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«KBaHTOBI 004YMCJIEHHN,

o Bukiagaerscs B Mexax OIIII “Indopmarnka” gpyroro
(MaricTepcbKoro) piBHsi BUIIIOI OCBITH JIs1 3100yBaYiB 3i crieniajibHOCTI
122 KoM’ roTepHi HayKu

JIbBiB 2023 p.



Ha3zsa qpucoumiinm

KBanToB1 00unciIeHHS

AJpeca BUKJIAJaHHA
JTUCHHUILTIHA

JIbBiBCHKMI ~ HAI[lOHAJBLHUK  yHiBepcHTeT iMeHi [Bana

VYuiBepcurercbka 1, m. JIbBiB, Ykpaina, 79000

®paHka, BYIL

dakyJabTeT TA

@DakynapTeT MPUKIATHOT MATEMATUKH Ta IHPOPMATUKH,

kadenpa, 3a Ax010 | Kadenpa nporpaMmyBaHHs
3aKpinjieHa
AUCIHUILTIHA
I'amy3b 3Hanb, mmgp | Fany3s 3nanb: 12 [HpopmariiiHi TeXHOTOTIT
Ta Ha3Ba CrenianpHicTs: 122 KoM toTepHi HayKu
CneniaJbHOCTI
Bukaagaui Pukamox Poman €BcraxoBuy, K. ¢-M. H., TOLEHT KadeapHu MporpaMyBaHH
JTUCHHUILTIHA
KonTakTHa Enexkrponna TOIIITA! roman.rykalyuk@Inu.edu.ua, BeO-CTOpiHKA:
indopmamis https://ami.Inu.edu.ua/employee/rykaliuk
BHKJIA1a4iB

Koncyabraunii 3
NUTAHbL HABYAHHA
0 TUCHHUILTIIiHL

KoHcynpramii B JOeHb MPOBEACHHA JIEKIii/TabopaTOpHUX  3aHATH (32
MOTIEPETHHO0 JIOMOBJICHICTIO Ta 32 YMOBHU IPOBEACHHS ayJAWTOPHUX 3aHATH). B
1HIIIOMY BHIIAJKy MO>KJIMBI OH-JIAiiH KOHCYJbTallii uepe3 Zoom uyu MS Teams. s

Bi0yBaOTHCSH MIOTO/DKEHHST 4acy OH-JaiiH KOHCYJBTAIlill CIiJ] MHUCATH Ha €JIEKTPOHHY MOIITY
BHUKJI31a4ya a00 I3BOHUTH.
Cropinka kypcy https://teams.microsoft.com/l/channel/19%3a5HBpESx0WvVBF8hbzIHF54wjzliq

FRfIMZbQdk6JMoMY 1%40thread.tacv2/%25D0%2597%25D0%25B0%25D0
%25B3%25D0%25B0%25D0%25BB%25D1%258C%25D0%25BD%25D0%25
B5?groupld=c9809b69-13e0-42b9-8cf3-104c597a0e4d&tenantld=70a28522-
969b-451f-bdb2-abfea3aaasbf

Indopmanis npo
AUCHHUILTIHY

Huctumuiina  «KBaHTOBI  OOYUCIICHHS» €  BHUOIPKOBOIO JIMCIUIUIIHOK 3
CMELIaIbHOCTI KOMIT FOTEPHI HAayKH, K4 BHUKJIAJAETHCS B JPYroMy CEMECTpi B
o0cs3i 3 kpeautiB (3a EBpomnelicbkoro KpemutHo-TpancdepHoro Cucremoro
ECTS).

KopoTka anoranis
JTUCIUILTIHA

Kypc po3pobneHo Takum 4uHOM, 1100 HajxaTH ydacHHMKaM HeoOxiaHi 0az3oBi
YSBIIEHHS PO apXITEKTYpy YHIBEpCAJILHOIO KBAHTOBOI'O KOMIT'FOTEpa, KBAaHTOBI
QITOPUTMH, KOPEKIIi MOMWJIOK, a TaKOX JEsKEe YSBJIEHHS MPO Cy4acHUM CTaH
PO3BHUTKY TEXHOJIOT1T KBAHTOBUX OOUHCIICHb.

