJIO KOHEYHOTO COCTOSIHHUSL.

13 Cucrema BpaIllaTeJIbHBIX ypoBHEH | . mo Mepe yBeJUYeHHS] JHEPIrUHU
SHEPruM MOJIEKYJ HMEET CJEAYIOUIME | HHTEPBAJ MEXKAY COCeTHHMH YPOBHSIMU
XapaKTepUCTHUECKUE OCOOCHHOCTH yBeJIU4NBaeTcs

2. JHEPrus YPOBHS OCHOBHOT'O
coctosinusi paBHa () 111 BcexX MOJIeKYJ1

3. DHepruum YypoBHEW Ooyiee  JIETKHUX
JIBYXaTOMHBIX ~MOJIEKYJl MEHbIIE, YeM
OoJee TSHKENbIX

4. Mo Mepe yBeIHYEHHUs SHEPTUU UHTEPBAI
MEXy COCEIHUMHU YPOBHSIMU
YMEHbIIIAETCS

14 Bciencreue AHTAPMOHUYHOCTH | 1. yBeJIMUMBaeTcst
KojeOaHUi MOJIEKYN TpU YBEIUYEHHUH | 2. yMEHBIIACTCS
AMIUTUTY/IBI Kosie0aHui UHTEpBaJ | 3. HE U3MEHSETCA
SHEpruit MEXIY COCETHUMU
SHEPreTHYCCKUMH YPOBHSIMU

15 |B ciydae TepMoauHamMuueckoro | 1. OOJIBIINHCTBO MOJIEKYIT
paBHOBECHsI B Cpele MpU KOMHATHOM | XapaKTepHU3yeTCs MaKCUMaJIbHO
TEeMIIepaType pacrpeielieHHe MOJIEKYI 10 | BO3MOKHON dHEpruei
KOJIeOaTeIbHBIM YPOBHSIM 3HEPTUU UMEET | 2. OONBIIMHCTBO MOJIEKYJI UMEIOT YHEPTHUIO
CJIEyIOIINEe 3aKOHOMEPHOCTH (372)kT

3. MoOJeKyJbl  pacnpejesieHbl IO
K0J1e0aTeJIbHBIM YPOBHSIM JHEPrud B
cooTBeTCTBHU ¢ opmyJioit bosbumaHa;
4. KOJIMYECTBO MOJEKY1 MOHOTOHHO
yOBIBaeT 10 Mepe BO3pacTaHusi HOMEpa
K0J1e0aTEeNIbHOTO YPOBHS SHEPTUU

16 | O HyzneBbIX KOJIEOAHUSIX MOJIEKYJT MOXHO | 1. KonebaTenbHOe IBUKEHNE OTCYTCTBYET

CKa3aTh, 4To: 2. aMIIMTyAa KojeOaHui paBHA HYIIO
3. 3710 Koyebanusi npu T =0
4. 310 KOJE0AHHA ¢ MHHHUMAJIbHO
BO3MOSKHOM aMILTMTYA0M
5.9T0 K0J1e0aHUsA ¢ MUHMMAJILHO
BO3MOKHOM JHepruen
17 | OrHocutenbHO ypoBHS @DepMu MOXKHO | l. SHEprus B3auMOAEMCTBUS JIEKTPOHOB C

CKa3aThb, 4TO IOTO:

pELIETKON KpucTamua

2. cyMMapHas KHHETHYeCKas DJHeprus
CBOOOJHBIX 3JEKTPOHOB Kpucramia npu T
paBHO 1 Oosbire 0

