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1. Heanb u 3a1a4u M3yYeHUs1 TUCHUTIIMHBI

1.1. lesan 1 3a1a4u U3YUeHUs JUCITHIIMHBI

Lenv oucyunnunvr — HopMupoOBaHHE CIOCOOHOCTH OCBAMBATh U HCIIOJIb30BATh TEOPETHYECKHE

3HAHMUS U TPAKTUYECKHE YMEHUS M HABBIKM MO KBAHTOBOW (PM3WKE MPU PEHICHUU MPOPECCHO-

HaJIbHBIX 3a/1a4.

3aoauu oucyuniunol:

1) chopmupoBaTh HaBBIKK MOMCKA, aHATM3a U CUCTEMATU3aIMK HH(OpMAIIUK 110 KBaHTOBOU (u-
3MKE C UCIIOJIb30BaHHEM Hay4YHOH U yueOHOI IuTepaTypsl, HHPOPMALIMOHHBIX 0a3 JaHHBIX;

2) chopMupoBaTh 0a30BbIM MOHATHHHBINA armapar, HEOOXOIUMBIN I MOHUMAHHUS U JajibHEi-
IIEr0 U3yYeHHs OOIIeH, SKCIIEPUMEHTAILHON U TEOPETHUECKON (DUBHKH;

3) U3y4nTh OCHOBHbBIC (PM3MUYCCKHE SBJICHUS M TCOPHH ONTHKHU, HAYUYUTHCS UCIIOJIb30BATh TEOPE-
TUYECKUE 3HAHUS JIJIs1 OOBSICHECHHSI KBAHTOBBIX SIBIICHUH;

4) MO3HAKOMHTH ¢ (PYHIAMEHTAIbHBIMU 3KCIIEPUMEHTAMH, O3BOJIMBIINMH YCTAHOBUTH 3aKOHO-
MEPHOCTH KBaHTOBBIX SIBJICHUN;

5) obecrnieunTh YCBOECHHE OCHOBHBIX 3aKOHOB KBAaHTOBOM (DU3MKHU, HCTOPHUIO X OTKPBITHS,

6) npomoKUTh POPMUPOBAHKE OCHOB METO/Ia HAYYHOTO TIO3HAHHS;

7) pa3BUTh HaBBIKA PabOTHI ¢ Y4eOHBIM 00OpPYIOBaHHEM, OOECIICUNBAIOIINM JTA00PATOPHBIA U
JIEMOHCTPAILIMOHHBIN yU4eOHBIN KCIIEPUMEHT IO KBAHTOBOH (hU3HKE;

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

9) MOArOTOBHUTH CTYJACHTOB K MPUMEHEHHUIO CIEIUAIbHBIX 3HAHHIA M YMEHUH 10 KBaHTOBOM (hu-
3WKE B TIEIarOTUYECKOMN JIeITeITLHOCTH.

1.2. IlepeyeHb IJIAHHPYEMBIX Pe3yJbTATOB O0y4YeHUs] MO JMCHHUILIMHE, COOTHECEHHBIX
€ YCTAHOBJICHHBIMU HHAUKATOPAMH JOCTHKEHUS] KOMIIeTeH Ui

Ko xommeTeHIINHN

I1K-1

DopMyIHpOBKa CriocobeH ocBauMBaTh M UCHOJIb30BAaTh TEOPETUUECKHUE 3HAHUS U MpaK-

KOMIICTCHIIHN TUYCCKUEC YMCHHUA W HABBIKKU B HpGI[MCTHOﬁ o0iacTu npu peUHICHUH
npoecCHOHANIbHBIX 3a]1a4

WNuaukatop NIIK-1.1. 3HaeT CTpyKTypy, COCTaB U AMJAKTUYECKUE €IAUHUIIBI IIpe]l-

JOCTHKECHHUS METHOM 00J1aCTH (IIpernogaBaeMoro MpeiMera).

KOMIIETEHIINH NIIK-1.2. YmeeT ocyniecTBIsATh 0TOOp y4eOHOTO COJEepKaHUs AJIS ero

peaiv3ally B pa3IMYHBIX opMax oOydeHHUs B COOTBETCTBUU C TpeOoO-
BanusamMu PI'OC OO.

NIIK-1.3. JleMoHCTpHpYET yMeHHUE pa3pabaThiBaTh pa3iaruHbIe (OPMBI
y4eOHBIX 3aHATUH, IPUMEHITh METO/IbI, IPUEMBbl U TEXHOJIOTUH 00yue-
HUS, B TOM 4Hcie HH(OpMaIlMOHHBIE.

Kon xomnerentiuu | I1K-3

dopMynHupoBKa Cnocoben GopMupoOBaTh pa3BUBAIOIIYI0 00pa30BATENBHYIO CPEIy TS

KOMIIETEHIINH JOCTUKEHMS IMYHOCTHBIX, TPEIMETHBIX U METAIPEIMETHBIX PE3YJIbTA-
TOB 00y4YEHHS CpEACTBAMH NPENOJaBAEMBIX YUEOHBIX MMPEIMETOB

WNunukartop UIIK-3.1. Bnageer cnocobamMu MHTErpanuy y4eOHBIX MPEAMETOB IS

JOCTUKEHUS OpraHM3alyi pa3BUBAIOLIEH y4eOHOU AeATeIbHOCTH (MCCIeN0BaTelNb-

KOMIIETEHIUU CKOM1, MPOEKTHOM, TPYIITIOBOMU U JIP.).

NIIK-3.2. Wcnonp3yeT oOpa3oBaTeNbHBIM MOTEHIMAN COLIMOKYJIBTYp-
HOM CpeJlbl peTHOHa B MpernoJaBaHuu (IpeaMeTa mo npoduir) B y4eo-
HOW U BO BHEYPOUYHOH JEATEIIbHOCTH.

NIIK-3.3. 3HaeT ncuxoioro-rneJarorndeckrue yCjaoBusl CO3/1aHMs pa3Bu-
BaroIIel 00pa3oBaTEHLHON CPEeAbl AT JOCTHXKCHHS JIMYHOCTHBIX M Me-
TanpeIMETHBIX Pe3yIhbTaTOB O0yUCHUSI.




1.3. BocnnuraTesibHast padora

Hamnpasnenue
BOCIHUTATEIbHON pabOThI
MaTPUOTHYECKOE BOCIIUTAHUE | MEJArOrMUecKuil | 00CyKJIeHHEe BKJIa/la OTEYSCTBCHHBIX (DH-
CONPOBOXACHUS | 3UKOB; BBICTYIJICHUE HA 3aHATHH
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

Jucunmmmna «O0mmas u sKcriepuMenTanbHas Gusnka. KBantoBas Gpusuka» oTHOCUTCS K 00s13a-
TEIbHOW YacTW y4yeOHOro IUIaHa, MPEIMETHO-METOAWYECKUH MOIyiab 1Mo mpodunio Pusuka.
K nHavany u3y4deHus AMCUMIUIMHBI CTYJICHTHI JOJDKHBI BIAJIETh IIKOJBHBIM KypcoM (DM3HMKH U
MaTeMaTuku. Mcnonap3ytoTest pe3ynbTaThl OCBOCHHS AUCUUILINH «O0I11ast ¥ SKCIiepuMeHTaIbHas
¢usuka. Mexanuka», «O0mas u sxkcnepuMeHTanbHas ¢puszuka. MonekynsipHas ¢uszuka. Tepmo-
TuHamMuKay, «O0IIas U SKCepuMeHTanbHas Gpu3nka. DIeKTpoauHaMuKkay, «O0mas u sKCrepu-
MeHTanbHas (usuka. Onruka», «neMeHTapHas Gu3uKay. Pe3ynpTaTbl OCBOCHUS AMCHUIUINHBI
«O0mas u ’kcnepuMeHTanbHas (usuka. KBantoBas (u3mKa» HCMONB3YIOTCA MPU WU3YYECHUU
JTUCHUTUTHH «DKCIepuMeHTalnbHas pusukay, «Teopernyeckas gusukay, «Meroauka oOydeHHs
bU3UKN».

1.5. OcoGeHHoOCTH peajn3anum IMCUUILTHHBI

JucuuminHa peanu3yercss Ha pyCCKOM SI3bIKE.

2. O0beM TUCHUILIHHBI

N3 Hux
Bcero
Bun yae6HOI paboThl O ceMecTpam 3aYEeTHBIX Axajieu. B dopme .
J— Yackl PaKTUIECKOH
OJrOTOBKHU
OO011ast TPYA0EMKOCTh IUCIUIITUHBI 3 108
CEMECTP 5
KonTtakTHas paboTa ¢ mpernoiaBaTenem:
AyIuTOpHBIE 3aHATHUS (BCETO) 36
3aHATHS JEKIMOHHOIO THIIA 12
JlabopaTopHbie pabOThI 12
3aHATHS] CEMUHAPCKOTO THUTIA —
[TpakTHUecKue 3aHsITHSI 12
KCP —
CamocrosTenpHas paboTa 00yJaromuxcs 36
Bun npoMexxyTouHoi arrectanuu: DK3aMeH 36
3. Conep:xanue QM CIUNIAHBI
3.1. Pa3aenbl TUCHUILINHBI U BUBI 3aHATHI (TeMaTHYeCKUil MJIaH 3aHATHIA)
Paznesnbl U TeMbl JUCIUILUIMHEI | Beero | Ayn | Jlex | J1a6 [TIp [ Cem | KCP [ CP
1. Keanmoesas onmuxa
1.1. 3akoHBI TEIJIOBOTO U3ITyUYESHHUS 10 5 1 2 2 5
1.2. KBaHTOBAs TeOpHSI TIUIOBOTO MRITYUCHHST 2 1 1 1
1.3. KBaHTOBBIC CBOIICTBA CBETA 10 5 1 2 2 5
1.4. KBaHTOBbIEC CBOMCTBA M3IIy4EHUS 6 3 1 2 3
1.5. Atom Pesepdopna-bopa 14 7 1 4 2 7




2. Amomuas guszuxa
2.1. BonHOBBIE 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 (PU3UKH MOJICKYJI 8 4 1 2 1 4
2.5. dusrka NpOBOJHUKOB U MOIYIIPOBOI- 2 1 1 1
HUKOB. OCHOBBI (D3HKH TBEPJIOTO Tejla

3. Aoepnas uzuka
3.1. IlpuGops! snepHO# (usnkn. Ousn- 2 1 1 1
Ka aTOMHOTO si1ipa. SIiepHbIe peakIyu.
3.2. DneMeHTapHbIe YaCTHIIBI 2 1 1 1

Ok3amen | 36
Bcero | 108 36 12 | 12 | 12 36

AToMHas (pu3MKa, PU3MKA ATOMHOI0 1APa U dJIeMEeHTApHbIX YacTHll (corsiacHo S/IPY)
KBaHTOBBIE CBOICTBa M3iyueHus. TeruioBoe u3ilydeHue. BOIHOBBIE CBOMCTBA MHMKPOYACTHLL.
®usuka aToMOB U MoOJieKyl. Pu3uka aTOMHOro siapa. @usuka anemMeHTapHbix yactui. DyHia-
MEHTAJIBHBIE YAaCTULII U B3aUMOJICHCTBUS.

3.2. 3aHATHA JeKIHOHHOI0 THIIA
CEMECTP 5

Jlekmus 1.
Tema: 3aKoHBI TEIJIOBOTO M3IydeHus. KBaHTOBas TeOpHsl TEINIOBOTO U3ITYYCHHUS.
Kpamxas annomayus x nexyuu.

1.

2.

3.

4.

S.
6.

OcHOBHbIE MTOHATHSI TEOPUU TEIUIOBOTO M3iydeHus. Harperoe Teno, TeroBoe U3y4eHue, CleKTp
TEIJIOBOTO U3JTy4EHHsI, MOLIHOCTh TEIIOBOTO M3ITydeHus, auddepeHnnanbHas CBETUMOCTh, UH-
TerpajibHasi CBETUMOCTD, T depeHnnanbaas SpKoCcTh, JTaMOSPTOBCKUI MCTOUYHHK, H3TydaTelb-
Has CIIOCOOHOCTh MO YacTOTe, U3TydyaTeNbHas CIIOCOOHOCTh MO JUIMHE BOJIHBI, CBSI3b MEXIy U3-
Jy4aTebHBIMU CIIOCOOHOCTSIMU 10 YaCTOTE M JJIMHE BOJIHBI, MTOMJIONIATENbHAs CLIOCOOHOCTh Te-
J7a, abCOTIOTHO YepHOE TeJ0. PABHOBECHOCTH TEIIOBOTO M3y4E€HHS U €T0 CBOMCTBA.

3akon Kupxroda u ero ciencrus. PactipeneneHue sHEprUu B CIIEKTPE U3ITYUESHHS] a0COIIIOT-
HO 4yepHoro Tena. 3akoH Ctedana-bonpimana. 3akoH Buna.

Yucno cTossuynx BOJIH B TIOJIOCTH (YHCIIO CTENEHEH CBOOOIBI MO U3IIYYSHHUST aOCOIOTHO Yep-
Horo Tena). YHuBepcanbHast QyHkius Kupxroda m miotHocts sHepruu. @opmyna Panes-
Jxunca.

KBanToBanue snepruu nznydenus. [ unoresa [Inanka. Besog popmynst [Inanka.

CnenctBus Gopmyssl [1nanka. BeiBoa 3akonoB Credana-bonbiivana u Buna.

Ontuueckue nupomeTpsl. Paguannonnas, 1iBeToBas, spKOCTHas TEMIEPaTyphl.

Jlexmus 2.
Tema: KBanTtoBble cBOMCTBA cBeTa. KBaHTOBBIE CBOICTBA U3TyUEHHUS.
Kpamxas annomayus x nexyuu.

1.

2.

. Ilpaktuueckoe mnpumenenue ¢orodpdexra. DOTOYMHONKUTENb. DIEKTPOHHO-ONTUYECKUNA

SIBnenue BHemHero (otorddexra. Bakyymubiii poTtosnement. Cxema BKIIOUEHHS (OTOIIIE-
MeHTa. Tok HackImeHus. 3aAepKUBAOIIAs pa3HOCTh MOTEHIIMAIOB. 3aK0HBI (poTodddexTa.
@oToHbI. YpaBHEeHNE DHHIITENWHA. J|BONCTBEHHOCTD IIPEICTABIEHUN O CBETE.

npeoOpa3oBarenb. ['a30HaMoOMHEHHBIN (OTOIIEMEHT.

. SKCHepI/IMCHTaHBHLIC (baKTLI. CDJ'IYKTyaI_[I/II/I CBC€TOBOI'O II0TOKA. I[aBJ'ICHI/Ie cera. OnwITh Jle-

OezneBa.

. PerTrenoBckoe HU3JTy4YCHUC. OmwiT bore. TOpMO3HOC U XapaKTCPUCTUYCCKOC MU3IIYUCHUC.

IIpuMeHeHne peHTI€HOBCKUX JIy4eil.

. O¢¢pext Komnrona. DxcnepuMeHTanbHasi yCTaHOBKA. Pe3ynbTaThl SKCIEpUMEHTa. DleMeH-

TapHasi TEOPHSI.



Jlexuus 3.
Tema: Atom Pesepdopna-bopa. BoiHOBBIE CBOICTBA BeliecTBa.
Kpamxkas annomayus x nexyuu.

1.

2.

w

5.

6.

7.

8.

3aKOHOMEPHOCTH B aTOMHBIX criekTpax. OnTUYecKue CIeKTphl. 3AKOHOMEPHOCTU B CIIEKTPE
Bostopona. O6o6menHas popmyna banemepa. KomOuuannonnsiii npunun Putma.
[Tnanerapnas moxens aroma. Monens aroma Tomcona. OnbiThl Pesepdopaa o paccesnuro o-
qyacTull. SnepHas Moaens aToma.

. [loctynatel bopa. [IpaBuno kBanTOBaHMs KPYroBbix opOuT. OnbiT @panka u ['epia.
. DnemeHTapHast 00poBCKasi Teopus BOJIopoiHOTO aToMa. Cxema ypoBHeil sneprun. [loTennuan

VMOHM3ALMH aToMa.

IIpunuun coorBercTBusA. Teopust bopa kak NpoMeEKyTOUYHBIM dTall pa3BUTHUS NPEICTABICHUN
00 aTome.

Bonnbr ne-bpoitia. Onbitel o audpaxuun mukpouactunl (IsBuccona u xepmepa, Tapra-
koBckoro u Tomcona, llItepna, bubepmana, Cymkuna u @abpukaHTa).

dusnyeckuil cMbICT BOJH je-bpoiurs. Maremarndeckas 3amuch BOJTHOBOM QyHKIHH. CoOT-
HOllIeHUE HeonpeneneHHocTen ['eizendepra.

[TpuHIMN cynepno3uuuy B KBaHTOBOM MexaHuke. M3mepenue gusnueckux BenuuuH. [Ipun-
LIUII TOIIOJHUTEIBHOCTH.

Jlexuus 4.
Tema: OcHOBBI KBAaHTOBOM MexaHUKU. CTpoeHne aToMa.
Kpamxasa aunomayusa k nexyuu.

1.

2.

~N o

9.

Vpasuenue lpeaunrepa. CtanimoHapHble COCTOSIHUS U UX CBOMCTBa. YpaBHeHnue [llpeaunre-
pa Uil CTallMOHAPHBIX COCTOSHUM.

KBaHTOBaHME »HEpPruM 4acTULbl B MOTCHUHUATBbHOU siMe. KBaHTOBaHME 3HEPruu JIMHEHHOTO
rapMoHn4eckoro ocumuisitopa. Hynesas sueprus. [Ipasuno ot6opa.

. IlpoxoskaeHne 4acTUIlbl 4epe3 NoTeHIHaIbHbIi Oapbep. TyHHenbHbIH dhdekT. Kimaccuueckue

aHanoruu. TyHHEIIBHBIA MUKPOCKOIL.

. DJI€MEHTHI KBAaHTOBOM TCOpHUU aTOMa BOAOpPOJAA. KBanToBomMexanmyeckas HUHTEpIIpETAlnA I10-

crynaroB bopa.

. KBaHTOBaHue >Hepruyu, MOMEHTa HMMITyJbCAa U MPOEKIMHU MOMEHTa UMIyibca (pusmueckuit

CMBICJI KBAHTOBBIX I-II/ICC.]'I).

. Cniun anextpona. OneiTel LlTepHa u I'epnaxa. CriiH ¥ MarHUTHBI MOMEHT JIEKTPOHA.
. Pacnipenienenre 35eKTpoHOB B aTOMe MO 3HepreTuyeckuM ypoBHsaM. [Ipunnun Ilaynu. Onek-

TPOHHBIC 000JIOUKH. Hepnoanqecxaﬂ CcHCTeMa 3JIEMEHTOB MeHieneena.

. CHCKTpH MHOT'O3JICKTPOHHBIX 4TOMOB. Hpnpoz[a XAPaAKTCPUCTHYCCKUX PCHTICHOBCKUX CIICK-

TpoB. 3aKoH Mo3H.
Bonopononono6usie cnektpbl. CrnuH-opOuTanbHOE B3auMmojeiicTBue. [lyOneTsl Ieno4HbIX
METAaJUIOB.

10. Atom B MarHuTHOM T10J1e. Dddekt 3eeMana. DIEKTPOHHBIN MTapaMarHUTHBIA PE30HAHC.

Jlexus 5.

Tema: OcHoBBI (pu3uKu MoeKkyn. Ou3nMKa MIPOBOJIHUKOB M MOTYNPOBOTHUKOB. OCHOBBI (PU3UKH
TBEPJOTO Tea.

Kpamxas annomayus x nexyuu.

1.
2.

3.

Mounekynsl. [IoHATHE O XUMMUYECKOH CBSI3U U BAJIEHTHOCTH. MOJIEKYJIIpHBIE CIIEKTPBI.
[Tpoxoxxnenue cBeta yepes BemiecTBo. [lornomenue ceera. KomOuHannonHoe paccessHue cBe-
ta. Jlromunecuenuus. [Ipasuno Crokca.

CrnioHTaHHOE U BBIHYXKJEHHOE H3ilyueHue. PyOuHoBsIi nazep. ['enuii-neoHoBbIN na3ep. [lomy-
IIPOBOJAHMKOBBIN JIa3ep.

. SHCpFeTI/I“ICCKI/Ie 30HBI B KpUCTAJLJIAX. Banenrnas 30Ha, 30Ha MMPOBOAUMOCTH, 3aIIPCIICHHAA

30Ha. MeTaibl, MOTYNPOBOIHUKH, TAITIEKTPUKH.

. Cratuctuka ®epmu-lupaka. Yposenr @epmu. DIeKTpOoNpoBOIHOCTE METAIIIIOB.



3. MonmynpoBonuuku. CoOCTBEHHAss POBOJAMMOCTH IMOJYIPOBOMHUKOB. lIpuMecHas mpoBOIH-
MOCTb TOJIYIIPOBOJHUKOB.

4, DNEeKTPOHHBIH TPHOOPHL. DIEKTPOHHO-IABIPOYHBIA Tiepexoi. [loaynmpoBOMHUKOBBIN THO.
Tpansucrop.

