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PABOYASA MPOMPAMMA YYEBHOU OUCLIUMNIIUHDBI
B1.B.12 OcHOBbI 3N1eKTPOANHAMUKN U KBAHTOBOMN MEXaHUKN

1. Koa n HanmeHoBaHue cneunanbHOCTU:

14.05.02 ATOMHbIE CTaHLMN: NPOEKTUPOBaHUE, KCNnyaTaunsa U UHXUHUPUHT
2. Cneunanusauus:

[MpoekTpoBaHMe n akcnnyaTaumst aTOMHbIX CTaHL UM

3. KBanudpukaumsa BbINYCKHUKA: MHXEHeP — PU3NK

4. ®opma oOGyy4eHuUs: oYHas

5. Kachenpa, oTBevarowan 3a peanusauuro AUCLUNIUHBI:
0802 — TeopeTnyeckon puU3nkm

6. CoctaBuTENnU NporpamMmbi:

K.p.M.H., goueHT, ®nerenb Anekcanap Banepbesuny

7. PekomeHaoBaHa:

Hay4yHO — meToanyecknum coBeToMm hmandeckoro dakynbTeTta, npoTtokon Ne6 ot 14.06.2023 r.

8. YueOHbIn roa: 2025 - 2026 CemecTp(bl): 5-6



9.Uenu v 3apa4un y4ye6HOM AUCLMNIIUHBI:
Llenbto Kypca siBnsieTcss hopmmpoBaHme npeacTaBneHuin 06 anekTpoaMHaMmKe M KBaHTOBOW Teopum U
nx metogax.
3a,D,al-II/I ONCUUNTTNHBL. N3Y4YUTb OCHOBHbIE MONMOXEeHUA U ypaBHEHUA 3INEKTPOAUMHaAMUKN U KBaHTOBOW
MeXaHUKN, OCBOUTb MaTemMaTnyeckumn annapar J3JiekKTpoanHaMnkmn wu KBaHTOBOW MeXaHUKN, U3YyHUTb
OCHOBHblEe MeTOAbl N NOAXOoAbl peweHnd 3agad 3NeKTpoanHaMnkKmn n KBaHTOBOM MeXaHUKN, I'IpVIO6peCTVI
HaBblK/ peLleHNA TUNOBbIX 3NTEKTPOANHaAMUNYECKUX N KBAHTOBOMEXaHUYECKUX.

10. MecTto y4yebHOM AucumunnuHbl B cTpyktype OOI: BxoauTt B Mogynb "BapuatusHas yacTb"
B1.B. CtygeHTbl AOmkHbl obnagatb 3HaHWaMW aucumnnuH «Bbicliag maTtematukar», «MexaHuka,
MOnekynsipHass usanka M TepMoauHamuka», «JneKTpocTaTuka, 3MneKTpoMmarHeTusm, konebaHus u
BOJHbI»

11. MnaHupyemMble pe3ynbTaTbl 00y4YeHUA MO AucUUNNUHe/MoAaynio (3HAHUA, YMEHuUs,
HaBbIK1), COOTHECEHHbIE C NIIaHUPYEeMbIMU pe3ynbTaTaMu OCBOEeHUS o6pa3zoBaTeNibHOMN
nporpaMmbl (KOMNeTeHUUAMU) U UHAUKATOPaMU UX JOCTUKEHUS:

Kog HasBaHue komneTeHummn Kog(bl) WHamkaTop(bl) MnaHmpyemblie pesynbTaTtbl 06y4YeHus
MK-1 | CnocobeH npoBoanTb MK-1.3 | Bnageet 3HaTb: OCHOBHbIE MONOXEHUs U
NpOM3BOACTBEHHO - peLueHnem MEeTOAbI KIacCcuyecKkon
TEXHOSOorM4Yeckme nccrnenoBaHns MaTeMaTU4ecKnX, | SMNeKTPOANHAMUKUA U
cucTteM 1 06opynoBaHNA aTOMHbIX M3NYECKMX U HEepPenATMBUCTCKON KBAHTOBOM
ANEKTPUYECKNX CTaHLNNA U XMIMUYECKMX MeXaHUKW;
A0EpPHbIX HEPreTU4EeCKnX 3agav B
YCTaHOBOK, y4acTBOBaTb BO KOMIMIIEKCHON YMETb: NCMONb30BaTh B
BHEOPEHUWN pe3yribTaToB NH)XeHepHOoMN NpohecCnOoHaNbHOM AeATeNbHOCTH
nccnegosaHni OesaTernbHOCTH 3HaHWA O CBOMCTBAX MUKPO- U
MaKpOCUCTEM, a Takke MeTodax mx
nccnenoBaHnst, NPUMEHATb
MOyYeHHble 3HaHWSA A1 OCBOEHMS
NPOGUIbHBIX AUCLIMIMIIUH U PELLEHNS
npodeccroHanbHbIX 3afay;
BrageTb: coBpeMeHHbIM annapaTtoMm
MK-6 | CnocoBGHOCTEL aHanua3npoBaTb MK-6.4 | 3HaeT OCHOBBI TEopeTNYeCcKo 1 MaTeMaTUHeCKoil

HEeNTPOHHO-dMn3NYeckme,
TexXHorormyeckme NpoLecchl u
anropuMTMbl KOHTPOIS,
ONarHoCTUKK, yNpaeneHus u
3alUNThl B CTaLMOHaPHbIX 1
HecTauNoHapHbIX pexmnmax
paboTkl, 0becneunBaTb
onTMMarbHble PEXMMbI paboTbl
Si0EePHOro peaktopa,
TennoMexaHNn4ecKkoro

o6opynoBaHusi u aHeprobrioka AC

obecneveHus
onTUMarnbHbIX
pexvmmoB paboTbl
fa0epHoro
peakTtopa, Tenso-
MEXaHN4eCcKoro
obopynoBaHusa U
3Heprobnoka AC

PU3NKM, HEODXOANMBIM AN peLIeHns
3apadv Krnaccudeckom
ANEKTPOAMHAMUKN U
HEPEensiTUBUCTCKOWN KBAHTOBOW
MEeXaHWUKn

12. O6bem guUcUMNIIMHbI B 3a4eTHbIX eguHUUax/4Yac. (8 coomeemcmeuu ¢ y4e6HbIM MAaHoM)
—6/216.

dopma NnpomMexyTOYHOWN aTTecTauuu(zavem/sksameH) 3a4eT, 3a4eT.
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13. TpyaoemKocTb o BMAam y4e6Houm paboTbl

