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

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: KganToBas kpurnrorpadus
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
®usrex-KJIacTep akaJIeMUYECKON U HAyYHON Kapbhepbl

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrtaBui: J.A. Kponbepr, kang. ¢pus.-mar. HayKk

[Iporpamma obcyxneHa Ha 3acefqanun Ou3Tex-kKiacrepa akageMuueckol 1 HayaHoi kapsepbl 04.06.2020



AHHOTANMA
Kypc nocssieH 0CHOBHBIM METOAAaM J0Ka3aTesIbCTBA CTOMKOCTH MPOTOKOJIOB KBAaHTOBOM Kpunrorpaduu. ITH
3HAHMS OXBAaTBIBAIOT MOCTAHOBKY 3aJa4l CEKPETHOM NEepenadd IaHHBIX, BBEICHHE KPUTEPUEB CEKPETHOCTHU
MPOTOKOJIOB KBAHTOBOTO paclpe/ieiecHus KITFoUel, n3yueHne Hanboee «9uctoro» nporokona DIP-cocTosHMiA
U CBEJCHUE K HEMY psfa IPYrHX HPOTOKOJIOB. JlatoTcsi mpeacraBieHus 00 oOecrieueHWH He3aBUCHUMOCTH
IPOTOKOJIOB KBAHTOBOW KpHuNTorpaduu OT HCIOIb30BAHMS aIllapaTrypbl M KBAaHTOBBIX AaHAJOIOB psza
SHTponui PeHbH, KOTOPBIE Y4aCcTBYIOT B OLIEHKE CTOMKOCTH CXEM KBAaHTOBOW KpHIITOrpaduu.

1. leau u 3apauun

eap AUCUMNIMHBI

JaTh CTYJCHTaM 3HAaHUS 00 OCHOBHBIX METOAAX J0Ka3aTelIbCTBA CTOMKOCTH IPOTOKOJIOB KBAaHTOBOM
Kpunrorpaguu. DTH 3HAHHUS OXBATHIBAIOT MOCTAHOBKY 3aJa4H CEKPETHOM Mepeayn JaHHBIX, BBEICHHE
KPUTEpUEB CEKPETHOCTH IPOTOKOJIOB KBAaHTOBOTO paclpeleNieHns KIouell, u3ydyeHue Haubosee
«guctoroy mpotokona OIIP-cocTosHMii M CBeneHME K HEMY psia APYTHX MHpOTOKoJoB. Jlarorcs
npencrapiueHuss 00 oOecreueHHH HE3aBUCUMOCTH TIPOTOKOJIOB KBaHTOBOW Kpumnrorpadguu oT
WCIIONIb30BaHMsI aNIapaTypbl U KBAHTOBBIX aHAJIOTOB psifa HTpONH PeHbM, KOTOpBIE y4acTBYIOT B
OIIEHKE CTOMKOCTH CXEM KBaHTOBOW KpHITorpaduu.

3agaum AU COMIIHHBI
-OBJIICHHE MaTeMaTHYECKUM allapaToM KIacCHUECKO Kpunrorpapuu;
-HCCIIeIOBAHUE METOJJOB 0OOCHOBAHHS CTOMKOCTH MPOTOKOJIOB KBAHTOBOW KpunTorpapum;
-U3y4YECHHUE KBAHTOBBIX aHAJIOTOB SHTPONUN PeHbu;
-M3y4eHHE HE3aBUCHMBIX OT amapaTypbl CXeM KBaHTOBOI KpUNTOrpaduH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccCHOHANBHOIO  pPa3BUTHS,  ONpEACsITb U
peann30BbIBaTh HPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM JESTENbHOCTH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEIILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE

YK-6.2 OueHHBaceT CBOIO IEATECIBHOCTh, COOTHOCHT IIEJH,

CaMOOLIEHKH M
CHOCOOBI M CPEJCTBA BBITIONHEHUS JIEATENBHOCTH C e€
pe3yabTaraMu
OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpo)eCCUOHANBEHOW  NIeATEeNhbHOCTH  (PyHITaMEHTabHBIC

