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BHUKJ/IaJlaviB
KoncynbTarii 3 kypcy | KoHcynbTalii B [eHb TpOBe[ileHHs JIeKL[iii Ta JsiabopaTOpHUX 3aHATH (3a
BiiOyBalOTHCSA MoMnepeHbO [JOMOBJIEHICTHO). Tako)K MOJK/IMBI OH-/IalH KOHCYJIbTaLlil uepe3
eJIEKTPOHHY TIOIITY abo OH-J1akH 3acobamu Zoom, Microsoft Teams.
CropiHka Kypcy https://physics.lnu.edu.ua/course/fizychna-realiza. ..e-prohramuvannia
Indopmanis po Kypc «®i3nuHa peamisalis KBaHTOBUX KOMIT'FOTEPiB» HaleXUTb [0
AUCLUITIHY BHUOIpKOBOI HaBYa/MbHOI AUCLMIUIIHK 3i crerfiambHOCTi 104 «®di3uka Ta

actpoHoMisi». Mloro Buknagarots ctygeHtam OHII “KBaHToBi Komm’roTepu Ta
KBaHTOBe TiporpamyBaHHs” y 1 cemectpi B 00cs3i 4,5 kpeautu (3a
€sponeiicbkoro KpenutHo-TpaHcdepHoro Cucremoro ECTS).

KopoTka aHoTallist

Kypc po3pobrieHo TakuM 4MHOM, 11j006 03HAWOMHTH CTY/eHTIB i3 pearni3arii€to

JUCIUILTIHA KBAaHTOBHX KOMIT I0TepiB Ha pi3HUX (i3UUHUX CHCTeMaX.
Merta Ta mini Metoro i 3aBJaHHSM HaBUaJbHOI AUCLUUIUIIHKM «®dDi3nuuHa peasisalis
AUCLUILTIHA KBAaHTOBHUX KOMIT'IOTepiB» € O03HallOMJieHHs CTYyJeHTiB i3 ¢i3uuHO0
peastizalli€l0 KBAHTOBUX KOMII'HOTepax Ha pi3HMX (Pi3MYHMX CUCTeMax, TaKuX
sIK, TIOJIIpU30BaHi (POTOHU, CITiHU sifiep i eNIeKTPOHIB aTOMiB, HaJTPOBiAHUX
KybiTax i T. [1.
Jliteparypa ansa Ba3oBa:

BHUBUEHHS JUCIUILTIHA

1. J. D. Hidary. Quantum Computing: An Applied Approach. Springer Nature
Switzerland AG, 2019, 379 p.

2. T. €. Kpoxmanbcbkuil. BeTyr 0 KBaHTOBUX 00urcienb. J1.: “JIbBiBCbKHM
Hal|iOHa/IbHUM YHiBepcuTeT iMeHi IBana ®panka”, 2018, 204 c.

JonomMbkHa:

3. B. M. Tkauyk. ®yHiameHTabHI Tpo6ieMu KBaHTOBOI MexaHiku. JI.: “JIHY
imeHi IBana ®panka”, 2011, 144 c.

4. B.-G. Englert,Ch. Kurtsiefer, H. Weinfurter. Universal unitary gate for
single-photon two-qubit states. Phys. Rev. A 63, 032303 (2001).

Indopmauniiini pecypcu
Wikipedia. http://www.wikipedia.org

TpuBaIiCcTh Kypcy

OJTUH CeMecTp

O0car Kypcy

135 roguH, 3 akux 48 rogvH ayJUTOPHUX 3aHATb, 3 HUX 16 roguH Jsekwiu, 32
rOJiH J1ab0PaTOPHMX 3aHATh, Ta 87 rOJJUHU CAMOCTIMHOI pOOOTH.

OuikyBaHi pe3y/bTaTH
HaBYaHHA

Kypc dopmye Taki 3aranehi (3K) Ta crierjianbHi komnereHTHOCTI (CK):

3a2a1bHi KOMNemeHmMHoCmi:
3K04. 31aTHICTh BUUTUCS | OBOJIOAIBATA CYYaCHUMM 3HAHHSIMM.

