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Pabouast nporpamMma auciumunHel "AToMHast pU3HKa' 110 HaIPaBJICHUIO MTOJATOTOBKY (crenuanbHocTh) "dusnka”

HarpaByieHHOCTH (mpodrtio) Menununckas ¢pusuka ®I'BOY BO «Uenl'Y» ctp. 3

1. HEJIX OCBOEHUMA TUCHUTIINHBI

Henp nucuuIuinHbel « ATOMHAas prU3KKa» cOCTOUT B (POPMUPOBAHUH Y CTYJCHTOB €AMHOW, CTPOHHOI, JIOTHYECKH HEMTPOTHBOPEYHUBOM
(hu3nUecKoil KapTUHBI OKPYIKAIOLIETO HAC MHUpa MPUPOIbI, TPHOOPETEHHE HABBIKOB PELICHUS 1 UCCIIEI0BAHNS KOHKPETHBIX
(husnyuecKux 3a1ad.

OCHOBHBIE 3a/1a41 TUCIMIUIMHBL: U3y4eHNE OCHOBHBIX MOHATHI aTOMHON (U3UKH; U3yYeHHE OCHOBHBIX METOOB HCCIICIOBAHHS B
(u3HKe aToMa; 3HAKOMCTBO C HEKOTOPBIMHU MIPHIOKEHUSIMU aTOMHOH (DU3HKH.

Pe3yHLTaTLI O6yLICHI/IH 10 TUCOUIIIMHE HAaIIPaBJICHBI HA JOCTHKCHUEC NHAUKATOPOB!:

OIIK-1.1. O6nagaeTr 6a30BbIMU 3HAHUSAMH, IIOJy4EHHBIMU B 001aCTH (PU3UKO-MATEMAaTUIECKUX U (UJIM) ECTECTBEHHBIX HayK.

OIIK-1.2. JleMOHCTpUpPYET YMEHHE pellaTh 3a/1autl, OpMYIUpyeMbIe B paMKax (PU3NKO-MAaTEMAaTUIECKUX U (UJIM) ECTECTBEHHBIX
HayK.

OIIK-1.3. IMeeT HaBBIKK MCIIOJIB30BAHUSI OCHOBHBIX TIOHSTHH, 3aKOHOB (DU3UKO-MaTEeMATHUECKUX U (MIJIH) ECTECTBECHHBIX HAYK JUIS
peleHus 3a1a4 MpoeCCUOHANBHON AEATEIIEHOCTH.

2. MECTO JUCHMIIIMHBI B CTPYKTYPE OIIOII

Huka (pa3gen) OITOIT: b1.0.13

2.1 TpeGoBaHus K NpeIBaAPUTEIHLHOI MOAT0OTOBKE 00yYaloIIerocs:

MexaHuka

MonexkynsipHas puzuka

QHCKTpI/ILIeCTBO U Mari€Tusm

OnTuka

2.2 I[I/ICIII/IHJII/IHLI H MPAKTHKH, VI KOTOPBLIX OCBOCHHE JAHHOM TUCHHUILTHHBI (MOZIyJIﬂ) He00X0MMO KaK npeamecTsyromiee:

duszrka aTOMHOTO AApa v 5JIEMCHTApHbBIX YaCTUIL

Ousnka pyHIaMEHTATBHBIX B3aUMOIACHCTBHHA

BsaumoneiicTBre u3mydeHus ¢ BEIIECTBOM

TloxroroBka k ciaade u caada TOCYIapCTBCHHOI'O DK3aMCHa

3. KOMIIETEHIIAY OBYYAIOIIETOCSl, ©OPMUPYEMBIE B PE3YJIbTATE OCBOEHMSI JUCIIATLTAHBI
(MOJLYJIST)

OIIK-1: Cnoco0eH npuMeHsSITH 0a30Bble 3HAHUA B 00J1acTH PU3NKO-MaTEMATHYECKUX U (WJIM) eCTECTBEHHBIX HayK B cdepe
cBoeil mpogeccHOHATBLHOI 1esITeJILHOCTH;

3HaTh:

Jns noctmxennst OITK-1.1: ocCHOBBI TeOpHH, IPHHIUITEL K METOABI AaTOMHOI (DM3UKH; METOBI TEOPETHUECCKHUX
HKCIIEPUMEHTANBHBIX HCCIICIOBAHUN B aTOMHON (u3nKe; 0a30BbIe TCOPETUIECKUE 3HAHUSI [I0 aTOMHOH (hU3HKe.

YMeTh:

Jns noctmxennst OITK-1.2: moHNUMAaTh, H37IaraTh U KPUTHYECKH aHAIU3UPOBATh 0a30BYI0 00mIehU3MIecKyr0 HH)OPMAIIHIO;
M0JIb30BATHCSI OCHOBHBIMH TIOHSITHSMH, 3aKOHAMHU M MOJICJIIMH aTOMHOM (DU3UKH; pelIaTh THIIOBBIE 3a/1a4H; UCIIOJIb30BaTh 0a30BbIE
TEOpeTHYEeCKUE 3HAHU 110 aTOMHO (hU3HKe.

Baanets:

Jns noctmxennst OITK-1.3: MmeTomamu 00pabOTKH M aHAIN3a SKCIIEPUMEHTAIBHON U TEOPETUISCKOH (pr3HIeckoll HHpOpMaIInY;
HABBIKOM PELICHHs KOHKPETHBIX (PU3MUECKUX 3a/1a4 110 aTOMHON (U3HKe.

B pesyabTaTe 0cBOCHMS AMCUMIIJIMHBI 00yYaKOIMiicsa N0IKeH

3.1{3naTn:

3.1.1|ocHOBBI TeOpUY, IPUHIMIIBL U METObI AaTOMHOM (PU3UKHU; METOIbl TEOPETUUECKUX U IKCIIEPUMEHTATIBHBIX
HCCIIE0BaHUM B aTOMHOI (hu3KKe; 6a30BbIe TEOPETHUECKUE 3HAHUS 110 aTOMHOH (u3uke.

3.2({YmeTh:

3.2.1|moHMMATh, U3JIaraTh U KPUTHYECKH aHAIM3UPOBATh 0a30BY0 001IeQU3NYEeCKY0 HHPOPMALIUIO; TTOJIb30BAThCS
OCHOBHBIMH HOHATHAMH, 3aKOHAMH U MOJIEIISIMU aTOMHOM (DM3MKH; peIIaTh TUIIOBBIE 3a/1a41; UCIIOJIb30BaTh 0a30BbIe
TEOPETHYECCKUE 3HAHUS 110 ATOMHOW (DU3MKE.

3.3|Binanern:

3.3.1|merogamu 00pabOTKH 1 aHATHM3a SKCIIEPUMEHTANBHOM U TeopeTHdecKol ¢usnueckoil nHGopMaIiy; HaBBIKOM
peIIeHUs KOHKPETHEIX (PM3NUECKUX 3aJ1a4 110 aTOMHOH (pr3HKe.
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Pabouast nporpamMma aucuumHel "AToMHast pU3KKa" 110 HAPaBJICHUIO NOATOTOBKH (cneruansHocty) "dusnka”

HarpaBiieHHOCTH (npo¢mmo) Memununckas ¢pusuka PI'BOY BO «Uenl 'Yy ctp. 4
4. OFBEM JJUCHUIIJIMHBI (MOYJIST)
Ob6Las TpyaoemkocTb 33ET
Yacos 1o ygeOHOMY Iutany : 108 Busl KOHTPONISL B ceMecTpax:
B TOM YHCIIE :
ayAUTOpHBIE 3aHATUA © 54 JK3aMeHBI 5
caMoCToOsITeNbHAs padoTa : 36
4acoB Ha KOHTPOJIb 18
5. CTPYKTYPA U COAEP)KAHUE JTUCIHUIIJINHBI (MOIYJIST)
Kon HanmeHoBaHue pa3/e10B H TeM /BHJ 3aHATHSA/ Cemectp | Yacos JIntepaTtypa
| 3aHATHS [ Kvpc
Pa3nen 1. BBenenune. AToMbl U siipa
1.1 Kpatkuii HCTOpHUYECKHI OYSPK Pa3BUTHS MPEJCTABICHUS 00 aTOME U sifpe. 5 4 JIT.1 JI1.2 JI1.3J12.1
Iopsinku BEJIMYMH PAaCCTOSIHUI M SHEPTUM B aTOMHBIX M SIEPHBIX IIPOLECCaX. J12.2J13.1 JI3.2
Crerudrika 3ak0HOB MUKpOMHUpa. OCHOBHBIC YaCTHUIIBI, UX XapaKTEPUCTHKA. 213233543556
SnepHas Mozens atoma. OnblT Pezepdopaa no paccesiHuro anbga 4acTul. 97
O dextuBHOE ceuenue. IHeprus csizu. OOOCHOBaAHNE BO3MOXKHOCTH
pas3zienbpHOro paccMoTpeHust (pU3nKu atoma U pusuku sapa. /Jlex/
1.2 Pemenue 3anau. Paccestaue yactun. ®@opmyna Pesepdopna. /Tp/ 5 4 JIT.1J11.2 J11.3J12.1
J12.2J713.1 J13.2
0132 33 2435 26
27
1.3 Paccesnue yactun. ®opmyna Pesepdopaa. /Cp/ 5 4 JI1.1J11.2 J11.3J12.1
J12.2J713.1 J13.2
30132 33 2435 26
27
Pa3nen 2. DxcnepuMeHTaIbHbIEe 0CHOBBI KBAHTOBBIX NMpeACTaBIeHUIl
2.1 CTannoHapHOCTh U IUCKPETHOCTh aTOMHBIX cocTosiHuH. OmbiT @paHka n 5 6 JIT.1 JI1.2 JI1.3J12.1
I'epua. IIpoctpancTBeHHoe kBanToBaHue. OnbIT IllTepHa u I'epnaxa. J12.2J13.1 J13.2
KopmnyckynspHao-BostHoBo# nyanm3m. D¢ ekt Komnrona. 'unoresa ae- 213233 3243536
Bpoiins. Jludpaxuus 351eKTpoHOB HEHTPOHOB, aTOMOB. COOTHOIIEHUE ey
HeonpezeaeHHocTH. /JIex/
2.2 Pemenue 3anau. Kopnyckynspao-BoaHoBoi ayanusm. ®otosddert. Iddext 5 4 JIL.1J11.2 J11.3J12.1
Komnrona. /TIp/ J12.2J713.1 J13.2
D132 33 54 35 26
27
23 KopnyckynspHo-BonHoBo# nyanusm. @otodpdexr. Ddpdexr Komnrona. /Cp/ 5 6 JI1.1J11.2 J11.3J12.1
J12.2J13.1 J13.2
D132 33 34 35 26
27
Pa3nen 3. ®uznyeckne NPUHIUNBI KBAHTOBOI MeXaHUKH
3.1 Bonnosas ¢pynkuus. Ypasuenue lpeannrepa. Otiaudue KBaHTOBO- 5 8 JIT.1 J11.2 JI1.3J12.1
MEXaHIYECKOTO U KIIACCHYECKOTO OMUCaHus ABMkeHus. [IpocTeiimme J12.2J13.1 JI3.2
OJTHOMEPHBIC 33/1a41 KBAHTOBOW MEXaHUKU: CBOOOAHOE JIBIKEHHE YaCTHIIBI, 21 92 B3 D4 35 D6
YacTHIA B TIOTEHIMAIBHON SMe, TApMOHWYECKHI OCIMILIATOD, TPOXOKACHHE 27
YJacTHUI] Yepe3 NOTCHIMAIBHBINH Oapbep. V3nyueHue U MoromeHue SHepruu.
Hepa3mauMocTh 0TMHAKOBBIX MUKPOYAcTHI. 5030HBI 1 pepMUOHEIL.
IMpunuun Maymu. /Jlex/
3.2 Pemenue 3anau. BonnoBas ¢pynkuus. Ypaeuenue llpenunrepa. /TIp/ 5 2 JIT.1J11.2 J11.3J12.1

J12.2J13.1 J13.2
0132 33 54 55 56
97
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Pabouast nporpamMma aucuumHel "AToMHast pU3KKa" 110 HAPaBJICHUIO NOATOTOBKH (cneruansHocty) "dusnka”

HarpasiieHHOCTH (npo¢mmo) Memununackas ¢pusuka PI'BOY BO «Uenl'Y» CTp- 5
33 Bonnosas ¢ynkuus. Ypasuenue lpeaunrepa. /Cp/ 5 8 JI1.1J11.2 J11.3712.1
J12.2J13.1 JI3.2
31 32 33 D4 35 D6
97
Pa3znen 4. CTpoeHne aTOMa U AaTOMHbIE CIIEKTPBI
4.1 KBaHTOBO-MeXaHHUYECKOE OMHCAHUE BOJIOPOJIONOOOHBIX CHCTEM. Y POBHH 5 8 JIT.1 JI1.2 JI1.3J12.1
SHEPI'UH, BOJHOBbIE (PYHKIIUY, PacIpeeIeHIe INIOTHOCTH BEPOSITHOCTH. J12.2J13.1 JI3.2
Criextp atoma Bojioposia. OObsICHEHHE TOHKOI U CBEPXTOHKOM CTPYKTYPBI 213233 3425 26
AQTOMHBIX CIIEKTPOB. DJIEKTPOHHBIE 000JI0YKH aTOMa U MX 3al0JIHeHHE, 97
¢dusnyeckoe 0OBSICHEHNE IEPHOANIECKOTO 3aKOHA. PEHTreHOBCKOE
U3JIy4eHue, Ipupo/ia, CBOMCTBA U METO/IbI uccienoBanus. JlelicTeue
MAarHATHOTO TIOJISt Ha aToM. D¢ dekT 3eeMana. DIeKTPOHHBIN NapaMarHUTHBIH
pe3onaHc. /JIex/
4.2 Pemenue 3amau. KBaHTOBO-MEeXaHUYECKOE OMMCAHUE BOJOPOIONOAOOHBIX 5 4 JIT.1 JI1.2 JI1.3J12.1
cucreM. DIeKTpoHHbIe 06osouku. /I1p/ JI2.2J13.1 J13.2
31 32 33 54 35 D6
97
4.3 KBaHTOBO-MEXaHHUYECKOE OITUCAHUE BOJOPOIONOTOOHBIX CHCTEM. 5 8 JIT.1 JI1.2 JI1.3J12.1
OnexrpoHHble 060s0uKu. /Cp/ JI2.2J13.1 J13.2
31 32 33 B4 35 56
97
Pa3nen 5. CTpoeHne u cBOiiCTBa MOJIEKY.JT
5.1 Tuns! cBs3eil aToMOB B MoseKyJie. [1opsiky BeIMUUH 3JIEKTPOHHOH, 5 6 JI1.1J11.2 J11.3J12.1
KoJe0aTeTbHOM U BpamaTelbHOW SHEpTHH. MOJIEKYISIpHBIE CIIEKTPHI. JI2.2J13.1 JI3.2
Komb6unanuonnoe paccesnue. Cuiisl Ban nep Baansca. /JIex/ 013233 24 25 26
37
5.2 Pemenne 3anau. Mexanndyeckuii ¥ MarHUTHBIM MOMEHT aToMa. ATOM B 5 2 JI1.1J11.2 J11.3712.1
MarautHoM tose. /TIp/ JI2.2713.1 J13.2
91 3233 24 25 56
37
5.3 MexaHWUYECKHA 1 MATHUTHBIF MOMEHT aToMa. ATOM B MarHUTHOM moie. /Cp/ 5 6 JIT.1 JI1.2 JI1.3J12.1
J12.2J13.1 JI3.2
3132 33 54 35 D6
97
Pazgen 6. KBanToBbI€ CBOMCTBA TBEPABIX TeJ
6.1 Turnel cBsA3eil aTOMOB B TBEPBIX TeJaX. JHEPrETUYECKUE 30HBI. 5 4 JI1.1 J11.2 J11.3J12.1
IIpoBogumocTs TBEPBIX Ten. CBEPXIPOBOAUMOCTD U CBEPXTEKYUECTh H UX JI2.2J13.1 JI3.2
KBaHTOBas npupoja. TemtoeMkocTs. /JIex/ 01 32 33 24 25 56
97
6.2 Pemenue 3anau. Cesa3p aToMoB B MoJiekyJie. KonebaTenbHas U BpalaTenbHas 5 2 JIT.1 JI1.2 JI1.3J12.1
sHepruu. KBaHTOBBIC CBOMCTBA TBepabIX Teu. /TIp/ JI2.2J13.1 JI3.2
01 3233 24 25 56
37
6.3 Cpsi3b aTOMOB B MoJiekyie. KosnebarenbpHas 1 BpamareinbHas SHEPrHH. 5 4 JIT.1 J11.2 JI1.3J12.1
KganTtoBbIe cBoiicTBa TBepabIX Tei. /Cp/ JI2.2J13.1 J13.2
31 32 33 24 35 56
97

6. POHJ OHEHOYHBIX CPEJICTB

6.1. Ilepeyens BUIOB OLEHOYHBIX CPEACTB

OtueT 1o MPAaKTUYCCKUM 3aJaHUSIM.

