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 kpunrorpapus
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa QyHIaMeHTAIBHBIX MPOOIIeM (PU3UKH KBAHTOBBIX TEXHOJIOTUH

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - 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

[Iporpammy cocraBui: J.A. Kponbepr, kanj. ¢us.-mar. Hayk

[Iporpamma obcyxneHa Ha 3aceqannu Kadenpa GyHIaMeHTaIbHBIX TPOOIeM (U3UKH KBAHTOBBIX TEXHOJIOTHIMA
29.03.2025



AHHOTANMA
Kypc nocssiieH 0CHOBHBIM METOAAM J0Ka3aTesIbCTBAa CTOMKOCTH IPOTOKOIOB KBAaHTOBOM Kpunrorpaduu. ITH
3HAHMSI OXBAaTBIBAIOT IOCTAHOBKY 3a/la4l CEKPETHOM Mepenady JaHHBIX, BBEAECHHE KPUTEPHUEB CEKPETHOCTH
MPOTOKOJIOB KBAHTOBOTO pacrpe/ieieHus KIIoue, n3yueHne Hanbosee «9ucToro» nporokona SI1P-cocTosHmMiz
U CBEJICHHE K HEMY psAa Ipyrux NpoTokosoB. JlatoTcst mpeacraBieHuss o0 obecrieueHUH HE3aBUCHMOCTH
MPOTOKOJIOB KBAHTOBOW KpHNTOrpaduu OT HCIOIb30BAaHMS aNMaparypbl M KBAaHTOBBIX AaHAJIOTOB psijia
SHTponui PeHbH, KOTOPBIE Y4aCcTBYIOT B OLIEHKE CTOMKOCTH CXEM KBAaHTOBOW KpHIITOrpaduu.

1. leau u 3apauun

eap AUCUMNIMHBI

JaTh CTYJICHTaM 3HAaHUS 00 OCHOBHBIX METO/AX JO0KAa3aTelbCTBA CTOMKOCTH MPOTOKOIOB KBAHTOBOW
Kpunrorpaguu. DTH 3HAHHUS OXBATHIBAIOT OCTAHOBKY 3aJa4H CEKPETHOH Iepeayn JaHHBIX, BBEICHHE
KPUTEPUEB CEKPETHOCTH IPOTOKOJOB KBAHTOBOTO paclpelesieHusl KIIoueH, u3ydeHue Hamboiee
«guctoroy mpotokona OIIP-cocTosiHMit M CBeJeHHWE K HEMy psja Ipyrux MPOTOKONIOB. JlaroTcs
npencrapieHuss 00 oOecrieYeHMH HE3aBUCHMMOCTH TPOTOKOJIOB KBAaHTOBOH KpunTorpapuu  OT
WCIIONIb30BaHMsI alIapaTypbl ¥ KBAaHTOBBIX aHAJIOTOB psijia SHTponui PeHbH, 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/1aud COOCTBEHHOTO JIMYHOCTHOTO
u  npoecCHOHANBHOTO  Pa3BUTHS,  ONPEHENATh |
peann30BbIBaTh MPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM JESTENbHOCTH

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

VK-6.2 OueHuBaer CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,

CaMOOLIEHKH N
CHOCcOObI M CpEICTBa BBIMOJHEHUS JIESTEILHOCTH C €€
pe3yabTaraMu
OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
mpoeCCHOHANBFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX 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
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
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 COCTOSTHUU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEBHOCTH

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0afaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CriocobeH BeIOMpATH U (MIIH)

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, Mpeiaratb U KOMOWHUPOBATH CHOCOOBI
peneHns




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

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEIOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHss 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU 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 Crpemurcs K TMOJYyYEHHUIO HOBBIX 3HAHUIA,

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

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue u (WJiIn)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3aJad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl

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

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIE
HCCJICAOBAHMUS CAMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTHBA

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIio pe3yJIETaTOB
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 OOOCHOBAaHMSI CTOMKOCTH TNPOTOKOJIOB KBAaHTOBOW KPUNTOTpaguu K CTOMKOCTH

niporoxona JOIIP;

