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1. HEJIX OCBOEHUMA TUCHUTIINHBI

Henb auctuIuinHel «ATOMHas PU3HKa» COCTOUT B JOPMUPOBAHUY Y CTYJICHTOB €IMHOM, CTPOWHOMN, IOTHYECKH HEIPOTUBOPEUUBON
(bm3HIecKoll KapTHHBI OKPYIKAIOIIET0 HAC MUpPa IIPUPO/IBL, TPUOOPETEHNE HABBIKOB PEIICHHUS U HCCIIeIOBAaHHSI KOHKPETHBIX
(u3nUecKux 3a/1a4.

OCHOBHBIE 33124l TUCITUTUIMHBI: N3YUYCHUE OCHOBHBIX MMOHSATHH aTOMHOM (I)H3I/IKI/I, N3YyUYCHHUEC OCHOBHBIX METOAOB UCCIICIOBAHUA B
(1)I/I3I/IKC aToMa; 3HAKOMCTBO C HCKOTOPBIMU IPHUIOKCHUAMU aTOMHOM (1)I/IBI/IKI/I.

Pe3yJ'ILTaTI>I O6y‘-IeHI/I$[ IO JUCHUIIMHE HAITPABJICHBI HA JOCTHXKECHUE NHAUKATOPOB!

OIIK-1.1. O6nanaer 6a30BBIMU 3HAHHUSMH, MOJTYYCHHBIMHU B 001aCTH (PU3UKU U PaguOU3UKH.

OI1K-1.2. JIleMOHCTpHpYET YMEHHUE peliaTh 3a1a4uu, GOpMyIUpyeMble B paMKax (GU3UKH U PaTHO(U3UKH.

OIIK-1.3. FImeeT HaBBIKU UCIIOIb30BAHUSI OCHOBHBIX IIOHATHI, TEOPEM, 3aKOHOB (DM3UKU U pafuoGHU3UKU UL peLeHUs 3a1ad
npoecCHOHATBHOM AESATETBHOCTH, B TOM YHCIE B chepe MeJarorndecKoit JesTeIbHOCTH.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OIIOII

Hukn (pazngen) OITOIT: B1.0.05

2.1 TpeOGoBaHus K MpeIBAPUTEIbLHOI MOATOTOBKE 00y4YaI0IIEerocs:

Mexanuka

MorekynspHas Gpusuka

BHCKTpI/I'{CCTBO U Mari€Tusm

OnTHka

2.2 JIncuMnIuHbI ¥ MPAKTUKH, JJIs1 KOTOPBIX 0CBOEHHE JAHHOI TMCIHUILTUHBI (MOAYJIs]) He00X0AMMO KaK MpeallecTByolIee:

®dusnka aTOMHOTO Aapa U OJICMCHTAPHBIX YaCTHI]

KBanroBas pannodusuka

3. KOMIETEHLUY OB YYAOIETOCS, ®°OPMUPYEMBIE B PE3YJIbTATE OCBOEHMS JUC LI TAHBI
(MOJYJIS)

OIIK-1: Cnioco0eH npuMeHATH 0a30Bble 3HaHUA B 00/1acTH (PU3UKH U PagHO(PU3NKH M HCII0JIB30BaTh UX B NPOQeCCHOHATBHOM
AesiTeJIbHOCTH, B TOM 4HCJIe B cepe neJaroru4ecKoi JesiTeJJbHOCTH;

3HaTh:

Just noctikenust OIIK-1.1: 0CHOBBI TEOpUH, IPUHIUIIBI U METOJIbI ATOMHOM (DM3UKH; METOJb TEOPETHUECKUX U AKCIICPUMEHTAIBHBIX
HCCIIeIOBAaHUH B aTOMHOM (pu3mKe; 6a30BbIe TEOPETHUECKIE 3HAHUS IO aTOMHOI (pH3HuKe.

YMeTh:

Hns noctmxenust OITK-1.2: noHUMaTh, n3arath ¥ KpUTHYECKH aHAITU3UPOBATH 0a30BYI0 00IIEe(YU3UUECKYI0 HHPOPMALIHIO;
T0JIB30BATHCST OCHOBHBIMHE TIOHSATUSIMH, 3aKOHAMHU U MOJIEJISIMH aTOMHOW (PU3HMKH; PEIIaTh THIIOBBIC 3a[a49H; HCIIOJIb30BaTh 0a30BbIe
TEOPETHUYECKUE 3HAHUS [0 aTOMHOMN (PU3HUKe.

Baanern:

Just noctikennst OITK-1.3: merogamMu oO0pabOTKU M aHAIN3a HKCIICPUMEHTANBHOM U TeopeTHueckoi pusnueckoil nudopmarmm;
HaBBIKOM PEIICHUS KOHKPETHBIX (DM3MYIECKHX 3aad 0 aTOMHOM (H3HKe.

B pe3yabTaTe OCBOCHUA U CHUIIIMHBI oﬁyqamumiflcsl JOJIZKCH

3.1|3narte:

3.1.1|ocHOBEI TCOPHH, MPUHIHUIIBI 1 MCTOIBI aTOMHOM (I)I/I?,I/IKI/I; METOAbI TCOPETUICCKUX U OKCIICPUMCHTAJIbHBIX
HCCIIeIOBaHUN B aTOMHOM (I)I/ISI/IKe; 0a30BEIC TCOPETUYCCKUC 3HAHUA T10 aTOMHOM (I)I/I3I/IKC.

3.2|Ymern:

3.2.1|noHnMatk, U3araTh ¥ KPUTHYECKN aHATM3UPOBATh 0a30BYI0 00mIehU3NIecKyr0 HHYOPMAIIHIO; TIOJIB30BATHCS
OCHOBHBIMHU TIOHSITHSMH, 3aKOHAMHU M MOJICJISIMH aTOMHOU (DM3MKH; pelIaTh THIIOBBIE 33/]a4H; UCIIOJIb30BaTh 0a30BbIC
TEOPETUYECKUE 3HAHUS 110 AaTOMHOU (HU3HKeE.

3.3|Baagern:
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3.3.1|mMeToaamu 06pabOTKH U aHATM3a IKCIIEPUMEHTAIBHON U TEOPETUIECKOI (r3nIecKoil HHHOPMAIMH; HABBIKOM PEIICHHUS
KOHKPETHBIX (PM3MUYECKHX 3a/1a4 10 aTOMHOH (u3uke.

4. OFBEM JUCLUIIIMHBI (MOY.JIST)

O6Lwasn TpyooemMKocTb 43ET

Yacos o yueOHOMY Iutany : 144 Bunbr kOHTpOIsT B ceMecTpax:
B TOM YHCIIC :
ayJIUTOPHBIC 3aHATHS : 52 9K3aMeHbI 5
camocTosTeNbHas paboTa : 55,6
4acoB Ha KOHTponb : 27
KOHTaKTHas pabora: 61,4

HKP: 9,4

5. CTPYKTYPA U COJEP KAHUE JUCHUIIJIMHBI (MOLY JIS)

Kon HaunmenoBaHue pa3/ie/ioB U TeM /BUJA 3aHATUs/ Cemectp | YacoB Jlutepatypa
3AHATHS / Kvbe
Pasnea 1. Beenenne. AToMbl U siApa
11 KpaTkuii HCTOpUYECKUI OUepK Pa3BUTHS MPEICTABICHUS 00 aTOME U sifpe. 5 4 JI1.1 J11.2J12.1
TTopsiaKy BETHYMH PACCTOSHUI U SHEPTHI B aTOMHBIX U SIIEPHBIX MPOIIECCaX. JI2.2713.1
Crienprika 3ak0HOB MUKpOMHUpa. OCHOBHBIC YACTHIIBI, X XapaKTECPUCTHKA. 2132023 3243556
SAnepnas mozens atoma. OnbiT Pesepdopaa mmo paccesHuio anbha yacTui. 37

DddexruBHoe ceuenue. DHeprus csazu. OO0CHOBaHHE BO3MOXKHOCTH
paszaenbHOro paccMoTpeHus Gpusnku aroma U pusuku sapa. /Jlex/

1.2 Perrenue 3anau. Paccessaue yactun. ®opmyna Pesepdopua. /TIp/ 5 4 JI1.1 J11.2J12.1
J12.2J13.1
D132 33 54 35 26
97
1.3 Paccesinue yactui. ®opmyna Pesepdopna. /Cp/ 5 8 JIL.1 J11.2J12.1
J12.2J13.1
D132 33 54 35 26
97
Pa3gen 2. DkcnepuMeHTATbHBIE OCHOBBI KBAHTOBBIX NMPEACTABICHU
21 CTannoHapHOCTh U IUCKPETHOCTh aTOMHBIX cocTosTHUN. OnbIT Opanka u 5 6 JIT.1 J11.2J12.1
I'epua. [IpoctpanctBenHoe kBantoBanue. OnbiT Ll TepHa u [epnaxa. J12.2J13.1
Kopmyckynspao-BosiHOBO# nyanusm. Dddext Kommnrona. 'unoresa ae- 21032533 243556
Bpoitns. Judpaxuus 31eKTpoHOB HEUTPOHOB, aTOMOB. COOTHOILICHUE 97
HeormpeeaeHHOCTH. /JIex/
2.2 Perrenue 3anau. KoprnyckynspHo-BoHOBOH nyaiu3m. PoTosddert. Dbdext 5 4 JIL.1 J11.2J12.1
Kommrona. /TIp/ J12.2J13.1
D132 33 54 35 26
97
2.3 Kopmyckynspao-BosiHoBo# nyanusm. ®otoaddexr. Dpdexr Kommnrona. /Cp/ 5 10 JIL.1 J11.2J12.1
J12.2J13.1
D132 33 54 35 26
37
Paznen 3. ®duznyeckne NPUHIUNBI KBAHTOBOI MeXaHMKH
3.1 Bonnosas ¢pynkuus. Ypasuenue [llpeannrepa. OTinnyne KBaHTOBO- 5 8 JIT.1 J11.2J12.1
MEXaHHUYECKOTO U KJIACCHUYECKOTO OMMCAHNUs IBIDKEeHUS. [IpocTeiime J12.2J13.1
OJIHOMEPHBIC 33/1a4M KBAHTOBOW MEXaHUKH: CBOOOJHOE TBUIKCHHE YaCTHIIBI, 21 92 B3 D4 35 D6
YacTHIA B IIOTEHINAIBHON sIME, TAPMOHUYECKHI OCHMILIATOP, IIPOXOXKACHHE 37

YacTull Yepe3 MOTCHIMAIbHBINH Oapbep. M3mydyeHue u MmoraoneHue SHepruu.
HepasnnuumocTts 0MHAKOBBIX MUKpoYacThl. bo3oHs! 1 Gpepmuonst. Ipuaimn
Maynu. /Jex/
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3.2 Pemenue 3anau. Bonnosas ¢ynkius. YpasHenue Hlpenunrepa. /Ilp/ 2 JI1.1 J11.2J12.1
J12.2J13.1
013233 34 35 26
37
3.3 BonnoBas ¢pynkuus. Ypasuenue lllpeaunrepa. /Cp/ 8 JI1.1 J11.2J12.1
J12.2J13.1
013233 34 35 26
97
Paznen 4. CTpoeHHe aTOMA M ATOMHbBIE CIIEKTPbI
4.1 KBaHTOBO-MEXaHUUECKOE ONUCAHUE BOAOPOJOIOA00HBIX CUCTEM. Y POBHU 8 JI1.1 J11.2J12.1
9HEPIuu, BOJIHOBBIC ()YHKIINH, PaCIpe/Ie/ICHUE MIIOTHOCTH BEPOSITHOCTH. J12.2J13.1
Cnextp aroMa Bopopoza. OObsICHEHUE TOHKOM U CBEPXTOHKOH CTPYKTYPBI 013233 34 35 26
ATOMHBIX CHIEKTPOB. DJIEKTPOHHBIE 000JOYKH aTOMA M UX 3allOJIHCHHE, 27
¢bu3nyeckoe 00bSICHEHUE NEPUOIUUECKOr0 3aKOHa. PEHTTeHOBCKOE H3IIy4eHHE,
MIPUPOJIa, CBOMCTBA M METOBI HCCIIeJOBaHNUS. JeficTBIEe MArHUTHOTO TI0JIS Ha
atoM. DddexT 3eemana. DIEKTPOHHBIN TapaMarHUTHBIN pe3oHaHc. /JIex/
4.2 Pemenue 3agau. KBaHTOBO-MEXaHHYECKOE OMMCAHUE BOAOPOIOIIOA00HBIX 4 JI1.1 J11.2J12.1
cucteM. DIeKTpoHHbIe 000m0ukH. /TIp/ J12.2713.1
3013233 2435 26
37
4.3 KBaHTOBO-MEXaHUYECKOE ONUCAHIE BOAOPOJOIOA00HBIX CUCTEM. 9 JI1.1 J11.2J12.1
DnektrpoHHbIe 0600uKH. /Cp/ J12.2713.1
30132 33 2435 26
37
Paznen 5. CTpoenne u cBOiiCTBa MOJIEKY.JT
5.1 Tumnsl cBsA3ell aToMOB B MoJieKyJie. [opsiiku BETMUNH 21€KTPOHHOM, 6 JI1.1 J11.2J12.1
KoJIeOaTeNIbHOW ¥ BpalaTelbHOM SHEPTru. MOJIeKyJISIpHBIC CIICKTPHI. J12.2J13.1
Komb6unanuonsnoe paccesuue. Cuisl Ban nep Baansca. /JIex/ 3013233 2435 26
37
5.2 Pemenue 3anau. MexaHn4ueckuil 1 MarHUTHBI MOMEHT aToMa. ATOM B 2 JIT.1 J11.2J12.1
MaraHutHoM moJe. /TTp/ JI2.2J13.1
013233 34 35 26
37
5.3 MexaHu4YecKuid 1 MarHUTHBIH MOMEHT aToMa. ATOM B MarHUTHOM moJe. /Cp/ 10 JIT.1J11.2J12.1
J12.2J13.1
D132 33 34 35 26
37
Paznen 6. KBanTtoBble cBOlicTBa TBEPABIX TeJl
6.1 Tumnsl cBsA3eil aTOMOB B TBEPIbIX TeIaX. DHEpreTHuecKkue 30Hbl. IIpoBoaumMocTh 2 JI1.1 J11.2J12.1
TBepABIX Tel. CBEpXIPOBOIUMOCTD U CBEPXTEKYUIECTh U X KBAHTOBAs J12.2J13.1
npupofa. TennoeMmkocTs. /JIex/ D132 33 34 35 26
37
6.2 Pemenue 3agau. Ces3b aToMOB B MoJiekysie. KoneOarenbHas U BpaiaTeabHas 2 JI1.1 J11.2J12.1
sHepruu. KBaHToBbIe CBOWCTBA TBepbIX Teu. /TIp/ J12.2J13.1
D132 33 34 35 26
97
6.3 Cas3p aTOMOB B MoJjiekyie. KonebartenbHas u BpaliaTenbHasi SHEPTHH. 10,6 JI1.1 J11.2J12.1
KBaHTtoBbIe cBoiicTBa TBEpIBIX TeN. /Cp/ JI2.2J13.1
D132 33 34 35 26
97
Pa3znen 7. Unas koHTaKTHasi padoTa
7.1 WHnuBuayanbHble KOHCYIBTAINH, TEKYIIUH KOHTpois /TKP/ 9,4 JI1.1 J11.2J12.1
JI12.2J13.1
0103233343526
37
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6. POHJ1 OHEHOYHBIX CPEJICTB

6.1. IlepeueHb BUTOB OLIEHOYHBIX CPEACTB

Oruer 1o MPaKTUICCKUM 3aJaHUSAM.
KOHTpOJ’IBHBIe BOIIPOCHI.