© ®I'BOY BO «Henl'V»




Pabouas mporpamMma TucHUILIMHEL "ATOMHAs (pu3nKa" 10 HAIpaBJIEHHIO IOATOTOBKH (crenuansHocTH) "dusnka

HarpaByieHHOCTH (mpodrtio) Menununckas ¢pusuka ®I'BOY BO «Uenl'Y» ctp. 6

KonTponbHbIe BOMIPOCHL.

6.2. TunoBble KOHTPO/IbHbIE 32JAHUS U HHbIe MATepHAJIbI 1151 TeKyILeil aTTecTalUU

TurnoBsie KOHTPOJIBHBIC 3aJlaHUs U UHBIC MaTCpHaJIbl 1JId TeKyHIeﬁ aTTeCTalluy MPEACTaBJICHBI B HpI/IJ'IO)KeHI/II/I 1.

6.3. TunoBbie KOHTPOJIbHbIC BONIPOCHI U 3aJJaHUA JJIsA l'IpOMe)I(yTO‘lHOﬁ aTrecTaluuu

TurnoBble KOHTPOJIBHBIE BONPOCHI U 3aJIaHUs AJIs IPOMEKYTOUHOM aTTeCTalluy IpeicTaBieHsl B [Ipunoxenun 2.

6.4. Kputepuu oneHnBanus

DK3aMeH 110 TUCLHUILUIMHE ITPOBOJUTCS B 3JIEKTPOHHOM BHJe. Bomnpock! noadupatorcst n3 6a3bl JaHHBIX BOIPOCOB M 3aaa4. Ha
9K3aMeHe CTyIeHTy npearaercst 20 Bompocos, u3 Hux 6 3anad. Eciu cTygenT npaBuibHO oTBevaeT Ha 11-12 BOmpocoB, OH MOXKET
MOJIY4YUTh OLICHKY «yJOBJIETBOPUTEIHHO», HA 13-15 — «xopomo», 16 u 6onee — «oTnyHO». Eciu cTyieHT npaBUIIbHO OTBEYaeT
b Ha 10 BOIIPOCOB U MEHEe, TO OH MOKET MOJTYYHUTh OLIEHKY «HEYIOBIETBOPUTEIbHOY. Iloce BBeIeHNs OTBETa Ha TTOCIIECAHUM
BOIIPOC TecTa U (POPMaIBbHOTO NOABEICHHUS KOMITBIOTEPHON IIPOTrPaMMOii pe3yJIbTaTOB TECTUPOBAHUS, IIPEIoIaBaTelb 00CYKIAeT U
3a7aeT JOTOJHUTEIbHBIE BOIPOCH! CTYIEHTY 10 OBOAY TOTO MJIM HHOTO OTBeTa. [I0 mToram Takoro codeceoBaHus MperoiaBaTellb

orpeJelisieT YPOBEHb OCBOCHUS IIPOBEPIEMBIX KOMIIETEHIIMH U BBICTABIISIET COOTBETCTBYIOIIYIO OLEHKY: «OTIMYHO» — CTYAEHT
JIOJDKEH MPOAEMOHCTPUPOBATh OTIIMYHOE 3HAaHUE MaTepuaa, BOCIPOU3BES COOTBETCTBYIOLINE MaTEMaTHYECKHUE BBIKIIAJIKU U
JIOTHYECKHE PACCYKICHHS, CTYIEHT IIPaBUIbHO 00OCHOBBIBAET MPUHSTHIE PELICHUS; «XOPOILIO» — CTYACHT TBEPJO 3HAET y4eOHBIN
Marepuai, TPaMOTHO U 10 CYIIECTBY H3JIaraeT ero, HO IIPH ATOM JIOITYCKAIOTCs HerpyOble OIMOKH IPH BEIBOJIE HOPMYI WIH

OTCYTCTBHUE HEKOTOPLIX 3JICMEHTOB BbIBOJA; «YAOBJICTBOPUTECIILHO)» B ClIydac ycnemHoﬁ cladyu 0a30BBIX 3HAHUI OCHOBHBIX

MOHATHIA, HA3BaHUI U (PU3HUECKOTO CMBICI BEJIMUYHH, BU/Ia OCHOBHBIX PAacHpeIe/IiCHU U COOTHOIICHHUH (0e3 BBIBOIA);
«HEYJIOBJIETBOPUTEIILHO» B ClTyyae OTCYTCTBHS 0A30BBIX 3HAHUI OCHOBHBIX MOHATHUH, HA3BaHUH U U3HMYECKOTO CMBICI BEJIUYHH,
BH/Ia OCHOBHBIX paclpe/elIeHH U COOTHOIICHH (0e3 BBIBOIA).

7. YHEBHO-METO/JMYECKOE © HTHOOPMAIIMOHHOE OBECIIEYHEHHWE JTUCHUIIJIMHbBI (MOLY JIST)

7.1. Pexomennyemasi 1urepatypa

7.1.1. OcHoBHasi TUTEPaTypa

ABTODEI, COCTaBUTEIHN 3arnaBue WznarensctBo, Toa| Pecypc
JI1.1 |Uponos U. E. 3anauu o oduiel pusnke: yueOHOE TOCOOHE AJIsl By30B Cankr- [TerepOypr | OBC
(https://e.lanbook.com/book/152437) : JIansw, 2021
JI1.2 |CuByxun J. B. OO6uwmii kypc pusuku: yueOHOE TTOCOOHE Mockaa : 3BC
(https://biblioclub.ru/index.php?page=book&id=82991) Ouzmatiut, 2002
JI1.3 |Casenbes U. B. KBanroBas ontuka. AToMHas Gpusuka. Ou3uka TBEpAOro Tena. Cankrt- ITetepbypr [ OBC
®duzrka aTOMHOTO SI/Ipa U SJIEMEHTAPHBIX YaCTHUI] : Jlans, 2021
(https://e.lanbook.com/book/167873)
7.1.2. JlonoaHuTeIbHAS IUTEPATYpPa
ABTOPBI, COCTaBUTEIH 3arnaBue WznarensctBo, rog| Pecypc
JI2.1 ['puropses 0. M., ®du3rka aTOMa U aTOMHBIX SIBIICHHN: y4eOHOe mocooue Mockga : 9BC
Korukun U. C. (https://biblioclub.ru/index.php?page=book&id=457657) ®uzmatiut, 2015
JI2.2 [IInonsckuii 3. B. Bsenenue B aToMHyI0 GH3UKY Canxrt- ITerepbypr | OBC
(https://e.lanbook.com/book/167794) : Jlanp, 2021
7.1.3. MeTroauueckne pa3paboTKu
ABTOPBI, COCTaBUTEIH 3arnaBue WznarensctBo, ron| Pecypc
JI3.1 [3ucman I'. A., Togec |Onrtuka. ®usnka atomoB 1 MoJiekyl. Ou3nka aTOMHOTO siApa U Camnkr- [Terepoypr | 3BC
0. M. MHKpPOYACTHIL: y4eOHOe mocodue : Jlans, 2019
(https://e.lanbook.com/book/115202)
JI3.2 |KanamnuukoB H. IT.,  |IIpakTukym no penienuro 3aaad no odmemy kypcy ¢usuku. OcnoBel |Cankr- IletepOypr | 9BC
Koxepuuko H. M., |kBaHTOBO# pusuku. CTpoeHue BeliecTBa. ATOMHAS U sepHast : Jlans, 2021
Koteipno T. B,, ¢usuxa
Coupun I'. T (https://e.lanbook.com/book/168664)
7.2. IlepeyeHb pecypcoB HHGOPMAIMOHHO-TeJIeKOMMYHHKAaMOHHO ceTn "UHTepHeT"
D1 [YuebOHo-MeTomuueckuii caiit «IIpernonaBarensam u cryaenram» http://teachmen.csu.ru
32 |HayuHble 1 Hay4HO-TIONYJISIPHBIE JIeKuK http://elementy.ru
33 |Hayunas snexktponHas 6udmnoreka Poccuiickoit Akagemun Hayk http://www.elibrary.ru
34 |9BC «YHuBepcuterckas oubanoreka oHnaiuy» http://biblioclub.ru/
95 |9bC us3narenscra «JIanp» https://e.lanbook.com/
96 |3BC uzparenscra «MHppa-M» znanium.com http://znanium.com/
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27 |9BC «tOpaiir» https://biblio-online.ru/

7.3 IlepeyeHb HHGOPMALMOHHBIX T€XHOJIOTHIi

7.3.1 IIporpaMmmHoOe oGecnieyeHue

Adobe Reader

LibreOffice

WinDjView

Adobe Connect Acrobat

LMS Moodle

MS Office365

7.3.2 IIpodeccnonaibHbie 6a3b1 JAHHBIX 1 HH(POPMALMOHHO-CIIPABOYHbIE CHCTEMbI

1. DnexTpoHHBIH KaTanor HayuHoi 6ubnuoreku Yenl'yY [DnexTporHblif pecypc] : 6a3a naHHbIX / Yens6. roc. yH-T. — UensaOUHCK,
1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : sxypHamnbl
American Physical Society : caift. — URL: http://journals.aps.org/about — SI3. anri. — PexuM focTyna: TOIbKO U3 CETU
yHHUBEpcUTeTa. — TeKCT : AMEeKTPOHHBIN.

3. Web of Science : mynsTinuciuuinHapHas pedeparuBHas 6a3a qaHHbx / komnanus Thomson Reuters. — Pexxum nocryna: st
3apeructpup. nmonp3opareneit YenlY. — TeKCT : 271eKTpOHHBIH.

4. Scopus : pedepatuBnas 0a3a nanubix / Elsevier BV. — URL: http://www.scopus.com/ — 5I3. anri. — Pexxum nocryna: 1is
3apeructpup. noas3osareneil Uenl'Y. — TekcT : 37€KTPOHHBIN.

5. Springer Link : [caiitr]. — URL: http://link.springer.com/ — £I3. anran. — Pexxum poctymna: ass 3apeructpup. nois3opareneit Yenl'V.
— TeKcT : AMeKTPOHHEIH.

6. KoHCIIeKTHI JISKIHMHA C IEMOHCTPALUSAME U BUPTYaJIbHBIMH JTa0OpATOPHBIMHU SKCIIEpUMEHTaMH Ha caiite http://teachmen.csu.ru

8. MATEPUAJIbHO-TEXHUYECKOE OBECIHIEYEHUE JUCHUIIJIMHBI (MOAY JI51)

Jlns peanu3anuy JUCHMILUIMHBI UCTIONB3YIOTCS YUeOHbIE ayIUTOPUU UL IIPOBEICHUS 3aHATHH JIEKIIMOHHOTO THIIA, IPAKTUYECKUX
3aHATHH, TPYIIIOBEIX ¥ HHAWBHIYATbHBIX KOHCYIIBTANH, TEKYIIETO KOHTPOJIS U IPOMEKYTOUHON aTTECTAINH, a TAKXKe IIOMEIICHHST
JUISL CAMOCTOSATENILHON paboTHL.

Y4eOHble ayTUTOPUN YKOMIUIEKTOBAHbI CHIEHUANIN3UPOBAHHON MEOEIBIO U TEXHUYECKUMH CPEJICTBAMHU O0YyUEHHUS -
MYJIbTUMEINHHBIM 000pyI0BaHUEM (IKpaH, HOYTOYK, POEKTOP, KOJIOHKH).

Jlnst mpoBeieHNs 3aHATHH JIEKIIMOHHOTO TUIA NPEJIaraloTcsi Habopbl JEMOHCTPALOHHOTO 000PYA0BAaHUS U yueOHO- HATJISAIHBIX
noco6uit (MyIbTHMEHITHBIC IPE3CHTAINH).

Hcnonb3yeTcs 3eKTPOHHBIA YUTANBHBIHN 321 HayuHO# O6ubnroTeku Yenl'Y (aymutopus 206) i CaMOCTOSITEIBHON paboOThI
CTYJIeHTa, OCHAIIEHHBIH IePCOHATBLHBIMU KOMITBIOTEPAaMH, MYJIbTUMEUIHHOM annapaTtypoil. B aynuropun obecrneueH qocTym K
Pa3IMYHON CIIPaBOYHOM JINTEPATYPE, SHIUKIONEIUSIM, OHOIHOTpadhUUeCKIM 1 IIOJTHOTEKCTOBBIM 0a3aM JTaHHbIX,
UH()OPMAIIMOHHBIM pecypcaM «HTepHeT».

9. METOAUYECKHUE YKA3AHMUS JJIs1 OBYYAIOIIIUXCSI IO OCBOEHUIO JTUCITUIIJIMHBI (MO Y JIST)

OcBoeHue coiepxKanus yIeOHOH AUCIUIIIMHBL « ATOMHas (hH3HUKa») OCYIIECTBISIETCS Ha JIEKIUAX, IPAKTUUECKUX 3aHATUSIX U B
TIPOIIECCe CaMOCTOSTEIbHOM yIeOHOH AesATETBHOCTH CTYICHTOB.

Jlek1MoHHBIE 3aHATHS 00ECIIeUNBAIOT TEOPETUUECKOE U3YUeHHEe TUCIUIUIUHBL. OCHOBHBIMU METOJaMH 00y4eHHs SBIISIOTCS
HH(POPMAIMOHHO-00BCHATENBHEIH 1 TpoOIeMHBIH. Ha Teknmsax n3naraercs 0CHOBHOE COJEPKAHHUE TEM IIPOTPAMMEL, IPOBOINUTCS
aHaJINU3 OCHOBHBIX MOHATUI U PacCMaTPUBAIOTCS IPUMEPHIL.

JIeKMOHHBII MaTepHal SABIACTCS BAXXHBIM, HO HE GAMHCTBEHHBIM I YCBOCHHS yueOHON quctummHEL. Ero o0s3aTensHo
HE0OXOIUMO IOIOIHUTH MaTepPUaIOM OCHOBHOH U IONIOJIHUTENBHON JIUTEPATYPHI IO TEME.

