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1. HEJIX OCBOEHUMA TUCHUTIINHBI

Henb nuctuIuinHel «ATOMHas PU3HKa» COCTOUT B JOPMUPOBAHUY Y CTY/ICHTOB €IUHOM, CTPOWHOM, IOTHYECKH HEIPOTUBOPEUUBON
(b13HIecKoll KapTUHBI OKPYIKAIOIIET0 HAaC MUpPa IIPUPO/BL, TPUOOPETEHHE HABBIKOB PEIICHHUS U HCCIIeIOBaHHSI KOHKPETHBIX
(u3nUecKux 3a/1a4.

OCHOBHBIE 33J1a4l TUCITUTUIHHBI: N3YUYCHUE OCHOBHBIX MMOHSATHH aTOMHOM (I)H3I/IKI/I, N3YyUYCHHUEC OCHOBHBIX METOA0B UCCIICAOBAaHUA B
(1)I/I3I/IKC aToOMa; 3HAKOMCTBO C HCKOTOPBIMU IPHUIOKCHUAMU aTOMHOM (1)I/IBI/IKI/I.

Pe3yJ'ILTaTI>I 06y‘-IeHI/I$[ IO JUCHUIIMHE HAITPABJICHBI HA JOCTHXKCHUEC NHAUKATOPOB!

OIIK-1.1. O6nanaer 6a30BBIMH 3HAHHSMH, TOJTYYCHHBIMHU B 00J1aCTH (PU3UKO-MAaTEMAaTHUYECKUX U (WJIH) ECTECTBEHHBIX HaYK.

OI1K-1.2. JIleMOHCTpHpYET YMEHHUE peniaTh 3a1a4u, GopMyJIUupyeMble B paMKaxX (PU3NKO-MAaTEMATHUCCKUX U (HITH) €CTECTBEHHBIX
HayK.

OI1IK-1.3. VimMeeT HaBBIKK HCIIOJIH30BAHUS OCHOBHBIX IOHSATHH, 3aKOHOB (PU3UKO-MaTEeMaTHUECKUX U (MJIM) ECTECTBEHHBIX HAYK JUIS
pemieHus 3a1a4 TpohecCHOHATBHON NeITeTbHOCTH.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OIIOII

Hukn (pazgen) OITOIT: b1.0.13

2.1 TpeGoBaHusl K NPeABAPUTEIbHON HOAT0TOBKE 00y4al0LIerocs:

Mexanuka

MorekynspHas Gpusuka

aﬂeKTpI/I‘IeCTBO 1 MarH€TU3M

OnTHka

2.2 JIncuMnJIuHbI U MPAKTUKH, JJI51 KOTOPBIX 0CBOEHHE JAHHOM TUCHUILIMHBI (MOAY 1) HE00X0AUMO KAaK NMpealiecTBYoIIee:

®dusrka aTOMHOTO sAapa U 3JICMCHTAPHBIX YaCTHI]

®dusrka HyHIAMEHTAIBHBIX B3aUMOACHCTBUN

BSaHMOﬂCﬁCTBHe HU3JTY4YC€HHS C BEIICCTBOM

IloaroroBka k ciade u cjaada TOCYyAapCTBCHHOI'O DK3aMEHa

3. KOMIIETEHL{Y OBYYAIOIIETOCSl, ©OPMUPYEMBIE B PE3YJIbTATE OCBOEHMS JUCLIATITAHBI
(MOJYJIST)

OIIK-1: Cnoco0eH npuMeHSITH 0a30Bble 3HAHUA B 00J1acTH PU3NKO-MaTeMaTHYeCKUX M (WJIM) eCTECTBEHHBIX HAYK B cdepe
cBOei MpodeccuoHAIBLHOI AeATeJIbHOCTH;

3HaTh:

Just noctikenust OIIK-1.1: 0CHOBBI TeOpUH, IPUHIUIIBI X METOJIbI ATOMHOM (DM3HKHU; METOJbI TEOPETHUECKUX U SKCIIEPUMEHTAIBHBIX
HCCIIeIOBAaHUH B aTOMHOM (pu3mKe; 6a30BbIE TCOPETHUECKHE 3HAHUS IO aTOMHOI (hH3HKe.

YMeTh:

Hns noctmxenust OITK-1.2: noHUMaTh, n3aarath U KpUTHYECKH aHATU3UPOBATH 0a30BYI0 00IIE(YU3UUECKYIO HHPOPMALIHIO;
TOJIB30BATHCST OCHOBHBIMHE TIOHATUSIMH, 3aKOHAMH U MOJEISIMA aTOMHOM (DM3UKH; pPelIaTh THIIOBBIC 33/[a41; HCIIOIB30BaTh 0a30BbIC
TEOPETHUYECKUE 3HAHUS [0 aTOMHOM (PU3HKeE.

Baanern:

Hust noctikenns OITK-1.3: merogamMu 00pabOTKU M aHAIN3a HKCIICPUMEHTANBHOM 1 TeopeTHyeckol Gpusnueckoil nudopmarmm;
HaBBIKOM pELIeHHs KOHKPETHBIX (PU3UUECKUX 3a/1a4 10 aTOMHON pH3HKe.

B pe3yabTaTe 0OCBOCHUA AU CHHUIIIMHBI oﬁyqamumﬁcsl JOJIZKEH

3.1{3naTn:

3.1.1|0CHOBBI TCOPHH, MPUHIHUIIBI 1 MCTOIBL aTOMHOM (I)I/I?:I/IKI/I; METOAbI TCOPETUICCKUX U SKCIIECPUMCHTAJIbHBIX
HCCIIeIOBaHUH B aTOMHOM (I)I/ISI/IKG; 0a30BbIC TCOPETUYCCKUC 3HAHUS T10 aTOMHOM (I)I/I3I/IKC.

3.2(Ymerh:

3.2.1|moHUMAaTh, W3NIaraTh U KPUTHIECKN aHAIIM3UPOBATH 0a30BYI0 00IIEe(hU3NIECKYI0 HH(POPMAIIHIO; TT0JTH30BaTHCS
OCHOBHBIMHU TIOHSITHSIMH, 3aKOHAMHU M MOJICJISIMH aTOMHOU (DM3HMKH; peliaTh THIIOBBIE 33/]a4H; UCIIOJIb30BaTh 0a30BbIC
TEOpEeTHYECKUE 3HAHU IO aTOMHO (hU3HKe.
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3.3|Baanern:

3.3.1|MeTogamu 00pabOTKH U aHATIM3a SKCIIEPUMEHTAIBHON U TEOPETUUECKOH (r3nueckoii HH)OPMAIMN; HABBIKOM PEIICHUS
KOHKPETHBIX (PM3MUYECKHX 3a/1a4 10 aTOMHOH (u3uke.

4. OFbEM JUCIUIIJIMHBI (MOIY.JIsT)

O6Lwasn TpyooemMKocTb 33ET

Yacos 1o yue6HOMy IuiaHy : 108 Bugsl KOHTpoONIsL B ceMecTpax:
B TOM YHCIIE !
ayAUTOpHbIE 3aHATUA © 52 JK3aMeHBI 5
camocTosTeNbHas paboTa : 28,6
4acoB Ha KOHTponb : 18
KOHTaKTHas pabora: 61,4

HKP: 9,4

5. CTPYKTYPA U COJEP KAHUE JUCHUIIJIMHBI (MOAYJIsI)

Kon HanmeHoBaHue pa3/e10B H TeM /BH] 3aHATHS/ Cemectp | Yacos Jlutepatypa
| 3aHATHS /[ Kvpe
Pasgen 1. Beenenne. AToMbl U fpa
1.1 Kpatkuii ncTropudeckuii ouepk pa3BUTUS IPEACTABICHUS 00 aTOME U A1pe. 5 4 JI1.1 J11.2J12.1
[Topsinky BeMYuH pacCTOSTHUN M SHEPTUI B aTOMHBIX U SITEPHBIX MPOIleccax. JI12.2J13.1
Crienuduka 3aKkoHOB MUKpoMupa. OCHOBHBIE YaCTHIIbI, UX XapaKTEPUCTHKA. 30132 33 2435 26
Snepnas mozenp aroma. OnbIT Pesepdopa mo paccesHuio anbha YacTuil. 27

Db dexTrBHOE ceueHue. JHeprus cBs3u. OOOCHOBaHNE BO3MOKHOCTH
paszaenbpHOro paccMoTpenus Gpusuku atoma u pusuku sapa. /Jlex/

1.2 Perrenue 3anau. Paccesnue yactun. ®opmyna Pesepdopma. /TIp/ 5 4 JI1.1 J11.2J12.1
J12.2J13.1
D132 33 54 35 26
97
1.3 Paccesinue yactuil. ®opmyna Pesepdopna. /Cp/ 5 4 JIL.1 J11.2J12.1
J12.2J13.1
D132 33 54 35 56
97
Pa3gen 2. DkcnepuMeHTATbHBIE OCHOBBI KBAHTOBBIX NMPEACTABICHU
2.1 CTanoHapHOCTb U TUCKPETHOCTh aTOMHBIX cocTOssHUNA. OnbiT dpanka u 5 6 JI1.1 J11.2J12.1
I'epua. [IpoctpanctBennoe kBantoBanue. Ompit LlTepHa u ['epnaxa. JI2.2J13.1
KopnyckynspHo-BonHOBoH nyanusm. Db dexr Komnrona. I'unoresa ae- D132 33 34 35 26
Bpotins. J{udpakius 37eKTpOHOB HEHTPOHOB, aTOMOB. COOTHOIICHHUE 27
HEONpeeeHHOCTH. /JIex/
2.2 Pemenue 3agau. Kopmyckynsaprao-BonHoBoil ayamusm. @otosddext. Dddekr 5 4 JI1.1 J11.2J12.1
Kowmmrowna. /TIp/ JI2.2J13.1
D132 33 34 35 26
37
2.3 Kopmyckynsipao-BosiHoBo# nyanusm. @oroaddexr. Dpdexr Komnrona. /Cp/ 5 6 JI1.1 J11.2J12.1
J12.2J13.1
D132 33 34 35 26
97
Pa3nen 3. ®u3nyeckne NPUHIANBI KBAHTOBOI MeXaHUKH
3.1 Bonnosas ¢pynkuus. Ypasuenue [llpeannrepa. OTindne KBaHTOBO- 5 8 JIT.1 J11.2J12.1
MEXaHHUYECKOTO U KJIACCHYECKOTO OMHCAHNUs IBIDKEeHUL. [IpocTeiime J12.2J13.1
OJIHOMEPHBIC 33/1a4l KBAHTOBOW MEXaHUKH: CBOOOJHOE TBMIKCHHE YaCTHIIBI, 21 92 B3 D4 35 D6
YacTHIA B IIOTEHIUAIBHON sIME, TApMOHUYECKHI OCHUILIATOP, IIPOXOXKACHNE 37

YacTull Yepe3 MOTCHIMAIbHBINH Oapbep. M3nydyeHue u MoraoneHue SHepruu.
HepasnnuumocTs 01MHAKOBBIX MUKpoYacThil. bo3oHs! u Gpepmuonst. Ipunimn
Maynu. /Jex/
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32 Pemenue 3ana4. Bonnosas gynkuus. Ypasrenue lpenunrepa. /IIp/ 5 2 JI1.1 J11.2J12.1
J12.2J13.1
013233 34 35 26
37
33 Bonnosas ¢pynkuus. Ypasuenue Hlpeaunrepa. /Cp/ 5 4 JIT.1J11.2J12.1
J12.2J13.1
013233 34 35 26
97
Pa3znen 4. CTpoeHne aTOMAa U AaTOMHbIE CIIEKTPBI
4.1 KBaHTOBO-MEXaHUUECKOE OIIUCAHUE BOAOPOIONON00HBIX CUCTEM. Y POBHU 5 8 JI1.1 J11.2J12.1
SHEPr'UH, BOJIHOBBIC (DYHKIIUMH, paclpeesIeHHE TNIOTHOCTH BEPOSTHOCTH. J12.2J13.1
Cnextp aToma BogopoJa. OObsiCHEHHE TOHKON U CBEPXTOHKOM CTPYKTYpBI 013233 34 35 26
ATOMHBIX CIIEKTPOB. DIICKTPOHHBIE 000J0YKH aTOMa U MX 3alOJIHEHHUE, 27
¢usnyeckoe 0OBICHEHUE IEPHOIUUECKOr0 3aKOHa. PEHTTeHOBCKOE U3ITyUeHuUe,
MPUPOJa, CBOWCTBA M METOIBI HCCIIe0BaHu. J{eiicTBIe MAarHUTHOTO TOJISI Ha
aToM. DddekT 3eemana. DNeKTPOHHbIH apaMarHUTHbINH pe3oHaHc. /JIex/
4.2 Pemenue 3anau. KBaHTOBO-MEXaHWYECKOE OMUCAHUE BOJOPOAONOA00HBIX 5 4 JI1.1 J11.2J12.1
cucteM. DIeKTpoHHbIe 0600uku. /T1p/ J12.2713.1
301 32 33 2435 26
37
4.3 KBaHTOBO-MeXaHHYECKOE OITMCAHUE BOJOPOAONON00HBIX CUCTEM. 5 4 JI1.1 J11.2J12.1
DnektponHbie 000m0uKH. /Cp/ JI2.2713.1
30132 33 2435 26
37
Pa3nen 5. Ctpoenne u cBOIiCTBa MOJIEKY.JT
5.1 Tuns! cBsa3eil aToMOB B MoseKyJie. [1opsiky BeIMUUH 3JIEKTPOHHOH, 5 6 JI1.1 J11.2J12.1
KoJe0aTebHOM 1 BpamaTelbHOW SHEpTHH. MOJIEKYISIpHBIE CIIEKTPEI. J12.2J13.1
Komb6unanuonnoe paccesue. Cuiisl Ban nep Baansca. /Jlex/ 30132 33 2435 26
37
5.2 Pemenne 3anau. Mexann4yeckuii ¥ MarHUTHBIH MOMEHT aToMa. ATOM B 5 2 JIT.1J11.2J12.1
MarautHoM mose. /TIp/ JI2.2J13.1
013233 34 35 26
37
5.3 MexaHUUECKUI U MarHUTHBII MOMEHT aToMa. ATOM B MarHUTHOM none. /Cp/ 5 4 JI1.1 J11.2J12.1
J12.2J13.1
D132 33 34 35 26
37
Pa3nen 6. KBantoBbIe cBOIicTBA TBEPABIX Tel
6.1 Tums! cBsI3el aTOMOB B TBEP/BIX Telax. DHepreTHyeckue 30Hsl. [IpoBoruMocTs 5 2 JI1.1 J11.2J12.1
TBepAbIX Tel. CBEPXIPOBOINMOCTD M CBEPXTEKYIECTh M HX KBAHTOBAsI JI2.2J13.1
npupoja. TennoeMkocTs. /JIek/ 013233 34 35 26
37
6.2 Pemenue 3anau. Cesa3p aToMoB B MoJiekyJie. KonebaTenbHas U BpaliaTenbHas 5 2 JIT.1J11.2J12.1
sHepruu. KBaHTOBBIEC CBOWCTBA TBepabIX Teu. /TIp/ JI2.2J13.1
D132 33 34 35 26
97
6.3 Cpsi3b aTOMOB B MoJjiekyie. KosebarenpHas v BpaliarenbHas SHEPTHH. 5 6,6 JI1.1 J11.2J12.1
KganTtoBbIe cBoiicTBa TBepabIX Teu. /Cp/ JI2.2J13.1
D132 33 34 35 26
97
Paznen 7. Mnast koHTaKkTHast padora
7.1 WunuBHIyansHbIe KOHCYIBTAMH, TEKYIIUi KOHTpoib /KP/ 5 9,4 JIT.1J11.2J12.1
JI12.2J13.1
0132 33 24 35 26
37
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6. POHJI OHEHOYHBIX CPEJICTB

6.1. IlepeueHb BUIOB OLIEHOYHBIX CPEACTB

Ortuer 1o IMPaKTUICCKUM 3aJaHUSAM.
KOHTpOJ’IBHBIe BOIIPOCHI.

