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1. Heanb u 3a1a4u M3yYeHUs1 TUCHUTIIMHBI

1.1. Heanb u 3a1a4u U3y4eHHUS TUCHUTLTUHBI

Lenv oucyunnunvr — HOpPMUPOBAHKE CIOCOOHOCTH OCBAaMBATh M HCIIOJIB30BAaTh TECOPETHUYCCKHE

3HaHMS W TPAKTHYECKHE YMEHHS W HaBBIKM 110 KBAHTOBOM (U3MKE TIpU PEIICHUU

po(heCCHOHANIBHBIX 3aj1ay.

3aoauu oucyuniunol:

1) chopMupoBaTh HaBBIKM IIOMCKA, aHAIM3a M CHCTEMAaTH3alMd WH()OPMAIMHM 110 KBAaHTOBOM
du3MKe ¢ WUCHOJB30BAaHWEM HAYYHOH M Y4eOHOH nuTeparypbl, WH()OPMAUOHHBIX 0a3

JaHHBIX;
2) chopmMHpOBaTh

0a30BbIii TOHATHIHBIN amnmapar,

HCO6XOI[PIMLII>1 1A IIOHUMAaHHUusg U

JATBHEHIIIETO U3YYCHHS OOIIEH, SKCIIEPUMEHTATBHON U TEOPETHUCCKOM (PU3UKH;
3) U3yunTh OCHOBHBIC (H3UUCCKUE SBJICHUS WU TCOPHUH OINTHKH, HAYYMTHCS HCIOJIH30BATh
TEOpETUYECKHE 3HAHUS JUIsl OObSICHEHUS KBAaHTOBBIX SIBJICHUIA;

4) M03HAKOMHTh

Q)yHHaMGHTaJH)HI)IMI/I SKCIICpUMCHTAMH, IIO3BOJIMBIIMMH YCTAHOBUTH

3aKOHOMEPHOCTH KBAaHTOBBIX SIBJICHU;

5) oOecreunTh YCBOSHHE OCHOBHBIX 3aKOHOB KBAHTOBOM (DU3UKH, UCTOPHIO UX OTKPBITHS;

6) Mpo10KUTH GOPMHUPOBAHUE OCHOB METO/1a HAYYHOT'O MTO3HAHHUS,

7) pa3BUTh HaBBIKA PabOTHI ¢ YUeOHBIM 00OpYIOBaHHEM, O0OECIEUMBAIOIINM Ja00PaTOPHBIH H
JIEMOHCTPAILIMOHHBIN yU4e€OHBIN SKCIIEPUMEHT 110 KBAHTOBOU (hU3HKE;

8) obecreynTh OBJIAJICHUE METOJAAMH PEIICHUS TUIOBBIX KOJIMYECTBEHHBIX 3a/1au, CBA3aHHBIX C
KBaHTOBOU (PH3UKON;

9) MOArOTOBUTh CTYJACHTOB K IMPUMEHEHHIO CIICIHAJbHBIX 3HAHMA M YMEHHH IO KBaHTOBOM
(U3HKE B IMEarOTMYECKON 1eATETHHOCTH.

1.2. Hepeqeﬂb IVIAHUPYEMBIX peE3yJ/IbTAaTOB oﬁyqe}mﬂ o AUMCHHUIIJINHE, COOTHECCHHBIX C
YCTAHOBJICHHBIMHA HHAUKATOPAMHA JOCTHKCHUSA KOMHeTeHHHﬁ

KO,[[ KOMIICTCHIIN

I1K-1

®dopmyupoBKa Cnoco0eH ocBauBaTh U UCIOJB30BATh TEOPETUUECKHUE 3HAHUS U

KOMITETEeHIINH NPaKTUYECKHE YMEHUS U HaBBIKU B IPEAMETHON 00JIaCTH MPH PELLICHUN
poecCHOHANIBHBIX 3aj1a4

WNupukarop HNIIK 1.1 3Haer CTpyKTypy, COCTaB U JUNAKTUUECKUE €ANHUIIBI

JOCTHUXKEHUS peIMeTHON 00J1acTH (IIpernogaBaeMoro npeaImMeTa)

KOMIIETEHIINH HNIIK 1.2 YMmeer ocymecTBIATs OTOOP y4eOHOTO COJIepKaHUs ISl €T0

peanu3aluu B pa3InyHbIX (hopMax 00yueHUs B COOTBETCTBUHU C
tpeboBanusimu ®PI'OC OO

UIIK 1.3 JlemoHCTpUpYyeT yMEeHUE pa3padaThiBaTh pa3inuHble (GOpMbI
y4€OHBIX 3aHATHHA, IPUMEHATh METO/bI, TPUEMBI U TEXHOJIOTUU O0y4YECHMS,
B TOM 4Hclie UHQOPMAIIMOHHbIE

KO,Z[ KOMIICTCHIINUU

I1K-3

DopmyIHpOBKa CniocoGeH ¢hopMUPOBaTh Pa3BUBAIOIIYIO 00Pa30BaTEIBHYIO CPEMY IS

KOMIICTCHITUH JIOCTHMKEHUS TMYHOCTHBIX, MPEIMETHBIX U METAIIPEAMETHBIX PE3YJIbTATOB
00y4YeHHs CpeJICTBAMU MPEIOIaBaeMbIX YUeOHBIX MPEIMETOB

Nunukarop UIIK 3.1 Brageet cmocobamMu MHTETpAllUU YI€OHBIX MMPEIMETOB IS

JOCTHKEHUS OpTraHU3aIy Pa3BUBAIOIICH yUeOHOU AesITeNbHOCTH (MCCIeA0BaTEIhCKOM,

KOMIIETEHITUA MIPOEKTHOM, TPYIIIIOBOM U Ap.)

UIIK 3.2 Hcnonb3yeT 0OpazoBaTeIbHbIN MOTEHIUAN COUOKYIbTYPHON
Cpelbl peThoHa B MIPEToIaBaHu| (peaMeTa 1o Mpoduio) B yueOHOM U BO
BHEYPOYHOU NEATEIBHOCTU

UIIK 3.3 3HaeT ncuxonoro-rnearorndecKue yCIoBHs CO3aHus
pasBuBatoIIel 00pa3oBaTEIbHON Cpeabl U JOCTHXKEHUS TIMYHOCTHBIX U
MeETaNnpeIMETHBIX PE3yJIbTaTOB 00yUEHHS




1.3. BocniuraTesibHast padora

Hamnpasnenue
BOCIHUTATEIbHON pabOThI
MaTPUOTHYECKOE BOCIIUTAHUE | MEJarOTHUeCKuil | 0O0CY)KJIeHHe BKIaJa OTEYEeCTBEHHBIX
COMPOBOXKACHUS | (DM3MKOB; BBICTYINICHUE HA 3aHITHH
TPYZIOBOE BOCIIUTAHUE METOANYECKUI KayeCTBEHHOE O(OpPMIICHHE CTYIEHTOM
KOHCIIEKTOB JIEKIMK, pELIEHU 3aaad,
71a00paTOPHBIX pabOT

Tun 3agau ®opmbl paboTHI

1.4. MecTo AucuMILVIMHBI B CTPYKTYpe 00pa3oBaTe/IbHOM MPOrpaMMbl

Hucunmmna «OO0mas M SKcnepuMeHTanbHas Qus3nka. KBaHTOBas (QHU3MKa» OTHOCHUTCS K
00s13aTesIbHOM  YacTH y4eOHOro IJIaHa, IPEeIMETHO-METOIMYECKUH MOAYJIb 10 HPOQUII0
O®uzuka. K Haganmy u3ydyeHUs AMCLUUIUIMHBI CTYAEHTHI JOJDKHBI BJIQJIETh LIKOJBHBIM KypCOM
¢Gu3ukn U MareMaTHKHU. lcnonp3yroTcs pe3yibTaThl OCBOEHUS AMCHUIUIMH «OOmas u
OKCIepUMEHTaNbHass  ¢u3uka. Mexanukay, «OOmas W SKcIepuMeHTalbHas  (usuka.
Monekynspras ¢usuka. TepmomunHamuka», «OOmas W 3KcIepUMEHTalbHas — (u3HKa.
OnektpoauHamuka», «OOmas u 3KcnepuMeHTanbHass ¢usuka. Onrtukay, «OaeMeHTapHas
¢u3uka». Pe3ynbTaTbl OCBOEHUS IUCHMIUIMHBI «OOWas M SKCHepUMEHTaldbHas (U3HKA.
KBanToBas pu3mka UCHOIB3YIOTCS MPH U3YUYSCHUH TUCIHILINH «KCIIEPUMEHTAIbHAS (DU3HUKaY,
«Teopernueckas puzuka», «Metoauka 00ydeHus: GU3NKI».

1.5. OcoGeHHoOCTH peajn3anum IMCUUILTHHBI

JucuuminHa peanu3yercss Ha pyCCKOM SI3bIKE.

2. O0beM TUCHUILITHHBI

Bun yuebHo#t paboThI MO cemecTpam Bcero, Akaznem. N3 Hux
3a4ETHBIX 4acsl B (hopme
eIMHUIL MPAKTUYECKON
IOJITOTOBKH
OO6m1ast TpyA0€MKOCTh TUCITUTLIUHBI 3 108
CEMECTP 5
KonTtakTHas paboTa ¢ mpenoaBaTeiem:
AyIUTOpHBIE 3aHATHUS (BCETO) 36
3aHATHS IEKIIHOHHOTO THIIA 12
JlaGopaTopHble paboThI 12
3aHATUS] CEMUHAPCKOTO TUMA -
[TpakTiueckue 3aHsTHs 12
KCP -
CamocrosiTenpHas paboTa 00yJaronxcs 36
Bua npomexyTodHOl arTectanuu: JK3aMeH 36

3. Conep:xanue QM CHUNIAHBI

3.1. Pa3aenbl TUCHUTINHBI H BBl 3AaHATHH (TeMaTHYECKUH NJIAH 3aHATHA)

Paznienpl 1 TEMBI AUCHUILIHHBI | Bcero | Ayn | Jlex | J1a6 | IIp | Cem | KCP | CP
1. Keanmosas onmuka

1.1. 3akoHBI TEIJIOBOrO U3IyYECHHUs 10 5 1 2 2 5

1.2. KBaHTOBAs1 TeOpHs TEIUIOBOTO M3ITYUEHHS 2 1 1 1




1.3. KBaHToBbIe cBOHCTBA CBETA 10 5 1 2 2 5
1.4. KBaHTOBbIC CBOWMCTBA M3IIy4EHUS 6 3 1 2 3
1.5. Atom Pesepdopna-bopa 14 7 1 4 2 7

2. Amomuas puszuxa
2.1. BonHOBEIE CBOICTBA BEILIECTBA 8 4 1 2 1 4
2.2. OCHOBBI KBAHTOBOW MEXaHUKH 4 2 1 1 2
2.3. CtpoeHue atoMa 4 2 1 1 2
2.4. OCHOBBI (PU3UKHU MOJIEKYJT 8 4 1 2 1 4
25. Duzuka MPOBOTHUKOB u 2 1 1 1
TONYNPOBOMHUKOB.  OCHOBBI  (hH3HKH
TBEPJIOTO TeNa

3. Aoepnas uzuka
3.1. [Ilpubopwl simepHON  (UBHKH. 2 1 1 1
®usrka aToMHOro sjapa. fnepHsie
peaKInm.
3.2. DneMeHTapHbIC YaCTHIIbI 2 1 1 1

Ok3ameH | 36
Bcero | 108 36 12 | 12 | 12 36

AToMHas (pu3uKa, PU3NKA aTOMHOIO SIAPa U dJIeMeHTapHbIX YacTull (corsuacHo SA/IPY)
KBanTOBBIE CBOMCTBAa M3IIydeHHs. TeroBoe u3iydeHue. BoJHOBBIE CBOMCTBA MHKPOYACTHUL.
®usnka aroMOB M MOJEeKyJl. Puzuka aroMHOro sapa. Du3uka 3JIEMEHTApHBIX YaCTHII.
@yH/IaMEHTAJIbHBIC YACTUIIbI U B3aUMOICHCTBUSI.

3.2. 3aHATHA JeKIHOHHOr0 THIIA
CEMECTP 5

Jlexmus 1.

Tema: 3aKoHBI TEIJIOBOrO U3ayyeHus. KBaHTOBask TeOpHsl TEIIIOBOTO U3ITyUYEHHUS.

Kpamxas annomayus k nexyuu.

1. OcHOBHBIE TOHATHUS TEOPHHU TEIUIOBOTO M3MydeHHs. Harperoe Teno, TeroBoe H3ny4eHne, CeKTp

D

TEMJIOBOTO W3JIyY€HMs, MOIIHOCTh TEMJIOBOTO H3JIydeHHs, TU(QepeHrnaibHas CBETUMOCTD,
UHTErpajibHasi  CBETUMOCTh, AuddepeHnmanbHas SpKOCTh, JaMOEPTOBCKUN  MCTOYHHK,
U3TyvaTenabHas COCOOHOCTh MO YacTOTe, U3TydareabHas CIOCOOHOCTh MO JIJTMHE BOJIHBI, CBSI3b
MEXIY H3Ty4aTeIbHBIMH CHOCOOHOCTSIMH IO YacTOT€ M JJIMHE BOJIHBI, IOTJIOIATETbHAS
CIOCOOHOCTh TeNa, a0COMIOTHO YepHOE Telo. PaBHOBECHOCTH TEIJIOBOTO W3IYYEHUS M €ro
CBOIICTBA.

. 3aKOH Knpxrocba n €ro CciaciacCTBu:d. PacnpeﬂeneHI/Ie OHCPIrun B CIICKTPEC H3JTYUYCHUSA

abcommoTHO yepHoro Tena. 3akoH Credana-bonsiimana. 3akon Buna.

. UuCcno CTOSYUX BOJH B IIOJIOCTH (‘H/ICJ'IO CTEIleHEeH CBO6OIU>I TOJIA U3JIYyYCHUA a0COIIFOTHO

yepHoro Tena). YHuBepcaiabHas ¢GyHkus Kupxroda u miotHocts sHepruu. ®opmyna Panes-
Jlxunca.

. KBanToBanue sHeprun uznydenus. ['unoresa [Inanka. BeiBog dhopmynsr [Inanka.
5.
6.

CrnenctBust popmyssl [Tnanka. BeiBog 3akonoB Credana-bonpiimana u Buna.
Onrudeckne nupomeTpsl. PagnannonHas, 11BeToBasi, IPKOCTHAS TEMIIEPATYPHI.

Jlexuums 2.
Tema: KBanToBbI€ CBOMCTBA cBEeTa. KBaHTOBBIE CBOMCTBA U3ITYUEHUS.
Kpamxkas annomayus x nexyuu.

1.

SlBnenne BHemHero Qortodddexra. Baxkyymubeiii  ¢dortodnmemenT. (Cxema  BKIIOUYEHUS
dorornementa. Tok HachlmeHus. 3aJepKUBAIOIIas PA3HOCTh TMOTEHIIHAIOB. 3aKOHBI
doTtorddekra.



N

6.

. @oToHBI. YpaBHEHUE DUHIITENHHA. /[[BOICTBEHHOCTD IPEJICTABICHUN O CBETE.
. [Ipaktnueckoe mnpumenerne G¢orodPdekra. DOTOYMHOKUTETb. DICKTPOHHO-ONMTHICCKUI

npeoOpaszoBarenb. ['a30HAMONHEHHBIN (OTOIEMEHT.

.:‘)KCHGPI/IMCHTEU'IBHBIG (baKTBI. (DJ'IyKTyaI_II/II/I CBE€TOBOI'0 IIOTOKA. I[aBJ'IeHI/Ie cBera. OTBITHI

JleOeneBa.

. PentrenoBckoe wu3nmydenue. OnbiT bote. TopMo3HOE M XapakTEpHUCTUYECKOE H3ITydEHUE.

IIpuMeHeHne PEHTI€HOBCKUX JIYYEH.
O¢dexr KommnToHa. DKclepuMeHTanbHAas  YCTAHOBKA. Pe3ynbTaThl  AKCIIEPUMEHTA.
DneMeHTapHas TEOPHUSL.

Jlekus 3.
Tema: Atom Pesepdopna-bopa. BorHOBEIE CBOICTBA BEIIECTBA.
Kpamkas annomayus x nexyuu.

1.

B~ W

3aKOHOMEPHOCTH B aTOMHBIX clieKTpax. ONTUYECKUE CIEKTPhbl. 3AKOHOMEPHOCTH B CIIEKTPE
Bozopoaa. O6o6mennas Gpopmyna banbmepa. KomOunammonnsiii mpuHIun Putia.

. [Inanerapuas monens aroma. Monens aroma Tomcona. OnbiTel Pesepdopaa mo paccestHuo o-

yacTHIl. SaepHas MoJieb aToMa.

. ITocrynatel bopa. [IpaBuio kBanToBaHuUs Kpyrosbix opout. OnbiT @panka u I'epua.
. DnemeHTapHast 00poBcKas Teopus BoJlopoiHOro atoma. Cxema ypoBHeil sHeprun. [lotenuuan

HOHH3alIMK aToMa.

. [Ipunuun coorBercTBUs. Teopus bopa kak MpoMeKyTOUYHBINA dTal Pa3BUTHSI MPEACTABICHUI

00 aTome.

. Bonubr ne-bpoins. Omeitel mo audpakuuu mukpouactur (IsBuccona u Jlxepmepa,

TaprakoBckoro u Tomcona, llItepna, bubepmana, Cymkuna u @adpukanra).

. @u3nueckuil cMbIC BOJH Je-bpoitng. Maremaruueckass 3amuch BOJHOBOM (PYHKIUH.

CootHomienue HeonpeaeneHHoctel [ elizendepra.

IlpuHnmn cyneprno3unuu B KBAaHTOBOW MexaHHKe. M3MepeHue (QU3HUECKUX BEIWYHH.

HpI/IHLII/IH JOIIOJIHUTCIIBHOCTH.

Jlexuus 4.
Tema: OcHOBBI KBaHTOBOM MexaHUKHU. CTpoeHHe aToMa.
Kpamxkas annomayusi k nexyuu.

1.

2.

©

VpaBuenne Ilpegunrepa. CralMoHapHbIE COCTOSIHUSI M WX CBOWCTBAa. YpaBHEHHE
[IpenvHrepa ais cTaluOHAPHBIX COCTOSHUM.

KBaHTOBaHMe sHEpruy 4acTUIlbl B MOTEHUUAIBbHOW siMe. KBaHTOBaHME SHEPrUU JMHEUHOTO
rapMoHunueckoro ocuuiuisitopa. Hynesast sneprust. [1pasuio otoopa.

. IIpoxoskaeHne 4acTullbl Yepe3 NoTeHIranbHbli 6apbep. TyHHenbHbIN 3ddexT. Kiaccuueckue

aHasjoruu. TyHHEIIBHBIA MUKPOCKOIL.

. DJIeMEeHTHl KBaHTOBOMU TEOpHHU aromMa BOAOpOJA. KBaHTOBOMEXaHMYECKAS HHTCpIpCTalus

MMOCTYJIaATOB Eopa.

. KBanToBanue 9HEpPIruu, MOMCHTA HUMIIYJIbCAa U NPOCKUHUHU MOMCHTA HMITYJIbCA (q)H3quCKHﬁ

CMBICJI KBAHTOBBIX ‘—II/IC@H).

. CnuH snektpona. OnseiTel TepHa u ['epnaxa. CiMH 1 MArHUTHBIN MOMEHT JJIEKTPOHA.
. Pacripenienienie  2JI€KTpOHOB B aroMe IO JHeprerhdeckum ypoBHAM. I[lpunmun Ilaymnwu.

OnekTpoHHbIe 000104Ku. [lepuonnyeckas cucrema 31eMeHTOB MeHieneeBa.

. CexTppl MHOTO2JEKTPOHHBIX aTOMOB. IIpupoma XapakTEepHUCTHYECKMX PEHTIE€HOBCKUX

CHEKTPOB. 3aKoH Mo3u.
Bonoponononobusie criektpel. CrninH-OpOUTaNbHOE B3auMojelcTBhe. J[yOneTsl IMIeTouHBIX
METAaJIJIOB.

10. Atom B MmarauTHOM moJie. Dddekt 3eemana. DIEKTPOHHBIN MapaMarHUTHBIN PE30HAHC.



Jlexmusg 5.

Tema: OcHOBBI pu3uku MoseKysn. Ou3nka MPOBOTHUKOB U TOJYIPOBOIHUKOB. OCHOBBI (PU3UKH

TBEP/OIO Tela.

Kpamxkas annomayus x nexyuu.

1. Monexynsl. [ToHsiTe 0 XUMUYECKOW CBA3HM U BaJICHTHOCTH. MOJIEKYJISIPHBIE CIIEKTPHI.

2. [lpoxoxnaenue cBera yepe3 BemecTBo. llormomenne cera. KomOuHanmMoHHOE paccesHue
ceera. Jlrtomunecuenuus. [Ipasuino Crokca.

