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1. HOACHUTEJIBHASA 3AIIUCKA

1. 1. MecTo 1MCUMILUIMHBI B CTPYKTYpPe 00pa30BaTeIbHOM MPOrpaMMbl

Hacrosimas pabovas mporpamma AUCIUIUTHHBI (Jaee mporpaMmma) paspaboTaHa
B COOTBETCTBHH C (eJepalbHBIM TOCYAapCTBEHHBIM OOpa30BaTEIbHBIM CTaHIAPTOM
BBICIIIETO0 00pa3oBaHMs MO HampabieHuio mnoarotoBku 44.03.01 Ilemarormueckoe
oOpazoBanne (c omHWM TpodmiIeM MOATOTOBKK) (YpOBEHb OakajlaBpuara),
YTBEPKJICHHBIM TMpUKa3oM MuHHCTepcTBa 00pa3oBaHusi W Haykd Poccuiickoi
Oenepanuu ot 22 despanst 2018 r. Ne 121; denepanbubiM 3akoHOM «O06 00pa3zoBaHUU
B P®» or 29.12.2012 Ne 273-®3; mnpodeccuonansHbiM crangaptoMm «llegarory,
YTBEPKJIACHHBIM IIPUKa30M MUHHUCTEpPCTBA TPYyJa U COLMAIBHOM 3auThl Poccuiickon
@enepanun - ot 18.10.2013 Ne  544H.; HOpPMATMBHO-IIPABOBBIMU JOKYMEHTAMH,
periiaMeHTupyronmmMu oopazosatenbHbiid nporece B KI'TIY um. B.II. AcradreBa 1o
HarpaBjaeHHocTH (Tpoduito) oOpazoBarenbHON mporpamMmbl Pusnka, 04HOU (HOPMBI
oOyuenuss B HMHcruryte marematuku, ¢usuku, uHpopmaruku KITIY wm. B. IL
AcradneBa ¢ npucBoeHHEM KBalu(pUKAIUU OaKataBp.

JucuumuiiHa ~ OTHOCUTCA K = OCHOBHOM  4YacTu  NpodecCHOHAIBHOU
00pa3oBaTeabHON MPOrPaMMBI.

1.2. O6mas TpyaoeMKoOCTh JUCHUILUIMHBI — B 3. E., yacax u Hegeasnx

OOmiasi TpyT0€MKOCTh TUCIUILIMHBI COCTaBIsAeT 3,5 3aueTHbIe €aWHUIBI, 126
yacoB. /{ucrumniurna, coriracHo rpadukKy ydeOHOro Impolecca, peam3yercs Ha 3 Kypce
B 6 cemecTpe. @opma KOHTPOJISL — IK3aMEH.

1.3. Hesan u 3axaun qpucuuminnbl «KBantoBas puznka»

Heabo u3yvyeHuss IMCUMILUIMHBI sABJsieTcs (OPMHUPOBAHHE Y CTYJICHTOB
oOmenpodeccuoHanbHbIX W MNPO(EeCCUOHATBHBIX KOMIIETEHUMHA TpU HU3YYECHUU
(bU3UYECKON KapTHHBI OKPYIKAIOIIETO HAC MUPA TTPUPOIBI.

3agaun:

e 3HAKOMCTBO C OCHOBHBIMH (DU3UYECKHUMHU TEOPUSIMH O TPHUPOJIC KBAHTOBBIX

SIBJICHUI;



e Pa3BuTHE MO3HABATEIHHON MOTPEOHOCTH Y CTYJCHTOB;

e dopMmupoBaHME CIHOCOOHOCTHM  HCIOJB30BaTh 3HAaHUS O  COBPEMEHHOHU

€CTECTBEHHOHAyYHOM KapTUHE Mupa B 00pa30BaTeIbHON M  KYJbTYpHO-
IPOCBETUTENILCKOM 1€ATEIBHOCTH.
1.4. OcHoOBHBIE pa3/e/ibl COAePKAHUSA
1. ®yHameHTaIbHBIE U (PEHOMEHOJIOTUUECKUE TEOPHUH.
2. D71€MEHTbI KBAaHTOBOW MEXAHUKH.
3. CoBpeMeHHas MOJIETb aTOMa.
1.5. Tlimanupyemble pe3yJbTaThl 00y4eHHUs

[Ipouecc n3yyeHus TUCUUIIMHBI HAlIpaBieH Ha (OPMHUPOBAHUE CIIEAYIOLIUX

KOMIIETEHIIUN:

OK-6 ciocoOHOCTHIO K CAMOOpPTaHU3AINK U CaMOOOPa30BaHHUIO;

[IK-1 roTOBHOCTH peaanu30BbIBaTh OOpa3oBaTEIbHBIE MPOrPaMMbl IO YYEOHBIM
MpeAMETaM B COOTBETCTBHH C TPEOOBAHUSIMHU 00pa30BaTEIbHBIX CTAHAAPTOB
[T1K-4 ciocoOHOCTHIO HCTONIB30BaTh BO3MOKHOCTH 00pa3oBaTeNbHOM cpeabl AJis
JNOCTH)KEHHSI JIMYHOCTHBIX, METAlPEAMETHBIX W NPEIMETHBIX pE3yJIbTaTOB
oOyueHHsT W OO€CMEeYEeHUs] KayecTBa Y4eOHO-BOCHHUTATEIBLHOIO IIpoliecca

CpelcTBaMH MPEroaBaeMbIX YUEOHBIX MPEIMETOB

3agaum oCBOEHUS Ilnanupyemblie pe3yabTaThl Koxa pe3yabrara
JTUCHHUIIITHHBI 00y4eHHs 10 JTUCHHUILIHHE o0yueHust
IMO3HAKOMMThHCS c | 3HaTh: OK-6, IIK-1, TTIK-4
OCHOBHBIMH — TEOPETUYECKUE OCHOBBI HAYKWU,
buznIeCcKUMU TEPMUHOJIOTHIO, HUCTOPHIO
TEOPUSAMHU O TMPUPOLIE CTAHOBJICHUA,
KBAHTOBLIX SIBJICHHUM — METOJABl DKCIEPUMEHTAJILHBIX U

TEOPETUUECKUX UCCIIECOBAHUM,
— MeToabl paldoThl ¢ y4uyeOHOU u
HAay4YHOU JINTEPATYPOMU.

YMmerh:

— MIPUMEHATH 3HAHUS JUISE
OOBSICHEHUS TPUPOABI KBAHTOBBIX
SIBJICHUI;

—I10JIy4aTh, XPaHUTh u

nepepadaTeiBaTh HHQPOPMAIUIO T10




KBaHTOBOM busrke C
UCIOJIb30BaHUEM  UH(MOPMAIIMOHHO
KOMMYHUKAIIMOHHBIX TEXHOJOTUH U

uH(pOpMaIMOHHO-
TEJIEKOMMYHHUKAIITMOHHOM ceTn
«HTEpHETY.
Baaners:
— OCHOBaMH KBaHTOBBIX SIBJICHUHM U
HaOII0 ICHUM " METOJIaMH
HUCCIICJOBAaHMH.
pa3BUTH 3HaTL: OK-6, IIK-1, I1IK-4
MO3HABATEIBHYIO — TEOPETHYECKUE OCHOBBI HAYKH,
OTPEOHOCTH y TEPMHUHOJIOTHIO, HUCTOPHUIO
CTYJICHTOB CTaHOBJICHUS;

— METOJIbl 3KCHEPUMEHTANBHBIX U
TEOPETUYECKUX UCCIETOBAHUN,

— MeTolbl paboThl C y4yeOHOU u
HAy4YHOH JINTEPaTypOH.

YMerh:

— MIPUMEHATH 3HAHUS TS
O0OBSICHEHUS TPUPOABI KBAHTOBBIX
SIBIICHUI;

—  apryMEHTHpPOBAaTh  HAYYHYIO
TTO3UITHIO pu aHaIM3e
NCEBJOHAYYHOM H  JDKEHAY4YHOM
uH(popMaIuy;

— CTPYKTYpUpOBaTh MHPOPMALIUIO O
KBAHTOBBIX SIBJICHUSIX, MCIHOJIb3Ys
Hay4YHbI METOJ UCCIICIOBAHUS.

Baaners:

— Ba)KHEUIIINMHU METOJaMU
T€HETUYECKOr0 aHaJu3a.
00y4YUThb JIOTUYECKOMY | 3HATH: OK-6, IIK-1, TIK-4
HAay4YHOMY MBIIUICHUIO |— METOJMKON 00pa3oBaTebHOM U
NpY PELICHUH 33J1a4 MO | KyJIbTYPHO IIPOCBETUTEIILCKON
IeHETHKE JIEATCILHOCTH B obmacTn
KBaHTOBOU (PH3UKH.
Ymerb:

— pemiaTh U OOBSICHATH X0 PEIICHUS
TUTIOBBIX (PU3UUYECKUX 3a]1ay,
CBSI3aHHBIX C 3aKOHOMEPHOCTSIMU
KBAHTOBBIX SIBICHUM, 3aKOHAMU
JIUCKPETHOCTH.




Baanern:
— pa3IMYHBIMU TMPUEMAMHU PELICHUS
bu3nyecKux 3a1ad

1.6. KoHTpoJb pe3yJbTaTOB 0CBOEHMS JUCIIUIIIUHBI.

B xome w3ydeHWs NUCIMIUIMHBI WCTIOJB3YIOTCS TaKWE€ METOAbI TEKYIIEro
KOHTPOJISI YCIIEBAEMOCTH KaK YCTHBIM OIPOC, pelIcHUEe KBAHTOBBIX 3aJ1ay, COCTaBJICHUE
TECTOBBIX 3aJaHUH, BBITIOJIHCHHE KOHTPOJIBHBIX padOT M TECTOBBIX 3amaHmii. dopma
HUTOTOBOTO KOHTPOJIS — 9K3aMEH.

OrneHOYHBIE CPEICTBA PE3yJIbTATOB OCBOCHUS IUCHIUILIMHBI, KPUTEPUHU OLIEHKU
BBITIOJTHCHMSI 3aJJaHUN TIPEICTaBICHBI B pasneie «DOHIBI OIEHOYHBIX CPEIACTB IS
MIPOBEICHMS TTPOMEKYTOUHON aTTeCTAllUM»: PEIICHUE KBAHTOBBIX 3a7ad, COCTABIICHUE
TECTOBBIX 3a/IaHU, YCTHBINA OMPOC, BHITIOJHEHNE KOHTPOJIBHBIX pabOT, TECTUPOBAHUE.

1.7. TIlepeuyeHb o00pa30BaTeJbHbIX TEXHOJIOTHH, MCHOJb3yeMbIX MpH
OCBOEHUM JUCUMILINHBI

CoBpeMeHHOE TpaauIMOHHOE OOydYeHHe. B mpormecce OCBOCHHS MHCIMIUIAHBI
HCITOJIB3YIOTCSI pa3HOOOPa3HbIC BUIIBI JEATEILHOCTH 00YyJarONUXCsl, OpraHu3allMOHHbBIE
GhopMBI M METOJIBI OOYYEHHUS: JICKIIMU WU JaO0OpaTOpPHBIC 3aHATHS, CaMOCTOSITEIIbHAs,
WHIUBUyaJIbHasE W TPYINIoBas (GOpPMbI OpraHW3allid ydeOHOH eI TCIBHOCTH.

OcBocHue JUCHHITIIMHBI 3aKaHYNBACTCA 9K3aMCHOM.






2. OPTAHU3AIUMOHHO-METOAUYECKHUE JOKYMEHTbI

2.1. TexHoJsiornuyeckasi kapra o0yueHus gucuuiinne «KKpanroas pusuka»

AJ1s1 o0y4daromuxcsi 00pa3oBaTeIbHON NPOrPaMMbI

Hanpasnenue noarorosku 44.03.01 Ilenarornueckoe obpa3zoBanue (¢ OMHUM MPOdUIeM NOATOTOBKH),

Hamnpasnennocts (mpoduis) oO6pazoBarenbHOi nporpamMmbl Dusuka

10 04YHOM (popme 00yUeHUs

HanmenoBanue pas3zaennos u TeM JUCHUIUIMHBL | Bceero AyIUTOPHBIX YaCOB Bneaynu- DOpMBI U METOJIBI
4acoB Bcero JEKIUHA | CEeMHHApOB | JJAOOPATOPHBIX | TOPHBIX KOHTPOJIS
pabor 4acoB
Paznen Ne 1. ®OyngaMeHTAIBHbIE U 24 14 6 - 8 10 3ammra J1a00paTOPHBIX
¢eHomenosoruyeckne  tTeopur.  Mogenan paodot, pedepar, nokjaan,
aToMa Bojaopoaa no bopy. 3ayer
1.1. Bsaenenue. Paznnuns 6 4 2 - 2 2 3amuTa 1a00paTOpHBIX padboT
dyHaamMeHTaNTbHOW W (PEHOMEHOIOTUYECKOM
Teopud. llpenenbl KIIAaCCUYECKOH TEOpUH.
ITocrosinnas [1nanka.
1.2. IpoGaembl HEe pelIeHHbIe KIacCUYeCKOM 10 6 2 - 4 4 3ammTa 1a00paTOPHBIX pabOT
¢usukoi. I[loHsTHE abOCONIOTHO YEPHOTO
Tena. DOTOINEKTPUUECKU I s dexr.
CtaOUIIbHOCTH M pa3Mephl aToMa.
1.3. Mopgenmu crpoeHus aroma. ATOMBI 8 4 2 - 2 4 3ayer, pedepar, 10KIaz
Tomncona u  Peseppopna. KsanTtoBble
noctynarel bopa. Mojenb CTOSYMX BOJIH.
YpoBHU sHeprum aroma Bojaoponaa. OmbIT
@panka u ['epia. Idpdexkr Komnrona.
Paznen Ne 2. DuiemMeHTBI KBaHTOBOIi 26 14 6 - 8 12 3ammTa J1a00paTOPHBIX

MEXAaHUKMH.

pabor, pedepar, nokaan,
3ayer




2.1. Judpakuust »yekTpoHOB. BomHbl 1€ 8 4 2 2 4 3amuTa 1a00paTOpHBIX padboT

Bpoiins. BomHoBas (yHKIHS, COOTHOILIEHHE

HEOTIpEeICICHHOCTEH.

2.2. PaccesHue a-yacTull. DJIEKTPOH BHYTPHU 10 6 2 4 4 3amura 1abopaTopHbIX paboT

aToMa, KBAaHTOBBIN ciiydail. BoHOBOM maker.

2.3. Ilpumepsl NpHUMEHEHUS  BOJHOBOM 8 4 2 2 4 3ayer, pedepar, T0oKIaz

GyHKIIHH. [ToTeHManbHBIM Oapbep.

Tynnensubii  3¢dexr. Crporoe pemieHue

ypaBuenus lpeaunrepa.

Pa3znen Ne 3. CoBpemenHasi MojieJib aToMA. 40 18 8 10 22 3amuTa 1a00paTOPHBIX
paodot, pedepar, nokjaan,

3ayeT

3.1. Atrom Bomopona. BomopomomomoOnbie 10 4 2 2 6 3ammTa 1a00paTOPHBIX pabOT

aToM.

3.2. CoekTpbl 1IeNOYHbIX MeTawioB. CnuH 8 4 2 2 4 3amuTa 1a00paTOpPHBIX padboT

anekTpoHa. M30Tonnyeckuii CABUT.

3.3. AToM BO BHENIHEM MAarHUTHOM IIOJIC. 12 6 2 4 6 3amuTa 1a00paTOpHBIX padboT

HopmanbHblii ©  aHOMabHBIA 3 PexT

3eemana. [TomHbII MOMEHT UMIyJIbCa aTOMA.

Oneit [ Tepna-I'epnaxa. CruH 35€KTpoHa

3.4. MHoro snekTpoHHbIe aToMbl. [IpaBumia 10 4 2 2 6 3auer, pedepar, ToKIaLg

KBaHTOBaHUSI. 3anonHeHue ypOBHEH

obonmouek  djekTpoHamMu.  EcrecTBeHHAas

NIMpUHA  CIEKTpalbHBIX  JuHHHA. Jlazep.

PeHTreHoBCcKMe CIEKTPHI.

90 46 20 26 44
IK3aMeH 36
UTOro 126




2.2. Copaep:xaHue OCHOBHBIX Pa3/1eJiOB M TeM JUCHUILTUHbI
Pazoen Ne 1
Dynoamenmanvhvle u henomenonocudeckue meopuu. Mooenv amoma 6000pooa
no bopy.

1. Beenenune. Pazmuuus pyHoamenmanvHou u (HeHOMeHOI02ULecKoll
meopuu. OCHOBHBIE TOHSTHUS, CBS3aHHBIE C MAaKpO M MUKPOMHUPOM, OTIWYHS B
MOJXO0/aX M3YYEHUS MAaKpO U MHKPO MapaMeTpoB cUCTEM. Poiib CyOBEKTHBHBIX
(GakTOpoB B M3yUEHUU KBAHTOBBIX SIBICHUU. [Ipedenvl Kiaccuueckol meopuu.
MonenupoBanue u criend@rka MOJECTUPOBAHUS B KBAHTOBOM M aTOMHOM (hU3HKE.
MocTuk B TOHMMaHMM HaOJIOa€MbIX MPOLECCOB TMpU Mepexoje OT
IPEACTABICHUN KJIACCUYECKOM (DM3MKM K KBAHTOBBIM IpOLIECCaM, OCOOEHHOCTb
KBAaHTOBBIX SIBJICHUW WM IOJHAs1 UIACHTUYHOCTH B MOJAEIHUPOBAHUU. [locmosnHas
Ilnanka. KoHCTaHTBI Makpo U MHUKPOQU3UKH, TOKa3bIBAIOIIME 00JIACTH
NPUMEHEHUSI 3aKOHOB (HA TMPUMEpE PEATUBUCTCKON T00aBKM B CIEIUAIBLHOM
TEOPUU OTHOCUTEIBHOCTH).

2. IIpobaeMbl He penieHHbIe KaaccuueckKor dhuszukoi. McTtopus mosBiaeHUs

noctogHHou [ 1agka.