6.2. TunoBbie KOHTPOJIbHBbIC 3aIaHUA U UHbIC MaTepHUaJIbl 1JIs TeKyl.lIeﬁ aTrecTalluu

Tunossie KOHTPOJIBHBIC 3aJIaHUSI U MTHBIC MaTCPpHUAJIbI JJIsL TeKyIHeﬁ aTTeCTally MpeaACTaBJICHbI B HpPIJ'IO)I(eHI/II/I 1.

6.3. TunoBble KOHTPOJIbHBIE BONPOCHI U 3aaHHUS JJIs1 HIPOMEKYTOUHOH aTTecTaluu

TunoBble KOHTPOJILHBIE BOIIPOCHI U 3a/1aHKA AJIs IPOMEKYTOUHON aTTecTalluy npeacTaBieHsl B [Ipunoxennu 2.

6.4. Kputepuu oueHuBaHus

DK3aMeH 10 TUCHUIUIMHE IPOBOANTCS B 2JIEKTPOHHOM BHe. Bonpocs! moxbuparoTcst u3 6a3sl JaHHBIX BOIIPOCOB M 3a1a4. Ha sx3ameHe
cTyneHTy npeanaraercs 20 Bonpocos, u3 HUX 6 3anad. Eciu cryneHTt npaBuiibHO oTBevaeT Ha 11-12 BopocoB, OH MOXKET MOJIyYHUTh
OIICHKY «YIOBJIETBOPHTEIBHOY, Ha 13-15 — «xopo1roy, 16 u 6osee — «OTIHYHOY». ECiu CTYeHT MpaBHIBHO OTBEYaeT JHIIb Ha 10
BOIIPOCOB U MEHEE, TO OH MOXKET IIOJIyYUTh OLICHKY «HEYOBIETBOPUTENILHO». [lociie BBeIeHHs OTBETA HA MOCIEIHHII BOIIPOC TeCTa U
(hopMaIEHOTO TIO/IBE/ICHHST KOMITBIOTEPHOM POrPaMMOH Pe3yNIbTaTOB TECTUPOBAHMS, TPENOAaBaTENb 00CYKIaeT U 3a1aeT
JOTIOJTHUTENBHBIE BOIPOCH! CTYIEHTY 110 TIOBOAY TOTO HIJIM HHOTO OTBeTa. [1o nToram Takoro codeceoBaHus MPero1aBaTelb
onpeenseT YpOBeHb OCBOCHUS IPOBEPSIEMBIX KOMIIETEHIIMH U BBHICTABIISIET COOTBETCTBYIOLIYIO OLEHKY: «OTIMYHO» — CTYACHT
JOJDKEH MTPOJIEMOHCTPHPOBATh OTIMYHOE 3HAaHUE MaTepHraia, BOCIIPOU3BESI COOTBETCTBYIONINE MaTEMATHIECKHE BHIKIAAKN H
JIOTHYECKHE PACCYXKIIEHHS, CTYICHT IIPaBUIBHO 00OCHOBBIBACT NPUHSITHIC PELICHUS; «XOPOIIO» — CTYACHT TBEPJIO 3HAET y4eOHBIN
Marepua, TPaMOTHO H 110 CYIIECTBY H3JIAraeT ero, HO IPH 3TOM JIOITYCKAIOTCsl HerpyOble OIIMOKH IIPH BEIBOJIE (OPMYIT HITH
OTCYTCTBHE HEKOTOPBIX JIEMEHTOB BBIBOJIA; «YIOBIETBOPUTEIILHOY» B CIIyYae YCIEHIHOM c1ayu 0a30BBIX 3HAHUI OCHOBHBIX TIOHSTHH,
Ha3BaHUI U GU3MYECKOTO CMBICI BENTMYHH, BHa OCHOBHBIX pacIipeielieHHii U COOTHOIIEHUH (0e3 BBEIBOIA); «HEYIOBIETBOPUTEIHEHOY B
cllydae OTCYTCTBUS 0a30BbIX 3HAHUI OCHOBHBIX NMOHATHH, Ha3BaHUN U (PM3HMUECKOTO CMBICI BEJIMYHH, BUJIa OCHOBHBIX paclipeaesieHuH
U COOTHOIIICHUH (0e3 BBIBOA).

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

7.1. PexomMenayemasi iuTepaTypa

7.1.1. OcHOoBHasl TATEPaTypa

ABTOpBI, COCTaBUTEIH 3arnaBue WzparensctBo, ron| Pecypc
JI1.1 |CuByxun /1. B. OO6wmwuii kypc ¢pu3uku: yaedHoe nocodue Mocksa : OBC
(https://biblioclub.ru/index.php?page=book&id=82991) duzmariut, 2002
JI1.2 |CaBenseB U. B. KBanToBas onTrka. AtomHas ¢usrka. DU3nka TBEpAOTO Tea. Cankrt- [letepoypr| O3BC
®du3uKa aTOMHOTO sIIpa U JIEMEHTapHBIX YaCTHUI] : Jlans, 2022
(https://e.lanbook.com/book/210611)
7.1.2. lonoHUTEIbHAS JTUTEPATypa
ABTOPBI, COCTAaBHTEIH 3arnaBue WznarenscTBO, rox| Pecypc
JI2.1 I'puropses 0. M., @du3zuka aToMa ¥ aTOMHBIX SIBJICHUH: yueOHOe mocobue Mocksa : OBC
Kerakun U. C. (https://biblioclub.ru/index.php?page=book&id=457657) ®duzmatiur, 2015
JI2.2 |momsckuii J. B. BBenenune B aTOMHYI0 (QU3UKY Cankrt- [letepoypr| 3BC
(https://e.lanbook.com/book/210398) : Jlanp, 2022
7.1.3. MeTonnueckue pa3padoTku
ABTOPBI, COCTABHUTEIH 3arnaBue WznarenscTBo, rox| Pecypc
JI3.1 |Kanmamnwukos H. I1., [pakTuky™m 1o peuieHuto 3ana4 mno oduemy kypcy gusuku. OcHosl [Cankr- [Terepoypr | 3bC
Koxesnukos H. M., KBaHTOBO# (u3uku. CTpoeHUe BemecTBa. ATOMHAS U sAEPHAs : Jlans, 2022
Kotsipno T. B., CiupuH |puzuxa
I.T. (https://e.lanbook.com/book/211592)
7.2. Ilepeuens pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHHKAIINOHHOM ceTH ""UHTepHeT"
D1 |YuebHo-MeTomuueckuii caiit «IIpenonaBarensam u ctyaentam» http://teachmen.csu.ru
32 |Hayunsle 1 Hay4HO-TIONYJIsApHBIE JIeKuK http://elementy.ru
93 |Hayunas snexkrpoHHas 6ubnnoreka Poccuiickoit Akanemun Hayk http://www.elibrary.ru
34 |9BC «YHuBepcuterckas oubarorexa oHiaaiu» http://biblioclub.ru/
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35 |9BC u3narenscra «JIanb» https://e.lanbook.com/

36 |9BC u3narenscrBa «MHbpa-M» znanium.com http://znanium.com/

27 |9BC «tOpaiit» 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 IIpodeccnonaibubie 62361 JAHHBIX 1 HH(POPMANMOHHO-CIIPABOYHbIE CHCTEMbI

1. DrekTpOHHBIN KaTanor HayyHoi 6ubnmuorekn Yenl'yY [DnekTponHsId pecypc] : 6a3a naHubix / Yenso. roc. yH-T. — UensOunck, 1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : sxypHaisI
American Physical Society : caiit. — URL: http://journals.aps.org/about — 3. anri. — Pexxum qocTyna: TOIbKO U3 CETH YHUBEPCUTETA. —
TekcT : 2MeKTPOHHBIH.

3. Web of Science : mynsTiaucuuuinHapHas pedeparuBHas 6a3a nqanubix / komnanus Thomson Reuters. — Pesxxum nocryna: st
3apeructpup. nonp3osareneit Yenl'Y. — TekcT : 37IeKTpOHHBIH.

4. Scopus : pedepatrBHas 6a3a nanubix / Elsevier BV. — URL: http://www.scopus.com/ — 53. anri. — Pexxum goctyna: mis
3apeructpup. noib3osareneil Uenl'VY. — TekCT : 31MeKTpOHHBIN.

5. Springer Link : [caiir]. — URL: http://link.springer.com/ — £I3. anrin. — Pexxum poctyna: miist 3apeructpup. nojb3osareneit Yenl'yY. —
TekcT : 2MeKTPOHHBIH.

6. KOHCIIEKTHI JICKIHUH C JIEMOHCTPALUSIMH U BUPTYaJIbHBIME JTa00paTOpPHBIMHU SKCIIEPUMEHTAMH Ha caiite http://teachmen.csu.ru

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHME JUCITUITJIMHBI (MOY JIST)

ZlJI}I peam3anii JUCHUIIIMHBI UCTIOJIB3YHOTCH y‘I€6HBIe AYOAUTOPHUHU OJId TPOBECACHUA 3aHIATUH JICKIITUOHHOT'O THUIIa, IPAKTHUYICCKUX
SaHHTHﬁ, TPYIIOBBIX 1 HHAWUBUAYAJIbHBIX Koncyanauuﬁ, TCKYLICTO KOHTPOJIA U l'[pOMC)KyTO‘{HOﬁ aTTeCTallM, a TaKXKE IIOMCIICHUA
JUJISL CAMOCTOSITEILHOM paGOTLI.

VY4eOHble ayAUTOPUH YKOMILIEKTOBAHBI CIIEIMATU3UPOBAHHON MEOEIbIO M TEXHHUECKUMHU CPEICTBAMU O0YYEHUS - MYJIbTUMEIMHHBIM
000pya0BaHHEM (3KpaH, HOYTOYK, MPOEKTOP, KOJIOHKH).

Jnist mpoBeieHuUs 3aHATHH JICKIIMOHHOTO THUIA NPeJIaratoTcs Habophl AEMOHCTPAIIMOHHOTO 000pYJOBaHUS U Y4eOHO- HATJISHBIX
mocoOuit (MyIbTUMETUHHBIE TTPE3CHTAIINN).

Hcnonb3yeTes 31eKTpOHHBIN YnTAIBHBIHN 321 HayuHoU 6ubnnoteku Uenl'Y (ayautopus 206) 11st CaMOCTOSTENbHON pabOTHI CTY/CHTA,
OCHAIIICHHBIH IePCOHAIBHBIMU KOMIIBIOTEPaMH, MyJIbTUMEIUHHON annapaTypoil. B ayantopun obecrnedeH JOCTYN K pa3InuHON
CIPaBOYHOH JHTEpaType, SHIUKIONEANIM, ONOIHOrpaguIecKUM 1 IOTHOTEKCTOBBIM 0a3aM JIaHHBIX, HH(POPMAIMOHHBIM pecypcam
«HHTepHeT.

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

OcBoeHMe coaepKaHus yUeOHOH JUCIUILTUHBI «ATOMHAs! U3HKa» OCYIIECTBIISCTCS HA JICKIHUIX, MPAKTUICCKUX 3aHATHSAX U B
IIpoIecce CaMOCTOSATENILHON YUeOHOH eITebHOCTH CTYICHTOB.

JlexroHHbIC 3aHATHS 00ECTIEYUBAIOT TEOPETHYECKOE U3yUeHHE AUCHUITHHBL. OCHOBHBIMH METOAaMHU OOYUCHHS SBISIFOTCS
MHPOPMALMOHHO-00bSCHUTENbHBIN 1 TPoOIeMHbINA. Ha ekiusax usnaraercst OCHOBHOE COJIEpKAHUE TEM NPOrpaMMbl, IPOBOAUTCS
aHaJIN3 OCHOBHBIX MOHATHUN U pacCMaTPUBAIOTCS IPUMEPBI.

JIexMOHHBIM MaTepHa ABJISAETCS BaKHBIM, HO HE €JMHCTBEHHBIM /ISl YCBOSHHS y4eOHOU nuciurinHel. Ero o0s3arensHo
HEO0XOIUMO JIOTIOJIHUTh MaTepHajIoM OCHOBHOM M JOTIOJHUTEIBHOM JIUTEPATYpPHI 110 TEME.

[IpakTHdeckue 3aHATHUS CIIy>KaT AJIS 3aKPEILUICHUSI TEOPETHUECKUX OCHOB, M3JIaraéMbIX B JeKIUAX. Ha npakTHuecKux 3aHATHAX
oOyuyaeMble OBJIa/ICBAIOT OCHOBHBIMH METO/IaMH U TIPUEMaMU peleHus 3aaad. i mpoBeACHUs TEKYLIETO U IPOMEXKYTOUHOTO
KOHTPOJISI TPOBOJUTHCS KOHTPOJIbHAA paboTa 1 3aIIUTHI 3a/1a4 10 KKJON TeMe NMPaKTUYECKUX 3aHATHH. 3aluTa 3a71a4 To TeMe
MOJIpa3yMEBaeT peIICHHE 3a/1a4 U3 MPEAJIONKESHHOTO CIIMCKA 33/1a4 U YMEHUE 00BSCHUTB X0 perieHus 1-2 3axau u3 reMel Cucrema
KOHTPOJIbHBIX MEPOIPUATHH T0JDKHA 00ecrieunBaTh OOBEKTHBHYIO OIICHKY 3HAHUI U HABBIKOB CTYAEHTOB, CIIOCOOCTBOBATh
MOBBIIIEHHUIO A(PPEKTUBHOCTH BCEX BUJIOB YYCOHBIX 3aHATHIA, BKIIIOYAsl U CAMOCTOSITEIBHYIO
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paborty.

Ba)kHBIM MOMEHTOM TIPH U3YUSHUH JTI000H JUCHHUIUINHEI SBIIETCS OpTraHU3alysl caMocTosATeIbHON padoTsl. [Ipu ocBoeHHn
MaTepHaja He CeIyeT CTPEMUThCI K MEXaHHYECKOMY 3alIOMHUHAHUIO IPUBEJICHHBIX ONpeIeIeHn, (POPMYIUPOBOK U TIOJIOKEHHH,
ecau TpeGoBaHus K Bam mpsMo He yka3bIBaroT Ha 3T0. BrionHe 3¢ (eKTHBHOM MOXKET OKa3aThCs IOMBITKA MOHATE CYTh SIBICHUS,
BbIpab0TaTh CBOE OTHOILIEHHE K HEMY, OITUPAsCh HA MaTepuall, COIEPKAILUICI B pEKOMEHI0OBaHHOM tuTeparype. Takxke
PEKOMEH1yeTCsl PABHOMEPHO PACIPEEIIATh Harpy3Ky CaMOCTOSITEILHOTO 00YUeHHUs B TEUCHUE CEMECTPA.