3. CioHTaHHOE€ M BBIHY)XJICHHOE H3JIyueHHe. PyOmHOBBIM J5azep. I'enuii-HEOHOBBIN Jazep.
[TonynpoBOAHUKOBBIN J1a3ep.

1. DHepreTuueckue 30HBI B KpucTajiax. BajneHTHast 30Ha, 30Ha NPOBOJUMOCTH, 3alpellieHHAs

30Ha. MeTasuibl, OIYIPOBOAHUKH, TUAIEKTPUKH.
. Cratucruka ®epmu-/lupaka. Yposenb ®epmu. DaeKTpONpOBOIHOCTh METAJIIOB.
. IlonynpoBognuku.  CoOcTBeHHas  HPOBOAMMOCTh  MOJYNPOBOAHMKOB.  IIpumecHas
IIPOBOJIUMOCTBD ITOJIYITPOBOITHUKOB.

4. DNEeKTPOHHBIA TPUOOPHL. DIEKTPOHHO-ABIPOUHBIA mepexon. I[lomynpoBOIHUKOBBIA IHOJL.
Tpan3zucrop.

5. KBanToBas teopus reroeMkocTd. @oHOHBL. TemmonpoBOJHOCTh AUIIEKTPUUECKIX KPUCTAIIIOB.

6. TerutoemkocTs MeTayioB. CBOHCTBa 3JEKTpOHHOTO rasza. ODHeprus depmu. TemmoemMkocTh
3JEKTPOHHOrO rasa. [IoHaTHe 0 KBaHTOBBIX CTATUCTHKAX.

7. KBaHTOBBIE IBJIEHUS IIPU HU3KHUX TemrepaTypax. CBepXIpoBOAUMOCTb. CBEPXTEKYUYECTb.

w N

Jlekuus 6.

Tema: Ipubops! sneproit Gusuku. OuU3nKa aTOMHOTO sAapa. SaepHble peakuu. DIIeMeHTapHbIe

YaCTHULIBI.

Kpamxasa annomayusa x nexyuu.

1. Metoap!l peructpanuu siAepHbIX U3nydeHud. CUUHTUIUIAIUOHHBIN cueTuuk. MoHu3anmonHas
kamepa. Cuerunk ['eiirepa-Mromnepa. Kamepa Bunbcona. Ily3sippkoBas kamepa Inesepa.
Toncrocnoiinbie poToamMynbenn. YepeHKOBCKUH CUCTYHK.

2. YcKkopuTeNnu 3apshKeHHBIX YacTll. OJHOKACKaJHbIM M JTMHEWHBIH KacKaJHBIH YCKOPUTEIH.
berarpon. LuknoTpoH, ¢a30TpoH (CHHXPOLMKIOTPOH), CHHXPOTPOH, CHHXPO(}a30TpPOH,
YCKOPHUTEIIA Ha BCTPEYHBIX ITyYKax.

3. Macc-cniekrpomeTpsl. Macc-ciektpomerp ActoHa. PuibTp ckopocteid. Macc-cieKTpoMeTp
beitnOpumxa.

4.CocTtaB M XapaKTepUCTUKU aTOMHOro sjapa. Hykinonsl. 3apsgoBoe M MaccoBoe 4YHCIA.
N3oTonbl, n300apsl, U30TOHBI, U30MEpbl. Macca W 3HEprust CBS3M sApa. SIepHbIe CHIIBL
OO6onoueyHas U KarenbHasi MOAEIH Spa.

5. EcrecTBeHHas pa0aKTUBHOCTh. 3aKOH paJMOaKTHUBHOIO pacrnaja. Bunel pacnana. IlpaBuna
CMELICHUS.

6. AAnepusie peakuuu. I[lepBbie simepHble peakunu. OTKpbITHE HEWTpoHA. [IpHMeps! sIepHBIX
[IPEBPAILCHUM MO JEHCTBUEM (-4aCTULl, IPOTOHOB, HEUTPOHOB U Y-KBAaHTOB. MCKyccTBeHHAas
PaaOAKTUBHOCTb.

7. SlnepHble peakiMM MO JeicTBUEM HEHUTPOHOB. TpaHCypaHOBBIE JIEMEHTHI. JleneHue snep.
Heympasnsiemas nenHas sjaepHas peakius. AToMHasi 6omoa.

8. Ympasisiemasi nenHasi siepHas peakuus. SIepHble peakTopbl Ha TETUIOBBIX M OBICTPHIX
HEUTpoHax. S nepHas sHepreTuka. [IpuMeHeHre pagoaKTUBHBIX U30TOIOB.

9. Peaxnmu cuHTe3a. YCIOBHS OCYIISCTBICHHS TEPMOSJICPHOTO CHHTe3a. BomopomHas GomoOa.
VYrpaBisieMbli TEPMOSIEPHBII CUHTES.

10. O6mme cBeneHus OO0 DJIEMEHTApPHBIX YacTHUIIAX. DJEKTPOH, MPOTOH, HEUTPOH, (OTOH.
AHTHNYACTHILIBI.

11. Knaccudukarus seMeHTapHbIX YacTull. B3aumoaeiicTBre 31eMeHTapHbIX YaCTUIl M 3aKOHbI
coxpaHeHus. YacTuibl u aHTH4acTulbl. bapronsl 1 Me30Hb1. Pe3onancel. KBapkoBast Mmoaens
cTpoeHus aipoHoB. Kocmuueckue nyqu.

12. ®ynnamenTanbHble B3aUMOACHCTBH. JIeNTOHBI M aApOHbl. YacTUIbl YHJACTHUKU U YACTUILIBI
MEPEHOCUUKH B3auMojeiicTBus. OOMEHHbIN XapakTep (pyHIaMEHTAIbHBIX B3aWMOJEUCTBUH.
Me3onsl 1 6apronsl. [ToHsATHE O KBapKax.



13. 3akmiouenue. Kparkuit 0030p AOCTIKeHMH W TpobieM coBpeMeHHOW ¢u3uku. Poib

OTEUECTBEHHBIX YYCHBIX B pa3BUTUU (U3HKU. MeTONONOrHYecKoe 3Ha4YeHHe (U3HKU
(bU3UYECKON HAYKH.

3.3. 3aHATHUA CEMUHAPCKOI0 THIIA

Y4eOHBIM IIIAHOM HE MPEIYCMOTPEHBI

3.4. IIpakTuyecKkue 3aHATHS
CEMECTP 5

[IpakTuueckoe 3andarue 1.
Tema: 3aKoHbBI TEMJIOBOT'O U3JIy4EHUS.
Ilepeuens 3adanuii; pemieHne GU3NIECKUX 3a/1a4 [0 TEME.

1.

2.

MomHoCcTh M3MydeHus abcoatoTHO yepHoro Tena paBHa 100 xBt. Haitnure temmeparypy
3TOTO Telta, eCIM IUIOMA/b ero IOBEPXHOCTH paBHa 0,5 M2,

Temneparypa BonbhpamoBoit cnupaiu B S00-BaTTHOM samrie paBHa 2500 K. OtHOmeHue ee
U3JTy9aTeIbHON CIOCOOHOCTH K M3TY4aTeIbHOW CIIOCOOHOCTH a0COIIOTHO YEPHOTO Tela MpU
naHHoM Temmeparype coctaisier 0,6. Onpenenute BEIUYUHY U3ITYYaroled MOBEPXHOCTH
CIupany.

. MoHocTh H3JIIYUCHUA a0COJIFOTHO YCPHOI'O TCJIa paBHA 10 KBT, a JIJIHa BOJIHBI, HAa KOTOPYIO

HOPUXOJUTCA MAKCHUMYyM €ro H3iy4areiabHOH crnocoOHocTu, cocraBiser 0,5 mkm. Haiigure
BEJIMUMHY HU3J1y4arollell IOBEPXHOCTH Tea.

. AGcooTHO uepHoe Teno Haxoautcs npu temreparype 4000 K. IIpu octeiBaHuM 3TOTO Tena

AJInHa BOJIHBI, Ha KOTOPYIO MPUXOJUTCA MAKCHUMYM I/I3JIyT~IaTeJH>HOI71 CHOCO6HOCTI/I,
W3MEHHJIAch Ha 15 MKM. I[O Kakou TEMIICPATYPhI OXJIAAHUJIOCH Teno?

. CKoJIBKO SHEPIUuu HU3jaydacTt a0COJIFOTHO YCPpHOC TCJIO 3a 1 MHH co CBGTHH.IGIZCH IOBCPXHOCTH

2 o
IJIOMIAJBI0 5 CM®, €ClIi MaKCUMYM H3JIydaTeIbHON CIIOCOOHOCTH MPUXOAMUTCS HA JIUHY
BoJiHbI 500 HM?

. Kakyro MOImHOCTE Hal0 MOABOAWTH K 3a4YEPHEHHOMY METAJUIMYECKOMY IIAPUKY TUAMETPOM

10 cm, 9TOOBI MOAEPKUBATH €ro TeMieparypy Ha 50°C BbllIe TeMIepaTypbl OKpyKarolien
cpenbl, koTopas paBHa 20°C? CuutaiiTe, 4TO TEIUIO TEPSETCS TOIBKO BCIEACTBUE U3ITYICHHS.
JlnvHa BOJHBI, COOTBETCTBYIOIIAs MaKCUMyMy H3JIy4aTelbHOM CIHOCOOHOCTH aOCOIIOTHO
YEpHOTo Teja, cocTapiisieT 720 HM, TUIOMIAAh U3TyJaroned MOBEPXHOCTH 5 oM. Onpenenure
MOIIIHOCTh U3ITyYEHHUSI.

. IIpu Hanpspxkennu 220 B uepes cnupans gamnbsl TeueT Tok 1,2 A. Jlnametp cnupanu 0,5 MM,

umHa 8 cM. Haiioure TemmepaTypy chnupaid INpH YCIOBHH, YTO €€ MOXHO CUYUTaTh
a0COIIOTHO YEPHBIM TEJIOM.

B kakoit o0iacTM cHeKTpa JIeKHUT JJIMHA BOJIHBI, COOTBETCTBYIOLIAs MaKCHUMyMY
U3Iy4aTeNbHON criocodnoctn CorHIla, eciii TeMnepaTypa ero nmosepxsocta 5800 K?

[IpakTuueckoe 3anstue 2.
Tema: KBaHTOBBLIE CBOMCTBA CBETA.
Ilepeuens 3a0anuii: pemeHne GU3NIECKUX 3a7a4 MO TeMe.

1.

2.

C Kakoil CKOpOCThIO JIOJKEH JBUTATHCA 3JEKTPOH, YTOOBI €ro KHHETHYecKasl SHeprus Oblia
paBHa Hepruu HoTOHA C JUTMHOM BOIHBI 630 HM?

Onpenenute AJIMHY BOJHBI JIydel, KBaHThl KOTOPBIX HMMEIOT TAKYyI0 K€ SHEPruio, 4To U
JJIEKTPOH, MPOJIETEBIINN PA3HOCTh NOTEHIMAIIOB 5 B.

2 .
. Ucrounuk cBera momuocthio 100 Bt mcmyckaer 5-10 0 ¢dbotoHOB 3a 2 c. Haiinure cpeanioro

JAJINHY BOJIHBI U3JTyYCHHA.

. CumTas, 4T0 MOIIHOCTH JaMIiibl 25 BT paccenBaeTcs BO BCE CTOPOHBI B BUJE W3IIYYEHUS U

cpenusis qnuHA BONHBI 0,5 MKM, HalauTe 4Yuciao (POTOHOB, KOTOpBIE MagaroT 3a 1 ¢ Ha
2

MOBEPXHOCTh TUIOMIAIBI0 1 CM®, PaCIOIOKCHHYIO TIEPICHANKYIAPHO JIydaM Ha PacCTOSHUHU

500 MM OT JIaMIIBL.



5. TodeuHblil UCTOYHUK CBeTa MoTpebisier MomHOCcTh 100 BT 1 paBHOMEpHO MCIyCKAaeT CBET
nmuHOM BOTHBI 589 HM Bo Bce croponbl. KIIJl ucrounmka 0,1%. Halimute uncino ¢poTOHOB,
UCIIyCKaeMbIX HCTOUYHUKOM 3a | c.

6. Kakyio MakcMManbHYI0 CKOPOCTh MOTYT IOJIYYUTh BBIPBAaHHBIC W3 KalHs 3JIEKTPOHBI MPU
00y4eHun ero (PUOJIETOBBIM CBETOM ¢ JTHMHOM BoiHBI 0,42 MkM? PaboTa BbIX0/aa 3JEKTpOHA
JUIs1 Kanusi paBHa 2 5B.

7. PabGorta BeIxO#a g IuHKa paBHa 3,74 3B. BosnukHeT nmu ¢oTodddexT mox aeicTBuemMm
W3JIy4eHHUs C JJIMHOU BOJIHBI 0,45 MKM?

8. Kakoil 1JIMHbI BOJIHBI CJIEIYET HAMPaBUTh JIYYH Ha MOBEPXHOCTh IIUHKA, YTOOBI MaKCUMaJIbHAS
ckopocTh (oTodekTpoHOB coctaBmima 2000 km/c? Kpacnas rpanuma ¢ororddexra mis
nuHka pasHa 0,35 MkM.

9. Haiinure xpachHyto rpanunly ¢ororddekra s IUTUs, eclid padoTa BbIXOAA AJIEKTPOHA U3
storo meramia 2,39 »B.

10. HaiiiuTe BeMUMHY 3a/1€p>KUBAIOIIETO MOTeHIMANA A7 (POTOAIEKTPOHOB, UCITYCKAEMBbIX IPU
OCBEIICHWU KaJlisl CBETOM ¢ JIMHON BOJHBI 330 HM. PaGoTa BhIXOIa 3JEKTPOHA U3 Kalus
2,155B.

11. KBantsl cBeta ¢ sHeprueit 4,9 5B BBIppIBalOT (DOTOSIEKTPOHBI H3 METAIJIa ¢ pabOTOH BBIXO/1a
4,55B. Hailigute MakcUManbHBIA HMMITYJIbC, IEpEAaBaeMblii MOBEPXHOCTH MeTallla MpH
BbLIETE KaXJ10T'0 3JIEKTPOHA.

12. Onpenenure nmoctossHHy [lnaHka, eciu U3BECTHO, YTO (DOTOIIEKTPOHBI, BHIPHIBAEMbIE C
MOBEPXHOCTU HEKOTOporo Meramia cBetoM ¢ yacrotod 2200 TI'm, mnonHOCTBIO
3aJIep>KUBAIOTCA  OOpaTHOM pa3HOCTHIO MOTEeHUUaNoB 6,6 B, a BbIpbiBaeMble CBETOM C
yactoto 4600 TT'11 - pasHOCTBIO IOTEHITHAIOB 16,5 B.

13. Jlo Kakoro MakCHMallbHOTO IMOTEHIMANa 3apsAaUTCs yNaJIeHHBIH OT APYTUX Tel MEIHbII
mIapuK MpU OOJYYEHHUU €ro AJIEKTPOMATHUTHBIM HU3JIYYEHHEM C JJIMHOW BOJHBI 140 HM?
PaboTa BeIxoza 3nekrpoHa u3 meau 4,47 3B.

[TpakTrueckoe 3ansTue 3.

Tema: KBaHTOBBIE CBOWCTBA U3ITyUEHHUS.

Ilepeuenv 3a0anuii: permieHre pU3NIECKUX 3a7a4 [0 TEME.

1. K osnekrpogam peHTI€HOBCKOW TpPyOKM TMpHIIOKEHA pPa3HOCTh moTeHnuaioB 60 kB.
Haumensbimass niauHa BOJIHBI PEHTIEHOBCKHMX JIy4eH, JaBaeMbIX JTOW TpyOKoOi, paBHa
0,206-10'10 M. HalimuTe u3 3TuX naHHbIX NOCTOsSHHYIO [1nanka.

2. Haiizure KOPOTKOBOJHOBYIO TpaHMIy HETPEPHIBHOIO PEHTICHOBCKOTO CIIEKTpa, €ciu
U3BECTHO, YTO YMEHBIIEHNE IPUIOKEHHOTO0 K PEHTTeHOBCKOM TpyOKke HampsbkeHus Ha 23 kB
YBEJIMYMBAET UCKOMYIO UIMHY BOJIHBI B J]Ba pasa.

3. Iloxg kakuM HampspkeHHeM paboTaeT peHTTeHOBCKas TPyOKa, €CIM camble KECTKHE JIYYH B
PEHTI€HOBCKOM CIIEKTpPE ATON TPYOKH UMEIOT YaCTOTy 10*° T2

4. JlaBnenue uznmydeHus Ha Iuiockoe 3epkaio 0,2 ITa. Onpenenute MHTEHCHMBHOCTb CBETA,
HOPMAaJIbHO TIAJIAIOIIEr0 Ha MOBEPXHOCTD 3epKaia ¢ koddduimentom orpaxenus 0,6.

5. Haiinute naBneHue cBeTa Ha CTEHKM djekTpuueckoil 200-BatTHO# nammbl. Konba nammbi
MpeAcTaBisieT coboi chepuueckuii cocyn paauycom 5 cMm. CteHku jammbl otpaxatot 10%
na/laloulero Ha HUX cBeta. CuuTaiite, 4yTo BCs MOTpedsieMas MOLTHOCTb UJET Ha U3ITyYeHHE.

6. Ha moBepxHocTh Mmiomaapo 200 cM? ©KeMUHYTHO mangaeT 63 /Ik CBETOBOW SHEpruu.
Hailinute BenuumHy CBETOBOIO JABIEHHUS B TE€X CilydasX, KOrJa INOBEPXHOCTH IOJHOCTBIO
OTpakaeT U MOJHOCTHIO MOTJIONIAET BCE MaJarolIie Ha Hee JTy4H.

7. PeHTreHoBbl Jdy4yd C JUIMHOM BOJIHBI 70,8 IM MCIBITBIBAIOT KOMITOHOBCKOE PAcCEsHUE Ha
napadune. Haiinure niauHy BOJIHBI PEHTTEHOBCKUX Jy4el, paccesHHbIX moj yriamu 90° u
180° mo oTHOMIEHHIO K HAIIPABJICHUIO MA/IAIOLIETO MyYKa.

8. B sBnenun Kommnrona sHeprus mnagarouiero (OoToHa paclpeaesseTcss MOPOBHY MEXKAY
paccesHHbIM (DOTOHOM M 3JIEKTPOHOM OTAauH. HaliauTe 3HEpPruto M MMITyJIbC PACCESTHHOTO
noJ yrioMm /2 poToHa.



9. B Tteopun 3dpdexra KomnroHa u3MeHEHHE UIMHBI BOJHBI MPU PACCESTHUH OKAa3bIBACTCS
HE3aBUCAIIUM OT IPUPOJIBI PACCEUBAIOIIETO BELIECTBA. SBISIETCS JIM 3TOT BHIBOJ CTPOTUM?
10. BplumciuTe KOMIITOHOBCKOE CMEIIEHHE M OTHOCUTEIBHOE W3MEHEHHE JUTMHBI BOJHBI IS
cepeluHbl BUAMMOTO CIIEKTpa MpU paccesHUU 1nojl yriaoM 90° Ha nepBoHaYaIbHO MOKOUBIINXCS
CBOOOJHBIX  JJEeKTpoHax. MOKHO M HAOMOJAATh  COOTBETCTBYIOIIECE  SIBJICHUE

9KCHEPUMEHTATBHO?

11. ®OTOH MpU CTOIKHOBEHHWH C PEIITUBHCTCKHM J3JICKTPOHOM paccesuics moxa yriom 60°, a
3JIEKTPOH MOTEPSI MOYTH BCIO KUHETUYECKYI0 sHepruto. Haliiute nu3MeHeHue AJIMHbBI BOJHbI
¢doToHA IPU pacCcestHUH, €CIIH IO CTOJIKHOBEHUS OH o0naaan sueprueii 0,51 M»aB.

12. Omnpenenute MakCHUMallbHble KOMIITOHOBCKHE W3MEHEHHUS JIMHBI BOJIHBI NPU PACCESTHUU
(GOTOHOB Ha CBOOOJHBIX IEPBOHAYAIBHO MOKOMBIIUXCS DSJIEKTPOHAX M SApaX aTroMOB
BOJIOpOJA.

13. ®OTOH KECTKUX PEHTTEHOBCKUX Jy4ded C JJIMHOM BOJIHBI 24 M TNpPU COYJAPEHUH CO
CBOOOAHBIM D3JIEKTPOHOM mepeaan emy 9% cBoeit sHepruu. Onpenenure AJIUHY BOJHBI
PAacCessHHOTO PEHTI€HOBCKOTO U3JIY4CHHS.

14. ®oton ¢ sueprueit 0,75 MsB paccesuica Ha cBOOOIHOM 3IeKTpoHe oA yriom 60°. Haiinute
SHEPTUI0 PACCESTHHOTO (POTOHA, KMHETHUECKYIO SHEPTUI0 M HMITYJIBC AJIEKTPOHA OTIAyH.
Kunernyeckoii sHeprueii 37eKTpoHa 10 B3aUMOACHCTBHSI MOKHO ITPEHEOPEYb.

[TpakTrueckoe 3anstue 4.

Tema:. Atom Pesepdhopna-bopa.

Ilepeuens 3adanuii; pemenne GU3NIECKHUX 3a/1a4 [0 TEME.