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

Tunossie KOHTPOJIBHBIC 3aJIaHUSI U MHBIC MaTCPpHUaJIbl JJIsL TeKyIHeﬁ aTTeCTalliy IPEACTaBJICHBI B HpI/IJ’IO)I(eHI/II/I 1.

6.3. TunoBble KOHTPOJIbHBIE BOIIPOCHI U 3aaHUS 1151 IPOMEKYTOUHOI aTTecTaluU

TunoBble KOHTPOJIBHBIE BOIIPOCHI U 3a/1aHUA AJIS IPOMEKYTOUHON aTTecTalliy npeacTaBieHsl B [Ipunoxennu 2.

6.4. Kputepuu oneHuBaHus

DK3aMeH 10 TUCHUIUIMHE IPOBOANTCA B SJIEKTPOHHOM BHe. Bonpocs! moxbuparoTes n3 6a3bl JaHHBIX BOIIPOCOB M 3a1a4. Ha sx3ameHe
cTyneHTy npeanaraercs 20 Bonpocos, u3 HUX 6 3anad. Eciu cryneHt npaBuiibHO oTBevaeT Ha 11-12 BopocoB, OH MOXKET MOJIyYHUTh
OIICHKY «YIOBJIETBOPHTEIBHOY, Ha 13-15 — «xoporroy, 16 u 6ojee — «OTIHUHOY». ECI CTYICHT NMpaBHIILHO OTBEYaeT JHIlb Ha 10
BOIIPOCOB U MEHEE, TO OH MOXKET IIOJIyYUTh OLICHKY «HEYOBIETBOPUTENILHO». [lociie BBeIeHHs OTBETa Ha MOCIIEIHHII BOIIPOC TeCTa U
(OpMaIBHOTO TIO/IBE/ICHHST KOMITBIOTEPHOM IPOrpaMMOi pe3ylIbTaTOB TECTUPOBAHMS, MIPEIOAaBaTeNlb 00CYKIaeT U 3a1aeT
JOTIOJTHUTENBHEIE BOIPOCH! CTYIECHTY 110 TIOBOAY TOTO FIJIM HHOTO OTBeTa. [1o nToram Takoro codeceoBaHus MPEIo1aBaTelb
onpeeNseT YpOBeHb OCBOCHUS IMPOBEPSIEMBIX KOMIIETEHIIMH M BBICTABIISIET COOTBETCTBYIOLIYIO OLIEHKY: «OTIMYHO» — CTYACHT
JOJDKEH MTPOJIEMOHCTPHPOBATh OTIMYHOE 3HAHUE MaTepHaja, BOCIPOU3BEIS COOTBETCTBYIOIINE MATEMATHIECKHE BEIKITAAKH H
JIOTHYECKHE PACCYXKIIEHHS, CTYICHT IIPaBUIBHO 00OCHOBBIBACT NPUHSITHIC PELICHUS; «XOPOILIO» — CTYACHT TBEPJIO 3HAET y4eOHBIN
Marepua, TPaMOTHO H 10 CYIIECTBY H3JIaraeT ero, HO IPH 3TOM JIOITYCKAIOTCsl HerpyOble OIIMOKH MPU BEIBOJE (HOPMYIT HIT
OTCYTCTBHE HEKOTOPBIX JIEMEHTOB BBIBOIA; «YIOBIETBOPUTEIILHOY» B CIIy4ae YCIEHIHOH c1auu 0a30BBbIX 3HAHUI OCHOBHBIX TIOHSTHH,
Ha3BaHUI U GU3MYECKOTO CMBICIT BEJTIYHH, BHa OCHOBHBIX pacIipeIeieHHil ¥ COOTHOIIEHUI (0€3 BBIBOIA); «HEYAOBIETBOPHTEIHHOY» B
cilydae OTCYTCTBUS 0a30BbIX 3HAHUI OCHOBHBIX NMOHATH, Ha3BaHUN U (PU3MUECKOTO CMBICI BEJIMYHH, BUJIa OCHOBHBIX pacIipeaesieHuH
¥ COOTHOIIICHUH (0e3 BBIBOIA).

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

7.1. Pexomenayemas JiuTepaTypa

7.1.1. OcHoBHasi TATEPaTypa

ABTOpBI, COCTaBUTEIH 3arnaBue WznarensctBo, ron| Pecypc
JI1.1 [CuByxun /1. B. OO6wmuii kypc ¢pu3uku: yaedHoe nocodue Mocksa : OBC
(https://biblioclub.ru/index.php?page=book&id=82991) ®duzmariur, 2002
JI1.2 |CaBenseB U. B. KBanToBas ontrka. ATomHas ¢usrka. Ou3rka TBEPAOTo Tea. Cankrt- [letepoypr| 3bBC
®du3uKa aTOMHOTO sIJIpa U JIEMEHTapHBIX YaCTHUI] : Jlans, 2022
(https://e.lanbook.com/book/210611)
7.1.2. lonoHUTEIbHAS TUTEPATypa
ABTOPBI, COCTABHTEIH 3arnaBue WznarenscTBO, rox| Pecypc
JI2.1 (T'puropses 0. M., @du3zuka aToMa ¥ aTOMHBIX SIBJICHUI: yueOHOe mocobue Mocksaa : OBC
Korukuu U. C. (https://biblioclub.ru/index.php?page=book&id=457657) ®duzmariut, 2015
JI2.2 |Imonsckuii J. B. BBenenune B aToMHYIO QU3UKY Cankrt- [letepoypr| 3bC
(https://e.lanbook.com/book/210398) : JIanb, 2022
7.1.3. MeTonnueckue pa3pabdoTku
ABTOPBI, COCTABHTEIH 3arnaBue WznarenscTBO, rox| Pecypc
JI3.1 |Kanamnuxos H. I1., IMpaxTukyM 1O pemenuio 3aaad 1o odmemy kypcy gusuku. OcHossl |Cankr- ITetepOypr | 3BC
Koxesnukos H. M., KBaHTOBOH (uzuku. CTpoeHue BemecTBa. ATOMHas U sepHas : Jlans, 2022
Kotsipno T. B., CiupuH |pusuxa
I.T. (https://e.lanbook.com/book/211592)
7.2. Ilepeuens pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHHKAIIMOHHOM ceTH ""UHTepHeT"
31 [YuebHo-MeTomuueckuii caiit «IIpenogasarensimM u cryaextam» http://teachmen.csu.ru
32 |Hayunsie u HayuHO-nonyIsipabie Jgekiuu http://elementy.ru
D3 |Hayunas snekrponnas 6ubimoreka Poccuiickoit Akanemun Hayk http://www.elibrary.ru
34 [9BC «YHuBepcuteTckas bubnuoreka onnaita» http://biblioclub.ru/
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35 [9BC uznaresnscrBa «Jlauby https://e.lanbook.com/

96 |9BC uznarenscrea «MH(pa-M» znanium.com http://znanium.com/

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

7.3 IlepeueHb HHGOPMALMOHHBIX TEXHOJIOTHii

7.3.1 IIporpaMmmHoOe oGecnieyeHue

Adobe Reader

LibreOffice

WinDjView

Adobe Connect Acrobat

LMS Moodle

MS Office365

7.3.2 IIpodeccnonaibHbie 02351 JAHHBIX 1 HH(POPMANMOHHO-CIIPABOYHbIE CHCTEMbI

1. DrekTpOHHBIN KaTanor HayuyHoi oubnmmorekn Yenl'yY [DnekTponHsIl pecypc] : 6a3a nanubix / Yenso. roc. yH-T. — UensOunck, 1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : sxypHas
American Physical Society : caiit. — URL: http://journals.aps.org/about — £I3. anri1. — Pesxxum qoCTyma: TONbKO U3 CETH YHUBEPCHTETA. —
TekcT : 2MeKTPOHHBIH.

3. Web of Science : mynpTunncuuIIMHAPHAS pedepaTiBHas 6a3a naHHBIX / KommaHus Thomson Reuters. — Pexxum goctymna: amst
3apeructpup. nonp3osareneit Uenl'Y. — TekcT : 3meKTpOHHBIH.

4. Scopus : pedepatuBHas 6a3a manubix / Elsevier BV. — URL: http://www.scopus.com/ — 5I3. aurit. — Pexxum qoctyma: st
3apeructpup. noib3osareneit Uenl'VY. — TekCT : 31MeKTpOHHBIH.

5. Springer Link : [caiit]. — URL: http://link.springer.com/ — 5I3. anrs. — PexxuM ocTyma: Uist 3aperiucTpup. mojb3oBareneit Yenl'y. —
TekcT : 2NMeKTPOHHBIH.

6. KOHCIIeKTHI JIKIHi ¢ IEMOHCTPAUsIME M BUPTYaIbHBIMHE JIAOOpAaTOPHBIME 3KCIIEpHMEeHTaMu Ha caiite http://teachmen.csu.ru

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHME JUCITUITJIMHBI (MOY JIST)

ZlJI}I peam3alii JUCHUIIMHBI UCTTIOJIB3YHOTCH y‘Ie6HBIe AYAUTOPHUHU IJId TPOBCACHUA 3aHIATUH JICKIITUOHHOT'O THUIIa, IPAKTUYICCKUX
SaHHTHﬁ, TPYIIOBBIX 1 HHAWUBUAYAJIbHBIX Koncyanauuﬁ, TCKYLICTO KOHTPOJIA U HpOMC)KyTO‘{HOﬁ aTTeCTalliM, a TaKXKE IIOMCIICHUA
JUJISL CAMOCTOSITEILHOM paGOTLI.

VY4eOHble ayAUTOPUH YKOMILIEKTOBaHBI CIIEIMATM3UPOBAHHON MEOEIbI0 M TEXHUUECKUMH CPEICTBAMU O0YYEHUS - MYJIbTUMEIMHHBIM
000pya0BaHHEM (3KpaH, HOYTOYK, MPOEKTOP, KOJIOHKH).

Jnist mpoBeieHuUs! 3aHATU JICKIIMOHHOTO THUIA TPeJIararoTcs Habophl AEMOHCTPAIIHOHHOTO 000pYJOBaHUS U y4eOHO- HATJISHBIX
mocoOuit (MyITbTUMETUHHBIE TTPE3CHTAIINN ).

Hcnonb3yeTces 31eKTpOHHBIN YnTaIBHBIHN 321 HayuHoi 6ubnnoreku Uenl'Y (ayautopus 206) st CaMOCTOSTENbHON pabOTHI CTY/ICHTA,
OCHAIIICHHBIH IePCOHAIBHBIMU KOMIIBIOTEPaMH, MyJIbTUMEIUIHON annapaTypoil. B ayautopun obecrnedeH JOCTYI K pa3InuHON
CIPaBOYHOM JHUTEPAType, SHIUKIONEANIM, ONOIHOrpadUIecKUM 1 IOTHOTEKCTOBBIM 0a3aM JIaHHBIX, HH(OPMAIMOHHBIM pecypcam
«HHTepHET.

9. METOAUYECKHUE YKA3AHUSA AJIS1 OBYYAIOIIUXCSA IO OCBOEHUIO JUCHUIIJIMHBI (MO Y JIST)

OcBoeHue coaepKaHus y4eOHOH JUCIUILTHHBI «ATOMHAs! U3HKa» OCYIIECTBIISCTCS HA JICKIHUX, TPAKTHIECKUX 3aHATHUAX U B
IIpoIecce CaMOCTOSATENILHON YUeOHOH NesaTeIbHOCTH CTYICHTOB.

JlexoHHbIC 3aHATHS 00ECTIEYHBAIOT TEOPETHYECKOE U3YUEHHE AUCHHUITTHHBL. OCHOBHBIMH METOAAMHU OOYUEHHS SBIISIFOTCS
MHPOPMALMOHHO-00bSCHUTENbHBIN 1 TPoOIeMHbIN. Ha ekiusax usnaraercst OCHOBHOE COJIEpKAHUE TEM NPOrpaMMbl, IPOBOAUTCS
aHaJIN3 OCHOBHBIX MOHATUH U pacCMaTPUBAIOTCS IPUMEPHI.

JIexMoHHBIM MaTepHa ABJIsETCS BaKHBIM, HO HE €JMHCTBEHHBIM JJIsl YCBOSHHS yueOHOU auciurinHel. Ero o0s3arensHo
HEO0XOIMMO JIOTIOJIHUTh MaTepHajIoM OCHOBHOM M JOTOJHUTEIBHOM JIUTEPATYPHI 110 TEME.

[IpakTHdeckue 3aHATHUS CIIy>KaT AJIS 3aKPEIUICHUSI TEOPETHUECKUX OCHOB, M3JIaraeéMbIX B JeKIUAX. Ha npakTHueckux 3aHATHAX
oOy4yaeMble OBJIa/ICBAIOT OCHOBHBIMH METO/IaMH U MIPUEMaMU peleHus 3aaad. [Jisi MpoBeACHUS TEKYIIETO U IPOMEXKYTOUHOTO
KOHTPOJISI TPOBOJUTHCS KOHTPOJIbHAA paboTa 1 3aIIUTHI 33,124 10 KXKJON TeMe NMPaKTUYECKUX 3aHATHH. 3aluTa 3a71a4 To TeMe
[OJIpa3yMEeBaeT peIleHHE 3a/1a4 U3 MPEATIOKESHHOTO CITMCKA 33/1a4 U YMEHHUE 00BSCHUTD X0 perieHus 1-2 3axau u3 teMbl Cucrema
KOHTPOJIbHBIX MEPOIPUATHH T0JDKHA 00ecrieunBaTh OOBEKTHBHYIO OIICHKY 3HAHUI U HABBIKOB CTYAEHTOB, CIIOCOOCTBOBATh
MOBBIIIEHHUIO 3(PPEKTUBHOCTH BCEX BUJIOB YYCOHBIX 3aHATHIA, BKIIIOYAsI U CAMOCTOSITEIBHYIO
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paborty.