5. KBanroBast Teopust TerioeMkocTd. @OHOHBI. TermIonpoBOAHOCT TUIEKTPHUECKUX KPUCTAILIOB.

6. TermoeMkocTh MeTalioB. CBOMCTBA 3JIGKTPOHHOTO Taza. DHeprus Pepmu. TenmmoeMKocTh

AJNIEKTPOHHOrO ra3a. [IoHsATHE 0 KBAHTOBBIX CTATHUCTUKAX.
7. KBaHTOBBIE IBJICHUS IIPU HU3KHUX TemiepaTypax. CBepXIpoBOAUMOCTh. CBEPXTEKYUECTh.

Jlexmus 6.

Tema: Tlpubops! saepHoit pusuku. OU3nKa aTOMHOTO spa. SaepHble peakuu. DJIeMEeHTapHbIC

YaCTHULIBI.

Kpamxkas annomayus x nekyuu.

1. Metoap!l peructpanuu siAepHbIX U3ny4eHUd. CHUUHTUIUIAIUMOHHBIN cueTuuk. MloHn3anmonHas
kamepa. Cuerunk ['eitrepa-Mromepa. Kamepa Bunbcona. Ily3sippkoBas kamepa I[nesepa.
Toncrocnoiineie GoTO3MYIbCHH. YePEHKOBCKUI CUETUHK.

2. YcKopuTeNnH 3apsHKeHHBIX dacTuil. OIHOKACKAJHBIM M JTMHEHHBIM KacKaJHBIH YCKOPHTEINH.
berarpon. LukinorpoH, ¢a30TpoH (CHHXPOLMKIOTPOH), CHHXPOTPOH, CHHXPO(}a30TpPOH,
YCKOPUTENH Ha BCTPEUYHBIX ITy4Kax.

3. Macc-criekrpomeTpsl. Macc-ciektpomerp ActoHa. OuibTp ckopocTeil. Macc-crieKTpoMeTp
beitnOpuKa.

4. CocTaB M XapakTepUCTUKHU aromMHoro siapa. Hykionsl. 3apsgoBoe u MaccoBoe uncia. M3oro-
1bl, U300apbl, U30TOHBL, U30Mepbl. Macca 1 3Heprus cBs3u sapa. Snepubie cuibl. O0ooueu-
Has ¥ KaneJbHas MOJEIH siIpa.

5. EcTecTBeHHast paquoakTUBHOCTh. 3aKOH PaJMOAKTHUBHOTO pacmana. Bunsl pacmana. [IpaBuna
CMEILEHUS.

6. Slnepuble peakuuu. IlepBble simepHble peakuuu. OTKpbITHE HeWTpoHa. [IpuMepsbl saepHBIX
IIPEBPAILCHMI MO JEUCTBUEM 0-4ACTULl, IPOTOHOB, HEUTPOHOB U Y-KBAaHTOB. VICKycCcTBEHHAs
pazloaKTUBHOCTb.

7. SlnepHble peakiuu MOJ JACHUCTBHEM HEHUTPOHOB. TpaHCypaHOBBIE AeMeHTHI. JleneHue suaep.
Heynpasnsemas nennas sjnepHas peakuus. AToMHas 6oM0a.

8. Ympapnsiemass LenHas sAepHas peakuus. SnepHble peakTopbl Ha TEIJIOBBIX M OBICTPBIX
HEWUTpoHax. S nepHas sHepreTuka. [[puMeHeHne paguoaKTUBHBIX H30TOIOB.

9. Peaknuu cuHTe3a. YCIOBUS OCYLIECTBICHHMS TEpPMOsSAEPHOro cuHresa. Bogopoanas Gomba.
VYrpaBisieMbIi TEPMOSIEPHBII CUHTES.

10. O6ume cBeneHust 00 PIEMEHTAPHBIX YAaCTHIIAX. DIEKTPOH, MPOTOH, HEUTPOH, (OTOH. AHTH-
YaCTHULIBI.

11. Knaccudukanuus s3neMeHTapHbIX yacTHll. B3anMopelicTBre 3J1€eMEHTapHBIX YacTHIL U 3aKOHBI
coxpaHeHus. YacTuubl u anTH4acTulbl. bapronsl u Me30Hbl. Pe3onancel. KBapkoBast monens
cTpoeHus anpoHoB. Kocmuueckue inydu.

12. ®yHnaMeHTaIbHBIC B3aUMOJICHCTBUS. JIeNTOHBI U aipoHbl. YaCTUIBI YYACTHUKU W YaCTHUIIBI
NEePEeHOCUYMKH B3anMoJieiicTBus. OOMEHHBIH XapakTep (yHAaMEHTaIbHBIX B3aUMOACHCTBUI.
Mes3ons! u 6apuonsl. [loHsTHE O KBapKax.

13. 3akmrouenne. KpaTkuii 0030p TOCTIKEHUH U MPpo0IeM coBpeMeHHON (u3uku. Poib orede-
CTBEHHBIX Y4YEHBIX B pa3BUTHM (pu3uku. Metomonornueckoe 3HaueHue pu3uku pusnueckont
HayKH.

3.3. 3aHATHS CEMHMHAPCKOI'0 THIIA

VY4eOHbIM MJIaHOM HE TPEyCMOTPEHBI

3.4. IIpakTuyecKkue 3aHATHS
CEMECTP 5

IIpakTnueckoe 3anstue 1.
Tema: 3aKOHBI TEIUIOBOTO U3TY4YEHUS.
Ilepeuensv 3a0anuu: pelieHre pU3NIECKUX 3a1ad MO TEME.



. MouHocTh u3imyueHus abcoatoTHO yepHoro Tena pasHa 100 kBt. Haiiaure Temneparypy 3To-

ro Telna, €CJIM IUIoLIalb €ro noBepxHoctu pasHa 0,5 M.

. Temmeparypa BoabdpamoBoii cnipanu B S00-BarTHOM nammne paBHa 2500 K. OtHomenue ee

U3ITy4aTeNIbHOM CIIOCOOHOCTH K M3J1y4aTeIbHOW CIIOCOOHOCTH a0COIOTHO YEPHOTO Teia MpH
JaHHoW Temmepatype cocrasiser 0,6. Onpenenure BEIUMYUHY HM3Ty4darOUIeld MOBEPXHOCTU
CIIUpAIH.

. MoI1HOCTh U3iIy4eHHs: a0COJIIOTHO YepHOTO Tena paBHa 10 kBT, a jyiHa BOJIHBI, HA KOTOPYIO

IPUXOJUTCS MAaKCUMYM €0 M3JIydarelbHON criocoOHocTH, coctasiseT 0,5 Mkm. Haiinure Be-
JUYMHY U3JIy4aroliel IOBEPXHOCTH TeJA.

. AGcosrroTHO uepHoe Teno HaxoauTcs npu temieparype 4000 K. Ilpu ocTteiBaHuM 3TOTO Tena

JUIMHA BOJIHBI, HA KOTOPYIO MPUXOIUTCS MAaKCHUMYyM HU3ITy4aTeJIbHOM CIIOCOOHOCTH, MU3MEHHU-
nack Ha 15 MxM. Jlo kakoil Temiieparypsl OXJIaAUI0Ch TEN0?

. CKOJIBKO 3HEpruM U3iIydaeT abCOJIFOTHO YEPHOE TEeNO 32 | MUH CO CBETSIICHCS MOBEPXHOCTH

2 N
IUIOMIAJIBIO 5 CM”, €CJIM MaKCUMYM HM3J1y4aTelIbHOM CIIOCOOHOCTH MPUXOJNUTCS HA JTUHY BOJI-
gel 500 am?

. KaKon MOIIIHOCTb HaJ0 MOABOAUTH K 3aUCPHCHHOMY MCETAJNIMUYCCKOMY HIAPUKY AUAMETPOM

10 cm, 9TOOBI OAEPKMBATEH €ro TemmepaTypy Ha 50°C Bbllie TeMrepaTrypbl OKpYKarome
cpenbl, koTtopas paBHa 20°C? CuuTaiiTe, 4TO TEIJIO TEPSETCS TOJIBKO BCIEACTBUE U3ITYUYCHHUS.

. linHa BOJTHBI, COOTBETCTBYIONIASE MAKCUMYMY M3Jy4aTeIbHON CIIOCOOHOCTH a0COIIOTHO Yep-

o 2
HOro Ttejiaa, COCTaBJIACT 720 HM, IUIOM@aab H3JIy4daromenu IMOBEPXHOCTU 5cMm’. OHpe,Z[eJII/ITC
MOINHOCTb U3JIYUCHU.

. [Ipu nanpsoxenun 220 B yepe3 cnupansb Jiamnsl Tedet 1ok 1,2 A. Juametp cnupanu 0,5 MM,

uHa 8 cM. Haliaure Temmeparypy crimpaiy Mpu yCIOBUH, YTO €€ MOYKHO CYMTATh abCOIOT-
HO YEPHBIM TEJIOM.

. B xakoiil o0nacTu ciekTpa JIeXKHUT AJIMHA BOJHBI, COOTBETCTBYIOIIASI MAKCUMYyMY H3J1ydaTesb-

HOM crioco6HOocTH CouHlla, ecnu TemnepaTypa ero mosepxnocta 5800 K?

[TpakTHueckoe 3ausTue 2.
Tema: KBauTOBEIE CBOIICTBA CBETA.
Ilepeuenwv 3a0anuii: penenue GU3NUECKUX 3a7a4 MO TEME.

1

2.

C Kakol CKOpOCTBIO JOJKEH JIBUTaThCs JIEKTPOH, YTOOBI €ro KMHeTH4YecKast SHeprus Oblia
paBHa 3Hepruu (poToHa ¢ AITUHON BOHBI 630 HM?
Onpenenurte IIMHY BOJHBI JIydel, KBAHTBI KOTOPBIX UMEIOT TAaKylO e YHEPIHUI0, YTO U dJIeK-
TPOH, NPOJIETEBIINNA PA3HOCTh MTOTEHIMAIOB 5 B.

. Ucrounuk ceera momHocteio 100 Bt nenyckaer 5-10% ¢doronoB 3a 2 c. Haiiaure cpeaHioro

JJINHY BOJIHBI U3JTyYCHHA.

. CLII/ITaH, YTO MOIIHOCTH JIaMIIbI 25 Bt pacceuBacTCd BO BCC CTOPOHBI B BUAC HU3JTYUCHUS U

cpenHss anuHa BoiHbBI 0,5 MKM, HaiiiuTe yucio (OTOHOB, KOTOpbIE MaAaloT 3a 1 ¢ Ha Mmo-
BEPXHOCTh IUIOMAABI0 | CM%, PacroNOKeHHYI0 NEpIEeHINKYIAPHO JIydaM Ha PACCTOSHHM
500 MM OT amribl.

. ToueuHbIil UCTOUYHUK cBeTa mMOTpedisier MomHOCTh 100 BT 1 paBHOMEpHO HCIyCKaeT CBET

nmHOM BOTHBI 589 HM Bo Bce croponbl. KIIJl ucrtounuka 0,1%. Haiimute uncino ¢oToHOB,
HCITyCKaeMbIX UCTOUYHUKOM 3a 1 c.

. Kakyto MakcumanbHy10 CKOPOCTh MOT'YT MOJIYYUTh BBIPBAaHHBIE U3 KaJWs 3JIEKTPOHBI IPHU 00-

JTy4eHUH ero (puojeToBbIM cBETOM C JUIMHOHN BomHBI 0,42 MKkM? PaboTa BbIX0Aa dIEKTpOHA
JUIsL Kanust paBHa 2 5B.

. PaGora BeIxona a1s nuHKa paBHa 3,74 5B. Bo3nukHeT 1u GoTodQdexT noa aelcTBUEM H3ITY-

YyeHus ¢ JUTMHOM BOJHEI 0,45 MKM?

. Kaxoi JJIMHBI BOJIHBI CJICAYCT HAIIPABUTL JIYYHW HA MOBECPXHOCTL IIMHKA, YTOOBI MaKCHMaJIbHAas

ckopocTh (poToanexTpoHoB coctaBuia 2000 km/c? Kpachas rpanuna ¢ororddexra ains uuH-
ka paBHa 0,35 MKM.

. Halingute xpachHyto rpanuny ¢oroaddexra 1 nutus, eciau padora BbIXOJa 3JIEKTPOHA U3

storo meramia 2,39 »B.



10. Haiinure BenMMUMHY 3a/1ep>KUBAIOIIETO MOTSHIMANA A7l (DOTOAIEKTPOHOB, UCITYCKAEMBIX TTPU
OCBEIICHUHU Kalius CBETOM C JIMHOW BOJHBI 330 HM. PaGoTa BhIXOJa 3JI€KTpOHA U3 KaJHs
2,155B.

11. KBanThsl cBeTa ¢ sHeprueii 4,9 5B BeIppIBalOT (POTOAIEKTPOHBI U3 METalIa ¢ paboTON BBIX0/1a
4,5 3B. Haiinure MakcUMaIbHBIM UMITYJIbC, IIEPENABAEMBIN TOBEPXHOCTU METaJlIa IIPU BbLIE-
T€ KaX/10T0 3JIEKTPOHA.

12. Ompenenute nocrosiHHyto Ilanka, eciay U3BECTHO, YTO (POTOIIEKTPOHBI, BEIPBIBAEMEIE C TT0-
BEPXHOCTH HEKOTOPOro MeTauia cBeToM ¢ yacTtoToil 2200 TI'1, MOJHOCThIO 3a/1eP>KUBAIOTCS
00paTHOM pPa3HOCTBIO TMOTEHIMAIOB 6,6 B, a BbIppiBacMble CBETOM C 4YacTOTOM
4600 TT 11 - pasHOCTBIO TOTEHIIMATIOB 16,5 B.

13. Jlo kakoro MakCUMaJbHOT'O MOTECHIIMAJIA 3aPSAUTCS YAAICHHBIM OT APYTUX TeJl MEJAHBIN I1a-
PHUK TIpU OOJIYYCHUU €T0 dJEKTPOMArHUTHBIM U3JTydeHHUEM C JUIMHON BoyHBI 140 HM? Pabora
BbIXO/a 3J1eKTpoHa u3 menu 4,47 3B.

[IpakTuueckoe 3anarue 3.

Tema: KBaHTOBBIE CBOMCTBA U3ITyYECHUS.

Ilepeuens 3a0anuii: pemeHne GU3NIECKUX 3aa4 [0 TEME.

1. K snexTponaM peHTI€HOBCKOM TPYyOKH MPUIIOKEHA pa3HOCTh noTeHnuanoB 60 kB. Haunmens-
mrasi JAJMHA BOJIHBI PEHTICHOBCKHUX JIyuel, JaBaeMbIX 3TOM TPYOKOH, paBHa 0,206-107° u.
Haitgure n3 37X 1aHHBIX MOCTOSHHYIO [1nanka.

2. HaiimuTe KOPOTKOBOJIHOBYIO TPaHUILy HENIPEPHIBHOTO PEHTIC€HOBCKOTO CIEKTPA, €CIH U3BECT-
HO, YTO YMEHbILIEHUE IPUIIOKEHHOT0 K PEHTT€HOBCKOW TpyOKe HanpsbkeHus Ha 23 kB yBenu-
YMBAET UCKOMYIO JUIMHY BOJIHBI B JIBa pasa.

3. Iloxg kakuM HampspKeHHEM paboTaeT pEeHTTeHOBCKas TPyOKa, €CM camble KECTKHE JIy9d B
PEHTTEHOBCKOM CIIEKTpE 3TON TPYOKH UMEIOT YacTOTy 10*° Iy?

4. Jlapnenue uzimydeHus: Ha 1wiockoe 3epkaio 0,2 Ila. Onpenenute HHTEHCUBHOCTH CBETA, HOP-
MaJIbHO Ma/IaI0IIEro Ha MOBEPXHOCTH 3epkaiia ¢ ko3 duimentom orpaxenus 0,6.

5. Haiinute naBneHue cBeTa Ha CTEHKU dJekTpuyeckod 200-BatTHOM mammbl. Konba mammbl
npencTaBisier co0oil chepudeckuii cocya paauycom 5 cMm. CteHku namibl oTpaxatoT 10%
NaJarolero Ha HuX cBera. Cunraiite, 4To BCs MOTpedIiieMas MOIIHOCTh UJIET HA U3JTyYEHUE.

6. Ha moBepxHoCTh Tu10MmIAaA610 200 cm? eXeMUHYTHO najaer 63 J[ cBeToBoil sHeprun. Haiiau-
T€ BEJIMYMHY CBETOBOT'O JIaBJICHUS B TEX CIIydasx, KOI/1a IOBEPXHOCTh MOJHOCTHIO OTPAXKAET
Y TIOJTHOCTBIO MOTJIOLIAET BCE MAAAIOIINE HA HEE JTyYH.

7. PeHTreHoBHI Jyuu ¢ AIMHON BOJIHBI 70,8 MM UCHBITHIBAIOT KOMIITOHOBCKOE paccesiHUE Ha Ia-
padune. HaiinuTte 1arHy BOJIHBI PEHTIT€HOBCKUX JIy4yel, paccesHHbIX moJ yriamu 90° u 180°
10 OTHOILIEHHIO K HApaBJICHHUIO Ma/Ial0IIero myJkKa.

8. B sBnenun KomnToHa sHeprus majaromero poToHa pacnpesensercss IOpOBHY MEX1y pacce-
SHHBIM ()OTOHOM M AJIEKTPOHOM OTAauu. Hailnure sHEpruio U UMIyNbC pacCesHHOTO MOJ Y-
J0oM /2 GpoToHa.

9. B Teopun s dexra Komnrona nsmMeHeHrne ATUHBI BOJHBI IPH PACCESTHUHM OKa3bIBAETCS HE3a-
BUCSLIUM OT IPUPOJIbI PACCEUBAIOIIETO BELIECTBA. SBISETCS U 3TOT BHIBOJ CTPOTUM?

10. Berunciute KOMITOHOBCKOE CMEIIEHHE U OTHOCHTENILHOE M3MEHEHHUE JUTHHBI BOJHBI ISl cepe-
JIMHBI BUJIUMOT'O CIIEKTpa MPU paccestHuu 1o yrioM 90° Ha nepBoHavaibHO MOKOUBIIUXCS CBO-
00/THBIX 71eKTpoHaX. MOXKHO JT HaOJII0AaTh COOTBETCTBYIOIIEE SIBJICHHE SKCIIEPUMEHTATBHO?

11. ®OTOH MmpH CTOJKHOBEHUHU C PEISATUBUCTCKUM DJIEKTPOHOM paccesics moja yriaom 60°, a
AJIEKTPOH MOTEPSUT MOYTH BCIO KUHETUUYECKYIO sHepruto. Haiinure nsmeHeHue AJIMHbBI BOJHBI
¢dboToHa npu paccesHUH, €CIU 10 CTOJIKHOBEHHS OH oOnanan sueprueit 0,51 MaB.

12. Onpenennte MakCUMallbHbIE KOMITOHOBCKHE U3MEHEHHUS JITTMHBI BOJIHBI IIPH paccesHuu o-
TOHOB Ha CBOOO/IHBIX MTEPBOHAYAILHO MMOKOMBILINXCA JIEKTPOHAX U SApPaX aTOMOB BOAOPO/A.

13. ®OTOH )KECTKUX PEHTIC€HOBCKUX JIydel ¢ JUIMHOW BOJHBI 24 1M MIPU COYAAPEHUU CO CBOOO/I-
HBIM 3JIEKTPOHOM Tepenan eMy 9% cBoelt sneprun. Onpenenure JUIMHY BOJHBI pacCesHHOTO
PEHTTEHOBCKOTO U3JIy4ECHHUS.



14. ®otoH c sueprueii 0,75 MaB paccesuics Ha cBOOOIHOM 3neKTpoHe 1o yriaom 60°. Haiiaure
SHEPIUI0 PACCESTHHOTO (POTOHA, KWHETUUYECKYIO SHEPTUI0 U UMITYJIbC IEKTpOHa oTAaun. Ku-
HETHYECKON HEPTUEH AIEeKTPOHA JI0 B3aMMOACHCTBHS MOKHO ITPEHEOpEUb.

[IpakTuueckoe 3andarue 4.

Tema: Atom Pesepdopna-bopa.

Ilepeuens 3adanuii: pemieHre GU3NIECKUX 3a/1a4 [0 TEME.

1. Haiinure pamuyc Tperbeil GOpPOBCKOM 3JEKTPOHHOH OpOUTHI B aTOME BOJOPOJAa M CKOPOCTh
3JIEKTPOHA Ha HEH.

2. AToM BOJIOpOJIa HAXOAUTCS B YETBEPTOM BO30YXKICHHOM cocTosiHUU. HaiinuTe ero moreHmu-
aJl MOHU3ALUH.

3. HackoJibKO U3MEHMJIaCh KHHETUYECKAasl SHEPTUS 3JIEKTPOHA B aTOME BOOPO/A PU U3ITyYEHUU
aToMoM (oToHa ¢ JJIMHOHN BOHBI 486 HM?