TpyooemkocTb
Bug yuebHon paboTbl Bcero Mo cemecTpam
5 6
AyauUTOpHbIE 3aHATUS 98 50 48
) Nekumnmn 66 34 32
B TOM Hucne: npakTndeckune 32 16 16
CamoctosaTenbHas paboTa 118 58 60
B TOM 4ncrie: kypcoBas paboTa (NpoekT)
dopma NPOMEXYTOYHOWN aTTecTauum 3avem 3auem
Wtoro: 216 108 108
13.1. CopepxaHme gUCUUNIINHbI
Peanusauus
pasgena
ANCUNNInH
HanmeHoBaHve pasgena bl C
Ne n/n MCLANNMHb! CogepxaHue pasgena gucumnimHbl MOMOLLIBIO
OHNawH-
Kypca,
QYMK*
1. NNekuun
1.1 3aKkoHbl aneKkTpoMarHeTu3ma Kak pesynbtar 0bobweHnsa |https://edu.vsu
OCHOBHbIE ypaBHEHNS o :
OMbITHbIX AaHHbIX. CucTtema ypaBHeHul MakcBenna gns |.ru/course/vie
BNIGKTPOMATHITHOTO NOTA B 3NeKTPOMarH1THOroO Nons B Bakyyme. QHeprust u umnynsc |(W.php?id=292
BaKyyme 56
3NEKTPOMarHMTHOTO Noss.
1.2 OCHOBHbIEe ypaBHEHUSI MOCTOSAHHOIO arekTpudeckoro nons. |https://edu.vsu
MocTosiHHOe Mone Ha 6GomnbLUMX paccTOsHMAX OT CUCTEMbl 3apsgoB. |.ru/course/vie
3neKkTpuyeckoe nosne OvnonbHbIA 1 KBagpynomnbHbIA  MOMeHTbl. Cuctema w.php?id=292
3apanoB B KBa3MOLHOPOAHOM BHELLHEM Mofe. 56
1.3 YpaBHEHUS NOCTOAHHOrO MarHuTHoro nong. 3akoH Buo— |https://edu.vsu
MoCTOSIHHOE MAarHUTHOE CaBapa—/lannaca. MarHuTHbIn ~ MOMeHT. MarHuTtHasa .FU/COl:I?rse_/Vie
Hone 3HEPrns NOCTOSHHBLIX TOKOB. KoadhuumneHTsl w.php?id=292
WHOYKTUBHOCTW. TOKM B KBa3MOAHOPOAHOM MarHMTHOM (56
none. Cunbl B NOCTOSIHHOM MarHMTHOM nofe.
1.4 YpaBHeHNss OnNd  9NEeKTpOMarHMTHbIX  NoTeHuunanos. https://edu.vsu
OneKkTpoMarHuTHble BOMHbI. [Nockne MoHOXpoMaTuyeckue |.ru/course/vie
BOJTHbI. Monsipnsaums BOJTHbI. BanasgbiBaowme W.php?id=292
M3ny4yeHne n paccesHmne noteHumansl. O6Was Teopuss uanydeHus. [unonbHoe (56
3NEKTPOMarHNTHbIX BOSTH nanyyenve. MarHMTHO-OMNOMBHOE U KBagpynosibHoEe
na3nyyenusi. TopMmoxeHue wusnydyeHnem. CnekTpanbHoe
pasnoxeHue nsnyyeHus. PaccesHune anekTpoMarHUTHbIX
BOJTH.
1.5 Cunctema ypaBHeHuWI YpaBHEHUSA aneKTpoMarHMTHOro nomns B nonspusytowmuxcsa |https://edu.vsu
Makcsenna B cpegax N HaMarHM4YMBaIOLLMXCS cpedax. .ru/coursel/vie
w.php?id=292
56
1.6 lMocTosiHHbIE OnekTpocTaTtuka NPOBOAHWUKOB. OnektpocTtatuka |https://edu.vsu
3reKkTpuyeckoe v ONanekTpukoB. OCTOsIHHBIA TOK B MPOBOASALLMX cpefax. |.ru/course/vie
MarHMTHoe nons B cpegax. | [ocTosiHHOe MarHMTHOe norie B cpeaax. w.php?id=292
IMoCTOsHHBIN TOK B cpeadax 56
1.7 KeasucTtauuoHapHele Toku 1 | KBasuctaumoHapHoe npubnmxkeHne. Cnuctema nuHenHblx  |https://edu.vsu
nosns NpoBoAHUKOB. CKNH-3EKT. .ru/course/vie
w.php?id=292
56
1.8 OneKkTpoMarHuTHblE BOJSHbI B OM3NEKTpuKax B oTcyTcTeue |hitps://edu.vsu
OnNeKTPOMarH1THbIE BOSMHbI | AUCTEepPCUN. Oucnepcus AuanekTpudeckon |.ru/course/vie
B cpedax npoHuuaemoctn. OTpaxeHne n npenomrneHue. w.php?id=292
PacnpocTtpaHeHne BOMNH B HEOOHOPOOHOW Cpeae. 56
1.9 BeposTHOCTHOE onncaHne cocTosiHU donandeckux cuctem. https://edu.vsu
OcHOBHbIE noHaTna | BornHoBasa dyHKUMA. dusmyeckne BenUUMHbI B KBAHTOBOW |.ru/course/vie
KBAHTOBOW MEXaHMKU MexaHuke. OnepaTopbl BaxXHENLLIMX PU3NYECKUX BENUYUH. (W.php?id=292
CooTHolleHne HeonpeaenéHHoctu. CoBMeCTHast 56
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N3MEepPMMOCTb PU3NYECKNX BEINYUH. YpaBHeHne
LpeouHrepa. YpaBHeHue HenpepbiBHOCTU. W3meHeHne
CpenHNX 3Ha4YeHUn (PU3NYECKUX BEMUYMH CO BPEMEHEM.

WHTerpanbl  gBwkeHus.  CTauMoOHapHble  COCTOSIHUS.
OneMeHTbI Teopun NpeacTaBneHnin.

1.10 YactTmua B NpsMOYronbHOW  noTeHuumanbHou  Ame. |https://edu.vsu
MpocTenune npuMeHeHust | JIMHENHbIN rapMoHUYecknin ocumunnsaTop. MNpoxoxaeHue u |.ru/course/vie
KBaHTOBOW MEXaHWKK OoTpakeHWe 4acTul AOns  ogHOMepHoro  ABukeHusi. (W.php?id=292

[lBMKeHe YacTuLbl B NOCTOSAHHOM 3MeKTpuYeckom none. |56
1.11 OBxeHne vacTuubl B cdepuyeckn-cummeTpuyHoM none. |https:/edu.vsu
WHTerpanbl gBuxeHns B LeHTpanbHoM none. Onepatop |.ru/course/vie
[BwxeHne yactuupl B none ho?id=292
LLEHTPambHbIX CATT yrrnosoro MomeHta. CBobogHasi Yactuua ¢ onpegeneHHsiM (W.php?
3HaYeHVeM opbuTanbHOro MoMeHTa. [1B1xeHne Yactulsl B 56
KyrOHOBCKOM rore.
1.12 KBasuknaccuyeckoe pelweHme 1-mepHoro ypaeHeHus |https://edu.vsu
LWpeanHrepa (meToq BeHTuens—Kpamepca— |.ru/course/vie
BpunnioaHa). Ycnosus npUMEHNMOCTH w.php?id=292
MPMBTIKEHHbIS MeTonb! KBa3MKIacCU4eckoro NpUBNMXEHNS. MNpasuna 56
KBAHTOBOI MEXaHWKA COMPSHKEHWSI. Mpasuno KBaHTOBaHWS I%opa—
3ommepdenbaa. CtaumoHapHas Teopusi BO3MYLLEHUI Anst
N30MMPOBaHHOTO  YPOBHSI. CraumoHapHass  Teopusi
BO3MYLLIEHWI ans BbIPOXXOEHHbIX COCTOSIHUIA.
BapuraunoHHbI NPUHLMIMN B KBAHTOBOW TEOPUN.
BapuauunoHHbin meToa Putua.
1.13 T BblHyXOeHHOe — nornowleHMe U manydeHne  ceeta. |https://edu.vsu
eopus KBaHTOBbIX - .
HecTauvoHapHass Teopusi  BO3MYLLEHWIA:  KBaHTOBble |ru/course/vie
rPeXoAoe oA BrnAHUSM nepexofpl, 3onotoe npasuno depmu. MNpasuna otbopa w.php?id=292
BHELLHEro BO3MYyLLEHNSI ’
ONs1 QUNONbHOIo U3MyYeHUs. 56
1.14 KBaHTOBasi Teopus paccesHus: nHTerpanbHoe ypaBHeHue |https://edu.vsu
. | Ha  BOMHOBYIO  (byHKUMIO, aMnNnMTyga  paccesiHus. |.ru/course/vie
DremMenTb! KBAHTOBOW | 1 panTosas Teopus paccesHus: GopHoBckoe npubnmkeHne (W.php?id=292
TEoOpUN paccesiHns '
ANS  amnnuTydbl  paccesiHus. YCroBust npumMeHMmocTtu (596
DOOPHOBCKOro NPUONKEHUS.
2. NpakTnyeckne 3aHATUSA
2.1 OCHOBHbIE ypaBHEHNS y https://edu.vsu
paBHeHnst MakcBenna. CTaunoHapHble ypaBHEHUS !
3MEKTPOMArHUTHOTO MONAB. | (o o HTErpanbHLIe YPaBHEHMS. .ru/cour.se/we
BaKyyme w.php?id=292
56
2.2 MocTosIHHOE Cuctema ypaBHeHmVlv MakcBenna pAgns crauMoHapHbIX https://edu.\{su
ANGKTOVYECKOS MONe anekTpuyeckux nonen. Teopema [aycca. YpaBHeHue .ru/cour_se/we
lMyaccoHa gnsi ctaumMoHapHOro noTeHumnana. w.php?id=292
56
2.3 lNocTosiHHOE MarHUTHOE 3akoH Awmnepa. YpaBHeHue [lyaccoHa BekTOopHOro |https://edu.vsu
none noteHuuwana. 3akoH brno-Caeapa-Jlannaca. .ru/course/vie
w.php?id=292
56
2.4 BonHoBoe ypaBHeHue. [Mnockue MoHoxpomaTtudeckue |https:/edu.vsu
M3ny4yeHne n paccesHmne BOMHbI. [unonbHoe wusnyveHne. MarHutHo-gunonbHoe u |.ru/course/vie
3NeKTPOMAarHUTHLIX BOJH | KBaJpynosibHoe nanydeHus. CrnektpanbHoe pasnoxeHne  W.php?id=292
N3ny4YyeHus. 56
2.5 Cwnctema ypaBHeHWI YpaBHeHns MakcBenna B cpegax. JluHenmHasa  wm hitps://edu.vsu
Makcsenna B cpegax HenuHenHas cpega. .ru/course/vie
w.php?id=292
56
2.6 lMocTosiHHbIE https://edu.vsu
3neKkTpuyeckoe u [nanekTpukM B NOCTOSIHHOM 3NneKTpuyeckom none. Mapa- n  |.ru/course/vie
MarHMTHOe Morns B cpedax. | AMamMarHeTUKu B MOCTOAHHOM MarHMTHOM norne. w.php?id=292
[MoCTOSHHBIN TOK B cpeaax 56
2.7 KBaaucraumoHapHble TOKM K Cruth-acpcpekT https://edu.\{su
nonsi .ru/coursel/vie
w.php?id=292
56
2.8 OneKkTpoMarHUTHbIE BOSHbI FeHepaLWs rapMOHYK, CaMOMOKYCHPOBKA https://edu.vsu
B cpenax ’ yewp ' .ru/coursel/vie
w.php?id=292