[NpaxTHueckue 3aHATHS CIyKaT JUIS 3aKPEeIUICHAS TEOPETHIECKUX OCHOB, H3JIaraeMbIX B JIeKIMAX. Ha mpakTuaeckux 3aHATHAX
o0ydJaeMble OBJIAIEBAIOT OCHOBHBIMHU METOJIaMHU U IPHEMaMH peleHus 3a1ad. s mpoBeaeHust TEKYLIETo U IPOMEKYTOUHOTO
KOHTPOJISI IPOBOJUTHLCS KOHTPOJIbHAS Pab0Ta U 3aIllUThI 33124 110 KaXXJOU TeMe NPaKTHYECKUX 3aHATHH. 3aluTa 3a1a4 TO TeME
MOAPa3yMeBaeT PEeIIeHUE 3a1a4 U3 IPEATI0KEHHOTO CITUCKA 3a/1ad ¥ yMEHUE OOBICHUTH X0 pemenus 1-2 3agad u3 rembl Cucrema
KOHTPOJIbHBIX MEPOIPHUATHI 10JDKHA 00ecreynBaTh OObEKTUBHYIO OLICHKY 3HAHUM U HABBIKOB CTYJEHTOB, CIIOCOOCTBOBATH
MOBBIMIEHNIO 3()(PEKTUBHOCTH BCEX BUJOB YUEOHBIX 3aHATHH, BKIIIOUAsi 1 CAMOCTOSITEIILHYIO PaboTy.

BaxxHbIM MOMEHTOM IIPU U3Y4EHUU THO00M TUCHUIIINHBI ABIAETCS OpraHu3alusl caMoCcToATeNbHON padoTsl. [Ipu ocBoeHuH
Marepuaia He ClelyeT CTPEMHUTHCS K MEXaHHUECKOMY 3alIOMHHAHUIO IPUBEACHHBIX ONpeAeineHIH, HOPMYIHPOBOK U MOJIOKEHHUH,
eci TpedoBaHUS K Bam npsMo He ykasbIBaroT Ha 3T0. Brionxe ek THBHOIT MOKeT 0Ka3aThCsl HOIBITKA TIOHATE CYTh SBICHUS,
BBIPa0OTaTh CBOE OTHOLIEHHE K HEMY, OIHPAsCh HAa MaTepHall, COJCPKaLIUNCS B pEeKOMEHA0BAHHOH IuTeparype. Taxoke
PEKOMEH/TyeTCsl pABHOMEPHO Pacpe/ielisiTh Harpy3Ky CaMOCTOSATEILHOTO O0YUEeHHUsI B TEUEHHE CeMeCTpa.
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B ocBoeHnn qucuuinHb! (MOAYIIS) HHBATUIAMU H JIMIIAMH C OTPaHUYEHHBIMU BO3MOXKHOCTSMH 30POBbs O0JbIIOE 3HAUCHNE
uMeeT UHAUBUAYyaIbHas pabota. [log nnnuBuayansHOM paboTol nogpasymeBaeTcs 18e (OpPMbl B3aUMOJEHCTBUS €
IperoaBaTeneM: HHANBUyanbHas yaeOHas padoTa (KOHCYIbTAINN ), T.€. JOMOJHNTEIbHOE pa3bsCHEHHE YUeOHOTro MaTepuana u
yri1yOJIeHHOE U3YUeHUE MaTepuala ¢ TeMH 00y4JaroluMucs, KOTOPbIe B 3TOM 3aMHTEPECOBaHbl, U UHMBUyaIbHasl BOCIMTATEIbHAS
pabota. IHAnBHoYyabHbIE KOHCYJIBTAIINH 110 MIPEAMETY SIBISETCS BAXKHBIM (PaKTOPOM, CIIOCOOCTBYIOIINM WHINBHIYATH3aIIUH
00y4eHHs ¥ yCTaHOBJICHHIO BOCIIMTATEILHOTO KOHTAKTa MEKAY ITPENoAaBaTeseM U 00yJaromuMcs HHBUTUIOM HIH O0YJarOIIMCS
C OrpaHUYEHHBIMU BO3MOXKHOCTSIMU 3/J0POBbSL.

B ciiydqae nprMeHeHHs IpH 00YYSHUH TUCIHUIUIMHEI YJIEKTPOHHOTO 00YUeHNs, AUCTAaHINOHHBIX 00pa30BaTENbHBIX TEXHOIOTHHA
o01eHue 00y4aroIUXCsl U IPENOoAaBaTes OCYILECTBIAETCS B PEXUME PEaIbHOTO BpeMeH! (OHJIaiH-JIeKIUu (BeOUHAPE), 4aThl,
BU/ICO-KOH(EPEHIINH U JIp.) KU OTJIOKESHHOTO BpeMeHH (CHCTeMa AUCTaHIMOHHOTO 00yueHust Moodle, MS Office365, dpopymsr,
3JIEKTPOHHAS [10YTa U JIp.).

[Tpu oOy4eHnH JIUI ¢ OTPAaHWIEHHBIMU BO3MOXKHOCTSMH 3[J0POBbS 3JIEKTPOHHOE 00ydeHHe, TUCTaHIOHHbBIE 00pa30oBaTeIbHbIE
TEXHOJIOTHHU NIPeyCMaTPUBAIOT BO3MOXKHOCTD IIpHeMa-Niepeady HHHOpMaIuu B JOCTYIHBIX JUI HUX opMax.

Peanuzanust AMCHMIUTMHEL C IPUMEHSHUEM DIIEKTPOHHOTO 00YyUYEeHUsI, TUCTAaHIMOHHEIX 00pa30oBaTeIbHBIX TEXHONIOTHI (1anee — D0,
JOT) ocymectBusercs Ha oCHOBaHUU «I10J103kKEHUS 0 pealn3allul OCHOBHBIX U JIONIOJIHUTENBHBIX 00pa30BaTeNIbHbIX IPOIPAMM C
MPUMEHEHHEM 3JIEKTPOHHOTO 00Y4eHHs M AUCTaHINOHHBIX 00pa30BaTeNbHBIX TEXHOJIOTHH B (heiepalbHOM rocy1apCTBEHHOM
010PKETHOM 00pa30BaTEILHOM YUPEXKICHUH BBICIIET0 00pa3oBaHus «Heass0MHCKUM TOCyJapCTBEHHBII YHUBEPCUTETY,
«[TonoxxeHuns o mopsiIKe 3a4eTa 00yJAIOIMMUCS IO OCHOBHBIM NMPOGECCHOHAILHBIM 00pa30BaTeNbHBIM MPOrpaMMaM BBICIIIETO
obpazoBanus B DT BOY BO «Henl V» pe3yabTaToB OCBOCHUS B OPraHU3aLUsIX, OCYLIECTBISIONMX 00pa30BaTeIbHYIO
JeATeNbHOCTD, YIeOHBIX PEIMETOB, KypCOB, TUCHHUIUINH (MOIyJIel), IPaKTHK, OTIOJHUTEIBHBIX 00pa30BaTeIbHBIX TIPOTPaMM»
MOCPEICTBOM JIEKTPOHHOH HHpOpMaMoHHO-00pa3oBarenbHoi cpenbl PTBOY BO «Uenl Vy». B HCKIIOYHTENBHBIX CIy4asx
(opc-Makop H T.I1.) IPU pealiu3aliii 00pa3oBaTebHON AeaTenbHOCTH ¢ npuMeHeHneM D0, JIOT MOryT npUMeHsATh KOMIIOHEHTBI,
He BXOJUAIIME B IepeueHb 3IEKTPOHHON HH(POPMALMOHHO- 00pa30BaTENbHOM Cpeibl.

10. CIIEIIMAJIBHBIE YCJIOBHUS OCBOEHUSA JUCIUIIIMHBI OBYYAIOIIUMHUCS C UHBAJIMJHOCTBIO U
OI'PAHUYEHHBIMUW BO3MOXHOCTSIMHU 31OPOBbs

OcBoeHHe MCUMIUIMHBI MHBAIHIAMY M JUIAMU C OTPaHUYEHHBIMU BO3MOKHOCTSMU 3[0POBbsl OCYIIECTBIIAETCS C UCIONb30BAHHEM
CIEIUANbHBIX TEXHUUECKUX CPEJICTB U I0JI0 HH(OPMAIIMOHHBIX TEXHOIOTHH, IPeocTaBIsieMbIX PecypcHBIM yueOHO-METOANYECKIM
LIEHTPOM I10 OOYYCHHIO HHBAJU/IOB U JIUI] C OFPAaHHUYCHHBIMU BO3MOXKHOCTAMHE 310p0oBbs Uenl'Y mo 3ampocy oOydatromierocs.

1. MoOusnbHbI€ CrIelMaNbHbIe TEXHHYECKUE CPECTBA JUIS JIUI] C HApyHIEHHSAMH 3pE€HUS: IOPTAaTUBHbIH KOMIIBIOTED C BBOZAOM/BBIBOIOM
mpudrom bpaiisist ¢ cunrezatopom peun «ElBraile-W14J G2»; HoyTOyku ¢ porpaMMHOii skpanHoro moctyna NVDA; aekTpoHHbIC
YBEIMYUTEIH AJIsl yAaJeHHOTO IPOCMOTPa; BUICOYBEIMUUTENU IOPTATHUBHBIE; THU(IOIIIeep; TU(POBbIE AUKTOGOHBL.

2. MoOunbsHBIE clienuanbHble TEXHHYECKHEe CPEACTBa I JIMIl ¢ HapyHMICHHSMHU CIyXa: CHCTeMa CBOOOJHOTO 3BYKOBOTO IOJIS CO
BCTPOEHHOU coBMecTUMOCTBIO ¢ FM-yctpoiictBamu; paguokiaccel «Coner-PCM» ¢ mepenaTyukoM, 3aylIHBIM HHAYKTOPOM U
WHIYKIHOHHOI TmeTneif; cuctema mHQOpMannoHHas I cTa0OCHBIIANMX nepeHocHas «McTok» A2 co BCTPOECHHBIM IIIEEPOM —
3BYKOBBIM HH(POPMATOPOM; JOKYMEHT-KaMepa; IPOrpaMMUPYEMbIE CIIyXOBBIE alNapaThl HHIUBUIYAIbHOTO MOJIb30BAHMUS.

3. AccuctuBHbIe MH()OPMAIMOHHBIE TEXHOJIOTHWH: IPOTpaMMHOE OOecliedeHHe SKPaHHOTO JOCTyma ¢ cuHTe3oM peun NVDA;
IMporpaMMbl S3KpaHHOTO YBCJIMUCHUSA,; IIPOTPAaMMBbI pEYC€BOI'0 CUHTE3a JIs1 KOMIIBIOTEPOB 1 HOyT6yKOB; IporpaMmsbl p€uUC€BOro CUHTE3a
JUISI MOOMIIBHBIX YCTPOHCTB; SKpaHHAs KIaBHATYPa; SKpaHHAs JIyIa.

IIpu HeoOXoauMOCTH A OOYYAIOIIUXCS € HApYIICHUSMU 3pEHHs Ha PabouuxX MecTax ISl MPOBEICHUsS MPAKTUYECKUX HIH
J1a00paTOPHBIX 3aHATUI yCTaHABIMBAETCS CHELHUAIbHOE NPOrpaMMHOe oOecneueHue (mporpamma peueBoil HaBurauuun NVDA,
peyeBble CUHTE3aTOPBL, YKPaHHBIE JIYIIbI).

B yueOHble ayauropuu oOecreunBaeTcs OCCHpPENATCTBEHHBIH OOCTYN JUIsl OOY4YaroI[MXCs HMHBAJIUIOB M OOydarolMxcs ¢
OTPaHHYECHHBIMH BO3MOXKHOCTSIMH 3IOpPOBBA. B Kkaxkmoif aymuropuu, rie oOydaroTcs WHBAIHAB U JIMINA C OTPAaHHYCHHBIMHU
BO3MOKHOCTSIMU 3JI0POBbsI, IPEAYyCMAaTPUBACTCSI COOTBETCTBYIONIEE KOJIMYECTBO MECT A OOYUaIOLIUXCs ¢ YIETOM HapyIIeHUH UX
30POBBS.

I[J'IH OCBOCHHUSA MAUCHUIUIMHBI HWHBAJIWAaAM M JUIAM C OTPpaHUYCHHBIMHU BO3MOKXHOCTSAMU 3J0POBbA IMPEAOCTABIACTCA AOCTYII K
HEeYaTHBIM MCTOYHHUKAM, UMEIOIUMCS B HayuHOH Oubnaunoreke Yenl'V, ¢ HOMOIIBIO CIEHMANbHBIX TEXHUYECKUX CPEICTB; JOCTYI K
3JIEKTPOHHBIM HMCTOYHHUKAM, NPEICTABICHHBIM B (popMe IEKTPOHHOTO JOKyMeHTa B (hoHAe HayuHOil Oubnuorexu Yenl'V nmm
JNEKTPOHHO-ONONHOTEUHBIX CHCTEMAX, C TOMOIIBIO CHEIHATbHBIX TEXHHYECKHX W IPOTPaMMHBIX CPelcTB (paboduee MecTO AT
HE3PAYEro IOJIb30BATENsl C TPOTPaMMHBIM OOECleueHHEeM SKPaHHOTO JocTyna ¢ cuHTe3oM peud NVDA, pabouee mecto ¢
KOMIIBIOTEPHBIM poJuIepoM U Ki1aBuarypoil Clevy ¢ G0ibIIMMY KHOIKAMU U C pa3Aeisiollell KIaBUIIY HAKJIaJKON).
yqeGHO-MeTOHI/I‘{CCKHC MaTepualbl 0Jid 06yqa}oumxcsl U3 YHUCJIa MUHBAJIMAOB U JIMI C OT'PaHUYCHHBIMU BO3MOKHOCTSMU 310POBbs
HPeOoCTaBIAIOTCS B (JOpMax, afanTHPOBAHHBIX K OTPAHHIECHHAM UX 37I0POBBsI M BOCIIPUSTHS HH(POPMAIIAH:

Jst mun ¢ HapyIIeHUsIMU 3pEHUS:

- B IIe4aTHOH opMe yBeIHUEHHBIM IIPUGDTOM,

- B (hopMe IEKTPOHHOTO JOKYMEHTA,

- B hopme ayaunodaiina,

- B Ie4aTHo# ¢opme mpudrom Bpaiins.

Jlns aun ¢ HapyLeHUsIMU ClIyXa:

- B IIe4aTHOH opme,

- B (hopMe 3IIEKTPOHHOTO JOKYMEHTA.
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Jns aun ¢ HapymeHUs MU OTIIOPHO-IBUTaTeILHOTO ammnapara:

- B IeyaTHoOi hopme,

- B ()OpMe DIIEKTPOHHOTO JTOKYMEHTa,

- B hopme aynuoaiina.

JlaHHbI IepedeHb MOXKeT OBITh KOHKPETH3HPOBAH B 3aBUCHMOCTH OT KOHTHHI'€HTA 00yJaromuxcsl.

J71s1 M”HBANUIOB ¥ JIUII C OTPAHUYEHHBIMH BO3MOKHOCTSIMHU 3[J0POBbSI OCBOCHUE TUCLUIIIMHBI MOXKET OBITH YaCTHYHO MITH IIOJTHOCTBIO
OCYIIECTBIIEHO C UCIOIb30BAHUEM AUCTAHLIMOHHBIX 00pa3zoBaTenbHbIX TexHoNoruil (Moodle, Adobe Connect Pro u mp.).