Ba)kHBIM MOMEHTOM TIPH U3YYSHUH JTIO00H UCHUIUINHEI SBISIETCSI OPTaHU3alUs CaMOCTOATENbHOM paboThl. [Ipu ocBoeHUH
MaTepHaja He CeIyeT CTPEMUThCI K MEXaHHYECKOMY 3alIOMHUHAHUIO IPUBEJICHHBIX ONpe/IeIeHn, (POPMYIUPOBOK U TIOJIOKEHHH,
ecau TpeGoBaHus K BaMm mpsiMo He yka3bIBaroT Ha 3T0. BrionHe 3¢ (eKTHBHOM MOKET OKa3aThCs MOMBITKA IIOHATH CYTh SBICHHS,
BbIpabOTaTh CBOE OTHOILEHHE K HEMY, OITUPAsCh HAa MaTepuall, CO/ICpKallluiics B peKOMEH/I0BaHHOM tuTepaTtype. Takxke
PEKOMEH1yeTCsl PABHOMEPHO PACIPEETISATh Harpy3Ky CaMOCTOSITEILHOTO 00YUeHHUs B TEUCHUE CEMECTPA.

B ocBoeHnyn qucHUIUIMHGI (MOIYJIsT) HHBAJUIAMHU | JIMIIAMH € OTPaHUYEHHBIMU BO3MOXKHOCTSMH 3J0POBbS OOJBIIOE 3HAUCHNUE HMEET
uHAMBUAYalbHast pabdora. [Ton nuauBHAYyansHON paboTOH noxpasymMeBaeTcs Be (pOpMbI B3aUMOJIEHCTBYS C IIPETIOAaBaTENEM:
MHIUBHAYalbHAS yueOHast paboTa (KOHCYJIBTALNHN), T.€. JOIOJHUTEIBHOE Pa3bsICHEHNE YYeOHOTO MaTepraia 1 yriyoaeHHoe
H3y4YeHHEe MaTepuana ¢ TeMH 00y4JarolMHCs, KOTOPBIE B ’TOM 3aUMHTEPECOBaHbI, U MHIAMBUIyalbHas BOCIIUTATEIbHAs padoTa.
WunuBrayaabHBIE KOHCYABTAIIMH 110 IPEIMETY SBIISETCS BAKHBIM (HaKTOPOM, CHOCOOCTBYIOLIMM HHAWBHIyAIN3alnu 00 ydeHUs U
YCTaHOBJICHUIO BOCIIMTATENILHOTO KOHTAKTa MEXKIY MperoiaBaTesieM U 00yJaroyuMCs HHBAIUIOM WM 00y4aronumes ¢
OTpaHWYEHHBIMH BO3MOKHOCTSIMH 370POBBSI.

B cityuae npuMeHeHus npu 00y4eHUN AUCIMILIMHBI JJIEKTPOHHOTO 00y4YeHHUs1, TUCTAaHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOIOTUI
00IIeHHe 00YJarOIIUXCS U MPEToJaBaTesl OCYIIECTBISICTCS B PEXKUME PealbHOTO BpeMeHH (OHIaiH-JIeKIuK (BeOUHAPHI), YaThI,
BHUJICO-KOH(EPEHINHU U JIP.) WIN OTIOKEHHOTO BPEMEHH (CHcTeMa JUCTaHIoHHoro o0y4enus Moodle, MS Office365, dpopymsr,
SJIEKTPOHHAS [TOYTa U JIp. ).

ITpu 00y4yeHny NHBAIUIOB U JHI[ C OTPAHUUCHHBIMU BO3MOXHOCTSIMU 3/I0POBBSI JJIEKTPOHHOE 00yUCHUE, AUCTAaHIIUOHHBIE
o0pa3oBaTeIbHBIE TEXHOJIOTHH NIPEIYCMaTPUBAIOT BO3MOKHOCTE NpHeMa-Tiepeaadn HHPOPMAIUH B JOCTYITHBIX Ul HUX (opMax.
Peanuzanyst AUCUUILIHHEI C IPUMEHEHUEM 3JIEKTPOHHOT0 00y4YeHHs, TUCTaHIIMOHHBIX 00pa30oBaTeIbHbIX TeXHOIOTUH (nanee — D0,
JOT) ocymectBusieTcss Ha OCHOBaHUH «I10JI0KEHHS O peaM3allii OCHOBHBIX M JJOMOJHHUTEILHBIX 00pa30BaTeIbHBIX IPOTPaAMM C
IIPUMEHEHUEM 3JIEKTPOHHOT0 00y4eHHs U AUCTAHIIMOHHBIX 00Pa30BaTEIbHBIX TEXHOJIOIUH B (heiepallbHOM I'OCyAapCTBEHHOM
O0PKETHOM 00pa30BaTEeNIbHOM YUPEKICHUH BBICILETO 00pa3oBaHus «UenssOMHCKUI TOCyaapCTBEHHBIH yHUBEpCUTET, «IlomoxeHus
0 MOpPSJKE 3aueTa 00yJaroUIMMUCS 110 OCHOBHBIM IIPO(eccHOHaILHBIM 00pa30BaTe/IbHBIM IIPOrpaMMaM BBICIIETO 00pa30BaHuUs B
OI'BOY BO «Yenl'Y» pe3ynbTaToB OCBOCHHUS B OPTaHU3AIHSIX, OCYIIECTBISIOMNX 00pa30BaTeIbHYIO NeSITEIBHOCTD, YICOHBIX
IIPEAMETOB, KYPCOB, IUCHUILINH (MOAYyJIel), IPAKTUK, JOIOJHUTEIbHBIX 00pa30BaTeIbHbIX IIPOrPaMMy IIOCPEICTBOM JIEKTPOHHOM
nHpOpMaIMoHHO-00pa3oBarenbHol cpeibl PTBOY BO «Uenl'Vy». B uckimouutenbHbIX ciydasx (hopc-Maxkop H T.I1.) PH
peanuzanuu oOpazoBaTenbHON AesiTensHoCcTU ¢ npuMeHeHneM D0, IOT MoryT NIpuMeHsSTh KOMIIOHEHTBI, HE BXO/SIIUE B IepeueHb
3JIEKTPOHHOM HHPOPMAITMOHHO- 00Pa30BATEIILHON CPEIIBL.

10. CHEIIMAJIBHBIE YCJIOBUS OCBOEHUA JTUCHHUIIJIMHBI OBYYAIOIIUMUCS C MHBAJIMJTHOCTBIO 1
OI'PAHMYEHHBIMHA BO3MOXHOCTSIMMU 31I0POBbSA

OcBoeHUE NUCLUIIMHBI HHBAIHIAMY U JIULAMHU C OFPAHUYEHHBIMU BO3MOXKHOCTSIMU 3J0POBbsI OCYILECTBIIAETCS € UCIOIb30BaHUEM
CHELHATIbHBIX TEXHUYECKUX CPEACTB M AaCCUCTHBHBIX HMH(GOPMAlMOHHBIX TEXHOJOIMH, MpPEAOoCTaBIsSeMBIX PecypcHbIM
y4e0HO-METOJIMIECKUM IIEHTPOM 110 00YICHHIO HHBAIUIOB U JIHI] C OTPAHMYEHHBIMH BO3MOXKHOCTSIMH 310poBbs Uenl'V mo 3ampocy
oOyuarorerocs.

1. MoOuIbHBIE CHeUaNbHbIC TEXHIIECKHE CPEeCTBA UIS JIUII C HapYIICHUSMH 3PSHUS: TOPTAaTHBHBIA KOMITBIOTEP C BBOIOM/BBIBOJIOM
mpudrom Bpaiinst ¢ cunTesatopom peun «ElBraile-W14J G2»; HoyrOyku ¢ nporpamMmHoii skpanHoro goctyna NVDA; anekTpoHHbIC
YBEJIMYHUTEIH JUIS YIaJeHHOTO IPOCMOTPA; BUICOYBEININTEIH IOPTATHBHEIE; TH(IIOMIeEp; TU(PPOBHIE THKTO(DOHEL

2. Mo0OusbHbIe CHEIUaNbHble TEXHUYECKHE CPEICTBa AJs JIUI C HAPYLICHUSIMU CIIyXa: CUCTeMa CBOOOJHOTO 3BYKOBOTO IIOJIS CO
BCTPOEHHOH COBMeCTUMOCTbI0 ¢ FM-ycTtpoiictBamu; paauokinaccel «CoHer-PCM» ¢ mepenaTyukoM, 3ayIIHBIM HHIYKTOPOM U
MHIYKIUOHHON meTiel; cucrema MH(OPMAIMOHHAs ANl ciadocibplmamux nepeHocHas «Mcrtox» A2 co BCTPOEHHBIM IIIEEPOM —
3BYKOBBIM HH()OPMATOPOM; TOKyMEHT-KaMepa; IIporpaMMHUpyeMbIe CITyXOBBIE allapaThl HHANBHIYAIFHOTO ITOTb30BAHMUS.

3. AccuctuBHble MH(OpPMAIMOHHBIE TEXHOJOTMH: IMPOrPAaMMHOE obOecneueHne SKpaHHOro nocryna c¢ cuHte3oM peun NVDA,;
IPOTPaMMBI 3KPAaHHOTO YBEJIMUYCHHS; IIPOTPaMMBI PEYEBOTO CHHTE3a AT KOMITBIOTEPOB H HOYTOYKOB; MPOTPAMMBI PEUeBOTO CHHTE3A
JUIs1 MOOMJIBHBIX YCTPOMCTB; SKpaHHAs KJIaBHATypa; SKpaHHAs JIyIa.

ITpu HeoOxoguMocTH Ul OOY4YalOIUXCS C HAapyHMICHUAMH 3peHHs Ha pabodyux MecTaX Ul IPOBEICHUS MPAaKTHYECKUX WU
a0OpaTOPHBIX 3aHATHH yCTaHABIMBAeTCs CIELHMANbHOE NMpOrpaMMHOe obecnedenue (mporpamma pedeBoi HaBurammu NVDA,
pedeBble CUHTE3aTOPbL, SKPaHHBIE JIYIIbI).

B y4ebHble aymnTopum oOecreunBaeTcs OECHPENATCTBEHHBIH NOCTyNn A OOyJaloIMXCS WHBAIMAOB M OOYdYaromuXcs C
OrpaHUYEHHbIMU BO3MOXKHOCTAMH 3J0pOBbs. B Kaxaoll ayguropuu, rae oOy4aroTCs HHBaIWAbl U JHMLA C OIPAaHUYEHHBIMHU
BO3MOKHOCTSIMH 340POBBSI, IPEAyCMAaTPUBACTCSI COOTBETCTBYIOIIEE KOIUYECTBO MECT Ul OOYUaIOLIUXCs ¢ y4eTOM HapyIIeHUH HX
37I0POBBS.
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JI7st OCBOCHUS TUCIIUTUIMHBI MHBAJIHIAM U JIUIAM C OTPAHHYCHHBIMH BO3MOKHOCTSIMH 3JI0POBBSI IPEIOCTABIISETCS TIOCTYI K NEYaTHBIM
HCTOYHHKAM, IMEIOLIMMCSI B HaydHOH 6ubnroTeke Yenl 'V, ¢ MOMOIIBIO CIIEIUANBHBIX TEXHHIECKUX CPEACTB; AOCTYH K SJIEKTPOHHBIM
WCTOYHHMKAM, TMPEACTaBICHHBIM B (OpPME DICKTPOHHOTO JOKYMEHTa B (oHme HaydHoi Oubmuoreku Yenl'V wmu
JIEKTPOHHO-ONOIMOTEUHBIX CHUCTEMAaX, ¢ MOMOINBIO CIIEIHMANBHBIX TEXHUYECKHX M NPOTPaMMHBIX CpEICTB (pabodee MecTO It
HE3psAYEero TOJIb30BaTesss C MPOrpaMMHBIM oOOecriedeHHeM SKpaHHOro noctyma ¢ cuHte3oM peun NVDA, pabouee mecto ¢
KOMIIBIOTEPHBIM POJUIEPOM U KiiaBuaTypoil Clevy ¢ 6oJbIIMMU KHOIIKAMHE | C Pa3JIeISIOIIeH KIIABUIIH HAKIIAIKOMN ).
Y4ueOHO-MeTOANYEeCKHEe MaTepHaiIbl Ul OOYJarONIMXCS W3 YKCJIa MHBAIUIOB U JIUI ¢ OTPAHUYEHHBIMH BO3MOXKHOCTSIMH 3I0POBBSI
MPEIOCTABISIIOTCS B (hOpMax, alaliTUPOBAHHBIX K OTPAHUYCHUSM UX 3JI0POBbS U BOCTIPUATHS HH(POPMAIIUK:

Jst nun ¢ HapyIIeHUsIMU 3peHUS:

- B IIEYATHOM ()OpME YBEITMICHHBIM IIPUPTOM,

- B )opMe IIEKTPOHHOTO TOKYMEHTa,

- B popme ayauodaiina,

- B ieyaTHO# hopme mpudTom Bpaiins.

JIoist U1 ¢ HApYIICHUSIMA CIyXa:

- B IIeyaTHO# (opme,

- B (popMe DIIEKTPOHHOTO TOKYMEHTA.

J7st r1 ¢ HapyIIeHUsIMU OTIOPHO-IBUTaTENILHOTO arapara:

- B IIeYaTHOM (opme,

- B popMe DIIEKTPOHHOTO TOKYMEHTa,

- B hopme ayauodaiina.

JlaHHBIH TTIepedeHb MOXKET OBITh KOHKPETH3UPOBAH B 3aBUCHUMOCTH OT KOHTHHI'€HTA O0YJarOIIHXCSI.

JI7ist ’HBAJIMIOB U JIUII C OTPAHUYCHHBIMU BO3MOYKHOCTSIMH 3/I0POBbSI OCBOSHHE JUCIHIUIAHBI MOXKET OBITh YaCTHIHO HITH MTOJTHOCTHIO
OCYIIECTBIICHO C UCIIOIH30BaHNEM AUCTAaHIIMOHHBIX 00Pa30BaTENbHBIX TEXHOIOTHH.

