[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

®WNO: Nexapesckuii bopuc Bnagummposuy

[lomkHocTb: MpopekTop no yuebHol 1 MeToanyeckoi pabote
[ata nognucanus: 30.10.2023 17:06:28

YHUKanbHbI MPOrpaMMHbIA KIKOY:
3b89716a1076b80b2c167df0f27c09d01782bag4 MUHOBPHAYKH POCCHH

(enepajbHOe rocyrapcTBeHHOE OI0KEeTHOE 00pa30BaTe/IbHOE YUpeKIeHue
BbICIIEro 00pa3oBaHus
«Cankr-IleTepOyprckuii rocy1apcTBeHHbIN TEXHOJOTHYeCKU HHCTUTYT
(TeXHHYeCKUIl YHMBEPCUTET)»
(CII6I'TU(TY))

YTBEPXKJIAIO
IIpopexTop mo y4edoHoi 1
MeTOIM4YeCcKoii paboTe

b. B. [lexkapeBckuii
«10 » uroas 2023 rona

Pabouas nporpaMMa TUCHMILINHBI

KBAHTOBASA MEXAHUKA U KBAHTOBASA XUMHUA

HanpaBnenune noarotoBku
04.04.01 Xumus

HanpaBneHHOCTH porpaMMbl MarucTpaTypbl

Bce nanpaBJiieHHOCTH

KBanuduxamus

Marucrtp

dopma o0yueHus

Ounas

PakynbTeT HH(POPMALMOHHBIX TEXHOJIOIHH M YIIPABJICHUSA

Kadenpa maremarnkm

Cankr-IlerepOypr
2023



JIMCT COI'JIACOBAHUA

VYuyeHoe 3BaHUE,

JomKHOCTD IMoamuce
(haMuHs, HTHULIAATBI

Pazpabotumnk n.¢.-M.H. A. A. I'py3akoB

Pabouas nmporpamma aucuuruInHbl «KBaHTOBAss MEXaHUKA M KBAHTOBAsI XUMUS» 00CYXKICHA HA
3ace/laHuy KadeIpbl MaTEeMaTHKH
[Tpotokomn ot «03 » uromst 2023 Ne 7

3aBenyromuit kadeapoit A. A. I'py3akoB

OnobpeHo yueOHO-MEeTOANYECKON KOMHUCCUEH (PakynbTeTa nH(OPMAIIMOHHBIX TEXHOJIOTHHA 1
yIIPaBJICHUS

npotokout ot «05 » utons 2023 Ne 10

[Ipencenarens B. B. Kypkuna
COI''TACOBAHO
PykoBoauTens HanpasieHus HOATOTOBKU C.T. HU30toBa
«XuMus»
Jupektop OubnuoTexu T. H. CrapocteHko
HauansHuk MeToaudeckoro oraeiia M. 3. TpyxanoBuu
y4e0HO-METOINYECKOTO YIIPABIICHUS
Havanpuuk YMY C. H. [leaucenko




COJEP)KAHUE

1. HepequL IMJIAHUPYCMBIX PC3YJIbTATOB 06yquH51 o JUCHHUIIIIMHE, COOTHCCCHHBIX C

IUTAHUPYEMBIMH Pe3yJIbTaTaMU OCBOCHUSI 00PA30BATEILHOM MPOTPAMMBI ......vveeveeieeanreesieeeneeens
2. MecTOo AMCHMILTUHBI B CTPYKTYpPE 00Pa30BATEIBHOM MPOTPAMMDBI ......vvevveerreesireesieesnneesinesnnes 4
RO 100 00107 (030 0700 01070 505 CHRTUTE T 6
A @101 (<) 0 ¥ 02 04 (S 1 (801700 A1 170515 ST PP PP PRI 6
4.1. Pa3aennl JUCLHUAIIITUHEL ¥ BUIBL 3AHITIIL +1uuevevrreseeeessaseesessssesesssessessseesessnreesesnreesesnreeeen 6
4.2. 3aHATUS JIEKIIAOHHOTO THIIA .. ...ceeeieerresassseessssessssssssssessssesssssassssssssesssssssseeesremsrsrn e 7
4.3 3aHATUS CEMUHAPCKOTO THITA ...vvvvveesurrreeessnneaesssssresssnsssseesasssssessassssesssassssesssnsssesssnnneeenns 7
4.4. CaMOCTOSATETBHAS PAOOTA OOYUATOIIIHXCS .vvvvvvvresreeessreesssreessssesssssesssssesssssesssssesssseesssseeens 8
5. IlepeyeHnb y4eOHO-METOAMIECKOTO 00ECTICUCHHUS ISl CAMOCTOSITEIBHON pabOThI
OOYYAIOTTUXCS TIO JIACTIATIITHTHE .. .vvveessvvessssesassseessssesssssesssseeessseessssesssnsesssssesssssessnssessnssesssssessnsenens 9
6. @OHJ| OLIEHOYHBIX CPEJCTB JJISl IPOBEACHHS IIPOMEIKYTOTHON ATTCCTALNM «..vvevvverevanveenennns 9
7. IlepeueHb OCHOBHOMW U JONOJHUTEIBHON Y4eOHOM TuTEpaTyphl, HEOOXOIUMOM IS
OCBOCHUS JIVICIIHTIITHTHBL ....ccutveuteeseeanteesseeasseessseesseessseesseessseasbeesseeenbeeamseebeeasseenbeeanbeenneeenneennneenns 9
8. IlepedeHp pecypcoB HHPOPMAIIMOHHO-TEICKOMMYHUKAIIMOHHOU ceTH «HTepHeTY,
HEOOXOUMBIX JIJISI OCBOCHUS JUCIIATIITHHB «....veevveeieeesteesseeaseessneesseesnseessessnneesseesnseessnesneesnnesnns 9
9. Meroanueckue ykazaHusi 1Jisi 00yJarouuXCsi IO OCBOCHUIO TUCHUIUTAHBL......ccovveervreennene 10
10. Tlepevenp nHGOPMAIIMOHHBIX TEXHOJOTHH, HCIIOIB3yEMbIX TP OCYIICCTBICHUN
00pa30BaTEIILHOTO MPOIIECCA MO JTUCIIHATIIIHIHE 1. .vvvveisvreessreeessresssssesssssesssssesssssesssssssssssesssssessnsees 10
10.1. THOOPMAITOHHBIC TEXHOIOTHH ... vesvverteesresseesseessesssesseessesssesseessesssssssessesssesseesseensesses 10
10.2. TIpOTPAMMHOE OOCCTICUCHHME. ... vvvesvveessreeesstesassseeessseesssseessssesssssesssssesssssesssssesssssessssenens 10
10.3. ba3bl 1aHHBIX ¥ HHPOPMAIIMOHHBIE CITPABOUHBIE CHCTEMBI ..vvveervveessireesssreessseeesssneenns 10