4. B KaKkux mpenenax JOJDKHBI JISKATh UIMHBI BOJH MOHOXPOMATHYECKOT'O CBETa, YTOOBI MpHU
BO30YXJI€HMHM aTOMOB BOJOpOJa KBaHTaMM 3TOr0 CBETa PaJAMyC OPOUTHI JIEKTPOHA YBEIH-
yucs B 9 paz?

. HaiinuTe nepsblil noTeHman Bo30yXI€HUs ABYKPATHO HOHM30BAHHOTO JIUTHUS.

. Haligute noTeHunan MOHU3aLUKUU OJJTHOKPATHO HOHU30BAHHOTO T'EJINS.

7. Haiigure [uiMHY BOJHBI (JOTOHA, COOTBETCTBYIOILEIO MEPEXOY JIEKTPOHA CO BTOPOil 6OpOB-

CKOI OpOUTHI HAa IEPBYIO B OJHOKPATHO HOHU30BAaHHOM aTOME TeJusl.

8. DIIeKTpOH, PO pa3HOCTh MOTeHIUaNoB 4,9 B, cTankuBaeTcs ¢ aTOMOM PTYTH U IEPEBOJUT
€ro B MepBO€ BO30YXkJIEeHHOE cocTosHue. Kakyto [uMHY BOJHBI HMEET (OTOH, COOTBETCTBY-
IOLIMH 00paTHOMY IEepPeXoy aToMa B HOPMaJIbHOE COCTOSIHUE?

9. AtoMm Bomopoaa usnydaet (GOTOH ¢ yactoToil v. HalimuTe n3MeHeHHe JTITMHBI BOJIHBI (DOTOHA,
BO3HHKAIOIIIEeEe BCIEACTBUE OTAAYH, IPETEPIIEBAEMON aTOMOM IPU U3IIy4YEHHUH.

10. Kakyio paboTy HY»KHO COBEPIIUTE, YTOOBI YIaTUTh JICKTPOH C YETBEPTOH OOPOBCKOM OpOU-
Thl aTOMa BOZIOPOA 32 IPEeIIbl NPUTSHKEHUS ero sapom?

11. Haiigute HamOOJBIIYI0O M HaWMMEHBUIYIO JUIMHY BOJHBI CHEKTPAJIbHBIX JIMHUN BOJIOPOAA B
BUAMMOI 00J1aCTH CHIEKTpa.

12. Kakyro HauMEeHBIIYI0 CKOPOCTh JOJKHBI UMETh 3JIEKTPOHBI, YTOOBI ITPU BO3OYKICHUH UMU
aTOMOB BOJIOPO/a MOSBUIIMCH BCE IMHUU BCEX CEPUM CIIEKTpa Bogoponaa?

13. Kakyto HauMEHBIIYI0 SHEPTHUIO B 3JIEKTPOH-BOJIbTAX JOJKHBI UMETh 3JIEKTPOHBI, YTOOBI ITPU
BO30Y)XJICHMM aTOMOB BOJOpOJia YAapaMH 3THUX 3JIEKTPOHOB CHEKTP BOJOpOJA HUMEN TpHU
CIIEKTPAJIbHBIE JIMHUH?

14. Ha nudpakuMOHHYIO pelIeTKy HOPMalbHO MaJaeT IYYOK CBETa OT pPa3psAIHON TpYyOKH,
HaITOJIHEHHOW aTOMapHbIM BoAopoaoM. [locTossHHas pemerkn paBHa 5 MkM. KakoMy nepexo-
Jly JIEKTPOHA COOTBETCTBYET CHEKTpalbHas JUHUSA, HaOIro1aemMast py IIOMOIIH 3TOM pereT-
KU B CIIEKTPE MATOTO MOPSAKA MO yritiom 41°7?

15. Onpenenute sHEpru0 GOTOHA, COOTBETCTBYIOLIETO HAUMEHbILIEH JIIMHE BOJIHBI B yIbTpadu-
0JIETOBOM CEpPUU BOJIOPOJA.

16. Atom Bomopona oOiydaercst yiabTpaHOIETOBBIM H3Iy4eHHUEM C JUTMHON BodHBI 100 HM.
Omnpenenure, Kakue ClIeKTpalIbHbIE TUHUU MOSBIISIOTCS B CIIEKTPE BOAOPOIA.

AN DN

IIpakTuueckoe 3ansatue S.

Tema: BonHOBBIE CBOMCTBA BellecTBa. OCHOBBI KBAHTOBOW MEXaHUKH.

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

1. Haitgute anuHy BOJIHBI Ae-Bpoins 1uisi 3JIEKTpOHA, MPOILIEAIIEr0 Pa3HOCTh MOTEHIIHAJIOB
500 B.

2. Haiinure mmmHy BOJIHBI ne-bpoins mims mpoTOHA, MPOLIEANIEr0 Pa3HOCTh MOTEHIMAJIOB
1000 B.

3. 3apspbKkeHHast 4acTHUIla, YCKOpPEHHas pa3HOCThIo moTeHnuanos 200 B, nmeer ayimHy BOJIHEI Jie-
Bpoitns, paBuyro 2 nM. Halinute Maccy 3TOH 4acTHIIBI, €CIIM U3BECTHO, YTO 3apsi]l €€ YUCIICH-
HO paBEH 3apsny JICKTPOHA.



4. ITapannenbHbIN Ty4OK 3JIEKTPOHOB, YCKOPEHHBIX Pa3HOCTHIO oTeHNnanoB 250 B, HopManbHO
nagaer Ha auvadparmy C OBYMsl Y3KUMH IIEISIMH, PACCTOSHUE MEXIY KOTOPBIMH 5 MKM.
Onpenenure paccCTOSHUE MEXAY COCETHHMMH MAaKCUMyMaMd MHTEP()EpPEHLMOHHOW KapTHUHBI
Ha DKpaHe, pacoyIOKEHHOM Ha paccTOsTHUU 50 cM OT Ienei.

5. Y3kuif my4oK MOHOPHEPreTHYECKUX AJIEKTPOHOB IMAJIaeT MOJ] YIIOM CKOIbxeHus: 60° Ha ecte-
CTBEHHYIO TpaHb HEKOTOPOTO MOHOKpHCTa/Ia. PaccTosiHue MeXIy COCETHUMHU aTOMHBIMU
IUIOCKOCTSIMU, MapajljIeNIbHbIMU 3TOM I'paHu MOHOKpHUcTa/uia, paBHO 0,3 HM. Ilpu HEKOoTOpOM
YCKOPSIOIIEM HanpsbKeHUU HaOMIoJald MaKCUMyM 3epKalbHOro oTpaxeHus. Haiigurte sTo
HaIpPsSDKEHUE, €CJIM U3BECTHO, UTO CIEAYIOLIMN MAaKCUMYM 3€pKaIbHOI'O OTPaXKEHUs BO3HUKAI
IIPU €ro yBEJIMYEHHUH B 4 paza.

6. Y3Kuil My4O0K MOHOZHEPIeTUYECKUX 3JIEKTPOHOB I1a/1a€T HOPMAJIbHO HA IIOBEPXHOCTh MOHO-
KpUCTaJlJla HUKeNs. B HampaBieHuu, coctaBisomuM yroa 60°rpaaycoB ¢ HOpMalbIO K MO-
BEPXHOCTH HAOIIOAAETCS MAKCUMYM OTPaXXEHHS BTOPOTO MOPSAIKA MPH SHEPTUU ICKTPOHOB
360 5B. BoruncnuTe cOOTBETCTBYIOIIEE 3HAUEHUE MEXKIITIOCKOCTHOTO PACCTOSHHUS.

7. IapaninensHblii Ty40K MOHOPHEPTETHUECKUX AIEKTPOHOB IMajaeT HOPMAJIbHO Ha auadparmy
co menbto mupuHoi 1 MxM. Ompenenure cKOpocTb 3TUX AJIEKTPOHOB, €CIM Ha DKpaHe, OT-
CTOSIIIIEM OT IIeNu Ha paccrosHue 50 cM, MUpUHA HEHTPATBFHOTO TU(PPAKINOHHOTO MaKCH-
myma coctasiseT 0,5 M.

8. KakoBa HaumeHbIast ommoOKa, ¢ KOTOPOW MOXKHO OIPEENIUTh CKOPOCTh JIEKTPOHA, €CITU KO-
OpIMHATAa ero yCTaHOBJICHA C HeolpeneleHHOCThIo 0,2 MKM?

9. OueHnTe MUHUMAIIBHYIO KHHETHYECKYIO SHEPTHIO AJIEKTPOHA, JIOKATM30BAaHHOTO B OOJIACTH
pazmepom 0,4 HM.

10. DyeKTpOH ¢ KUHETHYECKOH 3Heprueit mopsaka 10 3B yokanu3zoBaH B 00JacTH pa3zMepoM
2 MKkM. OLEHUTE omHocUmebHy 0 HEONPEIeJICHHOCTh €r0 CKOPOCTH.

11. OneHute HAUMEHBIINE ONIMOKH, C KOTOPHIMH MOKHO OTPEICIIUTh CKOPOCTH JJICKTPOHA,
MPOTOHA U IIapUKa MacChl 1 MT, eclii KOOpAUHATHI YaCTHIl M IIEHTPa IapUKa yCTAaHOBIICHBI C
HEONPEIEeTEHHOCThIO 1 MKM.

12. DnexTpoH ¢ KuMHeTHuYeckoW sHeprued 4 5B nokann3oBaH B obOnactu pasmepoM 1 MKM.
HaiinuTe aGComOTHYIO U OTHOCUTENBHYIO HEOIIPEAETIEHHOCTH €r0 CKOPOCTH.

13. JIHTenbHOCTh BO3OYKICHHOTO COCTOSHMS atoMa Bogopoaa 107 c. KakoBa HeompeesneH-
HOCTb SHEPTUU B 3TOM COCTOSIHUM?

[TpakTrueckoe 3ansTue 6.

Tema I: Ctpoenue aroma. OcHOBBI py3ukHu Mosiekysl. Du3nka MPOBOTHUKOB U OTYIPOBOIHUKOB.

Ilepeuens 3adanuii: pemieHre GU3NIECKUX 3a/1a4 [0 TEME.

1. Kakoe HaumMmeHblllee HaNpsDKEHWE HAI0 MPUIIOKUTH K PEHTI€HOBCKOW TpyOKe, YTOOBI MOTy-
YuTh Bce JUHMM K-cepuu, eciyu B KadyecTBE MaTepHaja aHTHKAaToAa B3sTh Mejb, cepedpo,
BoJIb(paM, TIIaTUHY?

2. Yemy paBHa MOCTOSIHHAsl SKPaHUPOBAHM JUIs BOJb(pama, eclii Ipu Nepexoje JEeKTPoHa B
atome Boib(dpama ¢ M-cios Ha L-croit ucmyckaroTcss peHTT€HOBCKHUE JIYYH C JITTHHON BOJTHBI
143 nm?

3. Ilpu nepexope anekTpoHa B atome ¢ L-ciost Ha K-ciioil ncmyckaroTcsi peHTT€HOBCKHE JIyUH C
JutmHOM BoJIHEI 78,8 M. Kakoii 3To atom?

4. Haiinute amuny BonHbl auHuu K meau (Z=29), ecnu U3BECTHO, YTO JJIMHA BOJIHBI JIMHUU K
xkenesa (Z=26) paBaa 193 nm.

5. CKOJIBKO 3JIEMEHTOB COJEPKUTCS B Py MEXY TEMH, Y KOTOPBIX JJIMHBI BOJIH K-THMHMI paB-
Hbl 250 1 179 nm?

6. Ilpu HEKOTOPOM HANpsSHKEHUU Ha PEHTIEHOBCKOW TpPyOKe ¢ allOMMHHMEBBIM aHTHKATOJOM
JUIMHAa BOJHBI KOPOTKOBOJHOBOM TI'DaHUIbl CIUIOIIHOTO PEHTTEHOBCKOIO CIEKTpa paBHA
0,50 am. Byner mu HabmronaThest pu 3ToM K-cepusi XapaKTepHCTUYECKOTO CIIEKTpa, MOTEH-
1uai Bo30ykaeHus: KoTopoii pasen 1,56 kB?
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7. Ilpn yBenmuueHUH HaIpsDKEHUSI Ha PEHTTeHOBCKOM TpyOke oT 10 kB mo 20 kB uHTepBan aiux
BOJIH MexJy K-TuHUel U KOPOTKOBOJIHOBOM I'paHHIIEH CIUIOMIHOTO PEHTT€HOBCKOIO CHEKTpa
YBEJIMYMJIICS B TpH pasza. Onpenenure NOpsIKOBbI HOMEp 3J€MEHTa aHTUKATO/1a 3TON TPYOKH.

8. B MenHOM mpOBOHUKE TUIONIAABIO TonepedHoro cedeHus 0,4 cM? cuiIa ToKa 1,5 A. Haiigure
CPEIHIOI0 CKOPOCTH Apeiha AIeKTPOHOB, €CIIM KOHIICHTPAIUs HOCUTENCH 3apsiaa 8,4-10% m3,

9. B cepebpe oO6beMoM 1 M~ HaXOIUTCS MPUOIUZUTEIHHO 5,8-10% 3JICKTPOHOB MPOBOJAMMOCTH.
Haiinure cpennioro ckopocTh apeiia IeKTpOHOB MPU HAIOKEHUH BIOJb IPOBOJHHUKA HIICK-
TPUUECKOT0 TOJIsl HanpsKeHHOCThI0 1 B/em.

10. [IupuHa 3anpenieHHON 30HBI anmasa 6 3B. Haiinure AITMHHOBOJIHOBYIO TPaHUILy MOTJIOIIE-
HUS CBETa aJIMa3oM.

11. Bo ckonbKO pa3 U3MEHUTCS JIEKTPOIPOBOJHOCTh YUCTOIO T'€pMaHUs IIPU NOBBILIEHUH TEM-
nepatypel oT —23°C no +27°C, ecnu mupuHa 3ampelleHHONW 30HBI JUIsl TEpPMaHHUs paBHA
0,74 5B?

12. Bo ckoibKO pa3 KOHIEHTpalKs HOCUTeNel 3apsaaa B uucToM ciuiase InSb mpu temneparype
400 K Gombmie konreHTpanuu npu temreparype 300 K? Illupuna 3anpenieHHONW 30HBI IS
InSb 0,18 5B.

13. KakoBa BepOsITHOCTH TOTO, YTO JIEKTPOH MpHu Temiieparype 27°C 3aiiMeT cocTOsTHUE, JIekKa-
niee Ha 0,1 3B BbIie ypoHs @epmu?

14. Haitnure snepruto @epmu 17151 CBOOOIHBIX 3JEKTPOHOB Kalus MpU aOCOJIIOTHOM HYyJIE, CUU-
Tas, 4YTO Ha OJIMH aTOM MPHUXOAUTCS OJIMH CBOOOHBIN 3JIEKTPOH.

15. DOuneprus ®epmu npu abCOIOTHOM Hyne ajis HaTpus paBHa 3,15 »B. Haiigure uncio cBo-
OOHBIX PJIEKTPOHOB, MPUXOSAIIUXCS HA OAWH aTOM HATPHSL.

16. HaiimuTe MakCUMalbHYIO CKOPOCTH DJIEKTPOHOB B METaie NMPH aOCOIIOTHOM HYJE, €CIH
yposeHnb Oepmu S 3B.

Tema 2: ®usvika aTOMHOTO SIpa.

1. CKOIBKO NPOTOHOB, HEHTPOHOB M BJIEKTPOHOB COAEPIKUTCA B aTOMax HM30TOIOB YIJIE€pOAa:
11C 14C n
6~ 1 6 '

2. Haiinure sHepruio csisu sinep vH u S He. Kakoe u3 otux suep HauGonee ycToidanso?

. Haiiiue 9mciio IpoTOHOB, HEUTPOHOB, 3JIEKTPOHOB B aTOMaX M30TOIOB MarHus.

w

8 -
4. BeauciInTe B aTOMHBIX cAnHNIOax MaccChbl: a) MaccCy aToMa 4 Li , QHEPTHUA CBA3U AJApa KOTOPOTo

41,3 M3B; 6) maccy sapa YC, y KOTOPOTo SHEpIHsl CBs3H Ha OJIMH HYKJIOH paBHa 6,0 M3B.

5. Haiinute ¢ moMoIpio TaOJIMYHBIX 3HAYEHUH Macc aTOMOB: 1) CpPEHIOI0 SHEpPrui0 CBSI3U Ha
OJIMH HYKJIOH B sifpe O , 2) SHEPIUIO CBSA3M sAapa 2 B.

6. AKTHBHOCTH HEKOTOPOTO TIperapara yMeHbIIaeTcs B 2,5 pasa 3a 7 cytok. Haiiaure mepuon mo-
Taypacnaja. Yepes kakoil MpOMeKyTOK BpeMEHH aKTUBHOCTb NpernapaTa yMeHbIIUTCS B 5 pas?

7. HaitguTe MOCTOSIHHYIO pacnaja paJoHa, €CJId U3BECTHO, YTO YHMCJIO aTOMOB YMEHBIIAETCA 3a
cyTku Ha 18,3%.

8. HekoTopblii paXdoaKTHBHBIA Mpenapar MMeeT MocTosHHyo pacmaa 1,44-10° waca. Uepes
CKOJIBKO BpEeMEHH pacmaaaercst 75% nepBoHayaIbHOTO KOJIMYECTBAa aTOMOB?

3.5. JlabopaTtopHbie padoThl
CEMECTP 5

Ha 3aHaTHax ocymiecTBiseTcs: IOMycK K paboTe, cOOpKa IKCIEPUMEHTAIBHONH yCTAaHOBKH, BHI-
MOJTHEHHUE IKCIIEPUMEHTa, 00paboTKa MOJYyUYEeHHBIX PE3YJIbTaToB, OPOPMIIEHHE OTUYETa, 3aKIIO-
YyeHue 1o pabote, nmorydeHue qudGhepeHIMPOBAaHHOTO 3a4eTa M0 BBIIIOJIHEHHOH paboTe.

HpI/I BBIITOJTHCHHHU SKCIICPUMCHTA CTYACHT BBIIIOJIHACT 3aJaHHWA:

1) cobepure 3IEKTPHUYECKYIO LIENb B COOTBETCTBUH C MPUHIUITHAIEHON CXEMOI;

2) HAYYUTECh MOJIb30BATHCS IEKTPOU3MEPHUTEIILHBIMU IPHOOPAMHU; OTIPEICIUTE CUCTEMbI TPUOO-
POB, UX TPE/IENbl U3MEPEHHs], KIIaCC TOYHOCTH, OTHOCUTEIBbHYIO U a0COIIOTHYIO MTOTPELIHOCTH;

3) npoaymaiTe mociea0BaTeIbHOCTh ICHCTBUI PU BBIMOJIHEHUN SKCIICPUMEHTA;
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4) BBIMTOJHUTE DKCIICPHUMEHT, 3aIUChIBasi PE3yJbTaThl HEMOCPEACTBEHHBIX U3MEPCHUH B 3apaHee
MOJITOTOBJICHHYIO TAOIUILY;

5) noctpoiiTe rpadMKK KCCIICIOBAHHBIX B SKCIICPUMEHTE 3aBUCUMOCTEH OJTHUX BEJIMUYKH OT APYTHUX;

6) caenaite HEOOXOIMMBbIC BHIYHCIICHHS;

7) onpeeuTe MOTPEIIHOCTH MOJYICHHBIX PE3YJIbTAaTOB;

8) o(hopMuUTE BBHIMOIHEHHYIO pabOTY;

9) HanUIIUTE 3aKTFOUEHHE 0 BBIMOJIHEHHON padoTe.

JlaboparopHble pabOTHl OCHAIIEHBl MHCTPYKIMSAMH, COJAEPXKAIIMMU MepedeHb 000pyI0BaHUS U
3aganus. Llenb paboTel hopMyIHpyeTcsl CTYAEHTAMH CaMOCTOATENIBHO Ha OCHOBE €€ Ha3BaHMS.
Ha BeimonHeHue omHoi saboparopHoil paboThl TpeOyercs 4 yaca. [losTomy menecooOpasHbI
CIABOCHHBIC 3aHATHSI TAOOPATOPHOTO MPAKTHKYMA.

JlaGopaTtopHnas pabora 1
Tema: I'panynpoBKa MOHOXpOMATOpPA I10 CIEKTPY PTYTH
Obopyoosanue: JlabopaTtopHas ycTaHOBKA JUIs TPaJyUpPOBKH MOHOXPOMATOpPA IO CIIEKTPY PTYTH.

JlaGopaTtopHnas pabota 2

Tema: 3axon Kupxroga u siBjeHre 00paIieHus CIIeKTPAIbHBIX JTMHUN

Obopyoosanue: JlabopaTopHasi ycTaHOBKa i IpoBepku 3akoHa Kupxroda m umcciempoBaHus
SBJIEHUE O0PAIECHUS CIIEKTPaIbHBIX JIMHUM.