Ilpobnemvr He pewennvle knaccudeckou ¢uszuxou. O030p COCTOSHUS
¢usnueckoir Hayku B Hadane 20 Beka. TopxkectBo ¢usuku HproToHa
KJaccuueckor ¢usnueckoi Teopuu. OOMaHUMBasg MOHATHOCTb U SICHOCTh
(bu3nyeckoil kKapTHUHbI MUpa. Tpu OTKIOHEHHUS OT KJIACCUYECKUX 3aKOHOB B (PU3HKE
Hayaza 20 Beka.

llonamue abconomno uepnoco mena. TpyaHOCTH B  OOBSCHEHUH
KOHEYHOCTH Temmeparypbl HarpeBa Ttenl. [loaxoawl Penesi, JIxunca, Credana
bonbumana u  gapyrux (U3MKOB, HE BO3MOXXHOCTh OOBSICHUTH HW3Iy4eHUE
aOCOJIIOTHO YEpHOTO Teja C TOYKH 3pEHHUsl KIACCUYECKHX 3akoHOB. Jloraaka
[Tnanka v mepBbIid ycriex B KBAHTOBBIX MPEICTABICHUIX MUKPODU3UKY.

@omoanekmpuveckuii 2¢pgpexm. OTIUUUSA KIACCUUECKUX W KBAHTOBBIX
3aKOHOB (pU3UKH. HempuMeHNMOCTb 3JIEKTPOIMHAMUYECKUX 3aKOHOB MakcBesia K

KBAaHTOBBIM SIBJICHHSIM ¥ MHUKPOOOBEKTaM. YpaBHEHHE OUWHINTEHHA s
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dbotoaddexra, 0ObsicHeHHE 0COOCHHOCTEW BHemHero (ororddexra, TPOpPHIB B
IMOHMMAaHWM KBAaHTOBBIX 3aKOHOB MUpA.

Cmabunvhocms u pazmepvl amoma. lIpoTuBopeune, 3al0KEHHOE B
AJEKTpOoAMHAMKUKE MakcBesia [ KJIACCUYECKUX M KBAHTOBBIX ABJICHUM. Bpems
)KU3HH ATOMHBIX CHUCTEM M TAJICHUE JJICKTpOHA Ha saApo aroma. [losBiieHue BO
BCEX TpeX CIIydyasx HOBOH IJI00aIbLHOMN
DOU3UYECKOM KOHCTAHTHI, IMOCTOAHHOM IlnaHka, ee yHHUBEpPCAJIbHOCTH B
pa3rpaHUYCHUM KJIACCUUYECKUX M KBAaHTOBBIX MPOIECCOB.

3. Mojenu cTpoeHHUS aToMa.

[IpumeHsieMble B aTOMHOM, KBAaHTOBOM M sepHON (PU3MKE OCHOBHBIC
KOHCTaHTbl. ATOMHUCTUYECKHE TMPEACTaBICHUS JPEBHUX Yy4yeHbIX. J[IpeBHUE
aTOMUCTUYECKUE «HAWBHBIC» aTOMbl. OTJIMYKME aTOMOB JPEBHEIPEUECKUX
¢unocooB OT COBPEMEHHBIX MPEACTABICHUH 00 00BEKTaX MHKPOMHUPA.
[IpyHIMOMaNbHAS HEBO3MOXHOCTh TIPEACTABICHUS COBPEMEHHBIX aTOMOB B
rpeueckoit punocoduu. ['eHnanpHas gorajka aTOMUCTOB.

Amomwvr Tomncona u Pezepgopoa. IlepBbie TNONBITKM MOACITUPOBAHUS
aTOMHBIX cucteM. OmuOKu W TpyaHOCTH B Mozenu Tomrcona. IlombiTku
OOBSACHUTH MPOTUBOPEUUA MOJEIN MynuHra. JInHeivyaTble CreKTpbl U3JIyYeHUS U
MOTJIOIIEHHUsS aTOMOB. DKcnepuMeHThl Pesepdopaa um mocTtpoeHue miaHeTapHOR
Mozenu aroma. TpynHOCTH B OOBSICHEHHH TNIAHETAPHOW MOJIEIIH aToMa.

Keanmoswvie nocmynamer bopa. Jloranka bopa u BBeJeHHE UM TMOCTYJIATOB,
PE3KO OTIMYAIONIUXCSI OT MPUHIUMIIOB Kiiaccuueckon ¢usuku. [lepBoiii 1 BTOpo
noctyynarel bopa. Bo3HuUKHOBeHHME HOBOW (M3UYECKOW W MaTeMaTH4YECKOU
KapTUHBI MUKPOMHUPA.

Mooenv cmosiuux 6onn. CBSI3b B MOJICIMPOBAHUU MEXIYy aTOMHBIMH
cUCTEMaMU M KoJyieOaHUsIMU CTpyHbI. CTOsluMe BOJIHBI, KaK MOJENb KOJeOaHMit
AJIEKTPOHOB B ATOMHBIX CHUCTEMax. BIusHHE KpaeBbIX YCJIOBUN Ha KBAHTOBbBIC
MOJIEJIN.

Vposenu smnepeuu amoma eooopooa. llepsbie ycnexu Hwunbca bopa B

00BsICHEHUH O0COOCHHOCTEN IHEPTreTUYECKUX YPOBHEW B aToMe Bojopoja. Pacuer
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HPHEPreTUYECKUX YPOBHEH U pa3mMepoB aToMa Boaopoa. [lonoBMHYATOCTH MOIEH
aToma BoJiopoza no bopy u ee HegocTaTku.

Onvim ®panxka u l'epya. llepBoe SKCHEPUMEHTAIBHOE MOJTBEPKICHHUE
KBAaHTOBAaHHOCTH  JHEPreTUYECKUX  YpPOBHEW, TMEpBOE  IAKCIEPUMEHTAILHOE
JIOKA3aTEIbCTBO  CIIPABEJIMBOCTH  KBAaHTOBBIX  mpexacraBieHud. llepexon
KBaHTOBOW (DM3HKM M3 00JaCTH TEOPETUYECKOW aOCTpakiMU B MPAKTUUYECKYIO
00J1aCTh.

Ippexm Komnmona. Jlpyrue dKCIEPUMEHTATBHBIC TOATBEPIKICHUS
KBaHTOBBIX TIpEJICTaBleHUd B aroMe. HoBble d3KcnepuMeHTa U 00JaCTH
MOATBEPKIEHUS KBAHTOBBIX 3aKOHOB MUKPOMHUPA.

Paszoen Ne 2.

nemenmovl K6AHMOBOIL MEXAHUKLU.

4.  [Hudpaxuus saekTpoHoB. Ctpoenue aroma. [IpuHnunuanmbHas
HEYCTOMYMBOCTh  CTAaTUCTUYECKOW  CHUCTEMBI  JJIEKTPUYECKUX  3apAJIOB.
HeobxoaumocTh ABMKEHUS B MOJENIM aTOMa U €€ MPUHIMIHAIIbHBIE TPYIHOCTH.
[IpuHuunuanbHoe OTIMYKME (U3UYECKUX 3aKOHOB KBAaHTOBBIX SIBJICHUW OT
KJIACCUYECKOHN (DU3UKH.

Bonuer 0e bpounsa. JIBoWcTBeHHass MNpUpoaa BCEX SBJICHUNH B MHDE.
[Ipennoxenune ae bpoiist U €ro NPUHUKMIBI NPEACTABICHUS 3aPSIKEHHBIX YaCTHII.
Pacnipoctpanenue npeayioxenus ae bpoiins Ha Bce Makpo o0bekThl Mupa. [Ipumep
pacueta BOJIHBI J¢ bpoiiyis myis Makpo yacTuilbl (IMOKa3aTh MOYEMY BOJHOBAS
MPUPO/Ia HE MPOSBIISIETCS B YCIOBUAX MAKPO TEJL.

Bonnosas  ¢@yukyus, dusznueckue u  MaTeMAaTUYECKUE Ppa3IUdusl B
KJIACCUYECKUX M KBAHTOBBIX MpenacTaBieHusx OTinune 3aKoHOB (U3UKH U
MaTeMaTUKH JIJI1 KBAHTOBBIX CUCTEM OT KJIACCUYECKOIO aHAJIOra.

Coommuoutenue HeonpeoeneHHocmell W €ro NPUHUUIUAIBHOE OTINYHUE OT
CUCTEMBI TIOTPENTHOCTEH M OMHMOOK B OMPEACICHUH MapaMeTpoB (U3MYECKUX
cucreM. lIpencraBieHre COOTHOLIECHHS HEOIPENEICHHOCTEW KakK IMPOU3BEICHUE
MMIYJIbCA U CKOPOCTH YacCTHUIbl. BBIBOJI COOTHOIIEHUS HEOMPEACIEHHOCTH JIA

OHCPIUu U BpCMCHHU B3aHMOﬂeﬁCTBHﬂ CHCTEM TCII.
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5.  Paccesnwe o-yactui. OmbiTel ¢ 30510TON onbroi Pesepdopna.

JIBMKeHuEe M OTKJIOHEHUE «-4acTull BONM3M siapa aroma. BzaumoneicTsue
qacTuIl. TpaeKTopus NIBWKCHHS TSKEIBIX 3apPSHKEHHBIX YaCTUM. O-YaCTHIIHI,
HEUTPOHBI ¥ MPOTOHBI B aToMe. [IoHATHE HYKIIOHOB.

DNieKmpon 8Hympu amoma, KeaHmoswslil ciyyau. IIEKTPOH CHAPYKH aToMa,
MPaKTUYECKOE OTIUYHME CIEKTPOB aroMa OT KIACCHYECKUX MPECTaBICHUN.
O6napyxeHue aupakiud SJIEKTPOHOB, BOJHOBBIE CBOWCTBA JJIEKTPOHA.
[IpencraBiieHue 3JIEKTpOHA B BUJIE OECKOHEYHOUW BOJIHBL. OOJacTh JOKalU3aluu
anekTpoHa. KpyroBoil BUTOK TOKa B KadecTBe MOJEIH. BonHogou nakem.
[TombITKa COBMECTUTh OECKOHEUHYIO JIOKAJIM3AIMIO BJIEKTPOHA CO 3pPaBbIM
cMbIciioM. HeBO3MOKHOCTH OOONTH COOTHOIIICHUE HEOTIPEICTICHHOCTEH.

6. IIpumepsl IPUMCHCHUS BOJIHOBOM byHKITUH. DJIEKTPOH

OTPAaHWYCHHBIM BHEIIHUMU YCJIOBHUSIMH. bappepHble 3a1aun. DIEKTPOH B SIIUKE C
OECKOHEYHBIMU CTEHKaMM U B SIIMKE C KOHEYHOH BBICOTOM CTEHOK.
[ToreHuunanbHas siMa napabonuyeckoil (opMbl U OCTaTOYHAs SHEPTUs JIEKTPOHA
Ha HYJIEBOM ypOBHE. Mo1€JIb TapMOHUYECKOTO OCHUILIATOPA.

Ilomenyuanvhoiii 6apvep. Tynnenvusiil 3¢pgpexm. OTINUNE MAaTEMATHIESCKUX
OPUMEPOB JBMXKEHHMS 4YacTUL B 00JacTM MNOTEHIMAIbHBIX 0OapbepoB OT
KJIACCUYECKOIO  Ciy4as. BeposTHOCTp  NPOHMKHOBEHMS  JJIEKTPOHAa  3a
NOTEHLUAIbHBIN Oaphep B KBAHTOBOM Cllydae, IpUMEPhI IPOHULIAEMOCTH Oapbepa.

Cmpocoe pewenue ypasnenus Lllpeduneepa. BeIBOJ CTallMOHAPHOTO CiIydas
ypaBHeHus lllpeaunrepa (mpumepbl OTAMUYUs OT OOIIEro ciay4as U (puU3HUECKue

UMHTEpHpeTauun). 3aJaHie Ha4aJIbHbIX U TPAHUYHBIX YCIOBUH ISl BO3MOXKHOCTH

perieHusl.
Paszoen No 3.
Coepemennan mooenv amoma.
7.  Artom Bomopona. BomopononomoOHbie atoM. CHeKTpalbHBIC CEpHUH

(mpumepsl cepui Jlalimana, banemepa u T. a.) Ilpusnaku cepun. IlosspHbie
KoopauHaTel. [loHsATHE BOAOPOAONMOMOOHBIX AaTOMOB, OTJIMYME HUX OT aroma

Bogoponaa. OOmuit npuHIMN pemieHus ypaBHeHus Llpenunrepa mis Takoro tuma
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cucteM. Mcnonb3oBaHue OJHON MOJenu pelieHus: uisi OOJBIIOro Kiacca 3ajad.
BoO3HMKHOBEHHE KBAaHTOBAHHOCTM BHYTPUM aromMa U CIUIOUIHBIX CIIEKTPOB
W3JIy4YCHUSI CHAPYKH.

& CHCKTDBI MCJIOYHBIX MCTAJIJIOB. HOI[O6I/I€ CIICKTPpa H3JIYUCHUSA U

MOTJIONIECHUS HIETOYHBIX METaJIJIOB BOJIOPOIOTIOA00HBIM CIIEKTpam.
[IpencraBienne OONBIIOTO HEHTPAIBHOIO KOHIJIOMEpAaTa YacTHI] B BUJIE €UHOTO
1eHTpa (mogo0HOTO SPY).

Cnun s1exkmpona. OCHOBHBIE XapaKTEPUCTUKU JIEKTPOHHBIX 000JI0UYEK, TPU
KBaHTOBBIX  YMCJIa, YNPABIAIONIME SHEPreTHUECKUMHU  YPOBHSMU  aToMa.
OpranuyeHusi, HaKJIabIBa€MbIC Ha KBAHTOBBIE YHMCIIA U UX CBSI3b MEXKIY COOO.

H3zomonuyeckuii cosue. TloHsiTHE W30TONOB aToma BOJOpoja. OCHOBHBIC
pa3nuuus B CTpOeHUM u30TOonoB. llpuBeneHHass macca sAnpa W MOJEIb C
O0eckoHeuHOM Maccoil snpa. [IpakTuyeckue OTIMYMS CIIEKTPOB HM30TOIOB aToma
Bojopoja. OtinuuMe MoJeNied ¢ pa3HOM MPUBEACHHOM MaccoW, COBHAJCHUE
TEOPETUYECKUX MOJIETIEN U PEATbHBIX CIIEKTPOB.

& ATOM BO BHCIIHEM MarHMTHOM I10Jie. MarHUTHOE KBAHTOBOE YHCJIO U

€ro BJIMSIHUE HA SHEPIUIO 3JIEKTPOHA B aTOME.

Hopmanvuoiti u anomanvhviti o¢pgpexm 3eemana. PacuiernyieHue ypoBHEH
PHEPrUM B CJIy4yae HAJOXKEHHUS MArHUTHOrO TIOJ HAa aToM BOAOPOJA.
OOnHapyxeHue 3eeMaHOM pacIICIUICHUs JUHUH U TEOPETHUYECKOE OOBSICHEHHE
s dexkra.

Ilonnwii momenm umnynvca amoma. IKCIEPUMEHTAIBHOE MOATBEPKIACHUE
KBAHTOBAHMS CIIEKTPOB aTOMOB BOAOPOa B CUIILHBIX MAarHUTHBIX MOJISX.

Oneim  llmepna-I'eparaxa. Cnun  s1ekmpoHa.  IKCIEPUMEHTAITBHOE
MOATBEPKICHUE HATUYUS COOCTBEHHOTO MEXAaHWYECKOTO MOMEHTA JJIEKTpOHA —
CIIMHA.

10.MHOro 31eKTPOHHBIE ATOMBI.

llpasuna keaumosanus. Ilpuauun Ilaynu. B kBaHTOBOM cuCTEME HE MOTYT
CYIIIECTBOBATh JJICKTPOHBI, y KOTOPBHIX OBLIM OBl OJWHAKOBBIMH BCE YETHIPE

KBAaHTOBBbIX 4YHCJIA.
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3anonnenue yposHeii obonouex snekmporamu. llepumonuueckasi cucrema
anemenToB JI. WM. MenaeneeBa. DneKTpoHHbIE 000704YKkM (TJIABHOE KBAHTOBOE
YUCJII0), MOJ000J0UKH, TOPSIAOK 3aMOJTHEHUSI JIEKTPOHAMU TTOA000TI0YEK.

Ecmecmeennass  wupuna  cnekmpanvHulx  aunuti.  COOTHOUIEHUE
HEOMpPEACICHHOCTEN U BpeMsl )KM3HU BO30YK/ICHHBIX aTOMOB.

Jlazep. Penmeenosckue cnekmpul. CrekTpanbHblil aHanu3. CIIOHTaHHOE U
WHIYIIMPOBAHHOE M3Iy4yeHUe. VMHBepcHas HACENEHHOCTh YpoBHEH. OnThuecKuii
KBaHTOBbIH TeHepatop. Cucrema Hakauku Jazepa. [IpumeHenue naszepa.

PaznuuHbie THUIIBI JIa3CpPOB.

2.3. MeTonnquKne PEKOMEHIANUMA 110 OCBOCHNIO TUCHMUITJIMHBI

«KBanToBast pusuka» 1t 00y4aouuxcs 00pa3oBaTe/IbHOM POrPaMMbl

Hamnpasnenue nonrorosku 44.03.01 [lenaroruyeckoe oOpa3zoBanue (C AByMsI
npouIIIMH MOATOTOBKH ), HAIIPABICHHOCTH (TTpoduiib) 0OpazoBaTenbHOM
nporpammbl Ousmnka
1o o4Hoi opme o0yueHust

Pabora ¢ TeopeTHYeCKUM MAaTEPUAJIOM

OCHOBHBIMM BHUJAMU YYEOHOW JIE€ATETBHOCTH TPU HU3YYCHUH JaHHOU
JUCUUIUIMHBL  SIBISIIOTCA: JIEKUMHW, IPAKTUYECKHE 3aHATHS, CAMOCTOATENbHAs
paboTa CTyJIeHTa.