11. MaTtepuaibHO-TeXHUYECKasi Oa3a, He0OXoauMast JJ1s OCYIIECTBICHHS 00pa30BaTEILHOTO
MIPOLIECCA TTO JMCIIHTIIIIIHE ......vvveeasteessreeasseessseesssseessteeeasteeesssesessbe e e sab e e e ssb e e e abb e e s bn e e s e e nsbneeanneas 10

12. OcoOeHHOCTH OCBOEHUS AUCHUTUTHHBI MHBAIUAMU U JTUI[AMH C OTPaHUYEeHHBIMH
BOBMOKHOCTSIMU 3JIOPOBBT .. vvveettteetteeatetessseessseeanteeessseeesssessssseesasseessssessssseesasseessnessseessnsees 10

DOH/T OLEHOUHBIX CPEIICTB ... .uvveeasteeessreeassressseesssseesasesessseeesssesaasseseasbeseasse e e sbb e e aabseesbeeesnbeeeanneas 11



1. Ilepeyenpb NJIAHNPYEMBIX Pe3yJIbTATOB 00yUYeHUs 10 JUCHUIIMHE, COOTHECEHHBIX C IIJIAHMPYEMbIMHU pe3yJibTaTaMHu
O0CBOEHUsI 00pa30BaTeIbHOM MPOrpaMMbI

KO,I[ N HAUMCHOBAaHHEC
KOMIICTCHIIN U

KOI[ 1 HANMCHOBAHHWC MH/IHUKATOpa
JOCTHXXCHHA KOMIICTCHIIMH

[Tnanupyemble pe3ynbTaTbl 00y4eHUs
(neckpunTopsl)

OIIK-3
Crioco0OeH UCIOIb30BATh
BBIYUCIIUTCIIBHBIC METOAbI U
AATITUPOBATh CYIIECTBYIOIIUE
POTrpaMMHBIE TIPOYKTHI JIJIsI
peleHus 3a1a4
npodecCuoHATBLHOM
MeATeIbHOCTH

OIIK-3.2
BrimosHeHHEe KBAHTOBO-
MEXaHHYECKUX pacyEéToB B
00J1aCTH XUMMHU.

3HaTth:

OCHOBHbIC MPHHITUIIBI U TTOJIOKCHUSI KBAHTOBO# MeXaHUKH M KBaHTOBOM xumun (3H-1);
METO/IbI PEIICHUS KIIACCHUECKUX 3a/1a4 KBaHTOBOM Mexanuku (3H-2);
MPUHIIMITAATIBHBIE OCHOBBI MPUOIMKEHHBIX METO/I0B KBAHTOBOM OCHOBBI M KBAHTOBOM
xumun (3H-3).

YmMmern:

HAaXOJIMTh OCHOBHbBIC XapaKTEPUCTHKH KBaHTOBBIX cucteM (Y-1);

OPUMEHSATH MPUOIMKEHHBIC METO/IBI PEIICHHS 3a1a4 KBaHTOBOW MexaHuku (Y-2).
Baaners:

HaBbIKAMK TIOCTAHOBKH 3a/1a4 KBAHTOBOW MEXaHUKHU M MeTonamu ux perenus (H-1)




2. MeCTo IHCHMILIMHBI B CTPYKTYpe 00pa30BaTe/ibHOM NporpaMmblt

JluctumnimHa OTHOCUTCS K JUCHUIUIMHAM 00s3aTenbHON yacTh. Kox MUCHUIUIMHBI TIO
yaeOnomy miany b1.0.05. duciunirHa u3ydaercs Ha 2 Kypce B 3-M ceMecTpe.

B MeroanueckoMm IlaHE€ JUCHMIUIMHA ONHUPACTCS Ha JJIEMEHThl KOMIIETCHIIUH,
chOpMUPOBAHHBIE TMPU HU3YYCHUU JUCHUILUIUHBI «YPaBHEHHUS MaTeMaTH4YeCKOW (DU3HKUY,
«Du3uka TBEPAOTO Tena», a TAKXKE Pa3JeioB MAaTeMaTHUKU W (U3MUKH, MU3YyYCHHBIX B paMKax
nmporpamm 6akajiaBpuata.

[TonmydyeHHsle B mpoliecce M3y4eHUs] TUCHUIUIUHBI «KBaHTOBash MEXaHMKAa M KBAHTOBAas
XUMUS» 3HAHUS, YMEHUS U HABBIKM MOTYT OBITh HCIIOJB30BaHbl B HAYYHO-HUCCIIEI0BATEIbCKON
paboTe 1 BBITIOJHEHUH BBITYCKHOW KBATU(DUKAITMOHHON paOOTHI.

