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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay

A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: KBanroBas cBs3b
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kagenpa Poccuiickoro KBaHTOBOTO IIEHTpa

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

[IporpamMmy cocraBunu:

10.B. KypoukuH, kanu. ¢us.-MaT. HayK
J.B. Coru, xana. ¢pu3.-Mat. HayK
B.B. Makapos, phd (k.¢.-M.H.)

[Iporpamma obcyxneHa Ha 3aceqanuu kadenpsl Poccuiickoro kBantoBoro nexntpa 29.01.2025



AHHOTANMA

Kypc BBOOMT B TEOpPHIO M TPAKTUKY KBaHTOBOW CBsi3u. OH OXBaTbIBacT KOAMPOBAaHHE KyOHTOB,
CYIIEPIIO3HUIIHIO, TIEPEIyTAHHOCTh, KBAHTOBBIC U3MEPEHHMsI, IPAKTUUCCKHE ACTIEKThI BOJIOKOHHO-ONITHYECKUX U
arMoc(epHbIX KaHAIOB cBsA3U. OH MPECTaBIACT MPOTOKOJIBI ISl TCHEPAIlMH CITyYaiHBIX YHCEN, U3MEPECHUS
0e3 BO3/IeiCcTBUS Ha OOBEKT, MPU3PAUYHOTO TOTYUYCHUS N300paKCHNUH, KBAHTOBOW TEJETOPTAIIUH.

Oco0oe BHMMaHHWE YHEJICHO KBAaHTOBOMY pAaCIpEICIICHHIO KIFOYCH, JJIsi KOTOPOTO Pa3oOpaHbl HECKOIBKO
IPOTOKOJIOB M pealu3alyii, CTPYKTYpbl CETei, a Tarkke BBOAATCS JOKa3aTelbCTBa OE30MaCHOCTH H
MPAaKTHYECKUE aCTIEKTHI 3AIIUIIEHHOCTH Pean3aIliid.

1. leau u 3apauun

eap AUCUMNIMHBI

AaTb CTYACHTY HNPCACTABJICHUC O COBPCMCHHBIX IMPUIIOXKCHUAX KBAaHTOBOM MEXaHMKH K CBS3M Ha

pacCTOsIHUY.

3agauu AU CHUILIHHBI

cHaOaUThL ciymareieid 0a30BBIMM 3HAHUSMHU JJISl paObOTHl M HCCIEOBAaHUN B 001acTH (POTOHHBIX
KBaHTOBBIX TEXHOJIOTHA, B 0COOCHHOCTH CBSI3U Ha JTTHHHBIC PACCTOSHHS.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3HaeT ®W  CcOOCOOCH  HCIOJB30BaTh B
npoeCCUOHANBHON  JesITeNbHOCTH  (yHIAaMeHTallbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAYK

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku M (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHny 3a/1a4 NpoQecCHOHaNBHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJIbHOCTh
WCCIIe/IOBAaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCIOJNB3YyeMOH B COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0afaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHanbHoN
JEATEIILHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PELeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB




[IK-1 Criocoben craBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IMK-1.1 CriocobGeH HaxoauTh, aHAIM3HPOBATH M 00OOIIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
pE3yIbTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

yMEThb

TCOPCTUYCCKHUC OCHOBBI KBAaHTOBOM CBS3M M OCHOBHEIC H3BECTHBIC Ha CGFOILHSIH_IHI/Iﬁ JCHb €€

HIPUIIOXKEHUS.

OPHEHTHPOBATHCS B COBPEMEHHBIX HCCIIEA0BAHUAX 110 KBAHTOBOM CBSI3M U KpUOTOTpaduu.
BJIaJIETh:

0a30BEIMU HUJICSIM U METOJaMHM aHaJIM3a CUCTEM KBAaHTOBOM CBSI3H.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