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HayK

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

OIIK-1.3 [NornMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet nipeacraBieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIacCTH CBOCH
poheCCUOHATBHOM JIeSTENLHOCTHU, CIIOCOOCH
Ha HAayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEBHOCTH

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B pamKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CriocobeH BeIOMpATH U (MIIH)

OIIK-3.1 CrocobeH aHamu3upoBarTh 3ajady, MJIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns




pa3pabaThIBaTh MOAXO/IbI K PEIIEHHIO THIIOBBIX
1 HOBBIX 3a7ia4 B 00acTu npodeccrnoHanbHON
JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U
OTrpaHUYEHUS Pa3IMYHBIX METOJOB PEIICHHS

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSS 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHTEIHHBIMHU
METOJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CpaHUIbl MPUMEHUMOCTH MOJYyYaeMbIX PEIICHUN

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHIUS

OIIK-5.3 Crpemutrcs K TOJY4YEHUIO HOBBIX 3HAHUI,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

[MK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CHCTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalIbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

[IK-2 CnnocobeH caMOCTOSTEIIEHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBOIUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiuio

[MK-2.1 Cnoco0eH TuUIaHUpOBaTh ¥ MPOBOJAWTH Hay4dHBIC
HCCJICAOBAHMUS CaMOCTOSITEIbHO MJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTHBA

[IK-2.2 CnocobeH mNpOBOAWTH anpoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONMMKAIMY HAYYHBIX CTAaTe U y4acTusl B KOH(pepeHIuIX

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHUILINHE (MOLYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI

3HATb.

-MaTeMaTH4eCKHe IPUHIUIIBI KIIaCCUYE€CKON KpUNTOTpaduu;
-CEMEUCTBO SHTPONUI PEHbU B KJIaCCUYECKOM U KBAHTOBOM CIIy4ae, UX CBOMCTBA;
-METOJbl CBEACHUS OOOCHOBAaHMUS CTOMKOCTH NPOTOKOJIOB KBAaHTOBOHM KpUNTOrpaduu K CTOWKOCTH

niporoxona JOIIP;

-MCTObI 000CHOBAaHHS CTOMKOCTH CXEM KBAHTOBOM KpI/IHTOFpa(bI/II/I B YCJIOBHUAX BJIMAHUSA ICPCXBATYHKA

Ha 000pyI0BaHUE;

-OCHOBbBI KBAHTOBBLIX KOAOB HCITPABJICHUSA OIINOOK.

YMETB:

-CTaBUTH 33/1a4U 00ECIEYCHUS] CEKPETHOCTH JUIS PsA/ia IPOTOKOJIOB KBAHTOBOM KPHUIITOTpaduu;
-000CHOBBIBaTh CEKPETHOCTh HEKOTOPBIX MPOTOKOJIOB KBAHTOBOW KpUITOrpadui;
-CTPOHUTH TPOCTBIE CXEMBI IJISi OOECHEYCHUS CTOWKOCTH IPOTOKOJIOB KBAaHTOBOH KpUNTOrpaduu B

YCIIOBHUSIX HEJJOBEpUS K 000PYI0BaHHIO.
BJIaJIETh:

-MaTCMaTU4YCCKUM allaparom KJ1aCCUYECKOU KpI/IHTOFpa(I)I/II/I;
-MaTeMaTH4CCKHUM allriapaTom 3HTpOHI/II>'I OJHOYACTHUYHBIX U COCTaBHbBIX KBAHTOBBIX COCTO?[HI/Iﬁ;
-MCTOJaMH o0ecIeueHus: CTOMKOCTH MMPOTOKOJIOB It HC3aBUCUMOCTHU OT 060py)10BaH1/15{.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

Tema (pa3nen) TUCIUTUTMHBI

TpyaoeMKoCTh 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

CamocT.

