MMHUCTEPCTBO HAVKH U BBICIIIET'O OBPA30BAHU S POCCUMCKOM

®EJIEPAITIHN

denepanbHOE TOCYIaPCTBEHHOE aBTOHOMHOE 00pa30BaTeNIbHOE YUPEKICHUE BBICIIETO

oOpazoBaHUs

"CAHKT-IIETEPBYPI'CKUI FT'OCY JAPCTBEHHBIN YHUBEPCUTET
ADPOKOCMHMYECKOI'O ITPUBOPOCTPOEHIM "

Kadenpa Ne 3

YTBEPXIAIO
PykoBonuTenb HarpaBieHUs

7011, 1.(.-.M.H.

(IOJDKHOCTD, Y4. CTEIICHB, 3BaHIE)

A.O. CMupHOB

(MHULHATB, haMIIHs)

gt

(moaruck)

« 22 » wmwoHa 2023

PABOYAS [TPOTPAMMA JJUCIHAITIJIMHBI

«PHu3nYeCKre OCHOBBI KBAHTOBBIX BBIUMCIICHHI

(HaumeHOBaHUE UCIIMILTUHEI)

Kon mampaBneHust moaroToBKu/
CIIELIMATIbHOCTHU

1.1.2

HanmenoBanune HaIpaBJICHUA
HOIIFOTOBKI/I/ CIICIUaJIbHOCTHU

MareMaTHka 1 MEXaHUKa

HawnmenoBanune Juddepennnanpabie ypaBHEHHS, JMHAMHUYECKUE CUCTEMBI U
HaIlTpaBJICHHOCTH OIITUMAJIbHOC YIIPABJICHUC
®dopma 00yueHus OYHas

Cankr-Ilerepoypr— 2023




Jluct cornacoBaHus paboydeil MporpaMMbl AUCHUTUINHBI

[Iporpammy cocraBui (a)

J011., K.().-M.H. 7 S 12.06.2023 B.B. JIobanos

(OIKHOCTB, Y4. CTETICHB, 3BaHHE) ) (mozxmHcs, nata) (MHUDHATEL, (haMIIIHs)

[Iporpamma onoOpena Ha 3aceqanuu kKagpeapst Ne 3

« 14 » wona 2023 r, npotokon Ne 14

3aenyromuii kadempoit Ne 3

copia
ALT.H., 1pod. AT 25 14,06.2023 A.B. KonbiibIi0B

(yd4. cTeneHp, 3BaHUC) (moamuch, nara) (uHUIMANEI, hamMuIns)

OTtBercrBenHslii 3a OI1 BO 1.1.2
pod., 4.¢.-M.H., JOIL. £ A4 21.06.2023 A.O. CMHPHOB

(OIKHOCTB, Y4. CTETICHB, 3BaHHE) " (mommwcs, mata) (MHUDHATEL, (haMIIIHs)

3amecturens qupekropa nuacrturyra IITU nomeroanueckoii pabore

JIOIL, K.().-M.H. ST 21.06.2023 10.A. HosukoBa

(OIDKHOCTB, Y4. CTETICHB, 3BaHHE) ¢/ (ibfuce, nara) (MHUATHATBI, HaMEITHS)



AHHOTanus

JucnumiamHa — «®PU3HWYECKHME  OCHOBBI  KBAHTOBBIX  BBIYHCJICHHUN»  BXOJIHWT B
00pa3oBaTeNbHYI0 TPOrpaMMy BBICHIETO OOpa30BaHHUS — WPOTpaMMy acCHUPAHTYPHI TIO
HaIpaBJICHUIO TIOJITOTOBKY / criennanbHOCTH 1.1.2 «MaremaTrka 1 MEXaHHKay» HaNPaBICHHOCTH
«duddepennmanbapie ypaBHEHUS, AUHAMHYECKAE CHUCTEMBI M ONTUMAIBHOE YIIPABICHHUE.
Jucnunnuna peanusyercs kadempoid «Ne3y.

JlucuumnivuHa HaneneHa Ha (GOPMHUPOBAHKE Y BBITYCKHUKA CICAYIOIINX KOMIIETCHITHIA:

OIIK-2  «roTOBHOCTh K NPENOAAaBaTENbCKONW  JEATENBbHOCTH IO  OCHOBHBIM
00pa3oBaTeNbHBIM POTrPaMMaM BBICIIETO 00Pa30BaHUM»;

[TIK-2 «cmocoOHOCTh K MPUMEHEHUI0 METOJO0B MAaTEeMaTHYECKOTO M aJITOPUTMHYECKOTO
MOJICJIMPOBAHUS MIPU PEIICHUU TEOPETHUECKUX U MPUKIIATHBIX 3a/1a4»;

[1K-4 «ciocoOHOCTh K TBOPUECKOMY TPUMEHEHHUIO, PA3BUTHIO U PEATM3AlIMd MaTEMaTHYECKH
CJIOKHBIX aJITOPUTMOB).

Conepxanre AWCIUIUITMHBI OXBAaTHIBAET KPYT BOMPOCOB, CBSI3aHHBIX C KBAaHTOBBIMH
BBIUUCIICHUSIMY U TIepeiadeit nHpopMammu mo KBaHTOBBIM KaHaJaM.

[IpenomaBanue IUCHUILIMHBI TPEAyCMaTpUBaeT Cleayione (GopMbl OpraHu3aIuu
y4eOHOTO Mpolecca: JeKIMH, CaMOCTOsITeNbHas paboTa 00yJaromerocs.

[TporpamMmmoit AMCHUIUIMHBI TPEIYCMOTPEHBI CIEAYIONINE BHUIBI KOHTPOJS: TEKYIIHI
KOHTPOJIb YCTIEBAEMOCTH, IIPOMEXKYTOUHAS aTTecTalus B hopMe 3a4eTa.

OO6mrasi TpyAOEMKOCTh OCBOCHHS MHUCIMIUIMHBI COCTABJIAECT | 3a4eTHYIO eIuHUIly, 36
JacoB.