Ipu npoBeieHUH POLIETYPhI OLCHUBAHUSI PE3YJIbTATOB O0YUSHHUS MHBAIUIOB H JIHII C OTPAaHUYICHHBIMH BO3MOXKHOCTSIMH 3I0POBbSI IO
IHUCIHIUIMHE O00ECIeYMBAETCs BBIMOJHEHHE CIEAYIOIIUX JOMOJHUTENBHBIX TPeOOBaHWH B 3aBHCHMOCTH OT WHIVBHAYAIBHBIX
0COOEHHOCTEH, 00yUaroIuXcs:

a) gocTymHas popMa MpeIoCTaBICHIS HHCTPYKIUH N0 TIOPSIIKY MPOBEIEHHS IPOIe yphl OLleHHBaHus (YCTHO, B MUCEMEHHOI (hopme,
B IIUChbMEHHOM (opMe tpudToM Bpailiisi, yCTHO ¢ HCIONB30BaHHEM YCIYT CYPAOIEPEBOIUNKA);

0) moctymHas ¢Gopma MPEAOCTABICHUS 3aJaHHi OIIEHOYHBIX CpeAcCTB (B Me4aTHOH Qopme, B Me4aTHOW (GopMe yBEITMYCHHBIM
mpudTom, B meuatHoit popme mpudrom Bpaiiss, B hopMe SIEKTPOHHOTO TOKYMEHTA, 3a/IaHHs 3a4MTHIBAIOTCST ACCUCTEHTOM, 33 IaHHsI
MIPETOCTABIIIIOTCSI C HCTIOJIb30BaHUEM CYPIONIEPEBOIA);

B) JOCTYNHas (pOopMa MpeJOCTaBICHUs OTBETOB Ha 3aJaHusl (MMCHhbMEHHO Ha Oymare, HAOOp OTBETOB Ha KOMIIBIOTEPE, MUCBMEHHO
mpudTom Bpaiiis, ¢ BcHonp30BaHNEM YCIYT aCCUCTEHTA, YCTHO).

ITpu npoBeneHHUU MpoLEAYPHl OLICHUBAHUS PE3yIbTaTOB 00YUEHHsI HHBATIMIOB U JIUI] C OTPAaHUYEHHBIMU BO3MOXHOCTSIMU 3/{0POBbSI
IIpeIycMaTprUBAETCs UCIIOIb30BaHNE TEXHUIECKHUX CPENICTB, HEOOXOANMBIX HM B CBSI3H C UX WHIUBHIYAJIBHBIMU OCOOCHHOCTAMU. DTH
cpeAcTBa MOTYT OBITh IpefocTaBieHbl Yenl'yY Wi MOTYT HCTIONB30BaThCs COOCTBEHHBIE TEXHHUIECKUE cpeacTBa. [Ipu HeoOXomuMocTH
HWHBaJIUAaM U JinaM ¢ OTpaHUYC€HHBIMH BO3MOKHOCTAMU 3J0POBbA IIPEAOCTABJIACTCS JOIOJIHUTCIBHOC BPEMS 1A IIOATOTOBKH OTBETA
Ha 33J1aHus, TPOLIeAypa OLICHUBAHHMS PE3YIbTaTOB O0YUSHHMS 10 JUCIUTUTMHE MOKET IIPOBOJUTHCS B HECKOJIBKO ITAIOB.

HpOBC,Z[CHI/IC npoueaypbl OLCHUBAHUA PE3YIILTATOB 06y‘{eHI/Iﬂ HUHBAJIUAOB U JIML C OTPAaHUYCHHBIMH BO3MOXHOCTSAMH 310POBbA
JOITYCKaeTCs C UCTIOIb30BaHNEM JAUCTAaHIIMOHHBIX 00pa30BaTeIbHBIX TEXHOJIOTHH.

© ®I'BOY BO «Henl'V»




IIpunoxenne 1

IIpuMepbl BADHAHTOB 3aIaHUN K NMPAKTHYECKUM 3aHATHAM

basa BoIpocoB i1 OLleHKH 0a30BOT0 YPOBHS

Ne
/o

®opmyaupoBKa Bompoca

BapI/IaHTBI OTBETOB

Beenenue. AtTomsl u sigpa

D¢ddexTuBHOE CceueHHe B3aUMOICHCTBUS
- 3TO

1. mmomaaer cedeHus aroMa -
B3aNMOICHCTBUSI
2. IJIomagb
B3aNMMOICHUCTBHS
3. JIOJISt YaCTHII, HCITBITABIINX
B3aWMOJICHCTBUE, OTHECEHHAas K YHCIY
LIEHTPOB  B3aMMOJICUCTBUA HA  €IUHUIE
IUIOIIAAA MHUIIICHH

4, nmoas  4YacTMl, Npomexmux 0e3
B3aMMO/JeHiCTBHSI, OTHECEHHAsl K YHUCIY
IEHTPOB B3aMMOJEHCTBHSI HAa eIMHHUIlE
IJIOIIAAM MU IIIEHH

5. IIouaap CeYeHUs sapa - leHTpa
B3aNMOJICHCTBHSA

LEHTpa

CCUCHUA HeHTpa

Kakoe B3aHUMOJECICTBUE
OTPEIEISIONINM VIS
CTpoeHus aroma?

ABJIACTCA
IIOHUMAaHUsA

s IepHOE (CUITBHOE)
3JIeKTPOMATHHUTHOE

cnaboe

IpaBUTAIMOHHOE

BCE MEPCUUCIICHHBIE OJIMHAKOBO BaXKHBI

[IpuniensHoe paccrosiHue (MPHULEIbHbII
rmapameTp) - 3TO

1.
2.
3.
4.
5.
l.  paccTosHMe  MEXIy  TpaeKTopuen
JBWDKEHUS YaCTMLII W PacCeMBAIOLIUM
[EHTPOM

2. paccrosiHue
B3aWMO/ICHCTBYIOIIMMH YaCTHIIAMHU
3. MOHATHE HE UMEET CTPOTOro ONpeAeICHUS
4. paccrosinue MeXKIY JIMHHUEI

NMEPBOHAYAJIBHOI'0 ABHKCHHUSA YaCTUIIBI M
pacceuBaAOIIUM HEHTPOM

MEXIY

OTINYUATEILHON 0COOEHHOCTBIO
YIPYTOro pacCessHUs YaCTULIBI SBJISICTCS

l. coxpaHeHue TOJHOMN
B3aNMOJICHCTBHHU

2. COXpaHEHUE
B3aNMOJICHCTBHU

3. HEU3MEHHOCTh
CTAJIKMBAIOIIUXCS YACTHIL

4. paBEHCTBO YIJIOB PACCESIHUSI HaJIETaIOIIEn
YACTUIIbI M YTJIa BBIJIETA YaCTUIIBI-MUIIICHU
5. HEU3MEHHOCTh HaIPABJICHUM JIBUKEHUS
CTAIKMBAIOIIHMXCS YACTHI]

SHEPruu  IpH

UMITYJbCa npu

COCTOSTHH

Pasmep snexkTpoHa cieayeT y4duThIBaTh
IIPU PACCMOTPEHUU IIPOLIECCOB

. IPOUCXOSIINX B aTOMax

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

. IPOUCXOSIINX B TBEPJIOM Telle
5. BCerja y4YuThIBaTh

Wb —

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

1

‘ YpaBHeHHE OHHIITEHA

juist | 1. 3aKOHA COXPAHEHHs HMITYJIbCA




dborodddexkra  mpencraBiaseT  coOoi
MNPUMCHCHUC K JTaHHOMY SABJICHUIO...

2. 3aKOHA COXpPaHEeHHs JHepruun

3. 3aKOHa COXpaHEHUs 3apsaa

4. 3aKOHa COXpaHEHUsI MOMEHTA UMITYJIbCa
5. 3aKOHA OTPAXXEHUs U IIPEIIOMIICHUS CBETA

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

I. or 4acTtoTel  3JIEKTPOMAarHUTHOTO
U3IIYy4CHUS

2. OT HHTEHCMBHOCTH JIEKTPOMATHUTHOT O
H3JIy4YeHUs1

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

5. OT JIWHBI BOJHBI  IIOIJIOIIAEMOIO
U3ITydeHUS
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 HA0II01aTh
OJTHOAJIEKTPOHHBIN GoTod(hdeKT Ha
dboTokarose U3 HUKeNs, 00JIydas ero
MOIIHBIM HCTOYHUKOM BHIMMOIO CBETa?

1. na, B m000M citydae

2. HeT, B JIIOOOM cJryuae

3. na, npyu J0CTaTOYHON MHTEHCUBHOCTH
CBETOBOTO MTOTOKA

4. n1a, HO TOJBKO IIPU XUMHUUYECKH OYEHb
YUCTOM HHKEJIE

5. IpaBWILHBINA OTBET HE MIPUBEJICH

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

1. 371eKTpOHBI B razopa3psiiHoii TpyOke

2. 3JIEKTPOH B aTOME BOJOpOAa

3. 2JIeKTPOHHBI yckopuTess Ha 1 7B

4. paccesHUE DIJIEKTPOHOB C DJHEprueu
nopsiika 3B Ha aTomax rasa

5. 3J1eKTPOH JABM:KeTCS K AaHOY B
paamoJiaMie

Ha mnyru y3koro mnydka 53JI€KTPOHOB
YCTaHOBJIEHBI HIOCJIE/I0BATEIIEHO
madparMa B BUAE 1AM U
¢oromnactunka. [locie nposBiaeHns Ha
¢doTomnacTUHKe OOHAPYKUTCS

1. yeTkoe n300pakeHue Lenu

2. HUKAKOrOo H300pa)Ke€HUs, T.K. AJIEKTPOHBI
He JIeHCcTBYIOT Ha oToCIon

3. audpakMoHHas KapTUHA B BUJIE MOJI0C

4. pe3yJbTaT HeJib3sl MPeACcKa3aTh, He 3Hasl
reoMeTpMHU U JHEPruu JIEeKTPOHOB

5. nu¢pakioHHas KapTUHA B BUJIE psla
OKPYKHOCTEH

dusnueckue ITPUHIUIIBL KBaHTOBOM MEXaHUKHU

Yactuna ABHKETCS B IPSIMOYTOJBHON
IIOTCHIMAIbHOM sIME B  OCHOBHOM
COCTOSIHUM. I'ne BEPOSATHOCTH
HaXO0XJACHUS YaCTHULIBI MaKCUMaJIbHA?

1.y neBoro kpas

2.y mpaBoro Kpas

3.10 Kpasm

4.B mieHTpe

5.0JIMHAKOBA MO BCEH NIUPUHE SIMBI

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

1. 171 Bcex 3a71a4 KJIaCCHYECKOM MEXaHUKH

2. 17141 BCeX 32124 KBAHTOBOH MeXaHHKH

3. TOJNBKO TMpU JBWKEHUM YaCTHUIBI B
MOTEHIINAIBLHON sIME

4. TONBKO TpPH JABWKEHUU YACTUIBI B
notennuane suga U(X)=(kx?)/2

5. 1718 BceX 3ajJ1ay KJIacCHYeCKOM U
KBAaHTOBOM MEXaHUKH




3 | KBampar monyns BomHOBOM ¢yHKImH | 1. 1a
UMEET CMBICII IUIOTHOCTU BEPOATHOCTH | 2. HET
HAax0>KJICHHs YaCTUIIbl B JAHHOM MecTe. | 3. He Bcerja
4 Uem omnpenensiercs BuA ~ BOJHOBOHU | 1. BUumom oneparopa Jlamiaca
(GYHKIIMM YacTHIBl B CTAallMOHAPHOM | 2. KWHETHUYECKOM 3Hepruen yactuunl E
ypaBHenuu Llpenunrepa? 3. Maccol yacTuilbl m
4, BuAoM (pyHKIIUHM MOTEHUHATbHOM
Hepruu yactuubl U
5 BonnoBas  ¢yHkmus, omnwuceiBaromas | 1. KOHEYHOU
peanbHyI0 (U3UYECKYIO CUCTEMY, BCEerAa | 2. OHO3HAYHOU
SIBJISIETCS 3. HENpPEPBIBHOM
4. HOpMHPOBaHHOM
5. Bce OTBEThI BEPHBI
CtpoeHune aToMa ¥ aTOMHBIE CIEKTPbI
1 DNeKTpoH Imepeniesl M3 COCTOSHUA C | . sHeprus atoma Majno U3MEHUTCS
MaJIBIM CPEJHUM PACCTOSIHMEM OT SiApa B | 2. JHEPrUsl aTOMAa YBeJTUYUTCS
COCTOSIHME C OONBIIMM yAaleHHUEM OT | 3. aTOM MPEeBPaTUTCS B UOH
anpa. IIpu aTom ... 4. sHeprus aToMa yMEHbILIUTCS
5. aToM UCIyCTUT KBAHT SHEPTUU
6. IpaBWIbHBIN OTBET HE IPUBENIEH
2 | JluneWyartslil CIEKTp AAIOT... 1. BeICOKOTEMITEpATypHAas IJ1a3mMa
2. )KUJIKOCTHU
3. ra3bl B AaTOMaPHOM COCTOSIHHMHU
4. ra3pl B MOJIEKYJISIPHOM COCTOSTHUU
5. IpaBWILHBIA OTBET HE MIPUBEJICH
3 | C xakoro »HEPreTHYecKoro ypoBHS Ha | 1. co BTOpOTro Ha MepBBIH
Kakol MEepexXOoJUT »3JIEKTPOH B aTOME | 2. C TPEThEro Ha MepBbIi
BOJIOpOJIa TPH HCITYCKAaHHH BOJHBI C | 3. ¢ TPeThero Ha BTOPOii
HavMEHbIIEM YacTOTOM B BUJIUMOM | 4. C UETBEPTOrO Ha MEPBBIH
obmacTu criekTpa’? 5. ¢ UeTBEpPTOro Ha BTOPOH
4 | B onruyeckoM JAMana3oHe CIUIOUIHBIE | 1. mapbl METaJIOB
HEINpPEpbIBHBIE CIIEKTPHl MUMEIOT : 2. HarpeThle KUJIKOCTHU U ra3bl
3. ra3sl
4. mapbl )KUIKOCTEH
5. MOJIOTPETHIC JKUAKOCTH
6. NpaBHJIbHBII OTBET He NPUBEAeH
5 | IlpuHamIe’HOCTh CHEKTPAJIbHOM JIMHUM | 1. CKOPOCTBIO JBMIKEHUS DJIEKTPOHA BOKPYT
OHOM M3 cepuil  aroma BOJOpPOAA | slpa
(Jlatimana, banbmepa, Ilamena u np.) | 2. HAYaJIBHBIM COCTOSIHUEM 3JIEKTPOHA
OTIpeeIsAeTCS . .. 3. BHeprueiu 31eKTpoHa
4. IMITyJIbCOM DJIEKTPOHA
5.  KBAHTOBBIM  YHMCJIOM  KOHEYHOI'O
COCTOSIHUS
6. IPaBUJIBHBIN OTBET HE IPUBEJICH
6 | [IpuBeneHHas macca cuctembl M3 JBYX | 1. OOJbIlIe MAacChl JIETKOM YacTHUIIBI
YacTHII ... 2. MeHbIIIe MACChI JIETKOIH YaCTHIIbI
3. Gosibliie Macchl TSKEIOW YacTUIIbI
4. paBHa CyMM€ Macc JIETKOU M TSHKEJOM
YacTHUL, AEJEHHON Ha JIBa
CTpoeHue u CBOWCTBA MOJIEKYII
1 |Ipu c6mmxennn atomoB Bojopoia u | pacmemisiorcs




o0pa3zoBaHUH MOJIEKYJIbI H»
ANEKTPOHHBIC SHEPTETUYECKHUE YPOBHU ...