Jlexuuu SIBASIIOTCS OJHUM M3 OCHOBHBIX BHMJIOB YYEOHOW NE€ATEIBLHOCTH B
By3€, Ha KOTOPBIX IPENOJABATENIEM H3JIAraeTcs COAEPKAHUE TEOPETHYECKOrO
Kypca IUCUMIUIMHBL. PekoMeHayeTcs KOHCTIEKTUPOBATh MaTeprall JIEKIUH.

Ha naGopaTopHbIX 3aHATHSIX MPOUCXOAUT 3aAKPEIJICHHE HW3YYEHHOTO
TEOPETHYECKOr0  Marepuana,  M3y4eHUE  PACUIMPEHHBIX  MPAKTHYECKHX
pPEeKOMEHJIalMii K BBINOJHEHUIO JabopaTopHbIX paboT u  (GOpMHpPOBAaHUE
po(hecCHOHANBHBIX YMEHUN U HABBIKOB.

[Tocenienune CTyieHTaMH JICKIIMOHHBIX U JIAOOPATOPHBIX 3aHITHI SIBIIAETCS

00s3aTeIbHBIM.
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C comepxaHueM JIEKIMOHHBIX W MPAKTUYECKHX 3aHATUA  MOYKHO
MO3HAKOMUTHCS B Paboueii npoepamme OUCyunIuHbsl, a ¢ TPyJA0EMKOCTbIO Kax 01
TEMbl W TNPAKTHYECKOTO 3aHATUS — B ITexnonocuyeckou Kapme 00yYeHUs
oucyuniune.

BueaynuTopHas caMmocTosiTenbHas padoTa CTyJEHTa HalpaBjieHa Ha
CaMOCTOSITEJIbHOE ~ HM3YYEHUE PEKOMEHJOBAHHOW JMUTEPATyphbl, MOJATOTOBKY
JOKJIa/0B, pedeparoB, pemieHHWe 3anad s CaMOCTOSITENIbHOM — paloThl,
COJIepKaIUXCS B JOKYMEHTE 3adauu 0isi CAMoCmosmenbHO20 PeueHusl.

Cnucok OCHOBHOM M JONIOJIHUTEIBHOUN JIUTEPATYpPbl, PEKOMEHIOBAHHOMN NIJIs
CaMOCTOATENILHOTO  HM3yY€HHs 10  JUCUUIUIMHE, TnpuBeaeH B  Kapme
JIUMepamypHo20 obecneyeruss OUCYUNTIUHDI.

TeMbl TEOPETHYECKOrO0 Kypca, BBIHECEHHBIE JUII CaMOCTOSITEIBLHOIO
U3Y4YeHUs, U KOTOpPbIE MOTYT HCIOJIb30BaThCA [JIsl TOJATOTOBKM JOKJIAJIOB,
npuBeAeHBI B [lepeune 6onpocos 051 camocmosamenvbHou pabomsl U NOO20MOBKU
00K1A008.

[IpumepHbie TeMBbl JUIsl HanmucaHus pedepaToB NMPUBENEHBI B [lpumephoti
memamuke pegepamos. PedepaT MOXKeT ObITh MpPEJICTaBICH MpenojaBaTeN0 Ha
MIPOBEPKY B 3JIEKTPOHHOM BH/IE.

OOpazoBaTenbHbIN MPOIECC MO AUCLUILUIMHE OPraHU30BaH B COOTBETCTBUHU C
MOJYJIbHO-PEUTUHIOBOM  CUCTEMOW IOATOTOBKM CTYACHTOB, IIPUHATOM B
yHuBepcurerel.

MonynbsHo-peiTunroBast cuctemoit (MPC) — cucrema opraHuzanuu
npolecca OCBOEHHUS JHMCLUMIUIMH, OCHOBAHHAas HAa MOIYJbHOM TIIOCTPOCHHUH
yueOHoro mpotecca. [Ipu 3ToM ocyliecTBiISeTcsl CTPYKTYpUPOBAHUE COACPKAHUS
KOKI0M y4eOHOW NUCHIUIUIMHBI Ha AWCIUIUIMHAPHBIE MOAYJU (pa3lenbl) |
MPOBOJUTCSL PEryJisipHAsi OLIEHKa 3HAaHUM W YMEHHMH CTYJIEHTOB C IOMOILBIO
KOHTPOJISI PE3yJAbTATOB OOY4YEHHUS TO KaXIAOMY IUCIUILUTMHAPHOMY MOJYIIO
(pa3geny) U JUCUUILIUHE B LEJIOM.

JlaHHasi NUCLMIUIMHA COCTOMT M3 YEThIPEX AUCHMIUIMHAPHBIX MOJyJIen

(pa3menoB): Tpex 6a30BBIX U OJTHOT'O UTOTOBOTO.
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bazoBslit Moyb (pa3jien) — 3TO 4acTh y4eOHOM AMCIMIUIMHEI, COepkKaIas
pAI  OCHOBHBIX TeM WIM pa3fenoB aucuumuiael. CojepikaHue JaHHOU
JTUCITUTIIMHBL pa30uTo Ha 3 0a30BBIX MoAyss (pasmena): « DynoamenmanibHble U
genomenonocuueckue meopuu. Mooenb amoma 6000pooda no 6opy», «InemeHmol
keanmosou mexanuxkuy N «Coepemennas mooenv amomay. C coaepKaHueM
y4eOHOro Marepuaia, u3y4aeMoro B KoM 0a30BoM Mojylie (pas3zielne), MOKHO
MO3HAKOMUTHCSI B Paboueii npocpamme oucyuniunvl U TexHonozcuyeckol xapme
00yYeHUs: OUCYUNTIUHE.

HToroBbiit MOy (pa3fien) — 3TO YacTh Y4€OHOU AMCIUILIMHBI, OTBOAUMAS
Ha aTTECTAITUIO B IIEJIOM 10 JUCITUTLIHHE.

Pe3ynbTaThl BceX BUAOB YUEOHOW MEATETBLHOCTH CTYICHTOB OIICHHUBAIOTCS
peditunroBeiMu  Oayuiamu. Dopmbl Tekyield padOThl M PEUTUHT-KOHTPOJISA B
KOKJIOM JUCHMIUIMHAPHOM Moayjie (pas3aene), KOJIMYEeCTBO OaJsIoB Kak 0
JUCIUTUIMHE B LIEJIOM, TaK U MO OTAENbHBIM (hopMaM pabOThl U pEUTUHT-KOHTPOJIS
yKa3zaHbl B exHonocuueckou kapme petmunea OUCyuniuHvl. B Kaxaom mojyie
(pa3gene) ompeneneHo0 MHUHUMAJbHOE W MaKCHUMalbHOE KOJUYECTBO OalljioB.
CymMMa MakCHMAaJIbHBIX OajsioB Mo BceM monyisiMm (pasaenam) pasusiercs 100%-
HOMY YCBOEHHIO Marepuaja. MHUHUMaIbHOE KOJWYECTBO OalJIOB B KaKIOM
MonyJie (pasaene) siBasieTcsl 00s3aTebHBIM U HE MOXKET ObITh 3aMEHEHO HabopoM
OaIoB B APYrMX MOAYJSAX (pasnenax), 3a HCKIIOYEHHUEM CHUTYyallMH, Koraa
MUHUMAJIbHOE KOJMYECTBO OayloB MO MOAYJ0 (pa3feny) OMNpPEAesieHO Kak
HyneBoe. B arom ciywae monynb (pasnmen) sBISETCS HeoOs3aTeNbHBIM IS
U3y4eHUs: U o0lIee KOJUYECTBO OANIOB MOXKET OBbITh HAOpaHO 3a CYET APYTHX
Moayiei (pasaenos). JMCIMIUIMHAPHBIA MOAYJIb (pa3ie) CYUTACTCS N3yUYCHHBIM,
€CJIM CTYZICHT HaOpaJl KOJUYECTBO 0aUIOB B paMKaX yCTaHOBIICHHOTO JHaNa3oHa.
Jlnst mosydeHusi OLIEHKU «3auyTeHO» HeoOXoauMo HaOpaTh He MeHee 60 0asuios,
MPETYCMOTPEHHBIX IO AWCIUIUIMHE (TIPH YCJIOBHHM Ha0Opa BceX OOs3aTEIBHBIX
MUHUMAJIbHBIX 0aJIOB TI0 KaXJAOMY JUCIUIUIMHAPHOMY MOYJIO (pa3aeny)).

PedTUHT 1O AMCHMIUIMHE — 3TO WHTETPAIbHAS OLEHKA PE3YJbTAaTOB BCEX

BHU 0B y‘-IC6H0ﬁ ACATCIIbHOCTU CTYACHTA IO AUCHUITIIINHC, BKJIIOLIaIOHIeﬁi
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- PEUTHHT-KOHTPOJIb TEKYIIEeH pabOThI;

- IPOMEKYTOUYHBIN PEUTHHT-KOHTPOJIb;

- UTOTOBBIN PEUTUHI-KOHTPOJIb.

PelTUHT-KOHTPOJIb TeKylled paOOThl BBHIMOJIHAETCS B XOJI€ ayJIUTOPHBIX
3aHATUN TO TeKyllemy 0a30BOMY MOIyJI0 (pasfeny) B cieAyromux (opmax:
3alllMTa PelIeHU 3a1ad, HamucaHue pedeparoB, BHICTYIUICHUE C JOKJIaJaMHu IO
T€MaM, U3y4a€MbIM CAMOCTOSATENBHO.

[IpoMeXyTOUHBI PEUTUHT-KOHTPOJIb — 3TO MPOBEPKA MOJHOTHI 3HAHUM I10
OCBOCHHOMY MaTrepuaily TeKyiiero 6a3oBoro Moayis (pasaena). OH mpoBOIUTCS B
KOHIIE M3YyYCHHSI KaXXJI0ro 0azoBoro Moayis (paszzaena) B (opMe KOHTPOJBHBIX
3alaHui 0€3 MpephIBaHUs Y4EeOHOTO MpoIlecca Mo APYrUM JUCHUTUIMHAM.

NTOroBeIii pEUTHHI-KOHTPOJIb SIBJSIETCA ITPOMEKYTOYHOW aTTECTALUEUN I10
JUCLIUIUIMHE, KOTOpas MPOBOAUTCS B paMKaX HTOrOBOro Moayis (paszzgena) B
dbopme 3adera B KOHIIE cEMeCTpa 0 Hauyaja ceccud. JIJisi MOATOTOBKU K 3a4eTy
UCIIONB3YUTE Bonpocwl k 3auemy. 3a4€T MOKET IPOBOJIUTHCS B BUJIE TECTA.

[IpenogaBaresib UMEET MPABO MO CBOEMY YCMOTPEHUIO JOOABISATH CTYICHTY
OTIPENICICHHOE KOJIMYECTBO OaitoB (HO He Ooisiee 5 % oT 00IIero KoJm4uecTna), B
KaXJIOM JTUCHUIUTMHAPHOM MoJyJIe (pa3zene):

- 32 aKTUBHOCTb Ha 3aHATHSIX;

- 32 BBICTYIUJICHHUE C JIOKJIQJIOM Ha HAy9HOU KOH(epeHInu;

- 32 HAy4YHYIO MTyOJIMKAIIHIO;

- 32 UHBIC YYE€OHbIC WM HAYYHBIC TOCTHKCHHUS.

CryneHt, He HaOpaBIIUM MUHUMAJIBHOTO KOJIMUECTBA 0AJJIOB MO TEKYIICH U
MPOMEXKYTOUHON aTTeCTallMsAM B Mpejesiax MepBoro 0a3oBOro mMoayis (pasiena),
JIOTyCKaeTCsl K W3Y4YEHHUIO0 CcleAayromero 6a3oBoro wmonayns (pasmena). Emy
MPEOCTABISACTCS BO3MOXKHOCTh J000pa 0a/yioB B TEUEHUE JABYX MOCIEIYIOIIUX
HEeJIeNb (CIeAYIOMNX 3a MPOMEKYTOUHBIM PEUTHHT-KOHTPOJEM) Ha JIMKBUAAIUIO
3aJ0JDKEHHOCTEH.

CryneHtaMm, KOTOpbIE HE CMOTJIM HaOpaTh MPOMEXKYTOUYHBIM PEHUTHUHT WIIU

peﬁTHHF 0 AUCHUIIIIMHE B O6IHGYCTaHOBJ'IeHHBIC CPOKH IIO 0O0JIC3HN WM MO
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OPYTMM  YBQXKUTENbHBIM  INPUYMHAM  (JOKYMEHTaJbHO  MOATBEPKICHHBIM
COOTBETCTBYIOLLIUM  YUPEXKACHHUEM), JTUPEKTOp  (3aMECTUTENb  JAUPEKTOPA)
WHCTUTYTA YCTAHABIMBAET UHAUBUYAIbHBIE CPOKH ClIaYH.

Ecnm mocie 3Toro cpoka 3aJ0/DKEHHOCTh IO HEYBAKUTEIbHBIM ITPUYMHAM
COXpaHsieTCs, TO Ha3HA4YaeTcd KOMHCCHS IO MpUEMY  aKaJEeMUYECKUX
3aJJOJDKEHHOCTEH C 00s3aTelbHBIM Yy4YacTHEM 3aBEYIOIIEro Kadeapol u
JUPEKTOpa HMHCTUTYTa WIM €ro 3amecturensd. [lo pemeHuro KoMuccun
HEYCHEBAKIINE  CTYJEHTbl IO  MPEACTAaBICHUIO  JUPEKTOpa  HMHCTHUTYTa
OTYMCIIAIOTCS NIPUKA30M PEKTOpa U3 YHHUBEPCUTETA 34 HEBBIOJHEHHE Y4eOHOTro
rpaduka.

B 0co0bIX ciayyasix JUPEKTOp MHCTUTYTa MMEET MPABO YCTAHOBUTH IPYIrHe
CPOKM JIMKBUAALMH CTYJAECHTAMU aKaJIEMUYECKHX 33]I0JKEHHOCTEM.

HesBka cTyneHTa Ha WTOTOBBIM WIHM IPOMEXYTOUHBIA PEUTHHI-KOHTPOJIb
OTMEYAETCS B PEUTHHT-JIMCTE 3aIMChI0 «HE SABUJICS». ECIM HesBKa MpoM301UIa 110
YBO)KUTEIbHOW NMpHUUYUHE (TOATBEPXKACHA JOKYMEHTAIbHO), TUPEKTOP MHCTUTYTA
UMEET MPaBO PA3PELINTh MPOXOKIACHUE PEUTUHI-KOHTPOJS B Apyrue cpoku. Ilpu
HEYBOXXUTEJIBHOW TPUYMHE HESIBKM B CTATHCTHYECKMX JaHHBIX JAUPEKLIUHU
npocrtasigercss «0» 0amioB, U CTYJEHT CUMTAETCS 3aJ0JDKHUKOM IO JIaHHOMN
JTUCLUTUINHE.

Hanucanue pegpepama

Pedepar HeoOxoauMo caaTh IpenoJaBaTesto B HaneyaTaHHoOM Buae. O0beM
pedepara He Oosiee 7 CTpaHHI] MAIIMHOMUCHOTO TEKCTa BKIJIIOYAs THUTYJIbHBIN
JIUCT, COICPKAHUE U CIIUCOK JInTepaTyphl. TekcToBbIi Matepuan opopmisiercs 14
mpudTom yepe3 1,5 uHTEepBall, KpacHas crpoka 1,25, uHTepBan Mexy ad3anamu
«0», otcTym: cneBa 3; crpaBa 2, BRIpABHUBAHUE TEKCTa MO IIHPHHE CTPAHUIIBI.
CTpyKTYpHBIMU DJIEMEHTAMHU SIBJISIOTCSL:

- TUTynbHBIN JIUCT
- CopepxaHue
- BBenenue

- OcHOBHAas 4acCTh
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- 3aKJIuYeHue u BBIBOJbI

- bubmmorpaduueckuit criucok (He MeHee 7 UCTOYHUKOB)

HNPUMEPHBIE TEMbI PEOEPATOB

Paznen 1. @®ynpamenTaibHble H peHOMeHoIoruYecKkre Teopun. Mojaesb atomMa

Bojopoaa no bopy.

. I/ICHyCKaHI/Ie H IIOTJIOIICHHUEC CBCTA. TernoBoe H3JIYUYCHHUC.

. PaBHOBeECHOE N3JIYUYCHHUC. CDOpMy.TIa [Inanka u ee CIICACTBU:L.

. YapTpaduoneroBas karactpoda.

. 3aKOHBI TEIMJIOBOTO U3JIYYEHUS.

. [Impometpsl. TernoBble HCTOYHUKY CBETA.

. YpaBHenue DiiHmTeitHa. Buemnuii ¢potodPpdexr.

. lllapossle ciiou B Mmogenu ToMcoHa.

Paszgea 2. DjeMeHTHI KBAHTOBOW MEeXaHUKH.

1
2
3
4
5
6

. Paccesnmne o-gactwui.

. TyHEIbHBI MUKPOCKOTI.

. DNEKTPOHHBIN MUKPOCKOTI.

. BonopononogoOHbie aTOMBI.
. I30TONMMYEeCKU C/IBUT.

. Ctporoe pemienne ypaBHenus llpenunrepa.

Paznen 3. CoBpemeHHast MoJiesib aTOMA.

© 00 N O O B~ W N P

. AHomanbHbIH 3P dekT 3eemana.

. EcTecTBeHHas mMprHA CIEKTPAJIbHBIX JIMHUM.

. PEHTreHOBCKME CIIEKTPHI.

. JIazep. Tunsl nazepos.

. BotHOBO€E ypaBHeHue. Pa3nenenune nepeMeHHbIX.
. MonekynspHbIe CIIEKTPBI.

. Macc-cniektporpad u ceaekTop CKOpPOCTEH.

. SlnepHbIe CIIEKTPHL.

. MeToapl peructpanuyu HOHU3UPYIOLIUX U3ITYyUYCHUH.