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

TpynoeMKoCTh O BUJaM Y4eOHBIX 3aHATHI, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 BBonnas nekuus 2 2
) OneMeHTHast 6aza KBAaHTOBBIX ) )
ONITUYECKHUX CHCTEM
3 OCHOBBI KBAHTOBOM ONTHKH 2 2
4 N3mepeHne B KBAHTOBOW MEXAHHKE 2 2
5 KBantoBoe  pacmpeneneHue — kitouen ) )
(KPK)
6 [Ipumenenne KPK 2 2
7 KBanToBas nepemyTaHHOCTh 2 2
8 KBanToBbie n3mepenus 2 2
9 [lepenyTanHbIe COCTOIHUS 2 2
10  |besomacHocts mpoTtokona bb84 2 2
1 BennoFCche U3MEpPEHUE  CpeACTBaMU ) )
JUHEWHOH ONTHUKH
12 Mozeis 6e3onacHoctu KPK 2 2
Pa3bop Hay4HOU cTaThu 1O KBAaHTOBOH
13  |renmemoprauuy; ATaka € OCJIEIUICHHEM 2 2
JETEKTOPOB
Pa36op wayunou cratem mo KPK Ha
14 MOJIIX-OM3Henax; MeToabl 3allUuThl OT 2 2
MPaKTHYECKUX aTaK U CepTH()UKAIM
15 Jluckyccust 1 KOHCYJbTaliu 2 2




Wtoro wacos

30

30

HO,I[FOTOBKa K 3K3aMCHY

30 gac.

OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.em.

4.2. CopaepxaHue TUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. BBoguast mexnus

Uctopus xpunrorpaduu. KsanroBas kpunrorpadus. JlemoHcTpauus paspyuieHHs KBaHTOBOTO
cocTosiHMsA Tipu u3MepeHnu. Cern mepenaun Kiou€dd3op comepikaHus Kypca. McTouHuku
OJMHOYHBIX (POTOHOB U KOI'€PEHTHBIX cocTOsTHUH . (Bamum)

2. DimeMeHTHAsS 0a3a KBAHTOBBIX ONTUYECKHUX CHCTEM

[lepenaya cBera MO OTKPHITOMY HPOCTPAHCTBY M ONTHYECKOMY BOJIOKHY. CBeTomenuTen,
HOJISIPU3aTOPbI, aTTEHI0ATOPbI, CIIEKTPaIbHbIe (QMIBTPBI, H30JIATOPHI U LUPKYIATOPEL. MOTYISTOPHI
nonsipuzauny, ¢aspl, UHTeHCUBHOCTU. HTepdepomerpsl B OAHOMOTOHHOM  PEXHUME.
@®oTonpUeMHUKH W HU3MEPHUTENH MOIIHOCTH. J[eTeKTOpbhl OAMHOYHBIX (OTOHOB. MHTerpanbHas
ontuka. (Bagum)

3. OCHOBBI KBAaHTOBOI ONTHUKU

KyOutsl. OngHO- M BYXJIMHEHbIE CHOCOOBI KOAMPOBAHUS KyOWTOB. Kak NMPHUrOTOBHTH COCTOSIHMSA
cBeTa uId KoaupoBaHUsi KyOuToB. [luckperHsle M HempepbiBHBIE TepeMeHHble. Cdepa bioxa.
dazoBoe komupoBaHue oArHOYHOTO PoToHa. (KOpun)

4. 3smepeHre B KBAHTOBOM MEXaHHKE

KsanrtoBbie m3mepenusi. Kak m3ameputs KyOuT. M3MepeHHEe HEOPTOTOHANBHBIX COCTOSH{BK
pean30BaTh ONEPaTop YHUUTOXKEHUS C MOMOILBI0 u3MepeHus. [IpuMepsl npuMeHEeHnH KBaHTOBBIA
TeHepaTop CIy4yanHBIX YUCEll, u3MepeHue 0e3 Bo3aercTBHs Ha 00bekT. (FOpun)

5. KBanToBoe pacnpenenenue kmoden (KPK)

[Ipotokon bb84 u mocrodpaboTka. Araka nepexsar-nepecsiika. Kak peanusytorcs nporokosns KPK
Ha QusndyeckoM ypoBHe. Kak mpUroTOBISIOTCS M U3MEPAIOTCS KyOUTHI B dKcIiepuMeHTe. Peanusannu
CBA3M IO OTKPBITOMY IIPOCTPAaHCTBY M ONTHYECKOMY BOJIOKHY. lcmonb3oBaHue KBaHTOBOM
nepenytanHocTd B peanuzanuax KPK. IIporokon ¢ cocrosHuamu-ioBymkamu. IIpoToxonm ¢
muddepeHanbHbIM (a3zoBbIM KonupoBanueM. (FOpun)

6. Ilpumenenue KPK

CxopocTh TeHepaluu Kioda B peanuzanusx. OrpaHMdeHds Ha MaKCUMalbHOE PAacCTOSHHE
nepenaun. KBantoBbie ceTtu. 3ammmeHHbyBen cetu. CroyTHukoBble cuctembl KPK m wmx
ocobennoctu. (FOpun)