JlaGopaTtopHnas pabora 3
Tema: SIBnenue BHemHero Gporodddexra
Obopyoosanue: JlabopaTtopHas yCTaHOBKA I U3YYCHHUS SIBJICHUS BHEITHETO GoTodddekra.

JlaGopaTopHas pabora 4

Tema: 3aKOHOMEPHOCTH B CIIEKTPE BOJOPOJA

Obopyoosanue: JlaboparopHasi yCTaHOBKA JUIsl UCCIICAOBAaHUS 3aKOHOMEPHOCTEH B CIIEKTPE BO-
J0po7a.

JlaGopaTtopnast pabota 5

Tema: CooTHOIIEHNE HEOTIPEIeTICHHOCTEH /17151 (JOTOHOB

Obopyoosanue: JlabopatopHasi yCTaHOBKa I WM3y4Y€HHUS COOTHOIIECHUSI HEOIpPEAeICHHOCTEN
JUTst POTOHOB.

JlaGopatopHas pabota 6
Tema: CrieKTpbl TIOTJIOMICHUS PACTBOPOB
Obopyoosanue: JlabopatopHas ycTaHOBKA JJIsi U3YUYEHUS CIIEKTPOB MOTJIONIECHUSI PACTBOPOB.

3.6. KonTpoub camMocTosiTe1bHON padoThl

Y4eOHbIM MJIaHOM HE TPEyCMOTPEHBI

3.7. CamocTosiTeibHasA padoTa CTYACHTOB
Pexomenayembie (OpMBI CaMOCTOSITENBHONH pabOThl CTYAEHTOB: 1) opopmileHHE KOHCIIEKTa;
2) penrenue GpU3NUECKUX 3a1a4; 3) MOArOTOBKA K JlabopaTtopHoii pabore; 4) opopmiicHre oTyeTa
1o J1abopaTopHOit paboTe; 5) MOArOTOBKA K KOHTPOJIBHOI padoTe.

4. @oH/1 OLIEHOYHBIX CPECTB

®OOC BKIIOYAET OLEHOYHBIE CPEACTBA TEKYIIErO, MPOMEXKYTOYHOTO M MOCTUTOTOBOIO
koHTpois ([Ipunoxenue 1).
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5. IlepevyeHb OCHOBHOM M JONIOJHUTEILHON Y4eOHO TUTEPATYPHI,
HEe00X0AMMOi VIl OCBOCHUS AUCHUILIUHBI

5.1. OcHoBHast JuTEpaTypa

1.

bonpnapes, b. B. Kypc o6meii ¢pusuku B 3 ka. Kaura 2: anekTpomMarHeTu3M, ONTHKA, KBAHTO-
Bas pusmka : yaeOHuk misa By3oB / b. B. bonnapes, H. I1. Kanamnaukos, I'. I'. Ciupun. — 2-¢
u3l. — Mocksa : UznatensctBo FOpaiit, 2025. — 441 c¢. — (Briciiee obpa3zoBanue). —
ISBN 978-5-9916-1754-3. — TekcT : anexkTpoHHbIN // O0pa3oBarenbHas miardgopma FOpait
[caiiT]. — URL: https://urait.ru/bcode/559925 (nara oopamenus: 07.03.2025).

. BosiHOBast onTuka u kBaHToBas ¢usnka : yueoHoe nmocoodue / O. 1. Konnparsesa, 1. A. Cra-

poctuna, C. A. Kazanues, E. B. BypnoBa. — Kazanb : Kazanckuii HalmoHaIbHBIM HCCIEA0-
BaTeIbCKUI TexHoJornuecknii yHuBepcuter, 2010. — 160 ¢. — ISBN 978-5-7882-0996-
8. — Texkcr : anexkrponnslit // Lludpposoii odpazosarenbusbiii pecypc IPR SMART : [caiit]. —
URL: https://www.iprbookshop.ru/61832.html (nara o6pamenus: 08.03.2025). — Pexum no-
CTyHa: JUIs aBTOPU3UP. TOJIb30BATEICH.

. Bonbkenmteitn, B.C. COopHuk 3amad no obmemy Kypcy ¢uszuku: Yuebd. mocobue /

B.C. Bonbkenumrreiin. — Cankr [lerepOypr : Kumxusiit mup, 2008. — 328 ¢. — Tekcr : Heno-
CpEJICTBEHHBIN.

. I'epmen3on, E.M. Onrtuka u atomHas Qusuka: Yded. mocoOue s CTyA. IMel. BY30B /

E.M. I'epienzon, H.H. Manos, A.H. Maucypos. — Mocksa : Akaaemus, 2000. — 408 c. —
Tekcr : HenmocpeACTBEHHBIM.

. T'ectpun, C. I'. OnTuka u kBaHTOBas (pu3uKa : 31MeKTpoHHOE yuyeOHoe mocobue / C. T.

I'ectpun, E. K. Cepreesa, E. B. lllykuna. — Capatos : CapaTOBCKHi1 TOCYJapCTBEHHBIHN TeX-
Hudeckuil yausepcurer umenu FO.A. I'arapuna, ObC ACB, 2013. — 49 c. — ISBN 978-5-
7433-2631-0. — Tekct : snekrponnsi // LudpoBoit obOpazoBarensHbIil pecypc IPR
SMART : [caiir]. — URL: https://www.iprbookshop.ru/80110.html (mata oGpareHus:
08.03.2025). — PexuM mocryma: [yis aBTOPU3UP. MOJIH30BATEIICH.

. Maiiep B.B. KBanroBas ¢uzuka: DnemeHTsl Teopun: YuebHoe pykoBoacTBo / Maiiep B.B.; nox

pen. P.B. Maiiepa — I'masos : I'TTIM, 1997. — 152 ¢. — URL: https:/lib.rucont.ru/efd/715947
(mata obpamenust: 28.03.2025). — TekCT : 3IeKTPOHHBIA.

. HeBonun, B. K. KanToBas ¢usuka u Hanorexnosnoruu / B. K. HeBonun. — Mocksa : TexHo-

cdepa, 2013. — 128 c. — ISBN 978-5-94836-361-5. — Tekcr : anexkrponHslii // Ludposoit
o0pa3oBaTeNbHbII pecypc IPR SMART : [caiiT]. — URL:
https://www.iprbookshop.ru/16975.html (mara obpamenus: 08.03.2025). — Pexum gocrtyma:
JUTSL aBTOPHU3HP. TIOTH30BATEIICH.

. TamsikoBa-bymikesuy, U. Y. ®usuka. Yacts 2. Ontuka. KBanTtoBas ¢usuka. Crpoenue u pu-

3U4ecKkue cBoMcTBa BemlecTBa : yueOHuk / M. Y. TanuisikoBa-bymkeBndy. — MuHck : Beinid-
nras mkona, 2014, — 232 ¢. — ISBN 978-985-06-2506-9. — Tekcr : anekTponnsiii // Ludpo-
BOI 00pa3oBaTENbHBIH pecypc IPR SMART : [caiiT]. — URL:
https://www.iprbookshop.ru/35563.html (mara obpamenus: 08.03.2025). — Pexxum moctyna:
JUI aBTOPU3HP. T10JIb30BaTENEH.

. Xpennukos, A. FO. KBanToBas ¢u3vka u HEKOJIMOTOPOBCKUE TEOPUHU BEPOSITHOCTEH : yueOHOE

nocobue ass By30B / A. FO. XpeHHHKOB. — 2-€ u3., uctp. u nom. — Mocksa : M3natenscTBo
FOpaiir, 2023. — 219 ¢. — (Bsicmiee oopazosanue). — ISBN 978-5-534-04355-6. — Tekcr :
anekTpoHHbI  //  OOpasoBarensHas  miardgopma  HOpait  [caiit]. —  URL:
https://urait.ru/bcode/513207 (nata obpammenwus: 07.03.2025).

5.2. lonotHUTEIBHAS IUTEPATYPA

1.

bounapes, b.B. Kypc o6mieit ¢pusuku B 3 ka. KHura 2: snekTpoMardeTu3M, ONTHKA, KBAHTO-
Bas ¢usuka: yuyeOHuk ans By3oB/ b.B. bonmapes, H.II. Kanamnuukos, I'.I'. Crmpun. —
Mockga : U3natenberBo Opaiit, 2024. — 441 c. — (Brictiee oOpaszoBanme). — ISBN 978-5-
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9916-1754-3. — Tekct : snexkrpoHHblid // ObOpa3oBarenbHas miuardopma OpaiiT [calfT]. —
URL: https://urait.ru/bcode/535754 (nara obparenus: 07.03.2025).
2. Bunorpaznosa, H. b. KBanTtoBas ¢usuka : mabopatopusrii npaktiuky™m / H. b. Bunorpanosa, A.

b. KazanneBa. — 2-¢ u3n. — MockBa : MOCKOBCKUH TEIaroru4ecKuidi rocyaapCTBEHHBIN
yauBepcuret, 2024. — 148 c. — ISBN 978-5-4263-0224-2. — Tekct : 3IeKTPOHHBIA //
[Mudposoit  obOpazoBarenvHbii  pecypc IPR SMART : [caiit]. — URL:

https://www.iprbookshop.ru/145795.html (mara obpamenus: 08.03.2025). — Pexum gocry-
na: JyUisi aBTOPU3UP. TI0JIh30BATEIICH.

3. l'opmau, B.B. ®u3uka: kBanToBasi pusnka. JlabopaTopHBIi MPAKTUKYM: y4eOHOE TOCOOHE IS
By30B / B.B. 'opnau. — Mocksa : U3narensctBo Opaiit, 2024. — 114 c. — (Bricmee o6pazo-
Banue). — ISBN 978-5-534-10137-9. — Tekcr : anexTponHsiii / Obpa3zoBaTenbHas miaTdopma
IOpaiir [caiit]. — URL: https://urait.ru/bcode/538539 (mara obpamenus: 07.03.2025).

4. I'opoxoBatckuii, FO. A. Onrtuka : yaeOHUK U TpakTukyMm Juist By30B / FO. A. ['opoxoBatckuii,

N. U. daneeBa ; mox pemaknuen 0. A. I'opoxoBarckoro. — 2-¢ u3M., UCHp. U JOM. —
Mockga : U3natensctBo FOpaiit, 2023. — 220 ¢. — (Bsicmiee oopazoBanue). — ISBN 978-5-
534-10804-0. — Texct : anexktponHsblil // OOpa3oBatensHas minatdopma FOpait [caliT]. —

URL: https://urait.ru/bcode/517433 (nara obpamenus: 07.03.2025).

5. Uponos, N.E. 3agaun mo obmeit ¢usuke: yued. mocobue mis By3oB / U.E. Mpomos. —
Mocksa : BUHOM. Jlabopatopust 3nanuii, 2007. — 432 c. — TekcT : Henocpe1ICTBEHHBIN.

6. CuByxuH, J[.B. O0uwmii kypc ¢usuku: B 5 1. T. 5. AtromHas u sigepHas ¢usuka. Yuebd. moco-
oue mns cryn. ¢us. cren. By3oB / J[.B. CuByxun. — Mocksa : @uszmatiut, 2006. — 784 c. —
TexkcT : HemocpeACTBEHHBIM.

6. Ilepeyennb pecypcoB HHPOPMALUOHHO-TEJIEKOMMYHUKAIIMOHHOM CETH
«HHTepHeT», NpodeccHoHATBLHBIX 023 JAHHBIX U MHPOPMALMOHHBIX
CIIPABOYHBIX CHCTEM, HCIIOJIb3YEMBbIX IPH OCYLIECTBJICHUU 00Pa30BaTeIbLHOIO
npouecca 1no IMCUMIIHHE

6.1. Ilepeuenb pecypcoB HHGPOPMANNOHHO-KOMMYHHKAUMOHHOH ceTtn «MHTEepHeT»,
HEeOO0XOAUMBIX /1JI51 OCBOEHMS IH CHUTTHUHBI

1. ®usuka B ombITax M SKcnepuMeHTax: https://mww.getaclass.ru/course/fizika-v-opytah-i-eksperimentah
2. KypHuansr:
https://fiz.1sept.ru/fizarchive.php — ®u3uka
http://www.kvant.info/ — Ksaut
https://www.elibrary.ru/title_about.asp?id=9870 — Yuebnas ¢pusuka
https://iopscience.iop.org/journal/0031-9120 — Physics Education
https://aapt.scitation.org/journal/pte — The Physics Teacher

6.2. Ilepeuenbp He00XO0AMMBIX MNPOGeCcCHOHAIBHBIX 0a3 JAaHHBIX M HH(OPMALMOHHBIX
CIIPABOYHBIX CHCTEM

DIIeKTpOHHAas OoubaroTevHas cucremMa «IPR SMART». Pexnm JIOCTYyIIa:
http://www.iprbookshop.ru

DnekTponHas oubimortedyHas cuctema «lOpaitty. Pexxum moctyma: https://urait.ru

OnekTpoHHO-0MOaMoTeuHas cucremMa «Jlanb» (pa3nen «CereBasi EeKTpoHHas OMONIMOTEKa Iie-
Jarormyeckux By30B»). Pexxum noctyma: https://e.lanbook.com

DnekTpoHHO-0nOMoTeuHast cucrema «PykoHT». Pexxum nocryna: https://lib.rucont.ru/search
MexBy30BcKas 2JIeKTpoHHAas Oubaroreka. Pesxxum noctyma: https://icdlib.nspu.ru/

Hayunas DIEKTPOHHAS o6ubimoreka eLIBRARU.RU Pexum Jocryna:
https://www.elibrary.ru/defaultx.asp
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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

HarnponabHas 3JeKTpoHHAs eTckas oudmuoreka. Pexxum mocryna: https://arch.rgdb.ru/xmlui/
HannonanbsHas anexkTpoHHas OumOnumoreka. Pexxum moctyma: https://rusneb.ru
[Tpesunentckast oudimoreka umenu b.H. Enbninna. Pesxxum nocryma: https://www.prlib.ru

Polpred.com O630p CMMU. Pexxum noctyma: https://polpred.com

7. MeToan4yeckue yKa3aHusi M y4eOHO-MeToAuYecKOe odecredeHne
A1 00y4aIOIHXCS 110 OCBOCHUIO THCIUILTHHBI

JlucuumiuHa peanu3yercss B COOTBETCTBHU C YKa3aHUsAMHU «MeToanyeckue pekoMeH1a-
[[UU TI0 OpPTaHHW3AIMK 00pa30BaTEIBHOIO MpPOIEcca MPU OCBOSCHUM IUCIUIUIMHEBD), pa3MeEIleH-
ueiMu B DMOC yauBepcurera (€i0S.ggpi.org).

Meroanueckue pekoMeHIauu st padboThl ¢ nHBanuaamMu u nunamu ¢ OB3 pa3mMereHbl
B DUOC ynusepcuTtera (€i0s.ggpi.org).

8. MarepuajibHO-TeXHUUYECKasl 0a3a, IPorpaMMHoOe ofecrievyeHme,
He00X0IMMOe /ISl OCYIIIeCTBJIEHHSI 00PA30BaTEILHOIO NMPOIecca Mo TUCHUTIIHHE

VYu4eOnslii kopnyc 1, aynutopuu 205, 208, 209.
[onHbli mepedeHb MaTEpPHATBHO-TEXHHMYECKOH 0a3bl M NPOrpaMMHOrO OOECHeueHHUs
pasmeniensl B DMOC ynuBepcurera (e10S.ggpi.org).

9. PeliTHUHT-TVIaH OIIEHKHU YCIIEBAEMOCTH CTY/I€HTOB

B teuenue cemectpa MpOBOJIUTCA PEUTUHT JJIA OCYLIECTBIIECHUS TEKYIIErOo KOHTPOJIA 3a OCBOE-
HUEM Y4eOHOro MaTepuaga CTyIeHTaMHu. 3a (DaKT IMOCEIICHUsS 3aHSATHH OaJTbl HE CTaBATCA.
OneHuBaHue pe3ynbTaToOB BCEX BUJIOB AEATEIHLHOCTH MPOU3BOAUTCSA IO MATUOAITEHOM HIKaJIe.

Oyenku no meopuu. CUCTEMaTUYECKU HA JICKIIUAX MIPOBOJATCS cOOeced08anusi no NPOUOEeHHOMY
Mmamepuany (He pexe OJTHOTO pas3a B TPH JIEKIIUN); nposepka 3Hanus ¢opmyn (He MeHee 3 pas3 3a
cemectp). [IBa paza B ceMecTp IPOBOIATCS KOHMPOIbHbIE paOOmMbl NO MeOPUU.

Oyenxu no npaxmuxe. B TedeHue cemectpa IPOBOASITCS HE MEHEE YETHIPEX KOHMPOIbHbIX pa-
bom no 3aoavam.

Oyenku no nabopamopuvim pabomam. CTyIeHTHI CAAIOT TUCEMEHHBIE omuemvl no 1abopamop-

HbIM pabomam.

1) Ilepen BbITOJHEHHEM JTAOOPATOPHOM PabOTHI MPOBOJUTCS KpaTKOe coOECeI0OBaHUE WM CTY-
JeHTHI B TeueHrne 30 MUHYT MUChMEHHO HM3JIaraloT TEOPETUICCKUHN MaTeprall, H3yIeHHBIN TIPH
MOATOTOBKE K padoTe.

2) CTyeHT IOIMYyCKAeTCss K BBIMOJHEHUIO PabOThI, €CIM B €ro TeTpaau ohopMIICHa 3ar0TOBKa
0TYeTa, ¥ OH MOHUMAET (PU3NUECKYIO CYIIHOCTh SBICHUHN, KOTOPHIE COOMPAETCS UCCIIEIOBATD.

3) B mpotiecce BbIMONHEHUST paOOTHI MPOBEPSIFOTCS 3HAHKS MIPUHIUIIA JCHCTBUS HCIIOJIb3YEMbIX
npubOOpPOB, YMEHHs COOUPATh YKCIIEPUMEHTATBHYIO YCTAHOBKY, BBITIONHSATH U3MEPEHUS U 00-
pabaThIBaTh UX PE3yIbTATHI.

4) TToJHOCTBIO TOTOBBIN OTYET IO PAOOTE MPOBEPSETCS MPETOAABATEIICM.

5) [To kaxxa0¥ paboTe CTYIEHT TOJIydaeT JIBE OIIEHKHU: MEPBYIO — 3a TEOPHUIO, BTOPYIO — 3a MpPO-
BeJIeHHE U 0OPMIICHHE PE3yIbTATOB SKCIIEPUMEHTA.
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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 )

Howmep u nata

pacnopsiiu-
Howmep N TEJIBHOI0
Copaeprxanue U3MEHEHUI
M3MEHEHUS JIOKyMEHTA O
BHECEHUU
W3MEHEHHI
1
2
3
4
5
6
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ITpunoxxenue 1

OOH/ OLUEHOYHBIX CPEACTB I10 JMCHUIUIMHE
OBILIAA U DKCHEPUMEHTAJIBHASA ®PU3UKA.

KBAHTOBAS ®PU3UKA

1. (I)OHI[ OLCHOYHBIX CPEACTB IJIAd TEKYHIECT0 KOHTPOJIA YCIIEBA€EMOCTH,
HpOMeH(yTOqHOﬁ aTTECTAllMU U MOCTUTOI0OBOI'0 KOHTPOJIA MO TUCHUIIJIUHE

1.1. Hactosmuit ®oup onenounsix cpeacts (POC) mo aucuurmmmHe «OOmas u dKCepuMeH-
tanbHas ¢usuka. KBantoBas pusuka» sBIsSETCS HEOThEMJIEMBIM NMPUIIOKEHHEM K paboyeil mpo-
rpamme qucuuiuimHbl «OO0mmas u skcrepuMeHTanbHas pusuka. KBantosas ¢usuka» (PIT). Ha
nanHbelii @OC pacnpocTpaHAOTCS BCE PEKBU3UTHI YTBEp KICHMs, npeacTaBieHHbie B PII/ mo

NAHHOU JUCHHUILIMHE.

1.2. OuenuBanue BceX BHJIOB KOHTPOJS (TEKYIIEro, MPOMEKYTOYHOrO, MOCTUTOTOBOTO) OCY-
MIECTBIISIETCS 10 5-TH OAJUTBHON IIKAJIE.
1.3. Pe3ynbTatrhl OlleHUBAHUS TEKYIEr0 KOHTPOJISI YUUTHIBAIOTCS B PEUTHHTE.

2. llepevyeHb JIAHUPYEMBbIX Pe3yJIbLTATOB 00y4eHHs M0 AUCHHUILIMHE,
COOTHECEHHBIX C YCTAHOBJIECHHBIMU HHANKATOPAMM J0CTHKEHHUS KOMIIeTeHIM i

Konx xommereninu

I1K-1

dopmynupoBka CriocobeH ocBaMBaTh W UCIOJIB30BATh TEOPETUUYECKUE 3HAHUS U IMPAK-

KOMIICTCHITHH TUYECKUE YMCHHS W HaBBIKM B TPEJAMETHOW OOJIACTH TPH PEUICHUU
poeCCHOHATBHBIX 3314

WNunukarop NIIK-1.1. 3HaeT CTPYKTYpy, COCTaB U AMIAKTUYCCKUEC CIAUHUIIBI TIPE/I-

JOCTHKEHUS METHOM 00J1acTH (ITPEToAaBacMOro MPEeIMETa).