3. KHHeTHYecKasi »JHeprusi Hamoo.iee
BBICOKOIHEPIreTHYeCKNX CBOOOHBIX
3JIEKTPOHOB Kpucrtauianpu T =0

4. JHeprusi 3JIEKTPOHHOIO YPOBHS
KpUcCTaJZIa B MOJEJH  CBOOOIAHBIX
3JIEKTPOHOB, BEPOSITHOCTH 3aIO0JHEHUSs!
KorToporo 1/2




18

DIJIEKTPOHBI
MeTasuia

B

30HC

IIPOBOAUMOCTH

l.paBHOMEpPHO pacHpenenstoTcs MO BCEM
BO3MOXHBIM COCTOSHHUAM

2.3aN0JHAIOT MOAPA BCe
HHU3KOJIeKallue COCTOSIHMS BIUIOTH [10
sHepruu ®epmu

3.3amO0JIHSIOT MOJIPSJ] BCE BBICOKOJICKAIINE
COCTOSIHUSI C DHEPTUSMH, MMPEBBIIIAOIUIMU
sHepruro Pepmu

4.MMEI0T OJHY DJHEPrul0, Ha3bIBAEMYIO
sHepruei Gepmu

5.pacnionaratorcsi BOJIM3H JTHA 30HbBI




0NN KW

IIpunoxenne 2

TunoBbie KOHTPOJIbHBIC BOIIPOCHI 1JIA I[pOMe)KyTO‘{H()ﬁ aTrTeCTalumn

. Ilopsinku BeMYUH pacCTOSHUN M SHEPIUi B aTOMHBIX U SIIEPHBIX Ipolieccax.

. Cnenuduka 3aKOHOB MUKPOMUPA.

. OCHOBHBIE YaCTHIIbI, UX XapaKTEPUCTHKA.

. SlnepHas Mozenb atoMa.

. OnbIT Pesepdopaa no paccessHuio aabda yacTull.

. D dexTuBHOE ceueHME.

. DHEprus CBSI3U.

. OBocHOBaHME BO3MOKHOCTH Pa3AeIbHOr0 pAaCCMOTPEHUs (PU3UKHU aToOMa ¥ (PU3HUKH SIIpa.
. CTaliMoHapHOCTh M JUCKPETHOCTh AaTOMHBIX COCTOSIHUIA.

. OnpiT @panka u ['epua.

. IIpocTpaHCTBEHHOE KBAHTOBAHMUE.

. Onpit L Tepna u I'epnaxa.

. KopnyckyssipHO-BOITHOBOM Ayaliu3M.

. Db dexr Komnrona.

. 'mnoresa ne-bpoitns.

. Andpaxmust 31eKTpOHOB HEHTPOHOB, ATOMOB.

. CooTHOLIEHNE HEOTIPENEIEHHOCTH.

. BomHOBast ¢pyHKIHA.

. YpaBnenue llIpenunrepa.

. OTnnune KBaHTOBO-MEXaHUUYECKOT0 U KJIIACCUYECKOTO OITUCAHUSI IBUYKEHUSI.
. Ilpocreiimue oJHOMEpHBIE 3a7]aui KBAHTOBOM MEXaHUKHU: CBOOOHOE IBUKEHUE YACTUILIbI, YACTHUIIA B

HOTCHHHaHLHOﬁ SAMCE, I“apMOHI/I'-ICCKI/II\/JI OCHUJIIATOP, MMPOXOXKACHUC YAaCTHULL YCPE3 HOTCHHH&JIBHLIﬁ 6ap1>ep.

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

28

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

41

42.
43.

N3nydyenue v noriomeHue SHEPruu.

HepaznuuumocTh 01MHaKOBBIX MUKPOYACTHLI.

Bo3onsl 1 (hepMHOHBI.

[Tpunnun [aymnu.

KBaHTOBO-MeXaHUYECKOE OMKUCAHNE BOJOPOAONOT00HBIX CUCTEM.

YpOBHU SHEPTUH, BOJTHOBbIE (PYHKIIMH, pacTIpe/ie]ICHUE IJIOTHOCTH BEPOSITHOCTH.
. Ciextp aToMa Boziopoza.

OObscCHEHNE TOHKON U CBEPXTOHKON CTPYKTYphl aTOMHBIX CIIEKTPOB.
DeKTpOHHbIE 000JIOYKU aTOMa U MX 3al0JHEHUE, (Pu3nyeckoe 00bICHEHHE NEPUOINIECKOr0 3aKOHa.
PenTrenoBckoe u3ny4yeHue, Npupoa, CBOMCTBA U METO/IbI UCCIIEIOBAHMUSI.
JleficTBrE€ MarHUTHOTO MOJISI HA ATOM.

Dddext 3eemana.

DNEeKTPOHHBIN MapaMarHUTHBIN pe30HAHC.

Tumnbl cBsi3€il aTOMOB B MOJIEKYJIE.

[Topsinku BETUYMH IEKTPOHHOM, KONIeOATeNbHOM 1 BpalllaTeIbHON YJHEPTHUH.
MonekynspHbI€ CIEKTPHI.

KomOunHanmoHHoe paccesHue.

Cuiel Ban nep Baanbca.

Tunel cBsizeil aTOMOB B TBEPJBIX TENaX.