SA3bIK 00y4YeHUS 110 AUCIUTUIMHE «PYCCKHUINY.



1. IlepedeHb MIAHUPYEMBIX PE3yIbTATOB O0YUEHHUS MO JUCLUIIIINHE

1.1. Ilenu nmpenonaBaHusi AUCITUTIINHBI
[lenp kypca - hopMmupoBaHUE MpEACTABICHHUS O KBAHTOBBIX BBIYHCICHHSX, SIBISIFOIIAXCS
BaYXHBIM 3JIEMEHTOM TEOPUH HH(POPMAITNH U KBAHTOBOH (PH3MKH.

1.2. IlepeueHb MIIaHUPYEMBIX PE3YJIHTATOB O0YUYEHHUS 110 TUCIUTUIMHE, COOTHECEHHBIX C
IUITAHUPYEMbIMHU pe3yiibTaTamMu ocBoenus Ol
B pesynbrare ocBoeHUS AUCHUIIINHBI 00yUYaIOIIUICS pacIUpsET CEAYIOUe KOMIETEHIINN
OIIK-2 «roTOBHOCTh K TMPENnoAaBaTeIbCKON AESTEIBbHOCTH 110 OCHOBHBIM 00pa30BaTEIbHBIM
MporpaMMaM BBICIIET0 0Opa30BaHUS»:
3HATh —(pU3UYecKre MPUHITUIIBL, JIeXKAIKUE B OCHOBE KBAHTOBOW MapaJUTMbl BEIUUCIICHHUI;
BIIAIETh - OCHOBHBIMU METOJIaMH HCCIIE0BAHUS U U3MEPEHUH.

[IK-2 «cmocoOHOCTP K TPUMEHEHHWIO METOJOB MATEMaTHYeCKOTO0 U aJlTOPUTMUYECKOTO
MOJICTUPOBAHUS TIPU PEIICHUN TEOPETHUSCKUX U MPUKIIATHBIX 3a/1au»:

3HaTb — OCHOBHBLIC (I)I/I3I/I‘ICCKI/IC 3aKOHBI, METOJbI UCCJICJOBaHU U H3MepeHHﬁ;
YMETH - IIPOTrHO3UPOBATH PE3YIbTATBl  KBAHTOBBIX BEIYHCIICHUA C HUCIIOJIB30BaHUEM
MaTeMaTU4ICCKOro aiapara KBaHTOBOM MEXaHHKH.

[IK-4 «cmocoOHOCTh K TBOPYECKOMY MPUMEHEHHUIO, Pa3BUTHIO W peajn3allud MaTeMaTHYeCKH
CJIO’KHBIX aJlTOPUTMOB)

3HATh - — padOTy KBAaHTOBBIX JIOTHYECKUX BEHTUJICH U UCTIOIB30BAaHUE UX IS TIOCTPOCHHUSI CXEM,
peau3yoImuX OCHOBHBIE KBAaHTOBBIE allTOPUTMBI,

YMETh - IPUMEHSTh 3HAHUS JUTSI peleHus TpodhecCHOHATBHBIX 3a1ad;

BJIQJIETh ~-OCHOBHBIMH KBAaHTOBBIMHU KPHUINITOTPAYUIECKIMHU TTPOTOKOJIAMH.

2. Mecto nucuumniunsl B ctpykrype OIT

Juctunnuaa Oa3upyeTcsi Ha 3HAHUSAX, paHee NPHOOPETEHHBIX AaclMHUpaHTaMH TP H3YUCHUH
CIICAYIOIUX NUCHUILINH:

— ®usuka

— Jluneiinas anredpa

— Teopus HHPOPMAITUU
3Hauus ) IIOJIYUYCHHBIC IIPpU H3YUYCHUHU MaTrcpualia ,Z[aHHDfI JUCHUIIIINHBI, HUMCIOT KakK
CaAMOCTOATCIIBHOC 3HAUCHUC, TaK U UCIIOJIB3YIOTCS IIPU U3YUCHUU APYTIUX TUCHUIIIIUH:

- BepOHTHOCTHO-CT&TI/ICTI/I‘{CCKI/IG MCTOJAbI B HAYYHBIX UCCIICAOBAHUAX

- HpI/IMeHeHI/Ie IIaKETOB CUMBOJIBHBLIX BBIYHUCJICHUM B HAayYYHBbIX UCCIICAOBAHUAX.

3. OObwem mucimiuinHel B 3E/akameM. yac
Jlanabie 00 o0mmeM oO0beMe IUCIUIUIAHBI, TPYJAOEMKOCTH OTACIBbHBIX BHIAOB y4eOHOH paOOTHI IO

JTUCIUIUIMHE (M paclpeiesieHne 3TO| TPyA0eMKOCTH 110 CeMecTpaMm) IpeICTaBIeHbI B Ta0nuie 1

Tabmuna 1 — O6beM U TPy A0EMKOCTh TUCIUILTHHBI

Bupn ydeOHo# paboThl Bcero TpynoeMKoCTh IO ceMecTpam

Ne2

1 2 2

OG6was Tpy0EMKOCT 1736 1/36




mucuuiineel, 3E/(dac)

M3 Hux yacos HpaKTquCKOﬁ
NOArOTOBKHU

AyauTopHBI€ 3aHATHSI, BCErO Yac.,

B ToMm uncne

nexyu (JI), (dac)

[pakTHyeckue/ceMUHapCKUe 3aHATHS
(I13), (gac)

nabopatopusie padotsl (JIP), (vac)

KypcoBoii mpoekT (pabota) (KII, KP),
(4ac)

DK3aMeH, (4ac)

CamocrositenbHas paboTta, Bcero

29

29

By mpoMexxyToHHOTO KOHTPOJIA:
3auet, nud . 3auer, sk3amen (3aver,

Judd. 3au, Dk3.)