BceraBpTe nponyieHHoe Ci0Bo.

OHeprusi Mosekyiasl Ho cymMme(bl) | MEHbIIIE
SHEPruil JBYX M30JMPOBAHHBIX ATOMOB
BOAOpPOJA.
BceraBpTe nponymeHHoe Ci0Bo.
Ecim Monekyna 1mpu  JuccolManuy | KOBAJEHTHOM
pacnazaercss Ha aTOMbl, TO CBS3b
CIIeIyeT CUYUTATh (MoOHHOIA
WJTU KOBAJICHTHOI).
Kakue u3 npuBeneHHsix Hike Moisekyn | 1. O2
UMEIOT  KOBAJIEHTHYIO  Xxumudeckyito | 2. CO
CBSI3b? 3. HCI
4. NO>
5. NaCl
OmHo M3 TEpEeUYUCICHHBIX  HUXE | 1. ABMKeHMe 3J1eKTPOHOB BOJIHOO0pPa3Hoe

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

2.  DHEpPreTU4YeCKuit
JIUCKPETHBIN

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

4. cCyumecTByeT KOBaJEHTHAas XHMHUYECKas
CBSI3b

5. 5JIEKTPOHBI HE MAAI0T HA /1pa, U
MOJIEKYJIa YCTOMYMBA B LIEJIOM

CIICKTp  9JICKTPOHOB

KBaHTOBBIE CBOMICTBA TBCPABIX TCJI

B ciyyae TEPMOANHAMUYECKOTO
paBHOBeCHsl B cpejle IpU KOMHATHOM
TeMmIeparype

pacnpezeneHue MOJIEKYJT 1o
KoJeOaTeNbHbIM  YPOBHSIM  DHEPrUU

HUMECT CIICAYIOINE 3aKOHOMEPHOCTU:

1. GONBIIMHCTBO MOJIEKYJ XapaKTepU3yeTCs
MaKCHUMaJIbHO BO3MOKHOW SHEprueu

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

3. MOJIEKYJIbI pacnpeaesieHbl
KoJIe0aTeIbHbIM  YPOBHSIM JHEPIrHH
cooTBeTCTBHU € popmyJioit bosbumaHna;
4. KOTMYECTBO MOJIEKYJ] MOHOTOHHO yOBIBaeT
10 MEpe BO3pacTaHUsl HOMepa
K0JIe0aTeIbHOTO YPOBHS SHEPTUH

mo
B

OtHocuTenbHO ypoBHS DepMH MOMKHO
CKa3aTh, 4TO 3TO:

1. sHeprus B3aMMOJCHCTBUSA JJIEKTPOHOB C
pELIeTKON KpucTasua

2. cymmapHas KUHETHYecKas  dSHeprus
CBOOOJIHBIX DJIEKTPOHOB KpHcTaimia mnpu T
Ooupiie wim paBHo 0

3. KHHeTHYecKasi JHeprusi Hauobo.ee
BBICOKOIHEPreTHYeCKHX CBOOOIHBIX
3J1eKTPOHOB Kpucrauia npu T =0

4. JHeprusi  JJIEKTPOHHOIO  YPOBHSH
KpUCTA/JIa B MOJeIH  CBOOOJHBIX
3JIEKTPOHOB, BEPOATHOCTH 3aIOJHEHHS

Kotoporo 1/2

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

3anpELIEHHON 30HbI




Oneprusi kpuctamia NaCl... cymme(sr)
SHEPIUi U30JIMPOBAHHBIX ATOMOB HATpUs
U XJIOpa, COCTABJISIFOIIMX KPUCTAILIL.
BcraspTe npomnyinieHHoe ci1oBo.

MCHBIIC

ba3a BOIIpocoB AJIsl OLIEHKH CPEAHETO YPOBHS

iﬁ[ ®opmyaupoBKa BoIpoca BapuanTtsl oTBETOB
Beenenue. Atomsl u sigpa
1 PaBHOBecHOE 1OJIOKEHHE 3JEKTpOHA B | 1. B HeHTpe 3apsikeHHOI0 1apa
aTOM€ BOAOpPOJA COINIACHO MOJENH | 2. Ha IOBEPXHOCTH 3apsHKEHHOIO 11apa
Tomricona HaxoauTCs 3. B m000f TOYKE BHYTPH 3apsHKEHHOTO
niapa
4. B arome TomrcoHa paBHOBECHOE
II0JIO)KEHHUE OTCYTCTBYET
5. IOJIOYKEHNUE IEKTPOHA 3aBUCUT OT
3apsaga
2 Kakoii u3 nepeuncieHHbIX HUXKE METOA0B | 1. meron MuiukeHa, OCHOBAaHHBIN Ha
IIO3BOJISIET M3MEPUTH 3apsi]l MIEKTPOHA C | U3MEPEHUH 11apaMeTpoB JBUKCHUS
HanOOoIbIIeH TOYHOCTHIO? 3apsSOKEHHBIX Kalelb B 3JIEKTPUYECKOM
1oJie
2. METOJ] MarHeTpoHa
3. U3MepeHue TOJIILNHBI CIE/1a JIEKTPOHA B
kamepe Buibcona
4. W3MepeHHM NapaMeTPOB BHKEHMS
YCKOPEHHOI'0 3JIEKTPOHA B MATHMTHOM
noJie (Macc-CneKTpoMeTp)
5. HA OIVH U3 NIEPEUNCICHHBIX
3 s MIOJIyYEHUS KOJIMYECTBEHHOTO | 1. MOXHO HE yUUTBIBATH
coryiacus JKCIIEPUMEHTAIIBHBIX U | 2. HaJl0 yYUTHIBATh BCEr/a
pacyeTHbIX JAHHBIX 10  PACCESIHUIO | 3. HAI0 YYMTHIBATH TOJIBKO /IS
anbda-yacTull, B TOHKUX  (osbrax | 60JbIIMX YIJIOB paccesiHUsl
KOHEYHBIN pa3Mep sAapa 4. Haj0 yYUTBIBATH TOJIBKO I MaJbIX
YTJIOB pacCesiHus
4 ITorok  anbda-yactur,  pacceuBaercs | 1.IlokazaHus He U3MEHSATCA
TOHKOW MHIIEHBbIO M3 cBHHIA. JleTekTop | 2.YMeHbIarcs B 2 pas3a
ycTaHoBJIeH 1moa yriioMm 30° oTHocuTenbHO | 3.YMeHbInaTcs B 4 pasza
IIEpBOHAYAIBHOTO HamnpasiieHus: | 4.YmMenbatcs B 16 pa3
JBIDKEHUS] 4YacTULl M peructpupyer | 5.YBeauuyarcs B 4 pa3a
kummn/c. Kak wm3menstcs nokaszanust | 6.[1paBuiibHBIN OTBET HE IPUBEICH
JETEKTOpa, eciu asb(ha-4yacTHIIbI
3aMEHUTb Ha MPOTOHBI TOM K€ CKOPOCTH?
5 IIpn kxakoil aHeprum EKTPOH OKaxercs | 938
TsDKeJiee MOKOAIIErocsl MpoToHa?
Otset npuBeaute B MaB.
DKcrepuMeHTaIbHbIE OCHOBBI KBAHTOBBIX MPECTaBICHUN
1 Omnpenenure SHEPTUI0 ¢dotoHoB, | 1.63

COOTBETCTBYIOIIUX HawOoJiee IMHHBIM
BOJIHAM BUJIUMOM yacTH criektpa 760 HM.
OTtBer B 5B naiiTe ¢ TOYHOCTHIO JIO TpExX
3HAYAIIMX IUQD.




Kakomy yrimy paccesHus (B Tpamycax)

COOTBETCTBYET MaKCUMaJILHOE
KOMIITOHOBCKO€E CMelIleHnEe JUTAHBL
BOJIHBI?

180

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

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

3. MIMITYJIbCBI YaCTHI] PABHBI

4. OTBET 3aBHCHUT OT BEJIMYMHBI DHEPTHH

dotona wu KUHETUYECKOW  SHEpruu
AJIEKTPOHA

[Toreniman, 10 KOTOPOrO MOMKET 1.56B

3apsAIUTHCS METAITNYECKas IJIACTUHA, 2.36B

paboTa BBIX0/1a AJICKTPOHOB U3 KOTOPOI 3.2.8B

1.6 3B, ipu AUTETEHOM 4.48B

OCBEIICHMH  TOTOKOM  ¢oTtoHOB ¢ |5.2.4 B

sHeprueit 4 3B, paseH...

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

padoToii BbIX01a

DHeprusi CBeTa, MAJalolIero Ha KaTo[l,
yYMEHbIINIAach, MPU HEU3MEHHOH IJIMHE

1. yncsaa BLIOMTBHIX JIEKTPOHOB
2. Macchl (HOTORIICKTPOHOB

BOJIHBI. [Ipu 3TOM IPOU30LLIO | 3. CKOPOCTH (POTOIIEKTPOHOB
YMEHBIIICHUE. .. 4. paGoTHI BBIX0/1a AJIIEKTPOHOB U3 KaToAa
5. HAYEro He YMEHBUIUTCS
du3nyeckre NPUHIUIBI KBAHTOBOW MEXaHUKHU
KBantoBas  wactuma  Haxomutcss B | 1.X=0
OeCKOHEYHO TIIyOOKOH MOTEHIHAIBHOHN | 2. X = a/2
sIME IMUPUHON a B COCTOSIHUM C TJIABHBIM | 3. X = @
KBaHTOBBIM YHCIIO N = 3. 4.x=al3
B kakux Toukax yacTuila HaXOauThcs He | 5. X = 2a/3

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

KBanToBass yacTuma  HaxoguTCsi B
OECKOHEYHO TIyOOKOH MOTEHIMAIBHOM
sAMe€ IMPUHOW a. B Kkakux TOYKax
uHTepBana (0,a) MIOTHOCTh BEPOSITHOCTU
HaxO0KJICHHUs YaCTHUIBl B COCTOSIHUSX C
IJIABHBIM KBaHTOBBIM Uucio n =1 un =2
OJIMHAKOBa?

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

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

2. a/3 u 2a/3, coorBeTCcTBEHHO M n = 1
un=2

3.a/2

4. a/5 u 4a/5, coOOTBETCTBEHHO I n=1u
n=2

[Ipo3paunocts NIPAMOYT'OJIBHOTO
IIOTEHIIUAJILHOTO Oapbepa TUISL
3JIEKTPOHOB € 3Hepruen S5 3B pasna 0.1.
Yemy oHa OyJeT paBHA MpH yBEITUUECHUH
LIMpUHBI 0apbepa B 2 pasza?

1. yBenuuutcs B 2 pasa
2. yMEeHbIINTCS B 2 pa3a
3.0.01

4.0.025

5.04

6.0.014




7. IpaBUJILHBIA OTBET HE MPUBEJICH

B ombite Pam3ayspa HaOmomanuchk
aHOMAJIMM B  3aBUCHMOCTH  CEYCHUS
paccestHus JJIEKTPOHOB HA  aToMax

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

l. CTONKHOBEHHUS SJIEKTPOHOB C aTOMaMH
ynpyrue
2. aTOMbI MOXHO BO30YIHTb, COOOIIasi UM
TOJIBKO ONpeiesieHHbIE

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

MOPLUU SHEPTUU
6. mpu MaJBIX CKOPOCTAX 3JIEKTPOHOB
3aMeTHO NMPOSIBJSAIOTCH  HMX BOJIHOBbIE
CBOliCTBa
7. moBe/ieHnEe aTOMOB IIPOTHBOPEUHT
nocrysaraM bopa

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

1. xonomHas »dMHCCHUS DJICKTPOHOB U3
MeTaia

2. 3 dexr xo3edcona

3. aHOMAJIMM B 3aBHCHMOCTH CeYeHHS
paccesiHusl JJIEKTPOHOB Ha aToMax
0s1aropoaHbIx ra3oB (onbiT Pam3ayspa)
4. MBUKEHHE IEKTPOHOB B TBEPABIX TeIaxX
5. anp(a-pacnag paguoaKTUBHBIX SACP

CTpOGHI/Ie aToMa M1 aT

OMHBIC CIICKTPBI

Kakoe u3 mnpuBeNeHHBIX BbIPAKEHUN
MIO3BOJISIET  paccuuTaTh JJIMHY BOJIHBI
BTOPOU IO CHETY JIMHUM CEpUH JIMHUN B
yIbTpauOJIETOBOM YacTH CIEKTpa aroMa
BozopoJa (cepus JlalimaHa)

1.c/R

2. 4c/3R
3. 9c/8R
4. 16¢/15R

5. NpaBUJIBLHBIA OTBET HE MPUBEICH

[TomHast SHeprusi PJIEKTPOHA HA N - OM
YPOBHE ompezensercs cooTHomeHueMm En
- 13.6/n*> »B. Kakylo HaHMEHBIIYIO
SHEPIUIo HYXHO COOOINTH
HEBO3OYKJICHHOMY aTroMy  BOJOpPOA,
YTOOBbI CHEKTP M3IY4YEHHUs Ta3a U3 TaKUX
aTOMOB  coJepXaJl  TOJBKO  OJHY
CIEKTPAJIbHYIO JTUHUIO?

OtBer B 5B naiiTe ¢ TOYHOCTBIO 70 Tpex
3Haqyauwmx mudp.