! MecTo ucuuIuHbl 6yI€T yYUTHIBATHCS NPH 3amoaHeHuH Tabmuubl | B Tlpunosxkenun 1 (DoH OLEHOYHBIX
CpeJCcTB)



3. O0beM TUCHUILIHHBI

Bcero,
aKaJeMHYECKHUX
. 4acoB
Bunx yuebnol paboThl aco
Ounas dpopma
oOyueHus

OO0wmast TpyA0eMKOCTb M CUUILIHHbBI 3/108

(3a4eTHBIX SAMHMII/ aKaIEMUIECKIX YacOB)

KonrakTHasi pa6oTa ¢ npenojaBarejieM: 56
3aHSTHS JEKIIMOHHOTO THITA 18
3aHATHUS CEMUHAPCKOTO TUIIA, B T.4. 36

CEMHUHApBI, MPAKTUYECKUE 3aHATHUS 36

nabopaTopHbie pabOThI

kypcoBoe npoektupoBanue (KP wmu KIT)

KCP 2

Jpyrue BUIbl KOHTAKTHOM paboThI

CamocrosiTesibHas padoTa 52
Kourtpousb

®opma Tekyuiero kourpoas (Kp, pedepar, PI'P, acce) 2PIP
®opma npomexyTounoii arrecranuu (KP, KII, 3auer, sx3amen) 3auér

4, CogepxaHue TUCHUINIUHBI
4.1. Pa3ae bl AUCHMIIJIMHBI U BUAbI 3aHATUH
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1. | OcHOBHBIE IOHATHUS U MaTeMaTHUECKUI 4 8 10 OIlK-3
anmapaT KBaHTOBOW MEXaHUKH OI1K-3.2
2. | TouHoO pemraeMbie 3a7a9u KBAHTOBOM 6 10 10 OIIK-3
MEXaHUKH. OIIK-3.2
3. | Bonoponomnoo0Hbie HOHBI 4 10 20 OIIK-3
OIIK-3.2
4. | IlpuOnmxEHHBIE METO/IbI KBAHTOBOM 4 8 12 OIIK-3




MEXaHUKHU U KBAaHTOBOU XUMHH OIIK-3.2
UTOT'O 18 36 52
4.2. 3aHATHUA JTIEKIITMOHHOI'O THUIA
Ne Ob6beMm
HanmeHnoBanue teMbl > | UIHHOBaUMOH
pasnena aKaz.
U KPaTKOE€ COAEPKAHUE 3aHATUSA Has popMma
JUCLUTIIUHBI 4achl

1 [Tpobnembl onuMcanusi SKCIIEPUMEHTATILHO HAOII0AaeMBbIX 4 ['pynmnosas

SBJICHUN B paMKax KJIACCHUECKOH (M3UKU. DPMHUTOBBI TUCKYCCUS
OIepaTopsl B THIIEOEPTOBOM IIPOCTPAHCTBE.
[IpencraBinenue HaOMIOJAEMBIX  CaMOCONPSKEHHBIMU
orepaTopami. OO6mmmit BU]I COOTHOUICHUS
HeonpenenéuHoctu [ eizenOepra. BoiHoBas MexaHuKa
HIpénunrepa n noaxox I'eiizendepra.

2 Craunonaprnoe ypaBHenue Illpénunrepa. Yactuna B 6 Paz6op
IOTCHITMAIGHON ~ SIME»,  «TYHHENBHBIA  dPQerT». KOHKPETHBIX
[lapMoHMYecKUl OCHWIUIATOpP, CBsI3b C  IPOOIIEeMOit CUTYaLNi
TEIJIOEMKOCTH TBEPAOro Tejla. YYET aHrapMOHHU3Ma.

[loTeHnmanbpl MEXKaTOMHOTO B3aMMOJICHCTBHSL.
3 CaoiicTBa omepaTopa yrioBoro MomeHTa. Yactuia B 4
cheprueckd CHUMMETPUYHOM IOTEHLUHUAIbHOM IOJE.
VYpoBHU SHEPrUM  JUCKPETHOIO M  HENPEPBIBHOTO
cHeKTpa. ATOMHasl CUCTEMA €IMHUIL.
4 Meton Xaprpu-®oxka. Meron ¢hyHKIIMOHANA TIIOTHOCTH. 4
Hroro 18
4.3 3aHATHA CEMMHApPCKOro THUIA
4.3.1. CeMmuHapbl, NPAKTHYECKHE 3aHATUS
Ne OO0newMm,
HaumenoBanue temsl NuHOBanmoH
paszznena aKaJ.
U KpaTKO€ CO/Iep KaHNE 3aHATUS Has ¢popma
JUCITUTUTUHBI yachl

1 [TonsTe  runbOEpTOBa  MPOCTPAHCTBA,  MPUMEPHI. 4
ConpsoxkéHnble  omeparopbl.  «bpa-keT»  cHMBOJIMKA.

KommyTarop onepaTopos.

1 [IpencraBnennie  HaOMIOMAaeMBIX  OlepaTopaMH B 4 Mosrosoit
runp0epToBOM  mpocTpaHcTBe.  CpenHee  3HaYeHHE HTYypM
HAOMI0JTaeMO M CPEIHEKBAJAPATUYHOE OTKJIOHEHHUE.

CooTHOIIEHHE HEONPEAEHEHHOCTU. JKBUBAJIEHTHOCTD
noaxonoB Illpémunrepa u T'eiizenOepra. Yucteie u
CMEIIAHHBIE COCTOSHHUSI.

