degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JOBY30BCKOI IOAT0TOBKE
A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

Mo TUCHHUIIJIMHE: OOmas ¢usmka: KBaHTOBas (HU3NKA
10 HANPABJIEHHIO: Nudopmarnka u BIYUCIUTETbHAS TEXHUKA
NpoduJIb MOATOTOBKH: [IporpammHas HHXKEHEpUs

HepeoBasi MHKEHEepHasl 1IKoJIa PaJuoI0KalUuK, PaJUOHABUT ALY U IPOIPaMMHOMN
WHXECHEPUHN

kageapa obueit pusnku
KYpC: 3
kBaTuuKkanus: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 5 (0OCeHHUi) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 30 gac.
naboparopHsbie 3ausaTus: 30 yac.

CamocrositenpHas pabdora: 135 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 225, Bcero 3au. ef.: 5
KonnuecTBo KOHTPONBHBIX padoT, 3a1aHuii: 3

[IporpamMmy cocraBunu:

B.®. Ko3nos, kauj. pus.-mMat. HayK, TOIEHT, 3aMECTUTEIb 3aBEeIyIOIIET0 Kadenpoi
10.B. Iletpos, a-p ¢us.-mar. HayK, AOIEHT, Ipodeccop
H.B. Cunopenko, kau. ¢pu3.-Mar. HayK, JOICHT, JOIESHT

[Iporpamma obcyxaeHa Ha 3aceqanuu kKadenpst oomei ¢pusuku 14.01.2020



AHHOTANMA
[Iporpamma siBiseTcss COCTaBHOM 4YacTblo Kypca oOmend (HU3UKM, NPEAHA3HAYEHHOTO JUIsl OCBOCHUS
cTyneHTamu  crenpanbHoct  "MHpopMmatMka W BBIYMCIHWTENbHAs ~ TEXHHKA"  y4eOHOrO U
HAy4YHO-HCCIICAOBATEILCKOTO LEHTpa IO a’poMexaHuke M JerarenbHoit TexHuke (YHHULL AJIT). Ona
HalleJIeHa Ha O3HAaKOMJICHHE OOydaloIIuXcsl ¢ 0a30BBIMHU MOHATUSAMH U PE3ylIbTaTaMH KBAaHTOBOW MEXaHHUKH.
3HAaKOMCTBO 00yYalOMIErocsi C MPEIMETOM HAYMHACTCS C M3JI0KEHUS DKCIIEPUMEHTAIBHBIX U TEOPETHUECKUX
PE3YyNbTaTOB, NOJIOKEHHBIX B OCHOBaHMsI KBAHTOBOM MeXaHUKHU. Jlajee CTyAeHT I0CIe10BaTeIbHO 3HAKOMUTCS
C MareMaTu4ecKuM (OopMaIu3MOM AUCUUILUIMHBI U OCHOBHBIMHU PE3YJIbTaTaMH €ro MPUMEHEHUS IPU PEeLIeHUN
psla NpPaKTHYECKH BAXKHBIX 3a7a4 TaKHWX, KaK HJHEPreTHYECKHE CHEKTPBl BOIAOPOAONOAOOHBIX AaTOMOB,
BpalllaTeJIbHbIE CIIEKTPBl JKECTKUX POTATOPOB, KosieOarelbHbIE CHEKTPbl TApPMOHHMYECKHX OCLUIUISITOPOB,
MPOXOXK/IEHHE 4YacTHUIl 4epe3 MOTeHUHaIbHbIe Oapbepbl M T.JA. B 3aKIIOUMTENbHON YacTH MPOrpaMMBI
W3JIAraloTcsl OOUIeNpU3HAHHBIE HAa CETONHSIIHUN JCHb 3J€MEHThl TEOpUH CTPOCHHS M B3aUMOICHCTBUIN
AHJPOHHOW MaTEpUH.
IIporpammoii nmpexycMaTprBaeTCs CaMOCTOSTEIBEHOE OCBOCHHE CTYAEHTaAaMH TEOPETUYECKON COCTaBIIAIOIIEH
JTHUCLUIIMHBL ¢ UCIIOJIB30BAHUEM SJIEKTPOHHBIX CPEJICTB AMCTAHIIMOHHOTO OOY4YEHHUS M PEKOMEHIOBAaHHOU B
mporpamme y4eOHOHM JHTEpaTypbl, OBIAJCHWE OCHOBHBIMH IpPUEMaMH CaMOCTOSTEIILHOTO PEIICHUs 3a1ad
KBaHTOBOM MEXaHMKHM Ha CEeMUHapax II0J PYKOBOJCTBOM IIperojaBaTelsi M NPHOOpPETEHHE HAaBBIKOB
MPOBEACHUSI JKCIEPUMEHTAIBHBIX HM3MEpPeHHH H 00paOOTKM HUX pEe3yJAbTaToB, a TaKXKe 3HAKOMCTBO C
COBPEMECHHBIMH HM3MEPHUTEIHLHBIMU yCTPOHWCTBAMH B yueOHbIX Jaboparopusix ¢usukn YHUIL AJIT. B
Ka4eCTBE IIOMOIIM CTYAEHTaM B CaMOCTOSATEIBHOM OCBOEHHM TEOPETUYECKOW COCTAaBIAIONIEN Kypca
[IpOrpaMMOM IPEeIyCMOTPEHbl B [JIHU, OTBEACHHBIE II0 PACHMCAHUIO MAJI [PAKTUYECKUX 3aHATUN B
nabopartopuu, koHCyasranuu (10 ak. 4acoB), MPOBOAMMBIMHU IPENOAABATEIIMU-CEMUHAPUCTAMH yUEOHBIX
rpymil.
Jlis  ycrmenmrHoro OCBOGHUSI OHJIAMH-Kypca CIYIIATENI0 KeNaTrelbHO 3HATh Kypchbl oOmield (u3uku:
"Mexanuka", "TepMoguHaMuka ¥ MoJeKyJsipHas Qusmka', «NEKTpUUEeCTBO WU MarHeTH3m», "Omnruka" u
BJIaJIETh OCHOBAMM MaTEMaTHYECKOTO aHaju3a, TEOPHHM BEPOSTHOCTEH, TEOpUH (YHKIMH KOMIUIEKCHOTO
MEePEMEHHOI0, YpaBHEHUI MaTeMaTHueCKOr (PU3UKH, a TAKXKE 3HATh OCHOBBI JINHEHHOHN anreOpsl.

1. leau u 3apauu

eap AUCUMNIMHBI

OcBoeHue CTyneHTaMH 0a30BbIX 3HAHUI B OOJACTU KBAHTOBOM (DM3MKH JUIS JallbHEHIIEro M3ydYeHUs
COOTBETCTBYIOIIMX  pa3lCiOB TEOPETUUECKOM (U3UKH, a TakkKe YDIyOICHHOTO HM3YyYeHHS
(yHJIaMEeHTaIbHBIX OCHOB COBPEMEHHOW (DM3HKH.

3agaum AUCHUILUIMHBI
* (¢opmupoBaHue y oOydaronuxcsi 0a30BbIX 3HAHUKA M MOHATHN B 00JACTH KBAHTOBON MEXaHWKH H
¢$uznkn

. (¢bopMupoBaHHE YMEHUIl M HABBIKOB IPUMEHSTH HW3yUYEHHBIE TEOPETUUYECKHE 3aKOHBI U
MaTeMaTHYeCKHe HHCTPYMEHTHI [UIs peIleHHs 3a7a4 KBAaHTOBOH (Hhu3nku

. (dopmupoBanre 00MEPU3NIECKON KyJIBTYpPBl: YMEHHs BBIIEIATH CYIIECTBEHHBIC (QH3MUECKHE
SBJICHUS M IpeHeOperarb HeCYIIEeCTBEHHBIMU; YMEHHS HPOBOIUTH OLEHKH (PU3NYECKUX BEIMYHH;
YMEHHUS CTPOUTDH MPOCTEHIIINE TEOPETHUECKHUE MOJIEIH, OTMCHIBAOIINE (PU3HUECKUE TPOLIECCHI.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 Criocoben oCymiecTBISTh TOUCK, VK-1.5 OnmnpenensieT ©  OLEHUBACT  NPAKTUYECKHUE
KPUTHUYECKUH aHAJIN3 ¥ CUHTE3 HH(OpMaLny, |HOCIEICTBUS BOZMOKHBIX BApUAHTOB PELICHUS 3a1a4H
MPUMEHSATh CUCTEMHBIH MOIXO/ TSl PEIICHUS
MOCTaBJICHHBIX 3a/1a4

OIIK-1 CniocobeH npuMeHSITh OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
(dyHIaMEeHTaIbHBIC 3HAHUS, IOTYYCHHBIC B MPOHM3BOIUTH KOJMYECTBEHHBIC PACUETHI U OLCHKH

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
npodeccuoHaIBHON 1S TeTbHOCTH




[MK-1 Crocoben craButh, GopmanuzoBbiBath 1 |[IK-1.2  CrnocobeH  BBIABUTaTh  THIOTE3BI, CTPOUTH
pemars 3a/1a4u, B TOM YUCIIe pa3padaThIBaTh U |MareMaTHUeCKUe MOACTH JUIS  ONHCAaHUS — H3y4aeMbIX
MCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN SIBJICHUH U MTPOLIECCOB, OLICHUBATh KAa4e€CTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOJACIH

aHaJM3UPOBATh HAYy4YHbIE MPOOJIEMBbI, OITyYaTh

HOBBIC

HAYYHBIC PC3YyJIbTAThI

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI

3HATb.

YMETB:

0 (GyHIaMEeHTANbHBIC 3aKOHBI W TIOHSATHS KBAaHTOBOW MEXaHWKH, a TaKKe TPaHHIBI HX
IIPUMEHUMOCTH;

[]  OCHOBHBIC WJEU W TOHATHUS: KOPIYCKYJISIPHO-BOJHOBOHW Jyaji3M, BOJHBI Je-bpois, mpuHIum
HeomnpenenéHHoctn [eizenOepra, BonHOBas (YHKIHWS, BEPOSTHOCTHAs HWHTEPIPETAIHS BOJIHOBOU
(dhyHKIIUY;

[J  dyHaaMeHTalbHbIE KBaHTOBBIE JKCIepuMeHTHI: (GoTodddext, 3dpdekr Komnrona, audpakiums
PEHTI€HOBCKOTO HM3IYYCHUS M OJICKTPOHOB MpPU OTPAKECHUH OT KPUCTAJUIMYECKUX CTPYKTYP,
uHTep(EpeHIHs >JIEKTPOHOB (B TOM 4YHCJE OAHOYACTHYHASA), JIMHEHYaThle CHEKTPbl UCIYCKaHUS U
MOIVIOIIEHHS aTOMOB, TYHEIMPOBaHUE, U3Ty4YeHHE a0COIIOTHO YEPHOTO TEa;

[l xapakTepHble BPEMEHHBIE U MIPOCTPAHCTBEHHBIE MacIITA0bl, HA KOTOPBIX MPOSIBIISIOTCS KBAHTOBBIE
SIBJICHUS;

[l moctynatsl bopa 1t atTomMa Bozioposia M KBasukiaccuueckoe npubmmkenne bopa-3ommepdensaa;

[} BomHOBOe ypaBHeHue LlpénuHrepa aist HBOMIOLMUK BOJTHOBOM (DYHKIIMM BO BPEMEHH, a TAKKe IS
OIIPEAEIICHUS CTAIIMOHAPHBIX YPOBHEH HEPIHH KBAaHTOBOM CHCTEMBI;

[]  3aKOHBI KBAaHTOBAaHHS YacTO BCTPEYAIOIIMXCS THIIOB JBW)KCHHS: OIXHOMEPHBIN TapMOHUYECKUIT
OCLIIIIATOP, KBAHTOBBII POTATOP, SJIEKTPOH B aTOME BOIOPOAA;

] 0COOEGHHOCTH B3aMMOJCHCTBUS KBAaHTOBBIX YAacTHUI[ C NMOTCHUIUAJIBHBIMH SIMaMH M Oapbepamu.
TyHenupoBaHue;

[] THpOMarHUTHOE COOTHOIICHHE U CBS3b MEXTy MEXaHMYECKHM ¥ MarHUTHBIM MOMEHTaMH;

[l 4ro Takoe OpOMTANbHBIA M CIMHOBBIM MOMEHTHI, CBSI3b TOHKOTO DACIIEIUVICHHS B CIEKTpax
W3JTy4eHHs aTOMOB CO CITHH OpOUTaJIbHBIM B3aUMOJICHCTBUEM;

[] YTO TaKkoe CBEPXTOHKOE PACIICIICHNE U CIIMH aTOMHOTO SI/Ipa;

[]  CBA3b CTAaTHCTHKH (EPMHOHOB C TpaBWiIoM 3ampera llaynmn u OOMEHHBIM B3aHMMOICHCTBHEM.
[MpaBuna XyHma 3an0THEHUS] aTOMHBIX 000JIOUEK;

[J ocHOBHBIE 3akoHOMepHOCTH 3(pdexra 3eemana. CnoxHbIN U TpocToi 3pdeKTs 3eemana. SIBaeHus
MarautHoro pezoHanca. (O[1P u IMP);

[]  4YTO Takoe KareybHasi U 000JI0YeHYHas] MO aTOMHOTO sijipa. MIMeTh mpeacTaBlieHHe O CHIBHOM
B3aUMOJICHCTBUU. 3HATh XapaKTepHBIC pa3Mephl AaTOMHBIX SJep M BEJIMYUHBI SHEPT U CBSI3H SAED;

(] YTO Takoe KBApKOBBIH COCTAaB MPOTOHA M HEUTPOHA;

[]  4To Takoe paJAMOAKTUBHBIN pacman. Anbga-, Oeta- u ramma- pacnaa. Mmers mpencraBieHue o
OMOJIOrMYeCKOl OMTAaCHOCTHU PaJIMOAKTUBHOTO PacIaja;

[] Yro Takoe ciaaboe B3auMozeiicTBUe, 0COOEHHOCTH OeTa-pacnaza, BpeMs )KU3HU HEHTPOHA, TOHATHE
00 aHTHHEHTPHHO;

0 OCHOBHBIE TIOJIO)KEHHSI TEOPHHM PAcCEsHUs HEWTPOHOB Ha TSDKENBIX sApax (pe30HAHCHOE U
HEPEe30HAHCHOE B3aUMOACHUCTBUS, TIOHATHE COCTABHOTO S1pa);

[l OCHOBHBIC TIOJIOXKEHUSI KBAHTOBOW ONTHKM: (DOTOHBI, BHIHY)KICHHOE M CIIOHTAHHOE H3JIy4eHHE,
¢dusmka paboTh! na3epos, popmyna [Inanka aist u3aydeHust aOCOMOTHO YEPHOTO Tea.



