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AHHOTANMA

Kypc BBOOMT B TEOpPHIO M TPAKTUKY KBaHTOBOW CBsi3u. OH OXBaTbIBacT KOAMPOBAaHHE KyOHTOB,
CYIIEPIIO3HUIIHIO, TIEPEIyTAHHOCTh, KBAHTOBBIC U3MEPEHHMsI, IPAKTUUCCKHE ACTIEKThI BOJIOKOHHO-ONITHYECKUX U
armocepHbIX KaHaIoB cBs3H. OH IpEICTaBIsSeT MPOTOKOJIBI U TeHepalluy CIyYallHBIX YHCEeN, U3MEPECHUS
0e3 BO3/IeiCcTBUS Ha OOBEKT, MPU3PAUYHOTO TOTYUYCHUS N300paKCHNUH, KBAHTOBOW TEJETOPTAIIUH.

Oco0oe BHMMaHHWE YICICHO KBAHTOBOMY DPACHpEACICHUIO KIIIOUEH, Ui KOTOPOro pa3o0paHbl HECKOJIBKO
IPOTOKOJIOB M pealu3alfii, CTPYKTYpbl CeTeil, a Takke BBOAATCSA JOKAa3aTesIbCTBa OE30IMaCHOCTH |
MPAaKTHYECKUE aCTIEKTHI 3AIIUIIEHHOCTH Pean3aIliid.

1. leau u 3apauun

eap AUCUMNIMHBI

AaTb CTYACHTY HOPCACTABJICHUC O COBPCMCHHBLIX MNPHUIIOXKCHUAX KBAaHTOBOMI MEXaHHMKH K CBS3M Ha

pacCTOsIHUY.

3agauu AU CHUILIHHBI

cHaOAUThL cilymareneil 0a30BHIMU 3HAHHWSMHU JUIsi PabOThI M WCCIIEAOBaHH B 001MacTH (OTOHHBIX
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 cHocoOEGH  HCIONb30BaTh B
npo(eCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAYK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3YyJbTaThl HAYYHBIX MCCIICJOBaHUII B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCIUILIMHAPHBIC CBS3U B O0OJIACTH
MareMaTHK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
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 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBaHN B obnmactu cBoel  mpodeccroHanbHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHoOHANLHONW TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH 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 aHamu3upoBaTh 3ajady, MJIAHHPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
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 CrocobeH TpUMEHSTh 3HaHWS B 0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYITHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
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

IIK-1.1 CrocobeH HaxoauTh, aHAIM3HPOBATH M 00OOIIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnmocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3paboTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
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 — KIIIOYEH| ) )
(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 ) )
JMHEWHOH ONTHUKH
12 Mozeis 6e3onacHoctu KPK 2 2
Pa3bop Hay4HOW cTaThu IO KBAaHTOBOH]
13  |renmemoprauuu; ATaka € OCIEIUICHHEM 2 2
JETEKTOPOB
Pa36op wnayunow crathm mo KPK Ha
14 MOJIIX-OM3Henax; MeToabl 3allUuThl OT 2 2
MPaKTHYECKUX aTaK U CepTH()UKAIM
15 Jluckyccust 1 KOHCYJbTaliu 2 2




Nroro yacos 30 30
[TonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

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

Cemectp: 1 (Ocennwii)

1. BBoguast mexnus

Uctopus xpunrorpaduu. KsanroBas kpuntorpadus. JlemoHCTpamusi paspylIeHHs KBaHTOBOIO
cocrosiHus npu m3MepeHun. Cetu mepenmaum kimoued. OO030p conmepxanHust Kypca. McTouHHMKH
OJMHOYHBIX (POTOHOB U KOI'€PEHTHBIX COCTOSTHUH. (Bannm)