-MCTObI 000CHOBaHUS CTOMKOCTH CXEM KBAHTOBOMU KpI/IHTOFpa(i)I/II/I B YCJIOBHUAX BJIMAHUA ICPCXBATUUKA

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 TIPOCTBIE CXEMBI JJIsI O0ECIeYeHUs] CTOHKOCTH MPOTOKOJIOB KBAHTOBOW 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 YcnoBHas KBaHTOBast SHTPOMHUS U €€ POJIb 5 5
B 000CHOBaHMH CTOMKOCTH
KBaHTOBBIE KOZbI MCHPaBICHUS OIIUOOK,

4 CTOHMKOCTh MIPOTOKOJIA BB84, 5 5
noxkasarenberBo Hlopa-IIpeckumia
[TocTpoenne cxeM KBaHTOBOH

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 SHTPOMUS, POJIb €€ OTPUIIATEIIEHBIX 3HAYSHUH 7S CIIETUICHHBIX cocTossHUN. OO00CHOBaHUE
OTCYTCTBUSI MH(POPMAIIMU TepexXBaTdyuka TNPU HAIWYHU CHETUICHHOTO COCTOSHUSI Y JIETUTHMHBIX
MOJIb30BaTEIIEH.

4. KBaHTOBBICE KOABI WCIIPABICHHS OINMMOOK, CTOWKOCTh Tmporokona BB84, mnokazarenscTBO
[Topa-IIpeckumina

Krnaccuueckue nuHeHbIE KOABI KOPPEKIUH OMNOO0K, CHHAPOMHOE AeKoANpoBaHue. KBaHTOBbIE KOIbI
KOPPEKIHUU OMMOOK W WX NPUMEHEHHE IJIs YBEIMYEHHUS CLEIUICHHOCTH MEXIY YyAaJleHHBIMHU
nonb3oBatensiMu.  CSS-xompl. ODTambl cBeieHus mporokona BB84 k u3MepeHHIO CHEMIEeHHBIX
coctosiHui: ipoTtokoi Jlo-Uy, nmpotokon CSS-komoB.

5. IlocTtpoeHue cxeM KBaHTOBOM KpUITOTpauu, HE3aBUCHUMBIX OT ammaparypbl

[lonsaTtue He3zaBucMMOW OT ammapaTypbl kBaHTOBOM kpumnrtorpaduun (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 CTOHKOCTH IPOTOKOJOB KBAaHTOBOW Kpumnrorpaduu uepe3 SHTPONUKHHBIC
COOTHOILIEHUsI HEOIIpeIelIeHHOCTEN

OHTPONMMHBIE COOTHOLICHUS HEONPEACICHHOCTEH W WX HCIOJb30BAaHME B  KBAHTOBOH
kpunrtorpaguu. CBs3p € TPagUIMOHHBIMH COOTHOIIGHHSIMH HeompeaeneHHocTei. 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 W. KBanToBble BeIYMCIICHUS M KBaHTOBast nHpopMmanusa. M. : Mup, 2009.

JomnonHurensHas aureparypa

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 ¢ yueOHOW ¥ Hay4YHOW JHMTEPATYpOH sIBISIETCS TIaBHOW (HOpMOM caMOCTOSTENHHON paboThl U
HeoOXoMMa TPH MOATOTOBKE K KOHTPOJIILHOM pabore, Sk3aMeHy. OHa BKIIIOYAeT MpPOpabOTKy
JICKIIMOHHOTO MaTepHaya — HM3yYeHHUE PEKOMEHIOBAHHBIX MCTOYHHKOB M JIUTEPATYpPhl IO TEMaTHKE
neknuid. KoHCHeKT JeKuuu J0/DKeH coaepkKaTh pedepaTHBHYIO 3aICh OCHOBHBIX BOIPOCOB JICKIUH,
NPEIUIOKEHHBIX MPEIoaBaTesieM cXeM (IIPU UX JAEMOHCTPAIMHI ), OCHOBHBIX HCTOYHUKOB U JIUTEPATYPHI
IO TEeMaM, BBIBOJIBI T10 KaXKIOMY BOIPOCY. KOHCIIEKT H0IKeH OBITh BBITIOIHEH B OTIEIFHON TETPAaH IO
npenMery. B ciydae BO3ZHHMKIIMX 3aTpyAHCHUH B IIOHMMaHMM y4eOHOTO Marepuaia CleayeT
00paTuThCA K IPyTUM HCTOYHUKAM, T/Ie U3JIOKEHNE MOXKET OKa3arhes Oonee qoctymHbM. Heooxommmo
OTMETHTh, YTO pabOTa C JIUTEPATYpOH HE TOJIBKO MOJIE3HAa KaK CPEICTBO Oosiee TIyOOKOro M3YyueHHUs
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