[l NpHUMEHSTh U3y4YEHHbIC 3aKOHBI KBAHTOBOH (DM3UKH LIS PEIICHHSI KOHKPETHBIX 33/1a4;

[l npumensTs npubmmkenune bopa-3ommepdenbaa uid pemieHus 3afad O JABMKEHHUM YaCTHUIIBI
(31eKxTpoHa) B 3alaHHOM CTaTHYECKOM IOTEHIIHUAJIE;

[l mpumensTs ypaBHeHue lllpenunrepa s onpeneneHus: SHEPreTHUECKUX YPOBHEH CTAI[MOHAPHBIX
COCTOSIHHH, a TaKkKe IS onpenesieHus Kod(Q(GHUIUEHTOB MPOIMYCKaHUs U OTPaKECHHS MOTCHIUATBHBIX
0apbepoB M NOTCHIUAIBHBIX 5IM;

[l paccyHMTHIBaTh BEIUYMHY CIMH-OPOUTAILHOTO PACIICIUICHHS JHEPreTUYECKUX YPOBHEW artoma B
pamkax mozaenu LS-cBs3u;

[l BBIYMCIATH BEJIMYHHY PACIICIUICHHS CIIEKTPaJIbHBIX JHHUI B d(d(dexTe 3eeMaHa ¢ y4€TOM MpaBuil
oToopa;

[J ompenensTs FHEPTUIO CBSI3M aTOMHOTO s/Ipa B paMKax KarneJbHOH 1 000J104euHON MOAETeH aapa;

[l paccuuTHIBaTh BEPOSITHOCTH PACCESHUS HEHTPOHOB Ha aTOMHBIX AIpax;

[J TpUMEHSTH 3aKOHBI H3JIy4eHHs a0COIIOTHO YEPHOTO Tella B 33/1a4axX O TEIUIOBOM U3J1y4YCHUU;

0 aHAJIM3MPOBaTh (hU3MYECKHUE 3a7aud, BBIJEIAS CYIIECTBEHHBIE M HECYIIECTBEHHBIC ACIEKTHI
SBJICHUS, ¥ Ha OCHOBE IPOBEACHHOTO aHalli3a CTPOUTH YNPOIIEHHBIE TEOPETUUECKHE MOACIH
(UBNYECKUX SBICHUH;

0 NPUMEHATh Pa3IM4YHble MaTeMaTH4eCKUe WHCTPYMEHTHI pEIICHHWs 3a1ad HUCXOOsd U3
c(OpPMYIUPOBAHHBIX (U3NUECKUX 3aKOHOB, M IPOBOJUTH HEOOXOIMMbIE aHATUTHUECKUE U YHUCIICHHbIE
pacy€Thl.

BJIAJIETh:

[J OCHOBHBIMH METOJAMHM PEILICHUS 3a]1a4 KBAHTOBOW (DU3UKH;
[l OCHOBHBIMHM MaTe€MaTHYECKUMU MHCTPYMEHTAMH, XapaKTEPHBIMH ISl 33/1a4 KBAHTOBOW (DU3UKH.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 dotorddext. Dhdexr KommnToHa. 2 2 15
) Bonuber  ne Bpovﬁnﬂ. CooTtHomieHus ’ ’ 16
HEOIIpeIeJIEHHOCTEH.
YpaBHEeHUE [penunrepa.
3 [Morennuansubie O6apbepbl. TyHHENBHBIN 4 2 10
addexr.
4 [lorennuanpHble SIMBI. 4 ) 1
KBasukmaccuaeckoe mpuOImKeHue.
BonoponononoOusie aTOMBI.
5 KonebarenbHbie u BpalareiabHbIe 4 2 24
CHEKTPBI MOJIEKYIL.
6 Marnautsbiit MOMeHT. CIiuH. 4 2 10
7 SAnepusie monenu. PannoakTHBHOCTB. 4 2 11
8 SnepHbie peakiyu. 2 2 24
9 @yHIaMEHTalIbHbIE B3aUMOACUCTBUS H ’ ’ 7
yactuipl. CUIbHOE B3aMMOJCHCTBHE.
10 @dyHaaMeHTalbHbIE B3aUMOICHCTBUA U 5 5 7
gactuuel. Craboe B3auMoeHCTBHE.
11 Koncynpramum. 10
Nroro gacos 30 30 135
ITonroToBka k 3K3aMeHy 30 gac.




OO01mas TpynoEMKOCTh 225 yac., 5 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 5 (Ocennwii)

1. ®ororddext. Dpdext KommroHa.

2. Bonnst ge bpoiinsa. CooTHOIIEHHS HEOTIPEIETICHHOCTEH.

3. YpaBuenue llpenunrepa. [lotennnanbabie 0apbepbl. TyHHENbHBIN 3P dEeKT.

4. lorennaneHbIe IMBL. KBa3znkiaccnyeckoe npuoOImKeHHE.

93]

. Bomoponomnono6usie aromel. KonebarenbHble W BpaliaTeibHbIE CIIEKTPBI MOJICKYI.

6. Margutabeiii MoMeHT. CrinH.

7. SAnepubie Moaend. PainoakKTUBHOCTD.

o0

. SlnepHble peakuuu.

Ne)

. ®yH/1aMeHTaJIbHbIe B3aUMOACHCTBHS 1 yacTHIIbl. CHIIbHOE B3aUMOJIEICTBHE.

10. dynnamenTanbHble B3aUMOACHCTBUS B YacTuIlbl. Ciiaboe B3anuMoieiicTBIE.

11. Koncynprarumu.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEILHOTO
npouecca 1no JUCHUILInHE (MOIYJII0)



* Ayautopusi, OCHaIIEHHAs KOMMYHUKAIIMOHHBIMHU CPEJICTBAMHM C BBIXOIOM B MIHTEpHET U
000pyIOBaHUEM ISl KOJUIGKTUBHOTO IPOCMOTPA BUICOJICKIIHH.

* VYueOHbIC ayTUTOPUH, OCHAIIEHHBIE JTOCKOH.

» Jloctyn k 6ubnmoTexaM y4eOHOH TeXHUUECKOH JTUTEPaTyphl, B TOM YHCIIE JIICKTPOHHBIM,
HEOOXOUMBIH JJIsl OCYIIECTBICHHUS! CAMOCTOSTEILHOW PA0OTHI 00YYarOIIIUXCSI.

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa
1. KBanToBast MUKpO- 1 Makpodusuka [Tekcr] : yaebd. mocobue st By3oB / 0. M. [unentok .— M. :
®duszmarknura, 2006 .— 640 c.
2. OcHoBol pusuku [Teker] : Kype obmieii ¢pusnkn : B 2 T. T. 2 : yueOHUK Ju1st By30B. KBaHTOBas 1
craructuueckas ¢pusuka. Tepmopnnamuka / B. E. benonyukun, J[. A. 3aukun, 0. M. [lunexiok ; nox
pen. FO. M. llunentoka .— 2-e u3a., ucnp. — M. : ®uzmarnuT, 2007 .— 608 c.
3. HavyanbHble Ti1aBbl kKBaHTOBOW Mexanuku [TekcTt] : [y4e6. mocobue s By3oB] / H. B. Kapnos, H. A.
Kupuuenko .— M : @usmarnut, 2004,2006 .— 360 c.
4. O6wwmit kype ¢usuku [Texct] : 85 7. T. 5 : AtomHas u sinepHas ¢pusnka : yueO. mocoOue Juist By30B /
. B. CuByxun .— 2-e u3n., crepeorurt. — M : ®uzmariut : MOTU, 2002, 2006,2008 .— 784 c.
5. Coopnuk 3a1a4 o o0uiemy Kypey ¢usuku [Teker] : B 3 u. Y. 3 : AromHas u sinepHas Qusuka : yueo.
nocobwue Jist By30B / mox pea. B. A. OBunHkHHA .— 2-€ U3J1., ucrp. u gon. — M. : ®uzmarkaura, 2009
—512¢

JlononHuTeNbHAS TUTEPATypa
1. BBesieHre B KBaHTOBYIO (PM3HKY CUCTEM MHOTUX 4dacTull [Tekcr] : yueb. mocobue aiist By30B / A. A.
WBanos ; M-Bo oOpa3oBanus u Hayku Poc. @eneparun, Mock. ¢pu3.-TexH. HH-T (TOC. YH-T) .— 2-€ U3,
nepepad. u gorn. — M. : Uzn-Bo MOTH, 2007 .— 163 c.

2. Metofipl pemenns 3a1a4 B 001ieM Kypee ¢husznkn. AtomHas u sijepHast gusuka [Tekct] : yueo.
nocobue st By3oB / B. I1. KopsiBoB .— M. : Cryznent, 2012 .— 327 c.

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

1. http://lib.mipt.ru/catalogue/1412/?7t=750 — anekrponnas oudnrnoreka MOTH, paznen «Obmas
busukay.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOAYJII0), BKJII0Yasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

L.http://mipt.ru/education/chair/physics/S _V/method/ — mMetoguueckuii pazaen caiita kadeaps
Oobweit huzuku

2. http://lib.mipt.ru/catalogue/1412/?t=750 — snexrponnas 6ubanoreka MOTU, paznen «O0mas
¢duznkay

3. https://mipt.ru/education/chair/physics/records/quantum/

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

Crynent, n3ydaromuii kypc «OO01ast pu3uka: KBaHTOBast (PHU3MKa», JOJDKEH HE TOJIBKO M3YYHTh OOIIHe
(u3MUECKUe 3aKOHBI M TOHATHS, HO HAYYUThCS PUMEHSTh UX Ha MPAKTHKE.

VYeneniHoe 0CcBOeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TpUBEICHO MHHHMAaJIbHO HEOOXOAMMOE BpeMs [uii padoThl CTyAGHTa HaJ TEMOW.
CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHUE U KOHCIIEKTHPOBAaHNE PEKOMEH/I0BAHHOMN JINTEPATYPBI;

— mpopaboTKy ydeOHOro marepuana (o y4eOHON M HaydHOW JHMTEparype), MOATOTOBKY OTBETOB Ha
BOIIPOCHI, IPEJHA3HAYCHHBIX JUISI CAMOCTOSTEIIEHOTO H3yUCHHUS;

— peleHue 3a1a4, npeiaraéMbIX CTYJJCHTaM Ha MPAKTUYECKUX 3aHATHSAX;

— MOJTOTOBKY K MPAaKTHYECKUM 3aHATHSAM, KOHTPOJIBHOM padoTe, cradye 3aJaHuil, IK3aMeHy.



PykoBOACTBO M KOHTPOJIb 3a CAaMOCTOSITENLHOW pabOTOH CTYIEHTOB OCYIIECTBIseTcss B (opme
IPYIIOBBIX KOHCYJIBTAIUH.

[Mokazarenem BiaJeHUs MaTepUANOM CIYXHUT yMEHHWE pemiath 3aaadd. Jias GopMupoBaHUS yMEHHS
MPUMEHATh TEOPETUYECKME 3HAHUS Ha MPAKTUKE CTYIACHTY HEOOXOIMMO pellaTh KaK MOXKHO OOJIbIIIe
3anau. [Ipu penrenun 3a1aq Kaxaoe IeHCTBIE HEOOXOAUMO apTyMEHTUPOBATh, CChUIASCH HA H3BECTHBIC
TEOPETUYECKHUE CBEACHMS U NIPOBOIUTH BCE HEOOXOAMMBIE BBIYUCIICHHUS, JOBOMS 33J1ady /0 KOHEYHOTO
oTBeTa. 3ajada CUMTAeTCs PEIIEHHOH, €CIM OHa COACPKUT OOOCHOBAHHOE pEICHWE: CCHUIKH Ha
MpUMeHseMbIe PU3NIECKUE 3aKOHBI 1 KOPPEKTHBIE BBIKIAIKH, a TAKXKE TMPaBUIILHBIA YACICHHBIA OTBET
(ecnu B 3aade eCTh YUCIIOBBIC JaHHEIC).



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: IIporpammuas nHXEeHEpHs

nepeaoBasi HHKeHepHast LIKOJIa PaJUOIOKALH, PAJUOHABUTALIMN U TPOrPAMMHON
UH)XEHEpUU

kadenpa oomieit pu3nku
Kypc: 3
KBaJIMpUKALUS: GakanaBp

CemecTp, hOpMBI MPOMEKYTOUHOH arTecTanuu: 5 (OCEHHUH) - DK3aMeH

PazpaGoTunkm:

B.®. Ko3nos, kauj. pus.-mMat. HayK, TOIEHT, 3aMECTUTEIb 3aBEIyIOIIET0 Kadenpoi
10.B. Iletpos, a-p ¢us.-mar. HayK, AOLEHT, Ipodeccop
H.B. Cunopenko, kau. ¢pu3.-Mar. HayK, JOIEHT, JOIECHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.5 Ormpenenser ¥  OLEHHWBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPUAHTOB PEIICHUS 33/1a491

OIIK-1 CrocobeH npuMeHSTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.2 CnocobeH cTpouUTh MareMaTH4YecKHue MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHUYeCcKue MOAEIM Ul OIHUCAaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAYECTBO pa3padoTaHHOU
MOJENN

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus aucuuiuinael «O0mas (pusnka: KBaHTOBask (UMK 00yHArOIIUIACS TOJKEH:

3HAThb:




0 (GyHIaMEeHTANbHBIE 3aKOHBI W TIOHSATHS KBAaHTOBOW MEXaHWKH, a TaKKe TPaHHIBI MX
IIPUMEHUMOCTH;
[J  OCHOBHBIC HJIEM M TOHSTHS: KOPITyCKYJISIPHO-BOJIHOBOW JyaiH3M, BOJIHBI Je-bpoiins, npuHImn
HeomnpenenéHHoctn [eizenOepra, BonHOBas (YHKIHWS, BEPOSTHOCTHAs HWHTEPIPETAIHS BOJIHOBOU
(dhyHKIIUY;
[0  dyHaaMeHTalbHbIE KBaHTOBBIE JKCIepUMEHTHI: (oTodddekt, 3dpdekr Komnrona, audpakiums
PEHTTEHOBCKOTO HW3IY4YEHHS M DJCKTPOHOB MPH OTPAKEHHH OT KPUCTAUIMYECKUX CTPYKTYP,
uHTep(EpeHIHs >JIEKTPOHOB (B TOM 4YHCJE OAHOYACTHYHASA), JIMHEHYaThle CHEKTPbl UCIYCKaHUS U
MOMIOLICHHUS aTOMOB, TYHEJTUPOBaHHE, H3IyYeHUE a0COIIOTHO YEPHOTO Tea;
[l xapakTepHbIe BPEMEHHBIE U IIPOCTPAHCTBEHHBIE MAcIITA0bl, HA KOTOPBIX MPOSIBIISIOTCS KBAHTOBBIE
SIBJICHUS;
[l moctynatsl bopa 1t atTomMa Boztoposia M KBasukiaccuueckoe npudmmkenne bopa-3ommepdensaa;
[J BomHoBoe ypaBHeHue Llpéaunrepa i 3BONMIOLMK BOJHOBOW (YHKLIHMH BO BPEMEHH, a TAKXKE IS
OIIPEAEIICHUS CTAIIMOHAPHBIX YPOBHEH SHEPIHH KBAHTOBOM CHCTEMBI;
[]  3aKOHBI KBaHTOBAaHHS YacTO BCTPEYAIOIIMXCS THIIOB JBW)KCHHS: OIXHOMEPHBIN TapMOHUYECKHUIT
OCLIIIIATOP, KBAHTOBBII POTATOP, SJIEKTPOH B aTOME BOOPOAA;
[J  0coOEHHOCTH B3aUMOJACHUCTBHUS KBAHTOBBIX YaCTHUI[ C MOTEHIUAJbHBIMU SIMaMU U Oapbepami.
TyHenupoBaHue;
] THpOMarHUTHOE COOTHOIICHHE U CBSA3b MEXTy MEXaHMYECKHM ¥ MarHUTHBIM MOMEHTaMU;
[l 4ro Takoe OpOMTANbHBIA M CIHMHOBBIM MOMEHTHI, CBSI3b TOHKOTO DACIIEIUVICHHS B CIEKTpax
U3ITyYEHHS aTOMOB CO CIIMH OpOUTAJIbHBIM B3aUMOCHCTBUEM;
[]  YTO TaKkoe CBEPXTOHKOE PACIICIICHNE U CIIMH aTOMHOTO S/Ipa;
[J  cBfA3b CTaTUCTHKH ()EPMHOHOB C MpaBujoM 3ampera [laynmm m OOMEHHBIM B3aUMOJCHCTBUEM.
[paBuna XyHma 3an0THEHUST aTOMHBIX 000JIOUEK;
[J ocHOBHBIE 3akoHOMepHOCTH 3(pdekra 3eemana. CnoxHbIN U TpocToi 3pdeKTs 3eemana. SIBiaeHus
MarautHoro pezoHanca. (O[1P u IMP);
[J dro Takoe KamejbHas v 000J04eyHass MOJEIM aTOMHOTO sifipa. MIMeTh mpeacTaBieHne O CHIIbHOM
B3aUMO/ICHCTBUU. 3HATh XapaKTepHBIC pa3Mephl AaTOMHBIX SJep W BEJIMYUHBI SHEPTHHA CBSI3H SAED;
[J dTOo Takoe KBapKOBBIH COCTAB MPOTOHA U HEUTPOHA,;
[]  4To Takoe paJAMOAKTUBHBIN pacman. Anbga-, Oeta- U ramma- pacnaa. Mmers mpencraBieHue o
OMOJIOTMYECKOM OMACHOCTH PalMOaKTUBHOTO PACaia;
{1 Yro Takoe ciraboe B3auMozeiicTBue, 0COOEHHOCTH OeTa-pacnaza, BpeMs )KU3HU HEHTPOHA, TOHATHE
00 aHTUHEHTPHUHO;
0 OCHOBHBIE TIOJIO)KEHHSI TEOPHUHM PAcCEsHUs HEWTPOHOB Ha TSDKENBIX sApax (pe30HAHCHOE U
HEPEe30HAHCHOE B3aUMOACHUCTBUS, TIOHATHE COCTABHOTO Spa);
[l OCHOBHBIC TIOJIOXKEHUSI KBAHTOBOW ONTHKM: ()OTOHBI, BHIHY)KICHHOE M CIIOHTAHHOE H3JIy4eHHE,
¢u3nka paboTh 1azepos, popmyina Ilnanka a1 u3mydeHus: aOCONMIOTHO YEPHOTO Tena.

yMeThb:
[l NIpUMEHSTh U3yYEHHbIE 3aKOHBI KBAHTOBOM (DM3UKH JUIs PEIIEHHs] KOHKPETHBIX 3a/1a4;
[l mpumeHsThy npubmmkeHune bopa-3ommepdenbaa uis pemeHus 3aad O JBWKCHUH YacTHUIIBI
(amexTpoHa) B 33JJaHHOM CTaTHUYECKOM MOTEHIINATIE;
[J npumensTh ypaBHeHue LlpenuHrepa asis omnpenesieHus] SJHEPreTHYECKUX YPOBHEH CTallMOHAPHBIX
COCTOSIHMH, a TaKke AJs omnpenesieHus K03 HUINEHTOB MPOIYCKaHNs M OTPaKCHHUS MOTEHIMAIbHBIX
0apbepoB M MOTCHIUAIBHBIX 5IM;
[l paccuMThIBaTh BEIUYMHY CIIMH-OPOUTAILHOTO PACIIEIUICHHUS PHEPreTHUECKUX YPOBHEW aTtoma B
pamkax mozaenu LS-cBs3u;
[l BBIYMCIIATH BEJIMYHMHY PACIIEIUICHHS CIIEKTPaJbHBIX JUHUI B 3 dexTe 3eemMana ¢ y4éToM IMpaBuil
otbopa;
[J OmpenensTh SHEPTUIO CBSI3U aTOMHOTO S/Ipa B paMKax KarneJabHOH M 000JI04ueuHON MOJIeTIeH aapa;
[] paccuuTHIBaTh BEPOSITHOCTU PACCESHUS HEHTPOHOB Ha aTOMHBIX Spax;
[] MpUMEHSTH 3aKOHbI H3ITy4YEHHUs aOCOMOTHO YEPHOTO Tella B 3a7a4ax O TEMJIOBOM H3IIyYCHUH;
0 aHaJIM3UpOBaTh (PU3MUECKHE 3aJa4M, BBLACTSS CYLIECTBEHHBIE M HECYIIECTBEHHBIC AaCIEKTHI
SBJICHUS, ¥ Ha OCHOBE IIPOBEACHHOTO AaHaM3a CTPOUTH YIMPOIIEHHBIE TEOPETHUECKHE MOAEIN
(U3NUECKUX SBICHHIA;

O IPUMEHATh pa3jIMYHbIE MAaTeMaTUYeCKUE WHCTPYMEHTbl pEIIeHUs 3ajad UCXOAs U3
c(hOpMyYIIUPOBAaHHBIX (PUZNUECKUX 3aKOHOB, H IPOBOAUTH HEOOXOAMMBbIE aHAIMTHUECKHUE U YHCIICHHBIC
pacy€Thl.

BJIaJeTh:

[J OCHOBHBIMHU METOJIAMH PEIICHHS 33]1a4 KBAHTOBOW (DU3UKH;
(] OCHOBHBIMH MaT€MaTHYECKUMHU WHCTPYMEHTAMHU, XapaKTePHBIMHU IS 33/1a4 KBAHTOBOH (PU3HKH.



3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

Texymuuii KOHTPOJIb 3HAHUHU 1o JucunIuinHe «O0mas ¢u3nka: KBaHTOBas (PHU3MKA» OCYIIECTBIACTCS B
BUJE KOHTPOJBbHBIX palOT, BBHIMOJHEHHS W 3alIUThl J1AOOPAaTOPHBIX PabOT,0lpEaeICHHBIX B
MHIUBHUIyalbHOM rpaduke (MapuipyTe) CTyIeHTa, CAa4d 3aJaHUi U ONPOCOB IO H3YYEHHOMY
Marepuaiy.

B coorBeTcTBUM ¢ y4eOHBIM IIJIAHOM B TE€UEHHE CEMECTpa KaKIbIil CTYJCHT JOJDKEH BBINOIHHUTH U
c/1aTh MPENoAaBaTelio, BEAyIIeMy CEMHHAPCKHUE 3aHATHA B YUeOHOW rpymie, ABa 3aJaHusl. 3a1a4yd B
3aJaHMsIX IPUBSA3aHbl K TEMaM CEMUHApOB. PekoMeHIyeMble TEMbl CEMUHAPOB IIEPEUNCIIEHbl HUXKE:

» dotoaddexr. Dpdexr Komnrona.

* Bomnnsl ne bpoitna. CooTHOIIEHNS HEOTPEAEIEHHOCTEH.

* Vpasuenwue lpenunrepa. [lorennunanbubie 6apbepbl. TyHHETBHBIN 3D dEKT.

* [loreHunansHsle siMbl. KBa3uknaccuyeckoe npuoOImKeHue.

+ KoneGarenpHble 1 BpammareabHble ypoBHH. BogopononogoOHbie aToMBbl.

* Maruautabiii MoMeHT. CIiuH.

» KontponsHas padora. Cnava 1-ro 3ajganusl.

* Snepnsle Monenu. PainoakTUBHOCTG.

* SnepHble peakuuu.

* dynnameHTalbHBIE B3aUMOJeHcTBUS U yacTULbl. CHUIbHOE B3aUMOAEHCTBUE.

» dynmaMeHTalbHBIC B3aUMOJICHCTBYS U yacThIlbl. Caboe B3auMOICHCTBHE.

K kaxioit Teme cemuHapa 3a7a4u pa30oUThI HA 2 TPYIIIIHL:

0 rp. — 3azauu s CaMOCTOSTEIbHOIO PEIICHUs CTyACHTaMu K IpexacrosiieMy cemuHapy. Ilpu
HEOOXOAMMOCTH 3TH 3aJa4H pa30ouparoTcsi Ha CEMHHApE.

1 rp. — 3amauu, peKOMEHI0BaHHbIE AJIs1 OOCYKIIEHHUS Ha CEMHUHAPE U IS CAMOCTOSITEILHOTO PELICHUS
nocine Hero. Homepa 3amau ykaszansl o 3agaqyHuky «COopHHK 3a1a4 o obmemy kypey ¢usuku. Y. 111
Atomuas u snepHas ¢usuka. CrpoeHue BemecTBa» / moxa pea. B.A. OBunnkuna. — M.: ®uzMaTkHUTA,
2009. Pemenust 3TuX 3a/1ad CTyJIeHT 0(OpMIIIET B OTICILHOU TETpajy, KOTopas B yCTaHOBIICHHBIE B
3aJaHUH CPOKHU CIAETCS MPETOAaBaTeNIo Ha IPOBEPKY.

IIpu cpaue 3amaHuil mpenojaBarelb IO CBOEMY YCMOTPEHHMIO MOXET IIPOBOAMThH JUIsl CTYICHTOB
y4eOHON TpyMNIlbl KOHTPOJbHBIE pabOThl, B 3afadax KOTOPBIX OTPaKEHBI TEMbI, PACCMOTPEHHBIC Ha
[IPEIIECTBYOUX CEMUHApaXx.

BrinonHeHne CTy/IKEHTOM KaKIOH M3 yKa3aHHBIX BBIIIE JaOOPATOPHBIX PabdOT MPOU3BOIHUTCS B
CPOKH, yKa3aHHbIC B WHJAHMBHYaJbHOM CEMECTPOBOM TIpaduke j1aboparopHbBIX paboT (MapiipyTe)
oOyuaromerocsi. OHO COCTOUT U3 YETHIPEX 3TAIIOB:

I. TlomroroBka K BbIMONHEHHIO paboOTH. OHAa MPOM3BOMMTCS, KaK MPaBWIO, B TEUYECHUE HEIEIH,
IpeALIECTBYIONIEH J1a00paTOPHOMY 3KCIEPHUMEHTY, M BKJIIOYAET B ce0s M3ydyeHHe ONHCaHUs paboThl U
PEKOMEHIOBAHHOW B ONMHUCAHMU Y4YeOHOW JIUTEPaTypbl, B KOTOPOH H3JIAaraercsi TEOpUsl MCCIELYEMOTro
SBJICHUS, a TaKke O(OPMIICHHE B COOTBETCTBHM C JEHCTBYIOIIMMH IpaBUJIaMU JIaOOPAaTOPHOIO
XKypHaJla CTy/lCHTa.

II. DkcnepruMeHTaIbHBIE U3MEPEHUS B Ja00paTtopuu. DTOT JTAll HAYMHAETCS C JOIYCKa CTy-ACHTa K
paboTe mpernonaBaTeieM, IMPOBOMSIIUM B JIA0OpaTOpUH 3aHATHs yueOHO# rpymmsl. OH moapasymeBaeT
MPOBEPKY TOTOBHOCTH CTYIACHTa K BBIIIOJHEHUIO PAOOTHI, BKIIOYAas €O OTBETHl Ha KOHTPOJBHBIC
BOTIPOCHI, C BBICTABJICHUEM OIICHKH B KadeApalbHOM J>KypHalle Y4eOHOU Tpymmel B Tpady
«[logroToBka». B cilyyae HETOTOBHOCTH K TPOBEICHHIO H3MEPEHUI CTYICHT HE JOIMYCKaeTcs K
BBITIOJIHEHUIO JTA0OpaTOpHOI paboThl, 0 YeM JenaeTcs COOTBETCTBYIOIIAasi OTMETKa B KadeapaibHOM
KypHase y4eOHO# Tpynmbl. B nanpHeifmem, 1Mo Mepe TOTOBHOCTH, OH BBINOJHSET M3MEPEHHUS BO
BHEYPOUHOE BpPEMSI.

Honymenaslii kK paboTe CTyAGHT 10 OKOHYaHWHM HM3MEPEHHH MNPEObABISET  PE3YJIbTaThl
[Ipe-I0AaBaTello, a TOT IIpeylaraeéT €My BbIIOJHUTh KOHTPOJBHBIM pacyeT IapaMeTpoB B
COOTBETCT-BHUM C pabounMu (opMymnaMu JUis OJHOM - JBYX OKCIEPHUMEHTaJbHBIX TouyeK. Ecium
pe3ynbTaThl pacyeTa COOTBETCTBYIOT IPOTHO3MPYEMBIM 3HAUCHMSIM — IIPENojaBareib CTaBUT CBOIO
MOJMNKCH B Ja0OPAaTOPHOM XKypHaJIe CTYyACHTA, €CIIU — HET, TO MPEAIPUHUMAIOTCS MEPHI 110 BBIICHEHUIO
[IPUYUH PACXOKIEHUS, BKIIIOUasi [IOBTOPHbIE U3MEPEHUS.



I1I. O6paboTKa pe3ynbTaToB J1ad0PAaTOPHOTO SKCIEPUMEHTA IPOU3BOANUTCS CTYIEHTOM CaMOCTOSITEIBHO
B COOTBETCTBHU C JACUCTBYIOIIMMHU NpaBuiamMu (cM.: «JlabopaTopHBIi MpakTUKYM IO oOmei Qusmke.
T. 1. Mexanuka». Ilon pemakumeir A.Jl. Imagyna. — M.: MOTHU, 2012, . 1). [lo 3aBepmenun
00paboTKK PE3yJbTaTOB O0yYAIOMIMNCS AOJDKEH IMOArOTOBUTHCA K 3amuTe JabopaTopHOM paboThl.
Takast IOATOTOBKA BKJIIOUAET B ce0s CaMOCTOSTENbHYIO MPOBEPKY M aHAIU3 PE3yJIbTaroB 00paboTKH,
MOJATOTOBKY OTBETOB Ha KOHTPOJIGHBIE BOMPOCHI M3 OMNHMCaHUSl J1abopa-TOpHOM paboThl, a Takke
npopabOTKy 10 PEKOMEHIOBaHHBIM B OINHMCAHMM y4eOHUKaM TEOPETHU-YECKOTO Marepuaa,
OTHOCSIILIETOCS K U3y4aeMOii TEMeE.