MerTta Ta miai Metoro BUBYEHHS BUOIpKOBOi JucuUIUTiHU «KBaHTOBI  OOYMCIEHHA» €
AUCHMILIIHA 03HANOMJIEHHS 13 TEOPETUYHUMH OCHOBaMM MOOYIOBH KBAaHTOBOI'O KOMIT IOTEpa 1
KBAaHTOBHUX OOUHMCIICHb.
Jlitepatypa nas Ocnosna nimepamypa
BUBYCHHS 1. Kpoxmanscoxuii T., Beryn no kBanToBux oouuncnens//JIpsis: JIHY, 2018.
JUCHHUTLTIHA -204 c.

2. Ocmanog C.E., JJobposonvcokuti FO.I'. KBanTOBa iHpOpMaTHKa Ta
KBaHTOBI o0uncnenHs - Yepniemi: YHY, 2021. - 99 c.

3. Ronald de Wolf.. Quantum Computing: Lecture Notes.— QuSoft,
CWI and University of Amsterdam, 2022, 184 p

Jlooamxkosea nimepamypa

4. Bakapuyk I. O.. KBantoBa mexanika.— JIbBiB: JIHY imeni IBana ®panka,
2012. 872 c.

5. S. Aaronson. Quantum Computing since Democritus. — Cambridge
University Press, 3 3rd printing 2015. — 398 p.

6. John Preskill Lecture Notes for Physics 229:Quantum Information and
Computation. --Amason , 2015, 322 p.
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7. M. A. Nielsen and I. L. Chuang. Quantum Computation and Quantum
Information. Cambridge University Press, 2000.

8. Grover L.K. A fast quantum mechanical algorithm for database
search//Proceedings, 28th Annual ACM Symposium on the Theory of
Computing,1996. - P.212.

9. R. Feynman. Quantum mechanical computers. Optics News, 11:11-20,
1985.

10. Txauyx B. M. dynaameHTaAbHi Ipo0AeMy KBAHTOBOI MeXaHiK. —
AbBiB: /IHY imeni IBana @panka, 2011. 144 c.

11. Wichert, Andreas (2014). Principles of Quantum Artificial Intelligence.
World Scientific Publishing Co. ISBN 978-981-4566-74-2.

12. .Shor P. W. Algorithms for quantum computation: discrete logarithms and
factoring//Foundations of Computer Science : Conference
Publications,1994. - P.124-134.

Inogopmayivini pecypcu 6 Inmepnemi:

1. KBaHTOBI KOMIT IOTEPH: IO 1€, SK MPAILIOIOTh, IKI IEPCIICKTUBU ?
https://blog.allo.ua/ua/kvantovi-komp-yuteri-shho-tse-yak-pratsyuyut-yaki-
perspektivi_2018-07-39/

2. lllo Take kBaHTOBI 0OuMCIeHHs? https://tebapit.com/io-Take-KBaHTOBI-
oOunciaeHHs/

3. Microsoft Quantum Documentation. https://docs.microsoft.com/en-
us/quantum/?view=gsharp-preview.

Obcsar kypey 32 ronuHU ayIUTOPHHX 3aHsITh. 3 HUX 16 rogwH Jyekmiii, 16 romgun
MIPAKTUYHUX 3aHATH Ta 58 ronuH camMocTiiHOT poOOTH
OuikyBani [Ticnst 3aBepIIeHHS IHOTO KYpCY CTYIEHT Oye :
pe3yJIibTaTH - 3narm
HABYAHHS - OCHOBHI TOHSATTS KBaHTOBOTO KOMM'IOTUHTY Ta peaji3alii cucTeM

KBAaHTOBHUX aJITOPUTMIB;

- CY4YacHI TEHJEHLIi y PO3BUTKY KOMIT FOTEpHUX TEXHOJIOT1;

- Bmitn

- AmnamizyBaTM Ta TIPakTMYHO 3aCTOCOBYBATH QJIrOPUTMU KBAHTOBUX
o0uunClieHb Ha JIEIKUX 3 ICHYIOUMX KBaHTOBHUX IPOILIECOPIB, HAIIPUKJIIA/, Ha
JToCcTymHUX mporiecopax |IBM;