B ocBoeHMH AMCUMIUIMHBI HHBAIHWAAMH U JIMIAMH C OTPAaHUYSHHBIMH BO3MOXKHOCTSMHE 3JI0POBBSI UCIIONB3YEeTCSl HHANBUIyaTbHAS
pabora. Ilox wHIMBHIYambHOH paboTOil moapasymeBaeTcs aBe (OPMBI B3aMMOJCHCTBHUS C IperojaBaTelieM: WHAWBHIyaJbHAs
yueOHas paboTa (KOHCYJIbTALIMH), T.C. JIOMOJHHUTEIBHOE pa3bsCHEHHE YIEOHOTO MaTepHuaia U yriyOJeHHOe M3y4YeHHEe MaTepHania ¢
TeMH OOYyYaroMMHUCS, KOTOpPBHIE B 3TOM 3aHHTEPECOBAHBI, W HHAMBHAYyaIbHAs BOCHHMTATeNbHas pabora. MHAMBHAyalbHEIC
KOHCYJbTalliH HallPaBJIeHbl Ha HHIUBHIAYATH3aLUIO 00 yIeHHUS 1 YCTAaHOBIICHUIO BOCIUTATEIbHOIO KOHTAKTa MEX Iy IIperoaBaTeneM
U 00y4aroIUMCS HHBATH/IOM HJIM O0yYaIoNIUMCs ¢ OTpaHUICHHBIMU BO3MOXKHOCTSIMHU 3/JOPOBBSL.

ITpu nmpoBeneHNH MPOLEAYPH! OLEHUBAHUS PE3YIBTATOB O0YUEHHSI MHBAIUAOB U JII] ¢ OTPAaHUYEHHBIMU BO3MOKHOCTSIMH 3/10POBBSI
N0 JMCIUIUINHE 00ECIICYUBACTCS BBITOJIHCHUE CICAYIOIIUX IOIOIHUTEIBHBIX TPEOOBaHUH B 3aBHCHMOCTH OT WHAWBHIYaJIbHBIX
0coOeHHOCTeH, 00yJaroIUXCS:

a) MHCTPYKIUS MO IOPSJIKY IPOBEICHHS IPOLETYPEl OLCHUBAHMS IIPENOCTABICTCS B AOCTYIHOH (opme (YCTHO, B MICHMEHHOMH
(dhopme, B iuchkMeHHOM Gopme mpudTom bpaiins, yeTHO ¢ HCIOIB30BaHHEM YCIIYT CYPIOIIEPEBOIYHKA);

0) moctymHas (opMa NpPENOCTABICHUS 3aaHMil OIEHOYHBIX CPEACTB (B IEYaTHOI Qopme, B IedaTHOH (opMe yBEITHYCHHBIM
mpudToM, B ieyatHoi Gopme mpudrom bpaiins, B popme 3IIeKTPOHHOTO TOKYMEHTA, 331aHUSI 3aYUTHIBAIOTCS ACCUCTEHTOM, 3a1aHUS
HPEIOCTABIIAIOTCS C HCIIOIb30BaHUEM CYPIONICPEBOMA);

B) mocTynHas GopMma MpeoCTaBICHUs OTBETOB Ha 3a/aHus (MHCBMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIBIOTEpPE, MUCHMEHHO
mpudTom bpaiins, ¢ UCIOIB30BaHUEM YCIYT aCCHUCTEHTa, YCTHO).

IIpu npoBeeHNH IPOLIETYPH! OLICHUBAHMUS PE3YIETAaTOB 00yUeHHS HHBAIHAOB U JIUI C OTPAHUYCHHBIMHA BO3MOKHOCTSIMH 3[J0POBbBS
HpeIycMaTPUBACTCs HCIIOIb30BaHUE TEXHUISCKUX CPEIICTB, HEOOXOANMBIX UM B CBSI3H C UX HHAUBHAAYAIbHEIMH OCOOCHHOCTAMH. DTH
cpencTBa MoOryT OBITh mpenoctaBieHsl YenlY WM MOTYT HCIOJNB30BAaThCI COOCTBEHHBIE TEXHHYECKHE CpencTBa. llpm
HEO0O0XOMMMOCTH MHBAJIMAAM M JIMLAM C OTPAaHMYCHHBIMH BO3MOXKHOCTSIMH 3/J0POBBSI IPEIOCTABILIETCS HOIOIHUTEIBHOE BPEMs UL
MIOATOTOBKH OTBETA Ha 3aJaHHs, IPoLeIypa OLEeHUBAHUS PE3YIbTaTOB O0OYUSHHUS 110 TUCIUIIMHE MOXKET IPOBOJUTHCS B HECKOIBKO
ITAIoB.

IIpoBenenre mpouenypbl OLEHUBAHHS PE3yIbTaToOB OOYYEeHHs WHBAIWAOB M JIUI C OIPAaHHYCHHBIMH BO3MOXKHOCTSIMH 3IOPOBBS
JIOITYCKAeTCsl C MCIOJIb30BaHUEM JTUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHH.

© ®I'bOY BO «Henl 'V




IIpunoxenue 1

IIprMepbl BADHAHTOB 3aIaHUN K NPAKTHYECKUM 3aHATHAM

basa BoIrpocoB i1 OLIeHKH 0a30BOT0 YPOBHS

Ne
/o

®dopmyaupoBKa Bompoca

BapI/IaHTBI OTBETOB

Beenenue. AtTomsl u sipa

D¢ddexTuBHOE ceueHNe B3aUMOICHCTBUS
- 3TO

1. mmomaasr cedeHWus aroMa -
B3aNMMOICHCTBHUSI
2. Iomagb
B3aNMMOICHCTBHSA
3. OJI

LEHTpa

CEUCHHA LIEHTpa
YacTHII, HCITBITABIINX
B3aUMOJICHCTBHE, OTHECEHHAas K  YHCIY
LIEHTPOB  B3aMMOJICUCTBUA HA  €IUHUIE
IUIOIAIH MHUIIIEHU

4. moasi 4acTMl, mnpomexmmx 0e3
B3aMMO/IeliCTBUA, OTHECEHHAsi K YHCIY
LHEHTPOB B3aMMOJEiCTBUSI HA eIUHHIE
IJIOIAI MHIIIEHH

5. IIonaap CeYeHUs sapa - leHTpa
B3aNMOJICHCTBHS

Kakoe B3aHUMOJECICTBUE
OTIPEIEISIONIUM VIS
CTpoeHus aroma?

SABJIACTCA
IIOHUMAaHUA

sIepHOe (CUITLHOE)
3JIEKTPOMATHUTHOE

ciaboe

IPaBUTAIMOHHOE

BCE MIEPEUYHNCIICHHBIE OJIMHAKOBO BaXHBI

[IpunensHoe paccrosiHue (MPHUIEIbHbII
rapamerp) - 3T0

1.
2.
3.
4.
5.
I.  paccrosHMe  MeEXIy  TpacKTOpUEH
JBIDKEHUS YaCTMIII U PacCeMBAIOLIUM
[EHTPOM

2. paccrosiHue
B3aWMO/ICHCTBYIOIIMMH YaCTHIIAMHU
3. MOHATHE HE UMEET CTPOTOTO ONpeACICHUS
4. paccrosiHue MeKIY JIMHM el

MNEPBOHAYAJTBHOI0 IBHKCHUSA YaCTHIBI H
paccenBalOIUM HEHTPOM

MEXIY

OTINYUATEILHON 0COOEHHOCTBIO
YIPYTOro pacCesHUs YaCTULIBI SBJISIETCS

I. coxpaHeHue mMOJHOMI
B3aNMOJIEHCTBHHU

2. COXpaHEHHE
B3aNMOJIECHCTBHHU

3. HEU3MEHHOCTh
CTAJIKHBAIOIIUXCS YACTHIL

4. paBEeHCTBO YIJIOB pacCesHMs HaJeTarouen
YACTHUIIbI M YTJIa BBUIETA YACTHUIIBI-MHUIICHU
5. HEU3MEHHOCTh HaIPABICHUM IBUKEHUS
CTAIKMBAIOIIHMXCS YACTHI]

SHEPruHu  IpH

UMITyJbCa npu

COCTOSITHH

Pasmep snekTpoHa creayeT y4duThIBaTh
IIPU PACCMOTPEHUU IIPOLIECCOB

. IPOUCXOAIINX B aTOMax

. IPOUCXOJSIINX B sIIPaX aTOMOB
. HHKOTIa He YYUTHIBATH

. IPOUCXOJSIINX B TBEPJIOM TelIe
5. BCerja y4YuThIBaTh

AW N ==

3KCHCpHM€HT3HBHLI€ OCHOBBI KBAHTOBBIX Hpe,Z[CTaBJIeHI/Iﬁ

1

| VpaBuenue OHHIITElHA

u1s | 1. 3aKOHA COXpaHEHHs MMITYJIbCa




dborodddexkra  mpenacraBiaser  coboi
MNPUMCHCHUC K JaHHOMY SABJICHUIO...

2. 3aK0Ha COXpPaHEeHHs JHePIrun

3. 3aKOHa COXpaHEHUs 3apsaa

4. 3aKOHa COXPAHEHHs] MOMEHTA UMITyJIbCa
5. 3aKOHA OTPAXKEHUs U IIPEIIOMIICHUS CBETA

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

I. or 4acTtoThl  3JIEKTPOMAarHUTHOTO
U3IIy4EHUs

2. OT HHTEHCUBHOCTH 3JIEKTPOMATHUTHOI'O
U3JIy4eHHUs

3. OT BEIHMYHHBI Saﬂep}KI/IBaIOH_[eﬁ Pa3sHOCTH
INOTCHIIMAJIOB
4. ot OHCPI'UM nMaaarolinuX KBaHTOB

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

XapakTepu3yolas JaHHbIH (POTOAIEMEHT
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 moOoOM cirydae

2. HeT, B JIIOOOM cJjiyuyae

3. na, npyu JOCTaTOYHON MHTEHCUBHOCTH
CBETOBOT'O MTOTOKA

4. na, HO TOJBKO IPU XUMUYECKHU OYEHb
YUCTOM HHKEJIE

5. IpaBUILHBIN OTBET HE MTPUBEJICH

B xaxux ClIydasax MOXHO HC YUYUTBLIBATH
BOJIHOBEIE CBOMCTBA 3J'IeKTp0Ha?

1. 3JIeKTPOHBI B ra30pa3psAHoii TPyOKe

2. DNEKTPOH B aTOME BOJOPO/Ia

3. 3J1eKTPOHHBIN yckopuTeab Ha 1 1B

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

5. 3JIEKTPOH JABHKETCS K AaHOLY B
paauoJamie

Ha mnyru y3koro mnydka 53JI€KTPOHOB
YCTaHOBJICHBI MOCJIE0BATENBHO
nadparMma B BUAE 1AM U
¢otomnactunka. [locne nposiBneHus Ha
¢doTomnacTUHKe OOHAPYKUTCS

1. yeTkoe n300pakeHue LIeu

2. HUKAKOTO H300pa)kKe€HHs, T.K. AJIEKTPOHbI
He JIeHCTBYIOT Ha oToCIon

3. mudpakioHHAas KapTHHA B BUJE TI0JIOC

4. pe3yIbTaT He/Ib3sl IPEICKa3aTh, HE 3HasI
reoMeTpMHU U JHEPruU IJIEKTPOHOB

5. nudpaxioHHast KapTUHA B BUJIE psaa
OKPYXHOCTEH

dusnueckue IMPUHIUITBI KBaHTOBOM MEXaHUKH

Yactuna ABUKETCS B IPSIMOYTOJBHOU
[IOTCHIMAIBHOM sIME B  OCHOBHOM
COCTOSIHUM. I'ne BEPOATHOCTH
HaXO0XJECHUS YaCTULIBI MaKCUMaJIbHA?

1.y neBoro kpas

2.y mpaBoro Kpas

3.10 xpasm

4.B HeHTpe

S5.0JIMHAKOBA MO BCEH NIUPUHE SIMBI

Kunernueckas SHEpIus YaCTHULbI
OTJINYHA OT HYJISl B OCHOBHOM COCTOSIHUU
- 5TO CIIPABEJIUBBINA PE3YJIbTAT

1. 11 Bcex 3a7a4 KJIaCCHYECKOH MEXaHUKH

2. IJ1M BCeX 3a1a4 KBAHTOBOM MeXaHUKH

3. TOJNBKO TMpU JBIKEHHM YacTHUIBl B
HOTEHIIMAIIBLHOHN sIMeE

4. TONBKO TMTpU JBWKCHUM YaCTHIBI B
notermuane suaa U(x)=(kx?)/2

5. 18 BceXx 3aj1ay KJIacCHYeCKOM U
KBAaHTOBOM MEXaHHKH




3 KBagpar moxyns BonHOBOW ¢yHKIuu | 1. na
UMEET CMBICII IUIOTHOCTU BEPOATHOCTH | 2. HET
HAax0’KJICHUs YaCTUIIbl B JAHHOM MecTe. | 3. He Bcerja
4 Uem omnpenensiercs BujA ~ BOJHOBOHU | 1. BUmom oneparopa Jlamnaca
(GYHKIIMM 4YacTHIBl B CTAllMOHAPHOM | 2. KHHETHYECKO# 3Heprueit yactuusl E
ypaBHenuu Llpenunrepa? 3. Maccolt yacTuilbl m
4. BuIoM QyHKIUM MOTEHUHAJILHOM
Hepruu yactuubl U
5 BonnoBass  ¢ynkmus, omnwuceiBaromas | 1. KOHEYHOM
peanbHyI0 (QU3UYECKYIO CUCTEMY, BCEeTAa | 2. OTHO3HAUYHOU
SIBJISIETCS 3. HENpEPBIBHOM
4. HOpMHUPOBAHHOM
5. Bce 0TBETHI BEPHbI
CtpoeHure aToMa U aTOMHBIE CEKTPbI
1 DNEeKTpOH Imepeniesl M3 COCTOSHUA C | . sHeprus aroma Majno U3MEHUTCS
MaJIbIM CPEHUM PACCTOSIHUEM OT Siipa B | 2. JHEPIrUsi AaTOMA YBEJIMYUTCS
COCTOSIHME C OONBIIMM yAaleHHUEM OT | 3. aToOM MpPEeBpPaTUTCS B UOH
snpa. Ilpu aTom ... 4. sHeprust aTOMa yMEHbILIUTCS
5. aToM UCIyCTUT KBAHT SHEPTUU
6. IpaBWIbHBIM OTBET HE IPUBENIEH
2 | JIuHeWluaTklil CHEKTp AAOT... 1. BBICOKOTEMITEpATypHAas IJ1a3mMa
2. )KUJIKOCTH
3. ra3pl B aTOMapHOM COCTOSIHUM
4. ra3pl B MOJIEKYJISIPHOM COCTOSTHUH
5. IpaBUIILHBIN OTBET HE IPUBEJIECH
3 C Kakoro sHEpreTMYecKoro ypoBHs Ha | 1. co BTOpOro Ha mepBbli
KAKOW NEpEeXOIUT DJIEKTPOH B aTOME | 2. C TPETHETO HA MEPBBIN
BOJOpPOJa MpPH HCIYCKAaHUU BOJHBI C | 3. ¢ TPeThero Ha BTOPOM
HAauMEHBIIEW YacTOTOM B BHIUMOM | 4. C UETBEPTOTO HA NEPBBIN
oOrnactu cnekrpa? 5. ¢ 4eTBEPTOro Ha BTOPOH
4 | B onruueckoM Juamna3oHE CIUIOIIHBIE | 1. mapbl METaIOB
HENpPEphIBHBIE CIIEKTPbl MUMEIOT : 2. HarpeThle KUJKOCTU U ra3bl
3. ra3sl
4. maphbl )KUJIKOCTEH
5. MOJIOTPETHIE KUAKOCTH
6. NpaBUJIbHBIN OTBET He PUBEJCH
5 [IprHaIEKHOCTh CHNEKTPAJIbHON JMHHUM | 1. CKOPOCTBIO JBHIKEHUS AJIEKTPOHA BOKPYT
OIHOM M3  cepuil  aroma BOJOpOAA | slpa
(Jlatimana, banbmepa, Ilamena u np.) | 2. HAYAJIBHBIM COCTOSIHUEM 3JIEKTPOHA
ONPEIEIAETCHL. .. 3. JHEprueu 3JeKTpoHa
4. IMITyJICOM 2JIEKTPOHA
5. KBAaHTOBBIM  YHCJIOM  KOHEYHOIO
COCTOSIHUS
6. MPaBUJIbHBIN OTBET HE MPUBEJICH
6 | [IpuBenenHast mMacca cucTeMbl M3 JABYX | 1. OOJbIlle MaccChl JIETKOM YacTHUIIBI
JACTHII ... 2. MEHbIIIE MACCHI JIETKOH YacTHIbI
3. 0OJbIIIE MACChl TSHKEION YaCTULIBI
4. paBHa CyMM€ Macc JIETKOU M TSHKEJIOM
YacTull, JeJICHHOI Ha ABa
CTpOoeHHE U CBOMCTBA MOJIEKYJ
1 \ [Tpu cOMmKeHMH aTOMOB BOJOpOJA U \ PACIICIVIAIOTCS




o0pa3zoBaHUH MOJICKYJIbI H»
ANEKTPOHHBIC YHEPTETUYCCKUE YPOBHU ...