IV. 3ammra naboparopHoil paboThl 00y4aOIUMCS IPOU3BOIUTCS B KOHTPOJIBHBIE CPOKH, YKa-3aHHBIE
B €ro WHIWBUAYAIBHOM CEMECTPOBOM rpaduke maboparopHbIX pabOT, BO BpeMsl 3aHSATHUH B
1abopaTopuu COMIaCHO JEHCTBYIOIIEMY pacnucanuto. Jlaboparopuas paGora, HE Npea-CTaBICHHAS K
3aIUTe B TEUYEHHME Mecsla Mocie JabOpaTOPHOro HIKCICPUMEHTa, aHHYIUPYETCs IMPErogaBaTeseM.
BMecTo Hee cTyneHTy Ha3HadaeTcs Apyras H3 UMEIOIIErocs epedHs J1adopa-TOPHBIX padoT.

3amuTa J1a00OpaTopHOil PabOTHI MOIpPa3yMeBaeT, MpPEeXJe BCEro, MNPOBEPKY INperojaBare-ieM
pe3yabTaToB 00padOTKHU TaHHBIX SKCIEPHUMEHTAIBHBIX U3MEPEHUI Ha MX COOTBETCTBHE TEOPETHUYECKOM
MOJICJIM HM3y4aeMOro SBJICHHMs WM (U3NYECKOro mporecca. Eciy OKaKeTcs, 4To pe3yibTaThl
3HAQYUTEIBHO PACXOIATCS C TaONMYHBIMUA 3HAYCHUSIMA HM3MEPEHHBIX IapaMeTpoB, H TPUUUHY
pacxokaeHHs: OOHAPYKUTh U YCTPAHHUTh HE YAAETCsl, CTYACHT MOXKET ObITh HAlpaBiIeH MpenoiaBaTeieM
Ha BBINOJTHEHUE MTOBTOPHBIX H3MEPEHHI U MIEPECUeT PE3yIbTaToB.

B cny4ae HeyIoBIETBOPUTEIBHOTO OGOPMIICHUS OTYETA IO PE3ylIbTaTaM M3MEPEHUH CTy-IACHT TaKKe
MOXET OBITh OTCTPaHEH NpeNojiaBaTeieM OT 3allUThl PabOTHl JJIsl YCTPAaHEHUS HENOYETOB JIO
CIIEIYIOILETO 3aHATHS 110 PACIIUCAHUIO.

OOs3aTeNbHBIM TIPH 3aIUTE PE3YJILTaTOB JTa0OPAaTOPHOW pabOThI SBISETCS YCTAHOBJICHUE CTEIICHH
OCBOGHHSI CTYICHTOM TEOPUHM MCCIEIyeMOro SBICHUS WM (u3ndeckoro mnpouecca. s storo
Mperno/iaBaTellb MOXET HCIIONb30BaTh CIUCOK KOHTPOJBHBIX BOIPOCOB M3 OMHCAaHUS JIabOpaTopHOi
pabotel. IlpemonaBarens Takke MOXET NPEUIOKUTH CTYIACHTY BBIIIONHHUTH OIICHKY BKJIaga B
MOTPEITHOCTh M3MEPEHUil (aKTOpOB, HE YYTEHHBIX B HCIIONB3YyEeMBIX IIPH pacdyerax padodnx
dbopmynax.

[To uToram 3ammMTHl Pe3yJabTaTOB pabOTHI MPEMOaBaTeb CTAaBUT B KadeapanbHbIH KypHaN ydeOHOU
IPYIIIBI COOTBETCTBYIOIIYIO HTOTOBYIO OLICHKY (10 10-0aibHOM IIKalie), yYUTHIBAIOIIYO, B TOM YHCIIE,
OLICHKY 3a ITOATOTOBKY K padore.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

W3y4yeHne qUCHUILINHEI 3aBepiIaeTcs quddepeHpoBaHHBIM 3a4€TOM U CEMECTPOBBIM K3aMEHOM.

JuddepeHumnpoBaHHbIi 3aueT

K cnmaye 3auera JOMyCKAarOTCS TOJBKO CTYACHTHI, YCIEIIHO COABIIUE JBA 3a/JaHHS, BBHIIOJHUBIIUE U
YCICIIHO 3aIIUTUBINNE B COOTBETCTBUU C WHIMBHIYaJbHBIM I'padukoM Bce JlabopaTopHbIe padoTHI.
HToroBas orieHKa OnpeaeseTcs Kak MoixycyMMa (C OKpYIJICHHEM JI0 [esIoro 3HadeHus 1o 10-0amuipHoi
cucTeMe) CpeAHHX apu(MeTHYecKHx OalljloB OIIGHOK 3a 3a/laHusl W 3a JaboparopHbie paboTel. B
UCKJIFOYUTEIBHBIX CITydasX CO CTYACHTOM, JONYCKABIIUM B TEUCHHE CEMECTpa HapyIICHHS Y4eOHOTO
rpaduka, MOKET OBITh ITPOBEACHO JIOMOJHUTEIFHOE COOECEI0BaHHE C IEIbI0 YCTAHOBJICHHS CTEICHU
OCBOCHUS M TIPOTPAaMMBbI TUCIUTUTAHEI.

DK3aMeH

CeMecTpOBEIil 3K3aMEH COCTOUT U3 JBYX YacTel: MMChbMEHHOW M YCTHOU, TPHYEM B DK3aMEHAIIMOHHYO
BEJIOMOCTh W 3aUETHYIO KHIXKKY CTYJIEHTa 9K3aMEHATOPOM CTaBUTCS ofHa oOIasi oneHka. CTyneHTHI,
He nMeromue auddepeHIpPOBaHHOTO 3a4eTa 1o quciuiuinae «O0mmas pu3nka: KBaHTOBast GU3UKA», K
YCTHOMY 3K3aMEHY HE JIOITyCKarOTCA.



Ha muceMeHHOM 5K3amMeHe CTYyAEHTY MpejiaraeTcs pemuTh 5 3aaad B TeueHHe 4 yacoB. Temaruka
3a/la4 TOJHOCTBIO COOTBETCTBYET INpOTrpaMMe Kypca, OJHAKO BCE 3aladd MHUCBMEHHOIO 3K3aMeEHa
SIBJISIFOTCSI ITOJIHOCTBIO OpUTrMHAJIbHBIMU. C IIpUMepaMHy 3a7a4 IPOLLIbIX JIET MOXKHO O3HAKOMMTBCS Ha
caiite kadenpsl oOmeill ¢(u3ukum B pasgesie 3K3aMEHAMOHHBIX MaTepHalloB 3a S5-H ceMecTp
https://mipt.ru/education/chair/physics/S_V/. u B umeromemcs B otaenenun Y HUL[ AJIT KO® apxuge
MUCBMEHHBIX 9K3aMEHAIIMOHHBIX padoT. Ilo uToram NMMCbMEHHOrO dK3aMeHa CTYIACHTY BBICTaBISAETCS
IIPOMEKyTOUHas! oleHKa. OJUH U3 BO3MOXKHBIX BApUAHTOB ONPE/EICHUS TAKO! OLIEHKH IIPEICTaBIIEH B
paszene "Kpurepum onenuBanus". B nanpHedIieM OHa YYHMTBHIBA€TCS Ha YCTHOM JK3aMEHE IMpH
BBICTABJICHUM UTOIOBOM 3K3aMEHALIMOHHOM OLIEHKH 10 JUCLIUILIMHE.

Ha ycTHOM 3K3aMeHe CTyAEHT AOJKEH M3JIOKHUTh 3K3aMEHATOpy MaTepuall SK3aMeHAI[MOHHOTo Omiera
(cmyuaitHbIM 00pa3oM BBIOpaHHBINA BOIIPOC M3 MPOTPaMMBbI) M TaK Ha3bIBAEMBIH «BOMPOC MO BHIOOPY».
Ero ctyneHT rotoBut 3apaHee. T0O MOXET OBITh JINOO yIIIyOJIEHHOE M3JIOKEHUE OJHOIO U3 BOIIPOCOB
mporpamMmbsl  Kypca, Ju0O BOIPOC, OTCYTCTBYIOIIMI B MHporpamMme Kypca, HO HWMEIOMINN
HEIIOCPEICTBEHHOE OTHOLIEHHUE K U3y4aeMOM TUCLMILIMHE, a TAKXKE U3JI0KEHUE U 3allUTa Pe3yJbTaToB
nabopaTopHoil palbOTHI, NPONENaHHOW CTYJEHTOM B JIaDOpaTOPHOM MPAKTHKyME B KauecTBE
JOIIOJIHUTEIbHOM paboThl. Ha 0TBET Mo «BoIpocCy Mo BEIOOPY» CTyAEHTY NpenocTasisercs He 6onee 10
MUHYT.

HpI/I NOATrOTOBKE K YCTHOMY JSK3aMCHY PCKOMCHAYCTCA HCIOJIb30BATh CJ'IC,I[YIOH_H/II\/’I CITMCOK
9K3aMCHAIIMOHHBIX BOIIPOCOB!

1. KaHToBas mpupoja 3MeKTpOMarHuTHOro nois (hoTtoHsl). YpaBHeHHe DUHINTEHHA U 00bsICHEHUE
dhotorddekra. dpdext KomnroHna, ocHOBHBIE COOTHOIICHHSI. KOMITTOHOBCKAs IJTHHA BOJTHBI.

2. BonHOBBIE CBOWCTBAa MACCHBHBIX YacTUL — KOPIYCKYJSPHO-BOJHOBOH Ayanu3M. OIBITHI
HeBuccona-/Ixepmepa u Tomcona mo audpakiuu snekTpoHoB. [lnmHa BodHBI Jae  bpoins
HepelsITUBUCTCKOW  vacTUlbl.  COOTHOWIEHWs  HEONMpeneleHHOCTed  (KOOpAWHATa-UMITYJIbC;

SHEPIUs-BpeMmsl).

3. Tlocrynarel Bopa st aroma Bomopoja. XapakTepHble apaMeTpbl U aToMa BOJopoaa: OOpOBCKUH
paanyc, CKOpPOCTb, YpPOBHH »SHeprud. BomopomomomoOHble aTOMbI: BIUSHHE Macchl  sIpa
(M30TONMMYECKUH CABWI), aTOMBI ILIEJOYHBIX METAJUIOB, MHOTO3apsSgHbIE HMOHBI, ME30aTOMBI.
XapakTeprucTUYeCcKoe pEHTTEHOBCKOE U3IydeHue (3aKoH Mo3in).

4. BonnoBas QyHkuus. BonHoBas ¢yHkus cBoOoaHo# yacTuipsl (BoaHa ae bpoiins). BepostHocTHas
MHTEpIIpeTaIys BOJIHOBOM (pyHkuuu no M. bopHy.

5. [lonsiThe © KBAaHTOBO-MEXaHWYECKHX omeparopax. Omeparopsl KOOPAMHATHI, HMITYJIbCa,
MOTEHIMAIPHON M KHHETHYECKOM SHEepruu CHCTeMbl, raMumibToOHHAH. CoOCTBeHHBIE (QYHKIMHM U
COOCTBEHHBIE 3HAUCHUS ONIEPATOPOB.

6. VYpasuenue lllpenunrepa. IloreHnmanbHast siMa OeckoHeuHoW TiyOWHBL. CBOWCTBA BOJHOBOM
(YHKIMM OJHOMEpPHBIX CTAllMOHAPHBIX 3a7a4: HENPEepPhIBHOCTb, KOHEYHOCTh, OJHO3HAYHOCTb,
HEIPEpbIBHOCTb IPOU3BOJHOM.

7. PaccesHue yacTull Ha MOTEHUHUAIBLHOW CTYNEHbKE KOHEYHOW BBICOTHL [IpoXo’kaeHue 4YacTHLIBI
4yepe3 MPSMOYTOJIbHBIA TMOTEHIMAIBHBIA Oapbep KOHEYHOH INUPHHBI (TYHHENBbHBIH 3 (deKT).
Koadhdunument npoxoxaeHus 1yt 6apsepa Ipor3BOIbHON (GOPMBEI.

8. YpoBHHM 3HEpPruM OJHOMEPHOIO FapMOHUYECKOTo ocumuistopa (0e3 BbiBoAa). BomHoBas GyHKuus
OCHOBHOT'O COCTOSIHUSI OZIHOMEPHOI'0 OCLMILIATOPA.

9. Onmneparop MomeHTa wumIyiabca (B chepuueckux KoopJuHaTaxX, Oe3 BbIBOJa). KBaHTOoBaHue
MPOEKLUUH MOMEHTa U KBaJIpara MOMEHTa UMITYJIbCa. YPOBHHU YHEPTUH IIOCKOTO POTATOPA.

10. JIBxeHrne B LIEHTPAJbHOM IIOJ€, FaMHJIBTOHHAH B C(hepHuecKUX KOOpAHWHATAX, LEHTPOOEKHAas
3Heprus, paguanpHoe ypasHenue llpenunrepa

11. VYpauenue Upenunrepa miis atoma Bomopona. BomHoBas (YHKIHS OCHOBHOTO COCTOSTHUSL.
Knaccudukanus 3neKTpOHHBIX COCTOSHUIN aroMa Bogoposa (6e3 BBIBOIA).

12. BpamarenbHblii CHEKTP IPOCTPAHCTBEHHOTO poTaropa. BpararenbHbie n KosebarenbHble YPOBHH
MOJIEKYI.

13. MarautHblii OpOUTATIBHBII MOMEHT 3JIEKTPOHOB, THPOMAarHUTHOE OTHOLICHUE, g-(PaKTop, MarHeTOH
Bopa. Omerr llltepna-I'epnaxa. ['mnoreza Ynenbeka m [ayncmura o ChuHE 3IEKTPOHA, CHHHOBBIN
g-takrop.

14. ToxaecTBeHHOCTb 4acTul, 0030HBI U (epmuonbl, npuHuun Ilaynmu. CrioXHBIE AaTOMBI
DnexTpoHHas KOH(UTypamus aroma. ATOMHbIE TEPMBbI, CIIEKTPOCKOIIMYECKast 3aIIMCh COCTOSIHUS aToMa.
15. ®dyngaMeHTanbHbIE B3aMMOACHUCTBHA M (yHIAMEHTaJbHbIE 4YacTHUIbI (JIEITOHBI, KBapKU U
MEPEHOCYMKHU B3aUMOACHCTBUH, 0030H Xurrca).