3auer,

3auer

4. CopepkaHue JUCHUILINHBI

4.1. PacmpeneneHue TPy I0EMKOCTH JUCITUTIITAHBI

10 pa3ziesiaM U BUJIaM 3aHSITHI
Paznensl u TeMBl AUCHUTIIIUHBI U UX TPYJOEMKOCTH IPUBEJIEHBI B TAOIHUIIE 2.

Tabmuma 2. — Pa3ensl, TeMbI TUCIUTUINHBI U UX TPYA0EMKOCTh
Paspenbl, TeMbl AUCLUTUIMHBI Jlekuun | 113 (C3) JIP KI1 CPC
(1ac) (1ac) (qac) (qac) (qac)
CewmecTp 2
Pazpnen 1. [Ipeanochiiiku BOZHUKHOBEHUS 3 - 15
KBAHTOBOM NMapaJUrMbl BBIYUCICHUN
Paznen 2. KyGuT, KBaHTOBBIE aJlTOPUTMBI. 4 - - 14
Hroro B cemecTpe: 7 29
[IpakTuueckass MOJArOTOBKA  3aKJIIOYAETCST B HEMOCPEACTBEHHOM

JACATCIIBHOCTBIO.

4.2.

Coneprxkanue pa3/ieJioB ¥ TEM JISKITHOHHBIX 3aHITHI

COI[CP)K&HI/IC PasaciioOB U TEM JICKITUOHHBIX 3aHATHH IIPpUBCJICHO B Ta6J'II/II_IC 3.

Tabmuma 3 - ComepxaHue pa3aesioB U TEM JICKITMOHHBIX 3aHSATUH

BBIIIOJIHEHU U
00yJarOIUMHUCS OTIPENIeIeHHBIX TPYAOBBIX (DYHKIHHA, CBSI3aHHBIX C Oyiaymied mpodeccrmoHanbHOMI




Howmep paznena

HasBanue u COZCPIKAaHUC PA3JICJIOB U TCM JICKITUOHHBIX 3aHATHH

1 [Ipuanun  P.  Jlampayspa. OOpaTumble BBIUHCIEHUS. AKCHOMBI
KBAaHTOBOM  MeXaHUMKHM. MaremaTuueckuii  ammapar  BEKTOpPOB
rMIIBOEPTOBA IIPOCTPAHCTBA.

2 Ky6ut, omHo- u JByx-KyOuTOBbIe cXeMbl. [lonHblii HabOp TIeHTOB.
KBaHTOBBIE CXEMBI: YCJIOBHBIE OIl€palluM, CO3JaHHE 3allyTaHHBIX
coctostamit. Anroput™m Jloitua — .KBanToBOE mipeoOpazoBanue Dypbe.

3 [Iporokosnn  kBaHTOBOH  Tenemopranuu.  KBaHTOBOE — ckatme

naHHbIx. Kpunrorpaguyeckue mporokossl BB84 u B92.

4.3. Ilpaktuyeckue (CEMUHAPCKUE) 3AHITHUS

Tembl TpakTHUECKUX 3aHATUH U UX TPYAOEMKOCTh MPUBEICHBI B TabmuIle 4.
Tab6yma 4 — [IpakTrdeckue 3aHITHS U UX TPYTOEMKOCTD

N dopMmbI W3 aux No

[\) v

= TeMBI HpaKTquCKHX Hp AKTHYECKIX prHOEMKOCTB, HpaKTI/IquKOI/I pa?,ﬂena

n/o 3AHSTHH N (9ac) HOATOTOBKH, | qucmui
(4ac) JIUHBI

VY4eOHBIM IIJITAHOM HE TPEYyCMOTPEHO

Bcero:

4.4,  JlaGopatopHbie 3aHATHUS

Tembl 1ab0opaTOPHBIX 3aHATHI U UX TPYA0EMKOCTb PUBECHBI B TaOIHIIE S.

Tabmmia 5 — JlabopaTopHble 3aHITHS U MX TPYTOEMKOCTh

Ne TpymoeMKoCTE 13 rux Ne paznena
HaumenoBanue 1adopaTtopHbIX paboT Y * | TpaKTH4eCKOU I[;ICHHHHH
/i (1ac) OJITOTOBKH, HEr
("ac)

Y4eOHbIM IJIAHOM He MPeyCMOTPEHO

Bcero:

4.5. KypcoBoe npoekTupoBanue (padbora)

V4eOHBIM IJIAHOM HE NTPELyCMOTPEHO

4.6. CamocrosTenbHas paboTa 00yUaromuxcs

BI/L[[BI CaMOCTOSITEILHOM pa6OTBI " €€ TPYyAOCMKOCTh IPUBCJACHLI B Ta6J'II/II_Ie 6.

Tabnmna 6 Buasl caMmocTosTeIbHOM paboThI U €€ TPYI0€MKOCTh




Bun camocrostenbHo# paboTh BSIZTCO’ Cemectp 2, yac
1 2 3 4
N3yuenne TeopeTudeckoro Matepuaa
9
nucturaabl (TO)
[ToaroroBka K TeKyIemMy KOHTPOJIIO 10 10
ycneBaemocTu (TKY)
[ToaroroBka k mMpoMeKy TOUYHOU 10 10
arrectaruu (11A)
Bcero: 29 29

5. HepequL yqe6H0-MeT0,u1/1qec1<0r0 obecneueHus JJIs1 CaMOCTOSTEJILHOM

paboThI OOYYAIOMIUXCS M0 TUCIUIUTHHE (MOIYJIIO)
YueOHO-MeTOAMYIECKUE MaTePHUATBI JIJII CAMOCTOSTEIRHON paboThl OOydJarOIMXCcs yKa3aHbI B

ma. 6-11.

6. IlepedyeHb OCHOBHOM M JONOJHUTEIBHOMN JINTEPATYPBI

6.1.