10. Snepnas sHepretuka. TepMOsiAEpHBINA CUHTES.
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3. KOMIIOHEHTBI MOHUTOPUHI' A YYEBHBIX TOCTUXKEHUM

CTYJAEHTOB

3.1. TexHogornueckasi KapTa peﬁTnHra ANCIHUIIJINHBI «KBaHnTOBasi

4. HaumeHoBaHue
IUCLUTUINHBI

Ppuzuka»

HanpagieHnue moAroToBKy 1 ypoBeHb 00pa30BaHuUs
(bakamaBpuar, MarucTpaTypa, aCupaHTypa)
HaszBanue nporpammesl / mpodust

KomnnuectBo
3a4ETHBIX
€ IVHHUILL

KBanToBas ¢usnka

bakanaspuar, 44.03.01 ITegaroruueckoe obpaszoBanue /Pusnka

CMeXHBIE JUCHUITIIMHBI I10 y‘IC6HOMy IUIaHY

[TpemmectBytomue: Maremaruka, Mudopmaruka, Mexanuka, DnekrpoauHamuka, OnrTuka

[Tocnenyromue: MonekynspHas ¢usuka, OCHOBbI TeopeTHueckod (usmku (uszuka TBEpPAOTro
Tena, (PU3MKa siIpa U 3JIEMEHTAPHBIX YaCTHUI])

Texymas pabora

®dopma paboThI Komnunuectso 6amnos

min

[Tocemaemocts 3austuit (1 3ansTue — 1 6

6amn)

CaMocTosTeTbHOE pCUICHUC 3a1a4

KonTponbnas pabota

[IpomexxyTouHBII

PEUTHHT-KOHTPOJIb

3amuTa naboparopueix pador (1
pabora - 4 Gamna)

Hroro

BA30BBIN PA3JIE Ne 2
«Onemenmol KEAHMOBOU MEXAHUKUY

®opma paboThl KonuvecTtBo 6amios

min

Texymas pabora

[Tocemaemocts 3ansTuii (1 3ansTie — 1 5

Oamn)

CaMocTOSTEIIbHOS pPCHICHUC 3a/1a4

KonTponbnas pabota

IIpomexyTOUHBII

PEUTHHT-KOHTPOJIb

3amuTa naboparopueix pador (1

pabota -4 Gana)

Hroro
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BA3OBBIN PA3JIEJT Ne 3
«COGpeMeHHa}Z MO()eJZb amomar»

dopma paboTh KonunuectBo 6amoB

min

Texymas pabota [Tocemaemocts 3ansaTuii (1 3ausTHe — 1 8
Oasmn)

CaMocTOoSTeITEHOE pCEUICHUE 3a1a4

KonTponbnas pabota

[TpomesxyTouHBII 3amura nabopatopuseix pador (1

PEUTHHT-KOHTPOJL | pabora -4 6asia)

Hroro

Conepxanue ®dopma paboThI KonuuecTBo 6amios

min max
DK3aMeH 0 20
Hroro 0 20

O011ee KOIIMYECTBO 0AJUIOB IO JUCHUAIINHE

60

CooTBeTcTBHE PEHTHHIOBBIX 02JUIOB U aKa/IeMUYeCKOM OlleHKHU:
50 6ayIoB — JOMYCK K DK3aMEHy

60—72 — ynoBIeTBOpUTEIHHO

73-86 — xoporio

87-100 — oTninyHO
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3.2. @OH/ OLIEHOYHBIX CPEACTB (KOHTPOJIbHO-U3MEPHUTEIbHbIE MATEPHUAJIbI)

MHUHUCTEPCTBO HAYKHN U BBICHIEI'O OBPA30OBAHUSA P®
(denepanbHOE TOCYAAPCTBEHHOE OIOPKETHOE 00pa30BaTEILHOE YUPEIKICHHIE
BBICIIIETO 00pa30oBaHMS
Kpacnosipckuii rocyiapcTBEHHBIN MeJarOTHYECKUNA YHUBEPCUTET
M. B.I1. AcradreBa

WNuctutyt Mmarematuku, Gusnku, THPOPMATUKU

Kadenpa-pazpadotunk kadenpa Gu3ukyd 1 METOAUKH 00y4ICeHUS (HU3HKE

YTBEPXIEHO OAOBPEHO
Ha 3aceaHuu Kadeapsl Ha 3acelaHUH Hay4YHO-METOJANYECKOT0 COBETa
IIpotokon Ne 8 ot «11» anpens 2019 r. CIEIUAaILHOCTH (HAMPaBICHUS ITOATOTOBKH )

[Iporokosn Ne 8 ot « 16 » mas 2019 .

v f ,
&AL'_ (moanmcs) (moanwmcek)

®OHJ OHNEHOYHbLIX CPEJICTB
JUTSI TIPOBEJICHUS TEKYIIIETO KOHTPOJISA M IPOMEKYTOYHOM aTTeCTaIlUN
00yJaroIuXxcs 1Mo AUCITUIUIHHE « ATOMHAs (YU3UKa»

Hanpasnenue noarorosku: 44.03.01 [lenarornueckoe oOpasoBaHue

Hanpasnennocts (mpoduiib) oOpazoBaTeibHOM MporpaMMbl
®dusuka

KBanudukanus: 6akanasp

Cocrasutens: (PO, nomxuocts) Unranos A. C., noueHT kadeapbl GU3UKA U METOIUKU
o0yueHus (puzuke
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1. Haznauenue ¢oH/a OLIEHOYHBIX CPEACTB

1.1. Henbto cozpanust ®OC nuctumineel Amomnas gusuxa
SBJISIETCSI YCTAHOBIIEHUE COOTBETCTBUSA YUEOHBIX JOCTHXKEHUM 3arljIaHUPOBAHHBIM
pesynbrataM  OOydeHHs] ©  TpPeOOBaHUSM OCHOBHOM  MpodeCcCHOHATBHON
o0Opa3oBaTenbHOI MporpaMmbl, pabodeit mporpaMMbl AUCIUTLIAHBI.

1.2. ®OC aucuurivHbl «ATOMHas QU3NKa» peliacT 3aJauu:

— KOHTPOJb U YIPAaBICHHWE TMPOIECCOM MPUOOPETEHUS  CTYyICHTAMH
HEOOXOJMMBIX 3HAHUW, YMEHUH, HABBIKOB U YPOBHS C(HOPMHUPOBAHHOCTH
kommereHuui, onpeaeneHubix B @I'OC BO no coOTBETCTBYIONIEMY HAITPABICHUIO
MOATOTOBKY;

— KOHTpPOJb (C MOMOIIBbI0 HabOpa OLIEHOYHBIX CPEJCTB) W YyIpaBicHUe (C
MOMOIIIBIO AJIEMEHTOB OOpaTHOM CBsA3M) JOoCcTH)eHueM nesnen peannzanuu OITOIT,
OTIPEJICIICHHBIX B BHUE HaOopa 001menpopecCuOHANBHBIX U MPOQPECCUOHAIBHBIX
KOMITETCHIIMIA BBIITYCKHHUKOB,;

— oOecreuyeHne COOTBETCTBUS pE3yJIbTAaTOB OOy4YeHHsS 3ajayaM OymyIiei
poeCCHOHANILHON NIESITEIbHOCTH 4Yepe3 COBEPIICHCTBOBAHUE TPATUITMOHHBIX
METOJI0B 00yueHuUsI B 00pa3oBaTEIbHbBIN MPOIIECC Y HUBEPCUTETA.

1.3. ®OC pazpaboTaH Ha OCHOBAaHUU HOPMATHBHBIX JOKYMEHTOB!

- (pepepasibHOTO rOCYyAAPCTBEHHOT'0 00Pa30BATEIILHOTO CTaHAApTa BBICIIETO
oOpa3oBaHus TI0 HaMpaBJCHUIO TOATOTOBKU  44.03.01  I[ledacoeuueckoe
obpazosanue (yposenv bakanaspuama,),

- o0pa3oBaTeIbLHON MPOrpaMMBblI BBICIIETO 00pa30BaHMs IO HAIPABICHHIO
noarotoBku 44.03.0/ Iledazocuueckoe obpazosarue, HanpasieHHOCMb (MPohus)

Qu3zuka (yposeHv bakanaspuama,);
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- [Tonoxenus o hopmupoBaHuu (POHJA OLIEHOYHBIX CPEACTB JJIsl TEKYIIETO
KOHTPOJISl yCIIEBAEMOCTH, IPOMEXYTOYHON U UTOTOBOM aTTEeCTAllMK 00YyYarouXCsl
no o0pa3oBaTenbHBIM MPOTpaMMaM BBICIIETO 00pa3oBaHUs IPOrpaMMaM
OakanaBpuaTa, MporpaMMaM CHEIUaIUTeTa, MporpaMMaM MarucTparyphl,
[IporpaMMaM IOATOTOBKM HAy4YHO-IIEIarOTMYECKUX KaJpOB B aCIHUPAHTYpE B
dbenepaibHOM TOCY/IapCTBEHHOM OIOPKETHOM 00pa3oBaTEIbHOM  yUPEKIACHUH
BbICHIETO oOpazoBaHusi «KpacHOApPCKHMI TOCYJapCTBEHHBIM Ieqaroru4eckui
yauBepcuteT uM. B.I1. ActadneBay.

2. IlepeyeHb KOMIETEHUMH mMoMIe:KaAIIMX (GOPMHMPOBAHMIO B paMKax
AUCHUNITMHBI

2.1. Ilepeyenr koMmeTeHUMH, (OPMHPYEMbIX B Ipouecce H3y4YeHHs
AUCHUILIHHBI:

e OK-3 cmocoOHOCTh UCTIOIB30BATh ECTECTBEHHOHAYUHBIE U MATEMAaTHYECKHE
3HaHMS JUISI OpPUEHTUPOBAHUS B COBPEMEHHOM HMH(POPMALIMOHHOM
IIPOCTPAHCTBE;

e OIIK-3 TOTOBHOCThP K IICHXOJIOTO-TIEJaTOTHICCKOMY COIPOBOXKICHHUIO
y4e0OHO-BOCIHUTATENIBHOIO MPOLIECCa;

e OIIK-5 Bnanetrh ocHOBaMU MTPO(PECCHOHATILHOMN ITHKU U PEUYEBON KYJIbTYPHI,

e [IK-2 cnocoOHOCTh HMCHOJIB30BaTh COBPEMEHHBIE METOJbl M TEXHOJIOTUU
0o0y4eHUs U TUarHOCTUKH;

e [IK-4 cnocoGHOCTH MCIOJIB30BaTh BO3MOXKHOCTH 00pa30BaTEIbHON Cpebl
JUISL  JOCTH)KEHHSI JIMYHOCTHBIX, METANpPEAMETHBIX M  IMPEAMETHBIX
pe3ynbTaTOB OOyYEHHsI U 00ecredeHus] KayecTBa yueOHO-BOCIUTATEIBHOTO
npoliecca CpeACTBaMU PENoJaBAEMbIX YUEOHBIX PEIMETOB;

o [IK-7 cmocoOHOCTh OpPraHU30BBIBATH COTPYAHHYECTBO OOYYaAIOLIUXCH,
MOAJCPKUBATh MX AKTHUBHOCTb, MHULIHMATUBHOCTh W CaMOCTOSATEJIBHOCT,
pa3BUBaTh TBOPUECKUE CIIOCOOHOCTH;

e JIK-11 roToBHOCTH MCIOJIB30BATh CUCTEMATU3UPOBAHHBIE TEOPETUYECKHUE U
MPAKTUYECKUE 3HAHUS ISl MOCTAHOBKH W PEIICHUS HCCIENOBATEIbCKUX

3a/1a4 B 00J1aCTH 00pa30BaHMUs.
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2.2. OueHo4YHbIE CPeACTBA

Komnerenmus JIMCUMIUTNHBL, TPAKTUKH, | THI KOHTPOJS OrneHouHbIe
Y4acTBYIOIIHE B cpeactBa/KNMer
(bopmupoBaHUU
KOMIIETEHIINH
Howmep ®opmMma

OK-3 — cioco6HOCTH HNudopmanmonnas TEeKYyITUH 51 JlabGoparop
UCTIOJIb30BaTh KYJIbTypa U TEXHOJIOTHH B | KOHTPOJIb HbIE
€CTECTBEHHOHAYYHBIE U | 00pa30BaHUU paboThI
MaTeMaTUYECKUe EcrecrBeHHOHayuyHas IIPOMEXKYTOUHAs 5.2 DK3aMeH
3HAHUSA I KapTUHA MHpa aTTecTanus
OpPUEHTHUPOBAHMUS B OCHOBBI MaTEMaTHYECKOM
COBPEMEHHOM 00paboTku nHOpMaIUu
UH(POPMALIMOHHOM BBoanslii kype ¢puznku
MIPOCTPAHCTBE Mexanuka

DIEeKTPUIECTBO U
MarHeTu3M
DneKTpoAuHAMUKA
Onruka

KBanroBas ¢usuka
MonexyssipHas Gpusuka
Anrebpa u reometpus
Hcropus dusuku
HobGenesckue naypeartsl B
obnactu hu3uKH
[IpakTHKyM 1O pEIICHUIO
¢bu3nyeckux 3anaq
(MeToaMka 00y4yeHUs)
[IpakTHKyM O pereHuto
OJIMMITHATHBIX
¢bu3nyeckux 3aaaq
YacTHbIE BOITPOCHI
METOAMKHU 00ydeHUs
¢buznke
JIOnOJTHUTENbHbIE TJIaBbI
TEOPHH U METOJUKU
oOyueHus puznke
ONEeKTpOTEXHHUKA
OCHOBBI CHJIOBOM
INEKTPOIHEPTETUKHU
Kiraccnueckas mexanuka
AHanuTHueckas MexaHuKa
Craructuueckas pusuka
CraTtuctuueckue
3aKOHOMEPHOCTH B (PU3UKE
Pagnorexnuka
DIEeKTpOHUKA
KommnbsrorepHoe
MOJIETTUPOBaHUE
(bU3NYECKUX SBICHUH
KommberorepHoe
MO/JICIUPOBAaHUE
(hU3UIECKUX TIPOIIECCOB
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DneMeHTapHbIe OCHOBBI
¢buzukn

DOnemeHTapHas puznKa
Maremaruueckas pusnka
MaremaTtuueckrue MeTO bl
¢buzukn
dyHIaMEeHTAIbHBIE
B3aUMOJICVCTBHUS
dyHIaMeHTaIbHAs
¢buznka

AcTpoHOMHUS
Actpodusuka

YueOnblii puznyeckuii
HKCHEPUMEHT

TexHuKa HIKOJIBHOTO
¢bu3nIecKoro
JKCIIEPUMEHTA
NmuranvonHnoe
MOJIETTUPOBAHUE
IIPOLIECCOB
[IporpamMmmupoBanue
BUPTYaJIbHBIX IPUOOPOB
VYyeOHast mpakTHKA.
[IpakTHka 110 MOJy4EHUIO
MIePBUYHBIX
npodeccnoHaTbHBIX
YMEHHI U HABBIKOB, B TOM
YHCIIe ICPBUYHBIX YMEHUN
Y HaBBIKOB HAY4HO-
HCCIIEA0BATENBbCKON
JeSITebHOCTH
[Ipoun3sBoacTBeHHAs
npakTtuka. [Ipaktuka no
MOJIy4YEHUIO
npodeccnoHambHbBIX
YMEHUH U OIBITA
npodeccroHanbHOM
JeSITeIbHOCTH
[ToaroroBka Kk 3amure u
3aIATA BBITYCKHON
KBaTU(DUKAITIOHHOM
paboTsl

[Tegarornueckas mpakTHKa
WHTEpHA

MeTtonuka 00y4eHus u
BOCITUTAHMUSI 110 TIPOQHITIO

¢du3nka
OIIK-3 — roToBHOCTE K | [Icuxonorus TEeKYITUH 5.1 Jlaboparop
IICUXOJIOTO- OcCHOBBI HAy4YHOH | KOHTPOJIb HbIE
Ne1arornIecKkoMy JeSITeTbHOCTH CTY/ICHTA paboThI
COIPOBOKIACHHIO BBoanslii kype ¢puznku IIPOMEXKYTOUHAs 5.2 OK3aMeH
yueOHo- MexaHnuka aTTecranus
BOCIIUTATEILHOTO DJIEKTPUIECTBO "
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npoiiecca

MarHeTu3M
DnexTpoauHaMHKa
Onruka

KBanroBas ¢usuka
MonekynsipHas ¢puznka
Kitaccnueckas mexanuka
AHanutuyeckas MeXaHHuKa
Cratuctuueckas pusnka
Craructuueckue
3aKOHOMEPHOCTH B (PU3UKE
DneMeHTapHble  OCHOBBI
¢buzukn

DOnemeHTapHas puznKa
DyHIaMEHTAIbHBIE
B3aUMOJCUCTBUA
OyHIaMeHTAIbHAs
(dbuszuka

ActpoHOMUS
Actpodusnka
[IpousBoacTBeHHAs
npaktuka. [Ipaktuka 1o
MIOJIyYEHUIO
npodeccnoHambHbIX
yMEHUHI u OIIbITa
npodeccroHanbHOI
NEeSATeTbHOCTH
[IpousBoacTBeHHAs
MpaKTHKA.
[Ipennumiomuas
MpaKTHKa

[logroroBka k 3ammre H
3amura BBIITYCKHOMN
KBaJTU(DUKAITIOHHOM
paboTsl

[lenarornyeckas mpakTuka
HWHTEpHA

Metonuka oOydeHus u
BOCIIUTAHUS 1O TPODUITIO
¢du3uka

OIIK-5
OCHOBAMH

npodeCCHOHATBHON

TUKH
KYJIbTYpbI

Kommeroreproe
MOJIETUPOBAHUE
(bU3UIECKUX SBICHUN
KommnbsrorepHoe
MOJIETTUPOBaHUE
(U3NYECKUX MPOLIECCOB
DJIEeMEHTapHbIE  OCHOBBI
¢buzukn

DOnemeHTapHas pU3MKa
@®yH/1aMEHTaJIbHbIE
B3aUMOJIEVCTBHUS
dyHIaMeHTalIbHAs
¢buznka