16. KBapkoBasi CTpyKTypa aJpOHOB — ME30HBI, OapuoHbl. CHIIbHOE B3aUMOJICHCTBUE, KBAHTOBAS
XPOMOJIMHAMHUKA.

17. Cnaboe B3aumozeiicTBue. 0030HBI, c1a0ble pacnaabl aJpOHOB.

18. AromMHOE AP0, 3aBUCUMOCTB pajuyca OT MaccoBoro yucia. @opmyna Balnzekkepa A s3HEPruu
CBSI3U sifipa.

19. SnepHas paauOaKTUBHOCTb. 3aKOH pPaJUOAaKTUBHOIO paclaja, KOHCTAHTa pacnajna, [epuoj
noJypacmnaja, CpeJHee BpeMsl ’KU3HH, BEKOBOE YpaBHEHHE.

20. Anwda-pacnan, 3akoH [ eiirepa-HatTona u ero BeiBox (popmyna ['amoBsa).

21. Bera-pacnazg aToMHBIX siaep ( -3aXBarT), yciaoBus OeTa-pacnaa.

Kputepun onennBanus

KPUTEPMM OLIEHUBAHUS PE3YJIETATOB IIMCHBMEHHON SK3AMEHAIIMOHHOM
PABOTbI

Jlns ynoOcTBa mpernogaBaTes, PPOBEPSIONIETO MMChbMEHHYIO SK3aMEHAMOHHYIO paboTy CTYIeHTa,
MOXeT OBITh HCIIIH30BaHA CJICAYIONIAsl CUCTeMa KpHUTepueB (IIpHeAnosiaraercsi ucnons3oBanue 10-
OaJLITFHOM TITKAJIBI OTICHOK):

1. 3agava pemiena BepHO (T. €. MPHUBEAEHO 0OOCHOBAHHOE MPaBMWIIbHOE penieHne). Bo3aMokHO Hanmmune
MEJIKMX HeJIoYETOB (HECYIIeCTBEHHbIE apudMeTHiecKre omuoKm).- 2 6a.

2. 3apmaua pemieHa NpaBUIbHO, HO OTCYTCTBYET YMCIICHHBIN OTBET, MM YHCICHHBIN OTBET Ha MOPSIOK
u OoJiee OTIIMYAeTCsl OT MPAaBWIBHOTO. - 1,5 Oa.

3.  3agaua He pemieHa, HO OCHOBHBbIC (hHU3MYECKHME 3aKOHBI, HEOOXOAMMBIC Ui pelle-Hus,
c(OpMYIMPOBaHBI MPAaBWILHO (IIPU 3TOM BBIKJIAJAKH HAa4YaThl, HO HE JOBEICHBI 10 KOHIA, JHOO B
BBIKJIaJIKaX €CTh CYIIECTBEHHbBIE OIIMOKH, MPUBEIIINE K HEBEPHOMY PEIICHUI0). - 1 Oai.

4, 3agaua He perreHa. OCHOBHbIE (DU3UYECKHE 3aKOHBI, HEOOXOMUMBIC [UIA  PEIICHHS,
copMyIHPOBaHBI MPABHIBHO. BBIKIAIKH THO0 OTCYTCTBYIOT, JIMOO OHH H3HAYaJIbHO HEBEpHBI.- 0,5
Oail.

5. 3amada He pelieHa, HO ObUTa Oe3ycIenTHas MOMbBITKA pemuTh. - 0 6a.

6. IlompITKM pemuTh 3aa9y He ObLIO. - 0 OaUr.

Utorosas omnenka 3a pabory (mo 10-0amibHON 1mIkaine) ompeaessercs Kak cymMma 0ajuloB MO BCEM
3ala4aM C OKpyIVICHHEeM [0 Onpkaimiero (cBepxy) Ienoro. B nmanmpHelieM oHa y4YUTHIBaeTCS Ha
YCTHOM 3K3aMEHE IPH BBICTABICHUH UTOTOBOM dK3aMEHAIIMOHHOM OlleHKH 1o nucrurinae. OneHka 3a
MUCBMEHHYIO 4YacTh 3K3aMEHa ONpeAeisieT MaKCHMMajJbHYI0 MTOTOBYIO OLIEHKY 3a 3K3aMeH. B
WCKJTFOUUTENFHBIX CIIy4asix, €CJIM Ha YCTHOW YacTH SK3aMEHa CTYACHT JIEMOHCTPHUPYET MPEBOCXOHBIE
TEOPETUYECKHE 3HAHUS U YPOBEHb IOHUMAHUS MPEAMETa, HTOTOBAs OICHKA C COTIACHs JIEKTOpa Kypca
MOJKET OBITh IIOBBIIIICHA, HO HE Oojice ueM Ha 2 Oayia (1o 10-0ayibHOM IIKae).

KPUTEPHUU OLIEHMBAHMA OTBETOB CTY/IEHTA HA YCTHOM 5K3AMEHE

Ha yctHOM »sK3aMeHe 3K3aMEHATOp OLIGHMBAECT OTBET CTYACHTA B LIEJIOM U BBICTABISAET OLECHKY
COINIACHO TMPHUBEACHHBIM HIKE KPUTEPUSIM U M3JI0KEHHBIM BBIIIE 3aMEUaHHAM KacaTelbHO
MMCHMEHHOM YacTy dK3aMeHa:

. Onenka «ommyHo (10)»  BbICTaBIsIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHUE
CHUCTEMaTU3UpPOBaHHbIC TIIyOOKME 3HAHMS NPOTPaMMbl JUCLUIUIMHBI M 3a €€ NIpeaesamMH, a TaKKe
yYMEHHE YBEPEHHO IPUMEHATh UX Ha MIPAKTHKE IPU PEIICHUH CIOKHBIX HECTAHAAPTHBIX 3a7ad.

. Ounenka «ommmyHO (9)»  BBICTABIACTCS  CTYHACHTY, IIOKa3aBIIEMY BCECTOPOHHHE
CHCTeMaTH3UPOBaHHbIE ITyOOKHE 3HAHUS MPOTPaMMbl JUCLUUILIMHBI M YMEHHE YBEPEHHO NPHMEHSTH
WX Ha IPAKTHKE P PEIICHUH HECTAaHIAPTHBIX 3a/1a4.

. Onenka «omm4HO (8)»  BBICTABIACTCS  CTYHACHTY, IIOKa3aBIIEMY BCECTOPOHHHE
CHCTeMaTH3UPOBaHHbIE ITyOOKHE 3HAHUS MPOTPaMMbl JUCHUILIMHBI M YMEHHE YBEPEHHO NPHMEHSTH
WX Ha MPaKTHKE NPU PELICHUH HECTAaHAAPTHBIX 3a[a4, OAHAKO JOIYCTHBILIEMY HEKOTOPbIE HETOYHOCTH
IIpU OTBETE.

* Ounenka «xopouo (7)» BBICTaBJISECTCS CTYACHTY, €CJIM OH MPOIEMOHCTPUPOBAJ TBEPAOE 3HAHUE U
YBEpEHHOE IOHMMAHHE MaTepuana MporpaMMbl JUCHUIUIMHBI M yMEHHE CBOOOAHO IPUMEHATh
(u3nyecKre 3aKOHbI Ha MIPAKTUKE TIPU PEIICHUH TUIIOBBIX 3a]a4.

*  Omenka «xopoio (6)» BBICTaBISETCS CTYAEHTY, €CIM OH IMPOJEMOHCTPUPOBAJI TBEPIOE 3HAHUE
Marepuajia NporpaMMbl JTUCHMIUIMHBI U YMEHHE NPUMEHSITh (PU3MUECKHE 3aKOHbI Ha MPAaKTUKE NpU
pELIeHNH TUIIOBBIX 3a/1ad.



*  Ounenka «xopouo (5)» BBICTaBJIAECTCS CTYACHTY, €CJIM OH MPOIEMOHCTPUPOBAJ TBEPAOE 3HAHUE U
MOHMMaHUE MaTepHaja MPOrpaMMbl TUCHUIUIMHBI M YMEHHE HPUMEHATh (U3MUYECKHE 3aKOHBI Ha
MPAKTUKE NPU PELICHUHU TUIIOBBIX 3314, OHAKO JOIYCTHII IIPX OTBETE PsiZ TPYOBIX HETOUHOCTEH.

. OneHka «ymoOBIETBOPUTENHHO (4)» BBICTABISETCS CTYIOCHTY, MOKa3aBIIeMy (parMeHTapHbIN
XapakTep 3HAHUH, IOMyCKaBIIEMY HETOYHOCTH B (HOPMYIHPOBKE OCHOBHBIX 3aKOHOB M 0a30BBIX
MOHATUH, HO TIPU 3TOM IPOJEMOHCTPHUPOBABLIEMY CIIOCOOHOCTh pellaTh MPOCTHIC 334a41 U BIlalcHUE
OCHOBHBIMU pa3/iellaMy yueOHOH IporpaMMbl, HEOOXOAUMBIMH ISl AabHEHIIEro o0yueHus.

. OneHka «ymoBIETBOPUTENHHO (3)» BBICTABISETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIN
XapakTep 3HaHUH, AOMYyCKaBlIeMy rpyOble OomMOKH B (OPMYIMPOBKE OCHOBHBIX 3aKOHOB M 0a30BBIX
MOHSATHH, HO TIPH 3TOM MPOAEMOHCTPUPOBABIIEMY CIIOCOOHOCTD peIlaTh MPOCThIE 3aJa4H M BIIaJCHUE
OCHOBHBIMH pazjiesiaMi Y4eOHON MporpaMMbl, HEOOXOAUMBIMHU AJISl JaJbHEHIIEro 00yYeHHI.

*  OrmeHKa «HEYIOBIECTBOPUTENBHO (2)» WINM «HEYNOBIECTBOPUTENHHO (1)» BBICTABISIETCS CTYIACHTY,
KOTOPBbI HE 3HAeT 3HAYUTENIFHYI0 YacThb OCHOBHOTO COJEPKAaHUS INPOrpaMMBbl, CHCTEMATHYECKH
JIOITyCKaeT TpyOble OMMOKM NPU (POPMYIUPOBAHUN OCHOBHBIX (DU3MUYECKUX 3aKOHOB MJIM HECIIOCOOECH
KOPPEKTHO MIPUMEHATH (PU3NYIECKHE 3aKOHBI Jaske VIS PEIIeHHs IPOCTHIX 3a1ad.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

Meroandeckne MaTepHralibl, OTHOCSIIHECs K Kypcy "OOmias ¢pu3uka: KBaHTOBasi MEXaHHUKa', HAXOIATCS
Ha caiite kadenpsl oomel Guznku MOTU: https://mipt.ru/education/chair/physics/S _V/method/



3. [lepeyeHb THMOBBIX KOHTPOJbHBIX 3aJaHUH, MCMOJb3YeMbIX JJsi OLEHKH 3HAHWIA,
YMeHHii, HABLIKOB

[TpomexyTOUHBIN KOHTPOJIb 3HAaHUH 10 nucnuiuinHe «Oomas pu3nka: KBaHTOBas GU3UKa
OCYIIIECTBIISICTCS. KOHTPOJILHBIX PaboT, cjauu 3aJaHUil U OTIPOCOB 10 M3y4YEHHOMY MaTepUaly.

B cooTBeTcTBHUM ¢ yU€OHBIM IUTAHOM B TEUEHHE CEMECTpa KaX bl CTYACHT JIOJDKEH BBITTOJ-
HUTH U CJIaTh MPENO/IaBaTENI0, BEIYIIEMYy CEMHUHAPCKUE 3aHATHS B yUeOHOH TpyIIIie, IBa 3a/1a-
HUs. 3a/1au B 3aJlaHUSX NPUBA3AHbI K TEMaM CEMUHAPOB. PEKOMEH1yeMble TEMbl CEMUHAPOB
MePEUYHCIICHBI HUXKE!

o  Dorodpdexr. dpdext KomnroHa.
e Bounbl ne bpoiing. CooTHOIIEHUS! HEONTPEAEICHHOCTEM.
e VYpaeuenue peaunrepa. [lorenumansabie 6apbepbl. TyHHETbHBIN 3D (HEKT.
e [lorenmnumanpHbie ssMbl. KBa3ukiraccuueckoe MpuOIMKEHHE.
e KonebarenpHble U BpalaTelbHble YPOBHU. Bogopoa01io00HbIE aTOMBI.
e MaruuTtHpii MOMEHT. CITHH.
Kontponbnas padora. Cnaua 1-ro 3agaHusl.
S nepubie Mogenu. PainoakTUBHOCTb.
S nepHble peakuuu.
DyHIaMEHTAIbHBIC B3aUMOICUCTBUS U YacTUIlbl. CHIIBHOE B3aUMOJICHCTBHE.
e (dynHnaMeHTalbHbIE B3aUMOAEHCTBUA U YacTullbl. Crraboe B3auMoielicTBHE.

K kaxxmoii Teme ceMrHapa 3aauu pa3OuThl Ha 2 TPYIIIBL:

0 rp. — 3amaun JUIsi CAMOCTOSITEILHOTO PEIICHUS CTYACHTaMH K MPEICTOSIIEMY CEMUHApY.
[Tpu HEOOXOMMMOCTH ITH 3aJ]a4H pa30MPAIOTCS HA CEMUHApE.

1 rp. — 3amaum, peKOMEH0BaHHBIC JJI1 OOCY)KICHHS Ha CEMHHApPE U ISl CAMOCTOSATEIbHO-
ro pemienus nocie Hero. HoMmepa 3amau ykaszansl 1o 3agauHuky «COOpHUK 3a7ad 1o oluiemy
kypcy ¢usuku. Y. III. Atomuas u sigepHast ¢pusuka. Ctpoenue BemecTBa» / mox pea. B.A. Os-
yruHKUHA. — M.: @usmartknura, 2009. Pemenust 3Tux 3agad cTyaeHT opopMIIIeT B OTAEIbHON
TeTpaau, KOTOpasi B YyCTAHOBJICHHBIC B 3a/IaHUH CPOKU CIAETCS MIPETO0/IaBaTeII0 Ha MPOBEPKY.

IIpu cnaue 3aanuii npenogaBaTeNb MO0 CBOEMY YCMOTPEHUIO MOXKET IPOBOJAUTH JUIsl CTYAECH-
TOB y4€OHOM TPyl KOHTPOJIbHBIE PAOOTHI, B 3a7a4aX KOTOPHIX OTPaKEHBI TEMbI, PACCMOTPEH-
HbIE Ha MPEIIECTBYIOIIUX CEMUHApPAX.

N3yuenne AUCIUTUIMHBI 3aBepiiaeTcs nuddepeHInpoBaHHBIM 3a4€TOM U CEMECTPOBBIM JK-
3aMCHOM.