. DHEPreTUYECKHE 30HBI.

IIpoBOAMMOCTE TBEPBIX TEII.

CBepXMnpoBOIMMOCTb U CBEPXTEKYUECTh U MX KBAaHTOBas MPHUPO/IA.



TunoBbie KOHTPOJIBHBIC 3aJaHUA TJI51 HpOMe)l(yTO‘lHOﬁ aTTeCTAalluN

J‘;{ dopmMynMpoBKa BOIpoOca Bapuantsl oTBETOB

1 PaBHOBecHOE T1OJIOKEHHE 3JIEKTPOHA B | l. B EHTpe 3apsiKeHHOI0 1apa
aTOME€ BOJOpOJA  COIJIaCHO  MOJIENH | 2. HA MOBEPXHOCTH 3apsHKEHHOrO 11apa
Tomricona HaxoauTCs 3. B m000i TOYKE BHYTPH 3apsHKEHHOTO

niapa

4. B arome TommcoHa paBHOBECHOE
MIOJIOKEHUE OTCYTCTBYET

5. IOJIOKEHUE IEKTPOHA 3aBUCUT OT
3apsna

2 Kakoii u3 nepeuncieHHbIX HUXKe METOA0B | 1. meron MuimkeHa, OCHOBAaHHBIM Ha
MO3BOJIIET MU3MEPUTh 3apsi/i JIEKTPOHA C | U3BMEPEHUHU apamMeTpoB JBUKEHUS
HanOOoJbIIeH TOYHOCTHIO? 3apsSOKEHHBIX Kalellb B 3JIEKTPUYECKOM

mnoJsie

2. METOJ] MarHeTpoHa

3. U3MepeHue TOJILIUHBI ClIe[a HJIEKTPOHA B
kamepe Buibcona

4. W3MepeHMH NAPaMeTPOB JABHMKEHHS
YCKOPEHHOI'0 3JIEKTPOHA B MArHUTHOM
noJie (Macc-CneKTpoMeTp)

5. HA OIVH U3 NIEPEUNCICHHBIX

3 [Ipu kakoil 3Hepruu 3IEKTPOH OKaxercs | 938
TSDKEJIee TTOKOSIIEToCsl TPOTOHA?

OtBet npuBeaute B MaB.

4 Ompenenure SHEPTUI0 ¢doroHoB, | 1.63
COOTBETCTBYIOIIMX Hauboyiee IJIMHHBIM
BOJIHAM BUJMMOM 4acTu criekTpa 760 HM.

Otser B 3B naiiTe ¢ TOUHOCTBIO O Tpex
3HAYAIIHX UQD.

5 Kakomy yrimy paccesHus (B rpanaycax) | 180
COOTBETCTBYET MaKCHMaJlIbHOE
KOMIITOHOBCKOE CMEIlEHUE  JJINHBI
BOJIHBI?

6 OHeprust (QOTOHA paBHA KHUHETHYECKOW | . MMIyJbe 3JeKTpPoHa OoJblie, T.K.
SHEPTUU JIEKTPOHA. Macca NMoKOos 3JIeKTPOHA He PABHA HYJII0
CpaBHHTE X UMITYJIbCHI. 2. umnyasc (oToHa Oosblie, T.K. Y HETO

00JIbIlIE CKOPOCTh

3. UIMITYJIbCBI YACTHUIL PABHBI

4. OTBET 3aBUCHUT OT BEJIUYMHBI SHEPTUU
dorona wu KWHETUYECKOW  JHEpruu
AIIEKTPOHA

7 KBantoBasgs wyactmma  Haxomutcs B | 1.x=0
OCCKOHEYHO TJIYOOKOW TOTEHIMAIBbHON | 2. X = a/2
sM€ IIMPUHON a B COCTOSHUHU C IVIaBHBIM | 3. X =a
KBaHTOBBIM YHCIIO n = 3. 4.x=al3
B kakux Toukax yacTuIla HaxOAWTbCS HE | 5. X =2a/3
MOXeET?

[IpaBunbHeIii(e) Ha Bamn B3rmsg Homep(a)
0TBeTa(0B) BBEJIUTE Uepe3 mMpobell.