B ocBoeHnyn qucHuIUIMHG (MOIYJIsT) HHBAHAAMU U JIMIAMH C OTPAaHUIEHHBIMU BO3MOKHOCTSIMHE 3/10POBBSI OOJIBIIOE 3HAUEHHE IMEET
uHAUBUAYalbHas padora. [Ton nuanBHAYyansHON paboTOM noxpasymeBaeTcs 1Be (GopMblI B3aUMOJIEHCTBHS C IPETOAaBaTeNeM:
WHIUBHAYalbHAS yuyeOHast paboTa (KOHCYJIBTALNHN), T.€. JOIOJHUTEIbHOE Pa3bsiCHEHIE YIeOHOTO MaTepHana 1 yriayoJaeHHoe
H3y4YeHHEe MaTepuaia ¢ TeMH 00yJarolMMHCs, KOTOPBIE B ’TOM 3aMHTEPECOBAHbI, U MHIMBUIyalbHas BOCIIUTATEIbHAs paboTa.
WunuBrayanbHbIe KOHCYABTAIMH 110 IPEAMETY SBIISETCS BXKHBIM (aKTOPOM, CIOCOOCTBYIONINM HHANBUIYATN3ANN 00yIeHHs U
YCTAaHOBJICHUIO BOCIIMTATENILHOIO KOHTAKTa MEX/Y IPEToiaBaTesieM U 00Y4atoIMMCsl HHBAIUOM HIIH 00y4aromumcs ¢
OTpaHWYEHHBIMH BO3MOKHOCTSIMH 370POBBSI.

B cityuae npuMeHeHus Ipu 00y4eHUH AUCIMILIMHBI JJIEKTPOHHOTO 00y4YeHHUs1, TUCTAaHIIMOHHBIX 00pa30BaTENIbHBIX TEXHOIOTUI
o0IIeHHe 00YJarOIIUXCS U MPEoIaBaTeNsl OCYIIECTBISETCS B PEXKUME PeallbHOTO BpeMeHH (OHJIalH-JICKIUK (BeOUHAPHI), YaThI,
BUJI€0-KOH(EPEHIIUH U JIP.) WIU OTI0XKEHHOI'0 BPEMEHH (CHCTeMa IUCTaHIIMOHHOro 00yuenus Moodle, MS Office365, dopymsl,
SJIEKTPOHHAS [TOYTA U JIP. ).

ITpu 00y4yeHny NHBAIUIOB U JHI[ ¢ OTPAHUYCHHBIMU BO3MOXHOCTSIMU 3/I0POBBsI JIEKTPOHHOE 00y4eHHe, TUCTAHIIMOHHbIE
o0pa3oBaTeIbHBIE TEXHOJIOTHH TIPEIyCMaTPUBAIOT BO3MOKHOCTE NIpHEMa-Tiepeaadn HHPOPMAIUH B JOCTYITHBIX Ul HUX (opMax.
Peanuzanyst AUCUUILIHHEI C IPUMEHEHUEM 3JIEKTPOHHOT0 00y4eH!s, TUCTAaHIIMOHHBIX 00pa3oBaTeNbHbIX TeXHOI0TUi (nanee — D0,
JOT) ocymectBusieTcss Ha OCHOBaHUH «I10JI0KEHHS O peaM3alii OCHOBHBIX M JJOMOJHUTELHBIX 00pa30BaTeIbHBIX IPOTPAMM C
[IPUMEHEHUEM 3JIEKTPOHHOTO 00y4eHHs U AUCTAaHIIMOHHBIX 00Pa30BaTEeIbHBIX TEXHOJIOIUH B (helepalbHOM I'OCyJapCTBEHHOM
O0PKETHOM 00pa30BaTENIbHOM YUPEKICHUH BRICIIET0 00pa3oBaHus « UesIOMHCKIH TOCyJapCTBEHHBIN YHUBEPCHTETY, «I10MI0KEeHUS
0 HOpPSIKE 3aueTa 00yJaroUMMUCS 110 OCHOBHBIM IIPOdeccHOoHaIbHBIM 00pa30BaTe/IbHBIM IIPOrpaMMaM BBICIIETO 00pa30BaHuUs B
OI'BOY BO «Yenl'Y» pe3ynbTaToB OCBOCHHUS B OPraHU3AIMAX, OCYIIECTBISIFONUX 00pa30BaTeIbHYIO IEITeIbHOCTD, YIeOHbBIX
IIPEAMETOB, KYPCOB, TUCLUILUINH (MOAYyJIeH), IPAKTUK, JOIOJHUTEIbHBIX 00pa30BaTeIbHbIX IPOrPaMMy IIOCPEICTBOM JIEKTPOHHOM
nHpOpMaIMoHHO-00pa3oBarenbHol cpenbl PTBOY BO «Yenl'Vy». B uckimountenbHbIX ciaydasx (popc-Maxop | T.I1.) MpH
peanuzanuu oOpazoBaTenbHON AesTensHocTU ¢ npuMeHeHreM D0, IOT MoryT IpHMeHsTh KOMIIOHEHTBI, HE BXO/SIIUE B IepeueHb
3JIEKTPOHHOM HHPOPMAITHOHHO- 00Pa30BATEILHON CPEIIBI.

10. CHEIIMAJIBHBIE YCJIOBUA OCBOEHUA JUCHUIIIMHBI OBYYAIOIIIUMHUCH C HHBAJIMJTHOCTBIO 1
OI'PAHUMYEHHBIMHA BO3MOXKHOCTSIMMU 31OPOBbSA

OcBoeHUE NUCLUIIMHBI HHBAIHIAMY U JIUIAMHU C OFPAHUYEHHBIMU BO3MOXKHOCTSIMU 3J0POBbsI OCYILECTBIIAETCS € UCIOIb30BaHUEM
CHELHATIbHBIX TEXHUYECKUX CPEACTB M AaCCUCTHBHBIX HMH(GOPMAlMOHHBIX TEXHOJOTHH, IpPEAOoCTaBIseMBbIX PecypcHbIM
y4eOHO-METOJIMIECKUM IIEHTPOM 110 00YICHHIO HHBATUIOB ¥ JIHI] C OTPAHMIEHHBIMH BO3MOXKHOCTSIMH 310poBbs Uenl'V mo 3ampocy
0o0yuaroIerocs.

1. MoOuIbHBIE cCHeUalbHbIEC TEXHIIECKHE CPEeCTBA VIS JIUII C HapYIICHUSMH 3PSHUS: TIOPTATUBHBIA KOMITBIOTEP C BBOIOM/BEIBOJIOM
mpudrom bpaiing ¢ cunresaropom peun «ElBraile-W14J G2»; HoyTOyKH ¢ IporpaMMHOM 3kpaHHoro foctyna NVDA; sneKTpoHHbIe
YBEJIMYHUTEIH JUIS YIaJeHHOTO IPOCMOTPA; BUICOYBEININTEIH IIOPTATHBHBIE; TH(IIOMIEED; TU(PPOBHIE THKTO(DOHEL

2. MoOunbHble CrenUanbHble TEXHUUSCKHE CPEACTBA JUI JIMIl ¢ HapYLICHUSIMHU ClIyXa: CUCTeMa CBOOOJHOIO 3BYKOBOTO IOJISL CO
BCTPOEHHOH coBMecTUMOCThI0 ¢ FM-ycTtpoiictBamu; paauokiacckl «CoHer-PCM» ¢ mepenaTyukoM, 3ayIIHBIM HHIYKTOPOM U
MHIYKIUOHHON NeTiel; cucrema MH(GOPMAIMOHHAs I cnadociblamux nepeHocHas «Mcrtok» A2 co BCTPOEHHBIM ILIEEPOM —
3BYKOBBIM HH()OPMATOPOM; TOKyMEHT-KaMepa; IIporpaMMHpyeMbIe CITyXOBBIE alapaThl HHANBHIYAIFHOTO ITOTb30BAHMU.

3. AccucruBHble MH(OPMAIMOHHBIE TEXHOJOTHH: IMPOrPAMMHOE O0ecHeueHHe SKPaHHOro JocTyna ¢ cuHTe3oM peun NVDA;
HPOTPaMMBI 3KPAHHOTO YBEJIMUYCHHS; IIPOrPaMMBI PEYEBOTO CHHTE3a AJI KOMITBIOTEPOB H HOYTOYKOB; POTPAMMBI pEUeBOTO CHHTE3A
JUIsL MOOMJIBHBIX YCTPOMCTB; SKpaHHAs KJIaBHATYpa; SKpaHHAs JIyIa.

ITpu HeoOxomuMocTH Ul OOY4YalOIUXCS C HAapyLIEHWAMH 3pEHUS Ha pabouMx MecTax [yl IpPOBEACHMS NPAKTHUYECKUX HIIU
a00paTOPHBIX 3aHITUH YCTaHABIMBAETCS CIEIMaIbHOE IMpOrpaMMHOE obecrnedeHue (mporpamma peueBod Haurauun NVDA,
pedeBble CUHTE3aTOPbL, SKPAaHHBIE JIYIIbI).

B ydeOHble ayanTopum oOecreunBaeTcs OECHPENMTCTBEHHBIH NOCTYyN A OOy4YarolIMXcs HHBAIMAOB U OOydaroumuxcs C
OrpaHUYEHHbIMU BO3MOXKHOCTAMH 3J0pOBbs. B Kkaxaoll ayguropuu, rae oOy4aroTCs HHBaIMAbl U JHLA C OIPAaHUYEHHBIMHU
BO3MOKHOCTSIMH 340POBBSI, IPEAYyCMAaTPUBACTCSI COOTBETCTBYIOIIEE KOIMYECTBO MECT Ul OOYUaIOLIUXCS ¢ y4eTOM HapyIIeHUH HX
30POBBS.

© ®I'BOY BO «Henl'V»




MUHOBPHAVYKHI POCCUUA
\1} denepanbHOE rocyIapcTBEHHOE OI0IKETHOE 00pa30BaTeIbHOE
@ YUYpEXIECHHE BBICLIEr0 00pa3oBaHUs

«HensOunckuit rocynapctBeHHsliil yausepeuret» (PI'bOY BO «Henl'Vy»)

Pabouast mporpamma qUCHUIUTHHBL "ATOMHas pu3uka" Mo HampaBICHHUIO MOArOTOBKH (creruansHocti) 03.03.02

"®u3uka" HanpasieHHOCTH (poduiro) Puzuka PI'BOY BO «Henl'Y» ctp. 9

JA7st OCBOCHUS TUCIIUTUTHHBI MHBAJIUIAM U JIUIAM C OTPAaHHYCHHBIMH BO3MOKHOCTSIMH 3JI0POBBSI IPEIOCTABIISETCS IOCTYI K HEYaTHBIM
HCTOYHHKAM, IMEIOLIMMCS B HaydHOH OubnnoTeke Yenl 'V, ¢ MOMOIIBIO CIIEUANBHBIX TEXHHYECKUX CPEACTB; AOCTYH K 3JIEKTPOHHBIM
WCTOYHHMKAM, TMPEACTaBICHHBIM B (OpPME DICKTPOHHOTO JOKYMEHTa B (oHme HaydHoi Oubmuorekn Yenl'V wmu
JIEKTPOHHO-OMOIMOTEUHBIX CHUCTEMAaX, ¢ MOMOIIBIO CIIEIHANBHBIX TEXHUYECKHX M NPOTPaMMHBIX CpEICTB (pabodee MecTo Uit
HE3psAYEro TOJIb30BaTesss C MPOrpaMMHBIM OOECIeYeHHEM SKPaHHOTO JOCTyma ¢ cuHTe3oM peun NVDA, pabouee MecTo ¢
KOMITBIOTEPHBIM POJUIEPOM U KiIaBuatypoii Clevy ¢ 60JbIIMME KHOTIKAMH M C Pa3/esIsIoNIei KIaBUIIN HAKITAJAKOM).
VY4ueOHO-MeToMUeCKHEe MaTepHaibl Ul OOYJarONMXCsS U3 YHCJIa MHBAJIUIOB U JIUI C OTPAHUYEHHBIMH BO3MOXKHOCTSIMH 3I0POBBSI
MPEIOCTABISIIOTCS B (JOpMax, alaliTUPOBAHHBIX K OTPAHUYCHHUSM UX 3JI0POBbS U BOCTIPUATHS HHPOPMAIIUK:

J7st un ¢ HapyLIIeHUsIMU 3peHUST:

- B IIEYATHOH (hOpME YBEIMICHHBIM IIPUPTOM,

- B popMe INEKTPOHHOTO TOKYMEHTa,

- B popme ayauodaiina,

- B ieyaTHO# hopme mpudTom Bpaiins.

JUoist U1 ¢ HapYIICHUSIMA CIyXa:

- B IeyaTHO# (opme,

- B (popMe DIIEKTPOHHOTO TOKYMEHTA.

J7st r1 ¢ HapyIIeHUsIMU OTIOPHO-/IBUTaTENILHOTO arapara:

- B IeYaTHOM (opme,

- B (popMe IIEKTPOHHOTO TOKYMEHTa,

- B hopme ayauodaiina.

JlaHHBIH TIepedeHb MOXKET OBITh KOHKPETH3UPOBAH B 3aBUCHMOCTH OT KOHTUHI'€HTA O0YJarOIIHXCSI.

JI7ist ’HBAJIMIOB U JIUII C OTPAHUYCHHBIMH BO3MOYKHOCTSIMH 3/I0POBbSI OCBOCHHE JUCIUIUIAHBI MOXKET OBITh YaCTHIHO HITH MTOJHOCTHIO
OCYIIECTBIICHO C UCIIOIH30BaHNEM AUCTAHIIMOHHBIX 00Pa30BaTENbHBIX TEXHOIOTHH.