JuddepeHupoBaHHbIN 3a4eT

Jlnsg nmonydeHus 3a4éTta CTy/I€HTY HEOOXO/IMMO B YCTaHOBJIEHHbIE YU€OHBIM Ipa)KOM cIaTh
JIBa 3a/1aHUS U BBINOJIHUTH YCTaHOBJIEHHOE YUeOHBIM TpapUKOM KOJINYECTBO Ja0OPATOPHBIX pa-
60T. BeinonHenue kaxxaoi paboThl M3 UHAUBHUIYaJIbHOTO CEMECTPOBOI0 rpadrka 1a00paTOpHbBIX
pabot (MapupyTa) 00y4aroerocsi COCTOUT U3 YEThIPEX ITAIoB:

1. [loAroTOBKA K BBIMOJHEHUIO paboThl. OHA MPOU3BOIUTCS, KaK MPABWIIO, B TCUCHUE HECIIH,
IpEeIIECTBYIONIeH 1aO0paTOPHOMY 3KCIIEPUMEHTY, U BKJIIOYAaeT B ceOs U3ydeHUEe ONMMCAHUS pa-
00Thl U PEKOMEHJIOBAHHON B ONHUCAHUM Y4e€OHOW JHUTEpaTyphl, B KOTOPOH H3J1araercsi Teopus
UCCIIEIyEMOTO SIBJIEHHS, a Takke Oo(opMiIeHHEe B COOTBETCTBHM C JECHCTBYIOUIMMH MpaBUIIaMHU
71a00paTOPHOTO KypHaja CTyACHTA.

2. DKCHepUMEHTaIbHbIC H3MEPEHHUS B JIAOOPATOPUU. DTOT ITAll HAUWHAETCS C JIOMYyCKa CTY-
JIeHTa K paboTe mperoaaBaresieM, MPOBOSIIMM B JabopaTopuu 3aHsATUsl yueOHoU rpynmbsl. OH
NOJpa3yMeBaeT NPOBEPKY TOTOBHOCTH CTY/ICHTA K BBIIOJIHEHUIO pabOThI, BKIIIOYAst €0 OTBETHI
Ha KOHTPOJIbHBIE BOIIPOCHI, C BBICTABJICHHUEM OLIEHKU B KadeIpallbHOM KypHaje yueOHOM rpymn-
bl B Tpady «Iloaroroska». B ciydyae HErOTOBHOCTH K MPOBEJCHUIO U3MEPEHUH CTYJIEHT HE J10-
MyCcKaeTcs K BBIITOJIHEHHUIO J1a00paTopHOil paboThI, 0 YEM JielaeTcs COOTBETCTBYIOIIAsI OTMETKA
B KadeapaibHOM XKypHase yueOHoi rpynmsl. B ganpHeiiem, mo Mepe ToOTOBHOCTH, OH BBITIOJ-
HSIET U3MEPEHUS BO BHEYPOUHOE BpEMSI.




JlonmyieHHsli k paboTe CTYAEHT 10 OKOHYAaHUM M3MEPEHHH NMpEeabsABIseT pe3ysabTaThl Mpe-
[OJaBaTeNio, a TOT MPeUIaraeT €My BBIIOJIHUTh KOHTPOJIBHBIM pacyeT mapameTrpoB B COOTBET-
CTBMHM C pabounMMu (OpMyIaMu JUIsl OJHOU - IBYX 3KCIIEpUMEHTaIbHBIX Touek. Eciu pesynbTa-
TBI pacyeTa COOTBETCTBYIOT MPOTHO3UPYEMBIM 3HAYEHHUSIM — IPEIoIaBaTeNlb CTABUT CBOIO MOJ-
IHUCh B J1a0OPaTOPHOM KypHaJle CTYAEHTA, €CIM — HET, TO MPEeJIIPUHUMAIOTCS MEPHI 110 BBISCHE-
HUIO IPUYUH PACXOKJCHHUS, BKIIOUasi TOBTOPHBIC H3MEPEHHS.

3. O6paboTKa pe3yabTaTOB Ja00PATOPHOIO IKCIIEPUMEHTA IPOU3BOAUTCS CTYIEHTOM CAMO-
CTOSITENIFHO B COOTBETCTBUH C JCHCTBYIOIIUMH MPaBUIaMH (CM.: «JlabopaTopHBbIil IPAKTHKYM T10
obmei pusuke. T. 1. Mexanukax. [Tox penakumeit A.JI. Tnagyna. — M.: M®TU, 2012, ror. 1). ITo 3a-
BEpIICHUH 00Pa0OTKU PE3yJIbTATOB 00yUYAIOIIUNCS TOJKEH MOArOTOBUTHCS K 3aluTe Jadopa-
TOpHOMU paboThl. Takas NOAroTOBKA BKIIIOYAET B €051 CAMOCTOSITEIbHYIO IPOBEPKY U aHAIIU3 pe-
3yJIbTaTOB 00pPabOTKH, TOATOTOBKY OTBETOB Ha KOHTPOJILHBIE BOIIPOCHI U3 ONMCaHUA Jadopa-
TOPHOU pPabOTHI, a TAKXkKe MPOPAOOTKY 110 PEKOMEHOBAaHHBIM B OIIMCAHUU YY€OHUKAM T€OPETH-
YEeCKOT0 MaTepuaa, OTHOCAIIETOCS K U3y4aeMoi TeMe.

4. 3amura J1abopaTopHON PabOoThl 00YUYAOIIUMCS IPOU3BOJUTCSA B KOHTPOJIbHBIE CPOKH, YKa-
3aHHBIC B €T0 WHAMBUIYAIILHOM CEMECTPOBOM Ipaduke J1adopaToOpHBIX paboT, BO BpeMs 3aHs-
TUll B 1a00paTOpUHU COIJIACHO AEUCTBYIOLIEMY pacnucanuto. JlabopatopHas pabora, He npea-
CTaBJICHHAA K 3alIUTE B TEUYCHHUE MECAIa TIOCIIE JJa0OPaTOPHOTO IKCIIEPUMEHTA, aHHYIUPYETCS
npenojiaBareneM. BMecTo Hee CTyAeHTY Ha3HavaeTcsl Apyras U3 UMEIoLerocs nepevns gadopa-
TOPHBIX PaloT.

3amura 1abopaTopHON paboThl MOAPA3yMEBAET, IPEX/IE BCErO, IPOBEPKY MPENoiaBaTe-
JIeM pe3yibTaToB 00pabOTKH JaHHBIX YKCIIEPUMEHTAIBHBIX H3MEPEHHI Ha UX COOTBETCTBHE
TEOPETUYECKON MOJEIN U3y4aeMoro sIBJICHUS WK (U3NYECKOro npouecca. Eciau okaxercs, 4To
pe3yabTaThl 3HAYUTEIHHO PACXOAATCS C TAOJMYHBIMU 3HAUEHUSIMHA U3MEPEHHBIX ITapaMeTPOB, U
NPUYMHY PAaCXOKACHUSI OOHAPYKUTh U YCTPAHUTh HE YAAETCS, CTYICHT MOKET ObITh HalpaBileH
Iperno/iaBaTeyieM Ha BHIOJHEHHE TOBTOPHBIX U3MEPEHUH U MEPecUeT pe3yIbTaToB.

B ciyuae HeynoBieTBOPUTENBHOIO 0)OPMIIEHHUS OTUETA 110 Pe3yJIbTaTaM U3MEPEHUH CTy-
JICHT TaK)XKe€ MOXET OBITh OTCTPAHEH MPEIOoIaBaTeNIeM OT 3alUTHI paOOTHI IJIsl YCTPaHESHUS
HEJI0UETOB JI0 CJIEAYIOIIETO 3aHATHS 110 pacUCaHUIO.

O0s13aTeNbHBIM NP 3aLIUTE PE3YIbTATOB JA0OPATOPHON PaOOTHI ABISETCS YCTAHOBJICHHUE
CTETIEHU OCBOEHUS CTYJIEHTOM TEOPUHU HCCIETyeMOro BJICHUS WK (pu3ndeckoro npouecca. s
ATOTO MPETNOAABaATENb MOXKET UCIOIB30BATh CIICOK KOHTPOJIBHBIX BOIIPOCOB U3 OTIMCAHUS Jia-
6oparopHoii paboTsl. [IpenogaBarens Takxke MOKET MPEATI0KHUTH CTYACHTY BBIIOJIHUTH OLIEHKY
BKJIa/Ia B TIOTPEITHOCT M3MEpEeHH (DaKTOPOB, HE YUTEHHBIX B UCTIOIB3YEMBIX IPH pacyeTax pa-
604Mx popmynax.

[To uroram 3amUThl pe3yabTaTOB PabOTHI IPENIOAABATENb CTABUT B Ka(eapaibHbIHN Kyp-
HaJl y4eOHOM TPyl COOTBETCTBYIONIYIO HTOTOBYIO OLIEHKY (110 10-0anbHOil 1mIKane), yuuThl-
BAIONIYIO, B TOM YHCIIE, OIICHKY 3a ITOJATOTOBKY K padoTe.

[To oxoHYaHMU cemecTpa Kax/ablii 0Oydaromuiics AODKEH MONIyduTh AU depeHIupoBaH-
HBIH 3adeT no auciurummae «Oomas ¢usuka: Mmexanukay. K cmade 3adera JOMyCKarOTCS TOJIBKO
CTYZAEHTBI, YCIIEIIHO C/IaBLIME /1B 33JaHNUs, BBIMOJHUBIINE U YCIIEIIHO 3aIUTUBIINE B COOTBET-
CTBUU C MHAMBHyaJIbHBIM IpaukoM Bce JabopaTtopHbie paboTsl. MITorosas oleHka onpeaens-
eTcs Kak MOoJIycyMMa (C OKpYIJIEHHEM J0 LeJ0oro 3HaueHus no 10-0amibHON cucTeme) cpeHux
apu@meTnuecKux OallJIOB OILIEHOK 3a 3aJlaHus U 3a J1abopaTopHbIe paboThl. B MCKITIOUNTENbHBIX
cllydasix CO CTYAECHTOM, JOIYCKAaBIIUM B TEUEHHE CEMecTpa HapylleHHus ydeOHoro rpaduka,
MOXET OBITh TPOBENEHO IOMOIHHUTEIBHOE COOECeOBAaHNE C IENBI0 YCTAHOBICHHS CTENCHH
OCBOCHMS UM MPOTPAMMBI AUCHUTUINHBL.

IK3aMeH
CeMecTpoBbIil 3K3aMEH COCTOUT U3 JIBYX YacTel: MMCbMEHHOW U YCTHOM, IpUYeM B IK3aMe-
HAIIMOHHYIO BEIOMOCTb U 3a4E€THYIO KHUXKKY CTYJICHTa 9K3aMEHATOPOM CTaBUTCS OJJHA 0011as
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orieHka. CTyJeHThI, He nMeroIIre TudepeHITMPOBaHHOTO 3a4eTa 1Mo guciuminie «Oomas du-
3HWKa: KBAaHTOBas (PU3HKA», K yCTHOMY DK3aMEHY HE JIOMMYCKAIOTCS.

Ha nucbMeHHOM 3K3aMeHe CTYACHTY IpejiaraeTcs peluTh 5 3a71ad B TeuyeHue 4 gacos. Te-
MaTHKa 33J1a4 MMOJIHOCTHIO COOTBETCTBYET MPOrpaMMe Kypca, OJHAKO BCE 3aJa4d MUCHMEHHOTO
9K3aMEHa SBJISIOTCS MOJHOCTHIO OPUTHHAIBHBIMU. C MpHMepaMu 3a/1ad MPOLUIBIX JIET MOYXHO
03HAKOMUTHCS Ha caiite Kadeapsl o0meld QUMK B pa3jiene dK3aMEHAIIMOHHBIX MaTePHANIOB 32
5-it cemectp https://mipt.ru/education/chair/physics/S_V. o utoram nucsmennoro sk3a-
MCHa CTYZ[GHTY BBICTABJISICTCS HpOMe)KYTO‘-IHaSI OIICHKaA. OI[I/IH 13 BO3MOXHBIX BapI/IaHTOB onpe-
JICJICHUSI TAKOH OILICHKH MPEJCTaBIICH B HUKE MPUBEICHHON TabymIle (MTOroBas oueHKa 3a pabo-
Ty (no 10-6annbHOM WKane) onpeaenserca Kak cymma 6annos no Bcem 3a43a4amM C OKPYIJICHH"
eM 1o Gmxatimiero (cBepxy) 1esoro):

WHCTPYKIHUA IO TPOBEPKE DK3AMEHAIIMOHHOM PABOTHI

O0ocHOBaHUE

CumBon
Bann

3amaua perieHa BepHO (T. €. NMPUBEACHO 0OOCHOBAHHOE TIPABWIBHOE PEIICHUE).
+ | 2 | Bo3MOXHO HaJIM4YKe MEJIKUX HEA0YETOB (HECYIIECTBEHHBIC apr(pMeTHUYeCKUe Onuo-
KH)

3ajaua pelieHa MpaBUIbHO, HO OTCYTCTBYET YMCJICHHBIN OTBET, WIM YUCICHHBIA OT-

+ 1,5
"~ | BET Ha MOPSJOK U 00JIee OTINYACTCS OT MPABUIILHOTO
3amaya He pelleHa, HO OCHOBHBIE (DM3UYECKHE 3aKOHBI, HCOOXOUMEBIC IS PEIICHMS,
2| 1 chOpMyIMPOBAHBI MPABWIBHO (IIPU 3TOM BBIKJIAJIKH HAYaThl, HO HE JOBEIEHBI JIO

KOHIIAa, b0 B BBIKJIaJIKaX €CThb CYHICCTBCHHBLIC OHII/I6KI/I, MNpUBCAIINE K HCBCPHOMY
pELIECHHUIO)

3anaua He pemieHa. OCHOBHbIE (DU3MUYECKHE 3aKOHBI, HEOOXOIUMBIE ISl peIleHUs,
0,5 | chopmynupoBaHbl IPaBUIbHO. BbIKIaaAKK MO0 OTCYTCTBYIOT, TMOO OHM M3HAYAIBHO
HEBEPHBI

+

- 0 321,[[8.‘{8. HC pelICHAa, HO OblIa 6e3ycnemHa51 MOIIBITKA PCIIUTDH

0 | O | ITompITKH pemuTh 3a/1a4y He ObLIO

B nanbHeliieM oHa y4UTBHIBAE€TCS HA YCTHOM SK3aMEHE IPH BBICTABICHUU UTOTOBOM 3K-
3aMEHAIlMOHHOM OLIEHKH 10 TUCLUIUIMHE.