BceraBpTe nponyiieHHoe Ci0Bo.

OHeprust Mosiekynsl Hoz cymme(bl) | MEHbIIIE
SHEPruil JBYX M30JUPOBAHHBIX ATOMOB
BOAOPOJA.
BceraBpTe nponyieHHoe Ci0Bo.
Ecim Mosekyna mnpu  aucconuanuy | KOBaJIeHTHOM
pacnazaercss Ha aTOMbI, TO CBS3b
CIIeyeT CUUTaTh (noHHOH
WJTU KOBAJICHTHOI).
Kakue u3 npuBeneHHbIXx Huke Moiyekyn | 1. O2
UMEIOT  KOBAJIEHTHYIO  xumuueckyro | 2. CO
CBA3B? 3. HCl
4. NO2
5. NaCl
OpHO M3 MEpeurclEeHHBIX  HIDKE | 1. ABM:KeHHe 3J1eKTPOHOB BOJIHOOOpa3Hoe
3aKJIFOYEHUN OTHOCHUTEJIBHO NPOSIBICHUS | 2. DHEPreTUYECKHl CHEKTpP 3JIEKTPOHOB
B MOJIEKyJaX  BOJIHOBBIX  CBOMCTB | JIUCKPETHBIN

QJICKTPOHOB HCIIPABHUJIbHO. YKkaxure ero.

3. uMmeercs OTIMYHAs OT HYJsI BEpOSTHOCTb
HAWTH 3JIEKTPOH BIAJIU OT SJEP

4. cylecTByeT KOBaJEHTHas XHUMUYECKas
CBA3b

5. 2NIeKTPOHBI HE NA/IAI0T Ha sApa, U
MOJIEKYJIa YCTONYMBA B 1IEJIOM

KBanToBbie cBo¥iC

TBA TBCPABIX TCJI

B ciyyae TEPMOANHAMUYECKOTO
paBHOBECHsSI B Cpele IpU KOMHATHON
TeMIeparype

pacnpezeneHue MOJIEKYJT 1o
KoJjeOaTeNnbHbIM  YPOBHSIM  DHEPTUU
UMeeT CIIEAYIONINE 3aKOHOMEPHOCTH:

1. GONBIIMHCTBO MOJIEKYJT XapaKTEPHU3YeTCs
MAaKCHMAaJIbHO BO3MOKHOU dHEPTUEN
2. OOJBUIMHCTBO MOJIEKYJ] HMMEIOT SHEPTHUI0

(3/2)kT
3. MOJIEKYJIbI pacnpeeieHbl no
KoJ1e0aTeIbHbIM YPOBHSAIM JHEpPruM B

cooTBeTCTBHU ¢ popmyJioit bosabumaHna;

4. KOIWYECTBO MOJIEKYT MOHOTOHHO YObIBaeT
10 MEPE BO3PACTAHMSI HOMEPA
K0J1e0aTeIbHOTO YPOBHS YHEPTUH

OtHocuTeNnbHO YpOBHS DepMU MOXKHO
CKa3aTh, 4TO 3TO:

1. sHeprus B3aMMOJEHCTBUSA 3JIEKTPOHOB C
pELIeTKON KpucTasua

2. cymMmapHas KHUHETHYecKas  JSHeprus
CBOOOJIHBIX DJIEKTPOHOB KpHcTaimna npu T
6osbie wiu pasHo 0

3. KHHeTHYecKass JHeprus HauboJee
BBICOKOIHEPreTHYeCKHX CBOOOIHBIX
3J1eKTPOHOB Kpucrauia npu T =0

4.  JHeprusi  JJIEKTPOHHOIO  YPOBHH
KpUCTAJIa B MoJAedH  CBOOOJHBIX
3J1eKTPOHOB, BEPOSITHOCTh  3AINOJHEHHUS

KOTOpOoro 1/ 2

B 30HHON MoOAeNM MOJIYNPOBOAHUKU OT
IOUDJIEKTPUKOB  OTJIMYAIOTCA LIMPUHOU

3anpEICHHON 30HbI




Oneprusi kpuctamia NaCl... cymme(sr)
SHEpPT 17071 HU30JIMPOBAHHBIX ATOMOB HATpUA
U XJIOpa, COCTABJISIFOIIMX KPUCTAILIL.
BcrasbTe nmpomnynieHHoe ci1oBo.

MCHBIIC

ba3a BOIIpocoB 1JIsl OLIEHKH CPEAHETO YPOBHS

15?1 DopMynMpoOBKa BOIIPOCa BapuanTtsl 0TBETOB
Beenenue. Atomsl u sigpa
| PaBHOBecHOE 10JIOKEHHE 3JIEKTPOHA B | 1. B eHTpe 3apsKeHHOI0 1apa
aTOMe BOAOpPOJA COINIACHO  MOJENH | 2. Ha IOBEPXHOCTH 3apsHKEHHOIO 11apa
Tomricona HaxoauTCs 3. B m000H TOYKE BHYTPH 3apsHKEHHOTO
niapa
4. B arome TomrcoHa paBHOBECHOE
II0JIO)KEHHUE OTCYTCTBYET
5. IOJIOKEHUE IEKTPOHA 3aBUCUT OT
3apsaga
2 Kakoii u3 nepeuncieHHbIX HUXKe METOJ0B | 1. meron MuiukeHa, OCHOBAaHHBIN Ha
IIO3BOJISIET M3MEPUTH 3apsi]l MIEKTPOHA C | U3MEPEHHUH I1apaMeTpoB JBUKCHUS
HanOOoIbIIeH TOYHOCTHIO? 3apSOKEHHBIX Kaleslb B JJIEKTPUYECKOM
oJie
2. METOJ] MarHeTpOHa
3. U3MepeHue TOJILNHBI CIEA JIEKTPOHA B
kamepe Bunbcona
4. WM3MepeHMH IapaMeTPOB [BHMKCHUSI
YCKOPEHHOI0 3JIEKTPOHA B MAarHUTHOM
noJje (Macc-cneKTpoMerp)
5. HA OJVH U3 NIEPEYHCICHHBIX
3 s MIOJIyYEHUs KOJIMYECTBEHHOTO | 1. MOXHO HE yUUTBIBATH
corjacus JKCIIEPUMEHTAIIbHBIX U | 2. HaJl0 yYUTHIBATh BCET/a
pacueTHBIX  JaHHBIX II0  PACCESHMIO | 3. HA0 YYHUTHIBATH TOJBLKO IS
anbda-yacTull, B TOHKUX  (osbrax | 60JbIIKX YIJIOB paccesiHUsl
KOHEYHBIN pa3Mep sAapa 4. HajO y4UTBIBATH TOJIBKO I MaJbIX
YIJI0B pacCesiHus
4 Ilorox  anbda-yactury  pacceuBaercs | 1.IlokazaHus He U3MEHSATCS
TOHKOM MHIIEHbIO M3 cBUHIA. JleTekTop | 2.YMeHbliarcs B 2 pa3a
ycTaHoBJeH 1o yriioMm 30° otHocuTenbHO | 3.YMeHbInatcs B 4 pasza
IIEpPBOHAYAIIEHOTO HarnpasieHus | 4.YMeHbpmarcs B 16 pa3s
JOBWOKEHMSI 4YacTUL M perucrpupyert | S.YBeauuarcs B 4 pasa
kumn/c. Kak wu3MensaTcs mnokaszanus | 6.IIpaBuibHBIN OTBET HE PUBEACH
JETEKTOpa, eciu asb(ha-4yacTHIIbI
3aMEHUTb Ha MPOTOHBI TOH K€ CKOPOCTH?
5 IIpn kxakoil >HepruM IEKTPOH OKaxeTcs | 938
TsDKeJiee MOKOAIIErocst MpoToHa?
OtBet npuBeaute B MaB.
OKCIIEpUMEHTAJIBHBIE OCHOBBI KBAHTOBBIX IPEACTABJICHUN
1 Omnpenenure SHEPTUI0 ¢oronos, | 1.63

COOTBETCTBYIOIIMX HauOoee IITUHHBIM
BOJIHAM BUJMMOM YacTu criekTpa 760 HM.
OtBeT B 5B naiiTe ¢ TOYHOCTBIO JO TpeX
3HAYAIIMX UQD.




Kakomy yrimy paccesHus (B Tpamycax)

COOTBETCTBYET MaKCUMaJILHOE
KOMIITOHOBCKO€E CMeIleHNE JUTAHBL
BOJIHBI?

180

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

1. uMmyJabc 3JeKTpoHAa OoJiblle, T.K.
Macca MoKos 3JIeKTPOHA He PaBHA HYJII0
2. umiynbCc (poroHa OonbIe, T.K. Y HETO
OoJibIIIe CKOPOCTh

3. MIMITYJIECBI YaCTHI] PABHBI

4. OTBET 3aBHCHUT OT BEIMYMHBI DHEPTHH

dotona wu KUHETUYECKOW  SHEpruu
AJIEKTPOHA

[Toreniman, 10 KOTOPOrO MOXKET 1.56B

3apAIUTHCS] METAIITMYECKAs IJIACTHUHA, 2.3.6B

paboTa BBIX0/1a AJICKTPOHOB U3 KOTOPOI 3.2.8B

1.6 5B, ipu AIUTETEHOM 4.48B

OCBEIIECHUHU IIOTOKOM (dhoToHOB c|5.248B

sHeprueit 4 3B, paseH...

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

padoToii BbIX01a

DOHeprusi CBeTa, MAJalolero Ha KaTo[l,
YMEHBUINIACh, TPU HEU3MEHHOW JIMHE

1. ynca BLIOMTBIX 3JIEKTPOHOB
2. Macchl (POTOAIEKTPOHOB

BOJIHBI. [Ipu 3TOM MPOU30LUI0 | 3. CKOPOCTH (POTORIEKTPOHOB
YMEHBUICHHUE. .. 4. paGoTHI BBIXO/1a HIIEKTPOHOB U3 KaToAa
5. HAYEro He YMEHBIIUTCS
du3nyecKkre NPUHIUIBI KBAHTOBOW MEXaHUKHU
KBanroBas dyactmma Haxomurest B 1.x=0
0EeCKOHEYHO TJIyOOKOH moTeHIHambHOH | 2. X = a/2
sIME TIMPUHON a B COCTOSIHHM C TJIaBHBIM | 3. X = a
KBaHTOBBIM YHCJIO N = 3. 4.x=a/3
B kakmx Touykax JacTWIla HaXOAUThCA He | 5. x = 2a/3

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

KBanToBass wacTuma  HaxoguTcsi B
OECKOHEYHO TIyOOKOH MOTEHIHAIBHOM
M€ IHUPUHOW a. B Kkakmx ToOuKax
uHTepBana (0,a) MIOTHOCTH BEPOSITHOCTU
HaxO0XJICHHUs YaCTHUIBl B COCTOSIHUSIX C
[JIaBHBIM KBaHTOBBIM uucio n =1 un =2
OJIMHAKOBa?

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

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

2. a/3 u 2a/3, coorBeTcTBEHHO 51 n = 1
un=2

3.a/2

4. a/5 u 4a/5, cooTBETCTBEHHO mi1In=1u
n=2

[Ipo3pauHocThb MPSMOYTOJIBHOTO
IIOTEHIIUAJILHOTO Oapbepa I ¢
3JIEKTPOHOB € 3Heprueit 5 »B pasna 0.1.
Uemy oHa OyJeT paBHA MPU YBEIHUYECHUU
UPUHBI 0apbepa B 2 pasza?

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

4.0.025

5.04

6.0.014




7. IpaBUJIBLHBIA OTBET HE MIPUBEJICH

B omeite Pam3zayspa  HaOmromanuch
AHOMAJMHU B  3aBUCUMOCTH  CEYCHHS
paccesiHus JJIGKTPOHOB Ha aroMax

OsaroposHbIX razoB. Ha ocHoBanuun
9TUX WU3MEPEHUM OH IpUIIEN K BBIBOAY,
4TO

1. CTONKHOBEHUSI RJIEKTPOHOB C aTOMaMu
ynpyrue
2. aTOMbI MOXHO BO30YIHTb, COOOIIast UM
TOJIBKO OMpeieNIeHHbIE

MOPLIMK SHEPTUHU
3. CTOJKHOBEHHUS JJIEKTPOHOB C aTOMaMu
HEeyIpyrue
4. aroMbl HMEIOT HE pPaBHBIA HYJIIO
MAarHUTHBII MOMEHT

5. aTromMbl MOXHO BO30YAHTbH, cooOIIast UM
Tr00bIe

MOPLUHU YHEPTUU
6. MpM MaJbIX CKOPOCTAX 3JIEKTPOHOB
3aMeTHO NMPOSIBJISAIOTCH  MX BOJIHOBbIE
CBOliCTBa

7. moBe/ieHnEe aTOMOB IPOTHUBOPEUHT
nocrysaraM 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. aHOMAJIMM B 3aBHCHMOCTH CeYeHHUA
paccesiHusl JJIEKTPOHOB Ha aToMax
0s1aropoaHbIxX ra3oB (onbiT Pam3ayspa)
4. MBUKEHHE AIIEKTPOHOB B TBEPABIX TeIax
5. anp(a-pacnaja paguoaKTUBHBIX SACP

CtpoeHue aToma H ar

OMHBIC CTICKTPBI

Kakoe wu3 mnpuBeNeHHBIX BBIPAKEHUN
MO3BOJISIET  paccuuTaTh JJIMHY BOJIHBI
BTOPOW IO CYETY JIMHWM CEPUH JIMHUN B
yIbTpaUOJIETOBOM YacTH CIEKTpa aroMa
Bogopoaa (cepust Jlaitmana)

1.c/R

2. 4c/3R
3.9¢/8R
4. 16¢/15R

5. NpaBUJIBLHBIA OTBET HE MPUBEJICH

[ToHast SHEprus SJEKTPOHA HA N - OM
YpOBHE ompenensercs cooTHomeHueMm E,
- 13.6/n*> 5B. Kakylo HauMeHBIIYIO
SHEPTHUIO HY)KHO COOOIIHUTH
HEBO30Y)KJICHHOMY  aToMy  BOJOpPOJa,
9TOOBI CHEKTP M3IYYCHHS ra3za U3 TaKux
aTOMOB  COJIep’KaJl  TOJBKO  OJIHY
CHEKTPATBHYIO TUHUIO?