56
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2.9 OCHOBHblE MOHATMA TEOPUW JNUHENWHbIX onepatopos. |hitps://edu.vsu
.ru/coursel/vie
oose T | oresmmanen 1 o pry e
KBaHTOBOW MEXaHWKK pearne. pea patop - '
dyHKunn. CTaumoHapHble COCTOSIHMS OMCKPETHOrO U 56
HenpepbLIBHOrO CNeKTpa.

2.10 . Yactmua B  NpsMOYronbHOW  noTeHuumanbHou  ame. |https://edu.vsu
MpocTtenume npuMeHeHus T . .
KBAHTOBON MEXAHKM JInHenHbIN rapMoHnyecknin ocumnnatop. lNpoxoxaeHne u |.ru/course/vie

OoTpaxkeHue YyacTul ns OQHOMEPHOro ABUMXKEHUS. w.php?id=292
56
2.11 [BmxeHne vYactuupl B none | CoCcTosiHNSA AMCKPETHOIO CrekTpa B LeHTpanbHbiX nonsx. |https://edu.vsu
LleHTpanbHbIX cun CocTosiHMA C Marnow aHepruen ceasu. .ru/coursel/vie
w.php?id=292
56
2.12 KBaHTOBaHME 3HepreTn4eckoro cnekTpa. |https:/edu.vsu
KBasuknaccuyeckne BOSHOBblE (hYHKLMM, BEPOATHOCTU U |.ru/course/vie
MpnbnuxeHHbIe MeToAbl id=
o cpeqHve. MNpoxoxaeHne vyepes noteHunansbHble 6apbepbl. W.php?id=292
KBAHTOBOW MeXaHWKM N .
CraLmoHapHas Teopmsi BO3MYLLLEHUN (OUCKPETHbIN crekTp). 96
BapuauunoHHbIn meTog.
2.13 Teopus KBaAHTOBbIX https://edu.vsu
KBaHTOBbIE Nepexoabl, 3onoToe npasuno ®epmu. MNpaeuna .
nepexogoB nof BNUSHUEM .ru/coursel/vie
oTbopa Ans AMNOMbHOrO U3Ny4eHus. =
BHELLUHEro BO3MYLLEHNS w.php?id=292
56

214 OreMEHT! KBAHTOBOM BopHoBckoe NpubnuxeHWe oNa aMnnTyabl paccesiHus hitps://edu.vsu

Teopuu paccesHus P P yael p ' .ru/course/vie
w.php?id=292
56

*

3arnosHsaemcs, ecsiu omaoesibHble pas3desnbl QUCUUMIUHbLI U3ydaromcesi ¢ MOMOWb OHAalH-Kypca. B KosloHke

lNpumeyaHue Heobxodumo ykazamb HaldgaHue OHnalH-kKypca unu OYMK. B dpyeux cnydyasix e s4yeliku cmaesmcs

rpo4YepkKu.

13.2. Tembl (pasgenbl) AUCUUNIIUHBLI U BUAbI 3aHATUN

Buabl 3aHATUIA (YacoB)
Ne HanmeHoBaHne Tembl
n/n (paspena) gucumnnmHbl Jlekuuu | Mpaktuyeckne | JlabopaTopHble Camo;;%;:)TTzanaﬂ Bcero
OcHOBHble ypaBHeHUSsI
1 3MEeKTPOMarHMTHOro nons B
BaKyyme 4 2 4 10
5 MocTosiHHOE anekTpuYeckoe
none 4 3 10 17
3 lNocTosiHHOE MarHMTHOE
none 4 3 10 17
Nany4eHne n paccesHue
4
ANEKTPOMarHUTHbIX BOJTH 6 3 10 19
5 CucTtema ypaBHeHWi
MakcBenna B cpegax 4 1 8 13
[MocTosIHHbIE aneKkTpuyeckoe
6 1 MarHMTHOE nons B cpeaax.
IMoCTOsIHHBIN TOK B cpegax 4 2 8 14
7 KeasucraunoHapHble TOKU K
nons 4 1 4 9
8 OneKTpoOMarHMTHbIE BOSHbI B
cpenax 4 1 4 9
9 OcCHOBHbIe NOHATUSA
KBAHTOBOW MEXAaHWKM 8 4 10 22
10 I'IpOCTeVlumg NPUMEHEHUS
KBAHTOBOW MeXaHWKN 4 4 12 20
[BuXeHne YyacTuubl B none
11
LeHTpanbHbIX CUI 4 2 8 16
12 MpnbnmxeHHble MeToAabI
KBAHTOBOW MEeXaHNKK 6 3 12 19
Teopusi KBAHTOBbIX
13 nepexoaoB Nog BNnsHnem
BHELLHEro BO3MYLLLEHNS 4 1 8 13




OnemMeHTbl KBaHTOBOW

14 Teopun paccesHus 6 2 10 18

Utoro: 66 32 118 216

14. MeTognyeckue yKkasaHuAa gns ody4arowmxcsa no 0CBOEHUIO AUCLUNIINHDI:
(pekomeHOayuu oby4arowumMcs Mo 0C8OEHUI0 OUCUUNIIUHBI: yKa3aHue Hauboriee crioXHbIx pasdernos, paboma c
KOHcriekmamu fiekyull, npes3eHmayuoHHbIM MamepuasioM, peKoMeHOayuu ro 8bINOSTHEHUIO Kypcosol pabombl, rno
opeaHu3ayuu camocmosimesibHou pabomsi o ducyurniuHe u op.)

Heobxodumo rocne kaxdol fiekyuu no ee meme pa3bupame U ocgausamsb JIEKUUOHHbIU Mamepuarl,
01 e20 fyqwea0 NoHUMaHuUsi Yyumams pekoMeHO08aHHYH OCHOBHYH U OOMOTHUMEIbHYH
niumepamypy, 20mosumbCs K npakmu4eckoMy 3aHamuro, pa3bupasi coomeemcmesyouwuli
meopemu4yecKkuli Mamepuari, cucmemamu4ecKu 8bInofHIMe doMawHue 3adaHusi, He NPorycKamab
meKyuue mecmuposaHusi ro rnpolideHHOMY meopemu4ecKoMy U rpakmu4eckomy mamepuarty.

15. MNepeyeHb OCHOBHOW W [OONONIHUTENLHOW nUTepaTypbl, PECYpPCOB WHTEpPHeT,

HeobXxoANMbIX AN OCBOEHUSA AUCLUMUNIINHbI (Criucok fumepamypbl 0pOPMIISEMCs 8 COOM8emcmeuu
¢ mpebosaHusmu OCT u ucnonb3yemcs obuwjast ckeo3Has Hymepauyus 0s1s1 8cex 8UA08 UCMOYHUKO8)

a) ocHoBHas nuTeparypa:

Ne n/n McTouHMnK

Anekcees A.N. CbopHuUK 3adad no Kraccudeckol anekmpoduHamuke | A.U. Anekcees.
— Cr16.: MlaHb, 2008. — 320 c. / «YHusepcumemckasi bubnuomeka online» :
31EKMPOHHO-bubriuomeyHast cucmema. — URL

. «http://e.lanbook.com/books/element.php?pll_cid=25&pl1 id=100»

> Haebidos A.C. KeaHmosasi mexaHuka : y4ebHoe rocobue — 3 u3d. / A.C. [asbidog .— .
Crl16: BXB-llemepbype., 2014 .— 704 c.