KOMIIETEHINH NIIK-1.2. YMeeT ocymiecTBIsATh OTOOp y4eOHOIO COJepKaHus AT €ro

peaiv3ally B pa3IMUHBIX opMax 0OydeHHUs B COOTBETCTBUU C TpeOo-
BanusamMu PI'OC OO.

NIIK-1.3. JlemoHCTpUpYyeT yMEHHE pa3padaTbiBaTh pa3ivyHble (POPMBI
y4EOHBIX 3aHATHUH, IPUMEHSATh METOJIbl, TPUEMBI U TEXHOJOTHH 00ydUe-
HUs, B TOM 4Kciie THPOPMAIIMOHHBIE.

Kon xomnerentun | I1K-3

dopMynHrpoBKa CrnocobeH GopMupoBaTh pa3BUBAIOIIYI0 00pa30BATEIBHYIO CPEIy IS

KOMIIETEHIINH JOCTUKEHMS IMYHOCTHBIX, TPEIMETHBIX U METAIPEIMETHBIX PE3YJIbTA-
TOB 00yUYEHHS CpPEACTBAMHM NTPENOJaBAEMbIX YUEOHBIX MTPEIMETOB

WNunukartop UIIK-3.1. Brageer cnocobamu MHTErpanuy y4eOHBIX MPEAMETOB JUIs

JOCTUKEHUS OpraHM3alKi pa3BUBAIOLIEH y4eOHOW IeATEeIbHOCTU (MCCIEeN0BaTENb-

KOMIIETEHIUU CKOM, TPOEKTHOM, TPYIIIOBOH U Jp.).

NIIK-3.2. Wcnonp3yeT oOpa3oBaTeNbHBIM MOTEHIMAN COLIMOKYJIBTYp-
HOM CpeJibl peTHOHa B MpernojaBaHuu (IpeaMeTa mo npoduiio) B yueo-
HOW U BO BHEYPOUHOH J€ATEIIbHOCTH.

NIIK-3.3. 3HaeT ncuxoioro-neJarornyeckrue yCjaoBusl CO3/1aHMs pa3Bu-
BaroIIei 00pa30oBaTEIHLHON CPEeAbl AT JOCTHXKCHHS JIMYHOCTHBIX M Me-
TanpeIMETHBIX Pe3yIbTaTOB O0yUCHUSI.

3. ConepxxaHue OLIEHOYHBIX CPEICTB TEKYIIero KOHTPOJIS U

KPUTECPHUH UX ONCHUBAHUSA

3.1. Tekymmii KOHTPOJIb OCYIIECTBISETCS MpernoAaBaTelieM TUCIUIUIMHBI IPU TMPOBEACHUH 3a-
HATUH B creayomux Gopmax: codeceoBaHME MO MPOUIEHHOMY MaTepuaity, MpoBepKa 3HaAHUS
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dbopMyI, KOHTpOJIbHAsL padoTa MO0 TEOPUH, KOHTPOJIbHASE paboTa 1o 3agadaM, OT4eT 1o j1abopa-
TOpHOM paboTe.
3.2. @OpMBI TEKYILEro KOHTPOJIS U KPUTEPUU MX OLECHUBAHUS.

dopma KOHTPOJIA 1: cobecedosarue no npotideHHOMY Mamepuay
Tunosvie 6onpocul 01 cobecedosanusi N0 NPOUOEHHOMY MAMePUaLy

[IpoBepsieMble KOMIETEHIIMM W WHAWKATOPHI JocTiwkeHus komnereHiumi: [TK-1: WUIIK-1.1.,
UIIK-1.2., UT1IK-1.3.; [1K-3: UI1K-3.1., UIT1IK-3.2., UTIK-3.3.

BpeMs oTBeTa Ha MOCTaBJICHHBIN BOMpOC He Oojee 2-3 MUHYT.

Kpurepun oneHMBaHMS: MCUEPNBIBAIONIMN OTBET — 5 OAJUIOB; OTBET C HETOYHOCTSIMU — 4 Oasia;
YJIOBJIETBOPUTENBHBII OTBET — 3 Oasuia; HeBEpHBbII 0TBET — 2 Oajuia; OTCYTCTBHE OTBeTa — 1 Gasu.

. Uro Takoe BHemHUN HpoTodPdhexT?

. Onummure ycTporcTBO BAKYYMHOTO (POTORJIEMEHTA.

. Hapucyiite cxemy BkiitoueHus GoTo31eMeHTa.

. Uto Ha3bIBaE€TCS TOKOM HACHIIICHUS ?

. Uem ompezensercs 3aepKUBaroLas pa3HOCTh NOTEHIMAIOB?

. Chopmynupyiite 3akoHbI poTodhdekra.

. NaiiTe onpenenenne GpoToHa.

. HazoBuTe ypaBHeHHe DUHINTEITHA U TOSCHUTE BXOSIINE B HETO BETUYNHBI.
. B ueM cocTouT 1BONCTBEHHOCTD MPEACTABICHUIN O CBETE.

10. B uem cocTout mpakTHIeckoe npuMeHeHue Gorodddexra’?

11. KakoB npuHIun AedcTBUs (POTOYMHOKHUTENS?

12. Yrto coboiil mpecTapiseT 3IEeKTPOHHO-ONTHYECKUH TpeoOpa3oBarTesn?

O 0O ~NOoO O WN -

dopma KOHTPOJIS 2: nposepKa 3HAHUSL YOPMYL
Tunosvie 3a0anus 0151 NPOBEPKU 3HAHUS hOPMY]L

[IpoBepsieMble KOMMIETEHIIMM W WHAUKATOPBI AOCTibkeHus kommereHmwmit: [TK-1: MIIK-1.1.,
UIIK-1.2., UTIK-1.3.; [IK-3: UI1K-3.1., UT1K-3.2., UTIK-3.3.

BpeMH BBITIOJTHCHU A 3aJaHUA 3 MHHYTBI.

Kputepuu onennBanus: npasuibHas ¢popmyna — 1 0amr; HeBepHas ¢popmyna — 0 0amioB; UTOro-
Basl OLIEHKA ONpeeNsieTcss CyMMOM HaOpaHHbBIX OalIoB.

3anuuuTe cneayroupe GopmMyIbl:

1) sueprus ¢otoHa,

2) uMIynbCc GOTOHA;

3) ypaBHeHUE DUHIITEHA,

4) 3a7ep>KUBaroIias Pa3HOCTh MOTEHIHAJIOB;
5) naBneHue cBera.

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

[IpoBepsieMble KOMMNETEHIIMM W WHAUKATOPHI AocTkeHus kommeteHmwii: [1K-1: UIIK-1.1.,
UIIK-1.2., UT1K-1.3.; [IK-3: UI1K-3.1., UTIK-3.2., UTIK-3.3.

Bpewms Bemmonnenus 3aganus 90 MuHyT.
KonrtponbHas paboTa o aToMHOM (QHU3HKE.

Kputepuu onenuBanus: 3a4er mno padoTe cTaBUTCS, €ciau AaHbl He MeHee 50% BepHBIX OTBETOB,
YIOBJIETBOPUTENBHO — HE MeHee 60%, xopomio — He MeHee 80% U OTIMYHO — €ClIU JaHbl HE Me-
Hee 90% npaBUIIBLHBIX OTBETOB.
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Ha xoHTponbHYI0 paboTy OTBOIUTCS JBa akageMHuecKuX 4aca. CTyACHT MOIy4aeT CrieualbHOe
1ocoOue 1 akKypaTHO BIIMCBIBA€T OTBETHI HA IOCTABJIEHHBIE BOIPOCH! B OTBEACHHBIE JUIsl ATOTO
mecta. Teker 1 popMyIbl MUIIYTCS PYYKOM, PUCYHKHU BBITOTHSIIOTCS MATKUM KapaH/aIioM.

1.

1.

w N

W oONOULAWNEREN O A

P Ww NO U, WNEFPRN YNOOMWNER

[\

3.
4.

Bonnoegwie céoiicmea eéewyecmea.
N3o00pa3uTte IBMKYIIYIOCS YacTHILy M COOTBETCTBYIOIIYIO €l BoJiHY ne-bpoitns. IlpuBegure
XapaKTePU3YIOMIHE UX GOPMYIIbI UMITYIIbCA U SHEPTUH.

. IlpuBeaure cxemy omnbiTa 1o AUPPaKIUK MUKPOIACTHLI.
. YKaxxuTe (pU3n4ecKuil cMbICT BOJIH Jie-bpoits. [IpuBenuTe MaTeMaTHUECKYIO 3alTUCh BOJIHO-

BOH (DYHKIIMH.

. 3anuIuTe COOTHOLIEHHUE HeolpeaeneHHocTel I'elizenOepra.
. ChopmynupyiiTe NpUHIMI JOIOTHUTEIBHOCTH.

OcHO6bl K6AHMOBOU MEXAHUKLU.

. 3annmmre BpeMeHHOe ypaBHenue Llpeaunrepa.

. 3anummte ypaBHenue Llpenunrepa m1si cCTallmOHAPHBIX COCTOSTHUM.

. OnuimMTe KBaHTOBAHUE SHEPIHH YaCTHUIIbl B IOTEHLIUAIBHOM SMe.

. 3anumute GopMysTy KBAHTOBaHHS YHEPT U JIMHEHHOTO TapMOHHYECKOTO OCHMIIISATOPA.
. UTo Takoe HyneBas SHeprus?

. Chopmynupyiite mpaBuiio otTdopa.

. JlaiiTe onpenenenue TyHHENbHOTO Y deKTa.

. VI31mouTe KI1acCu4ecKyo aHaJIOTHIO TYHHEIBHOTO A deKTa.

Cmpoenue amoma.

. 3anuImTe KBAaHTOBBIC Yncia U uX pusudeckuii cMbicit. ChopmynupyiiTe mpaBuiio oroopa.

. 3apucyiTe u nosicHute cxemy omnbita llltepHa u ['epnaxa.

. JlaiiTe onpeneneHus U MpuBeaAUTE POPMYIIBI CIUHA U MATHUTHOTO MOMEHTA 3JICKTPOHA.

. Chopmynupyiite npuniun [Taynu.

. I[IpuBenuTe TaOIUIy COCTOSTHUM 3JIEKTPOHOB B aTOME.

. 3anuIInTe MOJIOKEHUs], Ha KOTOPBIX 0azupyercs nepuoaudeckas cucrema /I.11. Menneneesa.
. Onummure XxapakTepucTUYECKUE PEHTI€HOBCKHE ceKTphl. [IpuBenuTe 3akoH Mo3zmnu.

Ocnoewl puzuku moexyi.

. [lepeuncnute ¥ MOSICHUTE BUIbI XUMUYECKOU CBA3H.

. OnuimTe MOJNIEKYISPHbIE CIIEKTPHL.

. 3anuiuTe, Kak MPOMCXOANT MOTIIOIICHHE CBeTa. YTO Takoe KOMOMHAIIMOHHOE paccesiHUE cBeTa?
. JlaiiTe moHsATHE TIOMUHECIICHIINH, ChopMynupyiTe mpaBuiio CTokca.

. Cxematnuecku n300pa3uTe U MOSCHUTE CIIOHTAHHOE W BBIHYKICHHOE U3TyUeHHE.

. Hapucyiite cxemy u nosicHute paboTy pyOMHOBOTO Jla3epa.

. Onumure paboTy reuii-HeOHOBOTO Jlazepa.

Du3uKa npo6OOHUKOE U NOJIYNPOGOOHUKOG.

. CxemaTuecku H306pa3I/ITe OHEPTCTUYCCKUEC 30HbI B KpHUCTaJlJIax. Yto Ha3pIBaeTCS BaJCHTHOMN

30HOM, 30HOM NPOBOJUMOCTH, 3aIIPELIEHHON 30HON?

. Hapucyiite cxeMbl 3HEPTE€TUYECKUX YPOBHEN METAJUIOB, MOJYIPOBOJIHUKOB, THJIEKTPUKOB.

[Hanite onpenenenue u yposHs Oepmu.
Wznoxute npencraBineHuss o0 ypoHe depMu B MOMympoBoaHUKAX. OxapakTepu3ynTe co0-
CTBEHHYIO U IPUMECHYIO ITPOBOAMMOCTD TIOJIYIPOBOJHUKOB.

. CxemaTtnuecku U300pa3uTe IEKTPOHHO-ABIPOYHBIN MEPEX0/1 U U3JI0KUTE MPUHLUI JeHCTBUS

MMOJIYITPOBOJAHUKOBOTO AUOAA.

Ocnoevl puzuku meepoozo mena.

. N3noxure cytb oTkpbiTHs Kamepauur-Onneca. Hapucyiite rpaguk 3aBUCUMOCTH YAEIBHOTO

COIIPOTUBJICHUA OT TEMIICPATYPhI JJIA METAJlJIa U CBEPXITPOBOAHHKA.

. HCpC‘-II/ICJ'II/ITC CBOMCTBa CBCPXIIPOBOAUMOCTH.
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®opMa KOHTPOJIA 4: KOHMPOALHASL pAOOMA NO 3A0AYAM
Tunosas xonmponvHas paboma no 3a0avam

[IpoBepsieMble KOMMIETEHIIMM W WHAUKATOPHI AocTvkeHus 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.

Kputepuu onienuBanus.

1. YcnoBue 3a1a4m akKypaTHO U pa300pUYHBO 3aIMCAHO CIIOBAMH.

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

3. KoppekTHo u akkypaTHO N300paxxeHO OTHOCsIIeecs K 3a/1a4e PU3NYECKOE SBJICHUE.
4. TTosicHeHBI BCe OTHOCSINIUECS K 3a/1a4€ (POPMYJIBL.

5. I[IpaBunbHO ciesiaH BBIBOJ pacuETHON (OPMYIIHI.

6. be3omnbo4HO MOTYyYEeHO YUCIOBOE 3HAUYEHUE HCKOMOI BEIMYMHBI.

7. IlpaBUIIBHO 3allMCaH U IIPOAHAIU3UPOBAH ITOJyYEHHBIN OTBET.

HenpaBwibHO pelieHHas 3aaya noiydaeT 2 6ajuia; MpaBUIIbHO PELICHHAs 3a/lauya OLECHUBAETCS
3 GayutaMu, K KOTOPBIM JT0OaBIISIETCsl IO OTHOMY OaJuTy 3@ KaKIblii BHITIOJTHEHHBIA MyHKT KPUTE-
pueB oneHuBaHus. Bee 0amuibl cyMMHUpYIOTCS; 3aUeT 10 3a/la4e CTaBUTCS, €Clii HaOpaHbl HE Me-
Hee 5 0ayuioB, yIOBJIETBOPUTEIBHO — HE MEHee 6, XOpOoIlo — He MeHee 8 U OTIMYHO — €CJIU IO0-
Jy4eHbl He MeHee 9 OaoB.

Tunosas KoHmpobHAA pAdOmMa RO 3A40A4aAM HA KEAHNLO6blE CEOIICHEA C6ema

3adaua 1. Kakoii [IMHBI BOJTHBI CIIEIyeT HAIPABUTh JIy4d Ha MOBEPXHOCTH LIMHKA, YTOOBI MaK-
cUMaJjIbHasl CKOpocTh GoTodIeKkTpoHOB coctaBmia 2000 km/c? KpacHas rpanuna dorosaddexra
JU1st TuHKA paBHa 0,35 MKM.

3aoaua 2. Onpenenute noctosiHHyIo [lnaHka, ecnu U3BeCTHO, YTO (HOTODIIEKTPOHBI, BHIPHIBaE-
MBI€ C TIOBEPXHOCTH HEKOTOPOro Metayia cBeToM ¢ yactoroi 2200 TI'1, MOTHOCTBIO 3aepKH-
BAaIOTCS OOpaTHOM pa3HOCTHIO TMOTEHIMaaoB 6,6 B, a BbIppIBaeMble CBETOM C YacTOTOMU
4600 TT'1 - pa3HOCTBIO TIOTEHITHANIOB 16,5 B.

®opma KOHTPOJIA 5: omuem no n1abopamopmoti pabome
Tunoeoii omuem no rabopamopmotil pabome

[TpoBepsieMble KOMMETEHIIMM W WHAUKATOPHI AocTkeHus kommerteHmwit: [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€UEHHE J1a00paTOPHBIX 3aHATUH.

Ha xaxoe 3aHsATHE CTYIEHT NPUXOAUT C 3apaHee 0(OPMIIEHHON 3ar0TOBKON OTYETOB IO 3arijia-
HUPOBAaHHBIM 3KcriepuMeHTaM. CTYIEHT IOMYCKAaeTCs K BBIIOJHEHUIO SKCIIEPUMEHTA, €CIIA OH:
1) npeabsABISET MOJHOIICHHYIO 3arOTOBKY OTYETa; 2) MOHMMAaEeT (HU3UYECKYIO CYIIHOCTh HCCIIe-
JyEMOTO SBJIEHUS; 3) NPEJCTABIIAET NMOPSIOK BBIIOJIHEHUS SKCIIEpUMEHTa; 4) 3HaeT TpeOOBaHUS
TEXHUKH O€30I1aCHOCTH.

Jns oopmiienus nmaboparopHbx paboT HeoOxoauma pabodas TeTpaab. B kadecTBe Hee ydlie
BCEro MOAXOAMUT OObIYHAS yUEHUUYECKasl TeTpab B KJIETOUKY oObemMoM 18 mucToB. 3amucH B TeT-
paay TPOU3BOMATCS YEPHUIIAMH, PHCYHKH BBITIOJHSIOTCS MATKHM KapaHjuamoM ¢ rpudenem 2B
nuamerpoM 0,5 MM. OTYEeTHI 110 BBINOJHEHHBIM 3KCIIEPUMEHTAM BKJIIOUAIOT CIIEAYIOIINE TYHKTHI.

1. Ha3zeanue uccnedoeanus, KOTOPOE OIpPENENeT COAep)KaHUE IMpeacTosAllel 1adopaTopHOil
paboTHI.

2. Ilenu sxcnepumenma CTyACHT (POPMYIHPYET CAMOCTOATENbHO. 111 3TOr0 HYKHO MPOYUTATh
uMerolIeecs: B T0COOUU OMMCaHUE SKCIIEPUMEHTAILHOTO HCCIIEI0BaHUs U IPEICTaBUTh cele
OCHOBHBIE €0 JTambl. 3aTeM HEe0OXO0AUMO cPOpPMYITUPOBATH U 3aMUCATh LN OOYYCHHS,
Pa3BUTHS U BOCITUTAHUS, KOTOPBIE CTYJEHT TIepel COOON CTaBHT.

3. Bvi600 pacuemmoii ¢popmynvt OCYHIECTBISETCS B OCHOBHOM I10 MOCOOHIO K J1a00OpaTOpHBIM
pabortam. OnTudeckas cxeMa U3y4aeMoro KBaHTOBOTO SIBJICHUSI COBEPIIICHHO HEO0X0[uMa.
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4

9.

10.

11.

. Yempoiicmeo u npunyun oevicmsusa guzuueckux npubopos. Ilpu monroroBke k paborte

JTIOJDKHBI OBITh M3YYCHBI UCIIOJIB3yeMbI€ B Hel (hpu3nyeckue mpuOOphl U B paboueit TeTpaau
OIIMCAHBI T€ U3 HUX, KOTOPLIE CTYIAECHTY BCTPEYAIOTCS BIIEPBEIE.

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

OINTUYCCKYIO U DJIECKTPUUYCCKYIO CXEMY 3KCHepI/IMeHTaHI>H0ﬁ YCTaHOBKH, 0003HayaeT Ha HeH
BCC 3JICMCHTBI YCTAHOBKHU U IMOSCHACT UX HAa3HAYCHHC.

. Boinonunenue IKcnepumerma 3aKJII4acTCd B CO3JaHUN YCHOBI/Iﬁ AJi1 BOCIIPOU3BCACHUA HUC-

CIIEAYEMOI'0 KBAHTOBOI'O SABJICHUS W IIPOBCIACHUUA HCO6XOI[I/IMBIX H3MepeHI/II>'I. HOBTOMy Ipu
IIOATOTOBKE OTYCTA B pa60qe171 TETpaau OJOJIKCH OBITE IMPEACTABJICH IOPAAO0K BBIIIOJHCHUA
9KCIICPUMCHTA, CACJIAaHbl KapaHAallOM 3aroTOBKH TaGJII/II_[ AJIg 3allMCU PE3yJIbTATOB HCIIO-
CpCACTBCHHBIX I/ISMepeHI/Iﬁ u BBI‘-II/ICJIGHI/II;'I, OCTaBJICHO MCCTO AJIs1 BO3MOJKHBIX 3aMCTOK II0
X0y SKCIIEPUMCEHTA.

. Habmooaemvie signenus. Eciu B mpolecce BBINOJHEHUS y4eOHOrO MCCIEIOBAaHUSA CTYACHT

BIIEPBBIC HAOIIOAAET KBAHTOBBIC SIBJICHUS, TO OHU JOJDKHBI OBITH OmucaHbl, choTorpadupo-
BaHBI M OOBSICHCHBI.