Ha ycTHOM 3K3aMeHE CTYAEHT JIO0JDKEH M3JI0KUTh SK3aMEHATOPY MaTepuall 3K3aMeHallu-
OHHOTro Omieta (ciydaifHbIM 00pa3oM BBIOpaHHBIM BOIPOC M3 MPOrpaMMbl) U TaK Ha3bIBA€MbIH
«BOIIPOC IO BbIOOPY». ETr0o CTyA€HT rOTOBUT 3apaHee. DTO MOXET ObITh MO0 yriayOieHHOe H3-
JIO’KEHHE OJTHOTO U3 BOIPOCOB MPOrpaMMbI Kypca, JTMO0 BOIPOC, OTCYTCTBYIOLIUM B IporpaMme
Kypca, HO MUMEIOIINI HEMOCPEACTBEHHOE OTHOIICHNE K M3y4aeMOH TUCIHIUIMHE, a TAKXKe H3JI0-
KEHHE U 3allMTa pe3ysibTaToB J1aOOpaTOPHON paboOThl, MPOAETAHHON CTyIEeHTOM B jaboparop-
HOM TIPaKTUKyM€ B Ka4eCTBE JOMOJIHUTENFHONW paboThl. Ha oTBeT mo «Bompocy mo BEIOOpY»
CTYACHTY IpenocTanisercs He 6onee 10 MUHYT.

[Tpu mOATOTOBKE K yCTHOMY 9K3aMEHY PEKOMEHIYeTCs UCTIONB30BATh CIEAYIONIHNA CITCOK
9K3aMEHAIIMOHHBIX BOTIPOCOB:
KBanrtoBas nmpupoja 3neKTpoMarHuTHOro nois (hotonsl). YpaBHeHre DWHIITENHA U 00bsICHE-
Hue otordpdexra. Dpdexr Komntona, ocHoBHBIE cooTHOMIEHHI. KOMITOHOBCKast AJTMHA BOJI-
HBL.



https://mipt.ru/education/chair/physics/S_V

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.
21.

BosHOBBIE CBOICTBA MAacCCHUBHBIX 4YaCTUI[ — KOPITYCKYJISIPHO-BOJHOBOM myanu3M. OTNbIThI
Hesuccona-/lxxepmepa u Tomcona nmo audpaxiuu 3mekTpoHoB. [{nuna BonHbl e bpoiins Hepe-
JAATUBUCTCKOM yacTuilbl. COOTHOLICHHS] HEONpeaesIeHHOCTe!H (KOOpAMHATA-UMITYJIbC; YHEPIHUsi-
BpEMS).

[Toctynatel bopa anst aroma Bogopoaa. XapakTepHble TapaMeTphl UIsl aToMa BoopoAa: 60poB-
CKUH panuyc, CKOpPOCTb, YPOBHHU SHEpruH. BoaopoaomnonoOHbie aTOMBI: BIUSHUE Macchl sapa
(M30TONMYECKUI CABUT), aTOMBI IIEJIOYHBIX METAJUIOB, MHOTO3apsHbIe HOHBI, ME30aTOMBI. Xa-
PaKTEPUCTUYECKOE PEHTTEHOBCKOE M3JlyueHue (3aKoH Mo3in).

BonnoBas ¢pynkius. BomHoBas GpyHKIus cBoOoaHOM yacTuiibl (BosiHa e bpoiins). BepositHoCT-
Hasi UHTEPIIPETaIys BOJIHOBOU (yHKuuu o M. bopwny.

IlonsiTHE O KBAHTOBO-MEXaHUYECKUX omeparopax. OnepaTopsl KOOPAUHATHI, UMITYJIbCa, IOTEH-
UATbHOW M KWHETHYECKOW PHEPTUU CUCTEMBI, TaMuiIbTOHHAaH. CoOCTBEeHHbIE (YHKIMU U COO-
CTBEHHBIE 3HAUEHHUS OIIEPaTOPOB.

VYpasuenue lpenunrepa. [loTennmansHas sma OeckoHedHOW riryOmHbI. CBOWMCTBAa BOJHOBOU
(GYHKIIMM OJHOMEPHBIX CTallMOHAPHBIX 3a/1ay: HENpPEepPHIBHOCTh, KOHEYHOCTh, OJIHO3HAYHOCTH,
HEIPEPBIBHOCTH IPOU3BOJHOM.

Paccesanue yacTul] Ha NOTEHIMAIBHOW CTYIIEHbKE KOHEUYHOM BBICOTHI. IIpoxokieHne dacTuiibl
Yyepe3 MPsIMOYTOJIbHBIN MTOTEHIMANBHBIA Oapbep KOHEYHOW MUPUHBI (TYHHETbHBIN 2P dekT). Ko-
3 pumeHT npoxoxkIeHus 1 0apbepa MPOU3BOIBHOU (POPMBI.

YPOBHH dHEPTUN OJHOMEPHOTO TAPMOHHUYECKOTO OCIuIATopa (0e3 BeiBoaa). BomHoBas GpyHK-
L1 OCHOBHOT'O COCTOSIHUSI OJHOMEPHOT'O OCHUJUIATOPA.

Omneparop MoMeHTa ummyiabca (B chepuuecknx KOOpAMHATaX, 0e3 BbIBOJa). KBaHTOBaHUWE
MIPOEKIMI MOMEHTA U KBaJlpaTa MOMEHTA UMITYJIbCa. Y POBHU 3HEPIUU INIOCKOIO poTaTopa.
JIBI>keHNe B LIEHTPAIBHOM I10JIe, TaMIJIFTOHHAH B C(hepHUECKUX KOOpAMHATAX, IEHTPOOCKHAS
SHeprus, paguanbHoe ypaBHeHue lpeaunrepa

VYpasaenue Illpeawnarepa mist aroma Bojgopona. BoiHOBas (yHKIUST OCHOBHOTO COCTOSHUS.
Knaccudukanus 31eKTpOHHBIX COCTOSIHUI aToMa Boiopoaa (6e3 BhIBOJA).

BpamaTensHplii  CHEKTp MPOCTPAHCTBEHHOTO pOTaTtopa. BpamiarenbHble W KoyieOaTelbHbIE
YPOBHH MOJIEKYII.

MarHuTHbI OpOUTAIBHBIA MOMEHT JJICKTPOHOB, TUPOMArHUTHOE OTHOIIEHHUE, g-(pakTop,
marHeToH bopa. Onsbit llItepHa-I'epnaxa. 'unoresza YnenOeka u ['ayacmura o civHe 3J€KTpoHa,
CIIMHOBBIN g-(hakTop.

Tox/ecTBEHHOCTh YacTul], 0030HBl U (GepMuonsl, npuHimn [laymu. CroxxHble aTOMBbl. DIeK-
TpPOHHasl KOHPUrypanus aroma. ATOMHbIE TEPMbI, CIEKTPOCKOIIMYECKas 3alUCh COCTOSIHUS aTO-
Ma.

@yHIaMEeHTaNbHbIE B3aUMOJCHCTBUS M (yHJAaMEHTAJbHbIE YacTHULbl (JENTOHBI, KBAPKU U
MEPEHOCUYHUKH B3aUMOICUCTBUM, 6030H XUrrca).

KBapkoBas cTpykTypa agpoHOB — Me30HbI, 0apuoHbl. CUIbHOE B3aUMOJEHCTBHUE, KBAaHTOBas
XPOMOJIMHAMUKA.

Cnaboe B3aumozaeiicteue. W *,Z° 6030HBI, ci1a0ble paciajibl aJpOHOB.

ATOMHOE AP0, 3aBUCUMOCTb pajguyca oT MaccoBoro uucia. @opmyna Bannzekkepa 1 sHep-
TUH CBSI3U S7pa.

SnepHas paguOaKTHBHOCTh. 3aKOH PaJUOAaKTHBHOIO paclaja, KOHCTAaHTa paclajna, IEepUuoj
MoJIypacnaja, CpeiHee BpeMsl )KU3HU, BEKOBOE YpaBHEHHE.

Anbda-pacnan, 3akoH ['eiirepa-HatTrona u ero BeiBoj (hopmyna ['amoBa).

bera-pacniag aromusIx siaep (3, B, E -3axBaT), yciaoBus OeTa-pacnaja.

4. Kputepuu onleHNBaHUA

OlneHKa 32 MUCbMEHHYIO YacTh K3aMEHa ONpe/esiieT MAKCUMAJIbHYIO UTOTOBYIO OLIEHKY 3a
9K3aM€H. B MCKIIFOUMTENBHBIX CIydasiX, €CJIM Ha YCTHOW YacTH AK3aMeHa CTYAEHT JIEMOHCTpPH-
PYET MPEBOCXOAHBIE TEOPETUYECKUE 3HAHUS U YPOBEHDb IIOHUMAHUS IPEAMETA, UTOrOBasl OLIEHKA
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C comyacus JIEKTOpa Kypca MOXKET OBITh IOBBIINICEHA, HO He Oonee yem Ha 2 Oamna (mo 10-
OaJITbHOM IIIKAJIE).

Ha yctHOM sK3ameHe mpenojaBaTellb OLEHUBACT OTBET CTYACHTA B I[E€JIOM M BBICTABISET
OIICHKY COTJIACHO MPHUBEAEHHBIM HUXKE KPUTEPHUSM M HU3JI0KCHHBIM BBIIIEC 3aMEYaHUsIM Kaca-
TEJIbHO MUCHbMEHHON YaCcTH IK3aMeHa!

e Onenka «oTa1u4HO (10)» BbICTABIAECTCS CTYIEHTY, ITOKAa3aBUIEMY BCECTOPOHHHME CUCTE-
MaTU3UPOBAHHBIE ITYOOKHE 3HAHUA y4eOHON MporpaMMbl U 3a e€ Mpejeiamu, a TaKkKe YMEHHE
YBEPEHHO MPUMEHSTh UX Ha MPAKTUKE P PEUICHUU CIOXKHBIX HECTaHIAPTHBIX 3a]1a4.

e  OreHka «0TJIUYHO (9)» BBICTABIISIETCS CTYACHTY, OKA3aBIIEMY BCECTOPOHHUE CHUCTEMa-
TU3UPOBaHHbBIE TIIyOOKHE 3HAHUS y4eOHON MpOrpaMMbl U YMEHHUE YBEPEHHO MPHUMEHSTh X Ha
MpaKkTUKE NpU PEHICHUN HECTAHIAPTHBIX 3a/1a4.

e OueHkKa «0TJINYHO (8)» BBICTABISIETCS CTYAEHTY, [TI0KA3aBIIEMYy BCECTOPOHHHUE CHCTEMA-
TU3UPOBaHHbBIE TIIyOOKHE 3HaHMS y4eOHON MPOrpaMMbl U YMEHHE YBEPEHHO MPUMEHSTh UX Ha
MpaKTUKE TP PEIICHUH HECTAHIaPTHBIX 3a/1a4, OJIHAKO JOMYCTUBIIEMY HEKOTOPbIE HETOUHOCTH
P OTBETE.

e Ouenka «xopowo (7)» BBICTaBISETCA CTYIEHTY, €CIM OH MPOAEMOHCTPUPOBAI TBEPIOE
3HAaHHME W YBEPCHHOE IMOHUMaHUE MaTepuajia yaeOHOW MporpaMMbl U YMEHUE CBOOOTHO TIPUME-
HATH (PU3UYECKUE 3aKOHBI HA IPAKTHKE MPU PELICHUH TUIIOBBIX 3a7ad.

e Ouenka «xopowo (6)» BBICTaBISETCA CTYIEHTY, €CIM OH MPOAEMOHCTPUPOBAI TBEPIIOE
3HaHHME MaTepHalia y94eOHOM pOrpaMMbl M YMEHHE MPUMEHSTH (DU3UYECKHE 3aKOHBI HA MPAKTH-
K€ MPH PEIICHUH TUIOBBIX 33/1a4.

e Ouenka «xopowo (5)» BBICTaBISETCA CTYIEHTY, €CIM OH MPOAEMOHCTPUPOBAI TBEPIOE
3HAHUE W MOHUMAaHKUE MaTepHalia y4eOHOWU MPOrpaMMbl U YMEHHE TPUMEHATh (PU3NUECKHUE 3aKO-
HBI HA MPAKTUKE MPH PEIICHUU THIOBBIX 33]a4, OJJHAKO JOMYCTHJI MIPH OTBETE Psij IpyObIX He-
TOYHOCTEH.

e OrneHka «yI0BJIETBOPUTENbHO (4)» BBICTABISIETCS CTYJEHTY, MOKa3aBiieMy (parmeH-
TapHBIN XapakTep 3HAHUU, JOMYCKABIIEMY HETOYHOCTH B ()OPMYITUPOBKE OCHOBHBIX 3aKOHOB U
0a30BbIX MOHSATHI, HO MPU 3TOM MPOJEMOHCTPUPOBABIIEMY CITIOCOOHOCTH PEIIaTh MPOCTHIE 3a-
a4y U BJIaJICHUE OCHOBHBIMHU pa3jeiaMu y4eOHOI mporpamMmbl, HEOOXOAUMBIMU IS ajdbHEH-
mero oOy4eHus.

e OleHKa «yAOBJIETBOPUTENbHO (3)» BBICTABISIETCS CTYIEHTY, MOKa3aBIIEMY CHUJIBHO
(dbparMeHTapHbII XapakTep 3HaHWM, JOMYCKaBIIeMYy IpyOble OMUOKH B (POPMYIHPOBKE OCHOB-
HBIX 3aKOHOB W 0a30BBIX MOHSITHIA, HO TPU 3TOM MPOJAEMOHCTPHUPOBABIIEMY CIIOCOOHOCTH pe-
maTh MPOCTHIC 3a7a4M M BIaJCHUE OCHOBHBIMH pa3/ielaMu y4eOHON MporpaMMbl, HEOOXOIMMBI-
MU JJIs1 JalTbHEHIIIeT0 00y4eHHUS.

e OueHKa «HeyA0BJETBOPUTEJIbHO (2)» WK «HEYAOBJIeTBOPUTEIbHO (1)» BbICTaBIsACTCA
CTYJICHTY, KOTOPBIH HE 3HAET 3HAYUTEIHHYIO YaCTh OCHOBHOTO COJEP>KaHUS TPOTPAMMBI, CHCTE-
MaTHYECKH JOIMyCcKaeT IrpyOble omMOKY npu GOpMyTHPOBAaHUN OCHOBHBIX (PM3UYECKUX 3aKOHOB
WJIM HECNOCOOEH KOPPEKTHO MPUMEHATh (PU3MUYECKHE 3aKOHBI JaKe NJIsi PEIICHUS MPOCTHIX 3a-
Jau.

ITopsinok nmpoBeneHusi MMCbMEHHOI0 IK3aMEHa.

Bpems npoBeneHusi MMCbMEHHOM YacTH 3K3aMeHa cocTaBisieT 4 acTpoHOMUYeckux 4aca. Ha
9K3aMeHe HE pa3pelaeTcs Mojb30BaThbCcsd KaKUMHU-THO0 3aMCIMU U yueOHbIMH nocoousimu. Ka-
TErOpHYECKH 3arpeniaeTcs BKII0YaTh JI00bIe yCTPOUCTBA, KOTOPhIE MOTYT CIYKUTh CPEICTBAMU
CBSI3U — HOYTOYKH, IUTAHIIETHI, TeNeOHbI U T.11. Hapymmurenu ynansioTcs ¢ 5K3aMeHa ¢ OLEHKOM
«HEYAOBIETBOPUTENIBbHOY». Pa3periaercs moiab30BaThCs KAIbKYISITOPAMH. 3alperiaeTcs MoJb30-
BaThCsI KAJIBKYAATOPAMU B MOOMIIBHBIX Tene(oHax, HOyTOyKax u T.II.