2 CraunonapHoe ypaBHenue llpénunrepa. CraunoHapHeie 4
COCTOAHUA. 3ajaya O yYacTule B  OECKOHEYHOH
HOTEHIIMAILHON sIME. YacTuia B KOHEYHOU
MOTEHIIUAIBHOU SIME.

2 l'apmonuyeckuit  ocumwyisAiTop. COOTBETCTBHE  MEXKIY 4 I'pynnoBas
KBaHTOBOM M Kiaccuueckod wuactuneil. I[Ipobrema IHUCKyCCUs
TerII0EMKOCTH TBEpAoro tena. Ilorennman Mop3e.

2 [Ipeononenne 6aprepa. J[BuKeHNE BOJTHOBOTO MAKETa. 2




Ne O0neM,
HaumenoBanue tembl NuHoBanmoH
paszznena aKa.
U KPaTKOE COJEpKaHHUE 3aHATH Hast popma
TV CLIUTUTAHBI Yackl
3 [lenTp Macc cucTeMbl U3 JIBYX YacTHIl. 3aja4ya O YacTHIIE 6
B c(hepryecKkd CUMMETPUYHOM IIOTEHIIMAILHOM IIOJIE.
Paznenenne nepemennbix B ypaBHenuu Illpémunrepa (B
chepruIecKux KOOpIMHATAX).
3 KBantoBble umcna Ui BOJOPOAOIOAOOHBIX HOHOB. 4
OnpeneneHne XapakTEPUCTHK 3JCKTPOHA B PA3IUUHBIX
COCTOSTHUSIX.
4 [TpuOmk€HHBIE ~ METOABI  pEUIeHHs  YpPaBHEHHUS 4
[Ipénunrepa. Meron Xaprpu u Xaptpu-Poxa.
4 Metona GpyHKIIMOHAIA IJIOTHOCTH. 4
Hroro 36
4.3.2. JlaGopaTopHble 3aHATUS
Ne
HaumeHnoBaHue TeMbl Obmewm,
pasznena [Tpumeuanue
Y KPaTKOE COMEpKaHHNE 3aHATHS aKaJI. 9acel
JVICTIATUTHHEI
HE MPEyCMOTPEHBI
4.4. CamocTosiTe/JIbHasA padoTa 00y4aLUXCS
Ne
asnena [lepeuens BOMpOCOB 1Jist O0nemM, ®dopma
P CaMOCTOSITENIbHOTO HU3y4eHUs aKaj. 4achl KOHTPOJIS
JVICTIATUTHHEI
1 OpTOroHaNbHOCTh COOCTBEHHBIX byHKIUI 10 Bomnpocsl k
CaMOCONPSKEHHBIX ONEPaToOpOB. 3auéTy
2 HaxoxxneHnne ypoBHEW OSHEPrud M CPEIHUX 10 PTP Ne 1,
XapaKTepUCTUK HaOJr0faeMbIX JJIi  KBaHTOBOM BOIIPOCHI K
YJacCTHUIIHI. 3a49€Ty
3 OmnpeneneHne CpelHUX 3HAYEHMM XapaKTEPUCTHK 20 PI'P Ne 2,
JJIEKTpOHA  aToMa  BOJOpPOJAa B  PA3IMYHBIX BOTIPOCHI K
COCTOSIHUSIX. 3a4yéry
4 BapuanmonHbie METOIBI KBAHTOBOW MEXaHUKH. 12 BOTIPOCHI K
3a4éTy
HTroro 52




5. [lepeyeHb yueOHO-METOAMYECKOT0 O0ecTIeYeHHs IJIsl CAMOCTOSTeILHOM

padoThHI 00Yy4aOUIUXCH MO TUCIUIINHE

Metoanyeckue yKazaHus Al 00y4Jaromuxcst 0 OPraHU3aIHi CaMOCTOSITEIbHON paboThI
o JUCHUINIIMHE, BKJIOYasad IIEPEUYCHb TEM CaMOCTOSITEIILHOMI pa6OTBI, (bOpMBI TEKYIIETO
KOHTPOJIAA IO AUCHUINIIMHEC U Tpe6OBaHI/I${ K KX BBIIIOJIHCHUIO Pa3sMCUICHBI B BHCKTpOHHOfI
WH(OPMaIIMOHHO-00pa30BaTEIHLHOM cpene CIIoI' TU(TY) Ha caiite Menus:
http://media.technolog.edu.ru
6. @OoH/I OLIEHOYHBIX CPEACTB /IJIsl MPOBEIeHUsI MPOMEKYTOUHOM aTTecTalun

CBOEBpEMEHHOE BBINOJIHEHHE OOYYAIOUIMMCS MEPOIPHUATUN TEKYLIEr0 KOHTPOJIS
MO3BOJISICT TPEBBICUTH (JOCTUTHYTH) MOPOTOBBIM YPOBEHb («YIOBJICTBOPHUTEIBHO») OCBOCHHS
MPEAYCMOTPEHHBIX 3JIEMEHTOB KOMIIETECHIIM.

Pe3y.]'II>TaTI>I JUCHUIINIMHBI CYHUTAIOTCA OJOCTUIHYTBIMH, €CIIM JIsI BCCX HHAWKATOPOB
KOMIIETEHIIMH MPEBBIIIEH (JOCTUTHYT) IOPOTOBBIH YPOBEHb OCBOCHHSI KOMIIETEHIIMY HA IaHHOM
aTarie.

[IpomexyTouHass arTecTanus MO IUCIHUIUIMHE MpoBoauTcs B (dopme 3aucéra. K crmaue
3a4éTa AOIIYCKAKOTCA CTYACHTHI, BHIIIOJTHHUBIIUE BCC (bOpMBI TEKYIIETO KOHTPOJIA.