kadeapa QyHIaMeHTAIBHBIX MPOOJIeM (PU3UKH KBAHTOBBIX TEXHOJIOTUI
Kypc: 1

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

Pa3zpaGoTunk: H.A. Kponbepr, kaug. ¢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/1aud COOCTBEHHOTO JIMYHOCTHOTO
u  npoeccHOHANBHOTO  Pa3BUTHS,  ONPEHENATh |
peann30BbIBaTh MPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESITELHOCTH

VK-6.2 OueHuBaeT CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,
CHOCOOBI M CpPEICTBa BBHIMOJHEHUS JIESTEILHOCTH C €€

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

pe3yabTaraMu
OIIK-1.1 3Haer w© Croco0eH HCIIOJIL30BAaTh B
nmpoeCCHOHANBPHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKU OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIEJOBaHUI B 0O0JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpHU
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 Umeet npeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIIC/IOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANIBHON eI TeNbHOCTH

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTeparype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW AEATEIBHOCTH 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 aHamu3upoBarh 3ajady, [JIaHUPOBAThH
MyTH PEIIeHHs, MpelaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEIOBATEILCKUE
METObl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binameer aHaIUTUYECKUMUA U BBIUUCIUTEIHLHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBAET 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 CrpeMutrcsi K TMOJYyYEHUIO HOBBIX 3HAHHUH,
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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAHHN B
paMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbI UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
pE3ybTaThl

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

[IK-2.1 CnocoGeH IulaHUpOBaTh M MPOBOAWTH HAYUYHBIC
UCCJICZIOBAHUSI CAMOCTOSITENIbHO MJIM B COCTaBE€ HAay4yHOIO
KOJIJIEKTHBA

[MIK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyOIMKalUK HAYYHBIX CTAaTeH U y4acTusi B KOHOEPEHIIUSIX

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH




B pesynbrare nzyuenus aucuuiuinHbl «KBaHToBas kpurntorpadus» o0yqaromuics JOIKeH:

3HATb:

-MaTeMaTH4eCKHe MPUHIUIIBI KIIaCCHYE€CKON KpUNTOTrpaduu;
-CEMEUCTBO SHTPONUI PEHbU B KJIACCUYECKOM U KBAHTOBOM CIIy4ae, UX CBOMCTBA;
-METOJbl CBEACHUS OOOCHOBAaHMSI CTOMKOCTH INPOTOKOJIOB KBAaHTOBOW KPUNTOrpaguu K CTOMKOCTH
niporoxona JOIIP;
-METO/bl 000CHOBaHMS CTOMKOCTH CXEM KBaHTOBOM KpuNTOrpaduu B yCIOBUSIX BIUSHUS IIePEXBaTUNKa
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 CXEeMBI JUId OOecreueHHs] CTOWKOCTH IPOTOKOJIIOB KBAaHTOBOW Kpunrorpadguu B
YCIIOBHUSIX HEJJOBEpUS K 000PYI0BaHHIO.

BJIaJeTh:

-MaTCMaTU4YCCKUM allaparom KJ1aCCUYECKOU KpI/IHTOI‘pa(I)I/II/I;
-MaTeMaTH4CCKHUM allriapaTom 3HTpOHI/II>'I OJHOYACTHUYHBIX U COCTaBHbBIX KBAHTOBBIX COCTO?[HI/Iﬁ;
-MCTOJaMH o0ecIeueHusT CTOMKOCTH IMPOTOKOJIOB I HC3aBUCUMOCTH OT 060py)10BaH1/15{.