10.2

ATOM BOIOpOZAA MEpeniesl U3 OCHOBHOTO
COCTOSIHMSI B COCTOSIHUE C TJIABHBIM
KBaHTOBBIM  YHCJIOM 1N, TMpPH 3TOM
a0CcoOTHAs BETMYUHA

MTOTEHIINATIBbHOMN JHEpruu
B3aUMOJCUCTBUS DJIEKTPOHA C  SAPOM
ymenpmminace B 4 pasa.  llpwm
IIOCIIEAYIOLIEM TIEPEXO/IE U3 COCTOSHUA C
TJIaBHBIM ~ KBAHTOBBIM  YHCJIOM 1N

&

B

el A
B oo AN




COCTOSIHHEC C T'JIaBHBIM KBaHTOBbIM
YHUCJIOM m a0CoIIOTHAS BCIN4YHHA
HOTCHHHaHBHOﬁ SHEpIruun

B3aUMOJICHCTBUSL 3JIEKTPOHA C  SIAPOM

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

HAaXOQWICSA B TIEPBOM BO30YXKICHHOM
COCTOSSHUM € KBAHTOBBIM YHCJIOM N = 2.
[TornotuB (oTOH ¢ dHepruei, paBHOI
(0.24 >Hepruv MOHU3ALUH, ATOM BOAOPOJA
mepemies;l B COCTOSSHUE C KBAaHTOBBIM
guciioM m = ... Onpenenure KBaHTOBOE
YHCII0O KOHEYHOT'O COCTOSHHS.

Uepes pa3pekeHHBIM Ta3 MPONYCKAKOT
W3JIy4YeHUE C HEMPEPHIBHBIM CIIEKTPOM.
Kakoif BUJ MMeeT CHEeKTp MOTJIOIEHUS
pa3pexeHHoro rasza?

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

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

4. nBera JUHUN HEPA3IMYUMO IEPEXOMAT
OJMH B JIpyroun

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

6. IpPaBWJIbHBIN OTBET HE IPUBENICH

AtoMm BOJIOpOJA HAXOJUTCS B
BO30Y>KJICHHOM COCTOSIHUU CO 3HAYEHUEM
[JIABHOTO KBAaHTOBOTO dYHWciIa n = 4,

CKOJBKO CIIEKTPaIbHbIX JIMHUN
OyZeT colepKaTh CHEKTP M3IydeHUs Traza
W3 TaKUX aTOMOB?

6

CTpoeHue U CBOMCTBA MOJIEKYT

Cucrema BpaIllaTeIbHBIX ypOBHEH
SHEPIMU MOJIEKYJI MMEET CIIEAYIOIIHe
XapaKTepUCTHUECKUE OCOOCHHOCTH

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

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

3. DJHepruu ypoOBHEW Oojee JErKux
JIBYXaTOMHBIX ~MOJIEKYJl MEHbIE, YeM
0oJee TSKEIbIX

4. Mo Mepe yBeTHUYEHHUS YHEPTUU HHTEPBAT
MCXKAY COCCIHUMH YPOBHAMU
YMEHbIIIAETCS

Hns BpAILIATEIIbHBIX
MOTJIOMICHUST  JIByXaTOMHBIX
XapaKTEepHO CJeNyIolIee:

CIIEKTPOB
MOJIEKYJI

1. uHTEpBAJ YACTOT MEKAY COCETHUMU
JIMHUSIMH CIEKTPA MPUMEPHO OINHAKOB
2. HHTEPBAJ YACTOT MEKIAY COCETHUMH
JIMHUSIMH CHEKTPA 3aBHCHT TOJILKO

OT MOMEHTA UHEPIIUU MOJICKYJIbI

3. MHTEpBaJ JJIMH BOJH MEX/1y COCETHUMHU
JUHUSMH CTIEKTPa OJIMHAKOB

4. UHTEepBAJl YaCTOT MEXKIY COCETHUMU
JUHUSMH CTIEKTpa 3aBUCHUT OT
TEMIEPATYPhI

Ecmu CpPaBHHUTb 4YHCTO BpallaTCJIbHBIC

1. oHHM OTIMYAIOTCA YACTOTAMH JIMHHUH




criekTpsl noriomenus mojekyn HF u HBr
, TO MOXXHO OOHApYyXHTb, 4TO:

2. OHU HE OTJINYAKOTCSI HHTEHCUBHOCTSMU
JIMHUM

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

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

5. HabI0IeHUE CIIEKTPOB MOTJIOMICHUS
Mosiekys1 HBr HeBO3MOXKHO

B o6mem cirydyae kosie0aHusi aTOMOB B
MOJIEKYJIaX HE SIBJISTFOTCS ,
OJTHAKO TaKOE€ MPHUOJIMKECHUE TIPUEMIIEMO
MIPY MAJIBIX aMILIUTYIaX KOJICOaHU.
BcraBbTe mponynieHHOE CI0BO.

rapMOHHYIC€CKUMHU

Benencreue AHTapMOHUYHOCTH
Kosle0aHUH MOJIEKY1 MpU YBEIUYEHUU
aAMIUIATY/IbI

KoJeOaHUH HHTEpBal DSHEPrudl MExXIy
COCEJTHUMH SHEPreTUYECKUMH YPOBHSIMU

1. yBesmuuBaercst
2. yMeHbIIaeTcs
3. He U3MeHseTCs

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

1. OOJIBIIMHCTBO
XapaKkTepu3yercs
BO3MOKHOM SHEPTUEH

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

3. MoJIeKYJbl  pacnpegeieHbl O
K0J1e0aTeJIbHBIM YPOBHAIM JHEPruM B
cooTBeTCTBHMU ¢ opmyJioil bosbumaHa;
4. KOJIMYECTBO MOJIEKY1 MOHOTOHHO
yOBIBaeT 10 Mepe BO3pacTaHUsl HOMepa
K0J1e0aTEeIbHOTO YPOBHS SHEPTUU

MOJICKYII
MaKCUMAJIBbHO

KBaHTOBBIE CBOICTBA TBEPABIX TEI

O Hy7neBBIX KOJIEOAHUSIX MOJIEKYT MOXKHO
CKa3aTh, UTO:

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

3. 310 Ko1ebanust npu T =0

4. 3T0 KOJEOAaHMS ¢ MHUHUMAJIBLHO
BO3MOKHOM aMILTMTYAOM

5. 3T0 KoJIeOaHUsI ¢ MUHUMAJIbHO
BO3MOKHOM JHepruen

OtHOocHTENbHO YpOBHA @DepMU MOXKHO
CKa3aTh, 4TO 3TO:

1. oHeprus B3auMOAEUCTBUS JJIEKTPOHOB C
pELIEeTKON KpucTasua

2. cyMMmapHas KUHETHYecKas dSHeprus
CBOOOJIHBIX 3JIEKTPOHOB KpHUCTaia mpu T
paBHO wiu OoibIre 0

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

4. JHeprusi 3JIEKTPOHHOIO YPOBHS
KpHUCTAJIa B MOJEJM  CBOOOJHBIX
3JICKTPOHOB, BEPOATHOCTH 3aIl0JTHEHHS
KOTOporo 1/ 2

IIpu cOmmkeHUM aToMOB JIMTUS U

pa3pelieHHbIe 30HbI




o0pa3oBaHUM KpUCTaIa 3JEKTPOHHBIE
SHEpPreTUYecKre YpoBHH 00pa3yior ... .
BcraBbTe nmponyiieHHoe.

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

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

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

HOHOB
5 DIIeKTPOHBI B 30HE  IIPOBOJUMOCTH | l.paBHOMEPHO pacCIpeieNsioTCs 10 BCEM

MeTania BO3MOKHBIM COCTOSIHUSIM
2.3aM0JTHSIOT noApPsT BCE

HHU3KOJIeKAIIMe COCTOSHHMS BIUIOTH [0
3Heprun ®Pepmu

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

4.MMEIOT OJIHY DSHEPruio, Ha3bIBAEMYIO
sHepruer Gepmu

S.pacrnoJyiararotcst BOJIM3H JTHA 30HbBI

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

. BOJIOPOJIHAs

. MOJIEKYJISIpHast
. MeTaJuIn4ecKas
. IOJIMMEepHast

O Nk WIN

ba3a KOHTPOJIBHBIX 3aJaHUN TSI OLIEHKU BBICOKOTO YPOBHSI

Ne

W dopmynupoBKa BOIpoca BapuanTs! 0TBETOB

Brenenne. ATomel u sigpa

1 Beruncnoure paamyc aroma Boxopoza | 237 HM
coriacHo Moxaenn  TommcoHa, —eciu
U3BECTHA SHEpPrusi MOHM3auuu aroma Ej
=13,6 3B.

OTBeT JaiiTe B HM.

2 Beruucnure MakcumanbHyo | E=1/(4me)*(Z*e/r)
HaIpPSKEHHOCTh AJIEKTPUYECKOTO TOJIA B
BOJIOPOJIONIOAO0OHOM  HOHE  COTJIACHO
mozenu Tommcona. IlopsakoBbiii HOMEp
Z, paauyc aToMa NPUHSATS I.

3 Henonswxkubiii  map  pamguyca R | 0=n—2¢, b=(R+r)sin¢
00JlyJar0T  MapajulebHBIM  TTOTOKOM
YacTHIl, paauyc KoTopbix r. Cuwnras
CTOJIKHOBEHHE  YacTUIBl C  IIapoM
yIpyruM, HaWTH yroa 0O OTKIOHEHHS
JacTUIBI B  3aBHUCHMOCTH  OT €€
IPULEIBHOrO napamerpa b




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

3,83B

V3KkHil My4oK 0-4acTUI] ¢ KMHETUYECKOMN
sHeprueil 1,0 MaB nagaer HopManbHO Ha
MJIaTHHOBYIO (hosery TommmHel 1,0 MKM.
HaGmroneuue paccessHHbIX YaCTHI]
Benercs noj yriom 60° K HampaBJIEHHUIO
Majarolero  mydyka TMpd  TOMOIIU
CUeTYMKa C  KPYIJIBIM  BXOJHBIM
oreepctHeM miomaan 1,0 cm?, KoTopoe
pacmoioxeHo Ha pacctosHuu 10 cMm oT
pacceuBaromiero ydactka ¢onsru. Kakas
JIOJIS PACcCesSHHBIX 0-YacTUI[ MaJaeT Ha
OTBEPCTUE CUETUUKA?

3,35*10°

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

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

4*10726 kr*m/c

VY3KkHii My40K (-4acTHUI[ ¢ KMHETHYECKOU
sepruer T = 600 k3B mamaer
HOPMaJIbHO  Ha  30JI0TyI0  (houbry,
comepxamyo n = 1,1*¥10Y° snep/cm?.
HaiiTu OTHOCHTENIFHOE YHUCIIO O-YaCTHII,
paccemnBaronuxcs moja yrimamu 9 < 90 =
20°.

0,6

®oton ¢ sHeprueit 15,0 5B BriOMBaeT
DIIEKTPOH W3  TOKOSIIErocs  aToma
BOJIOPOJIa, HAXOJSIIErOCs B OCHOBHOM
cocrosHuu. C Kakol CKOPOCTBIO V
JIBIDKETCS DJICKTPOH BAAIM OT sifpa’?

6,93*10° m/c

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

8,6 nm

[ToporoBasi 4yBCTBUTEILHOCTh CETYATKH
YeJI0BEYECKOro Tia3a K JKEITOMY CBETY C
mmHOM BoJHEI 600 HM cocTaBiIseT
1,7-10-18 Bt. Ckonpko (OTOHOB mMagaer
€KECEKYHHO Ha CETYATKy?

Du3nYeCKNe MPUHIUIBI KBAHTOBOW MEXaHUKH

[TpsAMOYTONBHBIN MOTEHIATBHBIN 6apbep
nMeet mmpuny 0,1 am. Onpenenure B 3B
pasHocTh oHepruii U-E, mpu xortopoii
BEPOSITHOCTh ITPOXOXKJICHUSI DJIEKTPOHA
CKBO3b Oapbep coctaBuT 0,5

0,454 >B




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

15B

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

a/3.

19,5%

DJIEKTPOH C KUHETHYECKOHU sHepruen T =
4 5B nokanu3oBaH B 001acTu pazmepom |
= 1 wMxM. ONeHHTh, C IIOMOIIBIO
COOTHONICHUS HEOIIpeIeICHHOCTEN
OTHOCUTEIIbHYIO HEOIPEAENIEHHOCTh €ro
CKOPOCTH.

9,76*10°

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

45>B

CTpOGHI/Ie aTOMad U aTOMHBIC CIICKTPbI

IIpu mnepexome aroma BOXOpPOJA H3
YETBEPTOr0 HHEPreTHUECKOrO COCTOSHHUS
BO BTOpOE€ WM3IydaroTcsi (OTOHBI C
sHepruet 2,55 5B (3emeHas uHUA
BOJOPOJHOrO  criekTpa). OmnpenenuThb
JUINHY BOJIHBI 3TOH JIMHUU CHIEKTpa.

486 um

OHeprus CBA3M BAJEHTHOIO DJIEKTPOHA
aToMa JWUTUA B cocTostHUsX 2S u 2P
paBHa cOOTBETCTBEHHO 5,39 u 3,54 3B.
Boruncnute  puadeproBckue  MOMpPaBKH
Uit S- 1 P-TepMOB 3TOT0 aroma.

-0,409
-0,037

Atom HaXOJIUTCS B COCTOSIHHH,
MYJIBTHUIUIETHOCTh KOTOPOTO paBHA TPEM,
a TOJIHBIH MeXaHWYeCKHii MoMeHT — h
sqrt(20). Kakum MOXET OBITh
COOTBETCTBYIOIIEE KBAHTOBOE YKCJIO L?

3,4,5

Haiitn HampsokeHHME Ha pPEHTTEHOBCKOU
TpyOKe C HUKENEBbIM aHTUKATOIOM, CITH
pasHocTh JMH BoJH Ko-muHum u
KOPOTKOBOJIHOBOM TPaHUIbI CIUIOLIHOTO
PEHTT€HOBCKOIO CIEKTPA paBHa 84 mM.

15 kB

[lpy  yBenmMUeHUM  HaNpsDKEHHs  Ha
pentreHoBckoil TpyOke ot Ul = 10 kB no
U2 = 20 xB uHTepBas JJIMH BOJH MEXIY
Ko-nmaneit nu KOPOTKOBOJIHOBOM
IpaHUIel CIJIOUIHOTO PEHTI'€HOBCKOIO

29




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

CTpoeHue 1 CBOWCTBA MOJIEKYII

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

2 Haiitu uymcno cBOOOTHBIX 3IEKTpPOHOB, | 0,97
NPUXOAAIIUXCS HAa OIMH aTOM HaTpUs
npu T = 0, ecnu ypoBen» ®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 MaTepralia KaTo/a.