7. KBaHTOBas nepenyTaHHOCTh

Uuctele W CMEIIaHHBIE COCTOSHHUSA, Tepexonbl Mexay Humu. HHTepdepeHIus B IBYXIIEICBOM
uHTepdepoMeTpe M KBaHTOBOE CcTUpaHue HHGopManmu. AHCAMOIW KBAaHTOBBIX COCTOSHUS W
Matpuia miotHocTH. (Jlenwnc)

8. KBaHTOBBIE N3MEpPEHUS



V3meHeHre coCcTOsTHMS, BBI3BaHHOE €ro m3MepeHrueM. KBaHToBbIM napagoke 3eHoHa. [IpoeKinoHHbIe
u3Meperus. OOOOIICHHBIC WU3MEPCHUS M TOJOXHUTEIbHAS ONepaTopHO3HauHas mepa. [Ipumepsl
ONTHYECKUX CXeM Ui OOOOIICHHBIX KBaHTOBBIX HM3MepeHuylocTynHas mHpopMmaims. [panuia
Xonero. (Jlenwuc)

9. IlepenyTaHHbIE COCTOSIHUS

bemnosckun 6asuc. Koppensiiun Mexxay nepernyTaHHBIME COCTOSHUSIMU. YIaIeHHOE TIPUTOTOBIICHHE
cocrosinus. [lepenyrannbie (poToHbl. OOBSIBICHHBIMUCTOYHUK OAMHOYHBIX (OTOHOB. [Ipu3paunoe
NoJy4eHne M300pakeHUH U npu3padHas uHTepdepeHms. HeBo3MoKHOCTD mepenadn nHpOpMaIiu
OBICTpee CKOPOCTH CBETa U TeOopeMa o 3arpere KiioHupoBanus. ([lenwnc)

10. bezonacHocTs nporokoia bb84

OxsuBajeHTHocTh KPK ¢ mpuroroBnenuem u msmepenuem cocTosHKRK wa mepemyTaHHBIX
cocrosuusix. KPK ¢ cocrosausamu-noBymkamu. OOHapyXeHHE TMOMNBITOK MOACTYLIMBAHUSA. ATaka
nepexsar-niepecbika. OnTumanbHass araka. HepaBanctBo bemnma. Ilpumepst  HapyiieHus
HepaBeHCTBa bemna. ([lenuc)

11. bennoBckoe U3MEpPEHNE CPENCTBAMU JIMHEH HOW OTITHKHU
BennoBckoe n3Mepenne cpencTeaMu THHEH HOU ontuku. KBanToBas Tenenopranus. (Jlenuc)
12. Monens 6e3omacHocta KPK

Ucnonp3oBanue kBaHTOBOTO reHeparopa ciuydamix uucen B KPK. HeoOxomumocTs 1oOBepsTh
npou3BoauTENN0 cucteM. OOpaboTKa OIHOBPEMEHHBIX CpadaThIBAHMEETEKTOPOB. OnTHYecKas
araka TPOSHCKMM KOHEM M METOJIbI 3aIIUThI OT Hee. (Bamum)

13. Pa3bop HayuyHOW CTaThH [0 KBAHTOBOW TEJICMIOPTAINU; ATaKa C OCJICIICHUEM JIETEKTOPOB

Pasbop crareu J.-G. Ren et al., “Ground-to-satellite quantum teleportation,” Nature 549, 70 (2017).
(Bagum)

14. Pazb6op nayunou ctarbu o KPK Ha monsx-Onmm3Heriax; MeTo bl 3alUThl OT IPAKTHYECKUX aTak
U CepTUPUKAIHS

Pazbop crarem M. Lucamarini et al., “Overcoming the rate—distance limit of quantum key
distribution without quantum repeaters,” Nature 557, 400 (2018). (Bagum)

15. Muckyccus 1 KOHCYAbTalluu
Jluckyccust 1 KOHCYIbTAIuH (BCE JICKTOPHI)

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOXMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! MYJIbTUMEANAIIPOSKTOPOM U KPAHOM.
6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa
1. The Physics of Quantum Information, ed. by Bouwmeester, Ekert, Zeilinger; Springer, Berlin,
Heidelberg (2000).
2. Nielsen and Chuang, Quantum Computation and Quantum Information, Cambridge University press
(2010).