CneyianbHi KoMnemeHmMHocmi:

CKO1. 3paTHicTb BHKOpPHCTOBYBAaTH 3aKOHH Ta TPUHLMIK (isuku Ta/abo
aCTPOHOMII y TO€HAHHI i3 TIOTPIOHUMM MaTeMaTUYHUMH iHCTPYMEHTaMH [IIst



https://physics.lnu.edu.ua/course/fizychna-realizatsiia-kvantovykh-komp-iuteriv-104-fizyka-ta-astrofizyka-onp-kvantovi-komp-iutery-ta-kvantove-prohramuvannia
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Emmanuel%20Desurvire&eventCode=SE-AU
mailto:andrij.kuzmak@lnu.edu.ua

OIUCY MPUPOJHKX SIBULLI.
CKO02. 3patHicts (opMysitOBaTH, aHajli3yBaTd Ta CHHTe3yBaTH PpillleHHs
HAyKOBHX ITP00JieM y ramy3i ¢i3vku Ta/abo acTpoHOMil.

CKO05. 3paTHicTh cripuiiMaTi HOBO3700yTi 3HaHHS y Tamy3i (i3vku Ta
aCTpOHOMIi Ta IHTerpyBatd iX 3 Yy)Ke HasBHUMM, a TaKOXX CAMOCTIMHO
OTIaHOBYBATH 3HaHHS Ta HABUUKH, HeOOXi/[Hi /11 po3B’si3aHHs CK/IaHKX 3a7ay i
npo6sieM y HOBUX fijisi cebe /leTami3oBaHUX MPeAMETHHX Tamy3sx (i3uku Ta/abo
acTpOHOMIT 1 JOTMYHKX /10 HUX MDKIUCLIATUTIHADHUX 00/1aCTsIX.

CK11. 3aTHicTb po3B’si3yBaTH 3a/laui KBaHTOBOI iH(hopMallil aHaliTHUHO Ta 3a
JIOTIOMOT'OF0 KBAHTOBUX OOUHC/IEHb.

ITpoepamui pesynbmamu HaguaHHs (PH), Ha [OCATHEHHSl SIKMX CIIPSIMOBaHe
BHBUEHHS KypCy:

PH06. OOupatn edeKTHBHI MareMaTHuHi MeToAM Ta iHQopMariiHi
TEXHO/IOTil Ta 3acTOCOBYBaTH iX [Js 3[iMCHEHHS [OC/i/pKeHb Ta/abo
iHHOBaLi# y ramy3i ¢i3uku Ta/abo acTpoHOMii.

PH10. BigykoryBatu iHdopmatriito i gaHi, HeoOXiZHI po3B’sA3aHHS CK/Ia[HUX
3amay (i3uku Ta/abo acTpoHOMIii, BUKOPHCTOBYIOUHM Pi3Hi /Kepesia, 30Kpema,
HayKOBi BHJaHHS, HAyKOBi 0a3u [JaHWUX TOIIO, OI[iHIOBAaTH Ta KPUTUUHO
aHasli3yBaTy OTpuMaHy iHdopMallito Ta JaHi.

PH12. Po3pobnaTy Ta 3acTocoByBaTH e(eKTHBHi a/JTOPUTMH Ta CrieLjiasti-
30BaHe TMporpamHe 3a0e3rneueHHs /s AOC/iPKeHHS Mojeneld Gi3uuHux Ta/
abo actpoHoMiuHMX 00’€KTiB i TiporieciB, 0OpoOKM pe3y/bTaTiB eKCIlepu-
MEHTIB i CIIOCTepeKeHb.

PH18. Posp’s3yBaTv 3afaui KBaHTOBOi iHQopmallii aHamiTHYHO Ta 3a
JIOTIOMOT'0F0 KBAHTOBUX OOUKCIIEHD.

PH19. MogentoBati (i3vuHi CHCTeMU Ta AOC/IPKyBaTU IX B/IACTMBOCTI Ha
KBaHTOBUX KOMIT IOTepax.