1. Haiinure paguyc Tperbeil G0pPOBCKOM 3JIEKTPOHHOM OpOUTHI B aTOMe BOJOPOJAa M CKOPOCTh
AJIEKTPOHA HA HEM.

2. AtoM BOJOpOJIa HAxXOAMTCA B YETBEPTOM BO30YXIEHHOM cocTossHMM. Haiiaure ero
NOTEHLIMAT NOHU3AIUH.

3. HackoJIbKO M3MEHMIIaCh KHHETUUYECKAsl YHEPT U 3JIEKTPOHA B aTOME BOJOPOJA NPU U3IyYCHUH
aToMoM (poTOHA C JJIMHOMN BOJHBI 486 HM?

4. B kakux mpenenax JOJKHBI JIeKATh JUIMHBI BOJH MOHOXPOMAaTHUYECKOI'O CBETa, YTOOBI MpHU
BO30YKJIEHMM aTOMOB BOJOpOJia KBaHTAMM JTOTO CBETa paauyC OpOUTHI DBIEKTPOHA
yBesnuuwmics B 9 paz?

. Haligute nepBelii moTeH1IMan BO30YX/I€HUS ABYKPATHO HOHU30BAaHHOTO JIUTHSL.

. Haligute nmoTeHnnan MOHMU3aUU OJTHOKPATHO MOHU30BAHHOTO T'EJINS.

7. Haiimute mMHY BOJHBI (DOTOHA, COOTBETCTBYIOUIETO IEPEXOAY AJIEKTPOHA CO BTOPOM

OOPOBCKOI OpOMUTHI HA IEPBYIO B OJTHOKPATHO HOHU30BAaHHOM aTOME TeJHsL.

8. DeKTpoH, Npoiig pa3HOCTh MoTeHIHanoB 4,9 B, crankuBaeTcs ¢ aTOMOM PTYTH U IEPEBOJIUT
ero B TIepBoe BO30yXJaeHHoe cocTosHue. Kakywo [MHY BOJHBI HMMeeT (OTOH,
COOTBETCTBYIOIIMI 0OpaTHOMY MEPEX0/Iy aTOMa B HOPMAJIHHOE COCTOSTHUE?

9. AtoMm BoJl0poJia U3ny4yaeT GOoToH ¢ yacTtoroi v. Hailnute n3MeHeHue iIMHbBI BOJIHBI (OTOHA,
BO3HHUKAIOIIIEE BCIIEJICTBUE OTJAUH, IPETEPIIeBAEMON aTOMOM MPU U3ITyYEHUH.

10. Kakyto paGoTy HYXHO COBEPLIUTb, YTOOBI YHATUTh 3JEKTPOH C YETBEPTOH OOpPOBCKON
OpOUTHI aTOMa BOJIOPO/Ia 3a MpeAeIbl MPUTSHKEHUS ero SApom?

11. Haiinute HanOOMNBIIyI0 U HAMMEHBIIYIO JUIMHY BOJIHBI CIIEKTPAJIbHBIX JUHUNA BOJOpOJA B
BUJIUMOM 00JIaCTH CIIEKTpa.

12. Kakyto HauMEHBIITYI0 CKOPOCTh JIOJKHBI UMETh 3JIEKTPOHBI, YTOOBI IPU BO3OYKICHUU UMHU
aTOMOB BOJIOpO/ia MOSIBUJIMCH BCE IMHUM BCEX CEpUil CrieKTpa Bojopoa’?

13. Kakyio HauMeHbIIYI0 3HEPTHUIO B 3JEKTPOH-BOJIBTaX JOJDKHBI UMETh AJIEKTPOHBI, YTOOBI MU
BO30YXKJIEHUM aTOMOB BOJOPOJa YAapaMH 3THUX 3JEKTPOHOB CIEKTP BOJOPOAA MMEN TPH
CHEKTPaJIbHbIE IUHUU?

14. Ha audpakinoOHHYIO PEMIETKY HOPMAJIbHO TMAJaeT IMy4YOK CBETa OT Pa3psAHONW TPYyOKH,
HAIlOJJHEHHOW aToMapHbIM BoaoponoM. llocrosHHas pemerku paBHa 5 MxMm. Kakxomy
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nepexony 3JCKTpOHa COOTBETCTBYCT CIICKTpaJibHasl JIMHUA, Ha6JIIOI[aCMa$I Ipru NOMOIIH 3TOU
PEIIETKH B CIIEKTPE MATOTO MOpsAKa 1Mo yriom 41°7

15. Onmnpenenutre sHeprur0 (HOTOHA, COOTBETCTBYIOIIETO HAMMEHbBINCH JJIUHE BOJHBI B
yIbTpaduOIETOBOM CEPUU BOJOPOIA.

16. Atom Bomopona obiydaercs yiabTpadUONETOBBIM H3ITYYCHHEM C JUTHHOW BOJHBI 100 HM.
Onpenenurte, Kakue CIIEKTPAIbHBIC IUHUH MOSBISIOTCS B CIIEKTPE BOIOPOIA.

IIpakTueckoe 3ansaTue S.

Tema: BonHoBble cBOMCTBA BellecTBAa. OCHOBBI KBAHTOBOM MEXaHHMKH.

Ilepeuens 3a0anuii: pemeHne GU3NIECKUX 337a4 [0 TeMe.

1. HaitguTe mnuHy BOJIHBI Ae-Bpoins juisi 3JIeKTpOHA, MPOILIEAIIEr0 Pa3HOCTh MOTEHIIUAJIOB
500 B.

2. Halinute nnuuy BoOJIHBI Je-bpoilsis s npoToHa, MPOIIEANIEr0 Pa3HOCTh IMOTEHIIMATIOB
1000 B.

3. 3apsKeHHas 4acTUIla, YCKOpeHHas pa3HOCThIO noTeHnuaioB 200 B, umeeT mjiMHy BOJIHBEI Jie-
bpoiins, paBHyto 2 nM. Haiinure maccy 3ToW dYacTulbl, €CIM W3BECTHO, 4YTO 3apsj ee
YHCIIEHHO PaBeH 3apsily dJIEKTPOHA.

4. IapannenbHbIA MYYOK IEKTPOHOB, YCKOPEHHBIX Pa3HOCTHIO MoTeHuanoB 250 B, HopmansHO
najaer Ha auadparmy C OBYMsl Y3KHUMH IIEISIMH, PACCTOSHUE MEXIY KOTOPBIMH 5 MKM.
Onpenenure pacCTOSTHAE MEXKIY COCETHUMH MAaKCUMyMaMd HHTEP(EPCHIIMOHHOW KapTHHBI
Ha DKpaHe, PacIoJIOKEHHOM Ha paccTOsSTHUU 50 CM OT IIenei.

5. V3kuil my4yoK MOHOZHEPIeTUYECKUX 3JIEKTPOHOB MaJaeT MOJ YIJIOM cKoJyibxkeHus 60° Ha
€CTECTBEHHYIO TIpaHb HEKOTOPOTrO MOHOKpHCTauia. PaccTosHue Mexay COCeTHUMH
ATOMHBIMH TUIOCKOCTSIMH, MapajuIeIbHBIMU 3TOM TpaHu MOHOKpucTauia, paBHo 0,3 uM. [Ipu
HEKOTOPOM YCKOPSIIOLIEM HAaNpsSHKEeHUH HAOMI0Jad MAaKCUMyM 3€pKallbHOTO OTpPa)KCHHSI.
Haitgure 5TO HampsbkeHWE, €CiauM HU3BECTHO, YTO CIEAYIOIIWA MAaKCUMyM 3€pPKaJbHOTO
OTpaXeHMsI BOSHHUKAJI IIPH €r0 YBEJIUYEHUH B 4 pasa.

6. Y3kMii My4OK MOHODPHEPTreTHYECKHUX OJJICKTPOHOB TMaJaeT HOPMaJIbHO HA TOBEPXHOCTH
MOHOKpHUCTaJJIa HUKeld. B HampaBieHuu, coctaBisitomuM yros 60°rpaaycoB ¢ HOpMAIbIO K
MOBEPXHOCTH HAOMIOA€TC MaKCHUMYM OTpPaXCHHS BTOPOTO TMOpPSAKA TP DHEPTHH
anekTpoHoB 360 3B. Bprunmciure COOTBETCTBYIOLIEE 3HAYEHHE  MEXKIIJIOCKOCTHOTO
paccTosiHusI.

7. [MapannenpHbli My40K MOHOSHEPTreTUUYECKUX AJIEKTPOHOB MaJaeT HOPMAlIbHO Ha auadparmy
co mienbio mupuHOM 1 MkM. Ornpenenutre CKOpOCTh 3TUX SJEKTPOHOB, €CIM Ha JKpaHe,
OTCTOSIIIIEM OT Ienu Ha pacctosHue 50 cM, MHPUHA LEHTPATBHOTO TU(PAKIIMOHHOTO
MakcuMyma coctasisieT 0,5 mm.

8. KakoBa HammeHbIas ommOKa, ¢ KOTOPOH MOKHO ONPEAETUTh CKOPOCTh DIIEKTPOHA, €CIH
KOOpPJIMHATA €T0 YCTAaHOBJICHA C HEOIPeAeIeHHOCThIO (0,2 MKM?

9. OueHnTe MUHUMAIBHYIO KHHETUYECKYIO SHEPTHIO DJIEKTPOHA, JTIOKATM30BAHHOTO B OONACTH
pazmepom 0,4 HM.

10. DnekTpoH ¢ KUHETHUYECKOH 3Heprueit mopsiaka 10 3B nokanu3zoBaH B 001IacTu pazMepom
2 MkM. OTLIEHUTE OmHOCUmMenbHY0 HEOTIPEIeICHHOCTh €r0 CKOPOCTH.

11. Ouenute HaUMEHbBIHUE OMIMOKH, C KOTOPHIMH MOKHO OMPEIENIUTh CKOPOCTh JIJIEKTPOHA,
MPOTOHA M IIApUKa MACChl | MT, €CITi KOOPAMHATHI YaCTHUIIl M IIEHTPa MIapUKa YCTAaHOBJICHBI C
HEONPEIENEHHOCThIO 1 MKM.

12. DnexTpoH ¢ KHHETHYeCKOW HHeprued 4 3B nokamm3oBaH B oOnactu pasmepoM 1 MKM.
HaiinuTe aGCOMOTHYIO U OTHOCUTENBHYIO HEOMIPEAETIEHHOCTH €r0 CKOPOCTH.

13. JImuTeNbHOCTH  BO30OYKIACHHOTO  COCTOSIHHSI — aTomMa  BOJOpOja 107 ¢c. Kakosa
HEONPEIEIEHHOCTh IHEPTUU B 3TOM COCTOSIHUU?



[TpakTrueckoe 3ansTue 6.

Tema I: Ctpoenue aroma. OCHOBBI (PU3UKH MOJIeKyJ. DU3HKa TPOBOAHUKOB M ITOJTYIIPOBOTHUKOB.

Ilepeuens 3adanuii; pemieHne GU3NIECKUX 3a/1a4 [0 TEME.

1. Kakoe HauMeHbllee HalpsDKEHHE HAJI0 HPUIOKHUTh K PEHTICHOBCKOM TpyOKe, YTOObI
NoJy4YHTh Bee MuHNM K-cepuu, eciy B KayecTBE MaTepruaja aHTHKAToa B3sTh Me/b, cepedpo,
BOJIb(paM, IIIATUHY?

2. Yemy paBHA MOCTOSIHHAsI SKPAHUPOBAHMS JUIs BOJIb(pama, eclii Ipu NEepexoe JEeKTPoHa B
aTome Bosib(hpama ¢ M-ciiost Ha L-cioii McIycKaroTCsl PEHTT€HOBCKHE JIyYd € JUIMHOM BOJIHBI
143 m?

3. IIpu nepexone 3nekTpoHa B aToMe ¢ L-cios Ha K-cioii ucnyckaroTcss peHTTeHOBCKUE JTyUH €
JumMHOoM BoJiHBI 78,8 M. Kakoii 3To atom?

4. Hatinute mmny BonHbl Juanu K menu (Z=29), ecnu U3BECTHO, YTO JUTMHA BOJHBI TUHUU K
enesa (Z=26) pasua 193 nwm.

5. CKOJIBKO 3JIEMEHTOB COJEPKUTCS B Py MEXAY TEMH, Y KOTOPBIX JIMHBI BOJIH K-muHMH
paBHbl 250 u 179 nm?

6. IIpn HEKOTOPOM HaNpsHKEHUH HAa PEHTTEHOBCKOM TPYOKe C aJIOMHUHMEBBIM aHTHKAaTOAO0M
JUIMHA BOJIHBl KOPOTKOBOJHOBOM TIPaHHUIbl CIUIOIIHOTO PEHTTEHOBCKOI'O CIIEKTpa paBHA
0,50 um. bymer nu HaOmomatbes mpu 3ToM K-cepus XapakTepUCTHYECKOTO CIIEKTpa,
MOTEHIIMAN BO30YKIeHUS KOTOpoi paBeH 1,56 kB?

7. Ilpn yBenmuueHUH HaIpspKeHUs Ha peHTreHOBcKkoi TpyOke oT 10 kB no 20 kB unTepBan aiux
BOJIH MeXJy K-IuHMel ¥ KOPOTKOBOJHOBOM I'paHMIIEN CIUIOIIHOTO PEHTTEHOBCKOTO CIEKTpa
YBEIMYMJICS B TpU pa3a. Onpenenure NOpsIKOBbIi HOMEp 3J€MEHTa aHTUKATO/1a 3TON TPYOKH.

8. B MegHOM MpOBOIHUKE IUIOMIABIO MonepeuHoro ceueHus 0,4 cM? cuna Toka 1,5 A. Haitaure
CPEHIO0 CKOPOCTb Jpeiicha dIIeKTPOHOB, €CITH KOHIIGHTPAIHS HOCHTeNeH 3apsa 8,4-10%% v,

9. B cepebpe o0beMoM 1 M~ HaXOIUTCS MPUOIMZHTEITHHO 5,8-10% 3JIEKTPOHOB MPOBOJAUMOCTH.
Haiinute cpenHiolo ckopocTh apeiida 3JIeKTPOHOB INPH HAI0XKEHUH BJOJb INPOBOJHUKA
AIIEKTPUUYECKOTO TOJIS HAPSHKEHHOCTHIO 1 B/cwm.

10. Hlupuna 3ampemieHHON 30HBI anmaza 65B. Haiinute UIMHHOBOJIHOBYIO TpaHHUILY
MOTJIOLICHHS CBETA aIMa30M.

11. Bo ckoiabKO pa3 MU3MEHHUTCS AJIEKTPOINPOBOJHOCTh YUCTOrO T€PMaHUs HpPU MOBBIILIEHUU
temmneparypbl oT —23°C no +27°C, ecnu mMpUHA 3aNPENeHHON 30HbI U TePMaHUs paBHA
0,74 5B?

12. Bo CKOIBbKO pa3 KOHIEHTPAIMs HOCUTEIICH 3apsia B YMCcTOM ciuiaBe InSb mpu temmneparype
400 K Gonbuie koHuentpanuu npu temnepatype 300 K? Ilupuna 3amperieHHol 30HBI JUis
InSb 0,18 »B.

13. KakoBa BepoOSITHOCTb TOTO, YTO 3JEKTPOH Npu Temmeparype 27°C 3aiiMeT cOCTOSIHMUE,
nexaniee Ha 0,1 3B Beie yposus ®epmu?

14. Haiinute sHepruto @epmu Ui CBOOOJHBIX 3JIEKTPOHOB Kallusi NMPH aOCOJIIOTHOM HYIIE,
CUMTas, 4YTO Ha OJMH aTOM IPUXOAUTCSA OJUH CBOOOJHBIN 3JIEKTPOH.

15. Dueprus ®epmu mpu aObCONIOTHOM Hyje s Hartpus paBHa 3,15 3B. Haiinure umcno
CBOOOJHBIX 3JIEKTPOHOB, MPUXOASIIUXCS Ha OJIUH aTOM HaTpus.

16. Haiimute MakCUMalbHYIO CKOPOCTb 3JIEKTPOHOB B MeTajule Ipu aOCOIIOTHOM HyIe, eclu
yposenb @epmu S 3B.

Tema 2: dusvika aTOMHOTO SJIpa.
1. CkonbKO MPOTOHOB, HEUTPOHOB M 3JEKTPOHOB COJAEPKUTCS B aTOMaxX H30TOMNOB YIJIEPOJa:
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2. Haiinure sHepruto cs3u sanep H u JHe. Kakoe u3 oTux sijep Haubosee ycTonunBo?
3. HaiiguTe yncino npOTOHOB, HEUTPOHOB, 3JIEKTPOHOB B aTOMaxX M30TOMOB MarHus.
4. BBIYNCIIMTE B AaTOMHBIX eIMHMIAX MACCHI: @) MacCy aToMa . Li , SHeprus CBsA3H s1pa KOTOPOro

41,3 MaB; 6) maccy sapa vC, y KOTOPOTO SHEPIHs CBsI3H Ha OJIMH HYKIIOH paBHa 6,0 MaB.



5. Haiigute ¢ moMoIpio TaOJIMYHBIX 3HAYEHWW MAacc aTOMOB: 1) CpeAHIOI0 SHEPTHUIO CBSI3M Ha
OJIMH HYKIIOH B sSIIpe 186 O, 2) sHepruro cBs3M sapa 1518 .

6. AKTHBHOCTH HEKOTOPOTO Iperapara yMeHbIaercs B 2,5 paza 3a 7 cyrok. Haiimute mepuon
nostypacnaza. depes3 Kako NPOMEKYTOK BPEMEHM aKTUBHOCTH IIpenapara yMEHBIIUTCA B 5
pasz?

7. Haliiure OCTOSHHYIO pacrnaja pagoHa, €CJI U3BECTHO, YTO YUCJIO aTOMOB YMEHbILIAECTCA 3a
cytku Ha 18,3%.

8. HekoTopbIii pagdoaKTHBHBIA Mpenapar MMeeT MOoCTosHHyIo pacmana 1,44-107 waca. Uepes
CKOJIBKO BpeMeHH pacnaaaercs 75% nepBoHa4aIbHOTO KOJIMYECTBA ATOMOB?

3.5. JlabopaTtopHbie padoThl
CEMECTP 5

Ha 3ansatusx ocymiecTBisieTcs: AOMYyCK K paboTe, cOOpka IKCHEPUMEHTaIbHOW YCTaHOBKH,
BBITIOJTHEHUE JKCIEPUMEHTa, 00paboTKa TOMY4YeHHBIX pe3yabTaToB, O(OpMIIEHHE OTYeTa,
3aKIIoueHue o padote, nomyueHue audQepeHIupoBaHHOrO 3a4eTa M0 BEIIOJHEHHON padoTe.

[Tpu BBITTOTHEHUH SKCIIEPUMEHTA CTY/ICHT BBHIIOJTHSCT 33 JaHHS:

1) cobepuTe 31EKTPUUECKYIO [IETlb B COOTBETCTBUU C MPHHIMITHATIBHON CXEMOIA;

2) HAY4YUTECh TMOJB30BATHCS AIICKTPOM3MEPUTEIBHBIMU MIPUOOpPAMH; ONPEICIUTE CHUCTEMBI
npuOOpoOB, WX TpPEIeibl H3MEPEHUs, KJIAcC TOYHOCTH, OTHOCHTEIBHYIO U aOCOJIOTHYIO
HOTPEITHOCTH;

3) mpoaymaiiTe OCIeJ0BaTeIbHOCTh ICHCTBHUI ITPU BBIMOJHEHHH SKCIICPUMEHTA;

4) BBITIOJIHUTE SKCIICPUMEHT, 3aIIMChIBasi PE3YJIbTAThl HEIIOCPEICTBEHHBIX U3MEPEHHIA B 3apaHee
HOATOTOBIICHHYIO TaONIUILY;

5) moctpoiite rpaguKu UCCIICTOBAHHBIX B SKCIIEPUMEHTE 3aBUCUMOCTEH OTHUX BEJIMYMH OT JAPYTHX;

6) crenaiite HEOOXOAUMbIC BHIUUCIICHHSL;

7) ompeneNuTe NOrPEIIHOCTH TTOIYYCHHBIX PE3YJIbTaTOB;

8) ohopmuTE BBIIONHEHHYIO PabOTY;

9) HanMIIKMTE 3aKII0YEHHE 10 BHITIOJHEHHOH padoTe.

JlaGopaTopHble pabOThl OCHAIIEHbl MHCTPYKIHUAMM, COJEpKAIlMMHU IepedyeHb 000pyI0BaHUs U
3aganus. Llenb paboTel (hopMyIHpyeTcss CTYAEHTaMH CaMOCTOATENIBHO Ha OCHOBE €€ Ha3BaHMSL.
Ha BeimonHenue oaHoil nmabopaTopHOi paboTel TpeOyercst 4 yaca. [loatomy 1enecooOpa3HbI
CABOEHHBIE 3aHATH JAOOPATOPHOIO IPAKTUKYMA.

JlaGopatopHas pabora 1
Tema: I'panynpoBKa MOHOXpOMATOpPA IO CHEKTPY PTYTH
Obopyoosanue: JlabopaTopHas ycTaHOBKA JUIsl TPaJyUPOBKH MOHOXPOMATOPA IO CIIEKTPY PTYTH.

JlaGopatopHas paboTa 2

Tema: 3akon Kupxroda u sBieHue o0paiieHus CieKTpaabHbIX JIUHUN

Obopyoosanue: JlabopaTopHasi yCTaHOBKa Ui MpoBepkH 3akoHa Kupxroda u uccriemoBaHus
SIBTICHHE OOPAICHNUs CTIEKTPATLHBIX JITHHHA.