3auéT mnpeaycMaTpUBAIOT BHIOOPOYHYIO IIPOBEPKY OCBOEHHUS MPETyCMOTPEHHBIX
JJIEMCHTOB KOMHeTeHHI/Iﬁ U KOMIUICKTYIOTCSA  BOIIpOCAMU (SaﬂaHI/IHMI/I) ABYX  BHJOB!:
TEOPETHUYESCKHIA BOIPOC (JIJIsl MPOBEPKH 3HAHUIT) U KOMILJICKCHAs 3a1a4a (1J1s MPOBEPKU YMEHUMN
Y HaBBIKOB).

[Ipn cpauye 3auéra, CTYNEHT MOJYy4YaeT JABa BOIPOCAa U3 IMEPEYHs] BONPOCOB M OJHO
MMPAKTUYCCKOC 3aJlaHNC, BPEMS ITIOATOTOBKU CTYACHTA K YCTHOMY OTBETY — IO 45 MuH.

@DOHJ OLIEHOYHBIX CPEJCTB IO JUCHMILIMHE npescTasiieH B [Ipunoxxenun Ne 1.

7. IlepeyeHb OCHOBHOM M JONOJHUTEIbHOH Y4eOHO JTUTEPATYPBHI,

HEO0X0AMMOM 1JIsl OCBOCHUS TUCUMILIUHBI
a) neyaTHble U3IaAHHUSA:
1. bapanorckuii, B. 1. KBaHTOoBass MexaHuWka M KBaHTOBas XUMUs: Y4eOHOe mocoOue s
By30B 110 xumudeckuM creil. / B. . bapanosckuit. — M.: Academia, 2008. — 383 c.
2. Epmakos, A. . KBanTtoBasi MexaHHKa U KBaHTOBas XUMUs: Y4eOHOe ocoOue 1S By30B
no crer. BITO 020101.65 «Xumus» / A. . EpmakoB. — M.: FOpaiit, 2010. — 555 c.
3. Mapruncon, JI. K. KantoBas ¢usuka : YueOHoe mocobue Ui By30B MO TEXHHYECKUM
HanpasneHussM u cnen. / JI. K. Maptuncon, E. B. CmupHoB. — M.: U3a-so MI'TY um. H.O.
baymana, 2009. — 527 c.
0) 3J1eKTPOHHBbIE y4eOHbIe U3IAHMS .
1. Ilupenscon, B. I'. KBanToBas xumus. Mosekysbl, MOJIEKYJISIpHbIE CUCTEMBI M TBEpAbIE Tela
. yueOHOe mocobue /st By30B : yuebHoe nocobue / B. I'. Ilupenscon. — 5-e u3a. — Mocksa :
Jlaboparopus 3Hanuit, 2021. — 522 ¢. — ISBN 978-5-93208-518-9. — Tekcr : anekTpoHHBIii //
Jlansb : snextpoHHO-OMOMMoTeuHas cuctema. — URL: https://e.lanbook.com/book/172254 (nata
oOpamtenus: 05.10.2022). — PexxuM foctymna: i aBTOPU3. MOJIb30BaTEICH.
2. Maiiep, 1. I30panHbIe TJIaBBI KBAHTOBOW XUMUU: JOKA3aTEIIbCTBA TEOPEM U BBIBOJT (DOPMYIT

yuebHoe mocobue / WM. Maiiep ; xymoxkuuk H. B. 3otoBa. — 4-e u3n. — Mocksa :
Jlabopatopus 3uanuii, 2021. — 387 ¢. — ISBN 978-5-93208-516-5. — Tekcr : a5eKTpoHHbIH //
Jlanp : snekTpoHHO-OMOIMoTeuHas cuctema. — URL: https://e.lanbook.com/book/166732 (nata
obpamenus: 05.10.2022). — Pexum goctyna: AJist aBTOPHU3. MOJIH30BaTENEH.
8. [lepeueHb pecypcoB HH(OPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOM ceTH
«HTEpPHET», HEOOXOAMMBIX /IJI51 OCBOEHMS M CIIUTIIUHBI
y4ueOHbIi miaH, PII/] u yueOHO-MeTomueckue matepuainsi: http://media.technolog.edu.ru
AIIEKTPOHHO-OUOINOTEUHbIE CUCTEMBI:

«ONeKTpOHHBIHN YuTaNBHBIH 321 — bubnmoTex» https://technolog.bibliotech.ru/;
«JIanp https://e.lanbook.com/books/.



http://media.technolog.edu.ru/
http://media.technolog.edu.ru/
https://technolog.bibliotech.ru/;
https://e.lanbook.com/books/

9. MeToauueckue YKazanud 1Jisd oﬁyqamumxca 10 OCBOCHHNI0 U CIIUITJIMHBI

Bcee Buabl 3aHsaTH no aucuuiuiiHe «KBaHTOBas MEXaHUMKAa M KBAaHTOBAas XUMMSI»
IPOBOJATCS B COOTBETCTBUU C TpeboBaHusamu cienyromux CTII:

CTII CII6I'TU 040-02. KC VYK/IB. Buasl yuebnbix 3ansatuil. Jlekuwms. OOmue
TpeOOBaHUS;

CTO CIIoI'TU 018-2014. KC VYK/B. Bunbsl yueOnbix 3ansatuil. CemuHapsl u
npakTuyeckue 3aHaTus. Oouue TpedoBaHU K OpraHu3aluy U IPOBEICHHUIO.