OcHoBHas TUTEpaTypa

[lepeyerr OCHOBHOM JTUTEPATYPHI TPUBEJICH B TaOIHIIE 7.
Tabmuma 7 — [lepeueHs OCHOBHOM TUTEpATYPhI

[Tudp bubnmorpaduyeckas cepiika / KonmdgecTBo 9K3eMILTSIpOB B OMOIHOTEKE
URL anpec (Kpome 2JIEKTPOHHBIX IK3EMILISIPOB)
M..Hunbcen, M. Yanr KsantoBsie | 5 (DO)
BBIYHCIICHHUS u KBaHTOBAs
nHpopmanus, M., Mup, 2006r.-824
C.
3.B.IInonbckuit Atomuas pusuka | 6(D0O)
1.2.M.,Hayxka, 1984, 438 ctp.
®.Kaite, P. Jlapaamm, M., | 5(DO)
Brenenne B KBaHTOBBIE
Bbluncienus. M.-Mxesck: HUI]
«Perymsippasi ¥ XaoTH4YecKas

nuHaMukay, 2009, 346 ctp.

6.2.

JlonoTHUTEIBHAS JIATEpPATypa

[lepevyeHb HONOTHATENBHOM TUTEPATYPhI IPUBE/ICH B TabHIIE 8.
Tabmumna 8 — [lepedeHs TOMOTHATEIBHON JTUTEPATY PBI

Mugp bubmuorpaduueckas cepiika/ URL | KonudecTBo sK3eMIUISIpOB B OMOIHOTEKE
anpec (KpoMe 3JIeKTPOHHBIX 3K3eMIUIIPOB)
[53(075)] CagenweB U.B - Kype ¢pusuku DO4), I'C(94), I'CH3(1)

1.1, M.: Hayka ,1989, 350 ctp.

[53(075)]

CagenbeB U.B - Kypc pusuxu
1.3, M.: Hayka ,1987, 317ctp.

®0O(4), TC(91), TCU3(1)




P.Xopn, Y./[;x0oHCcOH, MaTtpuyHsbIii 1 (®O)
aHaimu3, M. Mup, 655 ctp.

7. Tlepedenb pecypcoB UHPOPMAIIMOHHO-TEJIEKOMMYHUKAIITMOHHON ceTh

«I/IHTepHeT», HGO6XOI[I/IMLIX JJIs1 OCBOCHUA AUCLHUITIIMHBI
[lepedyenb pecypcoB HHPOPMAIIMOHHO-TEIIEKOMMYHUKAITMOHHOM ceTn « HTepHeT», He0OX0AMMBIX

JUUISI OCBOCHUSI IMCIIUIUIMHBI IPUBEJIEH B Ta0mIe 9.

Tabmuna 9 — Ilepeyenb pecypcoB HH(OPMAIMOHHO-TENEKOMMYHUKAMOHHON cetn «MHTepHeT»,
HEOOXOAUMBIX JUUIsl OCBOSHUS! TUCIIUILIIMHBI

URL anpec HaumenoBanue

(http://lib.aanet.ru/) bubmuorexa 'VAII

8. TlepeueHb NMHPOPMALIMOHHBIX TEXHOJIOTUM, UCTIONIB3YEMBIX TTPH

OCYIICCTBIICHUHA O6p&30BaTeJ'IBHOFO Imponecca 1Mo JUCHUIIIINHE
8.1.  Ilepedenb mporpaMMHOTO 0OecTeueHus
[lepedenp ucmonb3yeMoro NporpaMMHOTo o0ectiedeHns npescTasieH B Tabiumme 10.

Ta6mmma 10 — [lepeders mporpaMMHOTO 0OECTICYCHUS

Ne /o Haunmenosaunue

He npenycmotpeno

8.2.  Ilepevenp nH(MOPMAIMOHHO-CIIPABOYHBIX CHCTEM
[lepeyeHb UCTONB3yeMBIX HH()OPMAITHOHHO-CIIPABOYHBIX CUCTEM TpecTaBiIeH B Tabmmie 11.
Tabmuma 11 — Ilepeyenp nHGOpPMATMOHHO-CITPABOYHBIX CHCTEM

Ne i/t HanMmenoBanue

He npengycmotpeno

9. MarepuanpHo-TexHUYeCKas 0aza, He0OX0UMAas ISl OCYIIECTBICHUS

O6paSOBaTeJ'[BHOFO ImpoLnecca 1o JUCUuIlJInHE
CocraB MaTepuaaIbHO-TEXHUYECKON Oa3bl peicTaBiIeH B Tabwuie 12.

Tabnuna 12 — CocraB MarepuaibHO-TEXHUUECKON Oa3bl

Howmep aytutopun
Ne n/mt HawnmeHnoBaHue cOCTaBHOM yacT MaTepHaTbHO-TEXHIUUECKON Oa3bl (pu
HEOOXOUMOCTH )
1 JlexiroHHast ay TUTOPHS

10. ®oHJ1 OIIEHOYHBIX CPEJICTB JJIS MPOBEACHUS MPOMEKYTOYHOU aTTeCTallUM
00ydYaromuxcs Mo TUCIHUTUINHE
10.1.  CoctaB ¢oHIa OLIEHOYHBIX CPEJICTB MpUBE/IeH B Ta0mIe 13
Tabmuna 13 - CoctaB GoHIa OLIEHOUHBIX CPEJICTB JUIsl IPOMEXKYTOUHOM aTTecTaluu




Bua npomexyTouHoii arrectanuu

[IpumepHBIii IepeueHb OLIEHOUHbIX
CPEICTB

3auer

Cnmcok BOIpoCoB

10.2. TlepeyeHb KOMITETEHIIMHA, OTHOCSINMUXCS K IUCIMILIMHE, W ATallbl UX (OPMHUPOBAHUS B
mporiecce OCBOSHHs 00pa30BaTeIhbHON TPOrpaMMBbI IPUBEACHEI B Ta0uIe 14.
Tabmuma 14 — IlepeueHh KOMITETEHIIMH ¢ yKa3aHWEM 3TalloB MX (OPMHUPOBAHUSA B IpoIiecce