Jlexiuu
pabora

Cemunapsl | Jlabopar. paboThr




1 O0630pHOE 3aHsTHE 5 5
[Iporoxon OIIP KBaHTOBOTO

2 pacnpeneneHuss  KiIo4ed  (IPOTOKOI 5 5
Okepra)

3 VYcnoBHas KBaHTOBAst SHTPONHS U €€ POJib 5 5
B 000CHOBaHMH CTOMKOCTH
KBaHTOBBIE KOZbI MCHPaBICHUS OIIUOOK,

4 CTOHMKOCTh MIPOTOKOJIA BB84, 5 5
noxkasarenberBo Hlopa-IIpeckumia
[TocTpoenne cXeM KBaHTOBOM

5 Kpunrorpaduu, HE3aBUCUMBIX oT 3 3
anmaparypsl

6 CemeiicTBO KBaHTOBBIX IHTPONHIl Penbu 3 3
OOocHOBaHHE CTOHKOCTH IPOTOKOJIOB

7 KBaHTOBOH Kpunrorpapuu qyepes 4 4
SHTPONHIHBIE COOTHOUICHUS
HeolpeeIeHHOCTeN

Hroro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 yac., 2 3a4.ex.

4.2. Cogpep:kaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 2 (Becennuit)

1. OG30pHOE 3aHATHE

[Inan kypca, OCHOBHBIE COBpEMEHHBIE MPOOJIEMBI KBAHTOBOM KpunTorpapuu

2. IIpotokon DIIP kBaHTOBOTO pacmpeeneHus Kiroden (IpoToKos JKepTa)

HepasenctBa benna, CHSH-urpa. IIporokonsr Oxepra 1 BBM92, cBenenune mporoxona BB84 x
pacnpeeneHuIo CLEIJICHHbIX COCTOSHUN

3. YcioBHas KBAaHTOBAsi SHTPOIHS U €€ poiib B 000CHOBaHWU CTOMKOCTH

YcIiioBHAS SHTPOIHUS, PO €€ OTPUIATENHHBIX 3HAUCHUH IS CHETICHHBIX cocTosHUI. O00CHOBaHME
OTCYTCTBUSI MH(OPMAIIMU TEepexXBaTyuka NPU HAIWYUU CIHETUICHHOTO COCTOSHUS Y JIETUTHMHBIX
MOJIb30BaTEIIEH.

4. KpaHTOBBIE KOIOBI HCIPABICHHA OMIMOOK, CTOMKOCTH mporokona BB84, nokazarenbctBo
[Topa-IIpeckumina

Krnaccuueckue nuHeHbIE KOAbI KOPPEKIUH OINOOK, CHHAPOMHOE AeKoanpoBaHue. KBaHTOBbIE KOIbI
KOPPEKIHU OIIMOOK M HMX NPUMEHEHHE JUIi YBEJIWYCHHS CLEIUIGHHOCTH MEXIy YIAJICHHBIMU
nonb3oBatesiMu.  CSS-xoapl. Otambl cBepeHuss npotokona BB84 k u3MepeHHIo ClEIUIeHHBIX
coctosiHui: ipoTtokoi Jlo-Uy, nmpotokon CSS-komoB.

5. IlocTtpoeHue cxeM KBaHTOBOM KpUITOTpauu, HE3aBUCHUMBIX OT ammaparypbl

[lonsartue He3zaBucMMOW OT ammaparypsl kBanTtoBod Kpunrorpapum (MDI QKD, DI QKD),
ucnonb3oBanue dhdexra Xonra-O-Manpens s pacupeeNeHus KITFoUeH.

6. CeMeiCTBO KBAaHTOBBIX SHTpONuil PeHbun



OTtHocuTenpHas SHTponusl, e€ cBoiicTBa. KBaHTOBasi OTHOCUTENbHAS SHTpONUA. DHTponus PeHsu u
e€ MpUMEHEHHUE B KBAHTOBOM KpUIITOrpaduu

7. OOocHOBaHME CTOMKOCTM TPOTOKOJOB KBAaHTOBOM KpUOTOrpaguu depe3 SHTPOIHUIHBIE
COOTHOILIEHUsI HEOIIpeIelIeHHOCTEN

OHTPONMIMHBIE COOTHOLICHUS HEONPEACTICHHOCTE W HMX HCIOAb30BaHHE B  KBAaHTOBOU
kpuntorpaguu. CBsA3b ¢ TPaJUIHMOHHBIMH COOTHOLIEHUSIMH HeolpeaeraeHHocTe. O6ocHOBaHME
CTOMKOCTH npoTokoia BB84.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0XMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

1. HeoOxonumoe obopynoBaHue 1is ISKIMKA W MPAaKTHYSCKHUX 3aHATHHA: JOCKa, MEJ, TPSIIKa.
JXenarenbHO TaKke NPUMEHEHUE MYJIBTHMEIUIHOTO 000py10BaHuUS (IIPOEKTOP), VISl JIydIIen
OpraHHM3aluy JCKINH.