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

[TepeueHb KOHTPOIBHBIX BOIPOCOB:

. OnpeneneHne OTHOCUTEILHON KBAHTOBOM SHTPOIHNH, clielM(pHKa KBAHTOBOTO CIIydast
. CHSH-urpa, BO3MOXHOCTH UT'POKOB B CIIy4ae UCIOJIb30BAHUS CLETJICHHBIX KBAHTOBBIX COCTOSTHUN
. KBaHTOBEIE KOJIBI KOPPEKIIMU OMIMOOK, TocTpoeHue kona CTuHa

1
2
3
4. OcHoBHBIE 3Tanbl cBefeHus npoTokonaa BB84 k mpotokomy DI1P
5. IlpumMepsl ACUCTBUI NTepeXBaTUYMKA IIPU €T0 BIMSIHUM Ha annaparypy JETUTUMHBIX IT0JIb30BaTeNICH
6. OmpeneneHne KBaHTOBBIX dHTponuid PeHbu, nX cBOiCTBa

7

. DHTPONUITHBIE COOTHOICHHUSI HEONPEACIEHHOCTEH, X POJIb B KBAHTOBOU KpUNITOrpaduu
[IprMepbl KOHTPOJIBHBIX 33JIaHUN:

1. Ilocunrtare Ty UM UHYIO SHTPONMU PeHbY [UIsl JaHHBIX KBAHTOBBIX COCTOSHUI
2. IlocTpouTh KBAaHTOBBIN KOJI KOPPEKLIUH OMHMOOK /IS JaHHBIX BOSMOXHBIX OIINOOK

3. Ilocunrarh 3aBHCUMOCTH JJIMHBI CCKPCTHOI'O KJIrO4Ya OT 3aryXaHusA B JIMHUK CBA3U IAJId OAHHOT'O
IMPOTOKOJIA

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

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIIECTOB:

burer 1.
1. OcHoBHBI€ Tankl cBeAeHus nporokosa BB84 k mpotokomy DI1P
2. IlocunTarh Ty WM HHYIO SHTPONIMU PEHBY 1711 JaHHBIX KBAaHTOBBIX COCTOSHUMN

buier 2.
1. CHSH-urpa, BO3MO)XHOCTH UTPOKOB B CITy4ae MCIIOIH30BAHMS CIIETINICHHBIX KBAHTOBBIX COCTOSTHHMA
2. ITocTpouTh KBAaHTOBKIN KOJI KOPPEKITUU ONTHOOK TS TAHHBIX BO3MOXKHBIX OITUOOK