JlaGopatopHas pabota 3
Tema: SIBnenue BHemHero ¢porodddexra
Obopyoosanue: JlabopaTopHas yCTaHOBKA JUIsl U3Y4EHUS SIBICHUS BHEIIHEro GoTorddexra.

JlaGopatopHas pabota 4

Tema: 3aKOHOMEPHOCTH B CIIEKTPE BOAOPOAA

Obopyooeanue: JlabopaTopHas YCTaHOBKAa ISl MCCIEIOBAHUS 3aKOHOMEPHOCTEH B CIIEKTpe
BOJIOpOJA.



JlaGopatopHnas pabora 5

Tema: CoOTHOIICHUE HEOTIPEACICHHOCTEN sl (JOTOHOB

Obopyoosanue: JlabopaTopHas yCTaHOBKA /Il U3YYCHHUs COOTHOIICHHUS HEOIPEICICHHOCTEH
1151 GOTOHOB.

JlaGopaTtopHas pabota 6
Tema: CrieKTpsI MOTIIOMICHHS PACTBOPOB
Obopyoosanue: JlaboparopHasi yCTaHOBKA JUIsl U3YYEHUS CIIEKTPOB MOTJIOIIECHUS PaCTBOPOB.

3.6. KonTpoub camocTosiTeIbHOI padoThl

Y4eOHBIM IIIAHOM HE MPEIYCMOTPEHBI

3.7. CamocrosiTe/ibHasi padoTa CTYyIeHTOB

Pexomenyembie (opMBbI caMOCTOSATENbHONW paboOThl CTYAEHTOB: 1) opopmiieHHE KOHCIEKTa;
2) pemienue GpU3MUECKUX 3a1a4; 3) MOArOTOBKA K JlabopaTtopHoii pabore; 4) opopMiicHHe OTYETA
110 1abopaTopHOit paboTe; 5) MOArOTOBKA K KOHTPOJIBHOM padoTe.

4. @oH/1 OLIEHOYHBIX CPECTB

@®OC BKJIIOYAET OLEHOYHBIE CPEACTBA TEKYILIETo, MPOMEXYTOYHOI'O M MOCTUTOIOBOTO
koHTpoust (IIpunoxenue 1).

5. [lepevyeHb OCHOBHOM M JONIOJHUTEILHON Y4eOHOI JTUTEPATYPHI,
HE00XO0AMMOM 1JIsl OCBOCHUS AUCUMILIUHBI

5.1. OcHoBHas JquTepaTypa

1. bounapes, b. B. Kypc oOmeil ¢usuku B 3 kH. KHura 2: snexkTpoMarHeTrusM, OINTHKA,
KBaHTOBas (hu3uka : yueOHuk A By30B / b. B. bonaapes, H. I1. Kanamnukos, I'. I'. Cniupun. —
2-¢ m3n. — Mocksa : M3garensctBo FOpaiit, 2025. — 441 ¢. — (Beicmee obpa3zoBanue). —
ISBN 978-5-9916-1754-3. — Texkct : anexkTpoHHBIN // OOpa3oBarenbHas miuaTdopma HOpaiit
[caiiT]. — URL: https://urait.ru/bcode/559925 (nara obpamenus: 31.03.2026).

2. Hesonun, B. K. KBantoBas ¢usuka n Hanorexnonoruu / B. K. HeBomun. — Mocksa :
Texnoctepa, 2013. — 128 c. — ISBN 978-5-94836-361-5. — Tekct : neKTpOHHBIN //
[ludpposoit  oOpazoBatenpHbli  pecypc  [PR SMART :  [caiir]. —  URL:

https://www.iprbookshop.ru/16975.html (mara ob6pamenus: 30.03.2026). — Pexum nocryma:
JUIS aBTOPU3HP. MOJIb30BaTENCH.

3. Maiiep B.B. KBanroBas ¢usnka: DneMeHTHI TeOpHH: Y4eOHOE PYKOBOJICTBO [DIEKTPOHHBIN
pecypc] / Maitep B.B. 153 c. Pexum pnoctyma: https://lib.rucont.ru/efd/715947 (nmara
obparmienus: 27.03.2026).

4. Bonbkenmreiin, B.C. COopHuk 3amau mo oOmeMy Kypcy ¢usuku: Yueb. mocodue / B.C.
Bonbkenmreiin. CI16. : Kamkabrii mup, 2008. — 328 c. (20 sx3eMInisipoB)

5. Xpennukos, A. FO. KBantoBas ¢pu3nka u HEKOJIMOTOPOBCKUE TEOPUU BEPOSTHOCTEN: yueOHOe
nocooue i By30B / A. 0. XpeHHHKOB. — 2-¢ u3/1., ucrp. u gon. — Mocksa : M3maTenbcTBo
FOpaiir, 2023. — 219 c¢. — (Boicuee obpazoBanue). — ISBN 978-5-534-04355-6. — Tekcr :
anekTpoHHbld  //  OOpazomatenpHass  miatdpopma  IOpaitr  [caiit]. —  URL:
https://urait.ru/bcode/513207 (nara obpamenus: 31.03.2026).

6. BomHoBass ontuka W KBaHTOBas (m3mka : ydeOHoe mocodme / O. U. Konmparsena,
N. A. Crapoctuna, C. A. Kazanues, E. B. bBypnoBa. — Kazanp : Kazanckuii HanmoHallbHBIN
WCCIIeIOBATEeILCKAN TexHoJorndeckuii yauepcuter, 2010. — 160 c. — ISBN 978-5-7882-
0996-8. — Tekcr : anexktponnslii // Lludposoit obpazoBatensHblil pecypc IPR SMART :
[caitr]. — URL: https://www.iprbookshop.ru/61832.html (mara o6pamienus: 30.03.2026). —
Pexxum noctyma: s aBTOPU3HP. MOJIb30BATEIICH.



7.Tepmen3on E.M. Onrtuka u aromHas ¢usmka: Yuebd. mocobue sl CTyA. IMed. BY30B /
E. M. I'epmienzon, H.H. Mano, A.H. Mancypos. M. : Axkagemus, 2000. — 408 c. (28
9K3EMILISPOB)

8. TanutbikoBa-bymkesny, U. WM. ®usuka. Yacte 2. Ontuka. KBantoBas ¢usmuka. CTpoeHue u
¢usnueckue cBoiictBa BemiectBa : yueOnuk / M. WM. TamuteikoBa-bymkeBnuy. — MuHCK :
Beimmitirast mkosa, 2014, — 232 ¢. — ISBN 978-985-06-2506-9. — TekcT : 31eKTpOHHBIN //
[udpposoii  oOpazoBatenpHbli  pecypc  I[PR SMART :  [caiir]. —  URL:
https://www.iprbookshop.ru/35563.html (mara o6pamenus: 30.03.2026). — Pexum nocryma:
JUIsL aBTOPU3UD. N10JIb30BATENCH.

O.T'ectpun, C. I'. Ontuka W kBaHTOBas (U3MKA : DOJIEKTPOHHOE YdeOHOe Tmocobue /
C.TI.T'ectpun, E. K. Cepreesa, E. B. Illykuna. — CaparoB : CapaToBCKuUii rocy1apCTBEHHBIN
texHudyeckuil yauBepcuteT umenn F0.A. INarapuna, 96C ACB, 2013. — 49 c. — ISBN 978-5-
7433-2631-0. — Texkcr : anextponnslii // Lludpposoii o6pazoBatensHbiii pecypc IPR SMART :
[cariT]. — URL: https://www.iprbookshop.ru/80110.html (mara oGpamenus: 30.03.2026). —
Pexxum noctyna: [uist aBTOpU3UP. TOIB30BATENCH.

5.2. Jlono/tHUTEIbHAS JTUTEPATypa

1. bounape, b. B. Kypc oOmeii ¢usuku B 3 kH. Kuura 2: snekTpomMarHeTtusm, OINTHKA,
KBaHTOBasg (m3mka : yuyeOHuK it OakanaBpoB / b. B. bonmapes, H. Il. Kanamnukos, I'. T.
Cnupun. — 2-e u3n. — MockBa : UsparensctBo FOpaiir, 2019. — 441 c. — (bakanasp.
Axanemuyecknii kypc). — ISBN 978-5-9916-1754-3. — Tekct : »dIeKTpOHHBIA //
OopasoBarenbHas iatdpopma IOpaiit [caiit]. — URL: https://urait.ru/bcode/425490 (mara
obpamienusi: 31.03.2026).

2. Bunorpanosa, H. b. KBantoBas ¢usuka : naboparopusiii npaktukym / H. b. Bunorpanosa,

A. b. KazanneBa. — 2-¢ u3ag. — MockBa : MOCKOBCKHI MeJaroru4eckuii ToCyaapCTBEHHBIN
yauBepcuteT, 2024. — 148 c. — ISBN 978-5-4263-0224-2. — Tekct : 31eKTpOHHBINA //
[ludpposoii  oOpazoBatenmpHbli  pecypc  [PR SMART :  [caiir]. —  URL:

https://www.iprbookshop.ru/145795.html (nara o6pamenus: 30.03.2026). — Pexxum poctyna:
JUISL aBTOPU3UD. MTOJIB30BATENEH.

3. Uponos, U.E. 3anaun no obmeit ¢usuke: y4ued. nmocobue mns By3os / M.E. Uponos. — M.:
BMHOM. JIa6oparopust 3uanwuii, 2007. — 432 ¢.(30 3x3eMIUIsIpOB)

4. I'opoxoBarckuid, FO. A. OnTuka : yaeOHUK U MpakTUKyM Ui By30B / FO. A. 'opoxoBarckuii,
. 1. daneera ; mox pemakmueit FO. A. T'opoxoBaTckoro. — 2-e u3J., UCHp. U A0 — MOCKBA :
N3znarensctBo HOpaiit, 2023. — 220 c. — (Boicmee oOpa3osanue). — ISBN 978-5-534-10804-0. —
Texcr : oanektponnsli // OOpazoBatenbHas mnatdopma FOpait [caiit]. — URL:
https://urait.ru/bcode/517433 (nata obpamenus: 31.03.2026).

5. CuByxuH, JI.B. O6muii kypc ¢usuxu: B 5 1. T. 5. ATomMHass u saepHas Qusuka. Yueol.
nocobue ans cryn. ¢us. cren. By3os / J[.B. CuByxun. — M. : @usmatnur, 2006. — 784 c. (10
9K3EMILISPOB)

6. l'opnay, B. B. ®usuka: kBantoBas ¢usuka. JlaboparopHblii MPaKTUKYM : ydeOHOEe mocolOue

st By3oB / B. B. Topmau. — 2-e w3a., ucrnp. u gon. — Mocksa : MznatensctBo FOpaiiT,
2023. — 114 c¢. — (Bwicmee o6OpazoBanue). — ISBN 978-5-534-10137-9. — Tekcr
anekTpoHHbld  //  OOpazoBatenpHass  miatdpopma  IOpaitr  [caiit]. —  URL:

https://urait.ru/bcode/513821 (mara obpamenus: 31.03.2026).



6. [lepeuyenb pecypcoB HH(OPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOM CeTH
«AHTEepHET», MPOPECCHOHAIBHBIX 023 TaHHBIX U MH(POPMAMOHHBIX
CIIPABOYHBIX CHCTEM, HCII0JIb3yEeMbIX IPU OCYLECTBJICHNH 00pa30BaTeIbHOIO
npouecca 1no ITMCUMILIHHEe

6.1 Ilepeuenbp pecypcoB HH(POPMANNOHHO-KOMMYHHKAUMOHHOH ceTu «HWHTepHETY,
HEe00XO0AMMBIX JAJI1 OCBOCHUS AUCIUIIITHHBI
1. ®usuka B ombITax ¥ 3KcnepuMenTax: https://mww.getaclass.ru/course/fizika-v-opytah-i-eksperimentah
2. Kypnasr:
https://fiz.1sept.ru/fizarchive.php — ®u3uka
http://www.kvant.info/ — Ksaat
https://www.elibrary.ru/title_about.asp?id=9870 — YueOnas ¢usuka
https://iopscience.iop.org/journal/0031-9120 — Physics Education
https://aapt.scitation.org/journal/pte — The Physics Teacher

6.2. IlepeyeHb HeOOXOAMMBIX NPOGecCHOHATbHBIX 0a3 JaHHBIX M HH(POPMANMOHHBIX
CIIPABOYHBIX CHCTEM

OneKTpoHHas OoubimorevHas cucremMa «IPR SMART». Pexnm JOCTYyIIA:
http://www.iprbookshop.ru

DnexrpoHHas oubanorednas cucrema «HOpait». Pexxum nocryna: https://urait.ru

OnekTpoHHO-OMOMMoTeuHast cucrema «Jlaub» (pazgen «CereBas dJEKTpOHHAs OMOIMOTEKA
ne1arornyeckux By3oBy»). Pexxum nocryma: https://e.lanbook.com

DnekTpoHHO-0nbIHoTeuHas cuctema «PykonT». Pexxum nocryna: https:/lib.rucont.ru/search
Me:xBy30BCKasi 3JIeKTpoHHAss Onbmmoreka. Pexxum mocryna: https://icdlib.nspu.ru/

Hayunas DJIEKTPOHHAS o6ubimoreka eLIBRARU.RU Pexum JocTyna:
https://www.elibrary.ru/defaultx.asp

HarrionanpHast aneKTpoHHast AeTckas oubnnoteka. Pesxxum gocryna: https://arch.rgdb.ru/xmlui/
HaumonaneHas snexrporHas Oubnauoreka. Pexxum gocryna: https://rusneb.ru
[Tpesunentckas 6ubnmuoreka umenu b.H. Enbunna. Pexum noctyna: https://www.prlib.ru

Polpred.com O630p CMU. Pexum nocryna: https://polpred.com

7. MeToan4yeckue yKa3aHusi M y4eOHO-MeTOAu4ecKoe odecneyenune 1Jis
o0y4yaruuxcst N0 0CBOCHUIO I CHUILTHHbI

JucuunnuHa pealu3yercss B COOTBETCTBUM C  YKa3aHUSIMU «MeTtoaudeckue
PEKOMEHJIAIMKA TI0 OpTaHU3aIui 00pa30BaTEIHLHOTO MPOIecca MPH OCBOCHUHU IUCIMILIAHBDY,
pa3menieHabpiME B DMMOC yHuBepcureTa (€10S.ggpi.org).

Mertoandeckue peKOMEHIAIMuU I paboThl ¢ mHBanuaamMu u autamu ¢ OB3 pa3mMenieHbl
B OMOC ynuBepcurera (ei0s.ggpi.org).


https://www.getaclass.ru/course/fizika-v-opytah-i-eksperimentah
https://fiz.1sept.ru/fizarchive.php
http://www.kvant.info/
https://www.elibrary.ru/title_about.asp?id=9870
https://iopscience.iop.org/journal/0031-9120
https://aapt.scitation.org/journal/pte

8. MaTepuaibHo-TeXHHYecKas 0a3a, NporpaMMHoe odecrieyeHue,
Heo0X01MMoe /17151 OCYIecTBJIeHUs 00pPa30BaTeIbHOIO MpoLecca 1no
AUCUMITHHE

VYu4eOnslii kopnyc 1, aynutopuu 205, 208, 209.

B  oOpasoBaresbHOM  IpolLecce  HCHOIb3YeTCs  CBOOOJHO  paclpoCTpaHsieMoe
IpOTrpaMMHOE 0OECTIe€YeHHE, B TOM YHUCIIE OTEUYECTBEHHOTO MPOM3BOJICTBA: IKOCUCTEMa SIHEKC,
Mail.ru u np.

[TonHbIil TEepeyeHb MaTepHATBHO-TEXHUYECKOW 0a3bl M MPOrpaMMHOrO OOECTIeYEeHUs
pasmemensl B DMMOC yHuBepcuTeTa (€10s.ggpi.org).

9. PeliTHHI-TIaH OLICHKHU yCII€BACMOCTHU CTYACHTOB

B Tteuenue CCMECTpa IIPOBOAUTCA pef/'ITI/IHI‘ I OCYHICCTBJICHHA TCKYIICTO KOHTPOJIA 3a
OCBOCHHEM yqe6H0r0 MaTepurajia CTyACHTaAMU. 3a (1)3.KT IIOCCIICHUA 3aHATUH OaJIBI HE CTABSATCS.
OI_IGHI/IBaHI/IC PE3YIBTATOB BCCX BUAOB ACATCIBHOCTU ITPOU3BOAUTCH 110 IATHOAIIEHOM IIKaJIE.

Oyenxu no meopuuy. CUCTEMaTUYECKU Ha JIEKIUAX MPOBOJATCS cobece008aHus no npotoeHHOM)
mamepuainy (He pexe OJTHOTO pasza B TPH JICKIIUHU); nposepka 3Hanus ¢opmyn (He MeHee 3 pas 3a
cemectp). [IBa paza B ceMecTp POBOIATCS KOHMPOIbHbIE pabombl O Meopuu.

Oyenku no npakmuxe. B TedeHue cemecTpa MPOBOMATCS HE MEHEE UYETBIPEX KOHMPOJbHbIX
pabom no 3adavam.

Oyenxu no aabopamopHuim padomam. CTYAEHTBl CHAIOT TMHCBMEHHBIE Omuemsl No

1aO0pamopHuIM pabomam.

1) Ilepen BbIMOIHEHHEM JTabOPAaTOPHO# pPabOTBI MPOBOAMTCS KpaTKOE COOECeTOBAaHHE HIIH
CTYIEeHTHI B TeueHue 30 MUHYT MUChMEHHO M3J1araloT TEOPETUYECKUN MaTepuan, u3ydeHHbIN
IpY HOATOTOBKE K paboTe.

2) CTyeHT IOIMYyCKAeTCss K BBIMOJHEHUIO PabOThI, €CIM B €ro TeTpaau o(hopMileHa 3aroTOBKa
0TYeTa, ¥ OH MOHUMAET (PU3NUECKYIO CYIIHOCTb SBJIEHUH, KOTOPbIE COOMPAETCS UCCIIEIOBATD.

3) B nporiecce BBIMOIHEHUS] PadOTHI MIPOBEPSIOTCS 3HAHUS MTPUHIIMIIA JCUCTBHS HUCIIOJIb3YEMBIX
npuOOpOB, yMEHHs COOHMpaTh SKCIEPUMEHTAIBHYIO YCTAaHOBKY, BBINOJIHATH M3MEpPEHHS H
0o0pabatbIBaTh UX PE3yJIbTATHI.

4) TTOJHOCTBIO TOTOBBIN OTYET 1O pabOTE MPOBEPSETCS MPEIOAaBATEIIEM.

5) Mo kaxaoii paboTe CTYICHT MOJyYaeT JBE OIICHKH: MEPBYD — 3a TEOPHIO, BTOPYK — 3a
poBeJIeHNE U 0POPMIIEHHUE PE3YIbTATOB IKCIIEPUMEHTA.



JIucT perucrpauuu u3MeHeHu U qonojaHeHui K PII/{
(bukcupyroTcs U3MEHEHHUS U JIOTIOTHEHUS Tepe]] HadajaoM y4eOHOTo roja,
npu HCO6XOI[I/IMOCTI/I BHECCHHMS M3MCHECHUN Ha CJIGILYIOH_II/If/’I rog —

oopmIIsieTcst HOBBIH JMCT U3MEHEHHU )

No ConeprkaHre U3MEHEHUS Hara, Homep Hara, Homep
ILII. IIPOTOKOJIA IIPOTOKOJIA
3aceaHus 3acelaHus COBETa
Kadeapsl. dakynbTeTa.
TToamuce IMonmuces nekana
3aBEYIOLIETO daxynbTera
kadeapoit
1.
2.
3.
4.
S.




[Tpunoxenue 1

®OHJA ONEHOYHBIX CPEACTB I1O JIMCHUIIJIMHE
OBHIAA U DKCHEPUMEHTAJIbHAA ®PU3NKA. KBAHTOBASA
OU3UKA

1. ®oH OLIEHOYHBIX CPEACTB JIA TEKYILIEro KOHTPOJIA yCIeBAeMOCTH,
NMPOMEKYTOUYHOH ATTECTAMH M MOCTUTOTOBOr0 KOHTPOJIS 10 JUCIUIIJINHE

1.1. Hactosaumii  ®onx  oueHouHbix  cpeactB(®OC) mno  gucuumiauHe «OOmas
sKcriepuMeHTanbHas ¢usuka. KBantoBas (usmka» sBiIseTCS HEOTHEMIIEMBIM MPUIIOKEHHEM K
paboueii mporpamme TUCHUILTHHBI «O0IIas 1 dKcriepuMeHTanbHas Gusnka. KBanroBas Gpusuka
(PITH). Ha nanubrit @OC pacnpocTpaHSIOTCS BCE PEKBU3UTHI YTBEPKICHUS, TPEICTABICHHEIE B
PII/] no naHHON AMCUMILIMHE.