KeaHmoesasi meopusi [QriekmpoHHbIU pecypc] : Kypc nekyud : Y. 1/ [U.B. KornbimuH,
A.C. KopHes, H.Jl. MaHakos] . — BopoHex : Misdamenbckuli 0om BI'Y, 2015 .//

3 «YHusepcumemckasi bubnuomeka onliney» : 3n1ekmpoHHO-bubnuomeyHas cucmema. —
URL : http://www.lib.vsu.ru/elib/texts/method/vsu/m16-09.pdf
KeaHmosas meopusi [QriekmpoHHbIU pecypc] : Kypc nekyud : Y. 2/ W.B. KonbimuH [u
4 0p.] . — BopoHex : NU3damenbckul dom BI'Y, 2017 .// « YHUsepcumemckas

bubniuomeka onliney : anekmpoHHO-6ubnuomeyHasi cucmema. — URL :
http://www.lib.vsu.ru/elib/texts/method/vsu/m17-102.pdf

©0) gononHuTenbHas nMTeparypa:

Ne n/n NcTouHuk

AnmyHuH K.K. QnekmpoduHamuka, crieyuaribHasi meopusi omHocumernbHocmu u
anekmpoduHamuka criowHbix cped / K.K. AnmyHuH. — M.: Jupekm-Medua, 2014. —

5 109 c. // «YHusepcumemckasi bubniuomeka online» : 3nekmpoHHO-6ubriuomeyHas
cucmema. — URL :
«https://biblioclub.lib.vsu.ru/index.php?page=book&id=240549&sr=1»

bpedos M.M. Knaccudeckas anekmpoduHamuka / M.M. bpedos, B.B. PymsiHues, M.H.
TornmbiauH. — Cl16.: JlaHb, 2003. — 398 c. // «YHUsepcumemckas 6ubniuomeka onliney :

6 311EKMPOHHO-bubriuomeyHas cucmema. — URL :
«http://e.lanbook.com/books/element.php?pll cid=25&pll id=606».

7 JlaHday J1.[. Teopus nons / J1.4. JlaHOay, E.M. Jlugpwuy. — M.: @usmamnum, 2003. —
530 c.

3 JlaHday J1.[]. SnekmpoduHamuka crinowHbix cped | J1.[. [laHday, E.M. Jlugbwuy,. —

M.: ®usmamnum, 2003. — 651 c.

bameizuH B.B. C6opHuk 3aday no anekmpoduHaMuKe u crieyuarnbHol meopuu
omHocumesibHocmu [3riekmpoHHbIU pecypc] : y4eb. nocobue / B. B. bambieuH, Y. H.
9 TornnmbiauH .— Mockea : JlaHb, 2010 .— 480 c. // «YHusepcumemckasi bubnuomeka
online» : anekmpoHHo-6ubiuomeyHas cucmema. — URL :
«http://e.lanbook.com/books/element.php?pll cid=25&pll_id=544»

Tepnieukut A.I. OnekmpoduHamuka / A.11. Tepneukud, FO.I1. Peibakos. — M.: Bbicw.
10
WwkK., 1990. — 352 c.



http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=100
http://www.lib.vsu.ru/elib/texts/method/vsu/m16-09.pdf
http://www.lib.vsu.ru/elib/texts/method/vsu/m17-102.pdf
https://biblioclub.lib.vsu.ru/index.php?page=book&id=240549&sr=1
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=606
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=544
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11

Mapmo C.U. Jlekyuu o anekmpoluHamuKe ;. SrekmpomasHUMHbIE S8/1eHUS 8
gakyyme. (y4ebHoe nocobue) / C.U. Mapmo, A.B. ®nezenb, M.B. ®ponos.- BOpoHeEX :
UN30amenbckuti Oom BIY, 2020. — 106 c.

12

Mapmo C.U. Jlekyuu no anekmpoduHamuke : CrieyuarnbHas meopusi
OMHOCUMESTIbHOCMU U 371IEKMPOMagHUMHbIE S18/1EHUSI. DNIEKMPOMacHUMHbIE S18/1EHUSI
8 sewecmee. (y4ebHoe nocobue) / C.U. Mapmo, A.B. ®nezenb, M.B. ®pornos.-
BopoHex : zdamenbckuli dom BI'Y, 2020. — 120 c.

13

Fanuuykut B. M. 3aday4u o keaHmosgou mexaHuke : y4ebHoe rnocobue 0511 cmyO. ¢hus.
crnieyuansHocmelt 8y308 : 8 2 4. | B.M. Nanuukud, 6.M. KapHakos, B.1. KoeaH .— M. :
Edumopuan YPCC, 2001.

14

GrioxuHues .M. OcHosbl keaHmMo8oU MexaHUKU : Yuyeb. nocobue Ons ay3oe]/ . U.
BroxuHyes — 7-e u30., don. — CI16. : JlaHb, 2004 .— 664 c,

15

JlaHOay J1.[]. KeaHmosas mexaHuka: Hepensmusucmckas meopusi (5-e usd.) /
J1.4. JlaHday, E.M. Jlucpwuy. — M. : @usmamnum, 2001 — 803 c.

16

banawos B.B. Kypc keaHmosgou mexaHuku/ banawos B.B., [JonuHos B.K. — Wxesck:
PX/], 2001 — 336 c.

17

bas3b A.U. PaccesiHue, peakyuu u pacrnadbl 8 HEPEIIMUBLCMCKOU K8aHMoa8ouU
mexaHuke | A.W. basb, 5.5. 3enbdosuy, A.M. lNepenomos .— UN348. 2-e, ucnp. u don. —
M. : Hayka, 1971 .— 544 c.

B) MH(bOpMaLMOHHbIE 3MEKTPOHHO-06pa3oBaTernbHble pecypchl (ouLmManbHbIe Pecypcbl UHTEPHET)*:

Ne n/n Pecypc
18 http://iwww.lib.vsu.ru/
19 https://biblioclub.lib.vsu.ru/
20 https://lanbook.lib.vsu.ru/

* BHavane ykasbiBatoTca OBC, ¢ KoTOpbiMU MMeloTcs gdorosBopa y BIY, 3aTeM OTKpbITble 3fEeKTPOHHO-
obpasoBaresibHble pecypchl, OHMNanH-kypcbl, AYMK

16. MNepeyeHb y4yeOHO-mMeTOAUYECKOro obecrnevyeHus AN CaMOCTOATENIbHOW paboTbl
(y4ebHo-Memoduyeckue pekomeHOauyuu, nocobusi, 3adadyHUKU, MemoOu4YyecKue yKa3aHus [0 6bIMO/IHEHUIO

npakmu4ecKkux (KOHMPOJIbHbIX), Kypcosbix pabom u dp.)

Ne n/n MCcTOYHMK
1 Mapmo C.U. 3ada4qu o anekmpoduHamuke (y4ebHoe rnnocobue) / C.U. Mapmo, A.B.
®nezenb, M.B. ®pornos.- Boporex : MU3damenbckuli dom BIY, 2020. — 149 c.
> KonbimuH U.B. 3ada4u o keaHmosol mexaHuke/ N.B. KonbimuH, A.C. KopHee—
BopoHex, 2004 (8 mpex yacmsix).