Ipu npoBeieHUH POLIETYPhI OICHUBAHUS PE3YJILTATOB O0YUSHHUS HHBAIU/IOB H JIHII C OTPaHUYICHHBIMH BO3MOXKHOCTSIMH 3I0POBbSI T10
IHCIHMIUIMHE O00ECIIeYMBAETCs BBIMOJHEHHE CIEIYIOIIUX JOMOJHUTENbHBIX TPeOOBAaHWI B 3aBHCUMOCTH OT HWHIVBHAYAJIBHBIX
0COOEHHOCTEH, 00yUaroIuXCs:

a) gocTymHas popMa MpeIoCTaBICHIS HHCTPYKIUH N0 TIOPSIIKY MPOBEIEHHS POIe yPhl OLleHHBaHus (YCTHO, B MUCBMEHHOI (hopMme,
B IIUChbMEHHOM (opMe tipudToM Bpaiiiisi, yCTHO ¢ HCIONB30BaHHEM YCIYT CYPAOIEPEBOIUNKA);

0) moctymHas ¢GopMa MPEAOCTABICHUS 3a/JaHHi OIIEHOYHBIX CpeACTB (B Me4aTHOH Qopme, B Me4aTHOW (GopMe yBEITMYCHHBIM
nipudTom, B meuatHoit popme mpudrom Bpaiiss, B popMe SISKTPOHHOTO TOKYMEHTA, 33/IaHHs 324N THIBAIOTCST ACCUCTEHTOM, 33 IaHHsI
MIPETOCTABIIIIOTCS C HCTIOJIb30BaHUEM CYPIONIEPEBOIA);

B) JOCTYNHas (opMa MpeJoCTaBICHUs OTBETOB Ha 3aJaHus (MMCHbMEHHO Ha Oymare, HAOOp OTBETOB Ha KOMIIBIOTEPE, MUCBMEHHO
mpudTom Bpaiiis, ¢ Bcnonp30BaHNEM YCIYT aCCUCTEHTA, YCTHO).

ITpu npoBeneHMU MpoLEAYPHl OLICHUBAHUS PE3yIbTaTOB 00YUYEHHsI HHBAIMUIOB U JIUI] C OTPAaHUYEHHBIMU BO3MOXHOCTSIMU 3/{0POBBSI
IpeIycMaTprUBaETCs UCIIOIb30BAaHNE TEXHUIECKHUX CPENICTB, HEOOXOANMBIX HM B CBSI3H C UX HHIUBHIYAJIBHBIMU OCOOCHHOCTAMU. DTH
CpeAcTBa MOTYT OBITh IpefocTaBieHbl Yenl'yY nim MOTYT HCTIONB30BaThCs COOCTBEHHBIE TEXHHUIECKUE cpeacTBa. [Ipn HeoOXomuMocTH
HWHBaJIUAaM U JinaM € OTpaHUYC€HHBIMH BO3MOKHOCTAMU 3J0POBbA IIPEAOCTABJIACTCS AOMOJIHUTEIBHOC BPEMS 1A IIOATOTOBKH OTBETA
Ha 33J1aHus, TPOLIeAypa OLICHUBAHHMS PE3YIbTaTOB O0YUSHHMS 10 JUCIUTUTMHE MOKET IIPOBOJUTHCS B HECKOJIBKO ITAIOB.

HpOBC,Z[CHI/IC npoueaypbsl OLUCHUBAHUA PE3YIILTATOB 06y‘{eHI/Iﬂ UHBAJIMAOB U JIUL C OTPAaHUYCHHBIMH BO3MOXHOCTSAMH 310POBbA
JOITYCKAEeTCs C UCTIOIb30BAaHNEM JAUCTAaHIIMOHHBIX 00pa30BaTeIbHBIX TEXHOJIOTHI.

© ®I'BOY BO «Henl'V»




IIpunoxenue 1

IIpuMepbl BADHAHTOB 3aIaHUN K NMPAKTHYECKUM 3aHATHAM

basa BoIpocoB iis OLIeHKH 0a30BOT0 YPOBHS

r][\i dopmynrpoBKa BOIIpoca Bapuants! oTBeTOB
Beenenue. AtTombl u sigpa
1 D¢ddexTuBHOE ceueHre B3auMOAEUCTBUA | 1. TUIOMIAgh CEYeHHs aromMa - LEeHTpa
- 3TO B3aWMOJICUCTBUS
2. IJI0ILA/Ib CEUYCHUS LEHTpa
B3aUMOJICVCTBHUS
3. J0JIS YacTHll, HCIIBITaBUIINX
B3aUMOJICHCTBUE, OTHECEHHAas K  YHCIY
LEHTPOB  B3aUMOJICUCTBUS HA  E€IUHULE
TJIOIA I MUIIICHU
4. moast 4acTMl, mnpomexmmx 0e3
B3aMMO/IeliCTBHS, OTHECEHHAsi K YHCJIYy
LHEHTPOB B3aMMOJAECHCTBHA HA eJUHHIE
IJIOIAH MHUILIEHU
5. moma e ce4eHus Aapa - HeHTpa
B3aUMOJICVCTBHUS
2 Kakoe B3aUMO/JICHCTBUE sBisieTcs | 1. simepHoe (CHIIbHOE)
OTIPEIEISIONINM TUTSt MMOHUMAHUA | 2. 3JIEKTPOMATHUTHOE
CTpOCHUs aToMa? 3. cnaboe
4. rpaBUTALIMOHHOE
5. BCE MEPEUYUCIICHHbIE OIMHAKOBO BaXHBI
3 [IpunensHoe paccrosiHue (NMpULENbHBIN | 1. paccrossHue  MeXay  TpaeKTOpHel
napamerp) - 3T0 JBIWKEHHUSI YacTHIbl M  PACCEHBAIOLLUM
LEHTPOM
2. paccrosiHue MEXIY
B3aUMOJICUCTBYIOIIMMU YaCTUIIAMH
3. IOHATHE HE UMEET CTPOrOro ONPEAEIICHUS
4. paccrosiHue MeKIY JIMHM el
NMEePBOHAYAJIBHOIO IBUKEHUS YACTUIBI W
pacceuBaOIMM IIEHTPOM
4 OTnnunTenbHON OCOOCHHOCTBIO | 1. COXpaHEeHHWE TIOJIHOM DJHEpruu Mpu
YIOPYTOTO pacCEesTHUSI YACTHIIBI SBJISICTCSI | B3aUMOJICHCTBUM
2. COXpaHEHue HMITyJIbCa npu
B3aUMOJICUCTBUU
3. HEM3MEHHOCTh COCTOSITHMH
CTAJKHUBAIOIIMXCH YACTHIL
4. paBEHCTBO YIJIOB PACCESIHUSI HaJIETAIOIIEH
YACTHUIIbI M YTJIa BBIJIETA YaCTUIIBI-MUIIICHU
5. HEU3MEHHOCTh HaIPABJICHUM IBUKEHUS
CTAJIKUBAIOIIUXCS YaCTHUII
6 | Paamep snekTpoHa cleayeT y4YWTHIBATH | 1. MPOUCXOSIINX B aTOMaxX

IIPY paCCMOTPEHHUH ITPOLIECCOB

. IPOUCXOJSIINX B sIPAaX aTOMOB
. HHKOI'JIa HEe YYUTHIBATH

. IPOUCXOSIINX B TBEPJIOM Telle
5. BCerja y4YuThIBaTh

AW N =

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

1

‘ YpaBHeHHE OHHIITEHA

juist | 1. 3aKOHa COXPAHEHHs HMITYJIbCA




dbotodddexkra  mpencraBiaseT  coOOi
MNPUMCHCHUC K JTaHHOMY SABJICHUIO...

2. 3aK0HAa COXpPaHEeHHs JHePIruun

3. 3aKOHa COXpaHEHUs 3apsaa

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

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

I.  or 4acTtoTel  3JIEKTPOMAarHUTHOTO
U3ITy4eHUs

2. OT HHTEHCUBHOCTH 3JIEKTPOMATHUTHOI'O
H3JIy4YeHHUs

3. OT BEJIMYUHBI Saﬂep}KI/IBaIOH_[eﬁ Pa3sHOCTH
INOTCHIIMAJIOB
4. ot OHCPI'vH MaaarolinuX KBAaHTOB

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

XapaKTepHU3yIolas JaHHbIH (OTOAIEMEHT
7. IpaBUJIbHBINA OTBET HE IPUBEJICH

Pabota BbIXO/a 3JIEKTPOHOB M3 HUKEIIS
cocraniseT 4.84 »B.

MO>KHO 14 HA0II01aTh
OJTHOAJIEKTPOHHBIN PoTod(hDeKT Ha
dboTokarose U3 HUKeNs, 00JIydas ero
MOIIHBIM HCTOYHUKOM BHIMMOTIO CBETa?

1. na, B m000M citydae

2. HeT, B JIIOOOM cJjiyuyae

3. na, npyu JOCTaTOYHON MHTEHCUBHOCTH
CBETOBOTO MOTOKA

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

5. IpaBWILHBINA OTBET HE NIPUBEJICH

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

1. 3JIeKTPOHBI B ra30pa3psAHOii TPyOKe

2. 3JIEKTPOH B aTOME BOJOpOAA

3. 3J1eKTPOHHBIN yckopuTeab Ha 1 1B

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

5. 3JIEKTPOH ABHIKETCS K AHOAY B
paauoJamie

Ha mnyru y3koro mnydka 53JI€KTPOHOB
YCTaHOBJIEHBI HIOCJIE/I0BATEIILHO
nadparMma B BUAEe  IIE€AM U
¢orornactunka. [locie nposBieHns Ha
¢doTomnacTUHKe OOHAPYKUTCS

1. yeTkoe n300pakeHue enu

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

3. audpakroHHas KapTUHA B BUJE MOJI0C

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

5. nu¢pakioHHas KapTUHA B BUJIE psala
OKPYXHOCTEH

dusnueckue IMPUHIUIIBI KBaHTOBOM MEXaHUKHU

Yactuna ABHKETCS B IPSIMOYTOJBHOU
MIOTCHIMAIbHOM sIME B  OCHOBHOM
COCTOSIHUM. I'ne BEPOSATHOCTH
HaXO0XJACHUS YaCTULIBI MaKCUMaJIbHA?

1.y neBoro kpas

2.y mpaBoro Kpas

3.1m0 Kpasm

4.B HeHTpe

5.0JIMHAKOBA MO BCEH NIUPUHE SIMBI

Kunernueckas SHEprus YaCTHUIIBI
OTJIMYHA OT HYJISI B OCHOBHOM COCTOSIHHH
- 3TO CIIPaBEAJIUBBIN pE3yJIbTaT

1. 1714 Bcex 3a7a4 KJIaCCHYECKOM MEXaHUKH
2. 1Jisl Bcex 3a7a4 KBAaHTOBOM MeXaHHUKH

3. TOJNBKO TMpU JBIKEHMH YaCTHUIBI B
MOTEHIINATLHON sIME

4. TONBKO TpPU JABUKEHUU YACTUIBI B
norennuaine Buna U(x)=(kx?)/2

5. 1718 BceX 3ajJiay KJacCHYecKoM U
KBAHTOBOM MEXaHUKH




3 KBagpar moxyns BoiHOBOW ¢yHKIuu | 1. na
UMEET CMBICII IUIOTHOCTH BEPOATHOCTH | 2. HET
HAax0>KJICHUs YaCTUIIbl B JAHHOM MecTe. | 3. He Bcerja
4 Uem omnpenensiercs BujA  BOJHOBOHU | 1. BUmom oneparopa Jlamiaca
(GYHKIIMM YacTHIBl B CTAllMOHAPHOM | 2. KWHETHUYECKOM 3Hepruen yactuubl E
ypaBHenuu Llpenunrepa? 3. Maccol yacTuilbl m
4. BuIoM QyHKIUM MOTEHUHAJILHOM
Hepruu yactuubl U
5 BonnoBas  ¢ynkmus, omnwuceiBaromas | 1. KOHEYHOU
peanbHyI0 (U3UYECKYIO CUCTEMY, BCEeTAa | 2. OTHO3HAYHOU
SIBJISICTCS 3. HENpPEPHIBHOM
4. HOpMHPOBaHHOM
5. Bce 0TBETHI BEPHbI
CtpoeHune aToMa U aTOMHBIE CEKTPbI
1 DNeKTpoH Imepeniesl M3 COCTOSHUA C | . SHeprus atoma Majno U3MEHUTCS
MaJIbIM CPEJHUM PACCTOSIHUEM OT S,1pa B | 2. JHEPIrUsi AaTOMA YBEJIMYUTCS
COCTOSIHME C OONBIIMM yAaleHHUEM OT | 3. aToM MpPEeBpPaTUTCS B UOH
anpa. Ilpu aTom ... 4. sHeprus aToMa yMEHbILIUTCS
5. aToM UCIyCTUT KBAHT SHEPTUU
6. IpaBWIbHBIM OTBET HE IPUBENIEH
2 | JIuHeluaTklil CHEKTp AALOT... 1. BeICOKOTEMITEpATypHAas IJ1a3mMa
2. )KUJIKOCTH
3. ra3pl B aTOMapHOM COCTOSIHUM
4. ra3pl B MOJIEKYJISIPHOM COCTOSTHUU
5. IpaBWILHBINA OTBET HE MIPUBEJICH
3 C Kakoro sHEpreTMYecKoro ypoBHs Ha | 1. co BTOpOro Ha nepBbli
KaKkol MEepexXoJUT »3JIEKTPOH B aTOME | 2. C TPEThEro Ha MepBbIi
BOZOpPOJA IpPU MHCIYCKAHUU BOJHBI C | 3. ¢ TPeThero Ha BTOPOM
HavMEHbIIIEM YacTOTOM B BUJIUMOM | 4. C UETBEPTOrO Ha MEPBBIM
obmacTu criekTpa’? 5. ¢ UeTBEpPTOro Ha BTOPOH
4 | B onruueckoM Juama3oHE CIUIOIIHBIE | 1. mapbel METaIOB
HENpPEpBIBHBIE CIIEKTPbl MUMEIOT : 2. HarpeThle KUIKOCTHU U ra3bl
3. ra3sl
4. mapbl )KUIKOCTEH
5. MOJIOTPETHIE KUAKOCTH
6. NpaBUJIbHBIN OTBET HEe NPUBEACH
5 [IpyHaIEKHOCTh CHNEKTPAIIBHON JMHHUM | 1. CKOPOCTBIO JBHIKEHUS JJIEKTPOHA BOKPYT
OIHOM M3  cepuil  aroma BOJOpOAA | slpa
(Jlatimana, banbmepa, Ilamena u np.) | 2. HAYaJIBHBIM COCTOSIHUEM 3JIEKTPOHA
ONPEIEIAETCHL. .. 3. BHeprueiu 31eKTpoHa
4. IMITyJIbCOM DJIEKTPOHA
5.  KBAaHTOBBIM  YHCJIOM  KOHEYHOI0
COCTOSIHUS
6. MPaBUJIBHBIN OTBET HE IPUBEJICH
6 | [IpuBenenHass macca cucTeMmbl M3 JABYX | 1. OOJbIlIe MAacChl JIETKOM YacTHUIIBI
YacTHll ... 2. MeHbIlIe MACCHI JIETKOH YaCTUIIbI
3. GosibliIe Macchl TSKETOH YacTUIIBI
4. paBHa CyMM€ Macc JIETKOU M TSHKEJOM
YacTHUL, AEJEHHOW Ha J1Ba
CTpoeHue u CBOWCTBA MOJIEKYII
1 \ ITpu cOam>keHMH aTOMOB BOJOpOJA U \ PaCIICIVIAIOTCS




o0pa3zoBaHUH MOJICKYJIbI H»
ANEKTPOHHBIC SHEPTETHYECKHUE YPOBHU ...

BceraBpTe nponyieHHoe Ci0Bo.