0CBOEHUs 00pa30BaTEIbHOMN POrpaMMBbl

Howmep cemectpa

Otansl OPMHUPOBAHUS KOMITETEHIIUN IO
JTUCHIUATUTMHAM/TIPAKTHKAM B IIPOLIECCE OCBOCHHUS
OIl

OIIK-2 «roTOBHOCTH K TMpENoJaBaTeIbCKON JEATEIHPHOCTH IO OCHOBHBIM 00pa30BaTEIHHBIM

MIporpaMMaM BBICIIETO 00pa30BaHUsD»

1

Hctopus u ¢punocodpust Hayku

Hez[ar OI'MKa BBICHICTO 06pa3013aH1/1;1

®u3pyecKrue OCHOBBLI KBAHTOBEIX BEIUUCIICHUN

Uctopus u ¢punocodpus Hayku

[legaroruka Boiciiero oOpa3oBaHus

NN N —

®u3pyecKre OCHOBBLI KBAHTOBELIX BEIUUCIICHUN

[IpakTHKa 1O TOJYYEHHUIO TPOPECCHOHATBHBIX
yYMEHUM u OIIBITA npodeccroHaIbHOM
JIeITeIbHOCTH (TIeJJaroruyeckast)

[IK-2 «cnocoOHOCTP K MPUMEHEHUIO METOJOB MAaTeMaTH4YeCKOro U aJIrOPUTMHYECKOTrO
MOJIETUPOBAHUS IIPU PEIIEHUU TEOPETHUUECKUX U MPUKJIIAJHBIX 3a]1atW»

1

HaquBIe HCCIICJOBaHUs

1

OpFaHI/BaI_II/ISI JUCCEPTANUOHHBIX HUCCIICIOBAHUI

®u3pyecKkre 0CHOBLI KBAHTOBEIX BEIUUCIICHUN

MaTreMaTHYeCKHE METOJAbI  ONTHUMHU3AIlMK B
Hay4YHOM HUCCJICJOBAHUHA

Hayunrblie uccnemoBanus

Hayunble uccnemoBanus

HpHMeHeHI/Ie BapuallMOHHOI'O HMCYHCIICHHUA B
HAayYHbIX UCCIICAOBAHUAX

du3nyecKkrue 0CHOBBI KBAHTOBLIX BEIUHCIICHUM

HaquBIe HUCCICIJ0OBaHUs

HaquHe HUCCICI0BaHUs

Hayuneblie uccnemoBanus

Hayunsble uccnemoBanus

NG NG N I N OO I NS B ST IO [ O B

Henuneinpie MaTeMaTHYECKHAE MOJICITH

[IpakTika Mo TMOMyuYeHUIO MPOGECCHOHATHHBIX
yMeHH# ~uW  ombiTa  Tpo(eCcCHOHATLHOM
JeSITeNIbHOCTH (HAYy4YHO-UCCIIEeI0BATENbCKAs)

8

Hayunsblie uccnemoBanus

[IK-4 «cnocoOHOCTH K TBOPUCCKOMY IMPUMCHCHHIO, PA3BUTHUIO U pCajiu3alluid MATCMAaTUYCCKU

CJIOKHBIX aJITOPUTMOB»

1

®u3pyecKrue 0CHOBBLI KBAHTOBEIX BEIUUCIICHUN




10

MaTreMaTHYeCKHE METOJAbI ONTHUMHU3AIlMK B

2 Hay4HOM HCCJIEI0BAaHUHT

) [IppuMeHeHHe BapHAalMOHHOTO MCYHCIECHHS B
HAyYHBIX UCCIIEI0BAHUSIX

2 Ou3nyecKrue OCHOBBI KBAHTOBBIX BBIUMCIICHUN

5 Hayunsle uccnenoBanus

6 Hayunsble uccnenoBanus

6 Hayunsie nccnenoBanust

7 Hayuneble uccnemoBanus

7 Henunelinple MaTeMaTH4YECKUE MOJIEIN
[IpakTrka TO TONyYEeHHUIO MPO(EeCCHOHATBHBIX

7 YMEHUH u ompITa  MpodhecCHOHAIBHOM
JIESTEIIbHOCTH (HAy4YHO-UCCIIE0BATEIbCKAS)

8 Hayunsie nccnenoBanust

10.3. B xadecTBe KpUTEpHEB OICHKH YPOBHS CHOPMHUPOBAHHOCTH (OCBOCHHS) y OOYYArOIIAXCS
KOMITETEHIIUI MpUMEHSeTCs IIKada MOJIyJIbHO—PEHTHHTOBOM CHUCTEMBbl YHUBepcuTera. B Talmmie
15 mnpencraBmena 100—0ammpHas w 4-O0aibHas INKaJIbl JUIL  OINEHKH CPOPMUPOBAHHOCTH

KOMIIETECHIIU M.
Tabmuma 15 —Kpurtepun oneHKH YpoBHS ¢(hOPMHPOBAHHOCTH KOMIICTCHITAN

O1eHKa KOMIIETEHIINNA

100-
OauIbHAas
[IKaJia

4-0ayupHas
[IKana

XapaktepucTuka cOpMHPOBAaHHBIX KOMIIETSHITUH

85<K <100

KOTIIUYHOM
«3auYTCHO»

- oOydJaromuiicss TIIyOOKO M BCECTOPOHHE YCBOWJ MPOTPaMMHBII
Marepuan;

- YBEPEHHO, JIOTUYHO, TOCJIEI0OBATEILHO U IPAMOTHO €r0 U3JIaraer;

- ONHUpasiCh Ha 3HAHUSI OCHOBHON M JONOJHUTEIBLHON JIUTEpaTypHl,
TECHO MPUBS3HIBAECT YCBOCHHBIE HAYUHbIE MOJIOKEHUS € MPAKTUIECKOMN
JIeSTETbHOCTBIO HAIlPABICHUS;

- yMeJi0 0OOCHOBBIBAET U apITYMEHTHUPYET BBIJIBUTAEMbIE UM HJICH;

- JIeJaeT BEIBOALI B 0000IIEHNS;

- CBOOOIHO BJIAJICET CUCTEMOM CIIEITMAI3NPOBAHHBIX TOHSITHH.