CTII CIIGI'TH 048-2009. KC YKBJA. Bunbel yuebHbIX 3aHsaTuil. CamocTosITenbHas
IlaHupyemas pabora ctyaeHToB. O0mmue TpeboBaHus K OpraHU3aluy U IPOBEIECHUIO.

CTII CITI6I'TU 016-2015. KC YKB/I. ITopsiiok mpoBeieHUs 3a4€TOB U IK3aMEHOB.

[InanupoBaHue BpeMeHHU, HEOOXOJMMOIO HAa W3yY€HHE JaHHOW AUCUUIUIMHBI, JIy4llle
BCEr0 OCYILIECTBIISITH HAa BECh CEMECTP, IpElycMaTpuBas IPU 3TOM PETYISpHOE MOBTOPEHUE
IpOiIeHHOr 0 MaTepuaa.

OCHOBHBIMHU YCIIOBUSIMH TPABWJIBHOW OpraHM3aluy y4eOHOTro Iporecca Ui CTYACHTOB
ABIISICTCS:

IJIAHOBOCTh B OPraHU3aluu yueOHOU padoThl;

Cephe3HOE OTHOILIECHHE K U3YUYEHHUIO MaTepuaa;

MOCTOSIHHBIN CAMOKOHTPOJIb.

Ha 3aHATHS CTyIEHT JNOJDKEH NPUXOAUTh, UMesl Oarak 3HaHUM W BOIIPOCOB IO yXKe
M3Y4YEHHOMY MaTepuaiy.

10. ITepeyenb nHGPOPMANMOHHBIX TEXHOJIOTUH, HCIIOJIb3yeMbIX IIPH
OCYIIeCTBJIEHHH 00Pa30BaTeJILHOIO MPOoLecca M0 JUCHHUILINHE

10.1. UHpopMaLUOHHBIE TEXHOJIOTUH

B yuebHOM mponmecce IO JaHHOW JUCLMIIIMHE IPEAYCMOTPEHO HCIOJIb30BaHUE
UH(POPMALIMOHHBIX TEXHOJIOTU:

YTEHUE JIEKIIUI C UCIIOJIB30BAHUEM CIalA-IIPEe3eHTaUM;

B3aUMOJICHCTBHE C OOYYalOLUMHCA IOCPEACTBOM  3JIEKTPOHHO-MH(DOPMAIIMOHHON
00pa30BaTeNbHOMN Cpebl.

10.2. [IporpamMMHOe oGecnieyeHr e

[Tpu BeimonHenuu PI'P cTyaeHThI HCIOIB3YIOT MaKeT MPUKIAAHBIX Tporpamm Mathcad.

10.3. ba3sbl JaHHBIX U HHPOPMaILMOHHbIE CIIPABOYHbIE CUCTEMbI

wolframalpha.com/examples/mathematics

11. MaTepuaibHoO-TeXHHYecKasi 0a3a, He0OXoAMMAas JIJIsl OCYIeCTBJIEHUS
00pa30BaTeJIbHOIO MPoLEeCcca MO AUCIHUIIAHE

I[J'IH BCACHUS JICKIITMOHHBIX U HpaKTI/I‘lCCKI/IX 38.H$ITI/II71 I/ICHOJ'IB?»YI-OTC}I ay,HI/ITOpI/II/I Ka(i)e,[[pbl
MaAaTCMAaTHUKU.

[Ipu M3y4eHUn COOTBETCTBYIOIIMUX Pa3JeioB Kypca UCIOJIb3YeTCs KOMIBIOTEPHBIN Kiacc,
000pyI0BaHHBIN 16 MepcoHaTbHBIMUA KOMIIBIOTEPAMH, 00BETMHCHHBIMU B CETh.

12. Oco0eHHOCTH OCBOCHHUS TUCIHMIIINHBI HHBAJHUIAMH H JHUIIAMH C
OrpaHNYeHHBIMH BO3MOKHOCTSIMHU 3/I0POBbSI

21.]'[5{ UHBAJIMAOB U JIHUI C OFpaHI/ILIeHHI)IMI/I BO3MOXHOCTAMH y‘-Ie6HI)Ie Hpouecc
OCYH_ICCTB.HSICTCH B COOTBCTCTBUU C HOJ'IO)KCHI/ICM 06 OpFaHI/I3aI_[I/II/I y‘IC6HOI‘O HpOI_[CCCEl JJIA

00yJYeHUs] MHBAJIUAOB W JIMIl C OTPaHUYEHHBIMU BO3MOXXHOCTAMH 310poBbsi CIIGI TU(TY),
YTBEP)KJIEHHBIM pekTopoM 28.08.2014 r.
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ITpunoxenue No 1
K paboueii mporpaMme JTUCIUILTAHBI

(I)OHI[ OLCHOYHbLIX CPEACTB

AJIA IPOBEACHUS HpOMe)l(yTO'lHOﬁ aTTeCTallum 110
AUCHHUILJINHE «KBaHTOBasi MeXaHNKAa M KBAHTOBAasl XMMMD»

1. IlepeyeHb KOMIIETEHIIHIi U 3TANIOB UX (POPMHUPOBAHUS.

KoMmnerenuun
Nupexc DopMyJIHPOBKA> Jran
dopmupoBanus®
OIIK-3 | CrocoOeH UCI0Ib30BaTh BHIYUCIUTENIBHBIE METOABI U IPOMEKYTOUHBIH
aJlalTHPOBATh CYLIECTBYIONIME IPOrPAMMHBIE ITPOTYKTHI IS
pelieHys 3a1a4 NpoQecCHOHAILHON AeSTeNbHOCTH

2 kUpHBLIM WPU(TOM BHIIENEHA Ta YacTh KOMIIETEHLHH, KoTopas (GopMHpyeTcs B XOje H3ydeHHs IaHHOI