OtBet B 3B naiiTe ¢ TOYHOCTBIO 10 TpEX
3HAYAIIMX IUOD.

10.2

ATOM BOJIOpOJa TIEpENIeN U3 OCHOBHOTO
COCTOSHUS B COCTOSHHE C TJIAaBHBIM
KBAaHTOBBIM  YHCIIOM 1N, TPH ITOM
a0COIIOTHAS BEIMYHHA

HOTEHIINAILHON SHEpPruun
B3aUMOJICHCTBUSL AJIEKTPOHA C  SAPOM
yMeHbImmiace B 4 paza. Ilpm
MOCJIEIYIOLEM NIEPEXO/IE U3 COCTOSIHUS C
IJaBHBEIM KBAaHTOBBIM  YHCJIOM N

2

B

L=
— 0 4 DN




COCTOSIHUE C TJABHBIM  KBAaHTOBBIM
yuciioM m  a0CoJIFOTHAs  BEJIWYMHA
MOTEHIUATBHOU SHEPIHU

B3aUMOJICHCTBUSL 3JIEKTPOHA C  SAPOM

OmATh  yMEHBbIIWIIACH B 4  pasa.
Omnpexpenure m.
HemnoaBrxHbIit aToM Bojoposa | 10

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

UYepe3 pa3pexCHHBI Tra3 IMPOIMYCKAIOT
HU3JIy4YECHUE C HEIPEPBIBHBIM CIEKTPOM.
Kakoii BHJ MMEET CHEKTp IMOTJIOUICHHUS
pa3pexeHHoro rasza’?

1. pa3HOLBETHBIE JIMHUU Ha TEMHOM (hoHe
2. CIIEKTp UMEET BUJ pagyru

3. oTaeJbHBIC TeMHbIC JMHHHM Ha (oHE
HeNpepbIBHOIO CIIEKTPa

4. nBera JUHUN HEPA3IMYUMO IEPEXOMST
OJMH B JIpyrou

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

6. IpPaBWJIBHBIN OTBET HE IPUBENICH

ATtoMm BOJIOpOJA HAXOJIUTCS B
BO30Y>KJICHHOM COCTOSTHUU CO 3HAUYE€HUEM
[JIABHOTO KBAaHTOBOTO dYHCiIa n = 4,

CKOJBKO CHEKTpaJIbHBIX JTMHUN
OyzeT conepkaTh CIEKTP U3Iy4EHUs rasa
U3 TaKUX aTOMOB?

6

CTpoeHue U CBOMCTBA MOJIEKYT

Cucrema BpaIllaTeIbHBIX ypOBHEH
SHEPIMUM MOJIEKYJI MMEET CIIEeAYIOIIHe
XapaKTepUCTHUECKUE OCOOCHHOCTH

1. mo Mepe YyBeJHMYEeHHS DIHEPrUH
HHTEPBAJ MEKAY COCETHHMH YPOBHSIMH
yBeJIHYNBaeTCs

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

3. DJHEpruu ypOBHEW Oojee JErKux
JMBYXaTOMHBIX ~MOJIEKYJl MEHbBIE, YeM
0oJee TSKEBIX

4. Mo Mepe yBEeTHUYCHHUS YHEPTUU HHTEPBAT
MEXIY COCETHUMHU YPOBHAMU
YMEHbINIACTCS

Jns BpalaTeIbHbIX
MOTJIOLEHUST  JIBYXaTOMHBIX
XapaKTEPHO CIETYIOLIee:

CIIEKTPOB
MOJIEKYJI

1. HHTEpPBaJ YaCTOT MEKAY COCEAHMMHU
JIMHUSIMH CIIEKTPa NPUMEPHO OMHAKOB
2. MHTEPBAJI YaCTOT MEKAY COCeIHUMHU
JIMHUSIMH CIIEKTPA 3aBUCUT TOJIbLKO

OT MOMEHTA HHEPLIUN MOJIEKYJIbI

3. MHTEpBAJ AJIUH BOJH MEXKIY COCETHUMU
JIMHUSAMM CIIEKTPa OJJMHAKOB

4. nHTEpBAJl YaCTOT MEXAY COCETHUMU
JIMHUSAMM CIIEKTPa 3aBUCHUT OT
TEMIIEpaTyphl

Ecnu cpaBHMTH 4YHCTO BpalaTeslbHbBIE

1. oHM OTJIMYAIOTCH YACTOTAMM JIHMHUHI




criekTpsl noraomieHus mosiekysa HF u HBr
, TO MOKHO OOHApPYKUTh, YTO:

2. OHU HE OTJINYAKOTCSI HHTEHCUBHOCTSIMU
JIMHHAMN

3. B cnexktpe 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
MIPY MAJIBIX aMILTUTYyJaX KoJeOaHuH.
BcraBbTe mponynieHHoe CI0BO.

rapMOHHYIEC€CKUMHU

Bcenencreue AHTapMOHUYHOCTH
Kosie0aHUH MOJIeKYl MpU YBEIUYEHUU
aAMIUIATY/IbI

KoleOaHUH HHTEepBal DJHEPrudl MExXIy
COCEJTHUMH SHEPreTUYECKUMH YPOBHSIMU

1. yBeqimunBaeTcs
2. yMeHbIIaeTcs
3. He u3MeHseTCs

B ciydae TEPMOJUHAMHYECKOT O
paBHOBECHs B cCpele IpU KOMHATHOU
TEMIIEPATYpPE PacCIpeleICHUE MOJIEKYJI 110
K0J1e0aTeIbHbBIM YPOBHSIM 3HEPTUU UMEET
CJIEYIOLME 3aKOHOMEPHOCTH:

1. OOJIBIIMHCTBO
XapaKkTepu3yercs
BO3MOKHOM SHEPTrUEH

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

3. MOJeKyJbl  pacnpejesieHbl IO
KO0/1e0aTeJIbHBIM YPOBHAAM JHEpPruu B
co0TBeTCTBUH ¢ (popmyJioii boabumana;
4. KOIMYECTBO MOJIEKYJ MOHOTOHHO
yOBIBaeT 1Mo Mepe BO3pacTaHUsl HOMepa
K0J1e0aTeIbHOTO YPOBHS SHEPTUH

MOJICKYJI
MaKCUMAJIBHO

KBaHTOBBIE CBOIICTBA TBEPABIX TEI

O Hy7eBBIX KOJIEOAHUSIX MOJIEKYT MOXKHO
CKa3aTh, UTO:

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

4, 3T0 KOJE0aHUST ¢ MHHHMAJIbLHO
BO3MOSKHOM aMILTMTYAOM

5.3T0 K0JIe0aHUA ¢ MUHMMAJILHO
BO3MOKHOM JHepruen

OtHocuTenbHO ypoBHA DepMu MOXKHO
CKa3aTh, 4TO 3TO:

1. Heprus B3auMOAEUCTBUS IJIEKTPOHOB C
pELIETKON KpucTasuia

2. cyMMmapHas KHHETHYecKas dSHeprus
CBOOOJIHBIX 3JIEKTPOHOB KpHUCTaia mpu T
paBHO uiu Oospie 0

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

4. oJHeprus JJIEKTPOHHOIO0 YPOBHH
KpHUCTAJIa B MOJeJM  CBOOOJHBIX
3JIEKTPOHOB, BEPOSATHOCTH 3aI0JHEHUs
KOTOpOro 1/ 2

Ilpu cOmmxkeHUM aToMOB JIUTUS U

pa3pellieHHbIE 30HBI




o0pa3oBaHMM KpUCTaJla 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.BajJICHTHAsl JHepreTu4ecKas 30Ha
YACTHUYHO 32110JIHEHA )IeKTPOHAMHU
3.3aroHeHNnEe BaJIEHTHON 30HbI HE UMEET
3HAa4YeHUs

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

HOHOB
5 DIIeKTPOHBI B 30HE  IPOBOJUMOCTH | l.paBHOMEPHO paCIIpEAeNSIOTCS II0 BCEM

MeTaa BO3MOKHBIM COCTOSIHUSIM
2.3aM0THAIOT MoAPsA BCE

HHU3KOJIeKAIIMe COCTOSAHHMS BIUIOTH [0
3Heprun ®epmu

3.3al0JIHSIOT MOJPSJ BCE BBICOKOJIEKAIINE
COCTOSIHUSI C DHEPTHUSIMHU, MPEBHIIIAIOITUMU
sHepruto Oepmu

4.MMEIOT OJIHY DSHEPruio, Ha3bIBAEMYIO
sHepruen depmu

S.pacnoyiararotcst BOJIM3H JIHA 30HbBI

6 Kaxkoro Tuna cBs3u u3 nepevyncieHHbIX B | 1. HOHHAas
KpUCTaJlJlaX HE CYIIEeCTBYeT? . KOBaJIEHTHAas

. BOJOpOHAas

. MOJICKYJISIpHAS
. MeTaJIJIndecKast
. IOJIUMEPHas

AN N B WIN

ba3a KOHTPOJBHBIX 3aJaHUN TSI OLIEHKU BBICOKOTO YPOBHSI

Ne

n dopmyaupoBKa BoIpoca BapuanTsl 0TBETOB

Brenenne. ATomel 1 sigpa

1 Beruncnure paguyc aroma Boxpopoza | 237 um
coriacHo Moxenn TommcoHa, —eciu
U3BECTHA SHEPrusi MOHM3auuu aroma E;
=13,6 »B.

OTBeT faiiTe B HM.

2 Beraucnure MakcumanbHyo | E=1/(4me)*(Z*e/r)
HaIpPSKEHHOCTb AJIEKTPUUECKOTO TOJIA B
BOJIOPOJIONIOAO0OHOM  HOHE  COTJIACHO
mozenu Tommcona. IlopsakoBblii HOMEP
7., paqnyc aTOMa MPUHSATS I.

3 Henomswxknbii  map  pamguyca R | 0=n—2¢, b=(R+r)sin¢
o0JIy4aloT ~ MapauIeIbHBIM  [TOTOKOM
YacTHIl, paxuyc KOTopbix r. Cuwnras
CTOJIKHOBEHHE  YacTUIBI C  IIapoM
yIOpyruM, HaWTH yroa 0O OTKIOHEHHS
YacTHIBI B  3aBUCHMOCTH  OT €€
IPULIEIBHOTO NapameTpa 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
TPAEeKTOPHS IMPOTOHA MPAMOJMHEHHAS W
3a BpeMsi IpoJieTa JJIEKTPOH OCTaeTcs
MPAKTUYCCKU HCIIOABUKHBIM.

3,83B

V3KkHil My4oK -4acTHUI ¢ KMHETUYECKOM
sHeprueil 1,0 MaB nagaer HopManbHO Ha
MJIaTHHOBYIO (hosery TommuHel 1,0 MKM.
HaGmronenue paccessHHbIX YaCTHI]
BeJeTcs noja yriaom 60° K HamnpaBIICHUIO
Majarolero  mydyka M[pd  TOMOIIU
CUETUYHKA c KPYTJIbIM BXOJHBIM
oTBepcTHeM mmiomanu 1,0 cM?, KoTopoe
pacrnoyioxkeHo Ha pacctossHuu 10 cMm ot
pacceuBaromiero ydactka ¢onsru. Kakas
JIOJISI PACCesSHHBIX (-YacTHIl I1aJlaeT Ha
OTBEPCTUE CUETUUKA?

3,35%10°°

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

[Ipenronoxum, 4YTO NOKOSAIIUICS aTOM
nornotun (oTtoH ¢ sHepruenr 1,2%107!
JIx. YeMy paBeH uMnysbc aroma?

4%10°26 kr*m/c

VY3KUil Ny4OK O-4aCTUL[ ¢ KUHETUYECKOU
sHepruer T = 600 3B mamaer
HOpPMaJIbHO  HA  30JI0TYIO  (DOJNIBLY,
comepxkamyto n = 1,1*10'° snmep/cm?.
Haiitu oTHOCHTENBHOE YMCIIO O-YACTHIL,
pacceuBaronuxcs noja yriaamu 9 < 30 =
20°.

0,6

®oton ¢ sHeprueit 15,0 5B BeiOuBaeT
ANEKTPOH M3  TOKOSIIErocs  aroma
BOJIOPO/Ia, HAaXOJAIIETOCS B OCHOBHOM
coctosHMM. C Kakoll CKOPOCTBIO V
JIBMKETCS AJIEKTPOH BAAIM OT sapa’?

6,93%10° m/c

Heiitpon ¢ xuHernueckon sHepruen T =
25 »B Haneraer Ha MOKOAIIMNACS HEHUTOH
(ssmpo  TspKenoro  Bojopojna). Haiitu
NeOpOUTIEBCKUE JJIMHBI  BOJIH  00€HX
YacTHI] B CUCTEME UX LIEHTPA UHEPIHUU.

8,6 nm

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

Du3nYeCKre NPUHIUINBI KBAHTOBOM MEXaHUKHU

[IpsiMOyTOIBHBIN MOTEHIMAIBHBINH Oapbep
umeeT mupuny 0,1 am. Onpenenure B 3B
pasHocts sHepruit U-E, mpu koropoit
BEPOATHOCTb IPOXOXKIEHUS DIIEKTPOHA
CKBO3b Oapbep coctaBuT 0,5

0,454 >B




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

13B

Yactuna Haxomurcs B JABYMEPHOMU
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 KMHETH4ecKoil aneprueit T =
4 5B nmokanu3oBaH B 001acTu pazmepom |
= 1 wMxM. OIEHHTP C¢ IOMOIIBIO
COOTHOIICHUS HeolpeieIeHHOCTEN
OTHOCHUTEIIbHYIO HEOIPEACNIEHHOCTh €ro
CKOPOCTH.

9,76*10°

ONeKTpoH ¢ sHeprue E nBmxercs B
MIOJIO)KUTEIPHOM HAlpaBiIeHUH ocH X.
IIpu xakom 3Hauenuun U-E, BbIpakeHHOM
B DJEKTPOH-BOJNIbTAX, KO3 UIMEHT
npo3paunoctd D=10-3, ecnu mupuna d
Oapbepa paBua 0,1 Hm?

45>B

CTpOGHI/Ie aTOMa U ATOMHBIC CIICKTPbI

IIppu mnepexome aroma BOXOpPOJA W3
4EeTBEPTOr0 IHEPrETHUECKOIO COCTOSHMS
BO BTOpOE€ U3IydaroTcsd (OTOHBI C
sHepruet 2,55 5B (3eneHas nuHUA
BOJIOPOJHOTO  criekTpa). OmnpenenuThb
JUIMHY BOJIHBI 9TOW JIMHUM CIIEKTpa.

486 um

OHeprus CBA3M BAJECHTHOIO AJIEKTPOHA
aToMa JUTUA B cocTosiHUsX 2S u 2P
paBHa cOOTBETCTBEHHO 5,39 u 3,54 3B.
Bbruncauts  puaOeproBckue MONpaBKU
Uit S- 1 P-TepMOB 3T0T0 aroma.

-0,409
-0,037

Atom HaXOJIUTCS B COCTOSIHHH,
MYJIbTUILUIETHOCTh KOTOPOTO paBHA TPEM,
a MOJHBIM MEXaHHYECKHMH MOMEHT — h
sqrt(20). Kakum MOYXKET OBITH
COOTBETCTBYIOIIEE KBAHTOBOE YK Cyo L?

3,4,5

Halitn HanpspkeHWe Ha pPEHTIE€HOBCKOM
TpyOKe C HUKENEBbIM aHTUKATOIOM, CITH
pasHoCcTh MH BoJH Ko-muHuun u
KOPOTKOBOJIHOBOM TPaHUIIbl CIUIOLIHOTO
PEHTT€HOBCKOIO CIEKTPa paBHa 84 M.