OHeprusi Mosiekynsl Hoz cymMme(bl) | MEHbIIIE
SHEPruil JBYX M30JMPOBAHHBIX ATOMOB
BOAOpPOJA.
BceraBpTe nponyieHHoe C0Bo.
Ecim Mosekyna mnpu  aucconuanuy | KOBaJIeHTHOM
pacnazaercsi Ha aTOMbl, TO CBS3b
CIIEIyeT CUYUTATh (MoHHOI
WJTU KOBAJICHTHOI).
Kakue u3 npuBeneHHbIx Hike Moiekyln | 1. O2
UMEIOT  KOBAJIEHTHYIO  xumuueckyro | 2. CO
CBA3B? 3. HCl
4. NO2
5. NaCl
OgHo M3 MEpeurcleHHbIX  HIDKE | 1. ABM:KeHHe 3J1eKTPOHOB BOJIHOOOpa3Hoe

3aKJIIOYEHUN OTHOCUTEIBHO MPOSIBICHUS
B MOJIEKYJax  BOJIHOBBIX  CBOWCTB
3JIEKTPOHOB HEMPABUIIbHO. YKaXUTE €rO.

2.  DHEpPreTU4YeCKUit
JIACKPETHBIN

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

4. cyuecTByeT KOBaJEHTHas XHMHUYECKas
CBSI3b

5. 5JIEKTPOHBI HE MAJAI0T HA /1pa, U
MOJIEKYJIA YCTOMYMBA B LIEJIOM

CIICKTp  9JICKTPOHOB

KBaHTOBBIC CBOMICTBA TBCPABIX TCJI

B ciyyae TEPMOANHAMUYECKOTO
paBHOBECHsl B cpejle IpU KOMHATHOM
TeMIeparype

pacnpezeneHue MOJIEKYJT 1o
KoJjeOaTeNnbHbIM  YPOBHSIM  DHEPrUU

HMECT CIICAYIOINE 3aKOHOMEPHOCTU:

1. GONBIIMHCTBO MOJICKYJI XapaKTepU3yeTCs
MaKCHMaJIbHO BO3MOKHOM SHepruei

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

3. MOJIEKYJIbI pacrnpeeJieHbl
KO0J1e0aTeIbHbIM  YPOBHAIM JHEPrUH
co0TBeTCTBHH ¢ (popmy.ioi boabumana;
4. KOTMYECTBO MOJIEKYJ] MOHOTOHHO yOBIBaeT
110 Mepe BO3pacTaHHs HoMepa
K0J1e0aTeIbHOTO YPOBHS SHEPTUH

mo
B

OtHocuTenbHO ypoBHS DepMH MOMKHO
CKa3aTh, 4TO 3TO:

1. sHeprust B3aMMOJCHCTBUSA JJIEKTPOHOB C
pELIeTKON KpucTasua

2. cymmapHas KUHETHYecKas  dSHeprus
CBOOOJIHBIX D3JIEKTPOHOB KpHcTaima npu T
Oosnbie unu pasHo 0

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

4.  JHeprusi  JJIEKTPOHHOIO  YPOBHH
KpUCTA/JIa B MOJeIH  CBOOOJHBIX
3J1eKTPOHOB, BEpPOSTHOCTb 3aINOJHEHUs!

Kotoporo 1/2

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

3anpEIEHHON 30HbI




Oneprusi kpuctamia NaCl... cymme(br)
SHEPIUi U30JIMPOBAHHBIX ATOMOB HAaTpUs
U XJIOpa, COCTABJISIFOIIMX KPUCTAJLIL.
BcraspTe npomnyinieHHoe Cci1oBo.

MCHBIIC

ba3a BoIIpocoB 1JIsl OLIEHKH CPEAHETO YPOBHS

iﬁ[ ®opMmyaupoBKa BoIpoca BapuanTtsl 0TBETOB
Beenenue. ATomsl u sigpa
1 PaBHOBecHOE 1OJIO’KEHHE 3JIEKTPOHA B | 1. B eHTpe 3apsiKeHHOI0 1apa
aTOM€ BOAOpPOJA COINIACHO  MOJENH | 2. Ha IOBEPXHOCTH 3apsHKEHHOIO 11apa
Tomricona HaxoauTCs 3. B m000i TOYKE BHYTPH 3apsHKEHHOTO
niapa
4. B arome TomrcoHa paBHOBECHOE
II0JIO)KEHHUE OTCYTCTBYET
5. OJIO’KEHUE HIIEKTPOHA 3aBUCUT OT
3apsaga
2 Kakoii u3 nepeuncieHHbIX HUXKE METOA0B | 1. meron MuiukeHa, OCHOBAaHHBIN Ha
MIO3BOJISIET M3MEPUTH 3apsi]l MIEKTPOHA C | U3MEPEHUU I1apaMeTpoB JBUKCHUS
HanOOoIbIIeH TOYHOCTHIO? 3apsSOKEHHBIX Kaleslb B 3JIEKTPUYECKOM
oJie
2. METOJ] MarHeTpoOHa
3. U3MepeHue TOJILNHBI CIE1a JIEKTPOHA B
kamepe Buibcona
4. WM3MepeHMH IIapaMeTPOB [BHMKCHUSI
YCKOPEHHOI0 3JIeKTPOHA B MATHMTHOM
noJie (Macc-CneKTpoMeTp)
5. HA OIVH U3 NIEPEUNCICHHBIX
3 s MIOJIy4EHUS KOJIMYECTBEHHOTO | 1. MOXHO HE yUUTBIBATH
coryiacus JKCIIEPUMEHTAIIbHBIX U | 2. HaJl0 yYUTHIBATh BCET/a
pacueTHBIX JaHHBIX II0  PACCESHMIO | 3. HA0 YYUTHIBATH TOJBLKO IS
anbda-yacTull B TOHKHUX  (osbrax | 60JbIIHX YIJIOB paccesiHUsI
KOHEYHBIN pa3Mep sAapa 4. Haj0 yYUTBIBATh TOJIBKO I MaJbIX
YIJIOB paccestHus
4 ITorox  anbda-yactur,  pacceuBaercs | 1.IlokazaHus He U3MEHSATCA
TOHKOW MHIIEHBbIO M3 cBHUHIA. JleTekTop | 2.YMeHbIarcs B 2 pas3a
ycTaHoBJIeH 1o yriioMm 30° otTHocuTenbHO | 3.YMeHbIuaTcs B 4 pasza
IIEpBOHAYAIBHOTO HamnpasiieHus | 4.YmMenbatcs B 16 pa3
JOBWOKEHMSI 4YacTUL M perucrpupyert | S.YBeauuarcs B 4 pasa
kumn/c. Kak wu3MensaTcs mnokaszaHus | 6.IIpaBuiibHBIN OTBET HE PUBEACH
JETEKTOpa, eciu asib(ha-vyacTHIIbI
3aMEHUTDH Ha MPOTOHBI TOM K€ CKOPOCTH?
5 IIpn kxakoil 3HepruM IEKTPOH OKaxeTcs | 938
TsDKeJee MOKOAIIErocst MpoToHa?
Otset npuBeaute B MaB.
DKcrepuMeHTaIbHbIE OCHOBBI KBAHTOBBIX MPECTaBICHUN
1 Omnpenenure SHEPTUI0 ¢dotoHoB, | 1.63

COOTBETCTBYIOIINX HauOoJee IITUHHBIM
BOJIHAM BUJMMOM 4acTu criekTpa 760 HM.
OtBer B 5B maiiTe ¢ TOYHOCTHIO IO TpEX
3HAYAIIMX IUQD.




Kakomy yrimy paccesHus (B Tpamycax)

COOTBETCTBYET MaKCUMaJILHOE
KOMIITOHOBCKOE CMellEeHrE JUTAHEBL
BOJIHBI?

180

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

1. uMmyJabc 3JjeKTpoHAa OoJiblle, T.K.
Macca MoKos 3JIeKTPOHA He PaBHA HYJII0
2. uMmiynbCc (poroHa Oonble, T.K. y HETO
OoubIIe CKOPOCTh

3. MIMITYJIbCBI YaCTHI] PABHBI

4. OTBET 3aBHCHUT OT BEIMYMHBI DHEPTHH

dotona wu KUHETUYECKOW  SHEpruu
AJIEKTPOHA

[Toreniman, 10 KOTOPOrO MOXKET 1.56B

3apAIUTHCS] METAITMYECKas IJIACTUHA, 2.36B

paboTa BBIX0/1a AJICKTPOHOB U3 KOTOPOI 3.2.8B

1.6 3B, pu AnUTETEHOM 4.48B

OCBEIICHUHU IIOTOKOM (dhoToHOB c|5.248B

sHeprueit 4 3B, paseH...

Ha rpaduxe npezacraBieHbl 3aBUCUMOCTH
3axepxkuBaromero Hanpspkenuss U ot
4acTOThl ~ Iajarouiero  ceera.  Yem
OTJIMYAKOTCA  YCJIOBHA, IIPpU  KOTOPBIX
IIOJIyYE€HBI 3TH NpsAMBbIE?

padoToii BbIX01a

DOHeprusi CBeTa, MAJalollero Ha KaTo[l,
yYMEHbIIWIAach, MPU HEU3MEHHOH IJIMHE

1. unca BBIOUTHIX JJIEKTPOHOB
2. Macchel (hOTOIIEKTPOHOB

BOJIHBI. [Ipu 3TOM IPOU30LLIO | 3. CKOPOCTH (POTOIIEKTPOHOB
YMEHBIIICHUE. .. 4. paboThI BBIXO/Ia DJICKTPOHOB U3 KaToO/1a
5. HAYEro He YMEHBIIUTCS
du3znyecKre MPUHIMITBI KBAHTOBOW MEXaHUKH
KsanToBass uwactmma  Haxomurca B |1l.x=0
OECKOHEYHO TIyOOKOH MOTeHIMANbHOM | 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 dJacTUIla HaXOAUThCA He | 5. x = 2a/3

MOKET?
[IpaBuibHbIii(e) Ha Bam B3risg Homep(a)
oTBeTa(0B) BBEUTE Yepe3 npodet.

KBanToBass  wactTuma  HaxoguTcsi B
OECKOHEYHO TIyOOKOH MOTEHIMATBHOM
sAMe IMPUHOM a. B kakmx TOYKax
uHTepBana (0,a) MIOTHOCTH BEPOSITHOCTU
HaxO0KJICHHUs YaCTHUIBl B COCTOSIHUSX C
TJIABHBIM KBaHTOBBIM UMciOo n =11 n =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 1 2a/3, cooTBEeTCTBEHHO A% n = 1
un=2

3.a/2

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

[Ipo3paunocts NIPSAMOYT'OJIBHOTO
IIOTEHIIUAJILHOTO Oapbepa TUISL
3JIEKTPOHOB € 3Hepruent 5 3B pasna 0.1.
Yemy oHa OyJeT paBHA NMpH yBEITUUECHUH
LIMpUHBI 0apbepa B 2 pasza?

1. yBennuuTcs B 2 pasa
2. yMeHbIINTCSA B 2 pa3a
3.0.01

4.0.025

5.04

6.0.014




7. IpaBUJILHBIA OTBET HE MPUBEJICH

B ombite Pam3ayspa HaOmomanuchk
aHOMAJIMHM B  3aBUCHUMOCTH  CEYCHUS
paccestHus JJIEKTPOHOB HA  aToMax

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

l. CTONKHOBEHHUS SJIEKTPOHOB C aTOMaMH
ynpyrue
2. aTOMbI MOXHO BO30YIHTb, COOOIIast UM
TOJIBKO OMpeiesieHHbIE

MOPLIMK SHEPTUHU
3. CTOJKHOBEHHUS JJIEKTPOHOB C aTOMaMu
HEyIpyrue
4. aroMbl HMMEIOT HE pPaBHBIA HYJIIO
MAarHUTHBII MOMEHT

5. aTromMbl MOXHO BO30YAHTbH, cOOOLIasi UM
Tr00bIe

MOPLUU SHEPTUU
6. MpH MAJBIX CKOPOCTAX 3JIEKTPOHOB
3aMeTHO NMPOSIBJIAIOTCH  MX BOJIHOBbIE
CBOJiCTBA

7. moBe/ieHnEe aTOMOB IPOTHUBOPEUHT
nocrtysaraM bopa

Kakoe u3 mNpuUBEACHHBIX SBICHUU HE
TpeOyeT s OOBSICHEHUS MPEACTABICHUS
0 TyHHETbHOM 3¢ dexTe?

1. xomomHas »dMHCCHS DBJICKTPOHOB U3
MeTaia

2. 3 dexr Ixo3edcona

3. aHOMAJIMM B 3aBHCHMOCTH CeYeHHUA
paccesiHUsl JJIEKTPOHOB Ha aToMax
0s1aropoaHbIx ra3oB (onbiT Pam3ayspa)
4. MBUKEHHE SIEKTPOHOB B TBEPABIX TeIaxX
5. anwp(a-pacnag paguoaKTUBHBIX SACP

CTpOGHI/Ie aToMa M aT

OMHBIC CIICKTPBI

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

1.c/R

2. 4¢/3R
3.9¢/8R
4. 16¢/15R

5. MpaBUJIBLHBIA OTBET HE MPUBEJICH

[TomHast PHeprusi PJIEKTpOHA HA N - OM
YPOBHE ompenensercss cooTHouienuem Ey
- 13.6/n*> 5B. Kakylo HaHMeHBLIYIO
SHEPruIo HYXHO COOOINTH
HEBO3OYKJICHHOMY  aTOMy  BOJOpPOA,
YTOOBbI CHEKTP M3IY4YEHHUs Ta3a U3 TaKUX
aTOMOB  coJepXall  TOJBKO  OJHY
CIEKTPAJIbHYIO JTUHUIO?

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

10.2

AToM BOIOpOZAA MEpeniesl U3 OCHOBHOTO
COCTOSIHMSI B COCTOSIHUE C TJIABHBIM
KBaHTOBBIM  YHCJIOM 1N, TMpPH 3TOM
a0CoIOTHAs BETMYUHA

MTOTEHIINATIBHOMN JSHEpruu
B3aUMOJCUCTBUS DJIEKTPOHA C  SAPOM
ymenpmminace B 4 pasa.  llpum
MIOCIIEAYIOLIEM IIEPEXOJE U3 COCTOSHUS C
TJIaBHBIM ~ KBAHTOBBIM  YHCJIOM 1N

2

B

L=
— 0 4 DN




COCTOSIHHEC C T'JIaBHBIM KBaHTOBbIM
YHUCIOM m a0coroTHAS BCIN4YHHA
HOTCHHHaHBHOﬁ SHEpIrun

B3aUMOJICHCTBUSL  3JIEKTPOHA C  SAPOM

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

HaXOQWICSA B TIEPBOM BO30YXKICHHOM
COCTOSSHUM C KBAHTOBBIM YHCIIOM N = 2.
[TornotuB (oTOH ¢ SHEpruei, paBHOI
0.24 >Hepruv MOHU3ALUM, ATOM BOAOPOA
mepemiesl B COCTOSHUE C KBAaHTOBBIM
guciioM m =... Onpenenure KBaHTOBOE
YHCJI0O KOHEUYHOT'O COCTOSHHSL.