. Peaynemamul sxcnepumenma. CTyIEHT CaMOCTOSITETILHO BBIOUpAET crocod 00paboTKu IKC-

NepUMEHTAIBHBIX JaHHBIX. [Ipeanoyrenue otaaercss OOMIETIPHHATOMY aITOPUTMY 00paboT-
KH pe3yJIbTaTOB HENOCPEICTBEHHBIX M3MEPEHMM, KOTOPBI COCTOUT B BBIYMCIEHUHU CTaH-
JTAPTHOU ITOIPEIIHOCTH.

Hononnumenvusie onpocel. B onucanun kaxiaoi 1abopaTopHOM paOOThI MPUBEACHBI J10-
IIOJIHUTEIIBHBIE BOIIPOCHI, HA KOTOPBIE JOJKEH YMETh OTBEYATh CTYZACHT.

3axnouenue. CTyIeHT yKa3bIBaeT 0COOEHHOCTH BBIIIOJIHEHHOT'O SKCIIEPUMEHTA, IIEPEUnCIIIeT
BCTPETHUBIIUECS TPYIHOCTH, NEIA€T CAMOOLICHKY CBOCH IEATEIBHOCTH U OIPENETSCT,
HACKOJIBKO YJIaJIOCh IOCTUYb [IOCTaBJIEHHBIE Iiepel COOOM 1eNu.

Oyenusanue gvinoanennou pabomel. Ha Kaka0M 3aHATHH, KPOME JBYX HMEPBBIX, CTYACHTHI
OTYMTHIBAIOTCS 1O BBHIIOJIHEHHOW Ha mpeabLayleM 3aHatuu padore. [locne 6ecenpl co cTy-
JIEHTOM IPEIo/1aBaTeilb JBYMsI HE3aBUCHUMbBIMHU OLIEHKAaMU 110 NMATHOAIJIbHON IlIKaJie OLEHU-
BAeT 3HaHHE (PU3MUECKON TEOpUH HCCIEIOBAHHOIO siBJIeHUs (MYHKTHI 1, 3, 4) u skcnepu-
MEHTAJIbHBIC YMCHUS, TIOJyYCHHBIC ITPH BBIMOJIHEHUH JIA0OPATOPHOW PabOTHI (IIYHKTHI 5-8).
[Tpy HEOO6XOIMMOCTH OH 3aJ1a€T OJIMH MJIM HECKOJIBKO JOMOIHUTENIBHBIX BOIIPOCOB.

OHGHKI/I 3aIlIMCBIBAKOTCA B pa60qy}o TETpadb, CTABUTCA JaTa U NOANKNCH ITPEIIoaaBaTCIIA.

3.3. MeTtoanueckue ykazaHus IO MPOBEACHUIO MIPOIIETYPHI TEKYIIIETO KOHTPOIIS

1.
2.

>

Texymuii KOHTPOJIb MPOBOAUTCS HAa MPOTSKEHUH BCETO CEMECTpa.

COop, 00paboTKa U OLEHMBAHUE PE3YJIbTATOB TEKYIIETO KOHTPOJIS MPOBOJSATCS MPENogaBa-
TeJIeM, BEIYLIUM JUCLHUIUIAHY.

[IpenpsBrneHne pe3yabTaTOB OIEHUBAHUS OCYIIECTBIISICTCS B TEUCHHE HEIEIH IOCIE TPOBe-
JI€HUS KOHTPOJIBHOT'O MEPOTIPHSTHSI.

Pe3ynbprarhl TEKYIIETO KOHTPOJIS YYUTHIBAIOTCS B PEUTUHTIE 110 AUCLUIUIMHE.

Bce marepuansl, nogydeHHbIE OT O0YYalOUMXCs B XOJ€ TEKYIIEro KOHTPOJs (KOHTpOJIbHas
paboTa, TUKTAaHT, TECT, OpraHU3anus AUCKYCCHH, KPYTJIOrO CTONa, AOKIaf, pedepar, oTdeT
1o JabopaTopHOii paboTe, OTYET MO MeJarorn4eckoi MpakTHUKE M T.11.), TOJHKHBI XPaHUTHCS B
TEUCHHE TEKYI[ETO CeMecTpa Ha Kadeapax.

CunTarh, YTO TMOJIOXKUTEIBHBIE PE3YJbTaThl TEKYILEro KOHTPOJIS CBUAETENbCTBYIOT 00
YCHENTHOM Tiporiecce (OPMHUPOBAHHS YKa3aHHBIX KOMIETEHIINNA W HHAUKATOPOB TOCTHKECHUS
KOMIIETEeHINH (3TanoB (POpMUPOBAHUS KOMIIETEHIIHUH).

4. ConepxaHne OLIEHOUYHBIX CPEACTB MPOMEKYTOUHOI aTTeCTAIUU U
KPUTEPHUHU UX OLICHNBAHUA

4.1. TIpomexyTO4Hasl aTTeCTaIMs POBOJIUTCS B BUE dK3aMEHa.
4.2. ComepkaHue OLEHOYHOTO CpEACTBA COBIAJAET C COJEp)KaHHEM IUCLUMIUIMHBI, MpeJCTaB-
JIEeHHBIM B palOouell mporpaMme AUCHMILIUHBL. PopMa OLIEHOYHOTO CPEACTBA MPEACTABISAET CO-

21



00#1 HaOOp M3 PK3aMEHAI[MOHHBIX OMJIETOB, YHCIIO KOTOPBHIX PAaBHO YHCIY TeM JEKIIMOHHBIX 3a-
HaTuid. Kaxkiprit OuieT COCTOUT M3 TpeX MyHKTOB: 3HATh, YMETh M BIIAJICTh.

[IpoBepsieMble KOMMIETEHIIMM W WHAUKATOPHI AocTikeHus kommnereHuumit: [MK-1: UIIK-1.1.
UIIK-1.2., UTIK-1.3.; [1K-3: UTIK-3.1., UTIK-3.2., UTIK-3.3.

Bpemsi BeimonHeHUs 3aqaHus: 2 4aca — MUCbMEHHOE OQOpPMIICHHE OTBETa, 15 MUHYT — yCTHas
Oecena.

JK3aMeHallMOHHbIE BONPOCHI coryiacHo SJIPY

1.
2.

©END O AW

10.
11.

12.

13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,

25.

26.
27.
28.
29.
30.
31.

32.
33.
34.
35.
36.

Tennopoe uznydenue. 3akon Kupxroda.

Pacnipenenenue 3Hepruu B CHEKTPE MU3JIy4€HUs aOCOJIOTHO TBEPJAOrO Teja. 3aKOH CMelle-
Hus Buna, 3akon Ctedana-bonbiivana.

®opmyna [lnanka 11 U3mTy4aTeaIbHON CIIOCOOHOCTH aOCOIOTHO YEPHOTO Tea.
OnTuyeckre NUPOMETPBI.

®doroaddexr. DoToHbl. YpaBHEeHHE DIHIITEHHA.

JlaBneHue cBeTa ¢ KBaHTOBOM Touku 3peHus. OnbiThl JleOenena.

TopMO3HOE PEHTIE€HOBCKOE U3IIyYEHHUE.

O¢ddext Komnrona.

['unore3a ne bpoitnsa. KopnyckynsapHo-BoiaHoBOM ayanu3Mm. CTraTucTHUecKas MHTEpIIpeTa-
111 BOJTHOBOW (DyHKIIMU.

Judpaxus 31eKTpoHOB: onbIThl J[3BHccoHa U [[)xepmepa, onbITel ToMCOHa.

CoortHomenue HeomnpeneneHHocte ['eizenbepra. M3mepenus ¢uznyeckux BeIMYUH B
KBaHTOBOW MEXaHHUKE.

BonnoBas ¢yHkuus u ee pusznueckuit cMmbici. [IpyHIMD cynepno3uluu COCTOSTHUM. YpaB-
Henue [Ipénunrepa.

VYpasuenue Ilpénunrepa Ui crannoHapHbBIX cOCTOSIHUI. CTaHIapTHBIE YCIOBMS IS BOJI-
HOBOH (DYHKITUH.

KBaHTOBaHME 3HEPIUH YaCTULIBI B IOTEHIIUAIBHOM SIME.

YacTtuna B 11oJie MOTEHIMAIBHON CTYIIEHBKH.

TyHHenbHBIN 2P PEKT.

KBaHTOBaHME YHEPIUN TMHEHHOTO TAPMOHUYECKOTO ocuuiATopa. Hynesas sHeprus.
OmnsiThl Pesepdopaa. [Tocrynarsr bopa. OnbiTel @panka u ['epia.

Mogens atoma Bogopoaa Pezepdopna-bopa. Criektp aroma Bogopoa.

KBaHTOBaHME MOMEHTA UMITYJIbCA U €r0 IPOEKIIHH.

CnuH snexkTpoHa. MarHuTHbI MoMeHT 3ekTpoHa. OnbiTel LlTepna u I'epiaxa.
OpnHodanekTpoHHBIN aTOM. KBaHTOBBIE YKCiIa 3JIEKTPOHA B aTOME BOAOPOJA.
DHepreTuyeckue ypoBHHU U CIEKTPHI aTOMOB LIEIOYHBIX METAJJIOB.

CnuH-opOuTanbHOE B3auMoaelcTBUE. TOHKAs CTPYKTypa SHEPreTHYEeCKUX YPOBHEH U CIeK-
TPaJIbHBIX JIMHUHA aTOMOB BOJOPOJA U LHIEJIOYHBIX METAJIJIOB.

[Tpunuun [aynu. CocTosiHuE 37€KTPOHA B MHOTO3JIEKTPOHHOM aToMe. DIIEKTPOHHbIE 000-
nouku. [lepuogudeckas cucreMa anemMeHToB Menpeneesa.

XapaKkTepUCTUYECKHE PEHTTEHOBCKHE CIIEKTPBI. 3aKOH MO3JH.

IIpupoa XMMUYECKOH CBS3H.

MonekynspHsie ciekTpbl. KoMOMHaIIMOHHOE paccesHre CBeTa.

Jromunecuennus. [Ipasuno Crokca.

CHoHTaHHOE M BBIHYKJEHHOE U3ydeHHUs. JIazepsl.

DKcrepuMEeHTaIbHbIE METO/IbI SIEPHOM (DM3UKU: CUSTUYMKHU YacTHULl, TPEKOBbIE Kamephl, (o-
TOAOMYJIbCUU, MAaCCIEKTpOrpadbl, yCKOPUTEIN 3apsSKEHHBIX YACTHII.

CaoiicTBa aToMHBIX si7ep. CoctaB sinpa. Hyknonsl. M30Tons.

HyknoH-HYKIIOHHOE B3aMMOJIEHCTBHE U CBOWCTBA SIACPHBIX CHIL.

OHeprus CBA3M spa. Y IelbHas SHEPTUS CBA3H.

KanenbsHas u 060104yedHas MOJIEH sJipa.

EcrecTBeHHast palioaKTUBHOCTb. O- U B-pacnajpl, y-u3inydeHue. [IpaBuia cmemeHus.
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37.
38.
39.
40.
41.
42.
43.
44,
45.
46.

3aK0H paJIMOAaKTUBHOTO paciajga. AKTUBHOCTh. PainoakTUBHEIE ceMeiicTRa.

Teopus anbda- u 6eTa-pacmanos.

SAnepHble peakiuu. TUIbl AAEPHBIX peakuuil. JHEPIUs peaKkLUu.

Henenue saep. Llennbie peakuuu. SaepHble peakTOpbl Ha TEIUIOBBIX U OBICTPBIX HEUTPOHAX.
Peaknus cunresa. [IpoGiiema yripaBisieMoro TepMOSICPHOTO CHHTE3A.

[IpoGaemMbl pagualiiOHHON SKOJIOTHH. 3aIUTa OT SAASCPHBIX U3TyUYCHUM.

Yacrtuupsl 1 aHTHYacTULbl. KocMHYECKOE U3ITyYEHHE.

OyHIaMeHTalbHbIE B3aUMOJICHCTBUS U Ki1acCU(UKAIIMS 3JIEMEHTAPHBIX YaCTHII.

KBapkoBasi Moziesib CTPOEHUS aJJPOHOB.

@yH/IaMEHTAJIbHBIE YaCTULbl. YacTHULIBI-yYaCTHUKU W YaCTULBI-TIEPEHOCUYUKH B3aUMOJIECH-
CTBUI.

Ilpumepnoe codepoicanue 9K3aMeHAYUOHHBIX OUIEMO8

IK3aMeHALMOHHBIN Omiaer Ne 1
3AKOHBI TETUIOBOI'O U3JIYUEHUA

1.

3uamo ¢usuueckyro meopuro. OCHOBHBIE NMOHATUS TEOPUU TEIJIOBOI'O HM3JIyYEHUs: CIIEKTD,
MOIITHOCTbD, JU(epeHIranbHas 1 HHTErpalIbHAsi CBETUMOCTD, U depeHanbHas sipKoCTb,
7aMOEpTOBCKMM MCTOYHMK, HM3JIydaTelbHas CIIOCOOHOCTb, CBSA3b MEXIY H3IydaTesbHbIMU
CIIOCOOHOCTSIMU I10 YaCTOTE€ M JUIMHE BOJIHBI, IIOIJIOMIATEIbHAS CIIOCOOHOCTD Tella, abCOI0T-
HO 4epHOe Tesno. PaBHOBECHOCTb TEIMJIOBOTO M3JIy4eHMs U ero cBoicTBa. 3akoH Kupxroda u
ero cienctus. 3akoH Credana-bonsiimana. 3akon Buna.

Ymems o0vsachams gusuueckue sagnenus. YTo MOHUMAIOT MOJ OOpAaIlIEHUEM CHEKTPalbHBIX
auHU? HapucyiiTe onTHYECKy0 CXeMy IKCHEPUMEHTaIbHONW YCTaHOBKH, MO3BOJISIONIEN HC-
cienoBaTh 3T0 sBieHHe. OObACHUTE (DU3UYECKYIO CYIIHOCTb SBJICHHMSI OOpAIlEeHUs CIIEK-
TpaIbHBIX JIMHUI. Kak OHO HCTIONB3yeTcsl Ha TPaKTUKE?

Braoemv memooamu pewenus gusuueckux 3adau. Ilpu Hanpsokennn 220 B depes cniupaib
namnbl TedeT Tok 1,2 A. luametp cniupanu 0,5 MM, juinHa 8 cm. Haiiaure temneparypy cnu-
paJi pH YCIOBHUHU, YTO €€ MOKHO CUUTATh a0COIIOTHO YEPHBIM TEJIOM.

IK3aMEeHAUMOHHBIN Ouier Ne 2
KBAHTOBAJ TEOPH TEITJIOBOI'O U3JIYUEHU S

1.

3namo gusuyeckyro meopuro. Hucno creneHeit cBOOOIbI OIS U3TydeHUsI aOCOTIOTHO YEPHO-
ro teia. YHuBepcanbHas (yHkuus Kupxrodpa u mmotHocts snHeprum. ®opmyna Panes-
Jlxunca. T'unoresa [lnanka. KBantoBanue sHeprun uznydenus. Boeison ¢opmyinsl [Inanka.
Crnenctsus gopmyisl [Tnanka. BeiBoa 3akonoB Credana-boabsimana u Buna.

Ymemv obvacuame @uszuueckue senenus. Hapucyiite cxembl, 0OBSICHUTE YCTPOHCTBO M
IPUHLMI JIEHCTBUS ONTHYECKUX NMHUPOMETpPoB. UTO Takoe pagualioOHHAas, LBETOBAas U sp-
KOCTHas TeMrieparypa?

Bnademv memodamu pewenus guzuueckux 3aday. AOGCONIOTHO YEPHOE TEIO HAXOJUTCS MPU
temnepatype 4000 K. [Ipu ocTeiBaHMH 3TOr0 Tena JJIMHA BOJHBI, HA KOTOPYIO TMPUXOAUTCS
MaKCUMYM HM3Jy4aTelbHOM CIOCOOHOCTH, U3MEHMIach Ha 15 MxM. Jlo kakoil TemmepaTypsl
OXJIaIUJIOCh TEJIO?

IK3aMEeHALUOHHBI §nneT Ne 3
KBAHTOBBIE CBOUCTBA CBETA

1.

3uamo pusuueckyio meopuio. SIsnenune BHemHero ¢porodddexra. BakyymHbIil poTo37€MEHT.
Cxema BkitoueHust (potorneMenTa. Tok HachlleHMs. 3aAepKUBaroIIasl pa3HOCTh MOTEHIINA-
noB. 3akoHbl Gorodddexra. DoToHBI. YpaBHeHUE DifHIITEIHA. J|BONCTBEHHOCTh MPEACTaB-
neHnit o ceete. JlaBnenue cBera. OmbITH JIeOeaena.

Ymemo obvacuame usuueckue sgnenus. Yto takoe (IyKTyalluud CBETOBOTO MOTOKAa M Kak
oHM ObUIM OOHapyxeHbl? Kak yCcTpoeHbl U B UeM COCTOUT MPUHIUN AeHCTBUS (POTOYMHOKHU-
TeJIA, IEKTPOHHO-ONTHYECKOT0 IpeoOpa3oBaTelis U ra30HaNOIHEHHOTO (oTodneMeHTa?

23



Braoemv memoodamu pewenus ¢usuyeckux zaday. Onpenenure nocrosunyro [lnanka, ecnu
W3BECTHO, YTO (POTOAIEKTPOHBI, BEIPHIBAEMBIC C TTOBEPXHOCTH HEKOTOPOTO METaJlIa CBETOM C
gacrotor 2200 TI'1, MOTHOCTEIO 3aePKUBAIOTCS OOPATHOM Pa3HOCTHIO MOTEHIIUATIOB 6,6 B,
a BbIpbIBaeMbie cBeTOM ¢ yacToToit 4600 TI'11 — pasHoCThIO mOTEeHIIMANIOB 16,5 B.

IK3aMEeHALUOHHBI §HJ1eT Ne 4
KBAHTOBLIE CBOUCTBA MN3JIVUEHU

1.

3uamo usuueckyro meopuro. PEHTTEHOBCKOE M3IIydeHHe: onbIT boTe; TopMO3HOE U XapakTe-
PUCTHUYECKOE M3IIyuyeHHUe; MPUMEHEHNEe PeHTreHOBCKuX tydeid. D dexkr KomnTona: sxcnepu-
MEHTaJbHasl YCTAaHOBKA; PE3YJIbTaThl SKCIIEPUMEHTA; 3JIEMEHTApHAs TEOPHUSL.

Ymems obvacuamo guzuueckue senenus. O6bACHUTE, TOUYEMY B CIIEKTPE PACCESIHHOTO Bellle-
CTBOM MOHOXPOMATHYECKOTO PEHTTCHOBCKOTO M3ITyUEHUs C JJIMHOW BOJIHBI 1 HAOIIOJAIOTCS
JIBE JJIMHBI BOJIHBI, OJJHA U3 KOTOPBIX A' O0Jbllle MaAaoliei, a BTopasi paBHa eil.

Braoemv memooamu pewenusi gpusuuecxkux zadau. ®oton ¢ sueprueit 0,75 MsB paccesuics
Ha CBOOOJHOM 3JIeKTpoHe moj yrioMm 60°. Haiiaute sHepruto paccestHHOro (oToHa, KUHETH-
YECKYI0 DHEPTUI0 U MMIYJIbC 3JIEKTpOHA OTAauu. KHHeTHuecKoil »Hepruer 3JIeKTpoHa 10
B3aMMOJICHCTBHS MOXKHO IIPeHEOpEYb.

JK3aMeHALMOHHBIH OnjieT Ne 5
ATOM PE3EP®OPIA-BOPA

1.

3uamo usuyeckyio meopuro. 3aKOHOMEPHOCTH B aTOMHBIX CIIEKTpax: ONTHUYECKHE CIIEKTPHI;
CHEeKTp BoJOpoza; oboOmenHas Qopmyna bampmepa; KOMOMHAIMOHHBIA NpUHIMN Putna.
[TnanerapHast Mojesib aToma: MoJiesib aTomMa ToMcoHa; omnbITel Pesepdopra no paccesHuro
o —4acTtul; saepHas Mozaens atoma. [loctynarst bopa. IIpaBuino kBaHTOBaHMS KPYTOBBIX Op-
6ut. DnemeHTapHas OOpOBCKas Teopus BoaopoaHoro aroma. Cxema ypoBHei snepruu. Ilo-
TEHIMAJI MOHM3auuu aroMa. lIpuHiuun coorBercTBhsa. Teopus bopa kak IpOMEKYyTOYHBIM
3TaIl Pa3BUTHUs MpEACTaBICHUI 00 aToMe.

Ymemo obvacuame usuueckue aenenus. Hapucyiite 3JI€KTPUUYECKYIO CXEMY JKCIIEPHUMEH-
TaJbHON YCTAaHOBKH, KOTOPYIO B CBOMX HCCIeN0BaHUAX ucnoib3oBanu @pank u ['epu. Kakos
pe3ynbTar ux skcnepumMenTa? Jlaiite o0bsACHEHUE ITOMY pe3yibTary. YTo MMEHHO JOKa3blBa-
et onbIT Opanka u ['epua?