2. DimeMeHTHAsS 0a3a KBAHTOBBIX ONTUYECKHUX CHCTEM

Ilepenaga cBera 1O OTKPHITOMY MPOCTPAHCTBY H ONTHYECKOMY BOJIOKHY. CBeTomenurend,
HOJISIPU3ATOPbI, aTTEHIOATOPBI, CIIEKTPaIbHbIE (DPUIBTPBI, U3OIATOPBI U IUPKYIATOPBL. MOAyIsITOpHI
nonsipuzauny, ¢aspl, HUHTeHCHBHOCTU. HHTepdepomerpsl B OJHO(DOTOHHOM  pEXKHUME.
@®oTonpUeMHUKH W HU3MEPHUTENH MOIIHOCTH. J[eTeKTOpbhl OAMHOYHBIX (OTOHOB. MHTerpanbHas
ontuka. (Bagum)

3. OCHOBBI KBAaHTOBOI ONTHUKU

KyOutel. OnHO- M ABYXJIMHEHHBIC CIIOCOOBI KOAMPOBaHHS KyOMTOB. Kak HPHIOTOBUTH COCTOSHUS
cBeTa JUIsi KOAMpOBaHUS KyOuTOB. JlMckpeTHhle M HempepbiBHbIE mepeMeHHble. Cdepa bnoxa.
dazoBoe komupoBanue ofuHOUHOTO oToHa. (KOpuw)

4. 3smepeHre B KBAHTOBOM MEXaHHKE

KsanroBbie m3mepenus. Kak usmeputrs kyOut. M3MepeHue HeOpTOroHajdbHBIX cocTosHMH. Kax
peanu30BaTh ONEepaTop YHUUYTOXKEHUS ¢ MOMOIIbI0 u3MepeHus. [Ipumepsl npuMeHeHUH: KBaHTOBBIM
TeHepaTop CIy4YarHbIX YHCEN, u3MepeHue 0e3 Bo3neucTBrs Ha 00bekT. (KOpuwn)

5. KBanToBoe pacnpenenenune kmoder (KPK)

[Ipotoxon bb84 u nocrobpaborka. Araka nepexsar-niepecbuika. Kak peanusyrorces nporokonsl KPK
Ha Qu3nyeckoM ypoBHe. Kak MpUTrOTOBISIOTCS M U3MEPSAIOTCS KyOUTHI B dKcIiepuMenTe. Peanm3anun
CBA3M IO OTKPBITOMY TIPOCTPaHCTBY M ONTHYECKOMY BOJIOKHY. lcrnonb3oBaHMe KBaHTOBOW
nepenytanHocTd B peanmzammsx KPK. Ilpotokon ¢ cocrosHusmMu-noBymikamu. I[Ipotokon c
muddepeHanbHbIM (a3zoBbIM KonupoBanueM. (KOpun)

6. Ilpumenenue KPK

CxopocTh TeHepaluu Kioda B peanuzanusx. OrpaHMdeHds Ha MaKCUMalbHOE PAacCTOSHHE
nepenaun. KBaHToBbIE ceTH. 3amuimeHHBIM y3en certu. CroytHukoBble cucreMbl KPK u uwx
ocobennoctu. (FOpun)

7. KBaHTOBas nepenyTaHHOCTh

YucTple ¥ CMENIAHHBIC COCTOSHHSA, NMEPEXOnbl Mexay HHMHU. VHTephepeHIHs B ABYXIIEIECBOM
uHTepdEepoMeTpe M KBAHTOBOE CTHUpaHuWe HHQOpPMArMH. AHCaMONM KBAHTOBBIX COCTOSIHUS U
Matpuia miotHocTH. (Jlenwnc)

8. KBaHTOBBIE N3MEpPEHUS



V3meHeHue cocTosiHMS, BBI3BaHHOE ero m3MepeHneM. KBaHToBbid napanoke 3eHoHa. [TpoekimoHHbIe
u3Mepenus. OOOOIICHHBIC H3MEPCHUS U IMOJIOKUTENbHAS ONepaTopHO3HaYHas Mepa. [Ipumepbl
ONTHYECKUX CXeM Ui OOOOIIEHHBIX KBAaHTOBBIX M3MepeHuH. JlocTymHas umHpopmanus. [panuia
Xonero. (Jlenwuc)