15 xB

[Ipn  yBenmuYeHWHM  HANpsSOHKEHUS  Ha
pentreHoBckoi Tpyoke ot Ul = 10 kB no
U2 = 20 kB unTEpBan AIuH BOJH MEXIY
Ko-munueit u KOPOTKOBOJIHOBOM
IpaHUIel CIJIONIHOTO PEHTI'€HOBCKOTO

29




criekTpa yBenuuwics B n = 3,0 pa3sa.
Onpenenutsb HIOPSIAKOBBIN HOMEpP
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 mnotHocTh HaTpus pasHa 0,97
r/cMm3.

3 IloBblieHne Ttemmneparypsl karona B | 4,453B
ANEKTPOHHOW Jlamme OT 3HaueHuss T =
2000 K na AT = 1,0 K yBenuuuBaeT TOk
HaceimeHus Ha = 1,4%. Haiitu paboty
BBIXOJIa AJIEKTPOHA M3 MaTepHalla KaTo/a.

KBaHTOBBIE CBOMCTBA TBEPBIX TEI

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

2 [lpunsse s cepebpa  3HayeHue | 1
temneparypsl  JleOas 0=208 K,
ONpENEINUTh: CpeaHee YHUCIoO <Np>

(oHOHOB c SHepruein €m NIPU
temneparype T=300 K.

3 Ilonaras, 4ro Ha kaxnaplii atrom wMeau | 4,23 3B
MIPUXOJIUTCS OIWH CBOOOJHBIN IJIEKTPOH,
OTIPECTUTh:

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

4 [Tonarass, 4ro Ha Kaxaelii arom wmemu | 32,7%103 K

MPUXOJUTCS OAUH CBOOOJHBIN AJEKTPOH,
onpenenuTs:  Temneparypy T, npu
KOTOPOH CpeHssl KUHETUYECKasi SHEPrust

AJIEKTPOHOB KJIACCUYECKOI0
JJIEKTPOHHOTO  raza  paBHSUIach  Obl
cpenHen SHEPrUuu CBOOOTHBIX

3JIEKTPOHOB B Meau npu T=0.

Bomnpocsl k 3x3ameny
1. [Topsiaky BeTMYUH PACCTOSIHUM U SHEPTHM B aTOMHBIX U SIIEPHBIX MPOLIECCAX.
2. Cnenuuka 3aKOHOB MEKPOMHUPA.
3. OCHOBHBIE YaCTHIIbl, UX XapAKTEPUCTHUKA.
4. SInepHas MmoAeNb aToOMa.
5. Onsit Pesepdopaa mo paccesHuto anbga 4acTull.
6. D dhekTUBHOE CEUYCHHE.
7. DHeprusi CBSI3U.




8. OGocHOBaHKE BO3MOKHOCTH Pa3/IEIbHOTO pacCMOTPEHHS (DU3UKH aToMa M (PU3HUKH siIpa.
9. CTauMoHapHOCTh U AUCKPETHOCTh ATOMHBIX COCTOSTHUIA.

10. OnbiT ®panka u I'epua.

11. IIpocTpaHCTBEHHOE KBAHTOBaHUE.

12. OnsiT UlTepHa u I'epinaxa.

13. KopnyckyisipHO-BOJIHOBOM Ayaii3M.

14. Dddexr Komnrona.

15. I'unote3a ne-bpoits.

16. Audpakiuus 3JeKTPOHOB HEUTPOHOB, aTOMOB.

17. CooTHOIIIEHUE HEOTTPEACIICHHOCTH.

18. BonHoBas pyHKIus.

19. YpaBuenue lIpeaunrepa.

20. OTnnyrie KBaHTOBO-MEXaHUYECKOTO U KJIACCUYECKOIO OMMCAHUS IBUKEHHUSL.

21. IIpocTeiiie o1HOMEPHbIE 3a/1a4 KBAHTOBON MEXaHUKU: CBOOOIHOE ABMKEHHE YACTHILIbI,
YacTULIA B TOTEHLIUAJIBHON IME, TAPMOHUYECKUI OCHUIIIATOP, IPOXO0XKIECHUE YaCTHUL] Uepe3
HNOTEHIMATIBHBIN Oapbep.

22. VI3ny4yeHue u NOorjiouieHUe SHEPTUH.

23. Hepa3nuuuMoCTh OJJMHAKOBBIX MUKPOYACTHII.

24. Bo3oHBI ¥ (pepMHOHBI.

25. llpunuun I[aynu.

26. KBaHTOBO-ME€XaHUUYECKOE OMTMCAHUE BOJAOPOI0MOTO0HBIX CUCTEM.

27. YpOBHU 3HEPruH, BOJIHOBbIE (DYHKIMH, pacipeieeHHe INIOTHOCTH BEPOSTHOCTH.
28. CnexTp atoMa BOJOpoOa.

29. OObscHEHUE TOHKON U CBEPXTOHKON CTPYKTYPBI AaTOMHBIX CIIEKTPOB.

30. DnexkTpoHHBIE 000JIOUKH aTOMa U UX 3aloJHEeHHE, (U3NUecKoe OObSICHEHNE
NEPUOANYECKOT0 3aKOHA.

31. PenTreHoBcKko€ HU3NyuyeHue, IpUpojia, CBONCTBA U METO/IbI HCCIIEI0BAHUS.

32. JleficTBME MarHUTHOTO I0JIS HA ATOM.

33. Dddexr 3eemana.

34. DneKTpOHHBIN TapaMarHUTHBIN pE30HaHC.

35. Tunsl cBsi3ell aTOMOB B MOJIEKYJIE.

36. IlopsiAKKM BETMUMH 3JIEKTPOHHOM, KOJIeOaTeIbHOM 1 BpalllaTeIbHON SHEPIUH.

37. MonekymsipHbIE CIIEKTPHI.

38. KomOuHaImoHHOE paccesiHue.

39. Cunel Ban nep Baanbca.

40. Tunsl cBsA3€l aTOMOB B TBEP/IbIX TENAX.

41. DHepreTuyecKue 30Hbl.

42. ITpoBOAMMOCTB TBEP/BIX TEIL.

43. CBepXnpoBOAUMOCTb U CBEPXTEKYUYECTh M MX KBAHTOBAs MIPUPOJIA.



IIpuMepsbl 3K3aMeHAUMOHHBIX 3aJaHUI

1?/?1 ®opmyaupoBKa BoIpoca Bapuantsl oTBeTOB

1 PaBHOBecHOE mMOJIOXKEHHE DJIEKTpOHA B | 1. B IIEeHTpe 3apsIzKeHHOT0 mapa
aToOM€ BOJOpPOJAa COIVIACHO  MOJIENH | 2. Ha IOBEPXHOCTH 3apsHKEHHOIO 1iapa
Tomricona HaxoauTCs 3. B m000H TOUKE BHYTPHU 3apSKEHHOIO

mapa

4. B arome TommIcoHa paBHOBECHOE
I10JIO)KEHUE OTCYTCTBYET

5. IOJIO’KEHHUE AIIEKTPOHA 3aBUCHUT OT
3apsaa

2 Kakoii u3 nepeuncieHHbIX HUXe METOJ0B | 1. meron MuiukeHa, OCHOBAaHHBIM Ha
MIO3BOJISIET U3MEPUTH 3aps] JIEKTPOHA C | U3MEPEHUU rapameTpoB JIBI>KECHUS
HauOOJbIICH TOYHOCTHIO? 3apsSOKCHHBIX  Kamlelb B JJIEKTPUYECKOM

noJe

2. METOJl MarHeTPOHa

3. U3MepeHue TOJIIMHBI CIe/1a FIEKTPOHA B
kamepe Bunbcona

4. W3MepeHMH TNAPaMeTPOB JABMKEHHS
YCKOPEHHOI0 3JIeKTPOHA B MATHUTHOM
noJje (Macc-cneKTpoMeTp)

5. HU OJIMH U3 MIEPEUUCICHHBIX

3 [Ipu kakoil 3Hepruu EKTPOH OKaxercs | 938
TSDKEJIee TTOKOSIIErocsl IpoToHa?

OtBet npuBeaute B M1B.

4 Omnpenenure JHEPTUIO ¢ortoHOB, | 1.63
COOTBETCTBYIOIIMX Haubojee IITUHHBIM
BOJIHAM BUJMMOM 4acTu criekTpa 760 HM.

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

5 Kakomy yrmy paccesnus (B rpamaycax) | 180
COOTBETCTBYET MaKCUMaJbHOE
KOMIITOHOBCKOE CMENICHUE  JUTHHBI
BOJIHBI?

6 OHeprus (OTOHA paBHAa KHHETUYECKOW | 1. MMIyJabc 3JeKTpoHa OoJblie, T.K.
SHEPTUH dJEKTPOHA. Macca NOKOsl 3JIeKTPOHA He PABHA HYJII0
CpaBHHTE X UMITYJIBCHI. 2. umnyinsc (oToHa Oosnblie, T.K. Y HEro

OoJiblIIe CKOPOCTh

3. UMITYJIHCBI YACTHUI] PABHBI

4. OTBET 3aBUCUT OT BEIUYUHBI HHEPTUU
dotoHa wu KHHETHYECKOW  DHEPTrUu
AIIEKTPOHA

7 KBanroBas 4yactmma Haxomures B 1.x=0
OECKOHEYHO TIyOOKOH MOTeHIMAIbHON | 2. X = a/2
M€ IIMPUHON a B COCTOSHHUU C TJIaBHBIM | 3. X =a
KBaHTOBBIM YHUCJIO h = 3. 4.x=al3
B kakux Toukax yacTuIla HaXOAuThcd He | 5. X =2a/3

MOXKET?
[IpaBunbHeIii(e) Ha Bam B3 Homep(a)
oTBeTa(0B) BBEIUTE Yepe3 MPOOelL.




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
yHupyrue
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. mpH MaJbIX CKOPOCTAX 3JEKTPOHOB
3aMeTHO NPOSIBJAIOTCA  HMX BOJIHOBbIE
CBOIICTBA
7. IOBEIEHNE aTOMOB IIPOTUBOPEYHT
nocryiaram 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-pacnaz paguoaKTUBHBIX SAEP

10

[TomHast PHeprusi PIEKTpOHAa HA N - OM
YPOBHE ompefenseTcs: cooTHouenuem Ey
= - 13.6/n> 5B. Kakylo HauMeHbIIYyIO
SHEPIUIo HYXHO COOOLIUTH
HEBO3OYKJICHHOMY aTroOMy  BOJOpPOA,
YTOOBbI CHEKTP M3IYYECHHUs Ta3a U3 TaKUX
aTOMOB  COJepXall  TOJBKO  OJHY
CIEKTPAJIbHYIO JTUHUIO?

OtBer B 5B naiiTe ¢ TOUHOCTBIO JIO TpEX
3Ha4yaumx mudp.

10.2

11

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

MTOTEHIIUATIBHOMN JHEpPruu
B3aMOJEICTBUS DJIEKTPOHA C  SAPOM
ymenpmminace B 4 paza.  llpum
MOCJIEAYIOLEM TIEPEXOJIE U3 COCTOSIHUS C
[JIaBHBIM ~ KBAHTOBBIM YHCJIOM N B
COCTOSIHUE C  IJIaBHBIM  KBAHTOBBIM
qUCcIOM m  a0COJIOTHAs  BEJIMYUHA
IIOTEHIUATIbHOU SHEpruu
B3aMMOJCHCTBUS DJIEKTPOHA C  SAPOM
OlsITh ~ yMeHblIMIach B 4 pasa.
Onpenenure m.

L=
— 0 4 DN

12

HenonBuxHbIi aToM BOZOpOIA
HaxOJWJICS B TIEPBOM BO30YKJIECHHOM

10




COCTOSSHUM C KBAHTOBBLIM YHCJIIOM N = 2.
[TornotuB (oTOH ¢ SHEpruei, paBHOI
(0.24 >Hepruv MOHU3ALUH, ATOM BOAOPOA
mepemiesl B COCTOSHUE C KBAaHTOBBIM

gucioM m =... Omnpenenute KBaHTOBOE
YKCJI0 KOHEYHOT'O COCTOSIHUS.

13 Cucrema BpaIllaTeJIbHBIX ypoBHEH | 1. mo Mepe yBeJUWYeHHS] DJHEPIrUHU
SHEPruM MOJIEKYJ HMEET CJEAYIOUIME | HHTEPBAJ MEXKAY COCeTHHMH YPOBHSIMU
XapaKTepUCTHUYECKUE OCOOCHHOCTH yBeJIU4NBaeTcs

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

3. DHepruum YypoBHEW Ooyiee  JIETKHUX
JNBYXaTOMHBIX ~MOJIEKYJl MEHbIE, YeM
0oJ1ee TAKENbIX

4. o Mepe yBeIWYEeHHsI SHEPTUU UHTEPBaJ
MEXy COCEIHUMHU YPOBHSIMHU
YMEHbIIIAETCS

14 Bciencreue AHFapMOHUYHOCTH | 1. yBeJMuuMBaeTcs
KojeOaHUi MONIEKYNl TpU YBEIUYEHHUH | 2. yMEHBIIACTCS
aAMILIUTY/bI Kosie0aHui UHTEpBaJ | 3. HE U3MEHsETCS
SHEpruit MEXIY COCETHUMU
SHEPTeTUUYECKIUMU YPOBHSIMHU

15 |B ciydae TepMoauHamMuueckoro | 1. OOJIBIINHCTBO MOJIEKYIT
paBHOBECHsI B Cpele IpU KOMHAaTHOHM | XapaKTepU3yeTcs MaKCHMaJIbHO
TEMIIEPATYPE PacCIpelelIeHUE MOJIEKYJI 110 | BO3MOXKHOMN YHEPrUen
KoJ1e0aTeIbHBIM YPOBHSIM 3HEPTUU UMeeT | 2. OOJIBIIMHCTBO MOJIEKYJ UMEIOT SHEPTHUIO
CIEAYIOLME 3aKOHOMEPHOCTH (3/2)KT

3. MoOJeKyJbl  pacnpejesieHbl 10
K0J1e0aTeJIbHBIM YPOBHAIM JHEPruM B
cooTBeTCTBHU € opmyJioit BosabumaHna;
4. KOJNMYECTBO MOJEKY1 MOHOTOHHO
yOBIBaeT 10 MEpe BO3pacTaHMsI HOMEPA
K0J1e0aTEeIbHOTO YPOBHS SHEPTUU

16 | O HyneBbIX KoneOaHUSX MOJIEKYJ MOXHO | 1. KoynebaTenbHOe BUKEHUE OTCYTCTBYET

CKa3aTh, 4To: 2. aMIIMTyAa KojeOaHui paBHA HYIIO
3.310 KoJyeOanusa npu T =0
4. 3T0 KOJIeOAaHMS C MHHHUMAJIbLHO
BO3MOSKHOM aMILTUTYH0M
5.3T0 KoJ1eOaHUsI ¢ MUHUMAJIBHO
BO3MOKHOM JHepruen
17 | OtHocuTenbHO ypoBHS @PepMu MOXKHO | 1. 3HEprusi B3auMOACHCTBUS PJIEKTPOHOB C

CKa3aThb, 4TO IOTO:

pELIETKON KpucTasua

2. cymMmapHas KHHETHYeCKas DHEprus
CBOOOJTHBIX AJIEKTPOHOB KpHUCTaIa mpu T
paBHO uiu Oosbire 0

3. KHHeTHYecKasi JHeprusi Haubojee
BBICOKOIHEPreTHYeCKHX CBOOOAHBIX
3J1IeKTpPOHOB KpucTaia npu T =0

4. SHeprusi JJIEKTPOHHOIO YPOBHS
KpHUCcTalja B  MOAeJM  CBOOOJHBIX
3J1eKTPOHOB, BEPOSITHOCTH 3aNOJHEHUS
KoToporo 1/2




18

DIJIEKTPOHBI
MeTasuia

B

30HC

IIPOBOAUMOCTH

l.paBHOMEpPHO pacHpenenstoTcs MO BCEM
BO3MOXHBIM COCTOSHHUAM

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

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

4.MMEI0T OJHY DJHEPrul, Ha3bIBAEMYIO
sHepruei Gepmu

5.pacnonaratorcsi BOJIM3H JTHA 30HbBI




0NN KW

IIpunoxenne 2

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

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

. Cnenduka 3aKOHOB MUKPOMUPA.