JMCIUTUTHHBI (€CITH KOMITCTEHITHSI OCBANBAETCS MMOJTHOCTHIO, TO (PParMeHTHI)
3 s1an opMUpOBaHUS KOMIETEHIMH BbIOupaerca 1o m.2 PIIJ] u yueGHOMY miaHy (HayaibHBIH — €CIIM HET
MPEMECTBYIOMNX IUCIHIIINH, HTOTOBBIH — €CIM HEeT TMOCIeAYIOMNX IUCHUIUIMH (WM KOMIETEHIUS He
(opmupyercst B xone npaktuky uim ['MA), IpoMeXyTOUYHBIH - Bce IpyTHeE.)
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2. Iloka3aTe/iu U KPUTEPUHU OLIEHMBAHUS KOMIIETEHIIHIl HA Pa3JIMYHbIX 3TANaX UX (POPMUPOBAHUS, IKAJIA OLlEHUBAHUS

Kon u nHaumenoBanue INoka3zaTenu chopMUPOBAHHOCTH Kpurepuit YpoBHU CHOPMUPOBAHHOCTH
UHJIUKATOpa AOCTHXKEHUS (meckpunTOpHI) OLICHUBAaHUS
KOMIICTCHIIMH
OIIK-3.2 3HaeT OCHOBHBIC MPUHIIUIIBI U Otsetbl Ha Bonpockl NeNe 1-10 | JlemoHcTpupyeT MpaBUWIbHOE
BpIMOTHEHHE KBAHTOBO- [IOJI0’KEHUS KBAHTOBON MEXAHUKU U K 3a4€Ty. IIOHUMAaHHE OCHOBHBIX IIOHATUH U
MEeXAHHYECKUX PACUETOB B kBaHTOBO#H xumuu (3H-1); MPUHUUIIOB  KBAaHTOBOM  MEXAaHMKH,

00JIaCTH XUMUH.

JTIOTTyCKasi OT/ICIbHBIE OUOKH.

3HaeT MeTO/Ibl pelICHUs

OtBetbl Ha Borpockl NeNe 11-

YmMmeer peiiaTth KIACCHYCCKHUE 3alavu

KJIACCMYECKUX 3a]]a4 KBaHTOBOI 17 k 3auéry. KBAaHTOBOM  MEXaHHMKH,  JOIycKas

mexanuku (3H-2); OTIEIbHBIE HETOYHOCTHU u
HECYIIECTBCHHBIC ONTUOKHU.

3HaeT NPUHLIMIHUAIBLHBIE OCHOBBI OtBetbl Ha Bompocskl NeNe 18- | Bepro O0OBSACHATH OCHOBHBIE

MPUOIMKEHHBIX METOIOB KBAHTOBOM
OCHOBBI U KBaHTOBO# xumuu (3H-3).

24 K 3a4éry.

NPENNONIOKeHUT W TUIIOTe3bl, Ha
KOTOPBIX 0a3upyrOTCsl MPUOIKEHHBIC
METO/Ibl KBAHTOBON MEXAHUKHU.

VYMeeT HaXOAUTHL OCHOBHEBIE
XapaKTEPUCTUKU KBAHTOBBIX CHUCTEM

(V-1);

OtBetbl Ha Bompochl NelNe 2-4
K 3a4éry. Beinonnenue
PI'P Ne 1 u PT'P Ne 2.

3Haer npaBuIIa oTpeeNeHUs
OCHOBHBIX XapaKTepUCTUKH "
MMpaBHUJIbHO MPHUMCHACT HX, JOIYCKas
TE€XHUYECKHE OLTHOKH.

VMeeT MPUMEHSTH IPHOITHKEHHBIE
METO/IbI PEIICHHs 33]]a4 KBAHTOBO
mexanuku (Y-2).

OtBetbl Ha Bompocskl NeNe 18-
24 x 3auéry.

YMeer  craBuTh  moaOuparb U
000CHOBBIBATH METOJIbI
MPUOJIKEHHOTO peLIeHus 3a71a4

KBAaHTOBOM ME€XaHMKH.

BnaﬂeeT HaBbIKaMHU ITIOCTAHOBKHU 3a1a4
KBaHTOBOW MEXaHHWKH U METOJIAMH UX
pemenwust (H-1)

OtBethl Ha Bompockl NeNe 11-
12, 15-17 K 3auéry.
Bemmonnenue PT'P Ne 2.

JleMOHCTpHUpYET BIIaJICHHE HaBBIKAMU
MOCTAaHOBKM W  pEIIeHUd  3ajad,
JIOTTyCKasi OTIETbHBIE OIMUOKH.

[lkana ouenuBanus coorBercTByeT CTO CIIGI TU(TVY):
0 TUCIUIUTMHE MPOMEKYTOUYHAS aTTeCTAIUs TPOBOIUTCA B (popMe 3aueTa, pe3ysbTaT OICHUBAHMS — «3aYTCHOY, «HE 3aYTCHO.
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14.

15.
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17.
18.

19.
20.
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22.
23.
24,

3. TunoBble KOHTPOJIbHBIE 3aJaHUA [1JIsl POBEIEHHUS MPOMEKYTOUHOM aTTecTalluu
3.1 Bonpocsl K 3a4éTy

JluHeiHbIE omepaTtopel B TWIKOEpTOBOM TmpocTpaHcTBe. COOCTBEHHBIC 3HAYCHUS
OIIepaToOpPOB.

CamoconpsikEHHBIE ONEepaToOphl, UX OCHOBHBIE CBOMCTBA.