AcTpoHOMUSI

TEeKYITUH 5.1 JlabGoparop
KOHTPOJITb HbIE

paboThl
IIPOMEXKYTOYHAs 5.2 OK3aMeH
aTTecTanus
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Actpodusuka

YueOHbIi ¢buznveckuit
9KCIIEPUMEHT

TexHuka LIKOJIBHOT'O
(hbU3UIECKOTO
JKCIIEPUMEHTA
muranmonnoe
MOJICJIUPOBAHNUE
MIPOLIECCOB
IIporpammupoBanue
BUPTYaJIbHBIX MPUOOPOB
VYyebnas MpaKkTUKa.
[IpakTuka 1O MOJY4YEHUIO
MIEPBUYHBIX
npodeccnoHambHbIX
YMCHHI W HaBBIKOB, B TOM
YyClie IEPBUYHBIX YMEHUN
M HaBBIKOB  HAy4YHO-
HCCIIeIOBATENbCKOM

e TeTbHOCTH
[IpousBoacTBeHHas
MIPAKTHKA.
IIpegauriomHuas
MIPaKTUKA

[ToarotoBka k 3ammTe U
3auura BBIITYCKHOHN
KBaJIU(DUKAITIOHHOM
paboTsl

Metonuka oOydeHus u
BOCIIUTAHUS 1O TPODUITIO

¢du3uka
[TK-2 — ciocoOHOCTH [Tcuxonorus TEeKYITUH 5.1 JlabGoparop
UCIIOJIb30BaTh Ilenaroruka KOHTPOJIb HbIE
coBpeMeHHbIe MeTo/ibl | OCHOBBI Hay4HOU paboThI
U TEXHOJIOTUU NeSITeTbHOCTH CTY/AEHTA MIPOMEKYTOUHAS 5.2 DK3aMeH
oOyueHus 1 CoBpemeHHbIE aTTecTanus
JTMarHOCTUKU TEXHOJIOTHH

WHKJTFO3UBHOTO

o0Opa3oBaHUs

BBoanslii kype pusnku
Mexanuka
DIIEKTPUYECTBO u
MarHeTu3m
DIIEKTpOAMHAMHUKA
Onrtuka

KBanroBas ¢usuka
MonekynsipHas ¢pusnka
MaremaTuyecKuii aHaJIN3
[IpakTuKyM IO pELIEHUIO
buzmyecKkux 3a1a4
(MeToauka oOyueHus)
[IpakTkymM 1O pemeHuro
OJINMITHAIHBIX
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¢bu3nyecKkux 3a1aq
DNEeKTPOTEXHUKA

OCHOBBI CUJIOBOM
3JEKTPOIHEPIETUKU
Krnaccuueckast Mmexanuka
AHanuTUYeCKass MEXaHHUKa
Cratuctuueckas pusuka
Craructuueckue
3aKOHOMEPHOCTH B (PU3UKE
Pagnorexnnka
DJIEKTPOHUKA
Kommnbroreproe
MOJIETTUPOBaHUE
(bu3HUYECKUX SIBICHUN
Komnbroreproe
MOJICJIUPOBAHNUE
(bu3MYECKUX MPOIIECCOB
DNeMeHTapHble  OCHOBBI
(10737041

OnemeHTapHas Qpu3nKa
Maremaruueckas uznka
Maremarudeckue METOIbI
(10737041
DyHIaMEHTAIbHbIE
B3aMMO/ICHCTBHS
OyHIaMeHTAIbHAsS
(dbuszuka

AcTpoHOMHS
Actpodusuka
DOneKTUBHAs JIUCIMILIAHA
mo oobmei ¢uzndeckon
MOATOTOBKE

DneKTUBHAs TUCIUILIMHA
o TIOIBIKHBIM "
CIIOPTUBHBIM UTPaM
DOneKTHBHAs JIUCIMILIAHA
no Qu3n4ecKkor KylIbType
st ooyuatomuxcs ¢ OB3
Y UHBAIHJIOB

VYyebnas MpaKkTHKa.
[IpakTika 1O MOTYyYEHUIO
MTEPBUYHBIX
npodeccnoHambHBIX
YMEHHH W HaBBIKOB, B TOM
26

YHCIIe IEPBUYHBIX YMECHUN
M HaBBIKOB  HAy4YHO-
HCCIIEI0OBATENLCKOU
NEeATETbHOCTH
[TpownsBoacTBEHHAS
mpaktuka. [Ipaktuka 1O
MOJTYICHUIO
npodeccHoHaATBLHBIX
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yMEHUHI u
npodeccroHanbHOM
JesITeNbHOCTH
IlogroroBka K 3amure u
3almTa BBIITYCKHOMN
KBaJTM(UKAITHTOHHON
paboThl

Ilemarornyeckas npakTuka
UHTEpHA

Metoauka oOyueHHs U
BOCIIUTAHUS MO IPOPHIIO

OIIBITa

¢usnka
[IK-4 — cnocobnocts | [legaroruka TEeKYLIUH 5.1 Jlaboparop
UCTIOJIb30BATh [TpoexTupoBanue KOHTPOJIb HBIC
BO3MOXKHOCTH WHWBUYaTbHBIX paboThI
o0Opa3oBaTenbHOU 00pa3oBaTENIbHBIX IPOMEKYTOUHAs 5.2 OK3aMeH
cpenbl st | MapiipyToB aeteit ¢ OB3 | arrecranus
JOCTHKCHUS BBonHbIi Kype Gu3uku
JUYHOCTHBIX, Mexanunka
MEeTaIpeIMEeTHBIX U | DIEKTPUUYECTBO U
IpEMETHBIX MarHeTu3M
pe3ynbTaToB 00yueHHs | DIEeKTpOAMHAMUKA
u obecnieuenus | OnTuka
KayecTBa yuebHo- | KBanroBas ¢usuka
BOCIHUTATEIHHOTO MonekynsipHas pusuka
npouecca cpeacTBamu | Anredpa U reoMeTpust
IPEenoaaBacMbIX Hcropus dpuznku

y4€OHBIX MPEIMETOB

HobGenesckue naypeatsl B
obnacti GpU3MKU
[IpakTHKyM MO peImeHnI0
¢bu3nyeckux 3anau
(MeToaMka 00y4yeHHs)
[IpakTuKyMm 10 penieHuIo
OJIUMITUAHBIX
¢bu3nyeckux 3anaq
YacTHbIE BOITPOCHI
METOIMKHU 00ydeHUs
¢buznke
JloTIONTHUTENBHBIE TIIaBBI
TEOPUU U METOAUKHU
o0yueHus uzuke
Kiraccnueckas mexanuka
AHanutnueckas MEXaHHUKa
Craructuueckas pusuka
Cratuctuueckue
3aKOHOMEPHOCTH B (PU3UKE
DneMeHTapHbIE OCHOBBI
¢buzuku

OnemeHTapHas Qpu3nKa
OyHIaMEHTAIbHBIE
B3aUMOJEICTBUSA
dyHIaMEeHTAIbHAS
¢dusnka
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AcTpoHOMHUS
Actpodusuka

YueOnbiii puznyeckuii
9KCIIEPUMEHT

TexHHKa HIKOJIBHOTO
¢bu3nvecKoro
JKCIIEPUMEHTA

KitaccHoe pykoBoaCTBO
Knaccuelii pykoBogUTEH
VYyebHas npakTuKa.
[IpakTuka 1o noyry4eHuto
MEPBUYHBIX
npodeccnoHanbHbIX
YMEHUH U HAaBBIKOB, B TOM
YHClie IEPBUYHBIX YMEHUN
1 HaBBIKOB HAY4HO-
HCCIIeIOBATENBCKOM
NEeSITEIbHOCTH
[IpousBoacTBeHHAs
npaktuka. IIpaktuka no
MIOJIyYEHUIO
npodeccnoHaATBHBIX
YMEHUH U ONbITa
npodeccrnoHaIbHOM
JeSITeIbHOCTH
[Toaroroska k 3amure 1
3aIUTa BBITYCKHOM
KBaJIN(DUKAITIOHHOM
paboThI

[Iemarornyeckas npakTuka
UHTEepHA

Meroaunka o0y4ueHus u
BOCIIUTAHUS 110 MPODUITIO

¢dusnka
[1K-7 — cnocoOHOCTB Ilenaroruka TEKYIIHNH 5.1 JlaGopatop
OpPraHU30BBIBAThH BBoaHsIii Kype puznkn KOHTPOITh HBIC
COTPYAHUYECTBO MexaHuka paboTHI
oOyuaromuxcs, DNEeKTPUUECTBO U | IPOMEXYTOUHAas 5.2 DK3aMeH
HOJ/IEP’KUBATh UX MarHeTu3M aTTecTanus
AKTUBHOCT, DNeKTpoIMHAMHKA
UHUIIMATUBHOCTH U Onrtuka
CaMOCTOSITEITEHOCTB, KBanroBas usuka
pa3BUBaTh TBOpUeckue | MonekynsapHas puzuka
CIOCOOHOCTH Anrebpa u reoMeTpus

[IpakTuKyM IO pELIEHUIO
buznuecKkux 3a1a4
(MeToMKa 00y4YeHuUs)
[IpakTHKymM 1O pemeHuro
OJIMMITNAHBIX
(bu3mvecKux 3amaq
ONEeKTpOTEXHHUKA

OcHOBBI CHJIOBOM
AEKTPOIHEPTETUKHI
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Knaccuueckas mexanuka
AHanmuTUYeCKast MEXaHHUKa
Craructuueckas pusuka
Craructuueckue
3aKOHOMEPHOCTH B (PU3UKE
Pagnorexnnka
DIIEKTPOHUKA
KommnberorepHoe
MOJIETTUPOBaHUE
(bu3HYECKUX SIBICHUN
Komnbrorepuoe
MOJICJIUPOBAHUE
(hu3HYECKUX MPOIIECCOB
DNeMeHTapHble  OCHOBBI
(10537041

OnemeHTapHas Qpu3nKa
dyHIaMeHTaIbHbIC
B3aUMOJICVCTBHUS
dyHaaMeHTaIbHAs
¢busnka

AcTpoHOMHUS
Actpodusuka

YyeOnas MPaKTHKA.
[IpakTka 1O IOIYYEHUIO
MIePBUYHBIX
npodeccnoHaTbHBIX
YMEHHI U HaBBIKOB, B TOM
YUCJIe IEPBUYHBIX YMEHUM
U HaBBIKOB  HAy4yHO-
HCCIIEA0BATENBbCKON
NEeATETbHOCTH
[IpownsBoacTBeHHAA
mpaktuka. [IpakTuka 1o
MOJTYYCHUIO
npodeccnoHamTbHbBIX
YMEHUH U OIIBITA
npodeccroHanbHOM
NEeSATeTbHOCTH
[logroroBka k 3ammre H
3a1ura BBIITYCKHOMN
KBaTU(DUKAITIOHHOM
paboTsl

[lenarornyeckast mpakTuka
HWHTEpHA

Metonuka oOydeHus u
BOCITUTAHUS IO TPODUITIO

¢uzuka

OCHOBBI BOKaTCKOU

JeSITeIbHOCTH
[IK-11 — rotoBHOCTH | OCHOBBI Hay9YHOU | TEKYIIUN 5.1 JlabGoparop
UCIIOJIb30BaTh JeSITeIbHOCTH CTY/AEHTA KOHTPOJIIb HbIE
CUCTeMaTU3UpOBaHHbIe | BBOAHBIN Kypc Gu3NKH paboThI
TEOPETUUECKHE u | SA3bp1ku U METOJIbI | MPOMEKYTOUHAS 5.2 DK3aMeH
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MPAKTUYCCKUC 3HAHUMA
JJIsA IIOCTaHOBKH u

peleHus
HCCIIEI0OBATEIbCKUX
3amay B oOJractu
00pazoBaHus

MPOTrpaMMHUPOBAHUS
Mexanuka
DIJIEKTPUYECTBO u
MarHeTu3m
DneKTpoIuHAMUKA
Orntuka

KBanroBas ¢uznka
MonexymsipHas Gpusuka
Hcropus dusuku
HoGeneBckue naypeatsl B
obnactu hu3uKH
DNEeKTPOTEXHHUKA

OcHOBBI CUJIOBOU
3JIEKTPOIHEPTETUKU
Krnaccuueckas mexaHuka
AHanuTHYECKash MEXaHHUKa
Cratuctnueckas pusuka
Craructuueckue
3aKOHOMEPHOCTH B (PU3UKE
Pagnorexnmnka
DIEeKTPOHUKA
Kommberoreproe
MOJIETTUPOBAHUE
(bu3HYECKUX SIBICHUN
KomnbrorepHoe
MOJICJIUPOBAHNUE
(bu3MYECKUX MPOIIECCOB
DNeMeHTapHbIE  OCHOBBI
¢buzukn

DOnemeHTapHas pU3nKa
Maremarnueckas uszmnka
MaremaTudecKknue METOJIBI
¢buzukn

YucneHnaple METOABI B
¢busnke

Yucnenunoe pelieHue
(bu3nuecKkux 3aaa4y
OyHIaMEHTAIbHBIE
B3aUMOJEICTBUSA
DyHIaMeHTAIbHAs
¢uzuka

AcTpoHOMHUS
Actpodusuka
Nmutannonnoe
MOJEJIMPOBAHUE
MIPOLIECCOB
[IporpammupoBanue
BUPTYaJIbHBIX TPUOOPOB
YyeOHast mpakTHKA.
MPOMEKYTOUHAS
aTTecTalus

9.5

Tect 30

arTTecranusa
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IIpakTrika 1O IOIYYEHUIO
MIEPBUYHBIX
po¢eCcCHOHATIBHBIX
YMEHUH U HaBBIKOB, B TOM
4HCJIe IEPBUYHBIX YMEHUN
U HaBbIKOB  HAayyHO-
HCCIIEI0BATEIbCKON
JESTEIbHOCTH
IIpousBonacTBeHHas
npaktuka. [Ipaktuka 10
IIOJIyYEHUIO
npodeccnoHaTbHBIX
YMEHHI u
npodeccrnoHabHOI
JEATEIIBHOCTH
[IpounsBoacTBeHHAsA
IIPAKTHKA.
[Ipennumiomuas
IIPaKTUKa
IlogroroBka K 3ammre H
3amuTa BBIITYCKHOHN
KBaJTM(UKAITHTOHHON
paboThl

[lemarornyeckas npakTuka

OIIBITa

HHTCPHA

¢dusnka

Mertoauka oOydeHHs U
BOCITUTAHUS 1O MPOQHITIO

3. @oH/1 OLIEHOYHBIX CPEACTB sl IPOMEKYTOYHOM ATTECTALMH
3.1. ®oHABI OLIEHOYHBIX CPEJCTB BKIFOUAIOT: IK3AMEH.
3.2. OueHoYHbIE CPEACTBA
3.2.1. O1uieHOYHOE CPEJCTBO IK3aAMEH.
Kpurepuu olleHMBaHUs 110 OLIEHOYHOMY CPEJICTBY - 3K3aMeH

dopmupyemsbie [IponBuHyTHIN ba3oBbIi1 ypoBeHb IToporoselii ypoBeHBb
KOMIIETEHIINH YpOBEHb c(OpMHUPOBAHHOCTH c(OpMHUPOBAHHOCTH
c(OPMHPOBAHHOCTH KOMIIETEHIINH KOMIIETEHIINH
KOMIICTEHITH (73-86 GamoB) (58-72 banna)
(87-100 GamoB) XOpOLIO/3a4TEHO yJOBJIETBOPUTEILHO/3a4TEHO
OTJINYHO/3a4TEHO
OK-3, OIIK-3, | OtBer na Bompoc | OtBer Ha Bompoc | OTBET Ha BONPOC B IEIOM
OIIK-5, TIK-2, | monHbIH, YAOBIIETBOPSIET  yXK€ | IPAaBWIbHBIA, HO HEYETKO
[1K-4, ITIK-7, IIPaBUJIbHBIN, Ha3BaHHBIM (bopMyIUPYIOTCS  TIOHSATHA,
[K-11 ITOKA3bIBAET, YTO | TpeOOBAHUSM, HO | IMEIOT MECTO 3aTPy/IHEHUS B
o0yyaromuics €CTb HETOYHOCTH B | CAMOCTOSITEIbHOM
MIPaBUIIbHO U | U3NI0)KEHUU (DAKTOB, | OOBSICHEHUU B3aWMOCBSI3EH,
HCYEPIIBIBAIOIIIE OINpEEIIEHNN HENOCIIEA0BATENBHO
packpbIBaeT MOHSTUH, u3Jaraercs
coJiepyKaHue 00BSICHEHUU MaTtepuan.3ajgadya  peleHa
BOIIpOCa, B3aMMOCBSI3EH. TOJIBKO T1OCJI€ KOHCYJIbTallun
KOHKpeTu3upyer ero | Onnaxo, C TIPEIO/IaBaATENEM.
(haKTHIECKUM 00yJaronuncs MOXKET
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MaTepuagoM. 3aaaua
pemieHa BepHO 0e3
KOHCYJIbTallH
IperoaaBaTes.

JICTKO

3amaua
BEPHO
oe3

OTBCT

3agaqy

IIOCJIC

HCTOYHOCTH
JOIIOJIHUTCIIBHBIM U
HaBOJAIIUM
BOIIpOCaM
npenoaaBaTeiiA.

npenonasareins. NI

IIOJTHBIHM,
MPaBWIbHBIM,

pElINTh

nperoaaBaTcis.

YCTPaHUTH
o

pelieHa

IIOMOIITHU

Ha  BONIPOC
HO
yIIAJI0Ch
TOJILKO
KOHCYJIbTallun

* Menee 58 0aioB — KOMITETEHIIUS HE chOopMUPO

BaHa.

4. ®oHJ OLIEHOYHBIX CPEACTB VI TEKYIIEIro KOHTPOJIA YCII€EBAEMOCTH

4.1. ®DoHAbI OUECHOYHBIX
camocmoamenvHo2o pewienus, lewvr u
KOHMPObHble pabomul.