1.2. OuenuBanue BceX BHUAOB KOHTPOJISI(TEKYILETO,
OCYIIECTBIISIETCS 10 5-TH OAJTHHOU IIKaJIE.

1.3. Pe3ynbTarhl OlIeHUBAHUS TEKYILIETO KOHTPOJIS YUUTHIBAIOTCS B pEHTHHTE.

IMPOMEKYTOYHOTO, HOCTI/ITOFOBOFO)

2. [lepeyeHb IUIAaHUPYEMBIX Pe3yJabTATOB 00y4eHHs MO JMCUHUILINHE,

COOTHECCHHBIX C YCTAHOBJCHHBIMHA HHAUKATOPAMHA JOCTHKCHUSA

KOMIIeTeHI M

KOI[ KOMIICTCHII N

I1K-1

dopmysupoBKa Crnioco0eH ocBanBaTh U UCNOJIb30BaTh TEOPETUYECKUE 3HAHUS U

KOMIIETEHIINH MIPAKTUYECKHE YMEHUS U HAaBBIKH B IIPEIMETHOM 001acTu npu
peneHny npodeccCuoHaNbHBIX 3aa4

WNupukarop HNIIK 1.1 3naer cTpyKTypy, COCTaB U JUAAKTHYECKHUE €IUHHLIBI

JOCTHUXKEHUS MpeIMETHOM 00J1acTH (ITpernogaBaeMoro mpeiMera)

KOMIIETEHIINH HNIIK 1.2 YMmeet ocymecTBIATh OTOOP y4eOHOTO CoepKaHus JUis

€ro peaju3aluy B pa3In4yHbIX (popmMax o0yueHUs: B COOTBETCTBUH C
tpeboBanussmu PI'OC OO

NIIK 1.3 JlemoHCTpUpyeT yMeHUE pa3padaThIBaTh pa3iHyuHbIe
(opMbl y4eOHBIX 3aHATUHN, IPUMEHSATh METO/Ibl, IPUEMBI U
TEXHOJIOTMH 00Y4YeHHUs], B TOM yuciie HUH(OPMaIlMOHHbIE

Ko xomnereHunm

I1K-3

dopMynupoBKa CrniocobeH ¢popMHpOBaTh pa3BUBAIOIIYI0 00Pa30BATENBHYIO CPEy

KOMITETEHIINHU JUTSL TOCTUKEHUS TMYHOCTHBIX, TPEAMETHBIX U METAIIPEIMETHBIX
pe3yabTaTOB 00Y4EHUS CPEICTBAMHU IPETIO1aBAEMBbIX YUEOHBIX
MIPEAMETOB

Nunuxarop HIIK 3.1 Bnageet cnoco6amu WHTErpaiuy y4eOHBIX TPEIMETOB

JOCTHIKECHUS JUIs OpraHU3alK pa3BUBatoIIell yueOHO! AeITeNbHOCTH

KOMIIETEHIIUU (uccnenoBaTenbCKOM, MPOEKTHOM, IPYNIIOBOM U JIp.)

UIIK 3.2 Ucnons3yeT 00pazoBaTeabHbIN MOTEHIIHAI
COLIMOKYJIBTYPHOM cpesibl perHoHa B IIpenofaBaHuy (IIpeIMeTa 1o
npo¢uio) B yueOHOH U BO BHEYPOUHOM JeSTEILHOCTH

HIIK 3.3 3HaeT ncuxoia0ro-neJarornyeckrue yCiaoBUs CO3JaHust
pa3BuBalolIel 00pa3oBaTeNIbHON Cpeabl JUIsS JOCTHKEHHS
JIMYHOCTHBIX M METAaPEIMETHBIX PE3yJIbTaTOB O0yUEHUS




3. Coaep:xkaHue OLIEHOYHBIX CPE/ICTB TEKYILEro KOHTPOJISI U
KpHUTEPHHU UX OLICHUBAHMSA

3.1. Texymuii KOHTPOJIb OCYIISCTBISICTCS MPENoJaBaTeieM JUCIMIUIMHBI TPH TPOBEIACHUH
3aHATHU B ciIeayromux hopmax: codeceoBaHKe 110 MPOHICHHOMY MaTepHaly, IPOBepKa 3HAHUS
bopMys, KOHTpOJbHAas paboTa MO TEOPHH, KOHTpOJIbHAs paboTa IO 3ajavyaMm, OTYET II0
naboparopHoit padore.

3.2. ®opMbI TEKYIIETO KOHTPOJIS B KPUTEPUH UX OLICHUBAHHUSL.

®opma KOHTPOJS 1: cobecedosarnue no npolideHHoMy Mamepuanry
Tunosvie 6onpocwi 015 cobeced08anusi NO NPOUOEHHOMY MAMEPUATY

[IpoBepsieMble KOMMIETEHIIMM W MHAUKATOPHI AocTrkeHus kommnerenmuii: [MK-1: UIIK-1.1.
UIIK-1.2., UTIK-1.3.; [1K-3: UTIK-3.1., UTIK-3.2., UTIK-3.3.

Bpems oTBeTa Ha oCcTaBIEHHBIN BOIPOC HE OoJiee 2-3 MUHYT.

Kputepun orieHMBaHMS: MCUEPIBIBAIONIMN OTBET — 5 OAJUIOB; OTBET C HETOYHOCTSAMU — 4 Oaiuia;
YIIOBJICTBOPUTEIBHBIN OTBET — 3 Oasia; HEBEpHBIN OTBET — 2 0ayuia; OTCYTCTBUE OTBeTa — 1 Oa.

1. Yro Takoe BHemHUH hoTodPdherT?
2. OnummTe ycTpoiCTBO BAKYYMHOTO (POTOIIEMEHTA.
3. Hapucyiite cxemy BkitoueHus (hoToIIeMEHTA.
4. Yto Ha3bIBaCTCS TOKOM HACHIIIECHUS?
5. UeM ompezensiercs 3aJepKUBAIOIIas pa3HOCTh MOTEHIIUAIOB?
6. Chopmymnupyiite 3aKoHbI (hoTodh(DheKTa.
7. Jakite onpenencHue GoOTOHA.
8. HazoBuTe ypaBHeHHE DWHINTEHHA U MTOSICHUTE BXOISAIINE B HETO BEITUYHHEI.
9. B 4em cocTOUT ABOWCTBEHHOCTD MPEACTABICHUI O CBETE.
10. B uem cocTouT mpakTUIecKoe mpuMeHeHne Gporodddexra?
11. KakoB npuHUIuI AeUCTBHUS POTOYMHOKUTENA?
12. Yrto coboit mpencTaBiseT 3IeKTPOHHO-ONTHIECKUH TpeoOpa3oBarTesn?

Dopma KOHTPOJS 2: npogepka 3HaHus popmyn
Tunosvie 3a0anus 0151 NPOBEPKU 3HAHUS hOPMYTL

[IpoBepsieMble KOMMIETEHIIMM W WHAUKATOPBI AocTibkeHus komnertenuuid: [1K-1: MIIK-1.1.,
UIIK-1.2., UTIK-1.3.; [IK-3: UI1K-3.1., UT1IK-3.2., UTIK-3.3.

BpeM}I BBITIOJTHCHU A 3aJaHUA 3 MHHYTBI.

Kpurepun onenuBanus: mpaBuibHas ¢gopmymna — 1 Oamr, HeBepHas (opmymna — 0 Gamios;
UTOTOBAs OI[EHKA OMPEENIeTCs CYMMOU HaOpaHHBIX OaIOB.

3anummTe ciaeayonme GopMyJbl:

1) sueprus ¢ortona,

2) UMIyIbC GPOTOHA;

3) ypaBHeHUE DUHILITENHA;

4) 3aepKUBaroIias Pa3HOCTh MOTEHI[HAJIOB;
5) naBneHue cBera.

dopma KOHTPOJS 3: KOHMPOIbHAS paboma no meopuu
Tunosas konmponvHas paboma no meopuu

[TpoBepsieMble KOMMETEHIIMM W WHAWKATOPHI JocTwkeHus kommnereHiumi: [1K-1: UIIK-1.1.,
UIIK-1.2., UT1K-1.3.; [IK-3: UI1K-3.1., UIIK-3.2., UTIK-3.3.

Bpewms Bemmonnenus 3aganus 90 MuHyT.



KonrtponbHas paboTa o aToMHOH (HU3HKE.

Kputepuu oneHuBanus: 3a4et 1o paboTe cTaBUTCS, €ciau AaHbl He MeHee 50% BepHBIX OTBETOB,
YIOBIIETBOPUTENIBHO — HE MeHee 60%, xopoiro — He MeHee 80% M OTIMYHO — €CIIM JIaHbl HE
MeHee 90% npaBUIIbHBIX OTBETOB.

Ha KoHTpoOsbHYIO paboTy OTBOAUTCS JBa akaJeMuueckux yaca. CTyIeHT HOITydaeT CIenuaabHOe
1oco0ue 1 akKKypaTHO BIIMCBIBA€T OTBETHI HA MOCTABJICHHBIE BOIPOCHI B OTBEJEHHBIE JJIS1 TOrO
mecta. Teker u popMyIbl MUIIYTCS PYYKOH, PUCYHKH BBITOTHSIIOTCS MATKUM KapaH/aioM.

1.
1.
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Bonnoegwie céoiicmea éeuecmea.
N300pa3uTte IBMKYIIYIOCS YacTHILy M COOTBETCTBYIOIIYIO el BoJHY ae-bpoitns. IlpuBeaure
XapaKTePU3YIOMIHE UX GOPMYIIbI UMITYIIbCA U DHEPTHH.

. IlpuBeaure cxemy omnbiTa 1o AUPPaKIUK MUKPOIACTHLI.
. Ykaxxute (¢uzndyeckuid cMmpica BonH fe-bpoiinsa. IlpuBeaure MaTeMaTH4ecKylO 3aluch

BOJIHOBOU (DYHKIIMH.

. 3anuiuTe COOTHOLIEHNE HeolpeaeneHHocTel [ elizenbepra.
. ChopmynupyiiTe NpUHIMI JONOTHUTEIBHOCTH.

OcHo6bl K6AHMOBOU MEXAHUKL.

. 3anuiuuTe BpeMeHHoe ypaBHeHue Llpenunrepa.

. 3anmmmte ypaBHenue Llpenunrepa 11t CTallMOHAPHBIX COCTOSTHUM.

. OnuimMTe KBaHTOBAHUE SHEPIHH YaCTULIbl B IOTEHLIUAIBHOM SMe.

. 3anumute GpopMynTy KBAHTOBAHHS YHEPTUH JIMHEHHOTO TaApMOHUYECKOTO OCHMILISATOPA.
. Uto Takoe HyneBas SHeprus?

. Chopmynupyiite mpaBuiio otdopa.

. JlaiiTe onpenenenue TyHHENbHOTO Y deKTa.

. VI31mouTe KIacCu4ecKyo aHaJIOTHIO TYHHEIBHOTO A deKTa.

Cmpoenue amoma.

. 3anuIMTe KBAHTOBBIE Ynciia U uX Gusznueckuii cMpica. Chopmynupyiite mpaBuio oToopa.

. 3apucyiTe u nosicaute cxemy onsita llITepHa u I'epiaxa.

. aiite onpezenenus U npuBeauTe GOpMysbl CIMHA U MArHUTHOI'O MOMEHTA AJIEKTPOHA.

. Chopmynupyiite npuniun [aymnu.

. IIpuBennTe TaOIUIy COCTOSTHUI 2JIEKTPOHOB B aTOME.

. 3anuIINTe MOJIOKEHUS], HAa KOTOPBIX Oazupyercs nepuoaudeckas cucrema /I.11. Menneneesa.
. Onummure xapakTepucTUYECKUE PEHTIeHOBCKHE ceKTphl. [IpuBenuTe 3akoH Mo3zmnu.

Ocnoewl puzuku moexyi.

. [lepeuncnute ¥ MOSICHUTE BUIbI XUMUYECKOU CBSI3H.

. OnuimTe MOJNIEKYISPHBIE CIIEKTPHI.

. 3anuinuTe, Kak MPOMCXOANT MOTIIOIIeHHE CBeTa. UTO Takoe KOMOMHAIIMOHHOE paccesiHUe cBeTa?
. JlaiiTe moHsATHE TIOMUHECIICHIINH, chopMynupyiTe mpaBuiio CTokca.

. CxemaTtnuecku n300pa3uTe U MOSCHUTE CIIOHTAHHOE W BBIHY)KJICHHOE U3JTyYCHHE.

. Hapucyiite cxemy u nosicHute paboty pyOMHOBOTO Jiazepa.

. Onumure paboTy renuii-HeOHOBOTO Jlazepa.

Du3uKa npo6OOHUKOE U NOJIYNPOBOOHUKOS.

. CxemaTdecku H306pa3I/ITe OHEPTCTUYCCKHEC 30HbI B KpHUCTaJlJIax. Yto Ha3pIBaeTCS BaJCHTHOMN

30HOM, 30HOM MPOBOJUMOCTH, 3aIIPELIEHHON 30HON?

. Hapucyiite cxeMbl 3HEPTETUYECKUX YPOBHEW METAJIOB, MOJYIPOBOAHUKOB, JUIIEKTPUKOB.
. Haiite onpenenenue u ypoBHs Oepmu.
. I3noxute mpeacraBienus o6 ypoBHe DepMu B MOTYyNpoBOAHHKAX. OxapakTepu3ynTe

CO6CTBCHHyIO " IPpUMECHYIO IPOBOJAUMOCTD MOJYIIPOBOAHHUKOB.

. CxemaTtnuecku U300pa3uTe IEKTPOHHO-ABIPOYHBIN MEPEX0/ U U3JI0XKUTE MPUHLUI JEHCTBUS

MMOJIYITPOBOJAHUKOBOTO AUOAA.



6. Ocnoewl puzuxku meepoozo mena.

1. Uznoxwute cyth oTkpbiTHst Kamepnuar-Onneca. Hapucyiite rpadguk 3aBUCUMOCTH YACIBHOTO
COIIPOTUBJICHUA OT TCMIICPATYPhI JII MCTAJLJIa U CBEPXIIPOBOAHHKA.

2. [lepeuncnure cBOMCTBA CBEPXIIPOBOIUMOCTH.

®opma KOHTPOJIS 4: KOHMPOLHA paboma no 3a0a4am
Tunoeas konmpoavHas paboma no 3a0a4am

[IpoBepsieMble KOMMIETEHIIMM W MHAUKATOPHI AocTrkeHus kommnerenmuii: [MK-1: UIIK-1.1.,
UIIK-1.2., UTIK-1.3.; [1K-3: UTIK-3.1., UTIK-3.2., UTIK-3.3.

Bpems BbinonHeHus 3aaaHus 45 MUHYT.

Kpurepuu onieHuBaHusL.

1. YcnoBue 3a1aun akKypaTHO U pa300pUYMBO 3aIIMCAHO CIIOBAMHU.

2. JlanHbIE 33124 KPATKO BBIMHUCAHBI CTOJIONKOM NiepeBeieHbl B cucremy CH.

3. KoppekTHo 1 akkypaTHO H300pa)Ke€HO OTHOCsAIIeecs K 3a7a4e (pu3nueckoe siBJICHUE.
4. IlosicHeHBbI Bce OTHOCSIIUECS K 3a1a4e (POPMYJIbL.

5. IlpaBUIIbHO c/ieniaH BBIBOJI pacue€THON (OPMYIIbI.

6. be3o1mmnb04HO MOy4eHO YHUCIOBOE 3HAYEHNE UCKOMOM BEJIMUMHBI.

7. IlpaBAIIBHO 3alCaH U IPOAHAIIM3UPOBAH MOJyYECHHBIN OTBET.

HenpaBwibHO pelieHHas 3a/1a4a noiydaeT 2 6ajuia; MpaBUIIbHO PELICHHAs 3a/lauya OLECHUBAETCS
3 GautamMu, K KOTOPBIM J00aBIsIETCS MO OJHOMY Oamly 3a KaKIblii BBIMOJHEHHBIH ITYHKT
KpUTEpUEB OlLleHMBaHUs. Bce Oamibl CyMMHpYIOTCS; 3a4eT 1O 3aJa4€ CTaBUTCS, €ClIu HaOpaHbl
He MeHee 5 0aJlJIoB, yJIOBJIETBOPUTEIBHO — HE MEHEe 6, XOpOLIO — HE MeHee 8 U OTIIMYHO — €CIH
HOJIy4eHbI HEe MeHee 9 6auioB.

Tunosaa konmponvHaa padoma no 3a0a4am Ha K6AHNO6bIE CEOUCHEA c6ema

3aoaua 1. Kakoll AJIMHBI BOJIHBI CI€yeT HAIIPaBUTh Iyl Ha MOBEPXHOCTb LIUHKA, YTOObI
MaKCHUMaJbHasi CKOpOcTh (oTodeKTpoHOB cocTaBmiia 2000 km/c? KpacHas rpanuna
dotorddexra mys uHKa paBHa 0,35 MKM.

3aoaua 2. Onpepenute mnoctosHHy0 I[lnaHka, eciu M3BECTHO, YTO (POTORIIEKTPOHBI,
BBIpBIBa€MbIE C MOBEPXHOCTH HEKOTOPOro Merayuia cBeToM ¢ yactotoit 2200 TT'1, monHOCTBIO
3a/ICPXKUBAIOTCST 00pATHOM Pa3HOCTHIO MOTEHIMANIOB 6,6 B, a BEIppIBaeMbI€ CBETOM C YaCTOTOM
4600 TT'1 - pa3HOCTBIO TIOTEHITHANIOB 16,5 B.

®opma KOHTPOJIA 5: omuem no n1abopamopnoti pabome
Tunoeoii omuem no rabopamopmotil pabome

[TpoBepsieMble KOMMETEHIIMM W WHAUKATOPHI AocTrkeHus kommeteHmwit: [MK-1: UIIK-1.1.,
UIIK-1.2., UT1K-1.3.; I[IK-3: UIIK-3.1., UTIK-3.2., UTIK-3.3.

Bpewms BbInoHeHMs 3a/1aHUs: B T€UEHHUE J1a00paTOPHBIX 3aHATUH.

Ha xaxnoe 3aHsATHE CTYIEHT NPHUXOAUT C 3apaHee O(OPMICHHOM 3aroTOBKOH OTYETOB IO
3aIJIaHUPOBAHHBIM 3KcriepuMeHTaM. CTyJIEHT JOIyCKaeTcsl K BBITOJHEHHIO SKCIIEPUMEHTa, €CIIi
OH: 1) mpebsBISIET MOJHOLEHHYIO 3aroTOBKY OTYeTa; 2) MOHUMAaeT (U3UYECKYIO CYHIHOCTH
HCCJIETyEMOT0 SIBJICHHUS; 3) MPEJCTaBIsieT MOPSAIAOK BBIIOJHEHHUS JKCIEepUMEHTa; 4) 3HaeT
TpeOOBaHUS TEXHUKH O€30MaCHOCTH.

Jns opopmiienus naboparopHbIx paboT HeoOxoauma pabodas TeTpaab. B kadecTBe Hee ydlie
BCEro MOAXOAMT OObIYHAs Yy4eHHUecKas TeTpajb B KIETOUYKy o0beMoM 18 nucToB. 3amucu B
TETPaI¥ MMPOU3BOSTCS YSPHIIIAMH, PUCYHKH BBITTOTHSIIOTCS MSTKAM KapaHaamiom ¢ rpudernem 2B
nuamerpoM 0,5 MM. OTYeTHI 110 BBINOJHEHHBIM 3KCIIEPUMEHTAM BKJIIOUAIOT CIIEAYIOIINE TyHKTHI.

1. Hazeanue uccneooganus, KOTOPOE ONpEAEIeT COJIEpikKaHUE MpeAcTodllel 1abopaTopHOH
paboTHI.
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9.

10.

11.

. Lleau sxcnepumenma CTyAeHT GOPMYIHUPYET CAMOCTOSTENBHO. J{J1s 3TOr0 HYKHO NMPOYUTATH

MMeIolIeecs B MOCOOMH ONMCaHNE SKCIIEPUMEHTAIBHOTO NCCIIeIOBAHMS U IPEICTaBUTh cede
OCHOBHBIE €r0 3Tanbl. 3aTeM HeoOX0IuMO CPOPMYNIHMPOBATH U 3alucaTh HENU O0Y4eHHs,
Pa3BUTHS U BOCIIUTAHUS, KOTOPBIE CTY/CHT Iepe]l COOO CTaBHUT.

. Bvi600 pacuemmnoii ¢popmynsi OCyIIECTBISIETCS B OCHOBHOM I10 TOCOOHIO K JIaOOPaTOPHBIM

paboram. OnTUYeckasi cxema u3y4aeMoro KBaHTOBOTO SIBJICHUsSI COBEPIICHHO HEOOXOIMMA.
Yempoiiemseo u npunyun Oeticmeusi uzuueckux npubopos. Ilpu moarotroBke x padore
JIOJDKHBI OBITh M3YYEHBI MCIIOJIb3YeMbIe B HEll (hu3uueckre mpuOopsl U B pabodeil TeTpau
OIKCaHbI T€ U3 HUX, KOTOPBIC CTYICHTY BCTPEYAIOTCS BIICPBHIC.

. 9KCl’l€pI/lM€Hma]ZbHCl}Z ycmaHo6Ka. IIo IPHUBCACHHOMY B II0COOUHU OIKMCAHUIO CTYACHT PUCYCT

ONTHUYECKYIO U JIEKTPUUECKYIO CXEMY 3KCIIEPUMEHTAIbHON YCTaHOBKH, 0003Ha4aeT Ha Hel
BCE DJIEMEHTBI YCTAHOBKM U MOSICHSIET X Ha3HAYCHUE.