17. O6pa3soBaTenbHbleé TEXHONOINMK, UCNONb3yeMbie Npu peanusayunm y4yebHomn
ANCLMNNUHBI, BKIOYas AUCTaHLMOHHbIe o6pa3oBaTtenbHblie TexHonoruu (0 OT,
aneKkTpoHHoe oby4yeHue (J0), cmewwaHHOe 0OyyYeHue):

18. MaTepMaano-TeXHquCKoe obecneyeHne AUCUNNIINHDI:

YyebHas ayamTopus
CneunanmanpoBaHHas mebernb
KomnbloTepHbIN Knacc Ans cCamocTosATENbHOM paboThl

CI'IeLI,VIaJ'IVI3VIpOBaHHaﬂ mMebensb, KOMMNbIOTEPbLI C BO3MOXHOCTbLIO MOAKMOYEHNS K CETU «HTEPHET» 1 obecneyeHnem

JO0CTyna B 3NEKTPOHHY MHOPMaLIMOHHO-00pa3oBaTenbHyo cpedy yHMBepcuTeTa
Microsoft Windows 10, LibreOffice, Adobe Reader: https://get.adobe.com/ru/reader/ legal/licenses)

19. OueHo4Hble cpencTBa Ans NpoBeAeHUA TEKyLLEen U NPOMEXYTOYHOW aTTecTauum

MopsiAoK OLEHKM OCBOEHUsi oby4yawlwmmucs yvyebGHOro MaTepuana onpegensiercs

cogepXxaHuem cnenyrwmnx pasgenos AUCUUMITUHBI.
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HaunmeHoBaHne NHavkaTop(bl)
Ne KomneTeH
i/ pasgena aMcumnnHbl wsi(i) OOCTUKEHNSA OueHouyHble cpeacTea
(mogyns) H KOMMeTeHummn
1 Pasgensi 1.1-1.8, 3agayu, BbIHOCUMbIE Ha KOHTPOSbHYHO
2.1-2.8 MK-1 MK-1.3 paboty 1
2 Pasgenbl 1.9-1.14, MK-6 MNK-6.4 3agayn, BbIHOCUMbIE Ha KOHTPOJbHYHO
2.9-2.14 paboty 2
MpomexyTouras arrectauus Cnincok BonpocoB Kk 3a4eTy 1
dopmMa KOHTpoOns — 3ayet
MNpomexyToyHas arrectauns Cnmcok BonNpocoB K 3a4eTy 2
opmMa KOHTpOssS — 3a4eT

20. TunoBble OLEHOYHble CpeaAcTBa U MeToAMYEeCKMe maTtepuanbl, onpegenswouime
npouenypbl OLleHUBaHUA

20.1. TeKywWMIN KOHTPOSb yCNeBaeMoCcTu!

KoHTporb ycnesaemocTu Nno AUCUMMIIMHE OCYLLECTBIIAETCA C MOMOLLbIO CreaytowmX OLEeHOYHbIX
CPeacCTB: KOHTponbHasa paborta 1, 2.

Mpumep 3agay, BLIHOCUMbIX Ha KOHTPONbLHYI pa6oTy 1

1. TMpocTpaHCTBO 3anonHeHOo 3apsaaoM, MAOTHOCTb KOTOPOro MEHSIETCH MO 3aKoHy P=p(r)
(koHkpeTHbIV BUA p(r) Byaet 3agaH). Hanty HanpsXeHHOCTb nons E kak pyHKUMio r.

2. ONeKTpuYecKkun 3apsg  paBHOMEPHO pacnpeaeneH No TOHKOMY Konbly paguycom a. B
LeHTpe KornbLua noMmeLleH 3apsa -g. Hantu a) noTeHumnan n Hanps»XXeHHOCTb Nors,
C0O3aBaeMoro CMCTEMOM Ha ocu KonbLa; 6) NoTeHunan Ha ocx KornbLa Ha 60MbLIOM PacCTOsHUK
OT CUCTEMBI (KaKUM MYnbTUNOSIbHBIM MOMEHTOM ONpPenenseTcst ero BenuumHa?).

3.  OkpyXHOCTb pagnycom R 3apsikeHa ¢ NMUHENHOM NNOTHOCTLIO A = Agsin a (yron a
OTCUYMTLIBAETCA OT OQHOrO U3 pagnycoB OKPYXHOCTK). HanTn ounonbHbIi MOMEHT CUCTEMBI.

4. Haocu Oz B TOYKax C koopauHaTamu -a U +a pacnonoXeHbl 3apsiabl +e, a B Hadyane koopauHart
- 3apsA -2e. Haiitn TeH30p KBaapyrnonbHOro MOMeHTa cUCTeMbI. 3anMcaTb NoTeHUMarn nons Ha
GonbLIOM pacCcTOsIHMK OT 3apPSA0B Kak dyHKLMIO yria .

5. BHyTpn 6eckoHeyHOoro umnuHapa paguycomMm R napannensHo ocu Te4eT TOK C 06 beMHON
NAOTHOCTLIO | = j(r) (r - paccTosiHME A0 ocu umunuHgpa). Hantn nHAyKUu MarHUTHOroO nonsi
BHYTPW N CHapY>Xu LunuHapa.

6. [Mpsimoi npoBoa MMeeT BATOK paguycoMm R. Mo nposoay Teyet Tok J. Onpeaenuts MHAYKLUMIO
MarHUTHOrO NMons B LIEHTPE BUTKA U Ha ero OCU Ha paccTosiHMK h OT LeHTpa.

7. PaBHOMEpHO 3apsiKeHHbI NAOCKNA ANCK BpaLLlaeTCs BOKPYr CBOEN OCU C YITIOBOW CKOPOCTHLIO W.
Pagunyc aucka - a, nonHbi 3apsag - Q. Hantn nHaykumio MarHMTHOro Nons, Co34aBaemoro
ANCKOM Ha pacCTOSHUAX I >> a.

8. 3apsag Q paBHOMepHO pacnpegeneH no obvemy wapa pagnyca R. OgHa nonosuHa wapa
BpaLLlaeTCcsl BOKPYr CBOEN OCU CUMMETPUUN C MNOCTOSAHHOW YrNOBOM CKOPOCTbIO W; a Apyras
BpaLLlaeTCcsl C NOCTOSAHHOM YrOBOW CKOPOCTBIO W, B MPOTUBOMNOMOXHOM HanpaeneHun. Hantu
MarHUTHY MHOYKUMO B B LeHTpe wapa.

9. YacTtuua c maccor m 1 3apsiioM € ABMXKETCHA B O4HOPOAHOM MarHMTHOM norie B no
OKPY)XHOCTW paguycoMm R. Haitu sHepruto, TepsemMyto Ha AUNoribHOE N3nyYyeHne 3a oauH
obopor.

10. I'Ipﬂmoyroanaﬂ pamMKa C NOCTOAHHbIM NIMHENHbBIM TOKOM J BpallaeTca BOKpyr CBO€EW guaroHanu
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C MOCTOSIHHOM YrNOBOW CKOPOCTLIO w. lNnowaab paMkn paBHa S, a ee NUHeHbIE pa3Mepbl Marbl
MO CPaBHEHWIO C OSIMHON U3Iy4aeMoun BOrHbl. HanTn MHTeHCcMBHOCTL dl U3ny4eHus B TenecHbIn
yron dQ B cpeaHeM Mo BpeMeHU 3a Nepuon BpalLeHUs pamKu.

OneKTPOH BNeTaeT B NIIOCKMIN KOHAEHCATOP M Yepe3 HEKOTOPOE BPEMS MOKMAAET ero B TON Xe
To4Ke. HanpspkeHHOCTb E nomnsa B KOHAEHCaTope 0gHOPOAHA M MOCTOsIHHA, CKOPOCTh
3reKTpoHa Npu BrieTe paBHa V. HanTu cnekTpanbHoe pacnpegerneHme nonHon saHeprum de,,
ANNOIbHOro U3NyYeHnst ANeKTPOoHa.

Mpumep 3agay, BLIHOCUMbIX Ha KOHTPONLHYIO paboTy 2

1. Onpegenutb Kakne n3 HUKenepeyncrieHHblX onepaToB SABNATCSA NMHENHBIMU 3PMUTOBLIMU
oreparopamu:
(a) onepatop capsura: To(x) = ¢ (x + a);
(b) onepatop otpaxeHus: | ¢ (X) = @ (-x);
(c) onepatop conpsikeHnsi: S (X) = @ *(x);
(d) onepatop anddepeHumpoBaHus: De(x)=de (x)/dx
2. Hantn cobcTtBeHHble dhyHKUMM onepatopa f = ax+6p. Hantn HOpMUPOBKY 3TUX COBCTBEHHBIX
doyHKUMA.
3. 3anucatb BonHoByto dyHKUMo @ (X) = Clx|exp(-alx|) » onepaTop cosura
To(X) = @ (X + a) B UMNYNbCHOM NpeacTaBneHun.
4. HaiiTn cBsA3aHHbIe cocTosHMSA B noteHumane U(X) = -a(8(x + a) + & (x -a)), a > 0.
5. Haitn koatbduumMeHTbl OTpaXKEeHUS U MPOXOXOEHUS B NOTEHUMane:
U(x) ={U0; x > 0,0 x < 0; rae U0 > 0.
6. Bbluucniure cnegyrowne kommytatopsl: [LA2,r2], [LA2,p"2], [L_i,rp].
7. HanTn cnektp n cobcTBeHHbIE (OYHKLMM NITOCKOro potaropa.
8. Yactmua B 6eCKOHEYHO rnyboKoN sIMe LUMPUHON a B HayanbHbIA MOMEHT BpemeHun t = 0

Haxogutca B cocTosHuM @(x) = Asin“3(x/a). HainTn BONHOBYO (OYHKUMIO B MPOU3BOIIbHbIN
MOMEHT BpemeHn t > 0. fBngerca nM BpeMeHHas 93BOMOLMSA BOMHOBOW  (OYHKLMM
nepnognyeckon?