JlonoHUTE IbHAS TUTEPATypa
1. N. Gisin et al., Rev. Mod. Phys. 74, 145 (2002)
2. V. Scarani et al., Rev. Mod. Phys. 81, 1301 (2009)
3. F. Xu et al., arXiv:1903.09051

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

https://arxiv.org/

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBJICHUH 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Bo Bpems nekunit MOTYT OBITh HCTIOIB30BAHBI MYJIBTUMEUIHbBIE TEXHOJIOTHH, BKIIOUas
JIEMOHCTPALMIO PE3EHTALIUMN.

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

CryneHT, M3y4arollui JIUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBNIAJETh OOIIMM IMOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerare m3ydeHHs NHUCHUIUIMHBI CTYAEHT JOJDKEH 3HATH OCHOBHBIE ONPEAENCHUS WU NOHATHSA,
YMETb IPUMEHSThH [10JIyUYEHHbIE 3HAHUS AJIs PELICHUs pa3IMuHbIX 3a/1ad.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HA BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSITENBHOTO U3yUEHUS;

— pelieHue 3a/1a4, MpeagaraeMblX CTy/IEHTaM Ha 3aHITHSAX;

— IIOATOTOBKY K BBITIOJTHEHUIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kagenpa Poccuiickoro KBaHTOBOro EHTpa

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH
PaspaGorunkm:

1O .B. KypoukuH, kanHj. pus.-mar. Hayk
J.B. Cbru, xaua. ¢pu3.-Mart. HayK
B.B. Makapos, phd (x.¢.-M.H.)



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacraBieHrne 00 aKTyalbHBIX
npoOiieMax HayKu M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBaHUH B o0jacTh cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHUEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 001acTH npodeccnoHambLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 Crocoben aHanmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B ob0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

[MK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HAyyHON 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pPE3YIbTATC N3YUCHUA JUCIIUITIIMHBL «KBanToBas cBI3b» 06y‘laIOH.IHI>iCH JOJIKCH:

3HAThb:

TCOPCTUYCCKHUEC OCHOBBI KBAaHTOBOM CBS3M M OCHOBHEIC H3BECTHBIC Ha CGFOILHSIH_IHI/II\/’I JCHb €€

MPUIIOKEHUS.
yMeThb:

OPHEHTHPOBATHCS B COBPEMEHHBIX HCCIIEA0BAHUAX 110 KBAHTOBOM CBSI3M U KpUNTOTpaduu.

BJA€Th:




0a30BBIMH UIEAM M METOJAMHU aHAJIN3a CUCTEM KBAaHTOBOI! CBA3M.
3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKyllIeMy KOHTPOJIIO
He npenycmorpeHo.

4. lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

[IpuMepsl KOHTPOJIBHBIX 3alaHUIH:
1. loka3aTb T€eOpeMy O 3alpeTe KIOHUPOBAHHUS.
2. HapucoBarp cxeMy aTaku C OCJICIJICHHEM JAETEKTOPOB U OOBSICHUTD, KaK OHA pa0OTaeT.

[Ipumeps! KOHTPOIBHBIX BOIIPOCOB:
1. Yem xBaHTOBas KpunTorpagus Jydlie U 4eM XyxKe KIaCCHYeCKOn?

2. Kak MOXHO KOIUpPOBaTh ONTHUYECKUE KBAHTOBBIC COCTOSHMS M U KaKUX MPUMEHEHHH KaKIbIi
CHoco0 JTydIle moIXoauT?

3. Kakue THITbI HCTOYHUKOB (DOTOHOB OBIBAIOT U Y€M OHHU OTIMYAIOTCS?
4. 3a cuet kakuX 3PPEKTOB BO3HUKAIOT MOTEPH B aTMOC(HEPHOM ONTUIESCKOM KaHaje?
5. Kaxk my4mie Bcero 60poThesi C YSI3BUMOCTSMH B peaTn3aiusix?

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. Hepasenctso bemna. [Ipumeps! HapymieHnsa HepaBeHcTBa bemna.

2. CpaBHUTE KBaHTOBYIO U KJacCHUYeCKyr Kpurrtorpaduio. Kakue JOCTOMHCTBA M HEJOCTaTKH Y
KaXKo0n?

burer 2.