«XOopouio»
«3a4YTCHO»

- 00yyaronuiicst TRep/10 YCBOMII IPOTrPaMMHBII MaTepuall, F[paMOTHO U
10 CYILIECTBY W3Jaraer ero, ONHUpasch Ha 3HAHUS OCHOBHOWU
JUTEpaTyphl;

- HE JIOIYCKAaeT CYIIIECTBEHHBIX HETOUHOCTEM;

- YBSI3bIBA€T YCBOEHHBIE 3HAHMSI C MPAKTHUYECKOH esTebHOCTHIO
HaIpaBJICHUS;

- AQPryMEHTHUPYET HayUYHbIE MOJIOKESHHUS;

- JIefaeT BBIBOJIbI U 0000IIEHUS;

- BJIQJIEET CUCTEMOU CEIMaTN3UPOBAHHBIX MOHSITHMN.

55<K<69

«yJIOBJIETBO-
PUTEIHHO»
«3aUTEHO»

- 00ydyaromuiicsi YCBOUJ TOJBKO OCHOBHOW MIPOrpaMMHBIA MaTepuai
[0 CYILIECTBY M3JaraeT €ro, ONMpasch HAa 3HAHUS TOJBKO OCHOBHOU
JIUTEPATyPhI;

- JIOTIyCKaeT HEeCYIIeCTBEHHbIE OIMMOKH U HETOUHOCTH;

- HCIBITHIBAET 3aTPYJHEHHS B MPAKTHYECKOM IPUMEHEHHM 3HAaHUUN
HaIlpaBJICHUS;

- cnabo apryMeHTUpyeT HayYHbIE TOJIOKEHUS;

- 3aTpyAHseTCs B (POPMYJIMPOBAHUH BBHIBOJIOB M 0OOOIICHMIA;

- YaCTUYHO BJIAJICET CUCTEMOM CHEIMAIN3NPOBAHHBIX TOHSATUMN.
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- oOyuvaromuicsi He YCBOMJI 3HAYMTEIBHON 4YacTU INPOrpaMMHOIO

MaTepuana;
«HEYJIOBIIETBO| -  JIOMYCKaeT CYINECTBEHHbIE OIMUOKM W  HETOYHOCTH  TPH
K<s4 PHUTENIBHO» | PACCMOTPEHUU MPoOJIeM B KOHKPETHOM HalpaBlICHUH;

«HE 3aYTEHOY» | - UCIIBITHIBAET TPYTHOCTH B MPAKTUUECKOM MPUMEHEHUN 3HAHUI;
- He MOJKET apryMEHTHUPOBATh HAYUYHBIE MOJIOKEHUS,
- He (hOPMYJTHPYET BBIBOJIOB M OOOOIICHHN.

10.4. TumoBble KOHTPOJIbHBIE 3a/IaHUS U UHBIC MaTepUATbI:
1. Bonpocsr (3amaun) nmst ax3aMeHa (tabnumna 16)

Tabmuma 16 — Bompocs! (3a1aun) 1st 9K3aMeHa

Ne i/ [Tepedyenn BompocoB (3a1a9) 1Tl SK3aMeHa

VY4eOHBIM IIJITAHOM HE IIPEy CMOTPEHO

2. Bonpocsl (3agaun) 11s 3aueta / nuddepeniimpoBanHoro 3avera (tTadmuima 17)
Tabmuma 17 — Borpocs! (3axaun) uist 3avera / nudd. 3adera

1 [IpoGneMbl MEKPOIJIEKTPOHUKH

2 [Tpunnun Jlangayspa

3 JlokazarenbcTBO npuHnuna Jlangayspa

4 [Ipsmoe skcniepuMeHTaIbHOE MOATBEPKIeHHE TpuHIKNa Jlangayspa
5 Jlormyeckast HeOOpaTUMOCTH

6 O BO3MOKHOCTH 00paTUMBIX BBIYMCIEHUI

7 Teopema bennera

8 K Bompocy o peanusanuu 00paTUMOro KOMIIBIOTEpA

9 ['mp6epToBO N-MEpHOE MPOCTPAHCTBO

10 Anre0Opa MaTpuil

11 O6o3unauenus Jlupaka

12 Jlunelinbie onepaTopbl

13 MarpudHoe npeACcTaBIeHUE ONepaTopoB

14 [Ipencrapienne onepaTopoB ¢ UCIOJIL30BAaHIUEM TEH30PHOTO MIPOU3BEICHUS
15 OYHKIIUK ONEpaTopoB

16 Ten3opHoe Npou3BeeHUE TPOCTPAHCTB

17 AKCHUOMBI KBAaHTOBOM MEXaHUKH

18 CocraBHEbIE CUCTEMBI. AKCHOMa 00 OOBETUHEHNHU CUCTEM
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19 KBaHTOBBIE KOMIIBIOTEPHI — YHUBEPCAIbHBIE KBAHTOBbBIE MOJICIMPYIOIINE yCTPOHCTBA