Uepes pa3pexkeHHBIM Ta3 MPONYCKAKOT
W3JIy4YeHHE C HEMPEPBIBHBIM CIIEKTPOM.
Kakoif BUI WMeeT CHEKTp MOTJIOLIEHHUS
pa3pexeHHoro rasza’?

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

3. oTaeJbHBIC TeMHbIC JMHHHM Ha (OoHE
HeNpepbIBHOIO CIIEKTPa

4. nBera JUHUN HEPA3IMUYUMO IEPEXOMAST
OJUH B JIpyrou

5. Ha (OoHEe HeNnpephIBHOIO CIEKTpa BUIHO
MHO>KECTBO TEMHBIX I10JIOC

6. IpPaBWJIBHBIN OTBET HE IPUBEICH

ATtoMm BOJIOpPOJA HAXOJIUTCS B
BO30Y>KJICHHOM COCTOSIHUU CO 3HAYEHUEM
[JIABHOTO KBAaHTOBOTO dHcia n = 4.

CKOJBKO CIIEKTPaIbHbIX JIMHUN
OyZeT colepKarh CHEKTP MU3IydeHUs raza
U3 TaKUX aTOMOB?

6

CTtpoeHue U CBOWCTBA MOJIEKYI

Cucrema BpalllaTeIbHBIX ypOBHEH
SHEPIMHM MOJIEKYJI MMEET CIEAYIOIIHe
XapaKTepUCTHUECKUE OCOOCHHOCTH

1. mo Mepe YyBeJHMYEHHS DIHEPrUH
HHTEPBAJ MEKAY COCETHMMH YPOBHSIMH
yBeJIHYMBaeTCs

2. IHeprus YPOBHS OCHOBHOT'O
cocTosinusi paBHa () i1l BceX MOJIEKYJT

3. DJHepruu ypoOBHEW Oojee JErKux
JNBYXaTOMHBIX ~MOJIEKYJl MEHbIIE, YeM
0oJee TSKEIbIX

4. Mo Mepe yBeTHMYEHHUS YHEPTUU HHTEPBAT
MCXKAY COCCIHUMH YPOBHAMU
YMEHbIIIAETCS

Hns BpAILIATEJIbHBIX
MOTJIOMIEHUST  JIByXaTOMHBIX
XapaKTepHO CJeNyIolIee:

CIIEKTPOB
MOJIEKYJI

1. HHTEepBaJ YaCTOT MEKAY COCeIHUMU
JIMHUSIMH CIIEKTPAa NPUMEPHO OJUHAKOB
2. HHTEpPBAJ YacTOT MeKAYy COCeTHUMH
JIMHUSIMH CHIEKTPA 32aBUCHT TOJIBKO

OT MOMEHTA UHEPIIUH MOJIEKYJIbI

3. MHTEpBAJ AJIUH BOJH MEXKIY COCETHUMU
JUHUSIMH CTIEKTpPa OJIMHAKOB

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

Ecmmu CpPaBHHUTb 4YHCTO BpallaTCJIbHbIC

1. OHH OTJIMYAKOTCH YACTOTAMHU JMHHUH




criekTpsl noriomenus mojekyn HF u HBr
, TO MOKHO OOHApPY>KUTh, YTO:

2. OHU HE OTJINYAOTCSI HHTEHCUBHOCTSIMU
JIMHUAMN

3. B cnexkrpe HF unTepBasa yacror
MesKIy COCeJHUMH JTUHUSIMHU 00JIb11Ie,
4yeM B ciiektpe HBr

4. B cnextpe HF nnrepBan yactot Mmexay
COCEIHMHU JIMHUSIMU MEHBIIE, YEM B
crekrpe HBr

5. HabI0/IeHUE CIIEKTPOB MOTJIOMICHUS
MosieKys1 HBr HeBO3MOXKHO

B o6miem cirydyae kosieGaHusi aTOMOB B
MOJICKYJIaX HE SIBJISTFOTCS ,
OJTHAKO TaKO€ MPUOJIMKECHUE TIPUEMIIEMO
MIPY MAJIBIX aMIUTUTYyJaX KoJeOaHuH.
BcraBbTe mponynieHHOE CI0BO.

rapMOHHYIC€CKUMHU

Benencreue AHTapMOHUYHOCTH
Kosle0aHUH MOJIEKY]1 MpH YBEIUYEHUU
aAMIUIATY/IbI

KoJe0aHUH HHTEpBal DSHEPruil MExIy
COCEJTHUMH SHEPreTUYECKUMH YPOBHSIMU

1. yBeqimunBaeTcs
2. yMeHbIIaeTcs
3. HE U3MeHseTCs

B ciydae TEPMOJUHAMHYECKOT O
paBHOBECHs B cCpele IpU KOMHATHOU
TEMIIEPATYpPE PacCIpeleICHUE MOJIEKYJI 110
K0J1e0aTeIbHbIM YPOBHSIM 3HEPTUU UMEET
CJIEYIOINE 3aKOHOMEPHOCTH:

1. OOJIBIIMHCTBO
XapaKkTepu3yercs
BO3MOKHOM SHEPTUEH

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

3. MOJeKyJbl  pacnpejesieHbl 110
K0J1e0aTeJIbHBIM YPOBHAIM JHEPruM B
cooTBeTCTBHU ¢ opmyJioil bosbumaHa;
4. KOJIMYECTBO MOJIEKY]1 MOHOTOHHO
yOBbIBaeT 0 Mepe BO3pacTaHUsl HOMepa
K0J1e0aTEeIHHOTO YPOBHS SHEPTUU

MOJICKYII
MaKCUMAJIBbHO

KBaHTOBBIE CBOIICTBA TBEPABIX TEI

O Hy7neBBIX KOJIEOAHUSIX MOJIEKYT MOXKHO
CKa3aTh, UTO:

1. konebaTenbHOE IBMKEHHUE OTCYTCTBYET
2. aMIuIMTy/a KojieOaHUW paBHA HYIIIO
3.9710 kosnedanusa npu T =0

4. 3T0 KOJEO0aHHMS ¢ MHHHMAJLHO
BO3MOKHOM aMILTMTYAOM

5.3T0 K0JIe0aHUA ¢ MUHMMAJIbHO
BO3MOKHOM JHepruen

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

1. oHeprus B3auMOAEUCTBUS JJIEKTPOHOB C
PELIETKON KpUCTaIa

2. cyMMmapHas KHHETHYEcKas DSHeprus
CBOOOJIHBIX 3JIEKTPOHOB KpHUCTaia mpu T
paBHO uiH Oospie 0

3. KHHeTHMYecKas DJHeprusi HamOoJiee
BBICOKOIHEPreTHYeCKHX CBOOOIHBIX
3J1eKTPOHOB Kpuctrauia npu T =0

4. JHeprusi JJIEKTPOHHOI'O YPOBHS
KpUCTAJIa B MOJeJM  CBOOOJHBIX
3J1IeKTPOHOB, BEPOSITHOCTH 3aINOJIHEHUs!
KOTOpOro 1/ 2

IIpu cOmmkeHUM aToMOB JIMTUS U

pa3pelieHHbIe 30HbI




o0pa3oBaHUM KpHUCTaIa 3JEKTPOHHBIE
SHEpPreTUYecKre YpoBHH 00pas3yior ... .
BcraBbTe nponyiieHHoe.

4 B xopo111o npoBoasAmux 3J1€KTPUIECKU 1 .BanieHTHAas1 HEpreTuyecKas 30Ha

TOK TBEp/bIX Teax (MeTajax) 3aI10JIHEHA IEKTPOHAMHU [IOJHOCTHIO
2.BajJICHTHAsl JHepreTu4ecKas 30Ha
YACTHUYHO 32110JIHEHA )JIeKTPOHAMHU
3.3aroHeHNEe BaJI€HTHON 30HbI HE UMEET
3HAa4YeHUs

4.BaneHTHas 30Ha OJIM3Ka K EpPBOM
LIEJINKOM 3all0JIHEHHOM 30He
5.IpOBOJIUMOCTH 00YCIIOBIIEHA IBUKECHUEM

MOHOB
5 DIIeKTPOHBI B 30HE  IIPOBOJUMOCTH | l.paBHOMEPHO pacIpeieNsioTCs II0 BCEM

MeTaa BO3MOKHBIM COCTOSIHUSIM
2.3an0JHAIOT noApsT BCE

HHU3KOJIeKAIIMe COCTOSHHMS BIUIOTH [0
3Heprun ®epmu

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

4.MMEIOT OJIHY DSHEPruio, Ha3bIBAEMYIO
sHepruer Gepmu

S.pacrnoJiararotcsi BOJIM3H JTHA 30HbBI

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

. BOJIOpOIHAs

. MOJICKYJISIpHAS
. MeTaJJINYecKas
. IOJIUMEPHast

AN N B~ W

ba3a KOHTPOJIBHBIX 3aJaHUN JJISI OLIEHKU BBICOKOTO YPOBHSI

Ne

n dopmynupoBKa BoIpoca BapuanTsl 0TBETOB

Brenenne. ATomel u sigpa

1 Beruncnoure paamyc aroma Boxopoza | 237 um
coriacHo Moxaenu  TommcoHa, —eciu
U3BECTHA SHEPrusi MOHM3aUuu aroma E;
=13,6 3B.

OTBeT faiiTe B HM.

2 Boruucnure MakcumanbHyo | E=1/(4me)*(Z*e/r)
HaIpPSKEHHOCTh AJIEKTPUYECKOTO TOJIA B
BOJIOPOJIONIOAO0OHOM  HOHE  COTJIACHO
mozenu Tommcona. IlopsakoBbiii HOMEp
7., paqnyc aTOMa MPUHSATH I.

3 Henonswxknbiii  map  pamguyca R | 0=n—2¢, b=(R+r)sin¢
00JyJar0oT  MapajuleTbHBIM  TTOTOKOM
YacTHIl, paauyc KoTopbix r. Cuwnras
CTOJIKHOBEHHE  YacTUIBl C  IIapoM
yIOpyruM, HaWTH yroa 0 OTKIOHEHHS
JacTUIB B  3aBHCHMOCTH  OT €€
IPULEIBHOrO Napamerpa b




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

3,83B

V3KkHil My4oK 0-4acTUI] ¢ KMHETUYECKOM
sHeprueit 1,0 MaB nagaer HopManbHO Ha
MJIaTHHOBYIO (hosery TommuHel 1,0 MKM.
HaGmronenue paccessHHbIX YaCTHI]
Benercs noj yriom 60° K HampaBJIEHUIO
Majarolero  mydyka TMpd  OMOIIU
cueTYHKa c KpPYTJIBIM BXOIHBIM
oteepctHeM miomaan 1,0 cm?, KoTopoe
pacmnoyioxkeHo Ha pacctossHuu 10 cMm ot
pacceuBaroniero ydactka ¢onsru. Kakas
JIOJISI PaCCesHHBIX (-YacTHI[ I1aJlaeT Ha
OTBEPCTUE CUETUUKA?

3,35%10°°

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

[Ipenmonoxum, 4YTO NOKOSAILIUICS aTOM
nornotun (oTtoH ¢ sHepruenr 1,2%107!
JIx. YeMy paBeH umnysbc aroma?

4%1026 kr*m/c

V3Kuil My40K 0-9acTHIl ¢ KHHETHYECKON
sHepruer T = 600 k3B mamaer
HOPMAaJIBHO  Ha  30JI0TYI0O  (OJIBIY,
comepikamyto n = 1,1*10' sanmep/cm?.
HaiiTi OTHOCHTEJIBHOE YHCIO O-YaCTHII,
paccemnBaronmxcs moa yrimamu 9 < 90 =
20°,

0,6

®oton ¢ sHeprueit 15,0 5B BriOuBaeT
DIIEKTPOH W3  TOKOSIIErocs  aTomMa
BOJIOPOJIa, HAXOJSIIETOCSs B OCHOBHOM
cocrosHuu. C Kakol CKOPOCTBIO V
JIBIDKETCS JICKTPOH BAAIM OT sifpa?

6,93%10° m/c

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

8,6 nm

[ToporoBasi 9yBCTBUTEILHOCTh CETYATKH
YeJI0BEYECKOro TJla3a K JKEITOMY CBETY C
mmHOM BoJHEI 600 HM cocTaBiseT
1,7-10-18 Bt. Ckonpko (OTOHOB mMmagaer
€KECEKYHHO Ha CETYATKY?

Du3nYECKNEe MPUHIUIBI KBAHTOBOW MEXaHUKHU

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

0,454 >B




OueHuTh C TIOMOIIBIO COOTHOIICHUS
HEOIIPEIEIECHHOCTEN MHUHUMAJIEHYIO
KWHETUYECKYI0 ~ DHEPrHIO  JJIEKTPOHA,
JIOKaJIM30BAHHOTO B 00JacTH pasmepom |
=0,20 aM™m.

13B

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

19,5%

DJIEKTPOH C KUHETHYECKOHU sHepruen T =
4 5B nokanu3oBaH B 001acTu pazmepom |
= 1 wMxM. ONeHHTh, C IIOMOIILIO
COOTHOIICHUS HEOIpeIeICHHOCTEN
OTHOCUTEIIbHYIO HEOIPEAEIEHHOCTh €ro
CKOPOCTH.

9,76*10°°

ONeKTpoH ¢ sHeprue E nBmxercs B
IIOJIO)KUTEIPHOM HAlpaBiIeHUH ocu X.
IIpu xakom 3Hauenuun U-E, BelpakeHHOM
B DJEKTPOH-BOJNIbTAX,  KOA(p(UIUEHT
npo3paunoctd D=10-3, ecnm mumpuna d
Gapbepa paBua 0,1 Hm?

45>B

CTpOGHI/Ie aTOMad U aTOMHBIC CIICKTPbI

IIpu mnepexome aroma BOXOpPOJA W3
YETBEPTOr0 HHEPreTHUECKOrO COCTOSHHUS
BO BTOpOE€ M3IydaroTcsi (OTOHBI C
sHeprue 2,55 5B (3enmeHas auHUA
BOJIOPOJHOrO  criekTpa).  OmnpenenuThb
JUIMHY BOJIHBI 3TOI JIMHUU CHEKTpa.

486 um

OHeprus CBA3M BAJEHTHOIO JJIEKTPOHA
aToMa JWTUA B cocTostHUsX 2S u 2P
paBHa cOOTBETCTBEHHO 5,39 u 3,54 3B.
Bbruncnauts  puaOeproBckue MONPaBKU
Uit S- 1 P-TepMoB 3T0T0 aroma.

-0,409
-0,037

Atom HaXOJIUTCS B COCTOSIHHH,
MYJIBTUIUIETHOCTh KOTOPOTO paBHA TPEM,
a MOJIHBI MEXaHWYEeCKHMH MOMEHT — h
sqrt(20). Kakum MOXET OBITh
COOTBETCTBYIOIIEE KBAHTOBOE YK CJIO L?

3,4,5

Haiitn HampsokeHHME Ha pPEHTTEHOBCKOU
TpyOKe C HUKENEBbIM aHTUKATO/IOM, CITH
pasHocTh JMH BoJH Ko-muHuun u
KOPOTKOBOJIHOBOM TPaHMUIbI CIUIOLIHOIO
PEHTT€HOBCKOI0 CIEKTPa paBHa 84 mM.