Kpurepun onennBanus
- onenka "ommuHo  (10)"  BBICTAaBNSeTCS  CTYAEHTY, IIOKa3aBIIEMY  BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
IPUMEHATH UX Ha MPAKTHUKE MPH PEIICHNU KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PEIICHUH;
- omenka  "ommmuHo  (9)"  BBICTaBISETCS  CTYAEHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, INTyOOKHE 3HAaHHUS yueOHOMN MPOrpaMMbl AUCIUITIIMHBL U YMEHUE IPUMEHATh UX
Ha MpaKTHKE MPHU PELICHHH KOHKPETHBIX 3ajad, cBOOOJHOE M MpaBWIIbHOE OOOCHOBAaHUE NMPHHATHIX
peLIEHN;
- omenka  "ommmuHO  (8)"  BBICTABISETCS ~ CTYAGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, INTyOOKHE 3HAaHHUS yueOHOMH NMPOrpaMMbl AUCIUIIIMHEL U YMEHUE IPUMEHATh UX
Ha MPaKTHKE [IPHU PEILICHMH KOHKPETHBIX 3ajiad, U IPAaBUIbHOE 000CHOBAaHUE MPUHSTHIX PELICHUN;
- oreHka "xopormio (7)" BBICTaBISETCS CTYACHTY, €CIIM OH TBEpPAO 3HACT Marepwall, 'PaMOTHO U TIO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHUTh MOJyUYCHHbIE 3HAaHHUs Ha MPAaKTUKE, HO JIOIyCKaeT B OTBETE
WM B PELIEHUHU 3ajjad HEKOTOPblE HETOYHOCTH;
- omeHKa "xopomio (6)" BBICTAaBISETCS CTYIEHTY, €CJIM OH 3HAET MaTepual, TPaMOTHO H IO CYLIECTBY
U3JIaraeT ero, ymMeeT NPUMEHUTH I[10JIyYE€HHbIE 3HAHMS Ha IIPAKTHKE, HO JIONyCKaeT B OTBETE WIU B
peIIeHUH 3a/1a4 HEKOTOPhIE HETOUHOCTH;
- olleHKa "xoporio (5)" BeICTaBIsETCS CTYACHTY, €CIIM OH 3HAET MaTepua, IO CYIIECTBY M3JIaraeT ero,
yMeeT MPUMEHUTH TOJyuYeHHbIC 3HAHHUS Ha MPAKTUKE, HO JOIMYCKAET B OTBETE WM B PEIICHUH 3a/ad
HEKOTOPbIE HETOYHOCTY;
- oleHKa "yaOoBIETBOPUTENHLHO (4)" BBICTABISIETCS CTYIEHTY, IMOKaszaBlieMy (parMeHTapHbIN,
Pa3po3HEHHBIA XapaKTep 3HAaHUI, HEIOCTaTOYHO MpaBHIIbHBIE (OPMYIUPOBKA Oa30BBIX TOHSITHH,
HapylleHHUsl JOrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
BJIAJICIOIIEMY OCHOBHBIMH pa3liellaMd Y4eOHOW NpOrpaMMbl, HEOOXOOUMBIMH [UIS JalibHEHIIEero
00yueHHs ¥ ciocOOHOMY IIPUMEHSATH MOTy4eHHbIE 3HAaHWUA 10 00pas3ily B CTaHIapTHOM CUTYyallnH;
- oueHka "ygosierBopuTesnbHO (3)" BBICTABISIETCS CTYIEHTY, IOKaszaBlieMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHWIl, HEJOCTaTOYHO NpaBWIbHBIC (HOPMYIHPOBKA O0A30BBIX IMOHATHM,
HapyLIEeHHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
BIIaJieIonieMy ()parMeHTapHO OCHOBHBIMH pas3felaMH y4eOHOH IporpaMMbl, HEOOXOAMUMBIMU IS
JaJibHEeHIero o0y4eHus: 1 cnocoOHOMY MPHUMEHSTh HMOIY4YEeHHBIE 3HaHUS 1O 00pa3ily B CTaHAAPTHOM
CUTYyalluy;
- OllcHKa "HEYOBIETBOPUTEIHHO (2)" BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HAET OOINbIIeH YacTh
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOorpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATHH AMCIUITIMHBI M HE YMEET UCIOIb30BaTh OTYYECHHBIC 3HAHUS MIPU
pEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7ad;
- oueHKa "HeyaoBieTBOpUTeNbHO (1)" BBICTABIAETCS CTYAEHTY, KOTOPBIH HE 3HAeT (OPMYIUPOBOK
OCHOBHBIX NOHATHI AUCLUIUINHBL.

5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHUH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

Bo Bpems mpoBeaeHusi 3K3ameHa oOydarommecs MOTYT IIOJb30BAaThCS TOJBKO IPOrpaMMOin
JUCLUAIUIMHBIL.

[Ipu mnpoBemeHuM »sK3aMeHa OOydaroUIeMycsl MpeNoCTaBiseTcss | acTpOHOMHYECKHH dYac Ha
noarotoBky. Ompoc olydaromierocst mo OWJIETYy Ha yCTHOM 3K3aMEHE He JOJDKEH MPEBBIATh JIBYX
ACTPOHOMMYECKHX YacOB.