9. IlepenyTaHHbIE COCTOSIHUS

bennosckun 6asuc. Koppensun Mex Iy neperyTaHHbIME COCTOSIHUSIMH. YIaJICHHOE NTPUTOTOBJIICHUE
cocrosinus. [lepenyrannbie (hoToHbl. OOBSIBICHHBIH HCTOYHUK OIMHOYHBIX (OTOHOB. [Ipm3paunoe
NoJy4eHHe U300pakeHHH U npu3padHas nHrepdepeHms. HeBo3MoKHOCTh nepeadn HHGOpMaIiu
OBICTpee CKOPOCTH CBETa U TeOopeMa o 3arpere KiioHupoBanus. ([lenwnc)

10. bezonacHocTs nporokoia bb84

OxsuBajeHTHocTh KPK ¢ mpuroroBnennem u m3mepenunem cocrosund KPK Ha mepemyTaHHBIX
cocroguusix. KPK ¢ cocrosausamu-noBymkamu. OOHapyXeHHE MONBITOK MOACTYIIMBaHUA. ATaka
nepexpar-niepecbuika. OnrtumanbHas araka. HepaBanctBo bemma. Ilpumepsr  HapymieHUs
HepaBeHCTBa bemna. ([lenuc)

11. BennmoBckoe u3MepeHue CpeACTBAMA TMHEHHOW ONITUKH
BemnoBckoe n3Mepenne cpencreaMu THHEWHOU ontuku. KBanToBas Tenenopranus. (Jlenuc)
12. Monens 6e3omacHocta KPK

Hcnonp3oBanue KBaHTOBOTO reHeparopa cinyudawnbix umcedl B KPK. HeobxomumocTh noBepsTh
npousBoguTenio cucreM. OOpaboTka OZHOBPEMEHHBIX cpalaTblBaHMKW AETEKTOpPOB. OnTHyeckas
araka TPOSTHCKMM KOHEM M METO[bI 3alIUThI OT Hee. (Baanum)

13. Pa36op HayuyHOW CTaThu MO KBAHTOBOW TEJICNIOPTANINH; ATaKa C OCJICIUICHUEM JIETEKTOPOB

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

14. Pa36op nayunou crareu o KPK Ha momnsx-Onm3Heriax; MeTo/bl 3alUThI OT MPAKTUYECKUX 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 JUCIUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerare m3ydeHWs NHUCLUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE ONPEACICHUS M TOHATHA,
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 y4deOHOro MaTepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSITENBHOTO U3yUEHUS;

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

— IIOATOTOBKY K BBITIOJTHEHUIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.
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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
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1O .B. KypoukuH, kanHj. pus.-mar. Hayk
J.B. Cbru, xaua. ¢pu3.-Mart. HayK
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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 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npodecCuoHanbHON e TENHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH 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 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh 1 KOMOMHHUPOBATh CIIOCOOBI
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 CrnocobeH mNpuMeHSTh 3HaHUS B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTh cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAU€CTBO pa3paboTaHHON
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare nzydenus: aucuuiuiiabl «Quantum Communications/KBanroBas ces3p (PKL))» oOywaromuiics

JOJIKCH:

3HATb:

TCOPETUUCCKHUEC OCHOBBI KBAaHTOBOM CBSI3M M OCHOBHBIC H3BECTHBIC Ha CETOAHSIIHHUN JIEHb €€

MIPHIIOKEHUS.
yMeTh:

OPHUCHTHUPOBATHCA B COBPECMCHHBIX MCCICIOBAHUAX I10 KBAaHTOBOM CBS3HU U KpI/IHTOFpa(bI/II/I.




BJIAA€Th:
0a30BEIMU HUJICSIM U METOJaMM aHaJIM3a CUCTEM KBAaHTOBOM CBSI3H.

3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKyllIeMy KOHTPOJIIO
He npenycmorpeHo.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BONPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[IpuMeps! KOHTPOJIBHBIX 3a/laHUH:
1. loka3aTb TeOpeMy O 3alpeTe KIOHUPOBAHHUS.
2. HapucoBarp cxeMy aTaku C OCJICIJICHUEM JAETEKTOPOB U OOBSICHUTD, KaK OHA padOTaeT.