Buinonnenue sxcnepumenma 3aKiO4acTCs B CO3JaHUM YCIOBMM JI1 BOCIPOU3BEACHHUSA
UCCIIEIyeMOTO KBAaHTOBOT'O SIBJICHHUS M IMPOBEIACHUU HEOOXOIUMBIX H3MepeHuid. [loaromy
OpU MOATOTOBKE OT4YeTa B paboyel TeTpagu AOKEH ObIThb NPEACTaBICH IOPAI0K
BBITIOJIHEHUST OSKCIEPUMEHTa, CHeJIaHbl KapaHIalloM 3aroTOBKM TaOJuUI JUIsl 3alucu
pe3yJIbTaTOB HENOCPEACTBEHHBIX M3MEPEHUH M BBIYMCIEHUH, OCTAaBJIEHO MECTO JUIs
BO3MO>KHBIX 3aMETOK I10 X0y SKCIIEpUMEHTA.

. Habnwooaemvie sgnenus. Ecnu B mpoliecce BBIMOIHEHUS Y4eOHOTO MCCIEIOBaHUS CTYJICHT

BIICPBBIC HAOMIOJAaCT KBAHTOBBIC SIBJICHWS, TO OHU JIOJDKHBI OBITH  OIHCAHBI,
cotorpadupoBaHbl U OOBSICHCHEI.

Pezynomameor sxcnepumenma. CTyOEeHT CaMOCTOATEIBHO BBIOMpaeT crnocod o00paboTku
OKCIIEPUMEHTAIBHBIX JaHHBIX. [IpearmodreHne OTmaeTcss OOMEIPHHIATOMY alTOPHTMY
00paboTKK pe3yabTaTOB HEMOCPEACTBEHHBIX M3MEPEHHH, KOTOPBI COCTOUT B BBIYKCICHHUU
CTaHJAPTHOU MOIPEIIHOCTH.

LononnumenvHvle 6onpocwi. B omnucanum kaxaod 1abopaTopHOl pabOThl MpPUBEIEHBI
JIOTIOJTHUTEIIHHBIE BOIPOCHI, HA KOTOPBIE JOJDKEH YMETh OTBEYATh CTY/ICHT.

3axnouenue. CTyACHT yKa3bIBa€T OCOOCHHOCTH BBITTOIHEHHOTO SKCIIEPUMEHTA, IEPEUUCTISET
BCTPETHBINMECS TPYIHOCTH, JENAeT CAMOOIEHKY CBOEH MIESITEeIbHOCTH W OIpEeIIsieT,
HACKOJIBKO YJIaJIOCh IOCTUYb MTOCTaBJIEHHBIE Tiepel COOOM 1eNnu.

Oyenusanue vinonnenHou pabomei. Ha KaxIoM 3aHITHH, KPOME JIBYX NEPBBIX, CTYACHTHI
OTUYUTHIBAIOTCS] TIO BHIIOJHEHHOW Ha mpenbiaymeM 3anstuu pabdote. [locne Gecempr co
CTYACHTOM TIPETIOAaBaTeNb JIBYMsI HE3aBHCHUMBIMU OIICHKAMH 110 TSATHOAJUTBHOM IIKaje
OIICHMBAET 3HaHHWE (PU3UYECKOW TEOpUU HCCIENOBAHHOTO siBieHUs (MyHKTHI 1, 3, 4) u
OKCTIEPUMEHTAIBHBIE YMEHHUsS, TOJYYCHHBIC IPH BBIIIOJHEHUH JIA0OPATOPHOW paboTHI
(myHKTHI 5-8). [Ipym HEOOXOAMMOCTH OH 3a/laeT OJUH WU HECKOJbKO OMOTHHTEIbHBIX
BOTIPOCOB.

OI_IGHKI/I 3allMCBIBAIOTCA B pa60qy}o TETpadb, CTABUTCS JaTa U NOAINCH ITpErioaaBaTeIA.

3.3. MeTtoauueckue YKa3zaHus 110 MPOBCACHUTIO ITPOUCAYPHI TCKYIICT'O KOHTPOJIA

1.
2.

B

Texymuii KOHTPOJIb MPOBOAUTCS HA MPOTSKEHUH BCETO CEMECTpa.

Co6op, o0paboTKa M OIEHWBAHHE PE3YJIbTATOB TEKYIIETO KOHTPOJIS MPOBOASATCS TMpEroaaBa-
TeJIeM, BEIYIIUM JUCLUIUIAHY.

[IpenbsBrneHne pe3yabTaTOB OIEHUBAHUS OCYIIECTBIIICTCS B TEUCHHE HEMEIH IOCIE TPOBe-
JICHUS KOHTPOJIBHOTO MEPOTIPHSTHS.

Pe3ynbTarhl TEKyIIero KOHTPOJISI YIUTHIBAIOTCS B PEUTHHTE TIO JUCIUTUINHE.

Bce matepuansl, monydeHHbIE OT 00yYalOIUXCsS B X0JI€ TEKYIIEro KOHTPOJs (KOHTPOJIbHAs
paboTa, IUKTAaHT, TECT, OPraHU3alMUs JUCKYCCHH, KPYIJIOTO CTOJNA, MOKJIAMd, pedepaT, OT4eT
1o JabopaTopHOil paboTe, OTYET MO Mearornyeckoi MpakTUKe U T.I1.), TOJDKHBI XpaHUTHCS B
TEUYEHHUE TEKYIIETO ceMecTpa Ha Kadeapax.

CunTarh, YTO TMOJIOXKUTENIBHBIE PE3YJbTaThl TEKYILEro KOHTPOJIS CBUAETENbCTBYIOT 00
YCIIEITHOM TIporiecce (hOpMUPOBaHUS YKa3aHHBIX KOMIETCHIIUI W HHIMKATOPOB JOCTIKEHUS
KOMITETEeHIINH (3TanoB (JOpMUPOBaAHUS KOMIIETEHIIHH).



4. CopepskaHue OLEHOYHBIX CPEICTB MPOMEKYTOYHOM aTTeCTAlUN U
KpHUTEPHHU UX OLICHUBAHMSA

4.1. [TpomMexyTOUHAs aTTECTALUS TIPOBOJUTCS B BUJIC IK3aMEHA.

4.2. ComepkaHue OLEGHOYHOTO CPEJACTBA  COBMANAaeT C  COACPKAHHEM  JTUCIHUIUIMHBI,
NpEJCTaBICHHBIM B paboueil mporpamMme IUCHUIUIMHBL @DoOpMa OLEHOYHOTO Cpe/ICTBa
MPENCTaBIsIeT cO00M HA0Op U3 PK3aMEHAIIMOHHBIX OHMIIETOB, YMCJIO KOTOPBIX PABHO YUCIY TEM
JICKITMOHHBIX 3aHATUH. Kax Il OMJIET COCTOUT U3 TpeX MyHKTOB: 3HATh, YMETh U BJIAJICTh.

[IpoBepsieMble KOMMIETEHIIMM W WHAWKATOPHI AocTwkeHus kommeteHmuii: [TK-1: WUIIK-1.1.,
UIIK-1.2., UTIK-1.3.; [IK-3: UI1K-3.1., UI1IK-3.2., UTIK-3.3.

Bpems BbInoHeHUS 3aqaHus: 2 Yaca — MUCbMEHHOE O(QOpMIICHHE OTBeTa, 15 MUHYT — yCTHas
Oecena.

JK3aMeHAMOHHbIE BONPOCHI corsacHo A/APY

1. TemmoBoe usnmyuenue. 3akoH Kupxroda.

2. PacnipenienieHne SHEpPruM B CHEKTPE U3JIy4eHHUs aOCOJIIOTHO TBEPAOro Tena. 3aKoH

cmemenns Buna, 3akon Credana-bonpumana.

®opmyia [lnanka 171 u3myyaTeabHOM CIOCOOHOCTH aOCOIIOTHO YEPHOT'O Tea.

OnTuyeckre NUPOMETPHI.

®oroaddext. DoToHbl. YpaBHEHHE DHIITEHHA.

JlaBnenue cBera ¢ KBaHTOBOM TOUKH 3peHus. OnbiTel Jlebenena.

TopMO3HOE PEHTI€HOBCKOE U3ITy4YEHHE.

Addexr Komnrona.

I'mnoreza ne  bpoitna.  KopnyckynspHo-BoiaHoOBoM — ayanusMm.  Cratuctuueckas

UHTEPIpETANs BOTHOBOH (DYHKITHH.

10. udpaxius 3:1eKTpoHOB: onbIThl J[3BHCcOHA U [)xepMepa, onbIThl TOMCOHA.

11. CootHomenue Heomnpeaenennocrer [eizenbepra. M3mepenus (U3MYECKUX BEJIUYUH B
KBaHTOBON MEXaHUKE.

12. BomnoBas ¢yHkuus u ee (u3MYECKWid CMbICH. [IpHHIMT Cymepro3uiuy COCTOSHUH.
VYpasuenue llIpénunrepa.

13. VpaBuenne Illp&€nunrepa mis cramoHapHBIX cocTOSTHMNA. CTaHIapTHBIC YCIOBHS JUIS
BOJIHOBOHM (DYHKIIMH.

14. KBanTOBaHME PHEPrUM YACTHIIbI B TOTEHLUAIBHOM SIME.

15. Yactuua B 1nose NOTEHIMATBHOMN CTYNEHbKU.

16. TynHenbHBIH A DEKT.

17. KBanTOBaHHE SHEPrUM JMHEHHOIO TApMOHUYECKOro ocuuiuiaTopa. Hynesas sHeprus.

18. Omnwsitel Pesepdopraa. [Toctynarer bopa. Onbiter @panka u ['epia.

19. Mogens atroma Boopona Peszepdopaa-bopa. Cnextp aToma Bogopoaa.

20. KBaHTOBaHHE MOMEHTA UMITYJIbCA M €T0 TPOCKIIHH.

21. CnuH 3nekTpoHa. MarHuTHBIA MOMEHT 3nekTpoHa. OneiTel LlTepHa u ['epnaxa.

22. OnmHOZJIEKTPOHHBIN aToM. KBaHTOBBIE YHCIa 3JICKTPOHA B aTOME BOJIOPO/IA.

23. DHepreTHYeCcKUe YPOBHH U CIIEKTPBI aTOMOB HIETIOYHBIX METALIOB.

24. CrnuH-opOHTaIbHOE B3aWMOJCHCTBHE. TOHKas CTPYKTypa SHEPreTHYECKHX YpPOBHEH W
CHEKTPAJIbHBIX JIMHUN aTOMOB BOJIOPOJA U IIETOUYHBIX METAJIJIOB.

25. Mpuanun ITlaymu. CocTosHHE 5SJEKTPOHA B MHOTODJIEKTPOHHOM aToMe. DIIEKTPOHHBIE
obomnouku. [Tepuoanueckas cucrema 3J1eMeHTOB MeH ierneeBa.

26. XapaKkTepHCTHYECKHE PEHTTEHOBCKHE CIIEKTPHI. 3aKoH Mo3im.

27. Tlpupona XuMHUYECKOHN CBSI3H.

28. MonexynspHbie cieKTpbl. KoMOMHAIIMOHHOE paccessHue CBeTa.

29. Jlromunecuenuus. [Ipasuino Ctokca.

30. CrnioHTaHHOE W BBIHYXKJICHHOE M3Ty4YeHus. Jlazepsl.
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31.

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.

DKcriepUMEeHTalbHbIE METOABI SACpHON (PU3MKH: CUETUYMKM YacTHUI, TPEKOBBIE KaMephl,
boTodMyIBCHH, MacCIEKTPOrpadbl, YCKOPUTETH 3aPSKEHHBIX YaCTHUII.

CaolicTBa aToMHBIX si7ep. CoctaB sapa. Hyknonsl. M30Tonsl.

Hyk/1oH-HYKJIOHHOE B3aUMOJCHCTBHE U CBOMCTBA SJIEPHBIX CHJL.

OHeprus CBA3M sijipa. Y IejIbHas SHEPTUS CBA3HU.

KanenbHas u 0601049euHas MOJIEH sIpa.

EcrecTBeHHast paliOaKTUBHOCT. O- U B-pacmazbl, y-u3inydeHue. [IpaBuia cmemeHus.
3aKoH paiM0aKTUBHOTO pacnaaa. AKTUBHOCTh. PainoakTuBHBIE cemeiicTBa.

Teopus anbda- u 6era-pacnagos.

Snepublie peakiyu. TUIIBI SAEPHBIX peAKIHUA. DHEPrUsl PEaKIUu.

Henenune siaep. Llennsie peakiun. SnepHbie peakTopbl Ha TEIUIOBBIX U OBICTPBIX HEUTPOHAX.
Peakuus cuntesa. [Ipobnema ympapiisseMoro TepMosiiepHOTO CUHTE3A.

[TpoGieMbl paaraliMOHHON SKOJIOTMH. 3alllUTa OT SACPHBIX U3TYUEHU.

Yacrtuel v anTHYacTuipl. Kocmuueckoe usinydeHue.

@OyHaMeHTaIbHBIE B3aUMOACHCTBUS U KIIaCCU(DUKALUS JIEMEHTAPHBIX YACTHIL.

KBapkoBas Mo/ieTIb CTPOCHHSI aJPOHOB.

@yHIaMEHTAJIbHBIE ~ YacCTHILIBI. YacTuupl-y4acTHUKH U YaCTULBI-IEPEHOCUUKHU
B3aUMOJICHUCTBUIA.

HpuMepHoe codep:)fcaHue IK3AMEHAYUOHHbLX ounemos

DK3aMeHaAlMOHHBIN ouiter Ne 1
3AKOHBI TEITJIOBOI'O U3JIYUEHU A

1.

3uamo usuueckyro meopuro. OCHOBHBIE MOHATHS TEOPUU TEIUIOBOTO H3JIYUEHUS: CIICKTD,
MOLIHOCTb, JU(QepeHranbHas 1 UHTErpajibHasi CBETUMOCTh, U depeHanbHas sipKocTb,
JaMOEPTOBCKHI HMCTOYHHK, HM3JIydaTelbHas CIIOCOOHOCTH, CBS3b MEXKAY H3Iy4aTelbHBIMU
CHOCOOHOCTSIMM 10 4acTOT€ M JJIMHE BOJIHBI, IOIJIOLIATeIbHAs CIIOCOOHOCTh Tela,
abCONMIOTHO 4epHOE Teso. PaBHOBECHOCTHh TEIMJIOBOIO H3JIyUE€HUS U €ro CBOICTBa. 3aKOH
Kupxroga u ero cnencraus. 3akon Credana-bonbiimana. 3akon Buna.

Ymemo o00vsacname usuueckue senenus. UTo MOHUMAIOT MOJI OOpaIllEHHMEM CIIEKTPAIbHBIX
auHUi? HapucyiTe ONTHYECKYI0 CXEMY JKCIEPUMEHTAIbHOW YCTAHOBKH, MO3BOJISIOLIEN
uccienoBarb 3T0 siBieHHE. OObACHUTE (U3NYECKYIO CYIIHOCTh SIBJICHHUS OOpaleHUs
CHEKTPAJIbHBIX JIMHUNA. Kak 0HO NCnob3yeTcst Ha MpakTuke?

Braoemov memooamu pewenus gusuueckux 3adau. Ilpn nHanpsoxenun 220 B uepes cnimpaib
namnsl TedeT Tok 1,2 A. Jlmamerp cnupamu 0,5 mm, nnuna 8 cM. Haiinure temneparypy
CIIUPAJIHU MPHU YCIOBHUH, YTO €€ MOXKHO CUUTATh A0COIIOTHO YEPHBIM TEIOM.

IK3aMeHALMOHHBIN Omier Ne 2
KBAHTOBAS TEOPUM TEITJIOBOI'O U3JIYVUEHUA

1.

3uamov  usuueckyio meopuro. Yucno creneHeil cBOOOJBI MO M3Iy4eHHs aOCOIIOTHO
YyepHoro Tena. YHuBepcaiabHas GyHkuus Kupxroda u mnorHocts sHepruu. @opmyna Panes-
Jbxunca. 'unore3a Ilnanka. KBantoBanue sHeprum uznydenus. BeiBox dopmysnsr [Tnanka.
CnenctBust popmyisl [Tnanka. BeiBoj 3akonoB Ctedana-bonsiimana u Buna.

Ymemov obvacnams usuveckue saenenus. HapucyiTe cxembl, OOBSICHHUTE YCTPOHCTBO H
NPUHLMI JEHCTBUS ONTHYECKUX NHpOMeTpoB. UTO Takoe paauanudoHHasl, LBETOBas U
ApKOCTHasI TeMIieparypa?

Braoemv memooamu pewenus ¢uzuueckux 3adau. AGCOTIOTHO YEPHOE TEIIO HAXOIUTCS TIPH
temneparype 4000 K. ITpu ocTeiBaHMM 3TOTO Teja JUIMHA BOJHBI, HA KOTOPYIO MPUXOIUTCS
MaKCHMyM H3JTy4aTeJIbHOM CIOCOOHOCTH, M3MeHuach Ha 15 MxM. Jlo kakoil TemmnepaTrypsl
OXJIaINJI0Ch TENIO?



IK3aMEeHALUOHHBI §n.11eT Ne 3
KBAHTOBLIE CBOUCTBA CBETA

1.

3uamo pusuyecxyro meopuio. SIsnenune BHemHero ¢porodddexra. Bakyymublii poTo376MEHT.
Cxema BimoueHust (Qorosnementa. Tok HacellieHus. 3ajep)KUBarolas Pa3sHOCTh
noTteHnuanoB. 3akoHbl porodrddexra. DoToHbl. YpaBHeHUE DWHINTEHHA. [|BOMCTBEHHOCTH
npeacraBieHui o ceere. Jlapnenue ceera. Onwitel JIeOenena.

Ymems ob6vscnamo gusuueckue senenus. Uto Takoe QIIyKTyallud CBETOBOTO MOTOKA U KAk
oHM Obun oOOHapyxkeHbl? Kak ycTpoeHl M B YeM COCTOMT HPUHUMUI JCHCTBUS
(OTOYMHOXKHTENS, AJIEKTPOHHO-ONTUYECKOTO TpeodpazoBarensi W Ta30HAMOTHEHHOTO
dboTornemenTa?

Braoemv memoodamu pewenus ¢usuueckux 3aday. Onpenenure nocrosunyro [lnanka, eciu
U3BECTHO, YTO (DOTOIIEKTPOHBI, BHIPHIBAEMBIE C TIOBEPXHOCTU HEKOTOPOTO METAJLIA CBETOM C
gactotor 2200 TI', mOTHOCTEIO 3a/IePKUBAIOTCS OOPATHON Pa3HOCTHIO MOTEHIMAIOB 6,6 B,
a BbIpbIBaeMbie cBeTOM ¢ yacToToil 4600 TI' — pasHoCcThIO OTEeHIIMANIOB 16,5 B.

IK3aMEHALUOHHBI §u.11eT Ne 4
KBAHTOBBIE CBOUCTBA N3JIYUEHU A

1.

3uamov  uszuyeckyro meopuro. PEHTTEHOBCKOE W3JIyueHHE: ONBIT bore; TOpMoO3HOE H
XapaKTEepPUCTUUECKOE U3Ty4YeHHUE; NMPUMEHEHNEe peHTreHOBCKUX Jydyei. Dddexkr Komnrona:
IKCIIEpUMEHTAIbHASL YCTAHOBKA; PE3YJIbTAThl SKCIIEPUMEHTA; 3JIEMEHTapHas TEOpHsl.

Ymemv ob6vacuame ¢usuuyeckue senrenus. OObSICHUTE, MOUYEMY B CIIEKTPE PACCEIHHOTO
BEIIECTBOM MOHOXPOMAaTHYECKOI'O PEHTTCHOBCKOTO W3JIY4YE€HUs C JJIMHOM BOJHBI A
HaAOJII0JIAI0TCS JIBE JUIMHBI BOJIHBI, OJIHa U3 KOTOPbIX A' Ooubllle Mmajarolieii, a BTopas paBHa
enl.

Braoemv memooamu pewenus gusuueckux zaday. ®oton ¢ 3ueprueit 0,75 MaB paccesiics
Ha CBOOOAHOM »3JeKkTpoHe mojn yriaom 60°. Haiinute sHepruro paccesHHoro (oToHa,
KUHETHUYECKYIO SHEPTHI0 U UMIIYJIbC JIEKTpOHa oTaun. KuHeTnueckol sHepruen nekTpoHa
710 B3aUMOJICHCTBHS MOKHO TTPEHEOpEYb.

IK3aMeHALNOHHBIN Omiter Ne 5
ATOM PE3EP®OPJIA-BOPA

1.

3uamo usuyeckyro meopuio. 3aKOHOMEPHOCTH B aTOMHBIX CIIEKTpax: ONTHYECKHE CIIEKTPHI;
CIIeKTp Bojopojaa; oboOmenHas (opmyna bambmepa; KOMOMHAIIMOHHBIN TpuHIMN Putima.
[TnanerapHast MoJiesib aTomMa: MoJieNlb aTomMa ToMcoHa; omnbIThl Pe3epdopaa mo paccesHuro
o« —4acTul; anepHas monenb atoMa. Iloctymarsl bopa. IIpaBuino kBaHTOBaHMS KpPYrOBBIX
opOuT. DnemeHTapHas OOpOBCKasi TEOpHUs BOAOPOAHOTO atroMa. Cxema YpOBHEH SHEprumu.
ITorennuman nonnsanuu aroma. Ilpunuun coorBercrBusa. Teopusa bopa kak IpOMEKyTOYHBII
9Taln pa3BUTHUS MIPEJICTaBICHUI 00 aToMe.