- KPUTMYHO OCMHCIIOBATH OCHOBHI T€OPIi, MPUHLIUIHN, METOIU 1 MOHATTS B
rajiy3i HaB4aHHS Ta IpoQeciifHOT NiSIIbHOCTI;

- BUpIIIYBaTH CKJIAJHI HemepenOadyBaHi 3ajaui 1 mpoOnemMu y
crienianizoBaHux cdepax npodeciiHol AISUIBHOCTI Ta/ab0 HAaBYaHHS, SIKE
nependavae 30MpaHHSA Ta IHTeprperanito iHpopmamii (1aHux), BHOIp
METO/MIB Ta IHCTPYMEHTAJIBLHUX 3ac00iB, 3aCTOCYBaHHS 1HHOBAIlIMHUX
MiAXOIIB;

- edexkTuBHO (OpMYBaTH KOMYHIKAIIHHY CTPATETIIO.

Kypc 3abe3neuye HaOyrTst Takux komnerentHoctei: 1K, 3K 1-3, 3K 5, CK 1,
CKS5, CK 6 Ta nporpamuux pesynbrariB Hapyanus: [IPH 1-4, TTIPH 6, ITPH 7,
[TPH-10, ITPH-19

Kurouosi ciioBa KBaHTOBMIT KOMM'IOTEp, KBAaHTOBUH aJITOpPUTM, TIeHTOBa MOJENb, KOPEKLis
nomuiok, anroputm [lopa

dopmar Kypcy OunHuit

[TpoBeneHHs JAeKIii, MPaKTUUYHUX POOIT Ta KOHCYbTALlT I KPAIoro pO3yMiHHS
TEM



https://docs.microsoft.com/en-us/quantum/?view=qsharp-preview
https://docs.microsoft.com/en-us/quantum/?view=qsharp-preview
https://docs.microsoft.com/en-us/quantum/?view=qsharp-preview

Temu [Tepenik Tem nmoxaHo Hwx4e y Tabnumi Cxema Kypcey.
MincymrxoBuii 3aik B KiHIIl ceMecTpy
KOHTPOJ1b, (hopma
IIpepexsizutn Jis BUBYEHHS KypCcy CTYAEHTH MOTpPeOYyIOTh 0a30BUX 3HAHb 3 JAUCIMILTIH

"Jliniina anre6pa”, "IlporpamyBanns", "ApxiTeKTypa KOMI FOTEPHUX CUCTEM".

HapuaanHi MeToau
Ta TeXHIKHU, SAKi

Jlexmii, mpe3eHTamis, MNPaKTAYHI 3aHATTS Y BUIJIAAI  CEMiHApiB 3
MYJIbTUMEAIHHUMH TPE3CHTalisMU (B TOMY 4YHCIi CTYJACHTIB); BUKOHAHHS

OyayTh NPaKTUYHUX 3aBJaHb, pPE3YJbTAaTOM SKUX € 3BIT B EJIEKTPOHHOMY abo
BHKOPHCTOBYBATHCH | IPYKOBAHOMY BUIJIS/I; CaMOCTiiiHa poOOTa 3 BHBYEHHSIM ONPHIIIOJHEHUX
MiJ Yac BUKJIAJAHHA | CJICKTPOHHUX MaTepiajiB.

Kypcy

HeoOxinne Jl1st mpoBeIeHHS JISKLIN: KOMIT I0Tep, TPOEKTOP.
o0JIaHAHHSA Jl1s mpoBeieHHS TPaKTUYHMX 3aB/aHb Ta CTBOPEHHS IporpaM: ko torep, OC
Windows/Linux, goctym 10 iHTepHETY.
Kpurepii OuintoBanHs npoBoauThes 3a 100-0ampHOIO miKanoro. bamu HapaxoByrOThCS 3a
OIiHIOBAHHSA HACTYIHUM CITiBIAHOILICHHSM:

(oxpemo s
KOKHOT'0 BUY
HaBYAJIbHOI
JiAJILHOCTI)

® BUKOHaHHS NpPAaKTUYHHUX 3aBlIaHb 3a Bapiantamu: 60% cemecTpoBoi
OIIHKU;
e 3anikoBuit Mmoayib — 40% ceMecTpoBOi OLIIHKH.
[TincymkoBa MakcuMaibHa KilbKicTh OaniB 100