15 kB

IIpu yBenuueHHMHM  HaNpsDKEHHA  HaA
pentreHoBckoil Tpyoke ot Ul = 10 kB no
U2 = 20 xB unTEpBan AauH BOJH MEXIY
Ko-nmaneit nu KOPOTKOBOJIHOBOM
IPaHULEN CIUIOIIHOIO PEHTTEHOBCKOIO

29




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

CTpoeHue 1 CBOWCTBA MOJIEKYJI

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

2 Haiitu uymcno cBOOOTHBIX 3IIEKTPOHOB, | 0,97
OPUXOAAIIUXCS HAa OIMH aTOM HaTpUs
npu T = 0, ecnu ypoBenr ®Pepmu EF =
3,07 5B 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 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 [lpunsie s cepebpa  3HayeHue | 1
TEeMIEPaTyphl Jlebas 0=208 K,
ONpEeNEINUTh: CpeaHee YHCIO <Np>

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

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

CPEIHIOI0 KMHETUYECKYI0 JHepruto <E>
CBOOOJTHBIX 3JIEKTPOHOB npu
a0COJIFOTHOM HYJIE

4 [Tonaras, 4ro Ha Kaxaeli atom wmemu | 32,7%103 K

IPUXOJUTCS OAWH CBOOOJIHBIN AJEKTPOH,
omnpenenuTs:  Temneparypy T, mpu
KOTOPOH CpeAHssi KHHETUYECKask SHEPIHsl

DIIEKTPOHOB KJIACCUYECKOI 0
AIIEKTPOHHOIO  ra3a  paBHsUIach  Obl
cpenHen SHEPrUuu CBOOOTHBIX

2JIEKTpOHOB B Meau npu T=0.

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




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

10. OnbiT ®panka u I'epua.

11. IIpocTpaHCcTBEHHOE KBAHTOBaHUE.

12. OnsiT UlTepHa u I'epnaxa.

13. KopnyckyisipHO-BOJIHOBOM Tyalii3M.

14. Dddexr Komnrona.

15. I'unote3a ne-bpoits.

16. dudpakiuus 3JeKTPOHOB HEUTPOHOB, aTOMOB.

17. CooTHOIlIEHUE HEOTTPEACICHHOCTH.

18. BonHoBast pyHKIuS.

19. YpaBnenue lIpeaunrepa.

20. OTanyrie KBAaHTOBO-MEXaHUYECKOTO U KJIACCUYECKOTO OMUCAHUS IBUXKEHUS.

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

22. VI3ny4yeHue 1 NOrjoUIeHUE SHEPTUH.

23. Hepaznu4uMoOCTh OJJUHAKOBBIX MUKPOUYACTHII.

24. Bo3oHBI ¥ (pepMHOHBI.

25. [lpunuun Iaynu.

26. KBaHTOBO-ME€XaHUUYECKOE OMUCAaHUE BOJAOPOI0MOTO0HBIX CUCTEM.

27. YpOBHU 2HEPIruu, BOIHOBBIC (DYHKIIUH, pACHIPEIEIICHNE INIOTHOCTU BEPOSATHOCTH.
28. CnexTp atoMa BOJOpoa.

29. OObscHEHUE TOHKON U CBEPXTOHKON CTPYKTYPBI aTOMHBIX CIIEKTPOB.

30. DnexTpoHHbIE 000JIOYKY aTOMa U UX 3aIlloJHeHne, (pu3nueckoe 0ObsICHEHNE
MEPUOINYECKOT0 3aKOHA.

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

32. JleiicTBe MarHUTHOTO IIOJISI HA aTOM.

33. Dddekr 3eemana.

34. DneKTpOHHBINM MapaMarHUTHBIN pe30HAHC.

35. Tunsl cBsi3ell aTOMOB B MOJIEKYJIE.

36. Ilopsiaky BENUYUH JEKTPOHHOM, KOIeOaTEIbHON U BpallaTeIbHOM SHEPTUH.

37. MonekymsipHbIE CIIEKTPHI.

38. KomOuHaImoHHOE paccesiHue.

39. Cunel Ban nep Baanbca.

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

41. DHepreTuyecKue 30HHbl.

42. [IpoBOAMMOCTb TBEPBIX TEI.

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



IIpuMepsl 3K3aMeHAUMOHHBIX 3aaHUI

11\/?1 dopmynrpoBKa BOIpoca Bapuantsl oTBeTOB

1 PaBHOBecHOE mMOJIOXKEHHE DJIEKTpOHA B | 1. B IIEHTpe 3apsIzKeHHOTI0 mapa
aToMe€ BOJOpOJa COrJaCHO  MOJIENH | 2. HA MOBEPXHOCTH 3apsSHKEHHOTO 111apa
Tomriicona HaxouTCs 3. B m000N TOUKE BHYTPU 3apsSKEHHOIO

mapa

4. B arome TommncoHa paBHOBECHOE
MOJIOKEHUE OTCYTCTBYET

5. IOJIO’KEHUE AIIEKTPOHA 3aBUCHUT OT
3apsjia

2 Kakoii n3 nepedncieHHbIX HUXKE METOA0B | 1. MeTron MuiiimkeHa, OCHOBaHHBIA Ha
MO3BOJISIET U3MEPUTH 3apsii JIEKTPOHA C | U3MEPEHUU rnapameTpoB JIBU>KEHUS
HauOOJbIICH TOYHOCTHIO? 3apSOKEHHBIX  Kalellb B JJIEKTPUYECKOM

nosie

2. METOJl MarHeTPOHa

3. U3MepeHue TOJIIIUHBI ClIeJ]a MIEKTPOHA B
kamepe Bunbcona

4. W3MepeHMH TNAPaMeTPOB JABMKEHHS
YCKOPEHHOI'0 3JIEKTPOHA B MATHUTHOM
noJie (Macc-cieKTpoMeTp)

5. HU OJIMH U3 MIePEUUCICHHBIX

3 [Ipu kakoil 3Hepruu JIEKTPOH OKaxeTcs | 938
TSKENee MOKOSIIErocs mpoTona?

OtBet npuBeaute B M1B.

4 Onpenenure JSHEPIUI0 ¢dotoHoB, | 1.63
COOTBETCTBYIOIIMX HauOoJiee IITUHHBIM
BOJIHAM BUJIUMOM yacTu criektpa 760 HM.

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

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

6 OHeprus (OTOHA paBHAa KHHETUYECKOW | 1. MMIyJabc 3JeKTpoHa OoJblie, T.K.
SHEPTUH dJIEKTPOHA. Macca MOKOS JJIEKTPOHA He PABHA HYJII0
CpaBHUTE UX UMITYJIbCHI. 2. umnyinsc (oToHa Oosnblie, T.K. Y HEro

OouiblIIe CKOPOCTh

3. UMITYJIbCBI YACTHUI] PABHBI

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

7 KBanroBas 4yactmma Haxomures B 1.x=0
OECKOHEYHO TIyOOKOH MOTeHIHMANbHOH | 2. X = a/2
M€ IIMPUHOW a B COCTOSHUU C TJIaBHBIM | 3. X =a
KBaHTOBBIM YHCJIO n = 3. 4.x=al3
B kakux Toukax yacTHIla HaxXOAWTHCS HE | 5. x = 2a/3

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




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

OmaropoHbIX Ta30B. Ha ocHOBaHMM
TUX M3MEPEHHUI OH MPHINE] K BBIBOLY,
4TO

1. CTONKHOBEHHS 3JEKTPOHOB C aTOMaMH
yHpyrue
2. aTOMbl MOXHO BO30YIHTb, COOOLIAst UM
TOJIBKO ONpE/CTICHHbIC

HOPLMH SHEPTUN

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

MOPIIMH SHEPTUN
6. IpH MaJbIX CKOPOCTAX 3JEKTPOHOB
3aMeTHO NPOSIBJSIIOTCA  HMX BOJHOBbIE
CBOIICTBA
7. IOBEJICHNUE aTOMOB IIPOTUBOPEUUT
nocryiaram bopa

Kakoe w©3 mnpuBEACHHBIX SBJICHUN HE
TpeOyeT ansi 0ObSACHEHUs MPEeACTaBICHUS
0 TyHHeIbHOM 3 dekre?

1. xoyomHas >MHCCUS BJIEKTPOHOB U3
MeTaa

2. a¢pdexT [xo3edpcona

3. aHOMAJIUM B 3aBHCHMOCTH CeYeHHS
paccesiHusl JJIEKTPOHOB Ha aToMax
0s1aropoaHbIX ra3oB (onbiT Pam3ayspa)
4. JABMIKCHUE 3JICKTPOHOB B TBEPAbLIX TCJIaX
5. anbda-pacna]l paJu0oaKTUBHBIX SAEP

10

[TonmHast >Heprusi PIEKTPOHAa HA N - OM
YPOBHE OIIpeessieTcsl cOOTHOmeHneM E,
= - 13.6/n> 5B. Kakylo HauMeHbIIYyIO
JHEPTUI0 HY>KHO COOOIIUTH
HEBO3OYKJICHHOMY  aTroOMy  BOJOpPOAA,
YTOOBI CHEKTP M3IY4YEHHUs Ta3a U3 TaKUX
aTOMOB  COJepXall  TOJBKO  OJHY
CIEKTPAJIbHYIO JTUHUIO?

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

10.2

11

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

MTOTEHIMATBHOU JHEpruu
B3aMMOJEICTBUS DJIEKTPOHA C  SAPOM
ymenbimngack B 4 pasza.  llpu
MOCJIEAYIOLIEM TIEPEXOJIE U3 COCTOSIHUS C
[JIaBHBIM ~ KBAHTOBBIM ~YHCJIOM N B
COCTOSIHUE C  IJIaBHBIM  KBAHTOBBIM
YUCIOM m  a0COJNIOTHAs  BEJIMYUHA
MOTEHLIMAJIbHON SHEPruu
B3alMOJICHCTBUS  DJIEKTPOHA C  SAPOM
OIsATh  yMeHbIIMIach B 4 pa3sa.
Ompexnenure m.

A=
— 00 & DN
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HenoaBuxHbIi aToOM BOJIOpOJA
HaxOJWJICS B TIEPBOM BO30YKIEHHOM

10




COCTOSSHUM C KBAHTOBBIM YHCJIIOM N = 2,
[TornotuB QoTOH ¢ sHeprueil, paBHOI
(0.24 sHeprumn MOHU3AIMU, aTOM BOJAOpOAA
mepemies;l B COCTOSHUE C KBAaHTOBBIM

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

13 Cucrema BpalllaTeJIbHBIX ypoBHEH | 1. mo Mepe YyBeJUYeHHS] DJHEPIrUHU
SHEPrud MOJIEKYJ HMEET CJEAYIOUIME | HHTEPBAJ MEXKAY COCeTHHMH YPOBHSIMU
XapaKTepUCTHUECKUE OCOOCHHOCTH yBeJIUYNBaeTcs

2. JHEePrus YPOBHS OCHOBHOT'O
cocTosinus paBHa () 111 BceX MOJIeKYJ1

3. DHepruum YypoBHEW Ooyiee  JIETKHUX
JIBYXaTOMHBIX ~MOJIEKYJl MEHbIIE, YeM
00J1e€ TSKEIBIX

4. 1o Mepe yBeJIWYEeHHsI SHEPTUU UHTEPBaJ
MEXy COCEIHUMHU YPOBHSIMU
YMEHbIIIACTCS

14 Bciencreue AHFapMOHUYHOCTH | 1. yBeJuuMBaeTcs
KojeOaHUi MOJIEKYNl TpU YBEIUYEHHUH | 2. yMEHBIIACTCS
aAMIUTUTY/IBI KoJie0aHui UHTEpBaI | 3. HE U3MEHSETCA
SHEpruit MEXIY COCETHUMU
SHEPTreTUUYECKIUMU YPOBHSIMHU

15 |B ciydae TepMoauHamMuueckoro | 1. OOJIBIIMHCTBO MOJIEKYIT
paBHOBECHsI B Cpele IpPU KOMHATHOM | XapaKTepHU3yeTCs MaKCUMaJIbHO
TEeMIIepaType pacrpeielieHHe MOJIEKYI 10 | BO3MOKHON dHEepruei
KOJIeOaTeIbHBIM YPOBHSIM 3HEPTUU UMEET | 2. OONBIIMHCTBO MOJIEKYJI UMEIOT YHEPTHUIO
CJIe1YIOLIME 3aKOHOMEPHOCTH: (3/2)kT

3. MOJeKYJbl  pacnpeaejeHbl IO
K0J1e0aTeJIbHbIM YPOBHSIM JHEPruud B
cooTBeTCTBHU ¢ opmyJioil bosbumaHa;
4. KOJIMYECTBO MOJEKY1 MOHOTOHHO
yOBIBa€T 1O MEpe BO3pacTaHUsi HOMEpPa
K0J1e0aTEeIbHOTO YPOBHS SHEPTUU

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

CKa3aTh, 4TO: 2. aMIIMTy/Aa KojeOaHui paBHA HYIIO
3. 3710 Koyebanusi npu T =0
4. 310 KOJEOaHMS ¢ MHHHUMAJIbBHO
BO3MOSKHOM aMILTMTYAOM
5.3T0 KoJ1e0aHUsI ¢ MUHUMAJIbHO
BO3MOKHOM JHepruen
17 | OtHOocuTenbHO YypoBHS @PepMu MOXKHO | 1. 3HEprusi B3auMOACHCTBUS PJIEKTPOHOB C

CKa3aTb, 4YTO OTO:

pELIETKON KpucTamua

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

3. KHHeTHMYecKasi »JHeprusi HauooJiee
BBICOKOIHEPIreTHYeCKNX CBOOOHBIX
3J1eKTPOHOB Kpuctauia npu T =0

4. DJHeprusi JJIEKTPOHHOIO0 YPOBHA
KpucTajyia B  MOJEJH  CBOOOIHBIX
3JIEKTPOHOB, BEPOSITHOCTH 3aIOJHEHUS!
KorToporo 1/2
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DIJIEKTPOHBI
MeTasuia

B

30HC

IIPOBOAUMOCTH

l.paBHOMEpPHO pacHIpenensoTcs MO BCEM
BO3MOXHBIM COCTOSHHUAM

2.3aN0JIHAIOT MOAPAX BCe
HHU3KOJIeKalue COCTOSIHUS BIUIOTH /10
Hepruu ®epmu

3.3amO0JIHSIOT MOJIPSJ] BCE BBICOKOJICKAIINE
COCTOSIHUSI C SHEPTUSMH, MPEBBIIIAIOIUIMU
sHepruro Pepmu

4.MMEI0T OJHY JHEPrul, Ha3bIBAEMYIO
sHepruei Gepmu

5.pacnionaratorcsi BOJIM3H JTHA 30HbBI




0NN KW

IIpunoxenne 2

TunoBbie KOHTPOJIbHBIC BOIIPOCHI 1JIA HpOMe)KyTO‘{HOﬁ aTrreCcralnumn

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

. Cnenuduka 3aKOHOB MUKPOMUPA.