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

2. Kak MOXXHO KOAMPOBATH ONTHYECKHE KBAHTOBBIC COCTOSHUS M ISl KAKUX NPUMEHEHUH Ka)IbIid
CHoco0 JTydIle moIXoauT?

3. Kakue THITbI HCTOYHUKOB (DOTOHOB OBIBAIOT U Y€M OHHU OTIMYAIOTCS?
4. 3a cuet kakux 3PPEKTOB BOZHUKAIOT MOTEPH B aTMOC(HEPHOM ONTUIECKOM KaHaje?
5. Kaxk my4ie Bcero 60poThesi C YSI3BUMOCTSMH B pean3aiusix?

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

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

2. CpaBHUTE KBaHTOBYIO M KIacCHUECKyrO Kpumrorpaduio. Kakue NOCTOMHCTBA M HEJOCTATKU Y
KaKo0m?

burer 2.

1. O6oOuieHHbIE U3MEPEHHU W TIONOXKHUTENbHAs OlepaTopHO3HayHas Mepa. llpumepsl onTHueckux
cxeM Juts 0000IIeHHBIX KBAHTOBBIX m3MepeHwuid. JloctynHast nadopmanus. [panuiia Xomneso.

2. Ilepeuncinute Bce cxembl u nportokonsl KPK, koropeie Bbl 3Haere u3 3roro kypca. OueHuTe H
000CHYHTEe, yA3BUM JIM KaKAbIM M3 HUX AJS aTakd TPOSHCKUM KOHEM, M €CJIM OH YSA3BHUM, TO Kak
CJIO’KHO €ro OyJeT 3alUTHUTh.

buer 3.

1. KBaHTOBOE pacrpocTpaHEHUE KIIIOUEii: OCHOBHBIE IIPOTOKOJIBI KBAHTOBOW KpHITOorpaduu (onummre,
KaK TpH pa300paHHBIX B JIEKIUAX MPOTOKOJIA pabOTaIOT).

2. Kakumu cBolicTBamu 001a1ar0T X31I-QyHKIIANA?
buner 4.

1. M3mepenue: 4To Takoe HM3MEpPEHHE B KBAaHTOBOW MexaHuKe. Kak w3mepuTh KyOWuT. M3mepenue
HEOPTOTOHAJIBHBIX COCTOSTHUM.

2. Jloka3aTh TE€OpEMY O 3ampeTe KIOHUPOBAHHUS.

buer 5.

1. Kyoutsl. OmHO- ¥ ABYXJIMHEHHBIC CIIOCOOBI KOMUPOBaHWs KyOWTOB. Kak MpPUTOTOBHTH COCTOSHUS
CBETa JUIs KOAMPOBAHUS KyOUTOB.

2. HapucoBarh cxeMy aTaku C OCJIEIJICHHEM JICTEKTOPOB U OOBSCHUTD, KaK OHA pa0OTaeT.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.



Ouenka omM4HO 8§ Oa/uIOB -  BBICTABISIETCS  CTYACHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PELICHHH KOHKPETHBIX 3aj]ad4, IPaBUIbHOE 000CHOBAaHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BHICTABISETCS CTYJCHTY, €CJIM OH TBEPAO 3HAET Marepuaj, IPaMOTHO H IO
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSATh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYLIECTBY M3JIaraeT e€ro, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka XopoIo 5 6ajuIoB - BBICTABISCTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka ylOBIETBOPUTEIbHO 4 Oamia - BBICTAaBISAETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYILECHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO MPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeiibl y4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NalbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka ylOBIETBOPUTEIbHO 3 Oaiia - BBICTAaBISAETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIEeH YacTH
OCHOBHOTO COJCpKaHUsl y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS ITPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBIETBOPUTEIBHO 1 0ayl - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3aj1au.

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

DK3aMeH MpoBOAWUTCS B YCTHOW (opme mo Owieram. B kaxkmom Owiere mNpeacTaBiIeHO Ba
TeopeTuueckux Bompoca. Ilpu nmposenennn 3auéra u 3k3aMeHa obywaromeMmycs npenocrasisercs 30
MHUHYT Ha ToarotoBky. Ompoc oOydaromierocss He JOJDKEH IPEBBINIATh OJHOTO acTPOHOMHYECKOTO
Jaca.