OudiKkyeThCs, O CTYACHTH BUKOHAIOTH 6 MPAaKTUYHUX POOIT y BUTISAII 3BITIB.
OuikyeTbes, O poOOTH CTYACHTIB OYAYTh X OpPUTIHATBHUMH JOCIIKECHHIMHI
Yy MIpKyBaHHSMU. BinCyTHICTh TmOCHIaHb Ha BHKOPHCTaHI JDKepedna,
(babpukyBaHHS JDKEpeEN, CIHCYBaHHS, BTPYYaHHS B POOOTY IHIIUX CTYIEHTIB
CTaHOBIIATh, ajle HE OOMEXYI0Th, NPUKIAIM MOXIMBOI aKaJeMI4HOI
HepoOpouecHocTi. BusBIeHHS 03HaK akajgeMiyHOi HeJO0OpPOYEeCHOCTI B
NUCBMOBIM POOOTI CTyJIEHTa € MiACTAaBOO /s 11 He3apaxyBaHHHS, HE3AIEKHO
B1Jl MacmTabiB TUIariaty 4 oomMany.

BiaBinaHHs 3aHATH € BaXJIMBOIO CKJIAJ0BOIO HaB4aHHS. OUiKyeThCs, 110 BCi
CTYIEHTH BIABIAIOTh YCl JIEKWIi 1 NpakTW4Hi 3aiHATTS Kypcy. CTyneHTu
MaroTh 1H(POPMYBaTH BHUKIaJaya MPO HEMOXIIMBICTH BIJBIIATH 3aHATTA. Y
OyIb-sIKOMY BHIIQJIKy CTYAEHTH 3000B’s3aHl JOTPUMYBATHUCS YCIX CTpPOKIB
BU3HAUEHHUX JJI BUKOHAHHS YCIX BUJIB NMUCHMOBUX pPOOIT, mependaueHux
KypcoM. [Ipu BiACYTHOCTI cTy/ieHTa Ha J1a00paTOPHOMY 3aHATTI 0€3 MOBAKHOT
NPUYMHHU, HA HACTYITHOMY 3aHSTTI BiZIOYyBAa€ThCS 3aXUCT 3BITY MPOMYIIEHOTO
3aHATTSL.

VYca niteparypa, sIKy CTy€HTH HE 3MOXKYTh 3HAWTH caMOCTiHO, Oy/Je HajaHa
BHKJIaJIadeM BUKIIFOUYHO B OCBITHIX HUJIAX O€3 mpasa ii mepenadi TpetiM ocodam.
CTyneHTH 3a0X0YyIOThbCS /10 BUKOPUCTAHHS TakoX W 1HIIOI JiTepaTypu Ta
JDKEpeTI, SKUX HeMa€e cepesl PeKOMEHIOBaHUX.

IoniTuka BHcTaBJeHHA 0aniB. BpaxoByroTbcs Oanu HaOpaHi Ha MOTOYHOMY
TECTyBaHHi, CaMOCTIiHIi poOoTi Ta Oanu miAcyMKoOBOro tectyBaHHs. [lpu mpomy
000B’SI3KOBO  BPaxXOBYIOTHCSI NMPUCYTHICTh Ha 3aHATTAX Ta AaKTHUBHICTh CTYJEHTa
MiJ] 4ac MPaKTUYHOTO 3aHATTS; HEJOMYCTUMICTh MPOIYCKIB Ta 3ali3HEHb Ha
3aHATTS; KOPUCTYBaHHS MOOUIBHMM Tele(OHOM, IUIAHIIETOM YH IHIIUMH
MOOITEHUMH TIPUCTPOSIMH TI1JT YacC 3aHATTA B IUIIX HE MOB’SI3aHUX 3 HABYAHHSM;




2Komni hopmu mopyIeHHs akaIeMigHOi JOOPOYECHOCTI HE TOJICPYIOThCSI.

IMuTanHs 10 3aJdiKy
4M eK3aMeHy.

1.
2.

HOOo~NOO AW

11.
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14.
15.

16.
17.
18.
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20.

0.