2. HeoOxonuMoe mporpaMMHoOe o0ecriedeHre: He TpeOyeTcsl.

3. OGecrieueHne caMOCTOATEIILHON pabOThI: HATMUME YUCOHUKOB M 33Ja9HUKOB 110 KypCY KBaHTOBOM
KpUnTOorpagpu.

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa
1. KBanToBas nadopmaius u kBantoBble Berancienus [Texer] : B 2 1//]x. [Ipeckun , -M. :
PerynsipHas u xaornueckast tuHamuka ; Mxesck, 2011
2. Hunbcen M., Yanr . KBanToBbIe BEIUKCIICHUS M KBaHTOBast nHGopmauus. [1 M. : Mup, 2009.

JlononHuTenbHAs TUTEpaTypa
1. BBenenue B kBaHTOBYIO Teoputo nHpopmanuu [Tekcr] : [mexuuu i ctyaeHToB By30B] / A. C.
Xoneso ; HezaBucumbiii Mock. yH-T ; Beicimii komutemk Maremar. pusuku .— M : MITHMO, 2002 .—
128 c.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

xxx.lanl.gov

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Her.
9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

Pabora ¢ yueOHOU 1 HaydyHOW JUTEpaTypol SBISETCS IaBHOW (OpMON caMOCTOsSTENLHOW paboThl U
HeoOXoMMa TIpH TOATOTOBKE K KOHTPOJBHOW paboTe, sk3ameHy. OHa BKJIIOYAaeT NPOPAOOTKY
JICKIIMOHHOTO MaTepHala — M3yYeHHUEe PEKOMEHJOBAHHBIX HMCTOYHUKOB M JIUTEPATYphl IO TEMaTHKe
neknuid. KoHCHeKT JeKuuu J0/DKeH coaepkKaTh pedepaTHBHYIO 3aICh OCHOBHBIX BOIPOCOB JICKIUH,
NPEIUIOKEHHBIX MIPEroaBaTesieM cXeM (IIPU X JeMOHCTPALMH ), OCHOBHBIX HCTOYHUKOB M JINTEPATYPHI
10 TeMaM, BBIBOJIBI IO KaXKZIOMY BOIpocCy. KOHCTIEKT 10/KeH OBITh BBIOIHEH B OTACIBHON TETPAIH MO
npenMery. B ciiydae BO3HHMKIIMX 3aTpyIHEHMH B MOHMMaHWM Y4eOHOro MaTepuayia Cleayer
00paTuThCA K IPyTUM HCTOYHUKAM, T/Ie U3JIOKEHNE MOXKET OKa3arhes Oonee qoctymHbM. Heooxommmo
OTMETHTh, YTO paboTa C JUTEpPaTypol HE TOJBKO IOJIE3HA KaK CPEICTBO Ooliee ITyOOKOro M3y4YeHUs
M000# JWUCUMIUIMHBI, HO W SBISIETCS HEOTHEMJIEMOW YacThIO NPO(HECCHOHATBHON HEATEILHOCTH
Oy/ylIero BITyCKHHKA.



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

Du3Tex-KIIacTep aKaJAeMUIeCcKON U HayuyHO! Kapbepsl (DyHIaMeHTaIbHbIE TPOOJIEMBI
(U3UKN KBAHTOBBIX TEXHOJIOTHH)

Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

Pa3zpadoTunk: J.A. Kponbepr, kauz. ¢us.-mat. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

YK-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccHOHANBPHOIO  pa3BUTHS,  ONpEAEsITb U
peann30BbIBaTh HPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESITELHOCTH

YK-6.2 OueHHBaceT CBOIO JIEATECIBHOCTh, COOTHOCHT IIEJH,
CHOCOObI W CPEJCTBA BBITIONHEHUS JICATENBHOCTH C e€

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HAyK

pe3yabTaraMu
OIIK-1.1 SHaeTr W© CHOCOOEH  HCHONIL30BaTh B
nmpoeCCUOHANBHOW ~ NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.2 Cmocoben 00001maTs ¥ KPUTHYECKH OILEHUBATh
OIBIT M PEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
poeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacraBicHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeSTENLHOCTH, CIIOCOOCH
Ha HAyYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJ1a4u

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoei
npoecCuoHaTbHON e TEIHHOCTH

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, MJIAHHPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnoocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUH HOBBIX 3a]a4, IPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMHA
METOJJaMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
TPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeIICHUN

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHAILHOMN IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHABHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMurcss K TIOIXYYECHHUIO HOBBIX 3HAHHM,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen ctaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJabTaTax HCCIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJaCTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeThdueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIBHO MJIM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

[MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyOIMKalUK HAYYHBIX CTAaTeH U y4acTusi B KOHOEPEHIIUSIX

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH




B pesynbrare nzyuenus aucuuiuinHbl «KBaHToBas kpurntorpadus» o0yqaromuics JOIKeH:

3HATh:
-MaTeMaTH4eCKHe MPUHIUIIBI KIIaCCHYE€CKON KpUNTOTrpaduu;
-CEMEUCTBO SHTPONUI PEHbU B KJIACCUYECKOM U KBAHTOBOM CIIy4ae, UX CBOMCTBA;
-METOJbl CBEACHUS OOOCHOBAaHMUS CTOMKOCTH MPOTOKOJIOB KBAaHTOBOHM KpUNTOrpaduu K CTOWKOCTH
niporoxona JOIIP;
-METO/bl 00OCHOBaHHS CTOWKOCTU CXeM KBAaHTOBOW KpHUIITOrpaduu B YCIOBUSX BIMSHHS [IEPEXBATUHKA
Ha 000pyI0BaHUE;
-OCHOBBI KBAHTOBBIX KOJIOB HCITPABIICHHUS OIIHUOOK.

yMeTh:
-CTaBUTh 33a41 00ECIIEYEHHS CEKPETHOCTH IS PsiJia MPOTOKOJIOB KBAHTOBOM KpUIITOrpaduu;
-000CHOBBIBaTh CEKPETHOCTh HEKOTOPBIX MPOTOKOJIOB KBAHTOBOW KpUITOrpadum;
-CTPOUTH TPOCTHIE CXEMbI JUIsI 00ECIeYeHUs] CTOMKOCTH TMPOTOKOJIOB KBAHTOBOH KpumTorpaduu B
YCIIOBHUSIX HEJJOBEpUS K 000PYI0BaHHIO.

BJIaJeTh:
-MaTeMaTHYECKUM aNaparoM KJIacCU4ecKoil Kpuntorpadpum;
-MaTeMaTU4YECKUM allaparoM SHTPONUHN OHOYACTUYHBIX U COCTABHBIX KBAHTOBBIX COCTOSIHUIA;
-MeTofamMu 00ecredyeH s CTOWKOCTH MPOTOKOJIOB JUIsl HE3aBUCUMOCTH OT 00OPYIOBaHUSI.

3. IlepeyeHb THNOBBIX (IPUMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKH K TeKylIeMy KOHTPOJII0
He npexycmorpeHo.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTalluu
o0yvyarommxcst

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB:

. OnpeneneHne OTHOCUTEJILHON KBAaHTOBOM SHTPOIHNH, clieli(hKa KBAHTOBOTO CIIydast

. CHSH-urpa, BO3MO>)XHOCTH UT'POKOB B CJIy4yae UCIIOIb30BaHUS CLIEIIIEHHBIX KBAHTOBBIX COCTOSIHUM
. KBaHTOBEIE KOJIBI KOPPEKIIMU OMIMOOK, TocTpoeHue kona CTuHa

. OcHoBHBIE 3Tanbl cBeAeHus nporokoia BB84 k nporokomy DI1P

. [IprmMeps! neiicTBUl ITepexBaTyrKa IIPH €T0 BIWSHUMU Ha annaparypy JETHTUMHBIX IT0JIb30BaTENICH
. OmnpeneneHne KBaHTOBBIX dHTponuid PeHbu, nX cBoiCcTBa