Braoemv memoodamu pewenus gusuueckux saoay. Haiinure 1uHY BOJIHBI (JOTOHA, COOTBET-
CTBYIOULIETO NEPEX0Jly 3JEKTPOHA CO BTOPOM OOPOBCKOM OpOMTHI Ha MEPBYIO B OJJHOKPATHO
MOHHM30BAaHHOM aTOME TeJHsl.

3K3aMeHaun0HH1,n§ oumter Ne 6
BOJIHOBBIE CBOUCTBA BEIIECTBA

1.

3uamo guzuueckyro meopuro. Bonusl ne-bpoitnsa. OneiTel o audpakuuu MUKpodacTuil: 13-
Buccona u Jlxepmepa; TaprakoBckoro u Tomcona; IlItepna; bubepmana, Cymkuna u dao-
pukanTa. ®usznyeckuil cMbIcil BoJiH Je-bpoiina. MaremaTuueckast 3anuch BOJTHOBOM (PyHK-
uu. CooTHOIIEHHE HeompeneneHHoctel [eiizenOepra. [IpuHIMN Cyneprno3uiiid B KBaHTO-
BOIl MexaHuke. M3mepenne pusnueckux BenuuuH. [[puHIUT JONOTHUTENIBHOCTH.

Ymemo obvacuams guzuueckue asnenus. B BameM pacnopspkeHUU UMEIOTCS TTOTYITPOBOIHU-
KOBBII J1a3ep, OTrpajyupoBaHHas MO LIUPUHE pa3[BUXKHAs IIeNb, OeNbIi SKpaH, JUHEHKa C
MWIIMMETPOBBIMU JAeTeHUAMUA U cMapTdoH. [losicHuTe, Kak C MOMOIIBIO MEePEUNCIEHHOrO
000py/I0BaHUsI MOKHO SKCIEPUMEHTAIbHO OOOCHOBATH CHPABEIJIMBOCTH COOTHOILEHUS He-
omnpenenenHocreil ['eitzendepra.

Braoemov memooamu pewenusi gpusuueckux zaoau. Haitnure nnuHy BOdHBI ne-bpoins mus
IIPOTOHA, IPOUIEINIETO pa3HOCTh noTeHnuanos 1000 B.
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IK3aMEeHALUOHHBI 6HJ1UeT Ne 7
OCHOBBI KBAHTOBOU MEXAHHWKU

1.

3name uzuueckyro meopuio. Ypauenue lllpenunrepa. CranmmoHapHBIE COCTOSHUS U HX
cBoiicTBa. YpaBHenue lllpeaunrepa mis craliMOHapHBIX COCTOsSIHUMM. KBaHTOBaHuE >HEpPruu
YacCTULbI B NOTEHUUAIBHOU siMe. KBaHTOBaHME 3HEPTUU JIMHEMHOTO TAPMOHUYECKOTO OCLUJI-
nstopa. Hynesas sueprus. [IpaBuno or6opa. [IpoxoxaeHre yacTUIIbl yepe3 MOTeHIUAIbHBIN
Oapwep. TynnenbHbI dddekt. Knaccudeckue ananoruu. TyHHEIHHBIA MUKPOCKOIL.

Ymemo obvacuamo gusuueckue sgnenus. B Bamem pacnopspKeHUU UMEIOTCS J1BA CTEKIISTHHBIX
MONYIMJIMHIPA U ONITUYECKas maiiba ¢ ocBeTUTENEM, JAIONINM y3Kue mydku cBeta. OObsICHH-
T€, KaK C IMOMOMIbIO YKa3aHHOTO OOOPYAOBaHUS J0Ka3aTh CYIIECTBOBAaHHE TYHHEIHHOTO 3(¢-
(deKTa B ONTUYECKOM JTUATa3oHe.

Braoemv memooamu pewenus guzuueckux 3aday. IASKTPOH HAXOIUTCS B OJTHOMEPHOM Oec-
KOHEYHO IIIyOOKO# MOTEHIMAJIBHOW siMe IMUPUHOM |1=1 HM ¢ abCOMIOTHO HENPOHHUIIACMBIMU
crenkamu. [lonb3yscy ypaBHenuewm lllpenunrepa, HaliquTe cOOCTBEHHbIE 3HAUEHUS SHEPTUU
E, yacTuiel u onpenenuTe HauMEHbIlIee 3HAUCHUE SHEPTHH JIEKTPOHA.

JK3aMeHALMOHHBIH OnjieT Ne 8
CTPOEHUE ATOMA

1.

3uamo guszuueckyro meopuro. DIEMEHTbl KBAaHTOBOM TeOpUHU aroma Bojopoja. KsaHnroBome-
XaHU4YecKas UHTepnperanus rnoctynaroB bopa. KBantoBanue sHepruu, MOMEHTa UMITyJIbCa U
IOPOEKIMM MOMEHTa UMITyJbca ((PU3MUECKUH CMBICI KBAHTOBBIX uucen). CIHMH 3JIE€KTpoHa.
CnuH 1 MarHuTHBIA MOMEHT JIeKTpoHa. PacripeneneHue 31eKTpOHOB B aTOME 110 SHEPIeTU-
yeckuM ypoBHAM. [Ipunnun Ilaynu. Dnextponnsle o6onouku. [lepuonuyueckas cucrema sie-
MeHTOB MenzeneeBa. CeKkTpbsl MHOTO3JIEKTPOHHBIX aTroMoB. [Ipupoaa xapakTepucTUUECKUX
PEHTI€HOBCKUX CHEKTPOB. 3aKOH MO3IH.

Ymemsv obvacuamo gusuueckue senenus. Hapucyiite cxemy SKCHEPHUMEHTAIBHOW YCTAaHOBKH,
KoTopyto ucnosbszoBanu Iltepn u 'epnax. KakoBa ¢usnueckas CylniHOCTb SIBIE€HHs, KOTOPOE
OHU OOHAPYKWIJIM B CBOEM 3KcriepuMenTe? Uto nMeHHo nokasbiBaet onbIT LlTtepHa u ['epnaxa?
Bnademv memooamu pewenus ¢usuueckux 3aoay. Ilpu nepexone snekrpoHa B atome ¢ L-
cios Ha K-cioif uCmycKarTCsi peHTI€HOBCKHE JIyYU C JUIMHOW BOMHBI 78,8 mM. Kakoif 3To
aTom?

IK3aMeHALNOHHBIN Omiter Ne 9
OCHOBBI ®131UK1 MOJIEKVYJI

1.

3uamo ¢usuueckyro meopuro. Monexynbl. [IoHATHE O XUMHUYECKOW CBS3M U BaJEHTHOCTH.
MonexynsipHsie criekTpbl. [Ipoxoxaenue cBera yepe3 BemiectBo. [lornomenne ceera. Kom-
OuHaimoHHoe paccesHue cseta. Jlromunecuenuus. [Ipasuno Ctokca. ClioHTaHHOE U BBIHYX-
JieHHOe n3nydeHne. PyOuHoBsIM nazep. [ enuii-HeOHOBBIH J1azep.

Ymemo obvacuams guzuueckue asnenus. B Bamem pacnopspkeHUU UMEIOTCS MOTYIPOBOIHU-
KOBBIN J1a3ep, U(paKIMoOHHAs penIeTka U3BECTHOTO MEPHO/Ia, TMHEWKA C MIJITIMETPOBBIMA
JeneHus MU U Oenblii skpaH. Kak ¢ moMoIpio nepedncieHHoro o0opy0BaHus MOXKHO OMpe-
JIeNUTh NOCTOAHHYO [limanka?

Bnaoemv memooamu pewtenus pusuneckux 3aoay. Haiinure ms monexynsl HC| Bpamarens-
HbI€ KBaHTOBBIE YUCIIA JBYX COCEJIHMX YPOBHEW, PA3HOCTh dHEPIruil KOTopsIxX 7,86 MaB. Pac-
CTOSIHUE MEX]Ty SJpaMu MOJIEKYIbI 127,5 M.

IK3aMeHAUMOHHBIN Omiaer Ne 10
OU3NKA ITPOBOJIHMKOB U ITOJYITPOBO/JHWKOB

1.

3uamo Qusuueckyio meopuio. DHepreTHUECKUE 30HBI B KpUCTaJulax. BaneHTHas 30Ha, 30Ha
IIPOBOJIMMOCTH, 3alpelIeHHas 30Ha. MeTauibl, MOIYNPOBOAHUKH, TUAIEKTPUKHA. CTaTUCTHUKA
®epmu-/upaka. Yposenb @epmu. DnekTponpoBoaHocTs MetaiioB. [lomynposoanuku. Cob-
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CTBEHHAas U IPUMECHAsi IPOBOJAUMOCTD MOJIYIPOBOJHUKOB. DJIEKTPOHHO-ABIPOYHBINA NIEPEXO.
[TonynpoBOAHUKOBBIN AUO. TpaH3UCTOP.

Ymemo ob6vacuamo gusuueckue senenus. Ecnm Ha COBpeMEHHBIN MOIYIIPOBOAHUKOBBIN CBe-
TOJIMOJ] 10JIaTh IIOCTOSHHOE HAIPsSKEHHE, TO B OJIHOM HallpaBJIEHUH OH MPOITyCKAET TOK, a B
IIPOTUBOINOJIOXKHOM — HeT. Eciin HanpsiKeHue NpeBbIIaeT HECKOJIbKO BOJIBT, TO CBETOAMOL
UCITyCKaeT cBeT. Eciu 3TOT cBeTO1MO0/1 OCBETUTH, TO Ha €r0 BBIBOAAX MOSBIISIETCS IIOCTOSHHOE
HanpspkeHne. OObSICHUTE YKa3aHHBIC SIBIICHUS.

Bnademv memoodamu pewenus guzuueckux 3aoay. KakoBa BEpOSTHOCTb TOTO, YTO 3JIEKTPOH
pu Temieparype 27°3aliMeT cocTosHuE, exaiuee Ha 0,1 3B Boimie ypoBHsa @epmu?

IK3aMeHALMOHHBIN oOmiaer Ne 11
OCHOBBI ®U3UKU TBEPJOI'O TEJIA

1.

3uamo ¢usuueckyro meopuro. KBanroBas reopust TerioeMKocTd. @OHOHBI. TemnonpoBoaHOCTb
JMRJIEKTPUYECKUX KpHUCTAUIOB. TeruioeMkocTs MeTayuioB. CBOMCTBA 3JIEKTPOHHOTO Tasa.
Ouneprusit @epmu. TemnoeMKOCTh ANIEKTPOHHOTO ra3a. [IoHATHE O KBAaHTOBBIX CTATUCTHKAX.
KBaHTOBBIE SIBIICHUS IPH HU3KUX TemIieparypax. CBepXIpoBoAMMOCTh. CBEPXTEKY4ECTb.
Ymems o06vacuame usuueckue senenus. Ha TabneTky BBICOKOTEMIIEPATYpHOTO CBEPXIIPO-
BOJIHUKA TIOJIOKHMJIM HEOOJBIION HEOAMMOBBIH MarHUT. CBEPXIPOBOIHUK TONMIH KHJIKAM
azoToM. CIycTsi HEKOTOpOE BpeMsi MarHHUT IMOJACKaKMBaeT HaJa TaONETKON U JIEBUTUPYET HAJl
Hell Ha HEKOTOpoil BbicoTe. OOBACHUTE 3TO SIBJICHHUE.

Braoemv memooamu pewenus ¢pusuueckux 3a0ay. Bo CKOJIbKO pa3 U3MEHHUTCS AJIEKTPOIPO-
BOJHOCTB YHCTOrO IepPMAHHs MPH TOBBIMEHHH TeMmiepatypsl ot -23°C 1o +27°C, ecin mm-
pHYHA 3alpelIeHHON 30HbI /1711 repManus paBHa 0,74 2B?

IK3aMEHALUOHHBI 6UI/IJ1€T Ne 12
ITPUBOPBI AAEPHOU ®U3MKIN

1.

3uamo ghuzuueckyro meopuro. MeTopl perucTpaluy SIEPHBIX M3ITyYSHHUH: CIUHTHIUISIIHOH-
HBII CUETUMK; MOHU3AIMOHHAs KaMmepa; cueTuuk [ elirepa-Mromiepa; kamepa Bunbcona; my-
3BIPBbKOBasi Kamepa [ 1e3epa; TOJICTOCIOWHbBIE POTOIMYIBCHH; YEPEHKOBCKUH CYETUHK. Y CKO-
pUTENIH 3apsKECHHBIX YACTHIL: OJAHOKACKAJHBIM M JIMHEHHbIN KacKagHbIH ycKopuTenu; Oera-
TPOH; LIUKJIOTPOH, (a30TPOH (CUHXPOLMKIOTPOH), CHHXPOTPOH, CUHXPO(Pa30TPOH; YCKOPUTE-
JM Ha BCTPEYHBIX Imy4ykax. Macc-ciekrpoMeTp ActoHa. PuiubTp ckopocteil. Macc-
cnektpoMetp beitHOpumKa.

Ymemo obvacuame gusuueckue aenenus. B 4ucTyio CTEKISIHHYIO KOJOy HaJIMIM HEMHOTO
BOJIBI M 3aKpBUIN €€ MPOOKOH, CoeTMHEHHON ¢ pe3nHoBOM rpymeil. Konby ocserunu cOoky,
HaXalIM ¥ OTIycTWIM rpymy. [Ipu sToM copepkuMoe KoJIObI HE M3MEHMIIOCh. UTO HY»KHO
c/enath, 4ToObI B K0JI0€ BOSHUK I'ycToM TyMaH? OOBSICHUTE 3TO SIBJICHUE.

Bnademv memooamu pewenusi gpuzuueckux 3aday. Onpenenure HauMeHbllee 3HauUeHUe pa-
Jyca IYaHTOB IHMKIOTPOHA, MPEIHA3HAYCHHOTO [UIS YCKOPEHHUS IMPOTOHOB 1O JHEPTrUU
E=0,80 n/Ix, B koTopoM uHAYKIHUS MarHuTHOro noist B=0,5 Tn. 3aBucuMocTs Maccsl poTo-
Ha OT €r0 CKOPOCTH MOYKHO HE YUUTHIBATb.

JK3aMeHALMOHHBIN Omiaer Ne 13
OU3NKA ATOMHOI'O SIJIPA

1.

3uamo gusuueckyro meopuro. CocTaB U XapaKTepUCTUKU aTOMHOTO siipa: HYKJIOHBI; 3apsiloBOE
¥ MaccoBO€ 4YHcJa; M30TOIbI, W300apbl, M30TOHBI, U30Mephl. Macca W SHeprust CBS3U spa.
Snepusle cunbl. O6oMoYeUHas W KarenbHas MOJenH siapa. EcTecTBeHHass paauoakTHMBHOCTh:
3aKOH PaJMOaKTUBHOIO pacrajia; BUAbl pacnaia; paBuja CMeleHHs. SnepHble peakuuu: nep-
BBIE S/IEPHBIE PEAKIIMM; OTKPBITUE HENTPOHA; IPUMEPHI AACPHBIX MIPEBPAILEHUH O] 1EHCTBU-
€M 0-4aCTHII, IPOTOHOB, HEUTPOHOB U Y-KBAHTOB; NCKYCCTBEHHAs paINOAKTUBHOCTb.
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Ymems 0b6vacuamo gusuyeckue senrenus. B Bamem pacrnopsskeHUH UMeeTcsi KopoOka, B KO-
topoi HaxoasaTcss 100 oquHAKOBBIX MEIKUX MOHET. Mcronb3ys 3To 000pya0BaHUE, CMOJICITH-
pyiTe sBICHUE PaauoaKTUBHOTO pacrana. OOBICHUTE, MOYEeMY MEXaHHYeCKass MOJIEINb M03-
BOJISICT TIOCTPOUTH I'pa)K 3aBUCUMOCTH YHCIIa HEPACABIIUXCS SJIEP OT BPEMEHU COOTBET-
CTBYIOIIU 3aKOHY PaJOaKTHBHOTO pacmaja.

Braoemos memodamu pewenus usuueckux 3aday. Halinure suepruro cssisu saep Hu SHe.

Kakoe u3 3THX simep Haubosee yCToH4nBo?

IK3aMeHALMOHHBIN Omiaer Ne 14
SJAEPHBIE PEAKIINUN

1.

3uamo usuueckyio meopuiro. SInepHble peakyy MOA JACHCTBHEM HEUTPOHOB. TpaHCypaHO-
Bble dseMeHThl. [lenenue saep. Heynpasnsemas uenHas sigepHast peakuus. ATomHas 6omoOa.
VYrupasnsiemass 1enHasi sAepHas peaknus. SAepHbIe peakTopbl HA TEIUIOBBIX U OBICTPBIX
HelTpoHax. SlnepHas sHepretuka. [I[pumeHeHne panoakTUBHBIX W30TONOB. Peakium cuHTe-
3a. YCIIOBUSL OCYILIECTBJIEHMSI TEPMOSJIEPHOTO cuHTe3a. Bonopoanas 6omOa. YmpasiseMblil
TEPMOSICPHBII CUHTE3.

Ymemo obvsacuame gusuueckue snenusn. B xamepe Bunbcona Hepenko HaOIIOAAIOTCS TPEKH
C XapaKTepHbIMU BUJIKaMU Ha KoHIIaX. OOBACHUTE, B KAKOM CIIydae U KaK 4acTo MOSIBIISIFOTCS
1O0TOOHBIE TPEKU U O YEM CBHJICTCIICTBYET UX HATMIHE.

Braoemv memooamu pewenus ¢pusuueckux 3adau. llpu 6oMOapaAMpOBKE N30TONA JTUTHUS MIPO-
TOHaMH O0Opa3yrOTCs JBE O-9aCTUIIBI. DHEPTUs KAXKIOH 0-9acTHUIBI B MOMEHT OOpa3oBaHUs
9,15 M»B. Uemy paBHa sHeprus 60MOapIupyOIuX MPOTOHOB?

IK3aMeHAUOHHBIN 0uiter Ne 15
OJIEMEHTAPHBIE YACTULbI

1.

4

3name guszuuecxyro meopuro. OdIME CBEACHUS 00 3JIEMEHTAPHBIX YaCTHIIAX: JICKTPOH, MPO-
TOH, HEUTPOH, (OTOH; aHTHYAcTUIEl. Kilaccudukanus sneMeHTapHbIX YacTHIL: B3auMOJEH-
CTBHE DJIEMEHTAPHBIX YACTHUI] M 3aKOHBI COXPAaHEHHS, YACTUIBl U aHTUYACTHIIBI; PE30OHAHCHI.
Kocmuueckue nayun. d@yHnaMeHTaIbHbIE B3aUMOJEHCTBUSA: JIENTOHBI U aJpOHBI; YaCTHUIIBI
YYaCTHUKH M YaCTHUIIBI IEPEHOCYMKHU B3aMMOICHCTBHSI; OOMEHHBIN XapakTep (hyHIaMeHTaIb-
HBIX B3aMMOJICHCTBUI; ME30HBI M OAPUOHBI; MOHATHE O KBapKaXx.

Ymemo o00vsacuame ¢usuueckue sgnenus. B Bamem pacriopsyKeHUH UMEIOTCS DIIEKTPOMETD,
H00HMTOBAs MAIOYKA, MEX, HUKEJIEBbII KOHAYKTOp U pTyTHas jJamna. OObsCHUTE, KaK ¢ MO-
MOIIBIO TMEPEYHCICHHOTO O0OPYJOBAaHUS MOXKHO JIOKa3aTh, YTO DIIEMEHTAPHBIE YaCTHIIBI
3JIEKTPOH M (POTOH MOTYT B3aWMOJIeHiCTBOBaTh. BBIMOIHSIETCS I MPU ITOM 3aKOH COXpaHe-
HUS SHEPTHUH?

Bnademv memooamu pewtenus ¢usuueckux 3aoay. OTpunaTeIbHble T-ME30HBI ¢ KUHETHYE-
ckoii sHeprueit K=100 M»B nposnetaroT oT MecTa poxaeHus 10 pacnana paccrosaue =11 m.
Haiinute coOCTBEHHOE BpeMsl )KU3HU 3TUX ME30HOB.

.3. Kpurepun oneHuBaHus

OI_ICHKa 34 3K3aMCH BBICTABJIACTCA C YYCTOM pCﬁTHHFa. Ecimu 06y11a101u1/1171c51 Ha6paJ1 HEOOCTAa-
TOYHOE KOJUYECTBO OAJIJIOB MJIM XOYET ITOBLICUTD OLICHKY, TO 06yqafomm710$1 CacT 3K3aMCH.