Y yomy cyth napanokcy Einmreiina-Ilomonscki-Pozena?

MoxHBicTh BUOOPY OAHOTO 3 4 anbTepHATHB MEpeayero OJHOro Oita
iHdopmarii e ...

o Take "kyOit"?

B yomy nonsrae cyTh KBaHTOBOI'O Napajienizmy?

Anroputm Lllopa peanisye ...

Anroput™m ['poBepa peamisye ...

Anroputm Jloitua peamisye ...

Yy MOXKIIMBO KOIIFOBaHHS KBAHTOBOI'O CTAHY CHUCTEMHU?

B yomy nosnsrae cyTh KBAaHTOBOI TeJIENOpTAIii?

[Ilo mMoxe OyTH NPUYMHOIO NEPEeXOay CUCTEMH 31 CTaHy CyNepHo3HLii B
KJIACUYHUH cTaH?

VY yoMy MOJIATal0Th OCHOBHI I€pEBarv KBAHTOBUX aJITOPUTMIB Haj
KJIACUYHUMHU?

Jis sikux 3aBAaHb Moxke OyTu npusHaueHuit anroput™ [llopa?

st sikux 3aBIaHb MOKe OyTH Tpu3HavyeHuid anroputm ['posepa?

Ha3BiTh OCHOBHI HEJIOJIIKH KBAHTOBUX KOMITFOTEPIB:

Ckinpku OiTiB iHpOpMamii Moxke 00poOyATH 8-KyOITHUI KBaHTOBHI
perictp?

B sikomy crani Oyze 3HaXOIUTHCS KBAaHTOBA CHCTEMa TTiCIIsl BUMIpPiB?

Jist sKoro reiTy nepeBouTh KBAHTOBHM PEriCTp B CTaH CYNEPHO3ULIIL:
Ha3BiTh 01HOKYOITHI omepartii:

Sk MOXHa pealiyBaTH [JOJAaBaHHSI IO MOIYJIIO JIBa 3a JOHNOMOTOKO
KBaHTOBHX TCHTIB:

[TpomoBxiTh BU3HaYeHHs: "SIKIIO cucTeMa Mojxe repedyBaru B cranax |0>
i|1>, to BoHa ... "

OnuryBanHs

AHKETY-OIIIHKY 3 METOIO OLIIHIOBAaHHS SIKOCTI Kypcy Oy/ie HaJIaHO 10 3aBEPIICHHIO

Kypcy.

Cxema Kypcy

Ne | Tema, njiaH, KOpoTKi Te3u ®opma nisibHocti | Jlireparypa | 3aBaanns, | Tepmin
THIK. (GanaTTa)*  *aekuis, roja BHKOHAHHSA
camocTiiiHa, AucKycis,
rpynosapodora)
1 Temal. Bcmyn, icmopuuna nepcnekmusa i cyuachuu | Jlexyis, camocmitina poboma [1-5,9,10] 2,4
cman  eanysi.  3apoodcennsi  iHOycmpii  K6AHMOBUX
obuucnenv.  Ocobrusocmi — KGAHMOBUX — OOYUCIEHb — HA
npuknadi_naunpocmiuiozo arcopummy /Jletiua. .
2 021150 3a0ay 3 K6AHMOBOT MEXAHIKU Tpaxmuune 3ansmms, [1-5,9,10] 2,2 Hacmynne
camocmitina poboma npakmuyHe
3aHAMMsL
3 Tema2.leimosa modenv — Kiacuunux ma  keammosux | Jlexyis, camocmitina poboma [2,7,10] 2,4
obuucnens. Ocnosni  nowsmms. Enemenmapni  xeanmosi
J02iuHi  8eHMuUNi, OOHOKYOImMHI [  OBOKYOIMHI  GeHMIUI.
Ymoeni  0soxy6imui  eemmuni, npeocmagnenHs YMOGHUX
6a2amoKyOImHUxX 6enmuig uepe3 080KYOINHI.
4 Baoaui 3 MoOenosanHs K6aHMOBUX CUCTEM. IIpaxmuune 3anamms, [2,7,10] 2,2 Hacmynne
camocmitina poboma npakmuute
3aHAMmMs