~N O D bW~

. DHTPONUITHBIE COOTHOIICHHUSI HEONPEACIEHHOCTEH, X POJIb B KBAHTOBOM KpUNITOrpaduu

[IprMepbl KOHTPOJIBHBIX 33JaHUN:
1. IlocunTtare Ty UM UHYIO SHTPONMU PeHbY [UIsl JaHHBIX KBAHTOBBIX COCTOSHUI
2. IlocTpouTh KBAaHTOBBIN KOJI KOPPEKLIUH OMHNOOK IS JaHHBIX BO3MOXHBIX OIINOOK

3. Ilocunrarh 3aBHCUMOCTH JJIMHBI CCKPCTHOI'O KJIrO4Ya OT 3aryXaHusd B JIMHUK CBA3U IAJI OAHHOT'O
IMPOTOKOJIA

4. Ilpe1okuTh MPOCTHIE aTaKK I Psiia IPOTOKOJIOB KBAHTOBOW Kpunrorpadun
5. O6ocHOBaTH CTOMKOCTH MPOTOKONA Ha DIIP-coCTOsHUSAX Yepe3 OTHOCUTENbHYIO SHTPOIHIO

[Ipumepsl 5K3aMEeHALMOHHBIX OUIIETOB

burer 1.

1. OcHoBHBI€ 3Tankl cBeAeHus nporokosa BB84 k mpotokony DI1P

2. IlocunTarh Ty WM HHYIO SHTPONIMU PEHBY 1711 JaHHBIX KBAaHTOBBIX COCTOSHUMN

burer 2.

1. CHSH-urpa, BO3MO>XHOCTH UTPOKOB B CIIy4ae MCIOIb30BAaHUS CLEIUICHHBIX KBAHTOBBIX COCTOSHUM
2. IlocTpouTh KBaHTOBBIH KO KOPPEKIMH OIIHUOOK JJISl JaHHBIX BO3MOXHBIX OIINOOK

burer 3.

1. Ilpumeps! nelicTBHM NEpEXBATUMKA TP €T0 BIUSHUH HA allllaparypy JETUTHMHBIX MTOJIb30BaTeNeH

2. IocunTarh 3aBUCHMOCTH JITMHBI CEKPETHOTO KIIOYa OT 3aTyXaHWs B JIMHUHM CBS3M JUIS JTAHHOTO
MPOTOKOJIA



buner 4.

1. OnpeneneHne OTHOCUTENILHON KBAHTOBOW HTPOINHNH, ClielM(UKa KBAHTOBOTO CIIyydast

2. IlpeytokuTh IpOCThIE aTaky JUI psAa MPOTOKOJIOB KBAaHTOBOM KpHUnTorpadgun

buner 5.

1. KBaHTOBBIE KOJIbI KOPPEKITUU OLIMOOK, TocTpoeHue kona CTuHa

2. O060CHOBATH CTOMKOCTH MPOTOKOIA Ha DITP-cOCTOSHHSIX Yepe3 OTHOCUTENLHYIO SHTPOTIHIO

Kpurepun onennBanus

- onenka "ommuHo  (10)"  BBICTaBNSeTCS  CTYAGHTY, IIOKa3aBIIEMY  BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh X Ha NPAaKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH;

- omeHka "ommuHo  (9)"  BBICTABIAETCA ~ CTYOCHTY,  I[IOKa3aBIIEMy  BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHBIE, IITYOOKHE 3HAaHHS yueOHON MpOorpaMMbl JUCHUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha TpPaKTHKE MPHU PEIICHUH KOHKPETHBIX 3a]ad, CBOOOIHOE M NpPaBWIBHOE OOOCHOBAHUE MPUHSATHIX
peLIEHN;

- omeHka "ommuHo  (8)"  BBICTABISETCA ~ CTYOCHTY,  I[IOKa3aBIIEMy  BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHBIE, IITYOOKHE 3HAaHHS yueOHON MpOorpaMMbl JUCLIUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha MPaKTHKE [IPH PEILICHUH KOHKPETHBIX 3ajiad, U IPaBUIbHOE 000CHOBAHUE MPUHSTHIX PELICHUN;