IIkaja oneHUBaHHUA AJI DK3aMeHa

YpoBHHU % ocBoe-
P Copnep:xa- 0
OCBOEHMS UH- HUSA
TeJbHOE OcHoBHbBIC IPU3HAKH BblaeJIe- | AKajgeMHuye- o
AUKATOPOB (pedTHHIO-
ONUCaHHe HHS YPOBHS CKasl OLleHKA
JAOCTHKEHHS Basi OLlCH-
.| ypOoBHS
KOMITeTeH i Ka)
IloBeiennsiii| TBopue- | Brxmouaer Hwkecrosmuii ypo- |  OTimMuHO 90-100
(BBICOKHIA) CKas 1es- | BEHb. YMEHHE CaMOCTOSITEIbHO
TENbHOCTh | IPUHUMATh  PELICHUE, pelaThb
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npoOiieMy / 3a1a4y TEOpPETUUECKO-
ro WM IPHUKIATHOIO Xapakrepa
Ha OCHOBE M3YYEHHBIX METOJOB,
IIPUEMOB, TEXHOJIOTHA.

bazoBsrii [Mponyk- | Brirodaer HmwkecTtosmui ypo- | Xoporo 70-89
THBHAs Jie- | BeHb. CHOCOOHOCTH coOupars,
ATENBHOCTD | CHCTEMaTH3HPOBATh, AHAIN3UPO-
BaThb U TPaMOTHO HCIIOJIb30BaTh
UH(OPMAIMIO U3 CAMOCTOSTEIb-
HO HaWJCHHBIX TEOPETHUYCCKUX
UCTOYHUKOB M WILTIOCTPHPOBATH
UMH TEOPETUYCCKUE MOJIOKCHUS
WM  O0OOCHOBBIBATH  IMPAKTUKY
HPUMCHEHHSL.

VYnosnerBo- | Penponyk- | M3noxkenue B mpenenax 3anad | YIOBIETBO- 50-69
PUTENBHBIM | THBHAs Ae- | Kypca TEOPETHYECKOTO M IPAK- | PUTEIBHO
ATEIBLHOCTh | THYECKOTO MaTepHaa.

Henocratou- | OtcyrcTBHE IPU3HAKOB ya0BiIEeTBOpUTENbHOrO | Heynosne- MmeHee 50
HBIH YPOBHS TBOPUTEIILHO

4

A4, MeTtoanueckue YKa3aHHs 110 MIPOBCACHUIO TTPOLECAYPHI HpOMe)KYTOqHOﬁ aTTeCTallun
1.

Cpoxu poBeieH sl POLIETyphl OLIEHUBAHUS: M0 PACTUCAHHIO IK3aMeHOB. Eciu o0yuaronmii-
Csl TI0 pe3yJibTaTaM PEHTHUHTOBOM CHCTEMBbI HE HaOWpaeT HY)KHOE KOJMYECTBO OAJIIOB HIIU
JKEJIaeT OBBICUTH OLIEHKY, TO C/Ia€T 9K3aMEH COTJIACHO TPEOOBAHUSAM.

. Coop, 00paboTKa M OIIEHWBAHUE PE3YJILTATOB MMPOMEKYTOYHOH aTTECTAIlMX MPOBOAUTCS Tpe-

Mo/iaBaTesieM, BeyIUM AUCHUTUIINHY.

. HpeIl’I)SIBJ'ICHI/Ie PE3YIbTATOB OLICHUBAHHNA OCYHICCTBIIACTCA: I10 OKOHYaHWMU OTBCTA CTYACHTA U

q)HKCI/IpyeTCH B 3aUE€THOMN KHIXKE U 3K3aM€HaHHOHHOﬁ BCAOMOCTH.

. HpI/I HaJIN4Y IMMHUCbMCHHBIX OTBECTOB o6yqa}01111/1x051, IMOJIYUYCHHBIX B XO/€ 3K3aM€HaHHOHHOﬁ

CCCCUH, MATCPUAIIBI XPAHATCS B TCUCHUC MCCALlA ITOCJIC 3aBEPIICHUA CCCCUU Ha Ka(be].'[an.

. ITopsioK BBIOJHEHMS U 3alUThl KypCcOBOW paboThl perinaMeHTupoBaH «llomoxxenueM o Kyp-

coBoil pabore ®PI'BOY BO «I'nma3oBckuil rocyaapCTBEHHBIN MeJarorndyeckuii MUHCTUTYT UMe-
Hu B.I'. KoposieHko».

. CLII/ITaTb, YTO HOJIOKUTCIIBHBIC PE3YIIBTATHI IPOMEIKYTOUYHOTO KOHTPOJIA CBUACTCIILCTBYOT 00

YCIIEIIHOM TIporiecce (hOpMUPOBAHHS YKa3aHHBIX KOMIIETEHIIMH 1 UHINKATOPOB JTIOCTHIKCHUS
KOMIIETEHIINH (3TanoB (JOpMUPOBaHUS KOMIIETEHIIHH).

5. ConeprxxaHue OlIeHOYHBIX CPeCTB I NPOBEepPKU cGOPMUPOBAHHOCTH
KOMIIETCHUUI U MHAMKATOPOB I0CTHKEHHUSI KOMIIETECHIIM I
(MOCTUTOrOBBIN KOHTPOJIb) M KPUTEPHU MX OLICHUBAHUA

3anaHus 118 NPOBEPKH KOMIIETEHIIMH W MHIUKATOPOB AOCTHxkeHns komneTrenuun: [TK-1:
UIIK-1.1., UTIK-1.2., UTIK-1.3.

Kona xommerenuuun | [1K-1

dopmynupoBka CriocobeH ocBaMBaTh W UCIOJIB30BATh TEOPETUUYECCKHAE 3HAHUS U TPaK-

KOMIIETEHINH TUYECKWE YMEHHMsS W HaBBIKM B NPEAMETHOW OOJIACTH MpHU pPELICHUU
npoeccnoHaNbHBIX 3a7a4

Wunukarop UIIK-1.1. 3HaeT CTpyKTypy, COCTaB U AMJIAKTUUYECKUE €IUHUIIBI TPeI-

JOCTUKEHUS METHOM 00J1aCTH (IIpernogaBaeMoro MpeiMera).

KOMIIETEHINH UIIK-1.2. YMeeT ocymiecTBIsATh OTOOp Y4eOHOTrO COAep KaHusl ISl €ro

peaiv3aliy B pa3IMuHBIX opMax 0OydeHHUs B COOTBETCTBUU C TpeOo-
BanusamMu PI'OC OO.
NIIK-1.3. JlemoHCTpUpyeT yMeHHe pa3pabaTbIiBaTh pa3iuyHble GOpMBI
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y4eOHBIX 3aHATHM, TPUMEHATh METO/IbI, IPUEMbI U TEXHOJIOIHH 00yue-
HUS, B TOM 4Hcie HH(OPMAIMOHHBIE.

Bpewms BeinoHeHus 3ananuii: He 6osee 30 MUHYT
HUIIK-1.1.

Ilpakxmuueckoe 3adanue 1. BpiOepuTe npaBUIIbHBIA OTBET B IIATH MPEICTABICHHBIX HUXKE BO-
IPOCax MO Pa3IMYHbIM AUJAKTUUECKUM €JMHULAM KBAaHTOBOW (DPU3HKH.
1. YpaBHeHue DiiHIITEHA UMEET BUL:

2 2

a) ho=A-"Y". B) A-ho="0
2 2
2
m
0) ho= A+ MY : r) ha)=A+TU.

2. OnwiT @panka-I'epua goka3pIBaeT, 4To:
a) Mozens atoMa Pesepdopaa ommbdouna;
0) AIEKTPOHBI ABMXKYTCSI BOKPYT sJEP MO KPYTOBBIM OpOUTaM;
B) aTOMBI CYIIECTBYIOT B CTAllHOHAPHBIX COCTOSHUSX;
r) Mojiens atoMa Pesepdopia cripaBeanusa.
3. Ecnin HeonpeieneHHOCTh B KOOPAMHATE YaCTHUIIBl YMEHBIIUTH B 2 pa3a, TO HEONPEAEICHHOCTD
UMITYJIbCA 3TON YaCTHUIIBI:
a) yBEJIMUUTCS B 2 pasa;
0) yMeHbIIUTCS B 2 pasa;
B) yBenuuuTCA B 4 pasza;
I') HE U3MEHUTCA.
4. Jlnis co3gaHust JIa3epHOTO U3ITy4eHUsI HE0OX0AMMO, YTOOBI HACEIICHHOCTh AJICKTPOHAMH BEpX-
HEro YHEPreTUYECKOr0 YPOBHS aKTUBHOM Cpe/Ibl Oblia:
a) MEHbIIIE, YeM HI)KHETO;
0) Takas ke, Kak HH)KHETO;
B) OoJiblile, YeM HIXKHETO;
I') IPOU3BOJIbHAS.
5. IIpu 0O6begMHEHNH TPOTOHOB U HEUTPOHOB B PO SHEPIUSL:
a) MOTJIOIIAeTCs;
0) mynbcupyer;
B) BBIJIENISIETCS,
') OCTaeTCsl HEM3MEHHOM.

HIIK-1.2.

Ilpakmuyeckoe 3adanue 2. OcymecTBuTe 0TO0p (HOpMYI JUIsl MPUBEJCHHBIX HHMXKE OCHOBHBIX
3aKOHOB KBaHTOBOW ¢u3uku: (opmyna Ilnanka, oboOmennas ¢popmyna banbmepa, ypaBHeHHE
[IIpenuHrepa, 3aK0H paJuOaKTUBHOIO pacnaja.

HUIIK-1.3.

Ilpakmuueckoe 3a0anue 3. DACKTPOHBI, BBHIPHIBACMbIE U3 KaToAa (POTORIEMEHTA W3ITydeHHEM
. 1

qacroroil vi=2-10" 'ty moMHOCTBIO 3a1epXKuBarOTCsS 0OpaTHBIM Hampspkernem Ui=7 B, a mipu

qacrore vi=4-10" I'ig - oOpatabiM HampsikenrneMm U;=15 B. Ilo 3TUM 1aHHBIM BBIUKCIHUTE I1O-
crosHHyto [lnanka.

Knrou k npakmuyeckomy 3adanuro 1:

Homep 1 2 3 4 5
BOIpoca
Howmep npaBriibHOTO 6 B a B B
OTBETa
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Knrou k npaxmuueckomy 3adanuio 2.
2m
®opmyina [Tnanka Ay + 77 (E-U)y =0

ha® 1
A72c2 eolk) _q

O06o6wmennas popmyna bansmepa f, =

Ypasnenue IlIpemunrepa N = Ne™

m?> n’

1 1 1
3aKOH PaJMOaKTHBHOIO pacrajia i R|—=——
Knrou k npakmuyeckomy 3adanuro 3.

VYpaBuenue DiiHmreiiHa i GoTodPdexTa uMeeT BUA:

2
mo
(1)
2
Tak kak BBIJIETEBIIME U3 KaTO1a QJICKTPOHBI ITOJIHOCTBIO 3aACPKUBAOTCA TOPMOIAIINUM I10JIEM,

TO U3MCHCHHE UX KHHETHYECKON SHEPTHH PAaBHO PabOTE IICKTPHUUECKOTO TIOJIS:

2
mo
=eU . (2
: @
Torna u3 ypaBHenus DifHmTelina (1) noaydaeM aBa ypaBHEHHUS:

hv,=A+eU,, hv,=A+eU,. (3)
Pemras aTy cuctemMy, OKOHUATEIbHO MOIY4aeM:

h:M:6,4-10’34ﬂof6-0- 4
vV, -V,

hy = A+

3apanusi AJs MPOBEPKH KOMIIETEHIIMHA U MHAUKATOPOB JOCTH:KeHUus1 komneTenuuu: [1K-3:
HIIK-3.1., UI1K-3.2., UTIK-3.3.

Konx kommereniiuu | T1IK-3

dopMynHrpoBKa CrnocobeH GopMUpOBaTh Pa3BUBAIOIIYIO 00pa30BATEIBHYIO CPEy IS
KOMIIETEHIINH JOCTUKEHMS IMYHOCTHBIX, TPEIMETHBIX U METAIPEIMETHBIX PE3YJIbTA-

TOB 00y4YEeHHs CpeACTBAMHU NPENOIaBAEMbIX YUEOHBIX MTPEIMETOB
WNunukatop NIIK-3.1. Bnaneer cnocobamMu HMHTErpanuy y4eOHBIX MPEIMETOB IJIs
JNOCTUKECHUS OpraHu3alMi pPa3BUBAIOLIEH y4eOHOU NesATeTbHOCTH (MCCIIeN0BaTENb-
KOMIIETEHIUN CKOM, TPOEKTHOM, TPYIIIOBOH U JIp.).

NIIK-3.2. Hcnonb3yer oOpa3oBaTeNbHBIH MOTEHIMAT COLMOKYIbTYp-
HOM cpejibl perroHa B IpernoiaBaHuy (mpeaMeTa 1o npoduiro) B yueo-
HOM ¥ BO BHEYPOUHOU JEATEIBHOCTH.

NIIK-3.3. 3HaeT NcuxoyIoro-neAaroruueckue yciaoBUs CO3AaHus pa3Bu-
BaIOIIC 00pa3oBaTEIHLHOM CpeAbl A JOCTHXKCHHS IMYHOCTHBIX M Me-
TapeIMETHBIX Pe3yIbTaTOB O0yUEHHUSI.

Bpewmst BoinosnHeHus 3aaanuit: He 6osee 30 MUHYT

WIK-3.1., ATTK-3.2.

Ipaxmuyeckoe 3a0anue 1. Ha metamn ¢ paboToi BbIxoaa Agyx =2 3B majaeT my4ok MOHOXPO-

MaTHUYeCKOTo cBeTa ¢ JutmHOW BoJHBI A =500 HM. PaccumTaiite MIMHY BOJTHBI Amax, COOTBET-
o _ -34

CTBYIOILYIO KpacHOH rpanuie ¢poroddpdekra (h=6,63-10"" JIx-c).

Ilpakmuueckoe 3a0anue 2. B xakoil 001acT CIEKTpa JEKHUT JJIMHA BOJHBI, COOTBETCTBYIOIIAs
MaKCHUMyMy H3JIydarenbHoi crnocoOHocTh ConHIla, eclu TemIrepaTypa ero MOBEpXHOCTU
5800 K? (b=2,9-10" mM-K — mocrosiunas Buna).
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hc
Knrou k npakmuueckomy 3adanuro 1: n3 Gopmyisl i1t pabOThI BBIXOAA dIEKTPOHA Ay, = ——

Amax
hc

ABbIX

BBIPA3UM JUTMHY BOJIHBI, COOTBETCTBYIOIIYIO KpacHOU TpaHulie Gotoddderra: Ay gy =
(6,2:107 m).

Kniou k npakxmuuecxkomy 3adanuto 2. 3akon cmemienust Buna: A,,T = b = A,,, = b/T.
(A, = 51077 M — BuAUMAs 06IACTh CIIEKTPA).

Kpurepuu onieHMBaHUSA:
Kax b1t ”HAMKATOP MTOCTHXKCHHS KOMIIETEHIIMU orleHuBaeTcs B 10 6amios:
e TecroBoe 3aanue orenruBaercs B 10 6amio (oTBeT Ha Borpoc Tecta ctouT 0 mim 2 6aa);
e 3ajaHus Ha COOTBETCTBHUE OlleHUBatOTCs B 10 6amioB (kaxmoe oreHuBaercs 0-5 6amion)
— 5 06aI0B — MOJTHOCTHIO MPABHIIBHO HAWIEHHBIEC COOTBETCTBHSI;
— 4 6amna — TpU IPaBUIIBHBIX COOTBETCTBHS;
— 3 Oamna — qBa MpaBUJIBHBIX COOTBETCTBUS,
— 2 0amna — 0HO MPaBUIILHO COOTBETCTBHE;
— 1 Gayn — oTCyTCTBHE MPaBUIIBHBIX COOTBETCTBUI;
— 0 GannoB — He MPUCTYMAJ K BBIMOJIHEHUIO 3a/1aHUS;
e Kaxnoe npaktuueckoe 3ajanue oueHupaercs B 10 06amios:
— 10 GamioB — CTYIEHT NMPAaBUIBLHO BBHITIOJHUI TIPEIJIOKEHHBIC 3a/IaHHsI HA OCHOBE
W3YYEHHON TEOPHUH, METOJ0B, IPUEMOB, TEXHOJIOTHIA;
— 8 0a/IoB — CTYIEHT CIIOCOOEH MPUMEHSTh NOTy4YeHHbIE TEOPETUUECKUE 3HAHUS B
MPAKTHYECKON JACATEIHHOCTH, PEIIaTh TUITUYHBIC 33]1a4 HA OCHOBE BOCIIPOM3BE-
JIEHUsI CTaHJAPTHBIX AJITOPUTMOB, MIPH BBIOJIHEHUH 33JIaHUM JOMYCKAaeT HE3Ha-
YUTEIIbHBIC OLINOKH;
— 6 0ayyI0B — MPH BHITIOJIHEHUH 3a/IaHUS JIOMYIIEHBI TPYObIe OIMOKH;
— 0 6anioB — CTyIEHT HE BBITIOJIHIII 3a/IaHHE.
OrieHKa 3aBHCHUT OT IIPOLIEHTA BHITIOJIHEHHS BCEX 3aaHU.

Ikana oueHuBaHus cCPOPMUPOBAHHOCTH KOMIIETEHIIUM U MHAUKATOPOB 10CTHKEHHUSA

KOMIEeTeHI[UH
YpoBuu
P %
OCBOEHHS WH/IU-
AKkageMnue-| BBINOJIHE-
katopa (oB) 10- | OcCHOBHbIE MPU3HAKH Bbl/IeJIEHUs YPOBHA
. CKasi OlleHKa| HHS Bcex
CTHKEHMIT KOM- o
. 3aaHmit
neTeHIui
[ToBermeHHsIi | Brimrodaer HukecTosmmi ypoBeHb. YMenue |  OTiamdHO 90-100
(BBICOKMIA) CaMOCTOSITEJIbHO MPUHHUMATh pEIIeHHe, pe-
ath npolneMy/3agady TEOPETUUECKOro WIIN
NPUKJIQJHOTO XapakTepa Ha OCHOBE H3y4eH-
HBIX METO/IOB, IPHUEMOB, TEXHOJIOTHI.
bazoBbrit Brimouaet HwkecTosmuii ypoBeHb. Crioco0- | Xoporro 70-89
HOCTh COOMpaTh, CHCTEMaTH3HpOBaTh, aHa-
JU3UPOBaTh M TPAMOTHO MCIHOJIb30BaTh HH-
(dhopmManuio U3 CaMOCTOSTEIHHO HaWJICHHBIX
TEOPETHYECKUX MCTOYHUKOB M WILTFOCTPUPO-
BaTh MU TEOPETUYECKUE TIOJIOKEHHS HIIH
000CHOBBIBATh IPAKTUKY NPUMEHEHHUSI.
VYnosnerBopu- | M3noxeHue B npeaenax 3ajgad Kypca Teope- | Y JOBIETBO- 50-69
TEJbHBIN THYECKOTO M MPAKTHYECKOTO KOHTPOJMpPYE- | PHUTEITBHO
MOT0 MaTepHaa.
Henocrarounstit | OTCyTcTBHE NPHU3HAKOB YJOBJIETBOpPHUTENhL- | Heynosie- menee 50
HOTO YPOBHS. TBOPUTEIIEHO
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CuutaTh, 4TO TOJOKUTENbHBIE PE3YyIbTaThl MOCTUTOTOBOTO KOHTPOJIS CBHUIETENLCTBYIOT 00
YCHENIHOM Tporiecce GOpPMHUPOBAHUSI KOMIETEHIMHU (Mil) U MHAUKATOpa (OB) JOCTHXKEHUS KOM-
nereHuuu (uit) (3tama GopmupoBaHus KomrereHIMK). Ecnu oOyyaromuiicss mOMydnsi OLEHKY
«HEYAOBIETBOPUTEIIBHO», TO CUYUTATh KOMIIETEHIMI0O HEe C(HOPMUPOBAHHON Ha JIaHHOM 3Tarle.
[Tpy MONTYy4YEeHUH OICHOK «yIOBIIETBOPUTEIHHO», «XOPOIIO» MM «OTIMYHO» CUMTATh, YTO MPO-
BepsieMasi KoMIeTeHIrs cOpMUPOBAaHA HA TOCTATOYHOM YPOBHE.

Memoouueckue ykazanus 0715 NPOEEPKU OCMAMOYHBIX SHAHULL

1. Cpoku npoBeeHus MPOLEAYyphl OIICHUBAHUS: 110 TpaUKy JIeKaHaTa.

2. Coop, o0OpaboTKka ¥ OIICHMBAHHE pPE3YJbTATOB IMOCTHTOTOBOTO KOHTPOJS TPOBOJIUTCS
IpernoiaBaTesieM 0 PacIOPSHKEHHIO JIeKaHaTa.

3. IlpenbsiBieHre pe3yIbTaTOB OICHUBAHUS OCYIIECTBISACTCS B TEUYCHHE HEACIU IIOCIe
NPOBE/ICHUSI KOHTPOJIBHOTO MEPONpPHUATHS, OPOPMIIIETCS B BHIE OTYETAa M XPAaHUTCA B
JIeKaHaTe B TEUEHUE BCETO CPOKa 00yUeHHUs 00yUaroImerocs.
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