5 Tema3.Ilpobremu sumiprosans y keanmosux cucmemax. Onuc | Jlexyis, camocmiiina poboma [1-5,7,9,10] 2,4
BUMIDIOBAHbL 8  KBAHMOSIN Meopii, ONuc 6UMIPIOBAHL 6
K6AHMOBUX ~ CXEMAX. Vhisepcanvnicmo ~ 00HOKYOImHUX
eenmunie i eenmunsi NOT. [Juckpemusayis o0OHOKYOIimHux
6eHmui6,  YHiéepcanbHi  OUCKpemHi — HAbOpU — GeHMUNIG.
Craaouicmo anpoxcumayii 008LIbHOO YHIMapHoz2o
nepemeopenHs.
6 3a0aui 3 mpeocmaenenmns — xkeammogoi  ingopmayii, | Ilpaxmuune 3ansmmsi, [1-5,7,9,10] 2,4 Hacmynne
npUOMy8anHs NOYAMKOB020 CIMAHY camocmitina poboma npaxmuye
3aHAmms
7 | Temad. Keanmose nepemeopenns @yp'e. Aneopumm oyinku | Jlexyis, camocmitina poboma [2,6,7,10] 2,4
gaszu, oyinka Heobxionux pecypcis. Excnepumenmanshi
peanizayii’ aneopummy oyiHKu ¢asu i 000amku 00 po3paxyHKy
MOJIEKVIAPHUX MEPMIE
8 3aoaui 3 suxopucmarHam K6aHmoso2o nepemsopenus Vyp’e Tpaxmuune 3anamms, [2,6,7,10] 2,2 Hacmynne
camocmitina poboma npakmuyHe
3aHAmms
9 | Tema5. Keanmosi ancopummu nowyky. Aneopumm Ipoesepa, | Jlexyis, camocmitina poboma [2,6,7,8,10] 2,4
ceomempuuna imocmpayis, oyinka pecypcig.  Iliopaxynox
UUCIA piviersb 3a0a4i NOWYKY.
10 | 3aoaui 3 uKOpUCTAHHAM ATCOPUMMIE NOULYKY Tpaxmuune 3anamms, [2,6,7,8,10] 2,2 Hacmynne
camocmitina poboma npakmuuHe
3aAHAMMS
11| Temab. [Ipuckopenns piwenns NP-nosnux 3adau. Keanmosuii | Jlexyis, camocmitina poboma [2,6,7,8,10] 2,6
nowilyk 6 Hecmpykmypoeauii 0Oaszi Oanux. OnmumansHicmo
aneopummy I pogepa. Excnepumenmanvui  peanizayii
NOWYKOBUX ATI2OPUMMIS.

12 | Ipuckopenns piwenns NP-nognux 3aoau. Keanmosuii nowyk | Ipakmuune 3ausmms, [2,6,7,8,10] 2,2 Hacmynue
6  HecmpykmypoeaHiu — 6azi  oanux.  OnmumanvHicme | camocmiiina poboma npakmuuHe
aneopummy I poesepa. Excnepumenmanvni - peanizayii 3aHAmMms
NOWYKOBUX ATI2OPUMMI.

13| Temab. [Homurxu 6 keanmosux oouuciennsx. Biominnicme 6i0 | Jlexyis, camocmitina poboma [2, 6, 7, 8, 10, 2,6
Kaacuynozo eunaoky. Tpuxkybimuuil k00, wo eunpasise X- 12]
nomuaxy. Tpukybimnui Koo, wjo eunpasise Z-nomuixy.
14 | Tema6. Buxopucmanus aneopummy LLlopa ons po3e si3yeanms Tpaxmuune 3anamms, [2, 6, 7, 8, 10, 2,4 Hacmynne
3a0ay kpunmozpaii camocmitina poboma 12] npakmuyHe
3aHAmms
15| Tema6. [Tomunku 6 K6aHMOBUX OOUUCTIEHHSIX. Jlexyis, camocmitina poboma [2, 6, 7, 8, 10, 2,4
Jles ssmuky6imuuii koo Lllopa. 12]
16 | [Tiocymxose 3anammsa. MooynoHuil KoHmpob Ipaxmuyne 3anamms, [1-12] 2,4

camocmitina poboma