9. V|CI'IOJ'Ib3yFI BapMGLlMOHHbIVI npuHUnN Putua, onpenenntb 3HEPrmo  OCHOBHOIoO  COCTOAHUA

10.

11.

12.

13.

Yactuubl B noteHumane U(x) = -ad(x), a>0. MNMpobHyt BOMHOBY (OYHKLIMIO OCHOBHOrO COCTOSAHUSA
B3sTb B Buae: ¢ (x) = Aexp [-B|x]], rae B — BapuauMoOHHbIN NapameTp.

OnpenennTb COGCTBEHHBIE 3HAYEHMSI U COBCTBEHHbIE PYHKLIMM onepaTopa O_X.

Hantn B nepsoMm 60pHOBCKOM NpubnvmxeHun guddepeHumanbHoe Ce4eHne paccesaHnst YacTul ©
aHepruen E Ha noteHumane U(r) = U_O0 exp(-r/R), rae U_0 n R — nonoxuTternbHble KOHCTaHTbI.

Ha NUHeNHbIN rapMOHUYECKMI OCUMIISTOP HaknagbisaT BO3MYLLEHME BUAA:
V (x; t) ={ax"2|t/1]j, |t|< T; O|t|> 1. OnpeaennTb BEPOSATHOCTL Nepexona Mexay OCHOBHbIM M
BO36YXOEHHBIMU COCTOSAHUSIMMN.

Onpenenutb ceveHne paccesHms B GOPHOBCKOM NMPUBIMKEHUN Ha NPSIMOYrONbHON
NOTeHLManbHoN siMe.

OnucaHne TexHoOnNornm n poBeaeHuns

Ha pelueHne 3agaHnii KOHTPOIbHbLIN PaboThl Bolgensdercs 2 akagemmieckux vaca. [Npu pelieHumn 3agav
CTYOEHT MOXET Nonb30BaTbCs 3apaHee NOAroTOBMEHHbIMU METOAUYECKUMU MaTepuanamm.

TpeboBaHMsA K BbINOMHEHUIO 3a4aHUN (UNU LWKanbl U KPUTEPUN OLLEHUBAHUA)

OugeHka «oTNMYHON: [TodpobHbie u 6e30uwUboYHbIe peweHUs 8cex 3aday, O0MyCKames He3Ha4ume bHble
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8bl4HucriumeJsibHble Hemo4yHocmu.

OueHka «xopolloy: odpobHsie pelueHuUs 8cex 3aday, 8bi60p npasuibHo20 xoda pelueHus Onsi ecex 3adad,
doryckaromesi 8bI4UCTIUMESIbHbIE HEMOYHOCMU, 8 MAaKXXe HEMNOJSIHOE 8bINOSIHEHUE 0mOebHbIX 3adaHull.

OueHka «yaoBnNeTBOPUTENBHOY: peweHue omierbHbix 3aday, 00rycKalomcsi He3HayumeslbHbIe HeMOYHOCMU
8 8bibope Memoda u xo0a peuieHust 3adayul.

OLl,eHKa «HEeyOoBNEeTBOPUTEITbHO» omcymcmeue rpasulibHO pelweHHbIX 3adad, ucrosb308aHUe OUWUBOYHbIX
mMemo0o8 u npuemos 0118 peweHUs nocmasneHHbIx 3adauy.

20.2. NpomexyTo4yHasa aTTecTaums

MpomexyToyHas aTTecTauus No AUCLUUMIMHE OCYLLIECTBISIETCS C MOMOLLLIO CreAYHLLNX
OLIEHOYHbIX CPeaCTB:

Mepe4yeHb BONPOCOB K 3a4eTty 1

1. YpaBHeHuna Makcsenna B gudpdepeHumansHon U nHTerpansHom goopme.

MNOTHOCTbL 3HEPIrMN U NAOTHOCTb NOTOKA AHEPTUMN.

YpaBHeHunss Makceenna gnst NOCTOSTHHOrO 3NEKTPUYECKOro Noss, CBA3b HanpshkeHHocTn E n

3NEeKTpocCTaTMYeCcKoro noTeHumnana o.

YpaBHeHue [NyaccoHa Ha noTeHuman ¢ 1 ero peLleHue.

MoTeHumnan 1 HanpPs)KeHHOCTb NONSA TOYEYHOro 3apsiia U CUCTEMbI TOYEYHbIX 3apAS0B.

OHeprusa B3aumMogencTBus AByX (HECKOMbKNX) TOYEYHbIX 3apsaoB.

MoTeHumnan 1 HanNpsKEHHOCTb NONSA Ha BONbLUNX PACCTOAHUAX OT CUCTEMbI HEMOABMXHbBIX

3apsigoB. OnpegeneHve annonbHOro MOMeEHTA.

8. OHeprvsa gunons B KBa3VO4HOPOAHOM BHELUHEM none, AEUCTBYOLWME Ha HEro cuna u MOMEHT
cun.

9. YpaBHeHus MakcBenna gns NOCTOSHHOrO MarHUTHOro Nons. BeKTopHbIN noTeHuman,
HeO4HO3HAYHOCTb onpefeneHns BeKTOPHOro noTeHyuana.

10. YpaBHeHue NlyaccoHa onsi BEKTOPHOro NoTeHumana u ero peLleHme.

11. 3akoH bruo—CaBapa—I/lannaca gnst 06bEMHbIX U KBa3UIMHENHbBIX TOKOB.

12. OnpegeneHne MarHUTHOroO MOMeHTa. BEKTOpHbIN NOTeHUMan n MarHUTHas MHAYKLMSA Ha
GonbLUNX PACCTOAHUSAX.

13. MarHuTHbIM MOMEHT MNJIOCKOro KOHTYpa C TOKOM. MarHUTHbLIN MOMEHT TOYEYHbIX YacTul,.

14. CobCTBEHHAsA 3HEPrus 1 HEPrus B3auMOoLencTBrsi NOCTOSIHHBbIX TOKOB Yepes KO3 (PULMEHTDI
CaMOVHAYKLMM 1 B3aMMOVHAYKLNN.

15. oTeHumanbHas yHKUNS ToKa B KBA3MOLHOPOAHOM MarHUTHOM nore. Cuna u MOMEeHT cun,
AEeNCTBYIOLME Ha NPOBOAHMK C TOKOM.

16. YpaBHeHVs AN anekKTPOMarHUTHbIX NOTEHLManoB (HEOOHOPOAHbIE BOMHOBLIE YpaBHEHWS),
CBSA3b BEKTOPOB NOMA U NOTEHLManoB nons, ycrosune JlopeHua.

17. BonHoBoe ypaBHeHue (ogHopogHoe). HanpsKeHHOCTb 3reKTpU4ecKoro nons B NioCKon
MOHOXPOMAaTUYECKOM BOSHE.

18. OudhdepeHumansbHasa 1 NonHast UHTEHCUBHOCTU M3NyYeHNs B ASIMHHOBOSTHOBOM MPUBAMKEHUN.

19. CeueHune paccesiHus 3NeKTPOMarHUTHOW BOSHbI CBOOOAHLIM anekTpoHoM (popmyna TomcoHa).

20. Cuctema ypaBHeHun Makceenna B cpefax.

21. TMoHATMA NONSPM3YEMOCTU U HaMarHMYEeHHOCTW Cpeabl.

22. YCnoBus KBasCTaLMOHAPHOCTM 3NEKTPOMarHUTHOro Nossi.

23. CknH-adppekT. TonwmHa CKMH-CNos.

w N

N o ok

24. YpaBHEHWS O ANEKTPOMAarHUTHbIX BOMH B AMANEKTPUKAxX B OTCYTCTBME ANCNEPCUM.
25. [mncnepcus ananekTpnu4eckon NpoHULLaeEMOCTMU.

MepeyeHb BONPOCOB K 3a4eTy 2

YKaXXnte 0OCHOBHble CBOMCTBA BONTHOBOW (PYHKLUU.