4.2.1. Kputepuu oueHUBaHHUSA CM.
padoueil mporpaMMsbl JUCHUIIIMHBI

CpeacTB

BKJIWYAKT: 3adayu 01
3a0anusi 0151 1aOOpamopHvIX pabom,

B TE€XHOJIOTMYeCKOM KapTe peﬁTnHra

4.2.1. Kputepuu ouneHMBaHHsI 1O OLEHOYHOMY CPeICTBY 3adauu 01

CamMocmoamelbHoco peulerusl.

Kpurepun oueHrBaHus KonuyectBo 6amioB (Bkiias B
PEUTHHT)
3ajaua  penieHa MOJIHOCTBIO 0e3 4
KOHCYJIbTAIIMH C TIPEToAaBaTesieM
3amaga  pemieHa  TMOJIHOCTBIO  TOCHE 2
KOHCYJIbTAIIMH C TIPEToAaBaTesieM
3agayda peleHa HeBEPHO 0

4.2.2. Kputepuu oOlleHHBAHUS 10 0
07151 1abopamopHuvlx pabom.

LHEHOYHOMY CPeACTBY Tembl u 3a0anus

Kpurepnun onieHnBanus

KonuyectBo 0amioB (BKJIaJ B pEUTHHT)

Brinonnenue 7 1abopaTopHbIX paboT 1
Odopmiien otyeT o 7 1a0OpPaTOPHBIM 1
paboTtam
3ammra oTuera MO 7 JA0OPATOPHBIM 2
paboram
MakcumanbHbIN O 4
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4.2.3. Ouenounoe cpeacrso KonrposasHas padboTa mo MoayJisim;
KpuTepun oneHMBaHUSI N0 OLEHOYHOMY CPEACTBY KOHMPOJbHAA paboma no
pazoenam.

PA3JIEJI 1. «®ynnamenTanbHble U (peHOMEHONornYeckue Teopun. Mosens aroma
BOJIOpoAa 1o bopy»

Kpurepun onennBanms KonnuecTBo 6amioB (BKJIa B pEUTHHT)
Bepnoe pemenune 60-72 % 3agau 1
Bepnoe paspeprHyToe pemienue 73-86 % 2
3aj1a4y
Bepnoe pasBepuytoe pemienne 87-100 3
% 3amau
MakcumabHBIN O 3

PA3JIEJI 2. «9neMeHThl KBAHTOBOW MEXaHUKU

Kpurepnn oneHnBanms KonuyectBo 0amioB (BKJIaJ B PEUTHHT)
Bepnoe pemenne 60-72 % 3amau 1
BepHoe pasBepryToe pemenne 73-86 % 2
3as1a4y
Bepnoe passepuytoe pemrenne 87-100 3
% 3amau
MakcumanbHbIN O 3

PA3JIEJI 3. «CoBpemMeHHast MOJIEITb AaTOMay

Kpurepun onieHnBanus KonuyectBo 0amioB (BKJIaJ B PEUTHHT)
Bepnoe pemenne 60-72 % 3amau 1
Bepnoe passeprayToe pemrerue 73-86 % 2
3aj1a4y
Beproe pasBepuyTtoe pemenne 87-100 3
% 3anau
MakcuMalbHBIN O 3

5. OneHo4HbIe cpeAcTBa (KOHTPOJIbHO-U3MEPHUTEIbHBII MaTepHaJIbl)

5.1. TunoBbIe BONPOCHI K IK3AMEHY:

KBantoBass m kiaccuueckass ¢usnka, pazauuus. DyHIaMEHTAIbHbIE H
(heHOMEHONIOTUYECKNE TeOpUur. ATOMBI M DJIEMEHTapHBIE YaCTHUIBI, OTIUYHE
AIIEMEHTAPHBIX YaCTHUI] OT OOBIUYHBIX YacTUl. Teopus OECKOHEUHON IETUMOCTH
BEUIECTBA M €€ HECOCTOSATENbHOCTh. (OCHOBHBIE (DU3UUYECKUE KOHCTAHTHI
kiaccuueckot  ¢usuku. OTtkpbiTe mnoctosiHHOW Ilmanka. IlpoGrmembr He
pa3pelIeHHbIC KJIACCUYECKON (PUBUKOU. (packpvimb cymb npobiemsl, nokazams ee
Hepa3peuumMocms Kiaccuieckol usukoi).

TepmonnHaMuueckas mkana. CBsi3b TEMIIEPATYPBI U CPENHEN KUHETHYECKON
sHepruu. IlocrosHHas bonblmana, yHUBeEpcanbHas Ta30Basg MOCTOSIHHAS.
Temneparypa C TOYKH 3peHUS MUKPO(DU3UKH, OCHOBHBIE SKCIIEPUMEHTAIIbHBIE
pe3yabrathl. AOCONIOTHO uepHOoe W Oenmoe Teno (ompedenenus). Cepoe Temo.
PaBHOBECHOE M3TyyeHHUE. 3aAKOHBI TEILIOBOTO U3TyYEHUS.
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Monens abcontotHo udepHoro Tena. 3akoH Credana-bBonmpliMaHa U 3akoH
cmenienuss Buna. 3akon  wu3nydenuss [lnanka.  (6v1800b1  3axkoHO8 ¢
doxazamenvcmeom) YbrpaduoneroBas karactpoda.

doroanekrpuueckuii A dexr, mpodmeMbl (hoTodrdhderrta He OOBSICHECHHBIC
KJIaCCHMUeCcKoil Teopueil. YpaBHenue OuHmTelHa 1 potodpdexra. CkopocTs u
KHHEeTHYeCKas sHeprus ¢hotoekTpoHoB. KpacHas rpanuna dotosddexra, padora
Bbhixoga. Omnpenenenne mnoctosHHo Ilmanka (paccmompems 3asucumocmo
3anuparoue2o HAnPsNHCeHUs. Om 4acmomsl).

Eaununel u ¢usndeckue KOHCTaHTBHL. ATOMHass macca. MaccoBoe 4ucIo.
ATOMHBIE €AMHUIIBI MAcChl. JJNEKTPOH — BOJIBT. (nepesod a. e. M. 6 3B). OcHOBHbIE
bu3nYecKre KOHCTAaHThl aTOMHOM (DU3HKHU.

[IpoGnema crabunbHOCTH W pa3mepa aroma. Mopaenu aroma TomcoHa u
Pesepdopna. [1nanerapnas mozxens aroma. Paccesnue [J-uactui. Mogenb atoma
Bozopoza 1o bopy. Tpynnoctu teopun bopa.

Cxema ypoBHEH »HHepruM BoJopoAonogoOHoro aroma. JluHeiuarsie
cnektpel. KoMOuHanumonHblii npuHmun Putma.  VYopyrue uw  Heympyrue
CTOJIKHOBEHHUS 3JIEKTPOHA C aTOMOM.

OKCIEPUMEHTHI, TOATBEPKIAIONINE CYIICCTBOBAaHUE YpPOBHEH SHEpPruu
(noopodbno onweim @panka-Iepya, onopa na rabopamophyio pabomy, noOMeHYua
uonuzayuu). CeKTpbl UCITyCKaHUS U OMIOIIEHHS aTOMAPHOTO rasa.

Nonuzanus aroma. J{luckpeTHble YpOBHU M 00JIACTh HEMPEPHIBHOTO CIIEKTpa
aroma (oropa Ha paboty ®@panka u ['epua).

Jluneituareie criektpsl. [loctynarel 6opa. Cepust banbmepa u apyrue cepum.
[Toctosinnas Punbeprepa (pasnvie 3uauenuss Pudbepea, nokazame na npumepax
MoOenu co cMewjeHHbIM YEeHMPOM MACC, U30MONUYECKUL CO8U2).

Teopernueckoe 0ObsICHEHNE CIEKTPa aToMa BOJIOPOJia. DKCIIEPUMEHTAIbHOE
nonreepxaeHue Teopuu bopa. Onbitel @panka u I'epua (onopa na nabopamopnyro
pabomy Onvim @Ppanxa u lepya u ee peszyrbmamsl, MOHKASL CMPYKMYpA,
HOMEHYUAN UOHUZAYUU HEUMPATIbHO20 AMOMA).

Onbitel KoMrniToHa, KOMOTOHOBCKOE cMmemnieHue. [IpsiMmoe moka3arenbCcTBO
KBAaHTOBOW MPUPOABI U3JIyYEHHUs, KOMITOHOBCKasl JJMHA BOJIHBL. KBaHTOBas
teopusi ddpdexkra Komnrona (paccmompemsv xoms 6Ovl camvlii npocmou ciyyai
YEHMPATLHO2O COYOapeHUst).

Onbitel  [leBuccona wu  Jlxepmepa. Omnbitel  Tomcona. [dudpaxius
anekTpoHoB. ['unoresa ne bpoitnsa. BoaHoBeie cBoiicTBa yacTull. CBONCTBA BOJIH
ne bpows.

Cpennee 3Hauenme. [lmotHocth BepositHocTH. Omeparopsl. CoOCTBEHHBIC
cocrosinus. YpaBHeHue lllpenunrepa. YpaBuenue lllpegunrepa mius oTaenbHOU
YaCTHUIIBI.

ONEKTPOH B  «SIIIUKE», OJHOMEPHBIA TapMOHUYECKUH  OCIUIUISTOP.
KBanTtoBanue »sHepruu. Y-QyHKIUS W BEPOATHOCTh HAXOXKJCHHUS YaCTHUIIBI.
ITpuHIMUIT COOTBETCTBUS.

Yactumia 3a  TOTEHIMAIbHBIM  OaphepoMm.  TyHHenbHBIA 3D DEKT,
IPOHUIIAEMOCTh Oapbepa JUIsi KBAaHTOBOTO CIydas (paccmMompems nepexoo om
APAMOY20IbHO20 Oapbepa K mpey20ibHOMY).
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Bonopononono6ueie  atombel.  Pacuer = 3HepreTMyecKkux — YpOBHEW.
OKcriepuMeHTallbHble HccienoBanus. IloreHnmansl BO30YXKIE€HUS U HMOHU3ALUU
(onopa na nabopamopuyio pabomy Onvim @panxa u I 'epya).

Cnektpsbl BOJIOPOJIONOI00HBIX aTOMOB. Teoperuueckoe 151
HKCIIEPUMEHTAJILHOE 3HAa4Y€HHE MOCTOSSHHOW Puabeprepa. IlonpaBka mocTOSTHHOU
PunbGeprepa, cBa3aHHas ¢ SApOM OECKOHEUHOU Macchl. M130ToNMYeCKHii C/IBUT.

Mpuoroasnextponasie atombl, [Ipunnun Ilaymu, smexkTpoHHBIE O00OIOYKH.
[lepnonnueckass cucrema MenneneeBa. EcTecTBeHHass WMIMPHUHA CHEKTPAIBHBIX
auHui. COOTHOLIEHHE HEONPENEICHHOCTE M BpeMsl KU3HU BO30YXKIECHHBIX
aTOMOB.

Crporoe pemenue ypasHenus Ipenunrepa.

5.2. TunoBbIe 32124 K IK3aMEHY.

Hnst wabmogenus: sddexra 3eemMaHa KalbliMeBas Jyra IOMEINIEHa B
MarHuTHoe noiie HanpsokeHHOCThI0 20000 D m paccMarpuBaeTcsl CIEKTpaIbHAS
auaus  4226.7 A. BpIMHCIHTH PA3HOCTh JUIMH BOJH JJIi CMEUICHHOW U
HECMEIIEHHON KOMITIOHEHT.

I[Ipy  kakOM  3anWparOUIEM  M[OTCHIMANE  MPEKPATUTCS  3MUCCUS
(OTORNIEKTPOHOB C IIE3MEBOT0 KaTOa, OCBEIIAEMOI0 KPAaCHBIM CBETOM C JJIMHOMN
BOJIHBI 600 HM?

PaccMoTpuM 37EKTPUYECKYIO 1I€Mb, COCTOSIIYIO U3 KOHJIEHCATOpa €MKOCTH
100 nd u xarymku wuHayktuBHoctu 0,1 mIH. Jomyctum, YTO aMmmiurtyaa
HanpsDKEHUsT DJIEKTpUYEeCKUX KojebaHuit paBHa 1 MB. Omnenute Benuuuny
«ECTECTBEHHOW» IIEPEMEHHOM C Pa3sMEPHOCTBIO JACHUCTBHS M CPaBHUTE €€ C
nocTossHHOM I1naHka.

Onpenenute paanyc mepBo bopoBckoi OpOUTHI U CKOPOCTH AICKTPOHA Ha
HEW.

ATOMapHBI BOJIOPOJ] OCBEHIACTCA YIbTPAdUONETOBBIM H3JIYYEHUEM C

JJIMHOW BOJIHBI A =1000,&. Onpenenute AJUHBI BOJH JIMHUM TOSIBUBIIMXCS B
CIIEKTPE BOAOPOJA IPU €T0 U3IIYYECHHH.

Onpenenute Tmpenenbl, B KOTOPHIX HAXOJUTCA OSHEPrus (HOTOHOB,
COOTBETCTBYIOIIUX BUAMMOW YACTH CIEKTpA.

Kaxkoil cxopocThio MOJDKEH 001aaarh SJEKTPOH, YTOOBI MMETh TaKOW >Ke
UMITYJbC, KaK U (POTOH ¢ JiuHOU BoHbI 0.1 HM?

DNEKTPOH, IBMWXKYIIUMICS co ckopocThio 5000 kM/c, monagaeT B OJJHOPOTHOE
yCKOpsItoIlee dJIeKTpruueckoe nose HanpsbkeHHocThio 10 B/cm. Kakoe paccrosiue
JIOJIKEH MPOUTH 3JIEKTPOH B I0JIe, YTOOBI JUIMHA BOJIHBI e bpoins crana paBHOI
107Mm.

ToueuHblil uUcTOUYHUK cBeTa MoOIHOCTHIO Py=100 BT ucmyckaer cBeT ¢
nHHON BOJHBI A=400 HM. Ha kakoM MakcUMaabHOM PacCTOSTHUM 3TOT UCTOYHHK
OyZeT 3aMEeueH YeJIOBEKOM, €CJIM IIa3 BOCIPUHUMAET CBET IMPH YCIOBUM, YTO Ha
ceTuaTky momnaaaet N=60 ¢poroHoB B cekyHay? Juamerp 3pauka d=0,5 cm.

Toueuynblii ucTOYHHUK cBeTa MOIIHOCTBIO Py=100 BT ucmyckaer cBer ¢
nuHHOM BoJiHBI A=400 HM. Ha kakoM MakCUMaJIbHOM PAacCTOSHUU 3TOT UCTOYHUK
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OyIeT 3aMEeueH YeJIOBEKOM, €CJIM IJla3 BOCIPUHHMMAET CBET MPHU YCIOBUH, YTO Ha
ceTuaTky momnaaaet N=60 ¢poroHoB B cekyHay? Juamerp 3pauka d=0,5 cm.

KakoBa mupuHa OJHOMEPHOM MOTEHUUAIBHOW SIMBI C OECKOHEYHO
BBICOKMUMHU CTEHKaMH, €CJIM MpU MEPEXO/e 3JIEKTPOHA CO BTOPOrO KBAHTOBOIO
YPOBHSI Ha MEPBbIN U3nyyaercs sHeprust 1 B?

CpaBHuTE IIMHBI BOJH A€ bpoins s snexkrtpona u mapuka Maccoi 0.1 T,
MMEIOIINX OJUHAKOBBIE CKOPOCTH. I wA

Hcnonb3ys BOJIBT-aMIIEPHYIO XapaKTEPUCTUKY 200
HEKOTOPOTO BakKyyMHOro (oTodsieMeHTa (CM. PHCYHOK),
HaliTh paboTy BBIXOAA DdJEKTpOoHa wu3 Karojga. Karox
OCBEIIAIOT CBETOM ¢ JUTHHO# BOMHBI A=3,3-107 M. 2 0 2 4UB

Ha Merammmyeckyro TIUIACTHHY, KpacHas TpaHHLA
doroaddexra st KoTopoit Ay = 0,5 MkM, mamaet GoToH ¢ JITUHHON BOJHBEI A = 0,4
MKM. Bo ckoiibko pas ckopocTh (hoToHa 00JIbllle CKOPOCTH (POTOAIEKTPOHOB?

[InoTHOCTH BONB(GpaMa paBHa 19,1x10° kr/m®. OTHOCHTENbHAS aTOMHAS
Macca Boib(pama 184 a. e. M. Omnpenenure XapakTepHbId pasmep aroMa
BoJIb(Ppama (cuuTasi aToMm IIAPUKOM), M Maccy OJTHOTO aToMa BoJb(hpama.

Jlammnouka xapmaHHoro (oHapsi nmotpednser momHocth 1 BT. [Ipunss, uro
3Ta MOIIHOCTh PAaCCEMBAETCS BO BCEX HAIMPABICHHUSX B BUJIC UBIIYYEHUS U UTO
JUIMHA BOJHBI, COOTBETCTBYIOIIAsl CPEAHE YacTOT€ paBHA | MKM, ompenenure
yucio  (HOTOHOB, TMajmalmMUX HAa | KB.CM. IUIOHIAJKH, IOCTaBICHHOM
MEPIEHIUKYISIPHO K JIydyaM Ha pacctosiHud 10 kM, B TeueHun 1 c.

Onpenenute HauOONBUIYIO JUIMHY CBETOBOM BOJIHBI, MPU KOTOPOW €Ile
MOKET UMETh MecTO POoTOA(D(DEKT: s TUIATUHBI, IJIs UE3Us.

N3o0pazute B macmtabe cxemy ypoBHEW aroma BOAOpOJa. YKazaTh Ha HE
nepexonsl, Aaromue cepun Jlaiimana, bansmepa, [lamena.