1. Ob6oOueHHble U3MEPEHUsT U TIOJNIOXKHUTEIbHAsE OINeparopHO3Ha4YHas Mepa. [IpuMepsl OonTHYecKHX
cxeM Juts 0000IIEeHHBIX KBAaHTOBBIX m3MepeHwuid. JloctynHast nadopmanus. [panuiia Xomnego.

2. Ilepeuncnute Bce cxembl u mpotokoisl KPK, xotopeie Bel 3Haere u3 3Toro kypca. OueHure u
000CHYHTEe, yA3BUM JIM KaKAbIM M3 HUX AJS aTakd TPOSHCKUM KOHEM, M €CJIM OH YSA3BHUM, TO Kak
CJIO’KHO €ro OyJeT 3alIUTHUTh.

buer 3.

1. KBaHTOBOE pacrpocTpaHEHUE KIIIOUEii: OCHOBHBIE TIPOTOKOJIBI KBAHTOBOW KpHITorpaduu (onummre,
KaK TpH pa300paHHBIX B JIEKIUAX POTOKOJIA pabOTaIOT).

2. Kakumu cBolicTBamMu 001a1ar0T X31I-QyHKIIAN?
buner 4.

1. M3mepenue: 4To Takoe WM3MEpPEHHWE B KBAaHTOBOW MexaHuke. Kak m3meputh kyOut. M3mepenue
HEOPTOTOHAJIBHBIX COCTOSTHUM.

2. Jloka3aTh TE€OpEMY O 3ampeTe KIOHUPOBAHHUS.

buer 5.

1. Kyoutsl. OHO- ¥ BYXJIMHEWHBIE CIIOCOOBI KOAMPOBAaHMS KyOWTOB. Kak NMpHUrOTOBUTH COCTOSHUS
CBETa JUIs KOJAUPOBAHUS KyOUTOB.

2. HapucoBarh cxeMy aTaku C OCJIEIJICHHEM JIETEKTOPOB U OOBSICHUTD, KaK OHA pa0OTaeT.

Kpurepun onennBanus

Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEOHOHM MpOrpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3aJ]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUH.



Ouenka oOmIMYHO 8§ 0aulIOB -  BBICTAaBISICTCS  CTYACHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE MPU PEIICHUH KOHKPETHBIX 33714, NPaBHIbHOE 00OCHOBAHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BEICTABISIETCS CTYICHTY, €CJIM OH TBEP/O 3HACT MaTepHall, IPaMOTHO U MO
CYIIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTHh IOJy4YCHHbIC 3HAHUS Ha IPAKTHKE, HO HEIO0CTAaTOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoto 6 0ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYLIECTBY M3JIaraeT ero, yMeeT NpUMEHSTh HOJIyYeHHbIC 3HaHHs Ha TPAKTHKE, HO JOIyCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

Ouenka Xxopomo 5 6auioB - BEICTABISIETCS CTYJCHTY, €CJIM OH B OCHOBHOM 3HA€T Marepuall, IpaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHSTh NONTyYeHHbIC 3HAaHHs Ha TMPAKTHKE, HO JIOIYyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka ymOBIETBOPUTENbHO 4 Oajula - BBICTABISICTCS CTYICHTY, IOKa3aBIIEMYy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IpPAaBWIbHBIE (OPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapYILCHUS JIOTHYECKON MOCIIEI0BATEeIbHOCTH B U3JI0KEHHU [IPOrPAaMMHOIO MaTrepuaa, HO IPH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Zeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul JAJIbHEWIIEro OOyYeHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka ylOBIETBOPUTENBHO 3 Oajula - BBICTABISETCS CTYICHTY, IOKa3aBIIEMYy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHiA, JOIyCKAIOUIeMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS abHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 0ajia - BHICTABISICTCS CTY/ICHTY, KOTOPBI HE 3HAeT OOJIbIIEH YyacTH
OCHOBHOTO cOAep)XaHUsI y4eOHOW MporpaMMbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHpPOBKaxX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0aym - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMeH MpOBOAUTCS B YCTHOW (opme mo Owmneram. B kaxagom OwiieTe mpeacTaBIeHO JBa
TeopeTuueckux Bompoca. Ilpu nmpoBenennn 3auéra u sk3aMeHa oOydaromieMmycs npepoctasisercs 30
MHUHYT Ha TOAroToBKY. Ompoc oOydaromerocsi He JOJDKEH NPEBBINIaTh OJHOTO aCTPOHOMHYECKOTO
Jaca.