KBaHTOBBIE CBOMCTBA TBEPBIX TEI

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

2 [lpunsie g1t cepebpa  3HaueHue | 1
TEeMIEPATypPhl Jlebas 0=208 K,
ONpENEINUTh: CpeaHee HHUCIO0 <Nm>

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

3 Ilonarasg, 4ro Ha kaxnaplii atrom Mmeau | 4,23 3B
MPUXOJUTCS OJUH CBOOOIHBIN AJIEKTPOH,
ONPENIETUTh:

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

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

IPUXOJUTCS OAWH CBOOOJHBIN AJEKTPOH,
omnpenenuTs:  Temneparypy T, mpu
KOTOPOH CpeAHssi KHHETHYECKask SHEPIHs

DJIEKTPOHOB KJIACCUYECKOI 0
AIIEKTPOHHOIO  ra3a  paBHsUIach  Obl
cpenHen SHEPruu CBOOOTHBIX

AJIeKTpOHOB B Meau npu T=0.

Bomnpocsl k 3x3ameny
1. [Topsiaky BeTMYUH PACCTOSIHUM U SHEPTHM B aTOMHBIX U SIIEPHBIX MPOLIECCAX.
2. Cneunguxa 3akOHOB MUKPOMHUPA.
3. OCHOBHBIE YaCTHIIbl, UX XapAaKTEPUCTHUKA.
4. SInepHas MoAeNb aToOMa.
5. Onsit Pesepdopaa mo paccesHuto anbga 4acTull.
6. D dhekTuBHOE CEUCHHE.
7. DHeprus CBS3U.




8. OGocHOBaHKE BO3MOKHOCTH Pa3/IENbHOTO pacCMOTpeHUs (PU3UKH aToMa U (PU3HKHU spa.
9. CTaulMOHAPHOCTh U IUCKPETHOCTh ATOMHBIX COCTOSIHUH.

10. OnbiT ®panka u I'epua.

11. IIpocTpaHCTBEHHOE KBAHTOBAHUE.

12. OnsiT HlTepHa u I'epinaxa.

13. KopnyckyisipHO-BOJIHOBOM Tyalii3M.

14. Dddexr Komnrona.

15. I'unote3a ne-bpoits.

16. Audpakiuus 3JeKTPOHOB HEUTPOHOB, aTOMOB.

17. CooTHOIIIEHUE HEOTTPEACICHHOCTH.

18. BonHoBast pyHKIuS.

19. YpaBnenue lIpeaunrepa.

20. OTanyrie KBAaHTOBO-MEXaHUYECKOTO U KJIACCUYECKOTO OMMCAHUS IBUXKEHUS.

21. IIpocreiimme oqHOMEPHBIE 3a]a4l KBAHTOBOW MEXaHUKH: CBOOOIHOE JIBUYKEHUE YaCTHIIHI,
YacTHIla B MOTCHIIMAIBHON SIME, TAPMOHUYECKUIN OCHUIUISATOP, IPOXOKICHUE YACTHI] Yepe3
NOTEHLMAIbHBIN Oapbep.

22. VI3ny4yeHue 1 NOorjouIeHUE SHEPTUH.

23. Hepaznu4uMoCTh OJJUHAKOBBIX MUKPOUYACTHII.

24. Bo3oHBI ¥ (PepMHOHBI.

25. [lpunuun I[aynu.

26. KBaHTOBO-ME€XaHUUYECKOE OMTMCAHUE BOJAOPOI0MOTO0HBIX CUCTEM.

27. YpOBHU 2HEPIuu, BOIHOBBIC (DYHKIIUHU, pACIIPEEICHNE INIOTHOCTU BEPOSATHOCTH.
28. CnexTp atoMa BOJOpOa.

29. OObscHEHUE TOHKON U CBEPXTOHKON CTPYKTYPhI aTOMHBIX CIIEKTPOB.

30. DnexTpoHHbIE 000JIOYKY aTOMa U UX 3alloJHeHne, (pu3nueckoe 0ObsICHEHNE
MEPUOANYECKOT0 3aKOHA.

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

32. JleiicTBe MarHuTHOTO IIOJISI HA aTOM.

33. Dddekr 3eemana.

34. DneKTpOHHBIN MapaMarHUTHBIN pe30HAHC.

35. Tunsl cBsi3ell aTOMOB B MOJIEKYJIE.

36. Ilopsiaky BEeNWYMH JEKTPOHHOM, KOIeOaTENbHOM U BpalaTeIbHOM SHEPTUH.

37. MonekymsipHbIE CIIEKTPHI.

38. KomOuHamoHHoe paccesiHue.

39. Cunel Ban nep Baanbca.

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

41. DHEepreTuyecKue 30HHbl.

42. [IpoBOAMMOCTb TBEP/BIX TEI.

43. CBepXnpoBOIMMOCTb U CBEPXTEKYUECTh U MX KBAaHTOBasl IPUPO/Ia.



IIpuMepsl 3K3aMeHAUMOHHBIX 3aAaHUI

rlﬁl dopmynrpoBKa BOIpoca Bapuantsl oTBeTOB
1 PaBHOBecHOE moONIOKEHHE »SJEKTpoHA B | 1. B LleHTpe 3apsiKeHHOro 1apa
aToMe BOJOpOJa COrJacHO  MOJENH | 2. HAa MOBEPXHOCTH 3apsSHKEHHOTO 111apa
Tomricona HaxoauTCs 3. B m000N TOUKE BHYTPHU 3apsSKEHHOIO
mapa
4. B arome TommncoHa paBHOBECHOE
MOJIOXKEHUE OTCYTCTBYET
5. IOJIO’KEHUE AIIEKTPOHA 3aBUCHUT OT
3apsa
2 Kakoii n3 nepednciieHHbIX HUXKE METOA0B | 1. Meron MuliimkeHa, OCHOBaHHBIA Ha
MO3BOJISIET U3MEPUTH 3apsii JIEKTPOHA C | U3MEPEHUU rnapameTpoB JIBU>KEHUS
HauOOJIbIIECH TOYHOCTHIO? 3apsSOKEHHBIX  Kalellb B JJIEKTPUYECKOM
nosie
2. METOJl MarHeTPOHa
3. U3MepeHue TOJIIUHBI Clie[]a MIEKTPOHA B
Kamepe Bunbcona
4. u3MepeHMH NAapaMeTPOB JABMKEHHS
YCKOPEHHOI0 3JIeKTPOHA B MATHUTHOM
noJie (Macc-crieKTpoMeTp)
5. HU OJIMH U3 MePEUUCICHHBIX
3 [Ipu xakoii sHeprum IMEKTPOH OKaxercs | 938
TsDKEJee MOKOSIIEerocs mpoTona?
OtBet npuBeaute B M1B.
4 Omnpenenure SHEPTUI0 ¢dotoHoB, | 1.63
COOTBETCTBYIOIIMX HauOoJee IIUHHBIM
BOJIHAM BUJUMOM yacTu criektpa 760 HM.
OtBer B 5B naiiTe ¢ TOUHOCTBIO JIO TPEX
3Haqyauwmx mudp.
5 Kakomy yriy paccesnus (B rpamaycax) | 180
COOTBETCTBYET MaKCHUMaIbHOE
KOMITTOHOBCKOE CMENICHUE  JUTHHBI
BOJIHBI?
6 OHeprus (oOTOHa paBHA KHHETHYECKOM | 1. mMmyJabc 3JjeKTpoHa OoJublie, T.K.

OHEPTHUU DJICKTPOHA.
CpaBHI/ITC HUX UMITYJIbCBI.

Macca MOKOsl 3JIeKTPOHA He PaBHA HYJIIO
2. umnynsc (oToHa Oosnble, T.K. Yy HEro
00JIbIIIe CKOPOCTh

3. UMIYJIbCHI YACTHUILL PaBHBI

4. OTBET 3aBHCUT OT BEIWYHMHBI SHEPTUH

dotoHa wu KHHETUYCCKOW  JHEpPruu
HIIEKTPOHA
7 KBantoBas uvactuna  Haxomurca B |1.Xx=0
OECKOHEUHO TJIYyOOKOH MOTEHIMaIbHOU | 2. X = a/2
sIME IMUPHHOW a B COCTOSIHHM C TJIABHBIM | 3. X = @
KBAHTOBBIM YHCJIO N = 3. 4. x=al3
B kakux TOYKax 4acTHIla HAXOIHUThCA He | 5. X = 2a/3

MOKeT?
[IpaBuibHblii(e) Ha Bam B3risg Homep(a)
oTBeTa(0OB) BBEIUTE Yepe3 mpode.




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

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

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

HOPLMH SHEPTUU

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

MOPIIMH SHEPTUU
6. mpH MaJbIX CKOPOCTSX 3JIEKTPOHOB
3aMeTHO NMPOSIBJSIIOTCA  HMX BOJHOBbIE
CBOIICTBA
7. IOBEJICHUE aTOMOB IIPOTUBOPEUUT
nocrynaram bopa

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

1. xoyomHas »>MHCCUS BJIEKTPOHOB U3
MeTala

2. a¢pdexT [xo3edpcona

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

10

[lonHas sHeprus 3J€KTPOHA HAa N - OM
YPOBHE ONpeeNsieTcs COOTHomeHneM En
= - 13.6/n*> 5B. Kakyio HaumMeHBIIYIO
SHEPTHUIO HYXKHO COOOIIHUTH
HEBO30YXXJIEHHOMY aroMy  BOAOpPOJa,
YTOOBI CHEKTP M3IY4YEHHUs Ta3a U3 TaKUX
aTOMOB  coJiepkKajl  TOJbKO  OJIHY
CHEKTPaIbHYIO JIMHUIO?

OtBer B 5B naiiTe ¢ TOUHOCTHIO JIO TpEX

3Ha4yauwmx mudp.

10.2

11

AToM BozOpoAa mepelies U3 OCHOBHOTO
COCTOSIHMSI B COCTOSIHUE C TJIABHBIM
KBaHTOBBIM  YHCJIOM 1N, TMpPH 3TOM
a0CcoJIOTHAs BETMYUHA

MTOTEHIMAIBHOU JHEpruu
B3aMMOJEICTBUS DJIEKTPOHA C  SAPOM
yMmeHbiiugack B 4 pasza.  llpm
MOCJIEAYIOLIEM TIEPEXOJIE U3 COCTOSIHUS C
[JIaBHBIM ~ KBAHTOBBIM YHCJIOM N B
COCTOSIHUE C  TIJIaBHBIM  KBAHTOBBIM
YUCIOM m  a0COJIOTHAs  BEJIMYUHA
MOTEHLIMAJIbHOU SHEPrUuu
B3aMMOJICICTBUS  DJIEKTPOHA C  SAPOM
OIsATh ~ yMeHblIMIach B 4 pa3sa.
Ompenenure m.

POONME
B oo AN

12

HenoaBuxHbIH aToOM BOJIOpOJA
HaxXOJWJICS B TIEPBOM BO30YKJIECHHOM

10




COCTOSSHUM € KBAHTOBBIM YHCJIIOM N = 2,
[TornotuB QoTOH ¢ sHepruei, paBHOI
(0.24 >Hepruv MOHU3ALUH, ATOM BOAOPOJA
mepemiesl B COCTOSIHUE C KBAaHTOBBIM

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

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

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

3. DHepruum ypoBHEW Ooyiee  JIETKHUX
JIBYXaTOMHBIX ~MOJIEKYJl MEHbIIE, YeM
OoJee THKENbIX

4. Mo Mepe yBeIUYEHHUs SHEPTUU UHTEPBAI
MEXy COCETHIMH YPOBHSIMU
YMEHbIIIACTCS

14 Bciaencrsue aHTapMOHUYHOCTH | 1. yBesimumBaercst
KojeOaHui MOJIEKYNl TpU YBEJIUYEHHUH | 2. yMEHBIIACTCS
AMIUTATYIBI Kosie0aHui WHTEPBAJ | 3. HE U3MEHSCTCS
SHEpruit MEXIy COCETHUMU
HEPreTHYCCKUMH YPOBHSIMU

15 |B ciydae TepMoauHamMuueckoro | 1. OOJIBIIMHCTBO MOJIEKYIT
paBHOBecHsI B Cpele IpH KOMHATHOHU | XapaKTepU3yeTcs MaKCHUMaJIbHO
TEeMIIepaType pachpeielieHHe MOJIEKYI 10 | BO3MOKHON YHEpruei
KoJIeOaTeIbHBIM YPOBHSIM SHEPTUU UMEeT | 2. OOJBITUHCTBO MOJIEKYJI UMEIOT SHEPTHUIO
CIIEIYIOIIHE 3aKOHOMEPHOCTH: (3/2)kT

3. MoJIeKYJbl  pacnpegeieHbl O
K0J1e0aTeJIbHBIM YPOBHSIM JHEPruu B
cooTBeTCTBHMU ¢ opmyJioil bosbumaHa;
4. KOIUYECTBO MOJEKYl MOHOTOHHO
yOBIBa€T M0 Mepe BO3pacTaHusi HOMepa
K0J1e0aTEeIBHOTO YPOBHS SHEPTUU

16 | O HyneBbIX KOJICOAHUSAX MOJIEKYS MOXHO | 1. KomebarenbHOe TBMKEHUE OTCYTCTBYET

CKa3arb, 4TO: 2. aMIIMTyAa KojeOaHui paBHA HYIIO
3.3710 konedanus mpu T =0
4. 310 KOJEOAHMS ¢ MHUHUMAJILHO
BO3MOSKHOM aMILTMTYA0M
5.3T0 KoJ1e0aHUsA ¢ MUHMMAJILHO
BO3MOKHOM JHepruen
17 | OtHocutensHo ypoBHS @epmu MoxHO | 1. SHEpTrUs B3aUMOJICHCTBUS AIEKTPOHOB C

CKa3aThb, 4YTO OTO:

pPELIETKON KpucTama

2. cyMmMMapHas KHHETHYeCKas DSHeprus
CBOOOJHBIX 3JIEKTPOHOB Kpucrtamia npu T
paBHO wiu Oosblire 0

3. KHHeTHYecKasi JHeprusi Haubojee
BBICOKOIHEPIreTHYeCKNX CBOOOHBIX
3JIeKTPOHOB KpucTauia npu T =0

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




18

DIJIEKTPOHBI
MeTasuia

B

30HC

IIPOBOAMMOCTH

1.paBHOMEpPHO pacHpeneNsoTcs] MO BCEM
BO3MOXHBIM COCTOSHHUAM

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

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

4.MMEIOT OJIHYy DSHEPruio, Ha3bIBAEMYIO
sHepruei Gepmu

5.pacnionaratorcsi BOJIM3H JTHA 30HbBI




0NN KW

IIpunoxenne 2

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

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

. Cnenuduka 3aKOHOB MUKPOMUPA.