[le3ueBniii kaTog (HhOTORIEMEHTA OCBEIAIOT CBETOM HATPUEBOM JIaMIIbI C
JuHHOM BoHBL A=600 HM OmnpenenuTb CKOPOCTh BBIPHIBAEMBIX M3 Karoja
($hOTORNEKTPOHOB, €ciii KpacHas rpanuna Gororddexra mis uesus Ao=650 HM.
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5.3. OueHouHble cpeacTBA A/ TeKYIero KOHTPOJs ycIeBaeMoCTH
5.3.1. Tembl u 3a1aHus 115 J1a0OPATOPHBIX padoT:

PABOTA 1. UBYUEHUE WU3JIYUEHUA ABCOJIFOTHO YEPHOI'O
TEJIA (ITPOBEPKA 3AKOHA CTE®AHA-BOJIBIIMAHA).
1. Tloctpouts rpaduk sorapupmMa WHTEHCUBHOCTU H3IYUYEHHUS SHEPTUU OT
Jorapudma TemrepaTypsl.
2. VccrnenoBaTh 3aBUCUMOCTh HMHTEHCHUBHOCTH U3JyYEHHUS Tella OT €ro
TEMIIEPATYPHI.
PABOTA 2. N3YYEHUE CIIEKTPA ATOMA BOJOPO/IA.
1. HaGmroneHue BUAMMOTO CIIEKTpa U3IYUYSHHS aToMa BOJIOPO/A.
2. V3yueHnne CHEKTpalbHBIX 3aKOHOMEPHOCTEH Ha OCHOBE BHUPTYaJIbHOM
MOJEIIH.
PABOTA 3. N3YUYEHUE BHEIIHEI'O ®OTO2ODEKTA.
1. HccnenoBanue 3aBUCUMOCTU (POTOTOKA OT PA3HOCTU MOTEHLMUATIOB U JJIUHBI
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BOJIHBI 00JTy9aeMOTO CBETA.
2. Onpenenenue mocTOsHHOW [ImaHka 1O 3aBHCHMOCTH — 3allMPArOIIETO
HaIPSHKEHUS OT YaCTOTHI.
PABOTA 4. OINIPEJAEJIEHUME PE3OHAHCHOI'O ITOTEHIIMAJIA
METOJIOM ®PAHKA U I'EPIIA.

1. DxcnepuMeHTalnbHO U3MEPHUTH MOTEHIIMAT HOHU3ALUK HHEPTHOTO rasa.

2. Ompenenuts UHEPTHBIN ras3.

PABOTA 5. OIIPEJAEJIEHUE OSHEPIMU TAMMA-KBAHTOB C
[NOMOIBIO CUHUHTUUUIALMOHHOI'O CIIEKTPOMETPA.

1. U3yunth paboTy CUMHTHILISIIMOHHOTO CUCTUHKA.

2. VccnenoBath SHEPTEeTHUECKUN CIIEKTP Y-KBAaHTOB (DOHOBOTO U3ITyUYCHHUSI.
PABOTA 6. ICCJIEJJIOBAHME KPUBOM ITOI'JIOIIEHUA U VIJIOBOT'O
PACIIPEJIEJIEHUSI KOCMHUYECKUX JIYYEN.

1. UccnenoBaTh 3aBUCUMOCTh  BEJIMYMHBI  TOTJIOIMICHUS KOCMHYECKOTO

U3ITYyYEHUS OT TOJIIMHBI MOTJIOMIAONIEr0 MaTepuraa.

2. VI3yuuTh YIIIOBOE pacnpeeieHne KOCMUIECKUX JTy4ei.
PABOTA 7.  DOOEKT XOJUIA B ITIOJYITPOBOJHUKAX.

1. UccnenoBath 3 (HEKT X0iia B TEpMaHUH.

2. OmpenenuTs NOCTOSIHHYIO XOJIa.

PABOTA 8. WM3YYEHUE 3ABUCHMOCTU DJIEKTPOCOITPOTUBJIEHUA
METAJUJIOB U ITOJIYITPOBOJHUWKOB OT TEMITEPATYPHIL.
1. 3yuuTh 3aBUCUMOCTH DJIEKTPUYECKOTO COMPOTUBIEHUS TPOBOJHUKOB U
MOJIYIIPOBOJTHUKOB OT TEMIIEPATYPHI.

2. Bprauciuth TemrepaTypHbie KO3GOUIIMEHTHI U DHEPTUIO aKTHUBAIUH.
PABOTA 9. OINPEAEJIEHUE 5HEPTUU A-YACTUIL U JJIMHBI X
[TPOBET'A B BO3 Y XE.

1. OnpenenuTs AIUHY Mpobdera o-4acTHil.

2. BBIUMCIHATH CPETHIO SHEPTHUIO 0-9aCTHII.
PABOTA  10. HCCIEIOBAHHWE SHEPI'ETUYECKOI'O CITEKTPA B-
YACTUII 1O JJIMHE ITPOBET'A B METAJIJIE.

1. UzydyeHne sHEPreTHIeCcKOro CeKkTpa f—u3IydeHuHs.

2. WccnenoBanue IIMHBI U TTpo0era —13IIydeHus B MeTalIe.

5.3.2. Tpe6oBaHusi K 0(pOPMJIEHHIO 0TUETA T10 TAOOPATOPHBIM PabOTaM.
OT4eT OJKEH CoiepkKaTh CIEIYIOUIME U3MEPEHHBIE TaHHbIE, PE3YJIbTaThI
X 00paOOTKU U aHaIU3a:
1. Pacuetnbie popmyIibl.
2. Cxema u3MepuTenbHON ycTaHOBKU. O003HAYEHUSI.
3. BeiBog pacueTHoit hopMyIIbL.
4. Pe3ynbTaThl N3BMEPEHU.
5. Pe3ynbTaThl BEIYMCICHUN.
6. Pe3ynbraThel H3MepeHni U BBIYUCIICHUH TOJKHBI OBITH CBEJICHBI B TAOIUILY.
7. O0CyKIeHrE U CPaBHEHUE TOJIYYCHHBIX PE3yJIbTaTOB.
8. O1LieHKa TOYHOCTH MOJIYYEHHBIX PE3yJIbTATOB.
9. BeIBOIBI.
10. Ciucok mreparypsl.
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5.3.3. 3amaum 1J151 CAMOCTOATEIBLHOTO pPellleHHs .

1. PaccMOTpuUM DJIEKTPUYECKYIO II€b, COCTOSIIYIO W3 KOHJEHCAaTopa
emkocTd 50 n u karymku uHAYKTUBHOCTH 0,2 MI'H. JlomycTuM, 4TO aMIUIUTyna
HanpsDKEHUsT DJIEKTpUYecKux Kojebanuii paBHa 1 MB. Ouenure Bennuuny
«ECTECTBEHHON» NEPEMEHHOW C pa3sMEPHOCTHIO JACHCTBHS M CpPAaBHUTE €€ C
noctostHHOM [ Limanka.

2. [InotHOCTH MONUOAeHa paBHa 10,2 [] 10% kr/M°. OTHOCHTEIBHAS aTOMHAs
Macca MmonubaeHa 96 a. e. M. Onpenenute XapakTepHbIid pa3Mep aToMa MOJIUOIeHa
(cuuTas aToM IIApUKOM), ¥ MacCy OJHOTO aToMa MOJIMOICHA.

3. AHTeHHa paJMOCTAaHLMK U3Ty4aeT paguoBOJHBI Ha yactore 2 MI'1 npu
motHocTH 1 kBT. YUeMy paBHO uncio (OTOHOB, UCIycKaeMbIx 3a 1 ¢?

4. Bpraucnure 4nciio (HOTOHOB, MCHYIIEHHBIX 32 1 C UCTOYHUKOM C CHJIOM
ceera | xa. Mcmyckaercst x&enTelil CBET ¢ JIMHHOW BOJMHBI 5600 A. MoOmHOCTB
ucTtouHuka ¢ cuio ceera 1 ki 6nuska xk 0,01 BT. Mctounuk cBeTa U30TpOIIEH, a
HaOmronarens ynaneH Ha paccrosHue 200 M. Beramcnaurte uucio (GOTOHOB,
MOMaJaoNIMX B a3 HaOmronatens 3a 1 ¢, ecliu I1uaMeTp BXOJHOTO 3paudka Iiasza
paBeH 4 MM.

5. ToueuHblii UCTOYHUK cBeTa MOIIHOCTHIO Py=10 BT ucmyckaeT cBeT ¢
JuMHHOU BoJHBI A=500 HM. Ha kakoM MakcMMaiabHOM PacCTOSTHUU 3TOT UCTOYHHK
OyZeT 3aMEUeH YEJIOBEKOM, €CIM IJ1a3 BOCIPUHUMAET CBET MPHU YCIOBUM, YTO Ha
ceryarky momnanaet N=60 ¢potoHOB B cekyHy? duamerp 3pauka d=0,5 cm.

6. Panuonepenarunk MomHocteio P=1 MBT n3nydaer Ha yacrore v=1 MI 1.
KakoBa 3Heprusi B 3J€KTPOH-BOJIBTAX KaXAOr0 M3JIydaeMoro kBaHTa? (CKOJBKO
KBAaHTOB U3JIy4aeTCs 32 KaXK/IbIH Mepro/1 KoJieOaHUM 3MIEKTPOMArHUTHOTO 101517

7. Kpacnas rpanuia Boibppama paBHa 2300 A. Ompenenure SHEPrUIO
AJICKTPOHOB, BBIPHIBAEMBIX M3 TTOBEPXHOCTHU YIBTPA(PHOIETOBBIM CBETOM C JTTMHOM
BosHBI 1800 A.

8. Bpruncnure paauyc nepBoid OOPOBCKOW KPYyroBOMl OpOMTHI 3JIEKTPOHA B
aToOMe BOJIOpO/ia U CKOPOCTD JIBMXKCHUS DJICKTPOHA TI0 3TOM opOuUTe.

9. JInvuHa BOJHBI BUJAUMOIO CBETa JIEKUT B MHTEpBaie oT 0.4 mxm g0 0.75
MKM. B KakoMm mHTEpBaie 3aKI0UCHBI SHEPTUU KBAHTOB BUJIUMOTO CBETA?

10. IIpu ocBelieHUU MEIHOW TOBEPXHOCTH HM3ITYYCHHEM PTYTHOM AYTH C
OIUHOW BOJHBI [J=2537A BenuuuHa 3a7ep KUBAIOLIEro IMOTEHIMajla OKa3alach
paBHoi 0,24 BosbTa.

a) Onpenenute KpacHYIO rpaHULly AJIsl MEIH.

0) Hcnonb3ys IOy YCHHBIE 3HAYEHMS, I MA
omnpenenuTe  paboTy, COBEPIIAEMYIO AJICKTPOHOM IPHU 40
BBIXOJIC C TIOBEPXHOCTH MEJIH. o -

11. Karon d¢otodneMeHTa OCBEHIAlOT CBETOM C

nauHHOM BomHBI [1=5000 A. MomHOCTs H3AYyYEeHUS, -4 -2 o0 2 4U,B
najgaromero Ha karog P=30 mBt. Ilpu stom B unenm

dotornemenTa cuna toka | = 1 MA. Halitu oTHOIIEHUe ynciia nagaroimux GOTOHOB
K YUCIIY BBIOUTBIX (DOTOIIEKTPOHOB.

42



12. TIpu ocBeuiernn (HOTONIEMEHTA CBETOM ¢ ATHHOM BomHbl [1=1,8-107 M
MOJIYYWJIM  BOJBT-AMIEPHYIO  XapaKTePUCTHUKY, TOKAa3aHHYI0 Ha PHUCYHKE.
[Tonb3ysich  BOJIBT-aMIIEPHOM  XapaKTEPUCTUKOM, OMNpPENENIUTh padOTy BbIXOJA
AIIEKTPOHOB U3 (POTOKATO/AA; YMCIIO AJIEKTPOHOB, BHIOMBAEMbIX U3 (OTOKATOAA B
€IMHUILY BPEMEHH.

13. Dddexr 3eemana. Mexay mnmomrocamMu 3JIEKTPOMAarHuTa IOMEIICHA
KanbiueBas ayra. Jluaus A = 4226,7A ucnbIThIBacT HOpMaIbHbINA 3D dexT 3eemana
B noJie 30 Teic. apcren. [lomcunranre:

a)  Pa3HOCTb YaCTOT CMEUIEHHOM M HECMEIICHHON COCTABIISOIINX;

0) pa3HOCTb B JIJIMHAX BOJIH 3THX COCTABJISIONIHX.

14. Kakoif CKOpOCTBIO OJIKEH 007a/1aTh 3JEKTPOH, YTOOBI UMETh TaKOM *Ke
UMITYJIbC, KaK U POTOH ¢ JauHOo#M BoHBI 0.1 HM?

15. PaccesiHre peHTT€HOBCKOTO U3JIy4Y€HHUS C JJIMHON BOJIHBI 0,24-10% M Ha
aeKTpoHax HabmogaeTcs noj yriaoMm 30°. HailTu ayiMHy BOJIHBI pacCEsTHHBIX MO/
3TUM YIJIOM (DOTOHOB M YIOJl pacCesiHUS JJIEKTPOHOB OT/Iayu.

16. DnEeKTpOH pa3orHaIA B JJIEKTPUYECKOM ITose npu HanpspkeHun 30 B,
Haitngure nnvuHy BOJIHBI 1€ bpoitist 3TOro 3J1eKTpoHa.

17. OgHOMEpHOE NBUKEHUE YACTHUIBl B MOTCHUUAIBHOM siMe. PaccTosiHue
MEXK]ly CTCHKaMH SIMbl PABHO @ M CTEHKHU SIMbl O0€CKOHEYHO BBICOKHE: BHYTPH SIMbI
U=0, a 3a ee npeaenamu U=,

18. Yron paccesnus ¢orona B addexkre Komnrona ®=90°, yron ornauu
anekTpona ¢p=30°. Onpenenute 3HEPrUio (HOTOHA 0 paCCESTHUS.

19. Atom Bomopoaa mo bopy. Bruucnure panuyc nepBoit bopoBckoit
KPYTOBOM OpOUTHI AJIEKTPOHA B aTOME BOJIOPOa M CKOPOCTh JIBUKEHUS JIEKTPOHA
10 ATOM opoOuTeE.

20. 3akon Credana-boabumana. I[lonyunte 3akon Credana-bonpiimana
u3 popmyner [lnanka.

21. 3akon cmemenuss Buna. Ilomyuure 3akoH cmemieHus BunHa wu3
dbopmysl [1nanka.

22. JIMCKpPeTHOCTHh YpPOBHEeH. YuuThiBasg TOT (akT, 4TO OpOUTATHHBIN
MOMEHT YaCTHIIbI MOXKET MPUHUMATh 3HA4YCHHUs ToJabko L = nhv (n-uienoe umcio),
BBIYUCIIUTE DHEPreTUYECKUN CHEKTP DJEKTPOHAa B TOTCHIUAIBLHOW siME
runepOommueckod ¢opmbel - U ~ - 1(Jerkue atoMbl) U pa3Mepsl 00JacTu

r

JIOKaIU3aluu.

23. JIUCKPeTHOCTh YPOBHeil. YuuThiBas TOT (PakT, YTO OPOUTAIbHBIN
MOMEHT YaCTHIILI MOXET MPUHUMATh 3HaYCHHS TOJbKO L = nhv (n-iemnoe 4uco),
BBIYHMCIIUTE DHEPreTUUYECKUN CIEKTP JJIEKTPOHA B MOTEHIMAIBHOW siME
napabonuaeckoit ¢popmsl - U ~% (rapMOHHMYECKUN KBAHTOBBIM OCHUJUISITOP) U

pa3Mephl 00JIaCTH JIOKATU3AIIUH.

24. bapbepHas 3amaya. HaiiTu mnpoCTpaHCTBEHHOE pacIpeesieHne
BOJTHOBOW ()YHKIIMM TPSMOJIMHEWHO PaBHOMEPHO JIBUTAIOIICHCS YaCTHUIBI C
sHepruer E mpu HAaCKOKE €€ Ha MOTEHIMaIbHBIN O0aphep BhICOTHI Uy 1 KOHEYHOU
mael b. PacemoTpets cay4vaii E < U,.
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5.3.4. TunoBble 3a1a4M JJI51 KOHTPOJbHBIX PadoT.
1. PaccMOTpUM 3JEKTPUYECKYIO 1I€Tb, COCTOSIIYIO U3 KOHJeHcaTopa eMkoctu 10
¢ u xkarymkyd HHAYKTHBHOCTH 0,1 MI'H. JlommyCcTHM, 94TO aMITTUTYyna HAPSHKCHHUSI
aneKTpudeckux kosnedanui paBHa 10 MkB. OneHuTte BEIMUUHY «ECTECTBEHHOW
IIEPEMEHHON C Pa3MEPHOCTBIO IEUCTBUS U CPABHUTE €€ ¢ NMOocTossHHOU [limaHka.
2. InotHoCTH BonMb(pama pasua 19,1x10° kr/m°. OTHOCHTENbHAS aTOMHast Macca
Bosb(ppama 184 a. e. m. Ompenenute xapakTepHBIA pa3Mep aroma Bodbhpama
(cuuTas aToM IIApUKOM), ¥ MacCy OJHOTO aToMa BoJib(ppama.
3. Ckoibko (POTOHOB €XKECEKYHIHO HCIYCKAeT HHUTh DJIECKTPUUYECKOM JIaMIIbI
nosie3Hoi MotrHocTH  P=1 BT, ecnu AyivHa BOHBI U3JIy4YE€HUS, COOTBETCTBYIOINICH
cpenHet sHeprun GporoHa, A=1 Mkm?
4. ToueyHblii UICTOUHUK CBeTa MOITHOCTBIO Py=100 BT ncnyckaet CBET ¢ JJIMHHOU
BosiHBI A=400 HM. Ha KakoM MakCHUMallbHOM PAacCTOSSHUM 3TOT MCTOYHHUK OyaeT
3aMEYEeH YeJIOBEKOM, €CJIU IJ1a3 BOCIIPUHUMAET CBET IIPHU YCIOBUU, UTO HA CETUATKY
nomagaeT N=60 ¢poTtoHoB B cekyHay? duamerp 3pauka d=0,5 cm.
5. UyBCTBUTEIBHOCTh CETYATKU IJ1a3a K KEJITOMY CBETY C JJIMHHOU BOJHBI A=600
uM cocrapmsier P=1,7x10 *® Br. Ckoibko (hOTOHOB TOIDKHO MAAaTh €KECEKYHIHO
Ha CETYaTKy, 4YTOObI CBET OBLIT BOCITPUHST?
6. Ha metaimueckyto miacTuHy, KpacHasi Tpanuiia Gotodpdexra s KOTOPor Ag =
0,5 MM, maaer GoToH ¢ JUIMHHOW BOIHBI A = 0,4 MKkM. Bo cKoJbKO pa3 CKOpOCTh
¢dbotona 60J1bIIIE CKOPOCTH (POTOIIEKTPOHOB?
7. 1lMHKOBYIO IUIACTUHKY OCBEIAIOT YIbTPA(UONETOBBIM CBETOM C JIJTMHHOM
BosiHbl A=300 HM. Ha kakoe MakcHUMalbHOE PACCTOSHHUE OT IUIACTUHKUA MOMKET
yOaIuThCsl  (POTORNIEKTPOH, €CJIM BHE IUIACTUHKU CO3[aHO 3a/IepXKUBAIOIIEe
AIIEKTpUYECKOE ToJie ¢ HanpskeHHOCThIo E=10 B/cm?
8. Ile3ueBnlii katoa (oOTOANEMEHTAa OCBEIIAIOT CBETOM HATPUEBOM JaMIIbl C
JuHHOM BoHBL A=600 HM OmnpenenuTb CKOPOCTh BBIPHIBAEMBIX M3 Karoja
(OTOANEKTPOHOB, €ClIM KpacHasd rpanuna ¢ortodddexra a1 mA

e3ust Ag=650 HMm 200

9. BonbdpamMoByI0 MIaCTHHY OCBEIIAIOT CBETOM C JUTMHHOMN 100

BomHbl A=2000 A. Haiitu MakcUMaabHBIH HMITYIIBC .
BBUICTAIOIINX U3 IIACTUHBI JICKTPOHOB. 2 0 2 4UB

10. Hcnonw3ys BOJBT-aMIIEPHYIO XapaKTEPUCTHKY HEKOTOPOTO BaKyyMHOTO
dbotonneMenTa (CM. pUCYHOK), HaliTH pabOTy BBIXOZA JIEKTpoHa U3 kKatoxa. Karox
OCBEILAIOT CBETOM ¢ [UTHHO BOTHBI A=3,3-107 M.