Ymemv  obvacuame  ¢usuueckue  senenus.  HapucyiTe — SIEKTPHUECKYIO — CXEMY
HKCIIEPUMEHTAJIbHONW YCTAaHOBKH, KOTOPYIO B CBOMX HCCIIEJIOBAHUSAX UCHOIb30BaIu DpaHK U
I'epu. KakoB pesynbrar ux skcrnepumenta? Jlaiite oObscHEHHE 3TOMYy pe3ynbraTy. Uto
MMEHHO J0Ka3biBaeT onbIT ®panka u ['epua?

Bnademv memodamu pewenus ¢usuueckux 3aoauy. Haiimure anuHYy BOJHBI (OTOHA,
COOTBETCTBYIOILIETO MEPEXOay 3JEKTPOHAa CO BTOPOH OOpOBCKOM OpOMTHI HAa MEPBYIO B
OJIHOKPaTHO MOHU30BAHHOM aTOME T'€JINs.

3K3aMeHaun0Hm,né ouJier Ne 6
BOJIHOBBIE CBOUCTBA BEIIECTBA

1.

3namov usuueckyro meopuro. Bomubl ne-bpoinia. OnbITel 0 AUPPAKIIUA MUKPOUYACTHIL
JlaBuccona u Jlxepmepa; TaprakoBckoro u Tomcona; lllrepna; bubepmana, CymkuHa u
®abpukanta. Pusznyeckuil cMbIcll BoJH Je-bpoiing. Maremaruueckas 3amuch BOJHOBOM



¢ynkunu. CooTHomeHue HeompenenenHocteil ['eizenOepra. I[lpuHiun cynepno3unuu B
KBAaHTOBOM MexaHuKe. M3mepenne ¢puznyeckux BeaudrH. [I[pUHINI JOMOIHUTEIBHOCTH.
Ymemv  obwachamv  Quszuueckue Aenenus. B BameM  pacHOpsDKEHHMH — UMEIOTCA
HOJYIPOBOJHUKOBBIN Jla3ep, OTrpadyHMpOBaHHAas IO IIMPUHE DAa3/BHUXKHASA IIEb, OEbli
9KpaH, JUHEHKa ¢ MUJUTUMETPOBBIMU JIeIEHUSIMH U cMapTQoH. [ToscHuTe, Kak ¢ MOMOIIBIO
HEPEYUCICHHOr0 000PYAOBaHUS MOXHO SKCIHEPUMEHTAIbHO OOOCHOBATH CIPABEIJIMBOCTh
COOTHOILIEHUS Heomnpeaenennocrei [ eitzenbepra.

Braoemv memooamu pewenus gusuveckux zadau. Haiigure nimuny BoJiHBI jae-bpoins s
IIPOTOHA, IPOUIEIUIET0 pa3HOCTh noTeHnuanos 1000 B.

IK3aMeHALMOHHBIH 5HJIET Ne 7
OCHOBBI KBAHTOBOU MEXAHUKU

1.

3name uzuueckyro meopuro. YpaBuenue lllpenunrepa. CranvoHapHbIE COCTOSHUS U HX
cBoiicTBa. YpaBHeHue lllpenunrepa mid craliMOHapHBIX COCTOsIHUMN. KBaHTOBaHWE 3HEPrUu
YacTUIbl B TNOTEHUHAIbHOW siMe. KBaHTOBaHME »HEPruM JHMHEHHON0 TrapMOHHUYECKOIrO
ocumwuiaropa. HyneBas oueprusi. IlpaBmiio otOopa. IlpoxokieHue dacTHIBI 4epes
noTeHuuanbHbll Oapbep. TyHHenbHBIH 3¢dekt. Kimaccuueckue ananoruu. TyHHENbHBIN
MHUKPOCKOII.

Ymemo ob6vacnuamo gusuueckue sgnenus. B Bamem pacnopsiyKeHUU UMEIOTCS J1BA CTEKISTHHBIX
NOJNYIMJIMHIpPA W ONTHYECKas Imaiida ¢ OCBETHUTENeM, JMaloUM Y3KHE ITyYKH CBETa.
OObsicHUTE, KaKk C TIOMOIIBIO YKa3aHHOTO OOOpYyIOBaHUS JIOKa3aTh CYIIECTBOBAHUE
TYHHETIBHOTO 3 PEeKTa B ONTHIECKOM JHana3oHe.

Braoemv memooamu pewenus ¢puzuueckux zaoay. DISKTPOH HAXOAMTCS B OJHOMEPHOU
OCCKOHEYHO TIYOOKOW TIOTCHIMANbHOW sMe mmpuHOW |=1 HM ¢ abCONOTHO
HenpoHuIaeMbIMu cTeHKamu. [lonb3ysice ypaBHenueMm lllpeaunrepa, HaiiuTe coOCTBEHHbBIE
3HaueHus 3Heprun En yacTuIpl U onpesennuTe HaMMEHbIIee 3HaU€HUE SHEPTUU AIEKTPOHA.

IK3aMeHALNOHHBIN Omier Ne 8
CTPOEHUE ATOMA

1.

3uamv  @uszuueckyro meopuro. DIEMEHTbl KBAHTOBOM TEOpPUH aTOMa BOJOPOJA.
KBantoBomexaHnnueckasi nHTepnpeTanus nocrynaroB bopa. KBantoBanue snepruu, MOMeHTa
UMITYJIbCa U MPOEKIMU MOMEHTa MMNyibca ((PU3MUECKUI CMBICI KBAHTOBBIX yucen). CruH
anekTpoHa. CIMH U MarHUTHBIN MOMEHT 3JIeKTpoHa. Pacnpenenenne 3J1eKTpOHOB B aTOME 10
sHeprerudeckuM ypoBHsAM. [Ipunuun Ilaynu. DnextponHble ob6onouku. Ilepuonmueckas
cucrtemMa »di1eMeHToB MenneneeBa. CHeKTpbl MHOTIO3JEKTPOHHBIX aToMoB. Ilpupona
XapaKTEepUCTUUECKUX PEHTIC€HOBCKUX CIEKTPOB. 3akoH Mo3sin.

Ymemv obvacuamo guzuueckue aenenus. Hapucyiite cxeMy 5KCIEPHUMEHTATIBHON yCTaHOBKH,
KoTopyro ucnosszoBainu Lltepn u 'epnax. KakoBa ¢usuueckas CylniHOCTb SIBIE€HUS, KOTOPOE
OHU OOHAPYKWIJIM B CBOEM 3KcriepuMenTe? Uto nMeHHo nokasbiBaeT onbIT LlTepHa u ['epnaxa?

. Braoems memooamu pewenus ¢usuveckux 3aoau. llpu mepexoae s1ekTpoHa B atome ¢ L-

ciost Ha K-cjoi MCIyCKarTCsl pEHTI€HOBCKHUE JIYYH C JUTMHOW BOMHBI 78,8 mM. Kakoif 3To
aTom?

IK3aMeHAUMOHHBIN Omiter Ne 9
OCHOBBI ®131K1 MOJIEKVYIJI

1.

3name guzuuecxkyro meopuro. Monexkynsl. [loHATHE O XUMUYECKON CBS3M U BAJEHTHOCTH.
Monexynspable crekTpbl. IIpoxoxnaenue cBera uepe3 BemiecTBo. lloriomenue caera.
KoMmOunammonnoe paccessuue cBera. Jlrommnecnenmus. [IpaBunmo Crokca. CrioHTaHHOE H
BBIHY)KJICHHOE H3lTyyeHue. PyouHoBsIi nasep. ['enuii-HeoHOBBIN 1azep.

Ymemv  obwvacuame  Qusuueckue aenenus. B BalmieM  pacloOpsDKEHUH — UMEIOTCS
MOJIYIIPOBOTHUKOBBIN J1a3ep, AU(paKIMOHHAs pEelIeTKa HM3BECTHOrO IMepHoia, JUHEWKa ¢



MUJUTMMETPOBBIMH ~ JISIGHUSIMA ¥ Oenblii dkpaH. Kak ¢ MOMOIIBI0 TEPEeYUCICeHHOTO
000pyTI0BaHUS MOXHO OIPEACIUTH MOCTOsTHHYIO [Tmanka?

Bnaoemv memooamu pewenusi ¢usuueckux 3adau. Haiimure pmns monekyast HCI
BpalllaTeJIbHbIE€ KBAHTOBBIC YUCJIA JIBYX COCEIHUX YPOBHEU, pa3HOCTh SHEPTrUil KOTOPBIX 7,86
M3B. PaccTrosiHue Mexny siipamu MOJIeKyJsl 127,5 M.

IK3aMeHAMOHHBIN oOmiaer Ne 10
OU3NKA ITPOBOJIHMKOB U ITOJIYITPOBO/HHWKOB

1.

3name Qusuyeckyro meopuro. JHepreTUUECKUe 30HBI B KpucTailaXx. BaneHnTHas 30Ha, 30Ha
IIPOBOAMMOCTH, 3allpellleHHas 30Ha. MeTalibl, MOJIYIPOBOAHUKH, AUAIEKTpUKH. CTaTUCTUKA
®epmu-/upaka. Ypoenb Depmu. IDIEKTPONPOBOAHOCTH MeETAIOB. [loynpoBOgHUKHY.
CoOcTBeHHAass W TPUMECHAs MHPOBOJUMOCTH IOJYIIPOBOJHHUKOB. IEKTPOHHO-IBIPOYHBIH
nepexo. [lonynpoBoaHuKoBBINM Aroa. TpaH3uCTOp.

Ymemov obvacuame usuueckue saerenus. Ecnum Ha COBpPEMEHHBIH MOIYIPOBOIHUKOBBIH
CBETOJIMO/I MTO/IaTh MOCTOSIHHOE HANIPSKEHUE, TO B OJJTHOM HAIPABIIEHUU OH MPOITYCKAeT TOK, a
B IPOTUBOIIOJIOKHOM — HET. Eciu HanpsiKeHHe MPEeBbIIaeT HECKOIbKO BOJIBT, TO CBETOAMO
UCIyCKaeT cBeT. Eciiu 3TOT CBETOMO/T OCBETUTD, TO HA €r0 BHIBOJAX MOSBISIETCS MMOCTOSHHOE
HanpspkeHne. OObSICHUTE YKa3aHHBIC SIBICHHUSL.

Braoemv memooamu pewenus ¢uzuueckux 3aoau. KakoBa BeposITHOCTh TOTO, YTO 3JICKTPOH
pu Temmeparype 27°3aiiMeT cocTosHue, exaiiee Ha 0,1 3B Boimie ypoBusa @epmu?

9K3aMeHAMOHHBIH OnjteT Ne 11
OCHOBBI ®U3UKHU TBEPJOI'O TEJIA

1.

3uame usuueckyro meopuro. KBanronas teopus TerioeMKocTd. @oHOHBI. TerionpoBoIHOCT
JUIEKTPUYECKUX KPHUCTAUIOB. TeroeMKkocTh MeTauioB. CBOMCTBAa 3JEKTPOHHOIO Tasa.
Ounepruss @epmu. TemnoeMKoCTh 3JIEKTPOHHOrO ras3a. [IoHATHE O KBAaHTOBBIX CTaTUCTHUKAX.
KBaHTOBBIE SIBNICHUS TIPH HU3KUX Temrieparypax. CBepXIpoBOoAMMOCTh. CBEPXTEKY4ECTb.
Ymemv  obvacuame  usuveckue senenus. Ha  TabneTky  BBICOKOTEMIIEPATYpHOTO
CBEPXIPOBOHHUKA TOJOXKIIN HEOOIBIIOW HEOAMMOBBIH MarHUT. CBEPXIPOBOIHHUK IMOJMIN
KUIKUM a30ToM. CrycTss HEKOTOpOoe BpeMs MarHUT IOJICKAaKWBaeT Haja TaOJeTKod H
JIEBUTUPYET HaJl HEM Ha HEKOTOpOM BbicoTe. OOBSICHUTE 3TO ABJICHUE.

Bnademv memooamu  pewenus @uzuueckux 3aday. Bo CKOIBKO pa3 HM3MEHHUTCSH
3JIEKTPONPOBOHOCTD YHCTOrO TePMAHHS TIPH TIOBBIIICHNH TemmepaTypsl ot -23°C 0 +27°C,
€CIIU ILIMPHHA 3alpeIIeHHON 30HbI 171 repManus pasHa 0,74 3B?

IK3aMEeHALUOHHBI 6UI/[JIeT Ne 12
IMTPUBOPLI AAEPHOU ®U3MKIN

1.

3uame  ¢usuueckyro  meopuro.  MeTonbl  perucTpaluu  SACPHBIX  H3JIYYEHUH:
CUMHTWIISLMOHHBIN CUETYMK; MOHU3ALMOHHAs KaMepa; cueTuuk ['elirepa-Mrosuiepa; kamepa
Bunbcona; my3sippkoBas kamepa [ie3epa; TOJICTOCTIOWHBIE (POTOIMYIIBCHH; YEPEHKOBCKHI
CUETUMK. YCKOPHUTENN 3apsDKEHHBIX YaCTUI: OJHOKACKaJAHBbIM M JIMHEHHBIA KacKaJHBIN
YCKOpUTENH; OETaTpoH; UIUKIOTPOH, (a30TpoH (CHHXPOLMKIOTPOH), CHUHXPOTPOH,
CHUHXPO(aA30TPOH; YCKOPUTENIN Ha BCTPEUHBIX Iydkax. Macc-criekTpomeTrp AcTtoHa. OUIBTp
ckopocTteil. Macc-cniektpometp beltnOpumxa.

Ymemo obvacuame gusuueckue asnenus. B 4ucTyi0 CTEKISIHHYIO KOJOY HAJIMIM HEMHOTO
BOJIBI M 3aKpBUIN €€ MPOOKOH, coequHEeHHOU ¢ pe3nHoBOM rpymeil. Konby ocsetunu cOoky,
HaXaIM ¥ OTIyCTWIM Trpymy. [Ipu sToM copepkuMoe KoJIObI HE M3MEHMIIOCh. UTO HY>KHO
cenaTh, 4ToObl B KOJIO€ BO3HUK IrycToi TymMaH? OOBbACHUTE 3TO SIBJICHHUE.

Braoemv memooamu pewenus guszuueckux 3adau. OnpenenuTe HaNMMEHbIIEE 3HAYCHHE
pandyca AYaHTOB IIMKJIOTPOHA, MPEIHAa3HAYEHHOrO JJIi YCKOPEHHs MPOTOHOB 10 SHEPTUu



E=0,80 n/x, B koTtopoM uHAyKuus MarHutHoro mnons B=0,5 Tn. 3aBucumocts Macchbl
IPOTOHA OT €r0 CKOPOCTH MOKHO HE yUUTHIBATh.

JK3aMeHALMOHHBIN Omiaer Ne 13
OU3UKA ATOMHOI'O SAJIPA

1.

3uamo usuueckyro meopuro. CoctaB U XapaKTEPUCTUKH aTOMHOTO SIJIpa: HYKJIOHBI; 3apsiIOBOE
¥ MaccoBO€ 4YHCJa; M30TOIbI, N300apbl, H30TOHBI, U30MEphl. Macca U PHEprusi CBS3U spa.
SAnepubie cubl. O00OUEYHAS U KareldbHAsS MOJENU siipa. EcTecTBeHHAs paJiMiOaKTHBHOCTD:
3aKOH pPaJMOaKTUBHOIO paclaja; BBl paclaja; MpaBuiia CMeEIIeHUs. SlaepHble peakluu:
NIEpBbIC SAJICPHBIC PEAKIUU; OTKPHITUE HEUTPOHA; MPUMEPHI SIEPHBIX MPEBPALICHUN IO
JEMCTBUEM 0-4aCTHII, IPOTOHOB, HEUTPOHOB U Y-KBAHTOB; UCKYCCTBEHHAs PaJIMOAKTUBHOCTbD.
Ymemv obvsacuame ¢usuueckue senenus. B BameMm pacmoOpsHKCHHMH HMMEETCS KOpOOKa, B
koTtopor Haxonsarcs 100 OIWHAKOBBIX MEIKHUX MOHET. Mcmomb3ys 3TO 000OpyJoBaHUE,
CMOJICTUPYUTE SIBIICHUE paAHOaKTHUBHOTO pacmaga. OOBsSCHUTE, MOYEeMy MeXaHWdecKas
MO/JIeJIh TI03BOJISIET OCTPOUTH IpapuK 3aBUCUMOCTH YUCIIa HEPACTIABIIUXCS SIAEp OT BpEMEHU
COOTBETCTBYIOIIHMI 3aKOHY PaJIMOAKTUBHOTO pacIajia.

Bradems memoodamu pewenus puszuueckux 3aday. Haiinure suepruro cessu siaep -Hu SHe.

Kakoe u3 3Tux sinep naubonee ycronuuBo?

IK3aMeHAUOHHBIN 0uiter Ne 14
SIJEPHBIE PEAKIIVUN

1.

3uame  usuueckylo meopuro. SlnepHble  peakUMH IO ACHCTBHEM  HEHTPOHOB.
TpancypanoBele 2nemeHThl. [lenenue sanep. Heynpasisemas nenHas sjaepHas peakuus.
ATomMHas OomOa. YrpasiseMas LenHast siAepHasi peakuus. SnepHple peakTophl Ha TETUIOBBIX
U ObIcTpbIX HelTpoHax. SlnepHas sHepreTuka. lIpumMeHeHHe paaMOaKTUBHBIX H30TOIOB.
Peaxnuu cunTe3a. YciaoBus OCYHIECTBICHUs TEPMOSIEPHOro cuHTe3a. BomoponHas GomoOa.
VYpaBisieMbli TEPMOSAIEPHBII CUHTES.

Ymemo obvacuame gusuueckue signenus. B xamepe BunbcoHa Hepelko HaOIIOAAIOTCS TPEKH
C XapaKTepHBIMU BIWJIKAMU Ha KOHIAX. OOBICHUTE, B KAKOM Cydae U KaK 4acTo MOSBIISIOTCS
10JI00HBIE TPEKU U O YEM CBUJIETENICTBYET UX HAJIMUHE.

Bnademv memooamu pewenus ¢usuueckux sadau. Ilpm O60MOapIupoBKe H30TONA JIUTHS
IPOTOHAMHU O0pa3yloTCs JIB€ O-4aCTHULIBl. OHEprus KakJIOoM 0-4aCTHIBl B MOMEHT
oOpasoBanus 9,15 M»sB. Uemy paBHa sHeprus 60MOapAUPYIOLIMX TPOTOHOB?

IK3aMeHALMOHHBIN Omier Ne 15
OJIEMEHTAPHBIE UACTUILIbI

1.

3uamo ¢usuueckyro meopuro. O61Me cBeeHUs 00 3IEMEHTApPHBIX YacTUIAX: AJIEKTPOH,
NPOTOH, HEWTpoH, GOTOH; aHTUYacTUIBl. Kiaccupukamus dIIEMEHTApHBIX YaCTHIL
B3aMMO/ICIICTBHE 3JIEMEHTApHBIX YAaCTHUIl M 3aKOHBI COXPAHEHHUS; YaCTHIIbI U aHTUYACTHIII;
pe3onaHchl. KocMuueckne nyun. OyHaaMeHTAbHBIE B3aUMOJICHCTBHS: JICTITOHBI M aJIPOHBI;
YaCTHUIBl YYaCTHUKM M YacTHULBl TMEPEHOCYMKH B3aUMOJECHCTBUS; OOMEHHBIH XapakTep
(GyHIaMEHTATFHBIX B3aMMOICHCTBHIT; ME30HBI 1 OAPUOHEI; MOHITHE O KBapKaXx.

Ymemo o6vacuame ¢usuueckue sgnenusn. B Bamem pacnopsyKeHUH UMEIOTCS 3JIEKTPOMETD,
HOOHHUTOBAs TAIIOYKA, MEX, HUKEIEBBIH KOHIYKTOp M PTyTHas jamma. OOBsSCHUTE, KaK ¢
MOMOIIBIO0 TIEPEUUCIEHHOTO0 000pYIOBAHUS MOXHO J0Ka3aTh, YTO JIEMEHTApHbIC YaCTHUIIBI
DIIEKTPOH ¥ (OTOH MOTYT B3aUMOJCHCTBOBATh. BEIMONHACTCS M TIPU 3TOM 3aKOH
COXpaHEHMsI SHepIrun?

Braoemv memoodamu pewenus ¢uzuueckux 3adau. OTpUIATEIBHBIE T-ME30HBI C
kuHeTHuecko sHeprueir K=100 M»dB mposierailoT OT MecTta pOXKIECHHS [0 pacnajaa
paccrosiaue 1=11 m. Haiimute coOCTBEHHOE BpeMsl )KM3HH ITUX ME30HOB.