Kakon onanyeckuin CMbICi UMEET KBaapaTt Mogynsi BONHOBOW yHKLNN?

Hanuwwure ypaBHeHNe HenpepbIBHOCTY.

HanuwwuTe HecTaunoHapHoe ypaBHeHue LLpéauHrepa.

Hanuwwure onepatop KNHETUYECKON 3HEPTMM U MOMEHTAa UMNYyIibCa.

Ecnun 3apgaHo cocTtosiHne Y(x; t), HanuwmTe onpeaeneHme cpegHero 3Ha4eHms pranyeckon
BeNn4YnHbl A B cocTosHUM .

okl whE
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7. HanuwuTe 3aKOH U3MeHeHUs cpeHero 3Ha4yeHnsa pmsnyeckon BennyumnHel A. B kakom criydae A
€CTb UHTerpan ABWKEHUS.

8. [anTe onpegeneHune cTaumMOHapHOro COCTOSTHUS.

9. HanuwwuTe cnekTp NMMHENHOro rapMOHNUYECKOro OCumMnsaTopa (0OQHOMEPHbIV Criyyan).

10. HanuwwuTte ycnoems NpMMEHUMOCTUN KBA3MKNACCUYECKOro NpUBmKeHns.

11. HanuwwuTte npaeuno kBaHToBaHMsA bopa-3ommepdenbaa.

12. HanuwwuTe (C 3KCNOHEHLUNanbHON TOYHOCTbIO) BEPOATHOCTb TYHHENMPOBAHMS YacTuLbl Yepes
bapbep.

13. Kakue Benn4ymHbl COXpaHSTCS B LLeHTparbHOM rnore.

14. HanuwwuTte cnekTp aToma Bogopoaa.

15. HanuwuTte BbipaXXeHns Ans nonpaBoK K 3HEPTUN N30NTMPOBAHHOMO YPOBHS B MEPBOM U BTOPOM
nopsigkax Teopun BO3MYLLEHUN.

16. HanuwwuTte 3onotoe npasuno depmu.

17. Hanuwwute To4HOE BblpaxeHne Ana aMmnnnTyabl paccesHus.

18. B yem cocTonT 6OpHOBCKOE NPUBNMKEHNE B TEOPUM pacCesHUS.

OnucaHue TexHonorMm npoBeaeHns
3ayeT npoxoauT B NUCbMeHHoi hopme. CTyaeHTy npeanaraetcsa 15 BONPOCOB U3 NOMHOro crnucka
BOMPOCOB, Ha KOTOPbIE OH JOMKEH AaTb KpaTKuiA OTBET B TEYEHME OOHOro akageMmnyeckoro Yyaca.
Tpe6oBaHMs K BbINOMTHEHUIO 3aAaHWI, WKanbl U KPUTEPUUN OLLEHUBAHUSA
«3a4TeHo»: AaHbl NpaBUmbHblE U NoMnHble oTBeTLI Ha 10 1 Gonee BONPOCOB, AOMYCKaTCA NOrPELLUHOCTY,
KOTOpble CTYAEHT CNOCOGEH CKOPPEKTMPOBaTL Nof, PYKOBOACTBOM NpenoaaBarens

«He 3a4yTeHO»: NpaBunbHbIE M MNOMHbIE OTBEThI AaHbl HA MeHee, YeM 10 BOMpOCOB; OTBETHI HA BOMPOCHI
coaepXXaT HETOYHOCTM M OLIMOKM, KOTOpble CTYAEHT He CNocobEeH CKOPPEKTUPOBATL MOA PYKOBOACTBOM
npenogaearens.

21. PoHA OLEHOYHbLIX CpencTB

TecTbl

1. 3aKkoH coxpaHeHus 3apsifa B UHTerpanbHom hopme.
A
2. 3akoH buo—CaBapa—/lannaca ans anemeHTa NIMHENHOro Toka.
Jldl x r
Omeem: dB— """
[ r

3. YpasHeHus Makcsenna B gudpepeHumansHon popme Ana nonsd B Bakyyme.

Omeem:

T
o

GVE = dap,

Omeem: 0B ‘-J + '_!:'f{
divB = Hl_ o
rotE = —]A’»”}

o o

4. YpaBHeHue NyaccoHa Ans noTeHumMana ckanspHoro noteHumana ¢.

Omeem: Ao = —dmp
5. OnpegeneHune oMNONbHOrO MOMEHTA.
Omeem: d — / plrirdl” (AN HENPEpPLIBHOIO pacnpenerneHvs 3apana),
d = X:,,r” (N8 cucTemMbl TOMEYHbIX 3apsAoB).

6. lNpsambie n obpaTHbie NpeobpasoBaHus JlopeHua.
i r— Vit
r — —F/———, )
\/1 = "'2“/}(_;2
=1, y=1,

<
|
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Omeem: lpsamble: Ob6paTHsble:

7. OnpepgerneHune anekTpuyYeckon NHAyKUuMn D 1 HanpsiKeHHOCTU MarHUTHOro nons H.
Omeem: D = E + 4xP, H =B —47M,
roe P — BekTop nondpusauunm cpenpl, M — BEKTOp HamMarHU4eHus.

8. 3akoH Oma B andpdepeHumansHon hopme 1 Ans yd4acTka npoBOAHUKA.
Omeem: j = cE. J = IT

9. YTo TaKkoe «cTauMOHapHOe cocTosHMe»? 3anucatb o6Wuih BUA BOSTHOBOM  OYHKLIUK
CTaUMOHAPHOro COCTOSAHUSA, MOACHMB, OTKYAa YTO HaXOAUTCS.

10.3anuncatb ypaBHeHue LpéanHrepa ons cTauuoHapHbIX COCTOSHUA aTtomMa NuTusa (aTomMHoe
A4pO0 M 3 aNeKTpoHa), NOSACHMB Bce 0603Ha4YeHus. [IBMxXeHnemM aToMHOro sapa npeHebpeys.

11.TpuBecTun BUA onepaTopa CrnvHa 3f1IeKTPOHA N CMIMHOBbLIX BOMHOBbIX (PYHKLIWNA.

12.3anucaTtb BMA 3HEPreTMYecKoro crnekrpa ogHOMEPHOro KBaHTOBOro ocuunndaropa (ykasatb
BO3MOXHbl€ 3Ha4YeHWsl KBaHTOBOIro Yncna).

13.Yactmnua asmxeTtcsa B nosne cepudeckon cummeTpumn. Kakne dgmsmnyeckme BeNUYUHbL Y Hee
COXPaHATCS, KakoBbl 45151 HAX CMEKTPbl COBCTBEHHbLIX 3HAYEHNIN?

14. CdopmynupoBaTtb Mae pelleHns 3agaydm no Teopum Bo3MyLeHU. [nga cnyyvyas oTCyTCcTBuS
BbIPOXAEHMSA 3anncaTb NONPaBKM HU3LIMX MOPSAKOB K 9HEPrUK, MOSICHNB BCe 0O03HaYEHMS.

15. Cchopmynupynte wngeto pe-bponnsa. KakoB CTaTUCTUYMECKM CMbICT KBagpata Moayns

BOMHOBOW PYHKLNN?

3apgaun
1. Teopema aycca.
Omeem: ¢ EdS = 137(21;-,\1.1

2. 3akoH SﬂéKTpOMaFHMTHOVI MHOYKUNN.
| dP
(- '}l!l

3. TnoTHoCTb nMmnynbca 3J1IEKTPOMAarHUTHOro nons.

Omeem: ¢ —

| =
Omeem: & = —|E « B
atc
4. MoTeHuman nons Ha GONbLINX PACCTOAHMAX OT CUCTEMbl HENoABWXHbIX 3apsaoB (6e3

KBaZpynosibHOro YyreHa).
i (cr)

Omeem: y(r) = = + —— + -
=g
5. CnekTpanbHasi NI0THOCTb 311EKTPO-ANMONBHOMO U3MNyYeHUsI.
d€ 2wt .
Omeem: — = —_|d_|?
dv 3mc?

6. WHBapunaHTbl 3M1eKTpOMarHUTHOro nons.
Omeem: E?> — B?> =inv, (EB) = inv.
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3akoH [xoynsa-JleHua B andpdepeHymanbHom hopme n ona ydyacTtka NpoBOgHMKA.
Omeem:
(@ — xonpuegiise FéimeTs!,/ BbinENsollehcT 8 Al Iy BpeMeHn B eauHMYHOM obbeme
npoBogHMKa, Q — KONMMYEeCcTBO Tenna, BbIAENSALWEroca Ha yyacTke uenn B eauHuuy
BPEMEHMN).
3anuncatb ypaBHeHue LpéounHrepa Ons craunMoHapHbIX COCTOAHMM (ANS cnyvyas OLHOW
YyacTuubl), NOSACHMB BCe 0B03HaYEHUS.