8 B ombite Pam3zayspa HaOmiomamuch | 1. CTOJKHOBEHHUS 3JIEKTPOHOB C aTOMaMu
AHOMaJMM B  3aBUCUMOCTH  CEYEHHs | yOpyrue




paccessHus JJIEKTPOHOB Ha aroMax
OmaropoHbIX Ta30B. Ha ocHOBaHMH

3TUX W3MEPEHUI OH MpUIIEN K BBIBOAY,
4TO

2. aTOMBI MOKHO BO30YyIUTh, cOOOIIas UM
TOJIBKO onpe;[eneHHHe

MOPIIMH SHEPTHHU
3. CTONKHOBEHHUS JJIEKTPOHOB C aTOMaMH
HEynpyrue
4. aroMpl HMEIOT HE DpaBHBIH HYJIIO
MarHuTHBI MOMEHT
5. aTOMBI MOXHO BO30YIHTb, COOOIIasi UM
JIFOOBIE

IIOPLIUY DHEPTUHU
6. MPH MAaJBIX CKOPOCTSAX 3JIEKTPOHOB
3aMeTHO NMPOSIBJISAIOTCA  HMX BOJIHOBBIE
cBOMiCcTBa
7. IOBEIEHUE ATOMOB IIPOTUBOPEUUT
noctyiatam bopa

Kakoe w3 npuBENCHHBIX SBICHUNW HE
TpeOyeT 1l 0OBSICHEHHUS NPe/ICTaBICHUS
0 TyHHEITbHOM 3 dekre?

1. xosomHas >MHCCUS BJIEKTPOHOB U3
MeTaa

2. a¢pdexTt Ixo3edpcona

3. aHOMAJIUM B 3aBHCHMOCTH CeYeHHS
paccesiHusl JJIEKTPOHOB Ha aToMax
01aropoaHbIX razos (onbiT Pam3zayspa)
4. ABVIKCHUC 3JICKTPOHOB B TBEPAbLIX TCJIaX
5. anbda-pacnazl paJu0aKTUBHBIX STEP
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[TonmHast PHeprusi PIEKTPOHA HA N - OM
YPOBHE oIlpesiessieTcsi cooTHomeHneM Eq
= - 13.6/n*> 5B. Kakylo HauMeHBIIYIO
SHEPTUI0 HY>KHO COOOIIUTH
HEBO3OYKJICHHOMY  aTroMy  BOJOpPOAA,
9TOOBI CIIEKTP M3IYYCHHsS Ta3a U3 TaKHX
aTOMOB  COJepXaJl  TOJBKO  OJHY
CIEKTPAJIbHYIO JTUHUIO?

OtBer B 5B naiiTe ¢ TOUHOCTHIO JIO TpEX
3Haqyauwmx mudp.

10.2
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AToM BozOpOAa Mepelies U3 OCHOBHOTO
COCTOSIHMSI B COCTOSIHME C TJIABHBIM
KBaHTOBBIM  YHCJIOM N, TMpPH 3TOM
a0CoJIOTHAs BETMYUHA

MTOTEHIIMATBHOU JHEpruu
B3aUMOJEICTBUS DJIEKTPOHA C  SAPOM
ymenbimngace B 4 pasza.  llpm
MIOCJIEAYIOLEM TIEPEXOJIE U3 COCTOSIHUS C
[JIaBHBIM ~ KBAHTOBBIM YHCIOM N B
COCTOSIHUE C  TIJIaBHBIM  KBAHTOBBIM
YUCIOM m  a0COJIOTHAs  BEJIMYUHA
MOTEHLIMAJIbHON SHEPrUu
B3aUMOJICICTBUSL  DJIEKTPOHA C  SOAPOM
OIsITh ~ yMeHblIIWIach B 4 pasa.
Onpenenvre m.

R
— 0 & DN
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HenoaBuxHbIi aToM BOJOpOIA
HaxOJWJICSI B TIEPBOM BO30YKIECHHOM
COCTOSSHUHM C KBAaHTOBBIM YHCIIOM n = 2.
[lornotuB (oTOH ¢ sHeprueil, paBHOI

10




(0.24 sHeprum MOHU3AIMU, aTOM BOJAOpOAA
mepemiesl B COCTOSSHUE C KBAaHTOBBIM
guciioM m =... Onpenenure KBaHTOBOE
YHCII0O KOHEYHOT'O COCTOSHHSL.
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Cucrema BpaIllaTeJIbHBIX yYpOBHEH
SHEPruM MOJIEKYJ HMEET CJEAYIOLIUe
XapaKTepUCTHUECKUE OCOOCHHOCTH