20 MoXHO JM MOJETUpOBATh KBAHTOBHIE CHCTEMBI BEpPOSITHOCTHBIM 00pa3oM Ha
KJIACCUYECKOM KOMITbIOTEpE?

1 DkcriepuMeHT AnaHa Acmieka ¢ KoppenupoBaHHbBIMU GoToHamu. HepaBerctBo JlxxoHa
benna

22 KBanToBblil koMnbtoTep DeitHMana

23 KyO6ut. OcHoBHBIE CBeZIeHUS

24 CocTaBHBIE CUCTEMBI

25 3amyTaHHBIC COCTOSIHUS

26 [Ipumepsl COCTaBHBIX CHCTEM

27 N3mepenne kybuta

28 Cwmetnannble cocTosiHUs. Marpunia niaoTHOCTH

29 KBaHTOBBIE TOrMYECKHE 2JIEMEHTHI — OJJHOKYOUTOBBII 3JIEMEHT

30 JIByXKyOUTOBBII 2JIEMEHT. Y CIIOBHEIE OTIEpaIluu

31 YHuBepcanbHbIi HA0OP KBAHTOBBIX 3JIEMEHTOB

32 Peanuzanms n3smepeHnii B KBAHTOBBIX CXEeMax

33 BeposTHOCTHBIN ¥ KBAHTOBBIN alTrOPUTMBI

34 bricTpble BhIUUCIEHNS] HA KBAHTOBOM KOMITbIOTEpE. AJropuT™m Jloifua

35 Anroputm Jloitya — J]xo3ca

36 .
Anroputm CaiiMoHa

37 Anroput™ ['poBepa

38 KBanToBas mioTHas KOAMpPOBKa

39 [IpoTokon Tenenmopranuu

40 [TpoTokoi kBaHTOBO#M KpurnTorpapuu BB84

41 [IpoTokon kBaHTOBOH Kpunrtorpapuu B92

3. Tembl W 3amaHue JUIS BBINOJHEHHSI KypCOBOH paOOTHI / BBIIOJHEHHS KYpPCOBOTO MpPOEKTa

(Tabmura 18)

Tabmuna 18 — IlpumepHblif mepeueHb TeM JAJISI BBIIOJIHEHUS KYpPCOBOW pPaOOThI / BBINOJHEHUS
KypPCOBOTO IIPOEKTA
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[IpumepHbIii IepeyeHb TeM ISl BBIIIOJIHEHUS KypPCOBOU pabOThI / BHIIOJTHEHUS
KypCOBOI'O IIPOEKTa

No i/t

Y4eOHBIM IJITAHOM HE TPEYyCMOTPEHO

4. Boripocsl 15l MpOBECHUSI TPOMEXKY TOUHOM aTTeCcTalluy IPpU TecTUupoBaHuH (Tabnuua 19)

Ta6mmna 19 — IlpumepHbIit TepeueHb BOIPOCOB /ISl TECTOB

Ne n/m IIpuMepHBIii IEpeUeHb BOIIPOCOB Il TECTOB

Y4eOHBIM IIJITAHOM HE TIPEYyCMOTPEHO

5. KoHTpoTbHBIC W TPaKTHYECKHE 3aJ1a4d / 3aJTaHUs 10 JUCIUILIAHE (Tadmmma 20)
Tabmuma 20 — IIpuMepHBIi IepeYeHb KOHTPOJBHBIX M MPAKTHYSCKUX 3a/1a4 / 3aTaHui

Ne /it [IpumepHBIif TepedeHb KOHTPOJIBHBIX U MPAKTUICCKUX 3a/1a4 / 3aaHui

Y4eOHbIM IJIAaHOM HE IPETyCMOTPEHO

10.5. Mertoauyeckue MaTepHaIbl, OMPEACISIONINE MPOIEAYpPhl OICHUBAHMUS 3HAHUW, YMCHHH,
HABBIKOB U / UJIM ONbITA JESITeIbHOCTH, XapaKTePU3YIOIIUX ITallbl (HOPMUPOBAHUS KOMIIETEHIIHH,
conepskarcs B [lonoxkenusix «O TeKyleM KOHTpOJIE YCIIEBAEMOCTH U IPOMEXKYTOUHOM aTTecTaluu
ctyaentoB ['YAII, oOyuaromuxcs mo mporpamMmmaM BbICHIEro oOpa3zoBaHus» U «O MOJYJIBHO-
PEUTHHTOBOM CHCTEME OIIEHKH KauecTBa y4eOHOH padoThl cTyAeHTOB B ['Y Ally.

11. MeTtonnueckue ykazaHus sl OOy4aroluXcsi 0 OCBOSHUIO TUCIUTIIIUHBI

HCJ'H:IO JUCHUTIIMHBI ABJISICTCA — MMOJYUCHUC CTY ICHTAMU HCO6XOI[I/IMBIX 3HaHHi/'I, YMCHI/Iﬁ n
HaBBIKOB B 00JIACTH KBAaHTOBBIX BBI‘lHCJICHHﬁ, B T.4. KBAHTOBOM KpHIITOT pa(bI/II/I

Metoauueckue ykazaHus s 00yUaroIyXcsl IO OCBOSHHIO JIEKIIMOHHOTO MaTeprasa

OcHOBHOE Ha3HAa4YeHME JIEKIMOHHOIO MaTepualla — JIOTMYECKH CTPOHHOE, CHCTEMHOE,
riry0oKOe U SICHOE U3JI0KeHHue yueOHoro MaTepraina. HaznaueHue coBpeMeHHOI JIEKIIUHU B paMKax
JTMCIMIUIMHEL HE B TOM, YTOOBI MOJYYHTh BCIO HMH(POPMAIMIO IO TeMEe, a B OCBOCHHUH
(yHIaMEeHTaIbHBIX MPOOJIeM AUCIUIUIMHBIL, METOI0B HAyUYHOTO O3HAHUSI, HOBEHIIUX JOCTH)KEHHUH
HayyHOH MbIcd. B ydeOHOM  mpomecce  JISKIUS — BBIIOJHSET  METOJOJOTHMYECKYIO,
OpraHu3alMOHHYI0 U HH(pOpMaAIMOHHYI0 (YHKUMU. Jlekius packpbplBaeT NMOHATUHHBINA ammapat
KOHKPETHOM o0sacTu 3HaHuUs, €€ mpoOieMbl, JaeT LeIbHOE IPEICTAaBICHUE O AUCHUILIUHE,
MOKa3bIBAET B3aUMOCBSI3b C IPYTHMHU JUCHUIUIMHAMH.

HJ'IaHI/I[ZyeMBI PE3YJIbTATEI ITPHU OCBOCHUHN 06yanO!!!I/IMC$I JICKIIMOHHOI'O Marcpurajia:
— IIOJIY4YCHHEC COBPCMCHHBIX, MCJIIOCTHBLIX, B3aWMOCBA3aHHbBIX 3HaHHfI, YPOBCHb KOTOPBIX

OIIpEAEIISETCS LEJIEBOM YCTAHOBKOU K KaX10¥ KOHKPETHOU TEME;
— IOJIy4€HHE OIbITa TBOPYECKOI padOThl COBMECTHO € MpENoJaBaTesIeM;
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— pa3BuTHE  TPO(EeCcCHOHATBHO—/ICIOBBIX ~ KayecTB, JIFOOBH K  TIpeaMeTy |
CaMOCTOSATEIIBHOTO TBOPYECKOT'O MBIIILICHHS.