Iopsiaok npoBeaeHNsI YCTHOTO K3aMeHa.



OK3aMeH NPOXOJIUT B TPAJAULIMOHHONW (opMme Oecenpl MpernojaBarens co CTYASHTOM 0 TeMe
9K3aMEeHallMOHHOTO Omiera. Ha moAroToBky K OTBETY 10 OMIIETY CTYACHTY Haércs 45+55 MUHYT.
B TeueHue sKk3aMeHa CTyIEHTY HE pa3pelaeTcs M0Ib30BaThCsl BHIYMCIUTEIIBHON TEXHUKOU, JIH-
TEpaTypol, 3apaHee MOATOTOBICHHBIMH COOCTBEHHBIMU 3alUCAMHU W JPYTUMH MaTepHallaMH,
OTHOCSILIMMMUCS K NIPEAMETY, KPOME 3K3aMEHALMOHHOM NPOrpaMMBbl Kypca.

B nporecce oTBeTa Ha «BOMPOC MO BHIOOPY» pa3pemaeTcs MoIb30BaTHCS 3apaHee MOAT0TOB-
JICHHBIM IUTAHOM OTBETa U 3apaHee MOJTrOTOBICHHBIMH HILTIOCTpAalUAMU/TpaKaMHu, MPeICcTaB-
JICHHBIMHA B OyMa)XHOM BH /I, JTM0OO0 Ha 3JIEKTPOHHOM HOcHTese (TuaHmeT/HoyTOyk). Mcmonb3y-
emble TpaUKH WM WIIIOCTPAllMK He JOJDKHBI COJEp:KaTh yacTeil Tekcra noknana. Ha moaro-
TOBKY OTBETa Ha «BOIIPOC MO BBIOOPY» (MOBTOpEeHME) Naércs He Oosee S MUHYT, a Ha OTBET IO
«BOIPOCY 1O BBIOOPY» CTYIEHTY NpenocTaBisercs He 6onee 10 MUHYT.

B npouecce orBera 1o OmiIETy SK3aMEHATOP MOXET 3a7aBaTh YTOUHSIOIUE BOmpockl. [locie
OTBETA 10 OMJIETY SK3aMEHATOpP BIIPABE 33/1aBaTh CTYJIEHTY JIOObIE JIOMOJIHUTENbHbBIE BOIPOCHI
10 IIPOrpaMMe Kypca.

B coBokynHOCTH OIpoc 00y4aroIierocsi Ha yCTHOM 5K3aMEHE He JI0JDKEH NPEBBIIIATh JBYX
ACTPOHOMUYECKHUX YaCOB.

ITepeyeHb KOHTPOJIBHBIX BOIIPOCOB VIS YCTHOI'O IK3aMeHA!

1. KsanroBas npupoaa cera. Buemnuii potoaddexr. YpaBHeHue DiHIITEHA.

2. Bomnosas npupoza yactuil. D¢pdexr KomnToHa.

3. KopnyckynspHo-BosniHoBoOU ayanu3M. Bonusl ne bpoitns. Onbitel JleBuccona-/xepmepa
u ToMcona 1o nudpakiuu IEKTPOHOB.

4. BonnoBas ¢yHkuusa. OnepaTopbl KOOpAHHATHL U uMmnynbca. CpenHue 3HaueHUs Gu3u-
YECKUX BEJIUYHH.

5. CooTHollIeHNE HEOTPEIETCHHOCTEH I KOOPAUHATHI M UMITYJIbCA.

6. Iloctynarsl bopa. DHEpreTHYECKH CIIEKTP BOJIOPOAOIOTOOHBIX aTOMOB.

7. XapakTepUCTUYECKOE PEHTI€HOBCKOE U3Iy4YeHue, 3aKOH MOo3H.

8. HecranuonapHoe u craunonapaoe ypasHenue lllpenunrepa.

9. KBaHTOBBII rapMOHHYECKHI OCIUILIATOP

10. KBanTOBBIi1 poTaTop

11. MonekynsipHbIe CIEKTPBI: KoJieOaTeNbHbIe U BpallaTelbHble YPOBHU

12. Onsrter HlTepHa u I'epnaxa. CrimH snexTpora. OpOUTaNbHBIA U CIIMHOBBIA MarHUTHBIC
MOMEHTBI 3JIEKTPOHA.

13. ToxnectBeHHOCTh 4YacTHL. CUMMETpHsl BOJHOBOM (DYHKIIMM OTHOCHUTENBHO MeEpecTa-
HOBKH yacTull. bozons! u pepmuonst. [Ipunuun aymnu.

14. Cnun-opOutanbHoe B3auMojelcTBUe. TOHKas M CBEPXTOHKAs CTPYKTypa ONTHYECKHUX
CIIEKTPOB.

15. KanensHas Mmozensb s1pa u popmyiia Baiiizekkepa.

16. 3akoH paanoakTHBHOTO pacmaja. [lepuon momaypacnana U Bpemsl )KU3HU.

17. TynHenupoBaHue YacTUIl CKBO3b MOTEHUMAIBHBIA Oapbep. Anbda-pacnaa. 3akoH I'eii-
repa- Hatrona u ero oobsicHeHue.

18. Tuner Gera-pacnagoB. OOBSICHEHUE HEMPEPHIBHOCTH JHEPreTHYECKOTO CIIEKTpa JJICK-
TpoHOB. HeltpuHo.

19. S nepusie peakuuu. CoctaBHOe A1po. CeueHne Hepe30HaHCHBIX peakiuii. 3akoH bere.

20. lenenue siaep moja JeiicTBUeM HEUTpoHOB. IIpuHIMI paboThl SAEpHOrO peakTopa Ha
TEIJIOBBIX HEHTPOHAX.

21. CooTHOIIIEHHE HEOTPEEIEHHOCTEeH [T SHEpTHH U BpeMeHHU. OlleHKa BpeMEHH >KU3HU
BUPTYaJIbHBIX YaCTHUII, PaINyCOB CUIBHOTO U C1a00r0 B3auMOJICHCTBUH.

22. ®yHaaMeHTabHbIE B3aUMOJICHCTBUS M (PyHIaMEHTaIbHBIE YaCTUIBI (JISNTOHBI, KBAPKH
Y TIEPEHOCUMKH B3aUMO/IeHCcTBUM, 0030H Xurrca). KBapkoBasi CTpyKTypa aJipOHOB.
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IIpumepsl 3a1a4, KOTOpBIE cJeAyeT MPeAIaraTh s pelleHUusl IK3aMeHYHIeMYyCsl CTY-
JeHTY:

1. [Touemy MakpocKOnmUYecKue (Jaxke OUueHb MaJeHbKHE) OOBEKTHI HE MPOSBISIOT BOJIHOBBIX
cBOMCTB? OLIEHUTE CPEAHEKBAAPATUYHYIO CKOPOCTh KamelabKu TyMaHa paguycom I = 0,1 Mxm
B3BEILIEHHOI B BO3JyXe IpU KOMHATHOW Temmeparype. OueHuTe AIuHy BOJIHBI Ae bpoins nis
TaKOW KalelabKH.

2. Yactuiia Macchl M 3aKII0YCHA B OJHOMEPHOM IIOTEHIMATBLHOM SIIUKE MUupuHoii | ¢ abco-
JIOTHO HEMPOHMUIIAEMBIMH CTeHKaMHU. OIEHUTh Ha OCHOBE COOTHOIIEHUS HEONpeAeNEHHOCTH,
KaKkyro paboTy HaJo 3aTpaTUTh Ha CXKaTue Ammka BaBoe. CunrTaiiTe, 4TO YyacTUIA HAXOIUTCS B
OCHOBHOM COCTOSIHHH.

3. IIpu KaKo¥ KHHETUYECKON PHEPTUHU AJICKTPOHA €ro JeOpOrIeBCKas 1 KOMITOHOBCKAS JIJTH-
HBI BOJIH PaBHBI MEX]1y CO00#?

4. JIya nazepa mommnoctbio 10'° BT magaer mo HOpManm Ha 3epKallbHO OTPAXKAIONIYIO IO-
BEPXHOCTb. OLIEHUTE BEJINYMHY CHIIbI, IEHCTBYIOILYIO Ha 3Ty IOBEPXHOCTb.

5. Iloka3atb, 4TO CBOOOAHBIN ANEKTPOH B BaKyyMe€ HE MOKET HH IOIJIONIATh, HU M3JIy4aTh
($OTOH, a JMILIb UX pacCeuBaTh.

6. Cuuras, 4TO BHE sipa BOJIHOBas (PYHKIIHMSI OCHOBHOTO COCTOSIHHS AEUTpPOHA (CUCTeMa Mpo-
TOH - HEITPOH) B CHCTEME IIEHTPa MHEpIMK uMeeT Bua (r) = const exp(—kr)/r, rme r — otHo-
CHTENBHOE PACCTOSIHHE MEXKTy IIPOTOHOM U HerTpoHoMm, K = 2,3-10%2 cm™, onpenenuts cpennee
paccTosiHie MEeXAYy IPOTOHOM M HEHTPOHOM M MUHHUMAJIBHYIO 3HEPTUIO Y-KBaHTA, CIIOCOOHOTO
paciIenuTh SAPO Ha COCTABHBIE YACTH.

7. Yactuia Macchl M HaXOAUTCS B OJHOMEPHOW MOTEHIMAIBHON sIME IMIMPUHON @ C HEMpO-

HUIIa€MbIMU CTCHKaMH (0<X<CZ) . Cocrosuue qaCTUILbI B HadaJIbHBIM MOMEHT ONMCBHIBACTCS

BOJIHOBOM (QyHKImel y = AX(a—X) . Haiiti BepoSTHOCTB peObIBaHus YacTuilbl Ha 1, 2, 3 sHep-

TeTUYECKUX YPOBHAX. ONpeneuTh CpeHee 3HaYeHNE YHEPTUH YaCTHIIBI B JAHHOM COCTOSTHHH.
8. Ha crynensky riyounoit U = 10 5B cieBa magaer motok 3iekTponoB sueprueit E = 100

5B. u xonnentpamueii N = 10'° cm. Onpenenuts koG PuUIMEHT OTpakeHNS U JABIECHHUE, HCIbI-

TBIBACMOC CTynCHbKOﬁ.

lo

11. HaiiTu nepBble ABa MUHUMAJIbHBIX 3HaYEHUsI SHEPTUU JIEKTPOHA, IIPU KOTOPBIX OH Oecrpe-
MATCTBEHHO MPOUJET HaJl MPSIMOYTOJbHBIM MOTEHIMATbHBIM 6apbepoM BbicoToil Uo = 10 3B n
mmpusoii d = 5-108 cm.

[TprMepbl MPOCTHIX BOIIPOCOB U 33/1a4, PEHIEHNE KOTOPhIX HEOOX0MMO Ul TOJyYeHHUs yI0BIIe-
TBOPUTEIBHOU OLIEHKHU:

. Onpenenuth UIMHY BOJHBI Je-Bpoilyis 3JIEKTpOHA C KHUHETHYECKOW HSHEprueu
103B.

. CdopmynupoBats 3akoH DiHIITEHHA 11 hoToddhdekTa.

o Jlath onpenenenre KOMITOHOBCKOM JJMHBI BOJHBI 3JIEKTPOHA

o OnpenenuTs SHEPreTUIECKHUMA CIIEKTP aToMa BOJIOPO/Ia B paMKax Mojenu bopa.

o BBIMucInTh paccTosTHUE MEXAY HYJICBBIM M MEPBBIM BPAIIATSIIBHBIM YPOBHSIMH
OCHOBHOTO COCTOSIHHSI MOJIEKYJIBbI a30Ta. PaccrosiHue mexay siapamu 0.3HM.

o 3anucath BUJ CIEKTPa KBAHTOBOTO T'APMOHHMUYECKOTO OCHUIUIATOPA COCTOSIIETO
U3 YaCTHIIBI MACCOU M M «IIPYKUHKH jKECTKOCTH K

o OnpenenuTh MAarHUTHBI MOMEHT 3JIEKTPOHA B 2 COCTOSTHUH B aTOME BOJIOPO/Ia
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) [TonyunTh BEIMUYMHY SHEPTUH paCUICIUICHUS i 1S COCTOSITHUM aToMa BOJIOPO/ia B
marautaoM mone B = 1T.

o Cdopmynuposars npuniun 3anpera [aymu.

o CdopmynupoBats nmpaBuiia XyH/a JUIst 3aII0JIHEHHUS] aTOMHBIX 000JI0YEK.

. CdopmynupoBaTh mpaBuiia 0TOOpa U3MydaTeNbHBIX MEPEX0J0B MEXIYy aTOMHBI-
MU YPOBHSIMH.

. CocrtaB atoMHOrO0 siipa. OOBSICHUTH IPUYUHY YCTOMUUBOCTH SIpa.

. B pamKax KamenbHOH MOJeNH sapa oNpeaeNnuTh TUIl pachazaa sapa >'Mg (mMacco-
BOE 4uClIO A HE U3MEHSETCS).

o B pamkax o0onodyeyHON MOJENu siipa 0OBACHUTH 0COOYIO YCTOWYHMBOCTD SIIIEpP C
«Maru4ecKMMm» MaccoBbIMHU unciamu: 4,16,40

o Onpenenuts pa3Mep sizipa aroma CBUHIIA.

o OOBACHUTD MPUUMHY HETIPEPHIBHOCTU SHEPTETUYECKOTO CHEKTPa IEKTPOHOB 00-
pa3yromuxcs npu 6eta-pacnaje.

. Heiitpon ¢ sneprueit 100 k3B yrnipyro paccenBaercs Ha sape. Kakoe MUHUMaIbHO
BO3MOXKHOE 3HAYCHHUE MPHUILICIILHOTO Mapamerpa b, peanusyercs B TakoM mporiecce?

. HeliTpanpHblil noH pacnaincs Ha JBa raMMa-kBaHTa ¢ 3Heprusimu 3.1 I3B u 2.0
I'3B. Haiitu yron pasnéra Mex1y raMMa-KBaHTaMH.

. [Ipu kakoii Temneparype aBjieHHE PaBHOBECHOTO U3JIy4eHHs paBHO 1 atM?

. Ouenuth d>(QQPEKTUBHYIO TEMIEpaTypy HENPEPHIBHOTO U3IYYCHHsS] TeJuii-

HEOHOBOTO J1a3epa MOIHOCTHIO 1 MBT U criekTpansHO# mmpuHOM muaun 10 T,