1. mo Mepe YyBeJIMYeHHS] JHEPTHH
HHTEPBAJ MEXKIY COCeTHUMHU YPOBHSIMHU
yBeJIMYHUBAETCH

2. JHeprus YPOBHS OCHOBHOT'O
cocTosTHUSI paBHa () IUIs1 BCceX MOJIEKYJI

3. DdHepruum ypoBHEW Ooiiee  JETKHX
JBYXaTOMHBIX MOJICKYJ MEHBIIE, YeM
0oJee TSKENbIX

4. o Mepe yBeJIMUYEHHsI SHEPTHH UHTEPBAII
MEXIY COCEIHUMH YPOBHAMU
YMEHBIIAETCS
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Bcenencreue AHTapMOHUYHOCTH
Kosle0aHUH MOJIEKYl1 MpU YBEIUYEHUU
aAMIUIATY/IbI KoJIeOaHMi UHTEpBAJ
SHeprui MEXTY COCEIHUMU
SHEPreTUYECKUMHU YPOBHSIMU

1. yBeqamunBaeTcs
2. yMeHbIIaeTcs
3. HE u3MeHseTCs

15

B ciydae TEPMOJUHAMHYECKOT O
paBHOBECHs B cCpele IpU KOMHATHOU
TEMIIEPATypPE pacIpelelICHUE MOJIEKYJI 110
K0J1e0aTeIbHBIM YPOBHSIM 3HEPTUU UMEET
CJIELYIOINE 3aKOHOMEPHOCTH:

1. OOJILIITUHCTBO
XapakTepu3yercs
BO3MOXHOHW SHEPTUEN

2. OOJIBIIMHCTBO MOJICKYJI UMEIOT YHEPTHUIO
(3/2)kT

3. MoOJeKyJbl  pacnpeaejeHbl IO
KoJIe0aTeJIbHBIM YPOBHAIM JHEPruM B
cooTBeTCTBHU ¢ popmyJioit bosbumaHa;
4. KOJIMYECTBO MOJIEKYJ MOHOTOHHO
yOBIBa€T 10 Mepe BO3pacTaHusi HOMEpPa
K0J1e0aTEeIHHOTO YPOBHS SHEPTUU

MOJICKYII
MaKCUMAJIBbHO
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O HyNeBBIX KOJEOAHUSIX MOJIEKYJI MOXKHO
CKa3aThb, 4TO:

1. konebaTenbHOE IBUKEHUE OTCYTCTBYET
2. aMIuIMTy/Aa KojeOaHui paBHA HYIIO
3.9710 kosedanusa npu T =0
4., 310 KOJEOaHHMSI C
BO3MOSKHOM aMILTUTYA0M
5.3T0 KoJIeOaHHsI ¢ MUHHUMAJIbHO
BO3MOKHOM JHepruen

MHUHHUMAJBbHO
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OTHOCUTENBHO YPOBHHA (DepMI/I MOXXHO
CKa3aTb, 4YTO IOTO:

1. sHeprus B3aMMOJEHCTBUS DJIEKTPOHOB C
pPELIETKON KpUcTaua

2. CcyMMapHas KHUHETHYECKas >SHEprus
CBOOOJHBIX 3JEKTPOHOB Kpucramia npu T
paBHO uu Oounblie 0

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

4. DJHeprusi JJIEKTPOHHOIO0 YPOBHA
KpucTaJZIa B  MOJEJH  CBOOOIHBIX
3JIEKTPOHOB, BEPOSITHOCTH 3aIOJIHEHUSs!
KoToporo 1/ 2
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ONeKTpOHbl B 30HE

MeTajia

IpOBOAUMOCTU

l.paBHOMEpPHO pacHpeneNAoTCsl MO BCEM
BO3MO>KHBIM COCTOSIHUSIM




2.3aN0JHAIOT moaApsg BCe
HHU3KOJIeKAIMEe COCTOSAHUS BIUIOTH [0
sHepruu ®epmu

3.3amOJIHSIOT MOJIPSJ] BCE BHICOKOJICKAIIINE
COCTOSIHUS C SHEPTUSMH, MPEBBIIIAIOIUMU
sHepruro Pepmu

4 MMET OJHY DHHEPrUI0, HA3BIBAEMYIO
sHepruei Gepmu

5.pacnionararorcsi BOJIM3H JTHA 30HbBI
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