. OCHOBHBIE YaCTHIIbI, UX XapaKTEePUCTHKA.

. SlnepHas Mozenb atoMa.

. OnbIT Pe3epdopaa no paccesHuio anbda yacTull.

. D dexTuBHOE ceueHME.

. DHEprus CBSI3U.

. OBocHOBaHME BO3MOXKHOCTH Pa3AeIbHOIO pAaCCMOTPEHUs (PU3UKHU aToMa ¥ (PU3HUKH SIpa.
. CTaliMoHapHOCTh M JUCKPETHOCTh AaTOMHBIX COCTOSIHU.

. OnpiT ®@panka u ['epua.

. IIpocTpaHCTBEHHOE KBAHTOBAHMUE.

. Onpit llTepna u I'epnaxa.

. KopnyckyssipHO-BOITHOBOM Ayaliu3Mm.

. Db dexr Komnrona.

. 'mnoresa ne-bpoitns.

. Andpaxmust 31eKTpOHOB HEHTPOHOB, ATOMOB.

. CooTHOLIEHNE HEOTIPENETIEHHOCTH.

. BomHOBast ¢pyHKIHS.

. YpaBnenue [lIpenunrepa.

. OTnMuyne KBaHTOBO-MEXaHUUYECKOT0 U KJIIACCUYECKOTO ONMCAHUS IBUYKEHUSI.
. Ilpocreiimue oJHOMEpHBIE 33a7]a4ul KBAHTOBOM MEXaHUKHU: CBOOOHOE JIBUKEHUE YACTUILIbI, YACTHUIIA B

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

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

28

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

41

42.
43.

N3nydyenue v noriomeHue SHEPruu.

HepaznuuumocTh 01MHaKOBBIX MUKPOYACTHLI.

Bo3onsbl 1 (hepMHOHBI.

[Tpunnun [aymnn.

KBaHTOBO-MeXaHUYECKOE OMKUCAaHKE BOJOPOAONOT00HBIX CUCTEM.

YpOBHU SHEPrUH, BOITHOBbIE (PYHKIIMH, paclpeie]ICHUE MJIOTHOCTH BEPOSITHOCTH.
. Ciextp aToMa Boziopoza.

OObscHEHNE TOHKON U CBEPXTOHKON CTPYKTYphl aTOMHBIX CIIEKTPOB.
DneKTpoHHbIE 000JIOYKU aTOMA U MX 3al0JHEHUE, (pu3ndeckoe 00bICHEHHE NePHOIUUYECKOr0 3aKOHa.
PeHTrenoBckoe u3iny4yeHue, Npupoia, CBOMCTBA U METO/IbI UCCIIEIOBAHMUS.
JleficTBrE€ MarHUTHOTO MOJISI HA ATOM.

Dddext 3eemana.

DNEeKTPOHHBIM MapaMarHUTHBIN pe30HAHC.

Tumnbl cBsi3eil aTOMOB B MOJIEKYJIE.

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

KomOuHanmoHHoe paccesHue.

Cuiel Ban nep Baanbca.

Tunel cBsizeil aTOMOB B TBEP/BIX TENaX.

. DHEPreTUYECKHE 30HBI.

IIpoBOAMMOCTE TBEPBIX TEII.

CBepXMnpoBOIMMOCTb U CBEPXTEKYUECTh U MX KBAaHTOBas MIPUPO/IA.



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

J‘;{ ®DopmyIupoBKa BoIpoca BapuanTs!l 0TBETOB

1 PaBHOBecHOE 1OJIOKEHHE 3JIEKTPOHA B | 1. B EeHTpe 3apsiKeHHOI0 1apa
aTOMe BOAOpPOJA COINIACHO  MOJENH | 2. Ha IOBEPXHOCTH 3apsHKEHHOIO 11apa
Tomricona HaxoauTCs 3. B m000i TOYKE BHYTPH 3apsHKEHHOTO

niapa

4. B arome TomicoHa paBHOBECHOE
II0JIO)KEHHUE OTCYTCTBYET

5. IOJIOKEHUE IEKTPOHA 3aBUCUT OT
3apsaa

2 Kakoii u3 nepeuncieHHbIX HUXKe METoA0B | 1. meron MuimkeHa, OCHOBAaHHBIM Ha
IIO3BOJISIET M3MEPUTH 3aps]l MIEKTPOHA C | U3MEPEHUH [1apaMeTpoB JBUKCHMUS
HanOOoJbIIeNH TOYHOCTHIO? 3apsSOKEHHBIX Kalellb B 3JIEKTPUYECKOM

oJie

2. METOJ] MarHeTpoHa

3. U3MepeHue TOJIILUHBI CIE/1a JIEKTPOHA B
kamepe Buibcona

4. M3MepeHMH IIapaMeTPOB [BHMKCHUS
YCKOPEHHOI'0 3JIeKTPOHA B MAarHUTHOM
noJie (Macc-CneKTpoOMeTp)

S. HA OAVH U3 NIEPEUYHCICHHBIX

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

OtBet npuBeaute B MaB.

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

OtBet B 3B gaiiTe ¢ TOUHOCTBIO 1O TpeX
3HAYAIIHX UQD.

5 Kakomy yrmy paccesHust (B rpagycax) | 180
COOTBETCTBYET MaKCHMaJbHOE
KOMIITOHOBCKOE CMEIlEHUE  JJINHBI
BOJIHBI?

6 OHeprust (QOTOHA paBHA KHUHETHYECKOW | . MMIyJbe 3JeKTpoHa OoJblie, T.K.
SHEPTUU DJIEKTPOHA. Macca NMoKos 3JIeKTPOHA He PABHA HYJII0
CpaBHUTE UX UMITYJIbCHI. 2. umnyasc (oToHa Oosblie, T.K. Y HETO

00JIbIlIE CKOPOCTh

3. UMITyJIbCBI YACTHILL PaBHBI

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

7 KBantoBas  uactuma  Haxogutrcs B | 1.x=0
OCCKOHEYHO TJIYOOKOW TOTEHIMAIBbHOU | 2. X = a/2
sM€ IIMPUHON a B COCTOSIHUU C IVIaBHBIM | 3. X =a
KBaHTOBBIM YHUCJIO N = 3. 4.x=al3
B kakux TOYkax 4acTHIla HaXOOUTbcs He | 5. X = 2a/3
MOXeET?

[IpaBunbHeIii(e) Ha Bamn B3rmsg Homep(a)
0TBeTa(0B) BBEJIUTE UYepe3 mpobell.

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




paccestHus JJIEKTPOHOB Ha aroMax
OmaropoHbIX Ta30B. Ha ocHOBaHMH

3TUX W3MEPEHUI OH MpUIIEN K BBIBOAY,
4TO

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

MOPIIMH SHEPTHHI
3. CTONKHOBEHHUS JJIGKTPOHOB C aTOMaMH
HEynpyrue
4. aroMpl HMEIOT HE DpaBHBIA HYJIIO
MarHuTHBI MOMEHT
5. aroMbl MOXHO BO30YIHTb, COOOIIast UM
JIFOOBIE

IIOPLIUY DHEPTUHU
6. MpH MAJBIX CKOPOCTAX 3JIEKTPOHOB
3aMeTHO NMPOSIBJISAIOTCA  HMX BOJIHOBBIE
cBOMiCcTBa
7. IOBEJIEHUE aTOMOB IIPOTUBOPEUUT
noctyiataMm bopa

Kakoe w3 npuBENCHHBIX SBICHUHW HE
TpeOyeT 1 0OBSCHEHUS MPe/ICTaBICHUS
0 TyHHEITbHOM 3 dekte?

1. xosomHas »>MHCCUS BJIEKTPOHOB U3
MeTaa

2. a¢pdexT xo3edpcona

3. aHOMAJIUM B 3aBHCHMOCTH CeYeHHS
paccesiHusl JJIEKTPOHOB Ha aToMax
01aropoaHbIX razos (onbiT Pam3zayspa)
4. ABVIKCHUEC 3JICKTPOHOB B TBEPAbLIX TCJIaX
5. anbda-pacnaz paIuoaKTUBHBIX STEp
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[TonmHast >Heprusi PIEKTPOHAa HA N - OM
YPOBHE OIIpeessieTcsl COOTHOmEeHneM E,
= - 13.6/n> 5B. Kakylo HauMeHbIIYyIO
SHEPTUI0 HY>KHO COOOIIUTH
HEBO3OYKJICHHOMY aTrOMy  BOJOpPOAA,
9TOOBI CIIEKTP M3IYyYCHHsS Ta3a U3 TaKHX
aTOMOB  COJepXaJl  TOJBKO  OJHY
CIEKTPAJIbHYIO JTUHUIO?

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

10.2

11

AToM BozOpoAa mepeliesn U3 OCHOBHOTO
COCTOSIHMSI B COCTOSIHME C TJIABHBIM
KBaHTOBBIM  YHCJIOM 1N, TMpPH 3TOM
a0CoJIOTHAs BETMYMHA

MTOTEHINAIBHOU JHEpruu
B3aMMOJEICTBUS DJIEKTPOHA C  SAPOM
ymenbimuaace B 4 pasza.  llpm
MIOCJIEAYIOLEM TIEPEXO0JIE U3 COCTOSIHUS C
[JIaBHBIM ~ KBAHTOBBIM YHCIOM N B
COCTOSIHUE C  TIJIaBHBIM  KBAHTOBBIM
YUCIOM m  a0COJIOTHAs  BEJIMYUHA
MOTEHLIMAJIbHON SHEPrUu
B3aUMOJICIICTBUSL  DJIEKTPOHA C  SAPOM
OIsITh ~ yMeHblIWIach B 4 pasa.
Onpenenvre m.

Ll e
— 00 & DN
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HenoaBu:xHbIi aToM BOJOpOIA
HaxOJWJICS B TIEPBOM BO30Y>KIECHHOM
COCTOSSHUHM C KBAaHTOBBIM YHCIIOM n = 2.
[lornotuB (oTOH ¢ sHeprueil, paBHOI

10




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

1. mo Mepe YyBeJIWYEeHHS JHEPTHH
HHTEPBAJ MEXKIY COCeTHUMHU YPOBHSIMHU
yBeJIMYHUBAETCHA

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

3. DdHepruum YypoBHEW Ooyiee  JETKHX
JIByXaTOMHBIX MOJICKYJ MEHBIIE, YeM
0oJee TSKENbIX

4. o Mepe yBeJIHUYCHHsI SHEPTHH UHTEPBAII
MEXIY COCEIHUMH YPOBHAMU
YMEHBIIAETCS
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Bcenencreue AHTapMOHUYHOCTH
Kosle0aHUH MOJIEKY1 TpU YBEIUYEHUU
aAMIUIATY/IbI KoJIeOaHmi UHTEPBAJ
SHeprui MEXTY COCEIHUMU
SHEPreTUYECKUMHU YPOBHSIMU

1. yBeqrmunBaeTcs
2. yMeHbIIaeTcs
3. HE U3MeHseTCs
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B ciydae TEPMOJUHAMHYECKOT O
paBHOBECHsT B cCpele IpU KOMHATHOU
TEMIIEPATypPE pacIpelelICHUE MOJIEKYJI 110
KOJ1e0aTeIbHBIM YPOBHSIM 3HEPTUU UMEET
CJIELYIOIINE 3aKOHOMEPHOCTH:

1. OOJIBIITUHCTBO
XapakTepu3yercs
BO3MOKHOHW SHEPTUEH

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

3.  MoOJeKYJbl  pacnpeaejeHbl IO
K0J1e0aTeJIbHBIM YPOBHAIM JHEPruM B
cooTBeTCTBHU ¢ popmyJioit bosbumaHa;
4. KOJIMYECTBO MOJIEKYJ MOHOTOHHO
yOBIBaeT 10 Mepe BO3pacTaHusi HOMEpa
K0J1e0aTEeIbHOTO YPOBHS SHEPTUU

MOJICKYII
MaKCUMAJIBbHO
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O HyNeBBIX KOJIEOAHUSIX MOJIEKYI MOXKHO
CKa3aThb, 4TO:

1. konebaTenbHOE IBUKEHHUE OTCYTCTBYET
2. aMIuIATy/Aa KojeOaHui paBHA HYITIO
3.93710 Kosedbanusa npu T =0
4. 310 KOJEOaHHMSI C
BO3MOSKHOM aMILTMTYAOM

5. 9T0 K0J1e0aHUA ¢ MUHHMMAJIbHO
BO3MOKHOM JHepruen

MHUHHUMAJBbHO
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OTHOCUTENBHO YPOBHHA (DepMI/I MOXXHO
CKa3aTb, 4TO OTO:

1. sHeprus B3aMMOJEHCTBUS 3JIEKTPOHOB C
pELIETKON KpucTawua

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

3. KHHeTH4YecKasi JHeprus HauboJjiee
BBICOKOIHEPIreTHYeCKNX CBOOOIHBIX
3JIEKTPOHOB Kpucrauia npu T =0

4. DJHeprusi JJIEKTPOHHOIO0 YPOBHA
KpucTaJZIa B  MOJEJH  CBOOOIHBIX
3JIEKTPOHOB, BEPOSITHOCTH 3aIO0JHEHUSs!
KoToporo 1/ 2
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ONeKTpOHBl B 30HE

MeTajia

IpOBOAUMOCTHU

1.paBHOMEpPHO pacHpeneNaoTCsl MO BCEM
BO3MO>KHBIM COCTOSIHUSIM




2.3aN0JHAIOT MmoApsg BCe
HHU3KOJIeKAIIMEe COCTOSAHMS BIUIOTH [0
sHepruu ®epmu

3.3amOJIHSIOT MOJIPSJ] BCE BBICOKOJICKAIIINE
COCTOSIHUSI C SHEPTUSMH, MPEBBIIIAIOIUIMU
sHepruro Pepmu

4 MMEIT OJHY DHHEPrUI0, HA3BIBAEMYIO
sHepruei Gepmu

5.pacnionaratorcsi BOJIM3H JTHA 30HbBI




03.03.02 ®usuka, HanpaBJaeHHOCTH (Mpoduab) «Pusukay, PII/J no nmcunminne «cAToMHas pu3uKa»,
2024 rog Ha6opa, ouHasi popma 00yueHuUs

[IpopekTop mo yueOHoi paboTe yTBepxaeHo 21.02.24 A.A. CanamaToB

Y4eHBIM COBETOM (PU3UIECKOTO (PaKymbpTeTa

IIpoTokon 3aceqanus Ne 08 ot 25.01.2024

[Ipeacenarens Y4eHOro coBera

¢usnueckoro QakympTera COTJIACOBaHO M.A. 3arpebun

3acenanuem kadenpsl od01eil u Teoperudeckoii puzuKu

IIpoTokon 3aceqanus Ne 05 ot 18.01.2024

3aBenyromuii kapeapoit COIJIaCOBAHO A.E. Maiiep
ABTOpHI (COCTaBUTEIIH) A.E. Maiiep
A.A. Dbens

CTpykTypa padoueii mporpamMMsbl cooTBeTcTByeT nmpuka3sy pekropa @®I'bOY BO «Heal V» ot «13»
anpens 2021 r. Ne 247-1