KirouoBi ci1oBa

KBAaHTOBHI KOMIT'IOTep, MOJIIpU30BaHi (POTOHU, CMiHU aTOMHHUX si[iep, CHiHU
eJIeKTPOHIB, HaJTIPOBiJHI KybiTH.

dopmart Kypcy OuHui
TIPOBe/IeHHsT JIeKI[ili, 1abopaTOpPHUX 3aHSATh Ta KOHCYJIbTALlii i Kpaljoro
PO3YMiHHSI TEM
Temu Hagesneno B Tabmuii 1
IMiacymxoBuii 3asiik B KiHLi 1-ro cemectpy.
KOHTPOJIb, hopMa
IIpepeksBi3utu 151 BUBUEHHS KyPCY CTY/IeHTH TOTpeOyoTh TPYHTOBHUX 3HAaHb i3 AUCLIATLIIH

3aranbHOI (pi3uKy Ta BULLOI MaTeMaTHKU. Hacamriepes; 3 KBAHTOBOI MeXaHiKH,
MaTeMaTHUUHOI0 aHasli3y, aHa/liTHUHOI reoMeTpii, AudepeHLia/IbHUX PiBHSHb.

HaBuanbHi MeToau Ta
TeXHIKH, AKi 0yAyTh
BUKOPHCTOBYBATHCS MiJ|
Yac BUK/IalaHHA KYpCy

[IpesenTariis, jeKLii, AUCKYCis, pO3B’A30K 3a/au.
[TepenbaueHo it0CTpyBaHHs JIeKLIIMHOTO MaTepiany cxeMaMu Ta rpadikamu.

Heoo0xigHe 00/1agHaHHA

Jo1ika i Kperza, mepcoHaIbHUM KOMIT FOTep, MPOEKTOP

Kpurepii onjiHioBaHHA
(oKpeMo /151 KOXKHOT0
BH/ly HABYa/ILHOI
Aisl/IBHOCTI)

OriHtoBaHHSI MPOBOAUTHLCS 3a 100-6anbHOIO 1IKa/iow. banu HapaxoBYHOThCS

3a TAKUM CIIiBBIi/JHOLLIEHHSM:

* pobora Ha /abopaTOpHMX 3aHATTAX Mif dac cemecTpy: 40% cymapHOi
OL[iHKW; MaKCUMaJIbHa KiJbKiCTh

6aniBe — 40 BiAMOBIZAHO /10 TaKOi ITKaIH:

36—40 — akTuBHa y4yacTb y 13—16 3aHATTSX;

28—-35 — aKTUBHA y4yacTb y 9—12 3aHATTAX;

20—27 — aKTWBHA y4acTb Y 5—8 3aHATTIX;




1-19 — akTuBHa yyacTb y 1—4 3aHATTAX;

0 — >KOo/IHOT aKTHUBHOI yuacTi B 1aD0paTOPHUX 3aHSTTSX;

* Ti/ICYMKOBe TeCTyBaHHS 3a JBOMa 3MmicToBuMM mozyiasmu (o 30 Oasis,
TIPOBOZAMTLCS Ha TIifi yac labopaToOpHUX 3aHsTh): 60% CcymMapHOi OIiHKY;

Koxken Tect mictuth 1o 10 3aBgaHb. Ko)kHe 3aBAaHHS OL[iHIOETHCS B 3 Oasu:

3 — TipaBWIbHA BiJIMOBi/Ib Ha 3aBJJaHHS Y TeCTi;

0 — HernpaBuWIbHAa BiANIOBI/b HA 3aB/IaHHSA Y TECTi;

MaKCHUMaJlbHa KiJIbKiCcTh OatiB — 60;

[TincymMmkoBa MakcrMasbHa KisibKicTs 6amiB — 100.

HopatkoBi 6amuM MOXKHA OTPUMAaTH 3a HAINMCaHHS Te3, CTAaTTi, y4acTb Y

MDDKHAapOZHUX, BCEYKPAiHCBKUX Ta/abo iHIMX 3axojax abo KOHKypcax 3a

TeMaTUKOI0 HaBYa/IbHOI Aucturuiing 5/10 GasmiB.

ITuceMoBi podoTn: OUIKyeThCSs, 10 CTY/€HTH BUKOHAIOTh [IeKiJibKa BH/IIB
MMCbMOBHUX POOIT (TeCTyBaHHS).