2

R R n?
omeem: H¥Y(r) =EWY(r); H = —2—V2 +U(r) .
m

0

3pecb B ramunbToHnaHe H A — noctosiHHas Mnawka, M — macca vyactuubl, V= _8F -

—

oneparop rpagveHta no koopauHate uactuupl I, U(F)— noTeHumanbHas sHeprus

yacTuLbl.
3anucaTb ypaBHeHue LUpéauHrepa ans cTauMoHapHbIX COCTOSIHUIA aToMa renust ¢ y4eToMm

OBNXEHNA aTOMHOro aapa, nodACHmMB BCe 0b03Ha4veHus.

H¥(R,F,F,) = EY(R,F, r)

2 2 2 2
Omeem: H:_h_§2 _ 6? Z

>

3necb B ramunbToHnane H 7— noctosnHas Mnanka, M, — macca sgpa atoma renus,

0

Vﬁ :8_ — onepaTop rpagveHTa no KoopauHate atomHoro agpa R, M, — macca

Pl

= 0 N
3IeKTPOoHa, vj = oF onepatop rpaguveHTa no KoopauHare j-ro afieKTpoHa rj (=1 wm
i

2), € — ANeKTpUYEeCKnin 3apsia 3NEeKTPoHa, I, = ‘I‘l - I’z‘ .

3anucaTb ypaBHeHue [aynu, nosicHMB Bce 0603Ha4YeHUs.

R Y _ HWY(F,1);

omsem § - L[+ S AR OE+U () -ep(r. ) + o GH
2m, C 2m,c

—

3pecb M,— macca anektpona, v =

—

— oneparop rpagneHta no KoopamnHarte 4actuubl r ,

o
or

€ — MOAyJ1b 3NEeKTpN4YeCKoro 3apaga 3y1eKTpoHa, ¢ — CKOPOCTb CBETAQ, A(I_;,t) n @(F;t) -
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12.

13.

14.
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Bel('FOprIVI n CKaﬂﬂprIVI noTeHunanbl 3JIEKTPOMarHMTHOro nond, U (r) — noTeHumnanbHad

aveprusi yactuubl, H = FOtA — HanpsixkenHocTb marHuTHOro nonsi, O — matpuusl Maynu:

0O 1 0O —i 1 O
o, = o, =] . , O, =
X 1 0 Y 1 0 ‘ 0 -1
3anucaTb BUO 3HEPreTUYEeckoro crnekTpa ABYMEPHOro KBaHTOBOro ocuunnsTopa (ykasaTb

BO3MOXHbIE 3HAUEHWSI KBAHTOBOTO YKCna).
omeem: E, =ho(n+1); n=0,12...

(¥ — xpyroBasi YacToTa konebaHui.
Uactuua pgBwxkerca B UeHTpanbHoM none. Kakve @usndeckne BenuUMHbl Y  Hee

COXPaHAKTCA, KaKOBbl 4114 HUX CNEKTPbI COOCTBEHHbIX 3HAYEHNN?

Omeem: Oneprusi E (ecnu uenTpanbHoe nome He MeHsietcsi co BpemeHem), keagpart
22 2
yrnosoro momenta L™ (L™ =A°1(1+1), 1 =0,1,2,...), npoekums yrnosoro momeHTa Ha ock

z L(L, =Am, m=0,+1,+2...) uerHocts 7, = (-D)'.

CdopmynmpoBatb Uaeto pelleHus 3agadyum no Teopum Bo3MyLLEHWA. [na cnydas oTCyTCTBUS
BbIPOXXAEHMS 3anucaTb MornpaBKy MEepBOro nopsiaka K BOMHOBOW (OYHKUWUM, MOSICHUB Bce

obo3Ha4yeHud.

Omeem: Pelwaem ypaBHeHue LLpeanHrepa H\P| = E|lP|. MpenctaBnsieM raMmnbTOHUAH B

A

BUAe: H =H0 ‘|'V, roe Ho — ramunbTOHMaH, AN KOTOPOro W3BECTHO pelleHue

7 w0 _ gngy(0) i
ypaBHeHua LpeaunHrepa Hoan —En an , w Vo - onepatop BO3MYLLEHUS,
cogepxawumi manbln napameTp. Torga sHeprus E v sonvosas JyHKLMA Y nwyTca B

0 (0)
BUOe PsAAOB MO CTErneHsaM Maroro napamerpa C MUCMofb3oBaHWeM BenUyuH En ,‘Pn 7

MaTPUYHBbIX 3NIEMEHTOB an ;
— (O /gy (0)
an _Ian VlPI df

BonHoBas dyHKuMS lP| B NepBOM MOpsKe TEOPUN BO3MYLLEHUA MMEET BUAL
¥ =y +ZL‘P(O) n

= EO _g© "n "
n=l | - n
Cdopmynumposatb naeto NpssMoro BapuvalMoHHOro metoaa.

A

Omeem: N3BeCcTeH BUA raMmnnbTOHMaHa H 3aaHHOM CUCTEMbI U Tpe6yeTc;| HanTK peweHne

YpaBHEHUA LIJpe/:u/lHrepa A-nAa OCHOBHOro CtaunoHapHOro CoOCToAHUA.
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HTO(?) - EoLPo(g) .
3apaetcA npobHas  dyHKUMS CD(f,O!,ﬂ,%..), KoTopaa yAOBNETBOPAET CTaHAAPTHbIM

YCINOBUSIM 1 YCITOBUIO HOPMUPOBKM:

JO'Ea B0 a .y )dE =1,

PaccuntbiBaeTcs pyHKUMOHan

J(a’ﬂ’}/"') :J‘Q*(é’a’ﬂ’)/"')l_’"@(f’a’ﬂ77"')d§ .
Mocne aToro npoBoAUTCS NpoLeaypa ero MUHUMU3aLuu:

oJ oJ oJ

: 0; —=0.... u3 KoTopoit HaxomsTCH MUHUMUIMPYKOLIME dYHKUMOHET

oa 8B oy

napameTpbl 050,,30,7/0 ... Torga npubNMXeHHOEe peLleHNne UCXOAHOro YpaBHEHMUS

LWpeauHrepa 6yaget umeTb BUA.

Yo () = D&y, By 7o) By = I, By 7).

MpuBeCTN BblpaeHWe ANSA BbIYUCIIEHUS BEPOATHOCTU KBAHTOBOro nepexoga (MHadye -
3anucartb «3oroTtoe npasuno Pepmny), NOACHMB BCe 0603HAYEHUS.

Omeem: NpeanonaraeTcsi, YTO BO3MYLLEHNE OT BPEMEHU 3aBUCUT TONbKO NEPUOANYECKN:

V(f,t) —SV® (&,1) —\V®® (&) Lgtiat

Torpa BEPOATHOCTb KBaAHTOBOro nepexoga CUCTEMbl M3 COCTOAHMA M B COCTOAHME N B

eanHuLy BpeMeHn umeet By («3onoTtoe npasuno depmmny):

27

W, =ZENOT p(e), o=+, ~E,).

m—n

3necb P(€) - NNOTHOCTb KOHEYHbBIX (MU HaYanbHbLIX COCTOSHWI) NPU UCMYCKaHUM (3HaK (+))

(MK nornoweHnmn 3Hak (-)) n3nyveHus,

V) = [ (VO ()PP (&)de

KpuTepum 1 WwKanbl oleHUBaHUA:
[ns oueHVBaHUS BbINOMHEHUS 3aaHni ncnonb3yeTcs 6annbHas wkana:
1) OTKpbITbIE 3a0aHUS (TECTOBbLIE, CPEAHWUIA YPOBEHb CMOXHOCTH):

1 6ann — ykasaH BepHbIN OTBET;
0 6annoB — yka3aH HEBEPHbLIN OTBET, B TOM YNCIIE YaCTUYHO.

2) 3afaHns C pa3BepHYTbIM OTBETOM:

5 6annoB — ykasaH BEpPHbI OTBET;
2 B6anna — ykasaH 4YaCTU4HO BEPHbIV OTBET;
0 6annos — yka3aH HEBEPHbIN OTBET.