— TOSIBJIEHUE HEOOXOAMMOI0 HHTEpeca, HEOOXOAUMOTO /IJIsl CAMOCTOSITENTLHOU paboThI;

— MOJIyYEHUE 3HAHUU O COBPEMEHHOM YPOBHE Pa3BUTUS HAYKU U TEXHUKU U O IPOTHO3E
WX Pa3BUTHS HA OJMKANIIIHE TOIBI;

— HayuyuTCsl METOJUYEeCKH o00pabaTplBaTh Marepuasn (BBIICIATH TJIABHBIE MBICIA U
MIOJIOKEHHUS, TPUXOJAUTh K KOHKPETHBIM BBIBOJIaM, TIOBTOPSITh UX B Pa3UYHBIX (OPMYIHPOBKAX);

— TIOJy4YeHHE TOYHOTO MOHUMAHUS BceX HEOOXOAMMBIX TEPMUHOB M TIOHSITHIA.

JIeKIMOHHBIA ~ MaTepragl  MOXKET  CONMPOBOXKIATHCS  JEMOHCTpalMed  cllaiioB u
WCIIOJB30BAHUEM  pa3/laTOYHOrO0 Marepuaia IpU TPOBEJACHUM KOPOTKUX JIUCKyccHil 00
0COOEHHOCTSX MPUMEHEHHS OT/ICIBHBIX TEMATHK 110 JUCITUTIIINHE.

Mertoandeckue ykKa3aHWsS K JIGKIIMOHHBIM 3aHSTHSM TPUBEJICHBI B Y4eOHOM MOCOOHH

[Tpumunko B.K ®u3nyeckre 0CHOBBI KBaHTOBBIX BeuncieHuid. Yacte 1. 2015.

Metonudeckue ykazaHus i OOYYarOMIMXCS IO MPOXOXKICHHUIO CaMOCTOSTEIbHOM
paboThI

B xome BBIIOJIHEHHS] CaMOCTOSITEIHFHOM pabOTHI, OOYUYAIOIUICS BBIMOIHIET paboTy IO
3aJIaHUIO0 W TPU METOJMYECKOM PYKOBOJCTBE MperojaBaTeliss, HO 0e3 ero HemocpelICTBEHHOTO
y4acTusl.

Jlnst oOydvarommxcsi 1O 3a09HOH opMme OOydYeHHs, CaMOCTOsTeIbHAs padoTa MOXKET
BKJIFOUATh B c€0s1 KOHTPOJIBHYIO paboTy.

B mpormecce BBIIOTHEHUST CaMOCTOSITENBHON pPabOTHL, y oOydaromerocss (GpOpMHpYeETCs
eecoodpasHoe TUIaHNPOBaHUE PaboYero BpeMeHH, KOTOPOE TMTO3BOJISIET UM Pa3BUBATh YMEHHUS U
HAaBBIKM B YCBOGHUU U CHCTEMAaTHU3allUU IPUOOpETaeMbIX 3HAHUH, 0OecreuynBaeT BICOKUH YPOBEHb
YCIEBAaEMOCTH B MEPUO]I 00yUeHH s, TOMOTAeT MOJYUYUTh HABBIKH MOBBIIMIEHUS TPO(ECCHOHATLHOTO
YPOBHSI.

MeTtogudyeckuMu ~ MarepualiaMHl, — HAMpaBJSIOMIAMU  CaMOCTOSITETBHYIO  paboTy
00yJaronmxcs SBISIOTCS:

—  y4eOHO-METOJINYECKHAN MaTepHal 1o JTUCIHILIIINHE;

— METOJIUYECKHE YKa3aHUs MO BBIMOJHCHUIO KOHTPOJIBHBIX paboT (s 00y YAoK Cs 10
3209HOH opMe OOyUCHHUS).

MeTomudeckre yKazaHHs JUISL  OOyYaroOIMUXCs TI0 TPOXOXICHHUIO IPOMEKYTOUHOM
arrecTarnuu

[TpomMexyTouHas arrecTarus 00ydJaromuxcs IpeycMaTpruBaeT OIlCHUBAHHE
MIPOMEXYTOYHBIX U OKOHYATEIHHBIX PE3yJbTaTOB OOyuYeHHs Mo auciuiumae. OHa BKIIIOYAET B
cebs:

— 3a4eT — 310 (¢opMa OIEHKH 3HAHWU, TMOJYUYCHHBIX OOYyYarOIMMCS B XOJ€ H3y4eHUs
y4eOHOW JTUCIMIUIMHBI B IIEJIOM HJIH IPOMEXYTOYHas (10 OKOHYAHWUH CEMEeCTpa) OIleHKa 3HAHWMH
00ydaroImuMcs 0 OT/IeIBHBIM pa3jiesiaM JIUCIUIUTHHBI C aTTECTAIIMOHHOM OI[EHKOM «3auTeHO» W
«HE 3a4YTEHOY.

CucremMa OIICHOK TPH TPOBEJACHHHM IPOMEKYTOUHOM aTTeCTAllMd OCYIICSCTBISICTCS B

CcoOTBeTCTBUU ¢ TpeOoBanusiMu llomoxkenunit «O TekymeM KOHTpOJIE YCIEBAEMOCTH U
MPOMEXKYTOUHOU arrecTanuu cTyJeHToB ['YAIIL, oOydarommxcs MO MOporpaMMbl BBICIIETO
oOpazoBanusiy u «O MOIYIHHO-PEUTHHTOBOM CHCTEME OIICHKHM KadecTBa YueOHOU paboThl
ctynentoB B ['YAIDy.
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