- oreHka "xopormro (7)" BBICTaBISETCS CTYACHTY, €CIIM OH TBEpAO 3HACT Marepwall, 'PaMOTHO U TIO
CYLIECTBY M3J1araer ero, yMeeT MPUMEHUTH MOJyUYeHHbIC 3HaHUS Ha MIPAKTHKE, HO JOMYCKAeT B OTBETE
WIN B PEILICHNH 3a]1a4 HEKOTOPble HETOYHOCTH;

- omeHka "xopomo (6)" BeICTABISAETCS CTYIACHTY, €CIM OH 3HAET MaTepual, TPaMOTHO U IO CYILECTBY
U3JIaraeT ero, yMeeT IPUMEHUTH IIOJIY4YEHHbIE 3HAHUS Ha IPAKTUKE, HO JIONyCKAeT B OTBETE WM B
PEIIEHNH 3a/1a4 HEKOTOPHIE HETOUHOCTH;

- olleHKa "xoporio (5)" BeICTaBIsIETCS CTYACHTY, €CIIM OH 3HAET MaTepua, IO CYIIECTBY M3JIaraeT ero,
yMeeT MPUMEHUTH MOJIyYCHHbIC 3HAHUSI Ha MPAKTHKE, HO JIOIyCKaeT B OTBETE WM B PEHICHUH 3a1ad
HEKOTOpBIE HETOUHOCTH;

- OleHKa "yJOBIETBOPUTENBHO (4)" BBICTABISETCS CTYACHTY, I[OKa3aBIIeMy (parMeHTapHBIH,
pPa3po3HEHHBI XapaKTep 3HaHWM, HETOCTaTOYHO MpaBWIIbHBIE (HOPMYIMPOBKAa O0a30BBIX MOHSITHM,
HapyULIEHUs JOTNYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUH MPOrPaMMHOTO MaTepuana, HO IpU 3TOM
BJIAJICIOIIEMy OCHOBHBIMHM pa3leiaMy Y4eOHOW HporpaMMbl, HEOOXOIMMBIMU IJIsl JAIbHEHIIEro
00yueHHs ¥ ciocOOHOMY IIPUMEHSTH MOTy4eHHbIE 3HAaHHA 10 00pas3ily B CTaHIapTHOM CUTYyalluH;

- oueHka "ynoBieTBOpUTENBbHO (3)" BBICTABISETCS CTYACHTY, IMOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHWH, HEJOCTaTOYHO MpaBMWIbHBIC (opMyTHUpoBKa 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
BIIaJielonieMy (parMeHTapHO OCHOBHBIMH pa3jeliaMH y4eOHOW NporpamMMbl, HEOOXOAMMBIMH JUIs
JaybHeimero o0y4eHus: ¥ cnocoOHOMY MPUMEHATH MOJIYYCHHbIE 3HAHUS MO 00pa3iy B CTaHAAPTHOM
CHUTYaIHH;

- OllcHKa "HEYIOBIETBOPUTEIHHO (2)" BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HAET OOINbIIeH YacTh
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT TrpyOble OMMOKH B
(opMyIHPOBKaX OCHOBHBIX MOHATHI TUCHUIUINHBI X HE yMEET UCIIOJIb30BaTh MOTy4YEHHbIE 3HAHHS [IPU
PEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7ad;

- oueHKa "HeymoBieTBOpuTENbHO (1)" BBICTaBISIETCA CTYACHTY, KOTOPBIM HE 3HaeT (POPMYIHPOBOK
OCHOBHBIX IOHATUH JUCIUIIINHBL.

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

Bo Bpems mpoBemeHuss sK3amMeHa OOydaroUIMecs MOTYT IIOJIb30BarbCs TOJNBKO IPOTrPaMMOM
JUCLUAIUIMHBIL.

[Ipu mpoBeseHuMM »5K3aMeHa OOydYarOLIEMycsl INpeAocTaBiseTcss | acTpOHOMHYECKMH Yac Ha
noarotoBky. Ompoc olyuaromierocst mo OWJIETYy Ha yCTHOM 3K3aMEHEe He JOJDKEH NPEBBIATh IBYX
ACTPOHOMMUYECKHX YacOB.