AxkajemiuHa Jo0pouecHicTb: OUiKyeThCs, 10 pOOOTH CTYZeHTIB OyAyTh iX
OpWriHa/bHUMU [OC/I/PKeHHSIMU UM MIpKyBaHHSIMU. BifCyTHICTB MocusiaHb
Ha BUKOPHCTaHi /pkepesa, (pabpuKyBaHHS yKepesi, CMIMCYBaHHS, BTPYYaHHS B
pobOTy iHIIMX CTy/JeHTiB CTaHOB/ATb, aje He O0OMeXYHTb, TPUKIAIU
MOJK/TUBOI aKa/leMiuHOi HeZoOpouecHOCTi. BusiBNeHHsT O3HaK akKaJeMiuHoi
HeZloOpoYecHOCTI B TMMCHMOBiM poOOTI CTyJgeHTa € TifcTaBol0 s il
He3apaxyBaHHS BUK/IaJjaueM, He3asIe)kHO Biff MacmTabiB miariaty ui obMaHy.

BifBigaHHs 3aHATH € BaXKJIMBOIO CK/Ia[0OBOI0 HaBUaHHS. OuiKyeTbcs, 1110 BCi
CTYJeHTH BiABIZAtOTh yci JeKuii i mpakTuuHi 3aHATTS Kypcy. CryzeHTn
MaroTh iH(GOpMyBaTH BHK/a/laya NP0 HEMOXJIMBICTh BiJjBiZlaTH 3aHATTA. Y
Oy/Ab-SIKOMY BUIaJKy CTyZeHTH 3000B’si3aHi JOTPUMYBaTHUCs YCiX CTpOKIB,
BU3HAUEeHUX [/Id BUKOHAHHSI yCiX BH/IB MUCHMOBUX pOOIT, TepenbaueHuX
KypCOM.

Jliteparypa. Ycio Jjiteparypa, SIKy CTy[eHTU He 3MOXYTb 3HaWTU
caMocCTiliHO, OyJe HaJaHO BUK/IaJauaMH BHUK/IIOUHO B OCBIiTHiX MHiisix 0e3
npaBa ii mepenaBaHHsi TpeTiM ocobam. CTyJeHTH 3a0XOUyHTbCS [0
BUKODUCTAHHS TAaKOXX W IHILOI JliTepaTypyd Ta [pKepes, SKUX HeMae cepef,
pPEKOMeH/J0OBaHUX.

IToniTuka BUCTaBjeHHs OasiB. BpaxoBytoTbcsi 6anu, HabpaHi Ha
7abopaTOpPHUX 3aHATTSIX, CAMOCTiHHIN poOOTi, MOTOYHOMY TeCTyBaHHI Ta
nizcymkoBomy icriuTi. TIpu 1jboMy 0OOB’SI3KOBO BPaxOBYHOTbCsI IPUCYTHICTh
Ha 3aHATTAX Ta AaKTUBHICTb CTYJAEHTIB IIiJi 4ac IPaKTUYHOI'O 3aHATTH;
HeJONyCTUMICTh TIPOMYCKIB Ta 3arli3HeHb Ha 3aHATTSI; KOPUCTYBaHHS
MOOiTbHUM Tesile)OHOM, TITAHIIIETOM YW iHIIAMH MOOIIbBHUMM MPUCTPOSIMHU
MiJ, YaC 3aHATTA B L|/ISIX, He II0B’SI3aHMX i3 HaBUaHHsM; CIIMCYBaHHS Ta
rjiariar; HecBO€YaCHe BUKOHAHHA II0CTaB/J€HOTO 3aBJaHHA 1 T. IH.
[MigcymKoBUii icnuT Bij0yBa€eThCsl y BiAKpUTiiA (hopMi 3 BiTbBHUM JOCTYTIOM /10
Oyp-SIKUX [pKeper iHpopMariii mif; yac miCcbMOBOI YaCTUHH.

JKopni hopmu ropy1iieHHsI aka[eMiuHOi J00pOUYeCHOCTi He TOJIePYIOThCS.

ITutanHa Ha
MO/Jy/IbHUA KOHTPOJIb

1. ®i3nyHa peastizalfisi OIHOKYOITHUX JIOTiUHUX €/IEMEHTIB Ha ()OTOHAX.

2. Peaizalliss KBaHTOBUX KOMII’FOTePiB Ha MOJISIPU30BaHUX (DOTOHAX.

3. ®i3uuHa peanisauis oneparopa NOT i CNOT Ha nosisipu3oBaHUX ()OTOHAX.
4. KBaHTOBI KOMIT FOTEPU Ha CITiHaX aTOMiB.

5. Peanizanis oneparopie NOT, Apnamapa, 3cyBy a3y, MOBOPOTY Ha KyT
HaBKOJIO OCeli KOOpJWHaT, 5IKi 1o0y0BaHi Ha CITiHi 1/2 B MarHiTHOMY TI0JIi.