CBsi3b MEX]1y 5PMUTOBBIMHU OTIEPATOPAMHU U U3MEPSEMbIMU 3HAUCHUSIMU HAOJI01aeMBbIX.
Kommytupyromue onepatopsl. KommyTaHT onepaTopos.

CooTtHomeHue HeonpeaenéHHocTH [ elizenoepra.

OrnepaTopbl UMIYJIbCA, KUHETUYECKON HHEPrUU, MOTCHIMAILHOM SHEPrUu, MOMEHTa
MMITYyJIbCA.

Oodronus coctosinus. [Ipeacrasnenue [elizenoepra.
Bpemennoe u crarmonapnoe ypasuenue [Ipeaunrepa.

BonnoBeie ¢Qynkmun. CBoiicTBa BOJHOBBIX (QYHKIMH OZHOMEPHOTO YpaBHEHUS
Ipenunrepa.

MatpuyHoe mpeicTaBIeHHE ONEPaTOPOB.
Yacrtuia B «IOTEHIHAIBLHOM sIMe».
[Mapmonnueckuil OCHMIUIATOP. Y POBHU SHEPTHH U BOJHOBBIE (DYHKIIUU.

KBaHTOBOE M Kiaccmueckoe BBIPpAXXCHUC IJIA TEMIOEMKOCTH CUCTEMBI TapMOHHUYCCKHUX
OCHUJIIIATOPOB.

VYuér anrapmonusma. [loTeHIuanbl MEXAaTOMHOrO B3aMMOJAECHCTBHS. ODHeprus
JUCCOL AN,

AToMm BOJ0poaa. ]_[eHTp MacC CHUCTEMbl M3 JOBYX YaCTHUL. BLIpa)KeHI/Ie JIA
raMmujibTOHHAHA.

Pa3nenenne mnepemeHHBIX B cTanuoHapHoM ypaBHeHuu Illpeaunrepa s aToma
BOJIOpO/IA.

KBanTOBBIE uncia U BOHOBBIE (DYHKIUU AJI1 BOAOPOIONOA00HOTO HOHA.

Cucrema HEB3aUMOJICHCTBYIOIIMX TOXKJIECTBEHHBIX 4YacTHll. BoyiHOBbIE (yHKIUU
06030H0B ¥ (pepmuoHoB. [Ipunnun [aymnu.

O/HO3JEKTPOHHOE MTPUOIHKEHHE.
Meron Xaprpu.

Meroan Xaprpu-®doxka.

Meroa Xaptpu u Xaptpu-Poka 11 aToMa.
MeTtoa MONeKyJIIpHBIX opOUTaneil.
Meton ¢pynkimonana miuotHoctu Kona-Illsma.

K 3aqéTy AOIYCKAIOTCA CTYACHTBI, BBIIIOJIHUBIINEC BCC CI)OpMLI TCKYIICTO KOHTPOJIA. HpI/I

cladye DK3aMEHa, CTYACHT II0Jy4aeT JBa BONPOCAa W3 IIEpeYHs, NPUBEACHHOIO BBIIIE, W
NPaKTUYEeCKOe 3a/laHue, aHAIOTUYHOE 3a/JaHusIM pacu€THo-Tpaduueckux pabor. Bpems
MOJATOTOBKU CTYJ€HTa K YCTHOMY OTBETY Ha BOIIPOCHI - 10 45 MUH.

3.2 Conep:xanue pacuéTHo-rpadpuueckux padoT (TUNOBbIE BADHAHTHI)

PacuérHo-rpaduueckas padora Ne 1
1. BrryncnuTe KOMMYTATOpP ONEPATOPOB Z U Ly .
2. OmnpenenuTe cpeHee 3HAYCHNE KOOPAWHATHI X M MPOCKIIMYA UMITYJIbCa Px YaCTHIIBI,



COCTOSIHUE KOTOPOM B HEKOTOPBI MOMEHT BPEMEHH OTIpeieNnseTcs: PyHKIUueH
P(x) = Aexp (lkl — J:Q/az) .
3. YacTtuua maccoil m HaXOAUTCS B OIHOMEPHOM MOTEHLIUATBHOM I10J1€

0, 0<x <,
Ulr) =
Uy, x ¢ [0;1].

OnpeienuTe MUHUMANBHOE 3HAuYeHHEe BedMuuHbI 12U, MPU KOTOPOM MOSABISETCS
TPU AUCKPETHBIX YPOBHS SHEPIUH.

PacuérHo-rpadmuueckas padora Ne 2

Jl1g nekTpoHa aTromMa BOJ0pO/ia B COCTOSIHUM 4!
1. BrImumwuTe MOJHYIO BOJHOBYIO (DYHKIIHIO.
2. TloctpoiiTe paauanbHyt0 GYHKIHIO TUIOTHOCTH BEPOSTHOCTH.
3. Haiinure Hanbosnee BeposATHOE M CpelHEe 3HAUYEHUE PACCTOSIHMA 1O sApa, a
TaK)Xe CPeTHEKBAIPATUYHOE OTKIOHEHUE JIJISl 3TOM BEIIMYMHBI.

4. MeroanyecKkue MaTepUaJIbl Ui OmNpeesieHUs] MPOUeAypP OUEHUBAHHWS 3HAHUIA,
YMeHHI, HaBBIKOB U (MJIH) ONBITA JAeATEJbHOCTH, XaPaKTePU3YKOIIMX 3TANbI
(¢popMupoBanus KoMneTeHIHA.

[Ipomexxyrounass arrecTtauus MO JUCLUMIUIMHE MPOBOAUTCS B COOTBETCTBHHM C
tpeboBanusimu CTII

CTO CIIGI'TU(TY) 016-2015. KC YKB/. ITopsaok npoBeneHus 3a4€TOB U HK3aMEHOB.
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