. OCHOBHBIE YaCTHIIbI, UX XapaKTEePUCTHKA.

. SlnepHas Mozenb atoMa.

. OnbIT Pesepdopaa no paccessHuio anbda yacTull.

. D dexTuBHOE ceueHME.

. DHEprus CBSI3U.

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

. OnpiT ®@panka u ['epua.

. IIpocTpaHCTBEHHOE KBAHTOBAHME.

. Onpit llTepna u I'epnaxa.

. KopnyckyssipHO-BOITHOBOM AyalIu3M.

. O dexr Komnrona.

. 'mnoresa ne-bpoitns.

. Andpaxmust 31eKTpOHOB HEHTPOHOB, ATOMOB.

. CooTHOLIEHNE HEOTIPENEIEHHOCTH.

. BomHOBast pyHKIHS.

. YpaBnenue llIpenunrepa.

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

HOTCHHHaHLHOﬁ SAMCE, I“apMOHI/I'-IGCKI/II\/JI OCHUJIIATOP, MMPOXOXKACHUC YaCTHULL 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.

Bo3onsbl 1 hepMHOHBI.

[Ipunnun [aymnn.

KBaHTOBO-MeXaHUYECKOE OMHUCAaHNE BOJOPOAOINOT00HBIX CUCTEM.

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

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

Oddext 3eemana.

DNEeKTPOHHBIM MapaMarHUTHBIN pe30HAHC.

Tumnbl cBsi3€il aTOMOB B MOJIEKYJIE.

[Topsinku BeTUYMH IEKTPOHHOM, KONIeOATeTbHOM 1 BpalllaTeIbHON YJHEPTHUH.
MonekynspHbIe CIEKTPHI.

KomOuHnanuonHoe paccesHue.

Cuiel Ban nep Baanbca.

Tunel cBsizeil aTOMOB B TBEP/BIX TENaX.

. DHEPreTUYECKHE 30HBI.

IIpoBOAMMOCTE TBEPBIX TEII.

CBepXMnpoBOIMMOCTb U CBEPXTEKYUECTh U MX KBAaHTOBas MIPUPO/A.



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

J‘;{ PopmMynMpoBKa BOIpoOca Bapuantsl oTBETOB

1 PaBHOBecHOE 1OJIOKEHHE 3JEKTpOoHAa B | 1. B HeHTpe 3apsikeHHOr0 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 MuiukeHa, OCHOBAaHHBIM Ha
MO3BOJISIET MU3MEPUTh 3apsi/i JIEKTPOHA C | U3BMEPEHUHU rapamMeTpoB JBUKEHUS
HanOOoIbIIeN TOYHOCTHIO? 3apsSOKEHHBIX  Kalellb B 3JIEKTPUYECKOM

noJsie

2. METOJ] MarHeTpoHa

3. U3MepeHue TOJILIUHBI ClIe[a JJIEKTPOHA B
kamepe Buibcona

4. u3MepeHMH MApPaMeTPOB [BHKEHUSI
YCKOPEHHOI'0 3JIeKTPOHA B MAarHUTHOM
moJie (Macc-ClieKTpoMeTp)

S. HA OAVH U3 NIEPEUYHUCICHHBIX

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

OtBet npuBeaute B MaB.

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

Otser B 3B naiiTe ¢ TOUHOCTBIO JO TpeEX
3HAYAIIHX UQD.

5 Kakomy yrny paccesHus (B rpanaycax) | 180
COOTBETCTBYET MaKCHMaJlIbHOE
KOMIITOHOBCKOE CMENIEHUE  JUIMHBI
BOJIHBI?

6 OHeprus (oTOHA paBHA KHHETUYECKOW | 1. MMMyJabc JJIeKTPpoHAa OoJblie, T.K.
SHEPTUU DJIEKTPOHA. Macca NMOKOos 3JIeKTPOHA He PABHA HYJII0
CpaBHHTE X UMITYJIbCHI. 2. umnynsc (oToHa Oosblie, T.K. Y HETO

00JIbIlIE CKOPOCTh

3. UIMITYJIbCBI YACTHUIL PAaBHBI

4. OTBET 3aBUCHUT OT BEJIUYMHBI SHEPTUU
dorona wu KMHETUYECKOW  HIHEpruu
AIIEKTPOHA

7 KBantoBas uwactuma Haxomurca B |1.x=0
0EeCKOHEYHO TIyOOKOH MOTEHIMaIbHOU | 2. X = a/2
sIM€ IMUPUHON a B COCTOSIHUU C TJIaBHBIM | 3. X = @

KBaHTOBBIM YHUCIIO N = 3. 4.x=al3
B kakux TOYKax 4yacTHLAa HaXOOMUThCI He | 5. X = 2a/3
MOXeET?

[IpaBunbHeIii(e) Ha Bamn B3rmsg Homep(a)

oTBeTa(0OB) BBEJIUTE Uepe3 mpobel.

8 B omeite Pam3zayspa HaOmiomamuch | 1. CTOJKHOBEHHUS 3JIEKTPOHOB C aTOMaMu
QHOMQJIMM B 3aBUCUMOCTH CEUYEHUSs | yIpyrue




paccestHus JJIEKTPOHOB Ha aroMax
OnmaropoHbIX Ta30B. Ha ocHOBaHMH

3TUX W3MEPEHUI OH MpUIIEN K BBIBOAY,
4TO

2. aTOMBI MOKHO BO30YyIUTb, COOOIIas UM
TOJILKO ONpe/ICTICHHbIC

HOPIMH SHEPTUU
3. CTOJIKHOBEHHsI 3JIEKTPOHOB C aTOMaMH
HEeynpyrue
4. aToMbl HMEIOT HE PAaBHBIA HYIIO
MarHUTHBI MOMEHT
5. aTOMBI MOXXHO BO30YIHTb, COOOIIast UM
o0bIe

MOPIIMH SHEPTUU
6. mpU MaJbIX CKOPOCTSX 3JIEeKTPOHOB
3aMETHO NPOSIBJSIOTCA  HMX BOJHOBbIE
CBOliCcTBa
7. IOBEJIEHUE aTOMOB IIPOTUBOPEUUT
nocrynaraM bopa

Kakoe w3 npuBENCHHBIX SBICHUNW HE
TpeOyeT il 0OBSCHEHUS MPe/ICTaBICHUS
0 TyHHEITbHOM 3 dekTe?

1. xosomHas >MHCCUS BJIEKTPOHOB U3
MeTaa

2. 3¢pdexT Ixo3edpcona

3. aHOMAaJMM B 3aBHCHMOCTH CeYeHHUsl
paccesiHusl JJIEKTPOHOB Ha  aToMax
0.1aropoaHbIX razos (onbiT Pam3sayspa)
4. JABVIKCHUC 3JICKTPOHOB B TBEPAbLIX TCJIaX
5. anbda-pacnazl paJuOaKTUBHBIX STEp

10

[TonmHast PHeprusi PIEKTPOHA HA N - OM
YPOBHE OIIpeesieTcs] COOTHOMmEeHneM En
= - 13.6/n*> 5B. Kakyio HamMeHbIIYIO
JHEPTUI0 HY>KHO COOOIIUTH
HEBO3OYKJICHHOMY aTrOMy  BOJOpPOAA,
9TOOBI CIIEKTP M3JIYYCHHsS Ta3a U3 TaKHX
aTOMOB  COJepXaJl  TOJBKO  OJHY
CMEKTPAJIbHYIO JTUHUIO?

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

10.2

11

AToM BozOpoAa meperies U3 OCHOBHOTO
COCTOSIHMSI B COCTOSIHME C TJIABHBIM
KBaHTOBBIM  YHCJIOM N, TMpPH 3TOM
a0CoJIOTHAs BETMYUHA

MTOTEHIMATbHOU JHEpruu
B3aUMOJEICTBUS DJIEKTPOHA C  SAPOM
ymeHblngack B 4 pasza.  llpm
MOCJIEAYIOLEM TIEPEXOJIE U3 COCTOSIHUS C
[JIaBHBIM ~ KBAHTOBBIM YHCIOM N B
COCTOSIHUE C  IJIaBHBIM  KBAHTOBBIM
YUCIOM m  a0COJIOTHAs  BEJIMYUHA
MOTEHLIMAJIbHON SHEPrUuu
B3aUMOJICHCTBUS  DJIEKTPOHA C  SAPOM
OIsATh ~ yMeHbIIWIach B 4 pa3sa.
Onpenenvre m.

PoONME
=00 AN
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HenoaBuxHbIi aToM BOJOpOIA
HaxOJWJICS B TIEPBOM BO30YKIECHHOM
COCTOSSHUHM C KBAaHTOBBIM YHCIIOM n = 2.
[lornotuB (oTOH € sHeprueil, paBHOI

10




(0.24 sHeprum MOHU3ALMU, 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 CJENYIOLIUe
XapaKTepUCTHUECKUE OCOOCHHOCTH

1. mo Mepe yBeJHYeHUS]I DJHEPrUHU
HHTEPBAJ MEXKIY COCeTHUMHU YPOBHSIMHU
yBeJIMYHUBAETCHA

2. JHeprus YPOBHS OCHOBHOT'O
cocTosiHUsI paBHa () IUIs1 BCceX MOJIEKYJT

3. DHepruum YypoBHEW Ooyiee  JETKHX
JByXaTOMHBIX MOJICKYJ MEHBIIE, YeM
0oJee TSKENIbIX

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

1. yBeqmuuBaercst
2. yMeHbIIaeTcs
3. HE U3MeHseTCs
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B cirydae TEPMOJUHAMHYECKOT O
paBHOBECHs B cCpele Iph KOMHATHOU
TEMIIEPATYpPE PaCIpeleICHUE MOJIEKYJI 110
K0J1e0aTeIbHbIM YPOBHSIM 3HEPTUU UMEET
CJIELYIOIINE 3aKOHOMEPHOCTH:

1. OOJILIITUHCTBO
XapakTepu3yercs
BO3MOXKHOHW SHEPTUEH

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

3. MOJeKyJbl  pacnpeaejieHbl 10
K0J1e0aTeJIbHBIM YPOBHAIM JHEPruM B
cooTBeTCTBHU ¢ popmyJioit bosbumaHa;
4. KOJIMYECTBO MOJIEKYJd MOHOTOHHO
yOBIBaeT 10 Mepe BO3pacTaHusi HOMEpPa
K0J1e0aTEeIbHOTO YPOBHS SHEPTUU

MOJICKYII
MaKCUMAJIBbHO
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O HyNeBBIX KOJEOAHUSIX MOJIEKYJ MOXKHO
CKa3aTh, 4TO:

1. konebaTenbHOE IBUKEHUE OTCYTCTBYET
2. aMITUTY/Aa KosleOaHU| paBHA HYIIO

3. 310 Ko1edanust npu T =0

4. 310 KOJNEOAHUST ¢ MHMHHMAJIBHO
BO3MOSKHOM aMILTUTYA0M

5. 3T0 KO/1e0aHUsI ¢ MUHMMAJIBHO
BO3MOKHOM JHepruen
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OTHOCUTENBHO YPOBHHA (DepMI/I MOXXHO
CKa3aThb, 4TO OTO:

1. sHeprus B3aMMOJEHCTBUS 3JIEKTPOHOB C
pELIETKON KpucTawua

2. cyMMapHas KUHETHYECKas DJHeprus
CBOOOJHBIX 3JEKTPOHOB Kpucramia npu T
paBHO 1 Oosnbrre 0

3. KHHeTHYecKasi JHeprusi HauboJjiee
BBICOKOIHEPIreTHYEeCKNX CBOOOHBIX
3JIEKTPOHOB Kpucrauia npu T =0

4. JHeprusi 3IJEKTPOHHOIO YPOBHS
KpucTajyia B  MOJeJH  CBOOOIHBIX
3JIEKTPOHOB, BEPOSITHOCTH 3aIOJTHEHUSs!
KoToporo 1/ 2
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ONeKTpOHbl B 30HE

MeTajia

IpOBOAUMOCTHU

1.paBHOMEpPHO pacHpeneNAoTCsl MO BCEM
BO3MO>KHBIM COCTOSIHUSIM




2.3aM0JTHAIOT noaApsig BCE
HU3KOJIeKAIME COCTOSHMS BILIOTH [0
Hepruu ®epmu

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

4.MMEIOT OJIHY DSHEPruio, Ha3bIBAEMYIO
sHepruen Gepmu

5.pacnionaratorcsi BOJIM3H JTHA 30HbBI




MUHOBPHAVYKHM POCCUUA
\)} DenepanbHOE rocyJapcTBEHHOE OI0DKETHOE 00pa3oBaTeIbHOEe
@ YUpEKIECHHE BBICIIET0 00pa3oBaHUsL

«Yensbunckuii rocynapcrBenHbiil yausepeute» (GPI'BOY BO «Uenl'Vy)

Pabouas mporpamma AUCHMIUIMHEL "ATOMHas GHU3HKa" 10 HANPABJICHUIO MOATOTOBKH (creruansHocTH) 03.03.03
"Pagnodusuka” HanpaeneHHOCTH (podminto) TerekoMMyHUKAIIMOHHBIE CHCTEMBI M HH)OPMAIIHOHHBIE TEXHOIOTHH ctp. 33
OI'BOY BO «Henl'V»

Pabouas nporpaMMa JHCHUIIMHBI (MOIYJI51) 0100peHa H PEKOMEH/10BaHAa:

[Ipopekrop mo ydeOHOI paboTe yTBepxaeHo 21.02.24 A.A. CanamaroB
YyeHbIM COBETOM (PU3UYECKOTO (paKyIpTeTa

[Iporokon 3acenanust Ne 08 ot 25.01.2024

IIpencenarens YueHOro cosera

¢uznyeckoro ¢gaxyyiprera COIJIaCOBAHO M.A. 3arpebun
3acenanuem kadenpsol o01Ield U TeopeTHYeCKO GU3NKN

[Iporokon 3acenanust Ne 05 ot 18.01.2024

3aBenyroumii kadeapoi COIIaCOBAHO A.E. Maiiep
ABTOpBI (COCTaBUTEIH) A.E. Maiiep
A.A. D6enp
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ot «13» anpeas 2021 r. Ne 247-1
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