4.3. Kputepun olleHUBaHUS

OneHka 3a DK3aMEH BBICTABIACTCS C Yy4YeToM peiltuHra. Ecnum  oOyuwaromuiicss HaOpan
HEIOCTaTOYHOE KOJHMYECTBO OAJIOB WJIM XOUYET IMOBBICHUTH OILIEHKY, TO OOYyYaroIIuiics caaer
9K3aMEH.

Ixana oueHUBaHUA )4 DK3aMeHAa

YpoBHu Conep:xar %
OCBOEHHUSI
HHHKATOPOB eJIbHOe OcHOBHBIE IPU3HAKH Axkanemuuec OCBOCHHSI
ocTHKerus | CTHICAHNE BbI/IeJIEHHS] YPOBHS Kasi OlleHKa | (PeHTHHTOB
.| ypoBHs asi OLIEHKA)
KOMIIeTeHIIMi
[oBermennsiii| TBopuecka | Brmouaer Hwkectosmmil | OTaudHO 90-100
(BBICOKUIA) A YPOBEHb. YMmenue
JESITEITIPHOC | CAMOCTOSITEIIBHO MIPUHUMATh
Th pelienue, pemarb npodiemy /
33/la4y ~ TEOPETHYECKOTO WU
NPUKJIQHOTO  XapakTepa  Ha
OCHOBE  HW3y4YECHHBIX  METOOB,
MPUEMOB, TEXHOJIOTHH.
bazoBsrii [TponyxTue | Briarouaet HIDKECTOAUIHH |  XO0poIIo 70-89
Hast YPOBEHb. Cnocob6HOCTh
JesTeIbHOC | COOMpaTh, CHUCTEMAaTU3UPOBATh,
Th aQHAJIM3UPOBaTh W I'PAMOTHO
UCTIOJIB30BaTh HMH(MOpMAIMIO U3
CaMOCTOSITEIILHO HalICHHBIX
TECOPETHUYECKUX HCTOYHUKOB |
WLTIOCTPUPOBATH UMH
TEOPETUYECKHUE TIOJIOKEHUS WIH
000CHOBBIBaTh PAKTUKY
PUMEHEHHS.
VYnosnerBopu | Pemponykr | M3noxkenue B mpenmenax 3anad | YIOBICTBOP 50-69
TENBHBIN WBHas Kypca TEOPETHYECKOTO " UTEIBHO
AEATENFHOC | MPAaKTHYECKOro MaTepHaa.
Th
Henocraroun | OtcyTcTBHE MPU3HAKOB YAOBIETBOpUTENbHOTO | HeymosmerBo |  meHee 50
BIT YPOBHSI pUTENEHO

4.4. Meronnueckue ykazaHus 10 IPOBEJCHUIO MPOLETypbl IPOMEKYTOUHON aTTeCTalluu

1. Cpoku mpoBeneHHs MpoUEAyphl OIEHMBAHMUS: IO paclMCaHHi0 dK3amMeHoB. Ecnu
oOyyaromuiicss Mo pe3yiabTaTaM PEUTHHTOBOM CHUCTEMbI HE HAOMpaeT Hy)KHOE KOJIUYECTBO
0aJUI0B MJIH JKEJIaeT MOBBICUTH OLIEHKY, TO CAET DK3aMEH COIIaCHO TPEOOBAHUSM.

2. Coop, 00paboTKa M OLIEHUBAHHE PE3YJIbTATOB MPOMEXKYTOYHOW AaTTECTallud IPOBOAUTCS
npernoaaBaresieM, BeAyIUM JUCIUILTUHY.

3. IlpeabsBneHne pe3yabTaTOB OLEHUBAHUS OCYILECTBIISETCS: 10 OKOHYaHUHU OTBETA CTYJAEHTA U
¢bukcupyercs B 3a4eTHON KHUYKKE U 9K3aMEHAI[MOHHOMN BEIOMOCTH.

4. Ilpy HaMM4MM THCbMEHHBIX OTBETOB OOYYAOLIUXCS, MOJYUYEHHBIX B XOZ€ IK3aMEHAIIMOHHON
CECCUU, MaTepUallbl XpPaHATCS B TEUEHUE MeCsIia [TOCIIE 3aBEPIICHUs CECCUU Ha Kadeapax.

5. IlopsitoK BBITOJIHEHHUST M 3alUThl KypcOoBOW paboThl perinameHTupoBaH «llomoxxeHnem o
KypcoBoil pabote ®I'BOY BO «I'nma3oBckuii rocyapCTBEHHBIN NMEJaroruueckuii MHCTUTYT
umenu B.I'. KoponeHko».

6. CunTaTh, YTO MOJOKHUTEIBHBIE PE3YIBTATHI MPOMEKYTOYHOTO KOHTPOJISI CBHIIETEIBCTBYIOT 00
YCIIEIIHOM Tiporiecce (POpMUPOBAHMSI YKa3aHHBIX KOMIETEHIIMH 1 MHIMKATOPOB JTIOCTUKEHUS
KOMIETeHIHH (3TarnoB GopMUPOBaHUSI KOMIIETEHIUH ).



5. Coaep:xaHne OLEHOYHBIX CPEACTB VI MPOBEPKU C)OPMHUPOBAHHOCTH
KOMIIETEHUUN M UHAUKATOPOB JOCTUKEHUS KOMIIEeTeHUMI
(MOCTUTOrOBBIM KOHTPOJIb) 1 KPUTEPHH UX OLlEHUBAHMS

3apanusi AJs MPOBEPKH KOMIIETEHIMHA U MHAUKATOPOB JOCTH:KeHUs1 komneTenuuu: [1K-1:
UIIK-1.1., UTIK-1.2., UTIK-1.3.

Kox xommerenmuun | [1K-1

dopMynHpoBKa CnocobeH ocBamBaThb U HUCIOJIb30BATH TEOPETUUYECKHE 3HAHUS U

KOMIIETEHIINH MIPaKTUYECKHE YMEHUS U HAaBBIKU B MPEIMETHON 00JACTH MPU PEIICHUN
npoeCCHOHATBHBIX 3a]1a4

Nunukarop UIIK-1.1. 3Haer CTpYKTypy, COCTaB U AUJAKTUYECKHE E€IUHMIIBI

JOCTHKEHUS MpeAMETHOM 001acTH (MPEnoaBaeMoro NpeiMeTa).

KOMIIETECHIIUHU HIIK-1.2. YMmeeT ocymecTBIsATs 0TOOP YIEOHOTO COACpKaHUSI ISl €ro
peam3anii B pa3Nu4HBIX (opmax OOy4eHHWS] B COOTBETCTBUU C
tpedoBanusmu GI'OC OO.
NIIK-1.3. JleMoHCTpUpYy€eT yMEHHE pa3padaTbiBaTh pa3iUyHble (POPMBI
y4eOHBIX 3aHATH, NPUMEHSATH METOMAbI, MPHEMbl U TEXHOJIOTUU
o0ydeHus, B TOM YHCIIe HHPOPMAITMOHHEIC.

Bpewms Beinmonnenus 3ananuii: He Oonee 30 MUHYT
HUIIK-1.1.

Ilpakmuueckoe 3adanue 1. BeibeprTe MpaBUIBHBIN OTBET B MATH MPEICTABICHHBIX HIKE
BOIIPOCAX IO PA3JIMYHBIM JUJIAKTHYECKUM €IMHUIIAM KBAaHTOBOM (PU3HKH.
1. YpaBHeHue DWHIITEHHA UMEET BHI:

2 2
a) hco:A—m; ; B) A—hap=1Y

mo?

0) haw= A+

: r) ho=A+ &
’ 2
2. OnbiT @panka-I'epa 10Kka3bIBaeT, yToO:
a) mojiens atoma Pesepdopaa ommboyHa;
0) PJIEKTPOHBI ABUXKYTCSI BOKPYT siJIep MO KPYTOBBIM OpOUTaM;
B) aTOMBI CYIIECTBYIOT B CTAllMOHAPHBIX COCTOSHUSAX;
r) Mojenb atoMa Pesepdopaa cnpaBeanusa.
3. Ecnin HeonpeieneHHOCTh B KOOPIMHATE YaCTHIIBI YMEHBITUTH B 2 pa3a, TO HEONPEAEICHHOCTD
UMITYJIbCA 3TOM YaCTHUIIBL:
a) yBEJIMUUTCS B 2 pasa;
0) yMEHBIIUTCS B 2 pa3a;
B) yBeIU4UTCA B 4 pasa;
') HE U3BMEHUTCA.
4. Jlnsg co3naHusl JIa3epHOTO M3JIyYEHHS HEO0OXOIUMO, YTOOBI HACEIIEHHOCTh 3JIEKTPOHAMU
BEPXHET0 YHEPreTUYEeCKOTr0 YPOBHS aKTUBHOM cpe/ibl ObuIa:
a) MEHbIIIE, YeM HIKHETO;
0) Takas ke, Kak HH)KHETO;
B) OoJiblile, 4eM HIKHETO;
I') IPOU3BOJIbHAS.
5. Ilpu 06begMHEHNH TPOTOHOB U HEUTPOHOB B PO IHEPIHUSL:
a) MOTJIOIIAeTCS;
0) mynbCUpyerT;
B) BBIJICIISACTCS;
') OCTaeTCsl HEU3MEHHOM.



HIIK-1.2.

Ilpakmuyeckoe 3adanue 2. OcymecTBuTe 0TOOP (HOPMYI JUIsl MPUBEICHHBIX HHMXKE OCHOBHBIX
3aKOHOB KBaHTOBOH ¢u3uku: Gopmyna [lnanka, o6o6mennas ¢opmyna banbmepa, ypaBHEHHE
lIpenunrepa, 3aK0H PaJIMOAKTUBHOIO PacIaia.

UIIK-1.3.
Ilpaxmuyeckoe 3adanue 3. DACKTPOHBI, BHIPBIBAEMbIC M3 KaToja (POTORIEMEHTA H3ITyYCHHEM
4acTOTON \/122-1015 ' momHOCTBIO 3amepKUBalOTCS oOpaTHBIM HampspkeHuem Ui=7 B, a mpu

JacToTe \/1:4~1015 I'm - oOparapiM HampspkeHuem Uj;=15B. Ilo 3TuM JaHHBIM BBIYKCIHUTE
nocTostHHyo Ilnanka.

Knrou k npakmuyeckomy 3adanuro 1.

Homep 1 2 3 4 5
BoInpoca
Howmep mpaBuiabHOrO 6 B a B B
OTBETA

Koy k npakxmuueckomy 3aoanuro 2:
2m
®opmyna [Tnanka Ay + 77 (E-U)y =0

hao’ 1
471'2C2 e(h(u/kT) _1

O6o6mennas gpopmyna bansmepa f, =

VYpaeuenue llpeaunrepa N = Noe’it

1 1
3aKoH paJMOaKTHBHOIO pacnaga — =R | ———
A m° n
Knrou k npaxmuueckomy 3aoanuto 3.
VYpaBHenue DiiHmTelHa U1 GoTodPPeKkTa UMeeT BUA:
2
mo
(1)
2

Tak kak BbUIETEBIINE U3 KAaTOJIa IEKTPOHBI MTOJHOCTHIO 33/1€P/KUBAIOTCS] TOPMO3SILIUM HOJIEM,
TO U3MEHEHHE UX KHHETHYECKOW YHEPTUHU PAaBHO PadOTE IIEKTPUIECKOTO TTOJIS:

2
MY _eu. (2)

hv=A+

Torna u3 ypaBHenus DiiHinTeiiHa (1) mosyyaem 1Ba ypaBHEHHUS:
hv,=A+eU,, hv,=A+eU,. (3)
Pemas 3Ty cucreMy, OKOHYATENBHO TIOTYy4YaeM:

h :M:GA-lO’Mﬂm-c. (4)
Vo=V

3agaHus A9 NPOBePKH KOMIETEHIHH U HHIUKATOPOB JOCTHKeHUs1 kommeTeHuun: [1K-3:
WIIK-3.1., UTIK-3.2., UTIK-3.3.

Kox xommerenmun | [TK-3
®opMynupoBKa CrniocobeH (GopMHpOBaTh Pa3BUBAIOIIYI0 00pPa30BATENbHYIO CPELy TS
KOMIIETCHIIUU JOCTMKEHHMSI  JIMYHOCTHBIX, IPEAMETHBIX W  METaNpPEIMETHBIX
pe3ynbTaToB  OOY4YEeHHsI CPEICTBAMHU  IPENOJIaBaéMbIX  Y4eOHBIX
MIPEAMETOB
WNunukatop NIIK-3.1. Bnaneer cnocobamMu HWHTErpanuu y4eOHBIX MPEAMETOB IJIs
JIOCTHKEHHUS OpraHu3aluu pa3BUBAIOIICH yaeOHOU JIESITETbHOCTH
KOMIIETCHIIUU (uccnenoBaTeNbCKO, MPOSKTHON, IPYMIIOBOM U JIp.).
HIIK-3.2. Hcnonb3yer 00pazoBaTenbHbBIN MOTEHIN A




COLIMOKYJIBTYPHOM Cpelbl peruoHa B TNpenojaBaHUM (TpeAMETa I0
npo¢uio) B yueOHON M BO BHEYPOUHOM JeSITEIHHOCTH.

HIIK-3.3. 3HaeT NCHUXOJOrO-NEJAarornueckue YCJIOBUS — CO3JaHUs
pa3BHUBarOIICH 00pa30BaTENbHON CPEIbl JJIs JOCTHIKEHUS JTHYHOCTHBIX
Y METANPEIMETHBIX PE3YJIbTATOB O0yUYCHMSI.

Bpewms BeinoHeHus 3ananuii: He 6osee 30 MUHYT

HUIIK-3.1., UTIK-3.2.

Ilpakmuueckoe 3aoanue 1. Ha wmeramn c¢ paboroil BeIxoga Apux=23B magaer my4dok
MOHOXPOMATHYECKOTo cBeTa ¢ anuHoi BOMHBI A =500 HM. Paccuuraiite MIHHY BOJTHBI Amax,
COOTBETCTBYIOIIYIO KpacHO# rpanuiie porosddekra (h=6,63- 1073 JIx-c).

Ilpakmuueckoe 3a0anue 2. B Kakoi 001acTH CIIEKTpa JECKUT AJIMHA BOJHBI, COOTBETCTBYIOLIAs
MaKCUMyMy U3IIy4arelbHOi crocoOHocti CoJHI@, €ciy TeMmIeparypa ero IHOBEpXHOCTH
3
5800 K? (b=2,9-10" m*K — nocrosinnasi Buna).
hc
Kmiou k npakxmuueckomy 3adanuro 1. u3 GopMyisl [uist paboThl BBIXO/A MIEKTPOHA Ay = ——

Amax
hc

ABbIX

BBIPA3HUM JTMHY BOJIHBI, COOTBETCTBYIOIYIO KpacHOi rpanuiie Gotoddderra: Ay gy =
(6,2:107 m).

Kniou k npakxmuuecxkomy 3adanuto 2. 3akon cmenienust Buna: A,,T = b = A, = b/T.
(A, = 5-1077 M — BuguMas 061acTh CHEKTPA).

Kpurepuu oneHuBaHus:

Kax b1t ”HAUKATOp AOCTHKEHHUS KOMIIETEHINH olleHuBaeTcs B 10 6aos:
e TecroBoe 3aganue ornenuBaercs B 10 6aymuioB (0TBeT Ha Borpoc Tecta ctouT 0 miu 2 6ana);
e 3anaHus Ha COOTBETCTBHE olleHUBaroTcs B 10 6amioB (kaxmoe oneHuBaercs 0-5 6anioB)

— 5 0a1oB — MONHOCTHIO IPABUIBHO HAlJIEHHbIE COOTBETCTBHUS;

— 4 Ganna — TpU NPaBUIBHBIX COOTBETCTBHUS;

— 3 Oamna — qBa MpaBUIIBHBIX COOTBETCTBUS,

— 2 Ganna — 0HO MPaBUIILHO COOTBETCTBHUE;

— 1 6amm — oTCcyTCTBHE MPABHIBHBIX COOTBETCTBUH;

— 0 6GanoB — He MpUCTYMaj K BBINOJIHEHUIO 3a/1aHUS;

o Kaxnoe npakTudeckoe 3agaHue oneHnBaercs B 10 0amios:

— 10 GammoB — CTYACHT NPaBWIIBHO BBITIOIHHI MPEJIOKECHHBIEC 33aJJaHUs HA OCHOBE
U3y4EHHON TEOpHH, METOI0B, IPUEMOB, TEXHOJIOTHIA;

— 8 0ajuIoB — CTYZEHT CcIIOCOOEH MPUMEHSTh NOJyYEeHHbIE TEOPETUUECKUE 3HAHUS B
MPAaKTUYECKOH  JEeSATEeIbHOCTH, pellaTh THIWYHBIE 3aadyd Ha  OCHOBE
BOCIIPOU3BEJICHHUS] CTaHJAPTHBIX aJTOPUTMOB, TpPH BBIIOJIHEHUU 3a/laHUi
JOTyCKaeT He3HAYNTEIbHBIE OIINOKH;

— 6 0ayyIoB — MPH BHITIOJIHEHUH 3a/1aHUS JIOMYILEHbI TPYObIe OIIMOKH;

— 0 0amIoB — CTYJEHT HE BBIIOJIHUII 3a/1aHUE.

OreHka 3aBHCHUT OT MPOLIEHTA BHIOJIHEHHS BCEX 3aJaHHM.



HIkana oueHnBanusi CPOPMHUPOBAHHOCTH KOMIIETEHIIUN U HHAUKATOPOB 10CTHKEHUS

KOMIEeTeHI[HH
YpoBHHU
P %
0CBOEHUS
AkaneMuyec| BBINOJHEH
uHIuKaTopa (oB) | OCHOBHBIE IPU3HAKH BbIIeJIeHUsI YPOBHS
. Kasi OlleHKa | Hsl Bcex
AOCTHKEHU ,
. 3aiaHmit
KOMIeTeH Ui
[ToBbimeHHsIit | Brimodaer Hmkecrosmmil ypoBeHb. YMenue |  OTauyHO 90-100
(BBICOKHIA) CaMOCTOSITEIbHO ~ NPUHUMATh  pEIICHHE,
pemars mpobieMy/3amady TEOPETHYECKOTO
WIM TPUKIAJHOTO XapakTepa Ha OCHOBE
M3yYCHHBIX METOJIOB, PUEMOB, TEXHOJIOTHIA.
bazoBebrit Bxurouaer HUKECTOSIIIUI YpOBEHb. |  XOpOIIO 70-89
CrocoOHOCTD coOuparsb,
CHCTEMAaTH3HpOBaTh,  AHAIM3UPOBATH U
IPaMOTHO HCIIOJIb30BaTh HMH(POPMALUIO U3
CaMOCTOSITENIHO HaNJICHHBIX TEOPETUUCCKUX
HUCTOYHHKOB W  WUIIOCTPUPOBATh UMM
TEOPETHUYECKHE TIOJIOKEHUSI WIN
000CHOBBIBATh MIPAKTUKY TPUMCHEHHSI.
YnosnerBoputens | M3noxkenne B mpeaenax 3amad  Kypca | YIOBIETBOP 50-69
HBIN TEOPETUYECKOTO u MPAaKTUYECKOTO |  UTEIBHO
KOHTPOJIMPYEMOI'0 MaTepualia.
Henocrarounsiii | OtcyTcTBUE npu3HakoB | Heymoeners | menee 50
yJIOBJICTBOPUTEIHHOTO YPOBHSI. OPUTEIIHHO

CuutaTh, 4TO TOJOKUTENbHBIE PE3YyIbTaThl MOCTUTOTOBOTO KOHTPOJIS CBHIETEIbCTBYIOT 00
yCIemHoM mnpoiecce (HOpMUpPOBaHUS KOMIETEHUUH (Mil) W WHAMKATOpa (OB) IOCTHKEHUS
KoMneTeHIMH (ui) (3Tama (opmupoBaHUs KommeTeHuuu). Eciam oOyuwaromuiicss momydui
OLIEHKY «HEYJOBJIETBOPUTEIBHO», TO CUUTATh KOMIETEHIUIO HE COPMHUPOBAHHONW HAa JTaHHOM
stane. [Ipu momydeHnn OIeHOK «yIOBIETBOPUTEIHHOY, «XOPOIIO» WIH «OTIMYHO» CUATATH, UYTO
npoBepsieMasi KOMIETeHIUs COPMHUPOBaHa Ha JOCTATOYHOM YpPOBHE.

Memoouueckue ykazanus 0715 NPOEEPKU OCMAMOYHBIX SHAHULL

1. Cpoxu npoBeaeHus NpoLeayphl OLICHUBAHUS: 110 TpaduKy JIeKaHaTa.
2. Coop, 00paboTka M OLIEHMBAHHE pPE3YJIbTATOB IOCTUTOTOBOIO KOHTPOJIS MPOBOJUTCS
IPENoJIaBaTeIeM 0 PACTIOPSKEHUIO JEKaHAaTa.
3. IlpenbsBneHne pe3yabTaTOB OLCHMBAHUS OCYIIECTBISETCS B TEYEHUE HENEeNU TIOocie
MPOBEJCHUSI KOHTPOJILHOTO MEpPONpUATHS, OPOpMIISIETCS B BHJAE OTYETa U XPAHUTCS B
JIeKaHaTe B T€YEHUE BCEro Cpoka o0ydeHus o0yyaromerocs.
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