11. Dddext 3eemana. Mex 1y mojirocaMu 3JIEKTPOMArHUTa MOMEIEHa KalbI[ueBast
nyra. Jluaua A = 4226,7A ucneiThiBaeT HopMaibHbI 3 ekt 3eemana B nojue 30
ThIC. 3pcren. [lonpcunranre:

a)  Pa3HOCTb YaCTOT CMEIICHHOW M HECMEIICHHON COCTaBIISIFOIINX;

0) pa3HOCTH B JIJTMHAX BOJH 3TUX COCTABJISIOININX.

12. Kakoli CKOpOCTBIO JOJDKEH 00JajaTh JJEKTPOH, YTOOBI MMETh TaKOM JKe
UMITYJIbC, KaK U (DOTOH ¢ JUIMHOU BOIHBI 0.1 HM?

13. OnHomepHOE JBMKEHHE YacTUIIBI B TOTCHIIMAIBHOU siMe. PaccTostHre Mex Ty
CTEHKaMH SIMbI PaBHO d M CTEHKH sSIMbI OECKOHEYHO BhICOKHE: BHYTpH siMbl U=0, a
3a ee npeaesnamMu U=co. BBIYUCIUTB 3HEPreTUUECKUI CIEKTP 3JIEKTPOHA.
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14.  VYron paccesnus ¢otoHa B 3Ppdekre Komnrona ®=90°, yrom otaauu

anektpona ¢p=30°. Onpenenute 3HEPruto (HOTOHA 10 pacCEsTHUS.

15. VuuteiBasg ToT (HaKkT, YTO OpPOUTAIBHBIM MOMEHT YACTHUIIBI MOXKET MPUHUMATD

3HAYEHUs1 TONBKO L = mAi (N-menoe 4uciio), BHIYUCIUTE SHEPTETHUECKUI CIEKTP
kr?

AJNIEKTPOHA B TOTEHLUUANBHON siMe mapabonguyeckod ¢opmer - U >

(rapMOHMYECKUN KBAaHTOBBIN OCIIHILISTOP).

3.3. AHaAIM3 pe3yJbTATOB O0y4YeHHUSI M TepevyeHb KOPPEKTUPYIOUIUX
MEpONPHUATHI N0 JUCHUILIMHE «KATOMHAsE PU3HKA».

3.3.1 Jns  oOydwaromuxcs 1o mporpamme OakanmaBpuata 44.03.01
[lenaroruueckoe oOpazoBaHue (C JABYMS MNPOPWISIMH IOATOTOBKU), NPODHUIH
«Duzuka» mo ouHou ¢dopme oOydeHus, ISl MPOBEACHUS aHalu3a Y4YEOHBIX
JOCTHKEHUH | | CTY/IEHTOB IO TUCIMIUIUHE TPUMEHSIOTCS:

1. TectupoBanue.
JlabopatopHbie paOOTHI.
Pemenue 3anau.
JlomaiirHee 3ajaHue.
Otyet no 1abopaTOpHBIM paboTaM.
MOHUTOPUHT MOCEMAEMOCTH 3aHATUI U Ka4eCTBA BBITOJIHEHUS CTYJEHTAMU
MPaKTUYECKUX padoT (B T. 4. HAUBHAYyadbHOU, CP).

PelNTHHTOBBIN KOHTPOJIb 3HAHUM CTYJAEHTOB.

© N B O 0 B~ WD

[TyOnukarus, TOKIas, mpe3eHTaIus, PeICTaBIICHNE U T.1. PE3yIbTaTOB
y4eOHOM,

2. TIPOCBETUTENHCKOW U HAYYHO-UCCIIEI0BATEIHCKON PabOTHI MO TEME,

3. ompeneneHHON MPETOo/IaBaTeIICM.

9. CamocrosTenpHas padoTa.

10.UnunuBuayanbpHas padbora.

45



4. YYEBHBIE PE

CYPChbI

4.1. KAPTA JIMTEPATYPHOI'O OBECIHHEYEHUA JUCHUITJIMHBI
“ATOMHAS ®PU3UKA”.

IJIsE 00y4aKOIIUXCA M0 00pa3oBaTeIbLHOM MporpaMme
Hanpapnenue noarorosku 44.03.01 Ilegaroruueckoe odpazoBanue, mpopuib

o0pazoBarenbHON Iporp

aMMmbl usuka

1o o4Hoii popme o0yueHust

HaumenoBanue

Mecto xpanenus/
3JIEKTPOHHBIN ajpec

Koxa-Bo
IK3eMILISIPOB/T
04eK
aocTyna

PA3JIEJT 1 «@ynoamenmanvhvie u ghenomenonrocuueckue meopuu. Mooenv amoma 6000pooa no

bopy»

OcHoBHasl TuTEpaTypa

Uwuranos, Aaapeit CemEHOBHY. Hayunas 6ubnmnorexa 53
Beenenue B atToMHy10 (kBaHTOBYIO) ¢u3uky [Tekcr] KI'TIY um. B.IL
: Kypc neknuii / A. C. Yuranos. - KpacHosipck : Actadnena
KT'TIY um. B. I1. Acradnena, 2010. - 180 c.
Uponos, Urops EBrenbesuy. Hayunas 6ubnmnoTexa ol
KBanroBas ¢usuka. OcHoBHBIE 3aK0HBI [ Tekcr] : KI'TIY um. B.IL
yue0. mocobue aist By3oB / Mponos ULE. - M. : Acradnena
JlabopaTtopus bazoBeix 3nanuii, 2002. - 272 c.
JlononHuTenpHas TUTEPATypa

Buxwman, O. KBantoBas ¢usuka [Tekcr] : kypc Hayunas 6ubnuoreka 44
nexuuit. T. IV /3. Buxwman; [ep. ¢ aarn. A. U. KTTIY um. B.IL
HlansHukoBa, A. O. Baiicen6epra. - M. : Hayka, Actadbena
1974. - 415 c.
Cagenbes, Urops Biiagumuposny. Hayunas 6ubnmotexa 6
Kypc obmeit puzuku [Tekct] : B 3-x 1. / U. B. KI'TIY nm. B.IL
Cagenbes. - CIIG. : JIans.. Actadbena
T. 3 : KBanToBas ¢pusuka. AtomHas ¢pusnka. Gusnka
TBepaoro Tena. Pu3nka aTOMHOTO si/ipa U
DIIEMEHTAPHBIX YaCTHI : y4eOHUK. - 9-e u3., cTep. -
2008. - (Yuebuuku ans By3oB. CnenuanbHas
JTUTEPATYpA).
Axkocra, B. OcHoBbI coBpemenHol ¢usuku [Teker] : | Hayunas 6ubauorexa 4
Hay4YHO-TIOMyJIsipHast muteparypa / B. Akocrta, K. KT'TIY um. B.IL.
Kosan, b. I'pam ; nep. ¢ anrmn.: B. B. Tonmauesa, B. Acradbena
®. Tpucdonosa ; pen. A. H. Marseesa. - M. :
IIpocsemenne, 1981. - 495 c.

PA3JIEJI 2. «Dnemenmol k6aHMOBOU MEXAHUKU»

OcHOBHas JUTeparypa

Yuranos, Aunpeit CeménoBuu. Beenenue B Hayunas 6ubnuoreka 53
aTOMHYIO (KBaHTOBYI0) pm3uky [Tekcr] : Kypc KTTTY um. B.IL
nexuuii / A. C. Huranos. - Kpacnosipck : KI'TIY um. Actadnena
B. I1. Acradnena, 2010. - 180 c.
TanutsikoBa-bymkesny, .M. ®usuka : yueOHUK : B 9BC NunuBunyansH
2 4. / N.W. TanuteikoBa-bymkeBud. - 2-¢ U31., UCTIP. «YHUBEpCHUTETCKAS 13171
- MuHck : Bemmiimas mkona, 2014. - Y. 2. Onruka. HEOT'PaHUYECHHBI
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KBanToBas ¢usnka. CtpoeHue u puznyeckue OubIMOTEeKa OHIIANH 1 gocTyn
CBOICTBA BelecTna. - 232 ¢. : uil., cXeM., Ta0lL. -
bubnuorp. B kH. - ISBN 978-985-06-2506-9 (4. 2). -
ISBN 978-985-06-2507-6 ; To xe [ DneKTpOHHBII
pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=46088
3
JlononuurenpHas nuTeparypa
Bopu, M. Jlekuuu no aromHoit mexanuke / M. bopH. 9bC NunuBunyansH
- XapBKOB ; Kwues : , 1934.-T.1.-315¢. 5 To xe ((YHI/IBepCI/ITeTCKaH BIH
[QnexTponHsIil pecypce]. - URL: 616THOTeKA OHaliy | HEOTPAHHMYCHHBI
http://biblioclub.ru/index.php?page=book&id=11977 i mocty
6
[Munckuit, A.A. OcHOBBI (HU3UKY : yueOHUK / A.A. 9BC NHauBuyalibH
[Munckuit, b.M. SIBopckuii ; pen. 10.U. Jluk. - 5-¢ «YHUBEpCUTETCKAS bIY
u3J., crepeot. - Mockaa : ®usmariur, 2003. - T. 2. 6U6IHOTEKA ORIty | HEOTPAHHICHHBI
Kone6anus u Bonubl. KBantoBas ¢usuka. Ousnka 1 1octyn
sJipa ¥ 3JIEMEHTapHBIX yacTuil. - 551 c. - ISBN 5-
9221-0383-0 ; To e [ DneKTpOHHBIH pecypc]. -
URL:
http://biblioclub.ru/index.php?page=book&id=82665
Ousuka [Tekct] : yueb. mist 1 1K1, MIK. U KIL. C Hayunas 6ubnuoreka 5
yray6un. usyd. ¢pusuku / A.T. I'nazynos, O.D. KTTITY um. B.IL.
Kabapaun, A.H. Manunun; Pen. A.A. [1uHckuit. - 7- Acradnena
e usn . - M. : [Ipoceemenne, 2002. - 432 c.
PA3JIEJI 3. « Coépemennas mooenb amomay
OcHoBHasl IuTeparypa
Yuranos, Aunpeit CeménoBuu. Beenenue B Hayunas 6ubnuoreka 53
aTOMHYIO (KBaHTOBYI0) pusuky [Tekcr] : Kypc KTTIY um. B.IL
nexuuii / A. C. Huranos. - Kpacnosipck : KI'TIY um. Actadbena
B. Il. Acradnena, 2010. - 180 c.
3ucman, 'upm A6pamoBuy. Kypc obmielt puznku Hayunas 6ubnuorexa 8
[Tekcr] : B 3-x Tomax / I'. A. 3ucman, O. M. Tonec. - KI'TTY um. B.IL
M. : Hayka. Acradnbena
T. Il : Ontuka, pusrka aTOMOB U MOJIEKYJI, (pr3HKa
aTOMHOTO 5ipa 1 MUKPOYacTHll : yueOHoe nocodue
JUIS CTYZIGHTOB BTY30B. - 5-€ U3[I., CTEPEOTHII. -
1972. - 496 c.
JlonmonHuTENnbHAS TUTEPATYypa
Bopn, M. Jlekunu no aromHoi Mexanuke / M. bopH. SBbC NuauBunyansH
- XapbkoB ; KueB :, 1934. -T. 1. -315 c. ; To ke «YHUBEpCUTETCKAS BII
[Snexrponmpiit pecype]. - URL: . OMOIMOTEKA OHIANHY | HEOrPAaHUYEHHBI
http://biblioclub.ru/index.php?page=book&id=11977 .
6 i noctyn
Buxwman, O. Hayunas 6ubnuoteka 44
KBanToBas ¢usuka [Teker] : kypc nexkuuit. T. IV / KI'TIY um. B.II.
. Buxwmas; Ilep. ¢ anri. A. 1. HlansHukosa, A. O. AcradneBa
BaiicenOepra. - M. : Hayka, 1974. - 415 c.
WupopmalninoHHbIe CIIPaBOYHbBIE CUCTEMBI U ITpodeccnoHabHbIe 0a3bl TaHHBIX
["apanT [DnexkTpoHHbIH pecypc]: nHpopMamoHHO- Hayunas 6ubnuoreka | JoKajdbHas
IIpaBOBOE OOECMeueHue : CIpaBOyHas IpaBoBas CETh By3a
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cucrteMma. — Mocksa, 1992— .

Elibrary.ru [OnexkTpoHHBbIi pecypc] : aIeKTpOHHAs http://elibrary.ru CB0OOIHBII
O6ubnuoreyHas cucrema : 0a3a JaHHBIX COIACPKUT JOCTYI
CBEJICHHSI 00 OTEUYECTBEHHBIX KHUTAX U
NEPUOANYECKHUX U3JaHUSIX M0 HayKe, TEXHOJIOTUH,
MeaunuHe 1 oOpazosanuio / Poc. mapopM. mopTan. —
Mockga, 2000— . — PexxuMm goctymna:
http://elibrary.ru.
East View : ynuBepcaabHble 0a3bl JaHHBIX https://dlib.eastview.c | MuauBuayanbH
[DnexTpoHHbIHN pecypc] :nmepuoanka Poccuu, om/ 13174
VYkpaunsl u ctpan CHI' . — Dnektpon.gan. — OO0 HEOrpaHWYCHHBI
UBUC. - 2011 -. 1 noctyn
MexBy30BcKas 2IeKTpoHHast oubanoreka (MOb) https://icdlib.nspu.ru/ I/IH,Z[I/IBI/IE[yaJIBH
BIiA
HEOTPAHHYCHHBI
U 10CTyN

CortacoBaHo:

o '
I'1aBHBIN OUOIMOTEKAPD ! J .

|  ®doproBa A.A.

(TOJKHOCTD CTPYKTYPHOTO MOApa3aencHus)  (MOMAIMKUCH)

(Pamunus 1.0)
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4.2. KapTa MaTepuajbHO-TEXHUYECKOH 0a3bl TN CIUNINHBI
«AToMHas1 pU3UKA»

A7 00y4aroluXxcs mo 00pa3oBaTe/ibHOM MporpaMmMme
Hanpasnenue noarorosku 44.03.01 Ilenaroruueckoe o6pasoBanue, npopuib
oOpazoBarenbHO NporpaMmbl Ou3nka

110 0YHO# opme 00yUeHHS

Aynuropus Oobopynosanue

HaIJIs/IHbIE I0CO0MSl, MAKEThI, MO/I€JIH,
JabopaTopHoe 000pyA0BaHHe, KOMIIbIOTEPHI,
HHTEPAKTHUBHbBIE TOCKH, IPOEKTOPHI,
NporpaMMHoe obecriedyeHue

JlexumoHHBIE ayTUTOPUHN

660049, Kpacnospckuii kpaii, T. KpacHOsIpCK, | ®  MyJjbTUMEIUANIPOEKTOP;
yi. [lepencona 7 (kopmyc Ne4), e JI0OCKa MapKepHas;
e JI0CKa MEJIOBas.

Ne 2-11
660049, Kpacnospckuii kpaii, T. KpacHOsIpCK, | ®  MyJjbTUMEIUANIPOEKTOP;
yi1. [lepencona 7 (xopmyc Ne4), e JI0OCKa MapKepHas — 2 IIT.;
® UHTEpaKTHUBHAs J10CKa;
Ne 2-13
AyIuTOpHH 1J1s IPAKTUYECKUX U JIAOOPATOPHBIX 3aHATUI
660049, KpacHnosipckuit kpait, r. KpacHosipck, ® KOMIUIEKT JEMOHCTPAIIMOHHOTO
yi. [lepencona 7 (xopmyc Ne4), 000py10BaHUs IO KBAHTOBOI
busuke;
Ne 4-03 e KOMIUIEKT Jabopatopubix pador DIIK

JUTsl KBAaHTOBOM (DM3UKH;

¢ KOMIIBIOTEP € BBIXOJAOM B UHTCPHET — 4
ImT.
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