6. KBaHTOBMI KOMII'FOTep Ha CITiHaX, fKi ONMUCYIOTHCA MoZe/uTto [3iHra.

7. Peanizatiisi oneparopiB CNOT i KOHTpO/IbOBaHOTO 3CyBY (pa3u Ha JBOX
criHax 1/2.




8. KBaHTOBMI1 KOMIT'10Tep Ha CITiHaX, I0 OMUCYIOThCS Mogeruio ['aiizeHbepra.
9. IlpuroTyBaHHs 3arlyTaHUX CTaHIB HAa CUCTEMi JBOX CIiHIB 1/2.
10. KBaHTOBiI KOMI'FOTEpY Ha MOHAX B MACTKaX i ONTUYHUX I'PaTKaXx.

OnuryBaHHs AHKeTy-OIliHKy 3 MeTOI0 OI[iHIOBaHHsA SIKOCTi Kypcy Oyze HagaHO TIO
3aBeplIeHHIO KypCy.
Tabmuns 1
Cxema Kypcy «®i3nuHa peartizaliisi KBAHTOBUX KOMIT IOTePiB»
. dopma AisiIbHOCTI Tepmin
TvxHi Tema 3aHATb
Ta 00CAT TOIUH BHUKOHAHHSI
3mMicToBuM MoAyJb 1
1-2 | Peamizaliis KBaHTOBOro OiTa Ha Jlekirii — 2 ron, 2 TYDKHS
nosisipu3oBaHux (oToHax. KBaHToBuU nab. 3aHATTS — 4 TO[|
KOMIT’ FOTep Ha Mojsipu30BaHuX doToHax. [3] | camocriiina pobora — 10 rog
3—4 | HaniBnpo3opwuii 6ap’ep. ®isuuHa peamizawis | Jlekiii — 2 rog, 2 TWXHS
OJJHOKYOiTHUX JIOTiUHHMX eJIEMeHTiB. nab. 3aHATTI — 4 TO[
Po3pintoBay nosisipr3oBaHUX MPOMEHIB. camocrTiiiHa pobota — 10 rof
Omneparop kopinb 3 NOT. [3]
5-6 | Peanizanis oneparopa CNOT 3a gornomororw | Jlekuii — 2 rog, 2 TWXHS
HV i FS posgintoBau npomeHis. [1] nab. 3aHATTS — 4 107
camocTitiHa pobota — 20 rof
7—8 | Peastizaljis KBAaHTOBOI'O KOMIT t0Tepa Ha criHi | Jlekuii — 2 rog, 2 TWXKHSA
1/2 B marHiTHOMY T10i. [2,3] n1a0. 3aHATTI — 4 o
camocTiiiHa pobota — 5 rog
3MicTOBMM MOAY /b 2
9-10 | Peani3aliiss 0fHOKYOITHUX KBAHTOBUX Jlekuii — 2 rop, 2 TWXHS
JIOTIYHUX eJIeMeHTIB Ha KBAHTOBOMY nab. 3aHATTS — 4 ro[|
KOIT'}0Tepi CIiHi 1/2 B MarHiTHOMy IIOJIi. camocTiitHa pobota — 5 rof
[1,2]
11-12 | KBaHTOBUI KOMIT’FOTEP Ha [IBOX CIiHaX, L]0 Jlexuii — 2 rop, 2 TWXHS
OTUCY€EThCS MoAesuTo [3inra. [1,2] na0. 3aHATTI — 4 rof
camocrTitiHa pobota — 10 rof
13-14 | KBaHTOBMI KOMIT'FOTEP Ha [IBOX CIiHaX, L0 Jleknii — 2 rog, 2 TVWKHS
OIMUCY€ETbCS MoAesTo ["aiizeHbepra. [1,2] nab. 3aHATTS — 4 TO[|
camocTiiiHa pobota — 10 rof
15-16 | Peani3aliisi KBAHTOBUX KOMIT FOTEPiB Ha Jlekuii — 2 rop, 2 TWXHS
HOoHax B MaCTKax i Ha ONTHUYHUX I'paTkax. [2] | ;ab. 3aHITTS — 4 O/
camocTiliHa pobota — 17 rof