. OCHOBHBIE YaCTHIIbI, UX XapaKTEePUCTHKA.

. SlnepHas Mozenb atoMa.

. OnbIT Pe3epdopaa no paccessHuio anbda yacTull.

. D dexTuBHOE ceueHME.

. DHEprus CBSI3U.

. OBocHOBaHME BO3MOKHOCTH Pa3AeIbHOrO PpACCMOTPEHUS (PU3UKHU aToMa ¥ (PU3HUKH SIIpa.
. CTaliMoHapHOCTh M JUCKPETHOCTh AaTOMHBIX COCTOSIHUI.

. OnpiT ®@panka u ['epua.

. IIpocTpaHCTBEHHOE KBAaHTOBAHMUE.

. Onpit L Tepna u I'epnaxa.

. KopnyckyisipHO-BOITHOBOM Ayalin3Mm.

. O dexr Komnrona.

. 'mnoresa ne-bpoitns.

. Andpaxmust 31eKTpOHOB HEUTPOHOB, ATOMOB.

. CooTHOLIEHNE HEOIPENEIEHHOCTH.

. BomHOBast ¢pyHKIHS.

. YpaBnenue llIpenunrepa.

. OTnMuyue KBaHTOBO-MEXaHUUECKOTO U KJIIACCUYECKOTO OITMCAHUSI IBUYKEHUSI.
. Ilpocreiimue oJHOMEpHBIE 3a7]a4ul KBAHTOBOM MEXaHUKHU: CBOOOHOE JIBUKEHUE YACTUILIbI, YACTHUIIA B

HOTCHHHaHBHOﬁ SAMCE, l"apMOHI/I'-Ie()KI/Iﬁ OCHUJIIATOP, IMMPOXOXKACHUC YaCTHULL YCPE3 HOTCHHI/I&J’IBHBH\/'I 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.

Bo3onsl 1 (hepMHOHBI.

[Tpunnun [aymnn.

KBaHTOBO-MeXaHMUYECKOE OMUCAaHUE BOJIOPOIOTIOTO0OHBIX CHUCTEM.

YpOBHU SHEPrUH, BOJTHOBbIE (PYHKIIMH, paclpe/ie]IeHHE MIJIOTHOCTH BEPOSITHOCTH.
. Cniextp aToMa Boziopoza.

OObscHEHNE TOHKON U CBEPXTOHKON CTPYKTYphl aTOMHBIX CIIEKTPOB.
DeKTpOoHHBIE 000JIOYKU aTOMa U MX 3al0JHEHUE, (hu3nyeckoe 00bICHEHHE NePUOIUNUYECKOr0 3aKOHa.
PeHTrenoBckoe u3ny4yeHue, Npupoa, CBOMCTBA U METO/IbI NCCIIEOBAHMUSL.
JleficTB€ MarHUTHOTO MOJISI HA ATOM.

DddexTt 3eemana.

DNEeKTPOHHBIN MapaMarHUTHBIN pe30HaHC.

Tumnbl cBsi3€il aTOMOB B MOJIEKYJIE.

[Topsiiku BETUYHH AIEKTPOHHOM, KOJIeOATeTbHOM 1 BpalllaTeIbHON YSHEPTHH.
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 MPHUPO/IA.



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

11\/@11 PopmMynMpoBKa BOIpoOca Bapuantsl oTBETOB

1 PaBHOBecHOE 1OJIOKEHHE 3JIEKTPOHA B | 1. B eHTpe 3apsiKeHHOI0 1apa
aTOMe€ BOJAOpOJA  COIJIaCHO  MOJIENM | 2. HA MOBEPXHOCTH 3apsKEHHOIO 11apa
Tomricona HaxoauTCs 3. B m000i TOYKE BHYTPH 3apsHKEHHOTO

mapa

4. B arome TomrcoHa paBHOBECHOE
MIOJIOKEHUE OTCYTCTBYET

5. IOJIOYKEHUE IEKTPOHA 3aBUCUT OT
3apsza

2 Kakoii u3 nepeuncieHHbIX HUXKe METoA0B | 1. meron MuimkeHa, OCHOBAaHHBIM Ha
MO3BOJISIET MU3MEPUTH 3apsi/i 3JIEKTPOHA C | U3BMEPEHUHU rapamMeTpoB JBUKEHUS
HanOOoIbIIeH TOYHOCTHIO? 3apSOKEHHBIX Kaleslb B  3JIEKTPUYECKOM

nose

2. METOJ] MarHeTpoHa

3. U3MepeHue TOJILUHBI CJIeJa HIEKTPOHA B
kamepe Buibcona

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

5. HA OIVH U3 NIEPEUNCICHHBIX

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

Otset npuseaute B MaB.

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

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

5 Kakomy yrimy paccesHust (B rpagycax) | 180
COOTBETCTBYET MaKCHMaJIbHOE
KOMIITOHOBCKOE CMEIlEHUE  JJINHBI
BOJIHBI?

6 OHeprust (QOTOHA paBHA KUHETHYECKOH | . MMIyJbC 3JeKTpPOHA OoJiblIe, T.K.
SHEPTHUU JIEKTPOHA. Macca NMoKOos 3JIeKTPOHA He PABHA HYJII0
CpaBHHTE X UMITYJIbCHI. 2. umnynsc (oToHa Oosblie, T.K. Y HETo

00JIbIlIE CKOPOCTh

3. UMITYJIbCBI YACTHUIL PaBHBI

4. OTBET 3aBHCHUT OT BEJIMYMHBI IHEPTHH
¢dorona wu KWHETUYECKOW  JHEpruu
AIIEKTPOHA

7 KBantoBas dwyactuma  Haxomurcest B|1.x=0
OCCKOHEYHO TUIYOOKOW TMOTEHIMAIBbHOH | 2. X = a/2
sM€ IIMPUHON a B COCTOSIHUU C IVIaBHBIM | 3. X =a
KBAaHTOBBIM YHCIIO n = 3. 4.x=al3
B kakmx Todkax yacTHIla HAXOAWThCS HE | 5. X = 2a/3
MOXeET?

[IpaBunbHebIii(e) Ha Bam B3rsg HoMep(a)
oTBeTa(OB) BBEANTE Uepe3 Mpooel.

8 B omeire Pamzayspa Habmromamuchk | 1. CTOJKHOBEHHUS SJEKTPOHOB C aTOMaMH
AHOMAJMM B  3aBUCUMOCTU  CEYEHHs | yOpyrue




paccestHus ANIEKTPOHOB Ha aToMax
O6maropoHbIX ra3oB. Ha ocHoBaHuun

STUX H3MEPEHUN OH MpUIIEN K BHIBONY,
4TO

2. aTOMBI MOKHO BO30YyIUTb, COOOIIas UM
TOJIBKO onpe):[eneHHHe

MTOPIIMH SHEPTHH
3. CTONKHOBEHHUS JJIGKTPOHOB C aTOMaMH
HEynpyrue
4. aromMbl HMEIOT HE paBHBIA HYIIO
MarHuTHBII MOMEHT
5. aroMbl MOXHO BO30YIHTb, COOOIIAsi UM
JIFOOBIE

IMOPLIUY DHEPTUHU
6. MpH MAJBIX CKOPOCTAX 3JIEKTPOHOB
3aMeTHO MPOSIBJISAIOTCA  HMX BOJIHOBBIE
cBOMiCTBAa
7. IOBEIEHUE aTOMOB IIPOTUBOPEUHT
nocrynaram bopa

Kakoe wu3 mpuBEACHHBIX SBICHUI HE
TpeOyeT ansi 0ObSACHEHUs MPEeACTaBICHUS
0 TyHHEIbHOM 3 dekre?

1. xoyomHas »>MHCCUS DJIEKTPOHOB U3
MeTaa

2. adpdexT [xo3edpcona

3. aHOMAJIUM B 3aBHCHMOCTH CeYeHHS
paccesiHUs JJIEKTPOHOB Ha aToMax
0s1aropoaHbIX ra3oB (onbiT Pam3ayspa)
4. JABMIKCHUEC 3JICKTPOHOB B TBCPAbLIX TCJIaX
5. anbda-pacnazl paJu0aKTUBHBIX SIEp

10

[TonmHast PHeprusi PIEKTPOHA HA N - OM
YPOBHE ompefenseTcss cooTHouenuem Ey
= - 13.6/n> 5B. Kakylo HauMeHbIIYyIO
SHEPruIo HYXHO COOOLINTH
HEBO3OYKJICHHOMY aTroMy  BOJOpPOA,
YTOOBbI CHEKTP M3IY4YECHHUs Ta3a U3 TaKUX
aTOMOB  COJepXaJl  TONBKO  OJHY
CIEKTPAJIbHYIO JTUHUIO?

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

10.2

11

AToM BozOpOAa Mepelies U3 OCHOBHOTO
COCTOSIHMSI B COCTOSIHME C TJIABHBIM
KBaHTOBBIM  YHCJIOM 1N, TMpPH 3TOM
a0CoIOTHAs BeTMYUHA

ITOTEHIIUATIBHON JHEpruu
B3aUMOJECICTBUS 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
MOTEHLIMAJIbHOU SHEPrUu
B3aMMOJICICTBUSL DJIEKTPOHA C  SAPOM
OlsITh ~ yMeHblIWIach B 4 pasa.
Onpenenure m.

hal ol e
— 00 & DN

12

HemnonBuxHbIi aToM BOAOpOIA
Haxoqwicsd B TIEPBOM BO30YXKIEHHOM
COCTOSIHUM C KBAHTOBBIM YHUCJIOM n = 2.
[TornotuB ¢oTOH ¢ SHEprueut, paBHOU

10




(0.24 sHeprun MOHU3ALMH, ATOM BOJAOpOAA
Hepemen B COCTOSSHHE C KBAHTOBBIM
guciioM m =... Onpenenure KBaHTOBOE
YHCII0O KOHEYHOT'O COCTOSHHSL.
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Cucrema BpaIllaTeJIbHBIX yYpOBHEH
SHEPruM MOJIEKYJ HMEET CJEAYIOLIUe
XapaKTepUCTHUECKUE OCOOCHHOCTH

1. mo Mepe YyBeJIWYEHHS] IHEPrUH
HHTEPBAJ MEXIY COCeTHHMH YPOBHSIMH
yBeJIHYHBAETCSI

2. JHEPrusi  YPOBHS  OCHOBHOI'O
cocTosiHusi paBHa 0 1151 BCceX MOJIEKYJI

3. DdHepruum YypoBHEW Ooyiee  JETKHX
JIBYXaTOMHBIX ~MOJIEKYJ MEHBIIE, YeM
00J1e€ TSKEIBIX

4. 110 Mepe yBEJIMYEHHsI SHEPTUH HHTEPBA
MCXKAY COCCIHNUMHA YPOBHAMU
YMEHbBIIACTCS
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Bcenencreue AHTapMOHUYHOCTH
Kosle0aHUH MOJIeKY1 MpH YBEIUYEHUU
aAMIUIATY/IbI KoJIeOaHMA UHTEpBAJ
SHeprui MEXTY COCEIHUMU
SHEPreTUYECKUMHU YPOBHSIMU

1. yBeqamunBaeTcs
2. yMEeHbIIaeTcs
3. He U3MeHseTCs
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B ciydae TEPMOJUHAMHYECKOT O
paBHOBECHs B cCpele IpU KOMHATHOU
TEMIIEPATypPE pacIpelelICHUE MOJIEKYJI 110
K0J1e0aTeIbHBIM YPOBHSIM 3HEPTUU UMEET
CJIEYIOLIME 3aKOHOMEPHOCTH:

1. OOJBIINHCTBO
XapakTepu3yercs
BO3MOKHOM SHEPTUEH

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

3. MoOJeKyJbl  pacnpejesieHbl 110
KO0/1¢0aTeJIbHBIM YPOBHAM JHEpPruu B
CO00TBEeTCTBUH ¢ (popmyJioii boabumana;
4. KOIMYECTBO MOJIEKYJ MOHOTOHHO
yOBIBaeT 10 MEpe BO3pacTaHMsI HOMEPA
K0J1e0aTeIbHOTO YPOBHS SHEPTUH

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

1. konebaTenbHOE IBUKEHHUE OTCYTCTBYET
2. aMIIATy/Aa KojeOaHui paBHA HYIIO
3.93710 kosedanus npu T =0

4. 310 KOJEO0AaHMSI ¢ MHHHMAJIbLHO
BO3MOSKHOM aMILIMTYA0M

5.93T0 K0J1e0aHUA ¢ MUHHMMAJIbHO
BO3MOKHOM JHepruen
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OtHocuTenbHO YpOBHA PDepMH MOKHO
CKa3aTh, YTO 3TO:

1. sHeprus B3aMMOJEHCTBUS JIEKTPOHOB C
pPELIETKON KpucTamua

2. cyMMapHas KUHETHYeCKas DJHeprus
CBOOOJHBIX 3JEKTPOHOB Kpucrtamia npu T
paBHO 1 Oosbire 0

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

4. DJHeprusi JJIEKTPOHHOIO0 YPOBHA
KpHUCTAJIa B MOJEJM  CBOOOJHBIX
3JIECKTPOHOB, BEPOATHOCTHL 3aIOJHEHHS
KoToporo 1/2
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ONeKTpOHbl B  30HE

MmeTajajia

IpOBOAUMOCTHU

l.paBHOMEpPHO pacHpeneNaoTCsl MO BCEM
BO3MOHBIM COCTOSTHHSIM




2.3aM0JIHAIOT MOAPAX BCE
HHM3KOJIe;KalUe COCTOSIHUSI BILIOTH /10
sHepruu ®epmu

3.3aMoMHSAI0T NOAPAJ BCE BBICOKOJIEKAILNE
COCTOSIHUSI C DHEPTUSMH, MPEBBIIIAIOIUIMU
sHepruro Pepmu

4.MMEI0T OJHY JHEPrul0, Ha3bIBAEMYIO
sHepruei Gepmu

5.pacnionaratorcsi BOJIM3H JTHA 30HbBI




03.03.02 ®u3uka, npopuiab Meqnuunckas pusuka, AtomHas puszuka, 2022 rox
HaOopa, ouHasi Gopma o0yueHuUs

[IpopexTop mo yueOHoii pabote yrBepxaeHo 30.05.2022  B.E. ®enopos

VY4eHbIM cOBETOM (U3NIECKOTO (PaKyIbTeTa

[Iporokon 3aceqanus Ne 07 ot 28.04.2022

[Ipencenarens YueHoro coBera

dbusnueckoro pakyapTeTa COIIacOBaHO J.A. 3axapbeBuu

3acenanuem kadenpsnl o01Iel U TEOPETHYECKON (PU3MKH

[Iporokon 3aceganus Ne 07 ot 21.04.2022

3aBenyromuii Kadenpoi COIIaCOBAHO A. E. Maiiep

ABTOp (COCTaBUTEIB) B. C. KpacuuxkoB
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«Heal'¥» ot «13» anpeast 2021 . Ne 247-1



