= TOSHKENT MANAGEMENT
Ill Ilﬂlirs%dnlfYEalTT VA .l AND ECONOMICS
SCIENTIFIC RESEARCH
|II INSTITUTI v JOURNAL

MANAGEMENT AND ECQNOMIC
SCIENSIFIC RESEAREH JOURNAL

MENEJMENT.VA IQTISODIYOT
ILMIY-TADQIQOT JURNALI

HAYYHO-UCQJIELOBATEABCKNA XXYPHAJI
MEHEO)XXMEHTA U 9KOHOMWKHA

<] journals@timeedu.uz &, +998 95651 90 00



MANAGEMENT AND ECONOMICS

.¢I SCIENTIFIC RESEARCH JOURNAL

Bosh muharrir:

L. +99895651 90 00 Narbayev Sharafatdin Kengeshovich

D4 journals@timeedu.uz Bosh muharrir o‘rinbosari:

@ Shota Rustaveli ko'chasi, 114 Nosirova Nargiza Jamoliddin qizi

Muharrir:
Qarshiyeva Shahnoza Davlatovna

@ tmijournals.ndc-agency.uz

</ @TMIL_ilmiy_bolim
Tahrir hay’ati:
1. Sharipov Kongratbay Avezimbetovich - O‘zbekiston Respublikasi Oliy
ta’lim, fan va innovatsiyalar vaziri, t.fd., prof.;
2. Axmedov Xojiakbarxon Dilshatovich - Toshkent menejment va
igtisodiyot instituti rektori i.f.n., dotsent;

3. Gulyamov Saidasror Saidaxmedovich - O‘zbekiston Fanlar
akademiyasi akademigi, i.f.d, professor;
4. Gulyamov Saidaxror Saidaxmedovich - O‘zbekiston Fanlar

akademiyasi akademigi i.f.d, professor;

5. Sultanov Mansur Qilichovich - Oliy ta’lim, fan va innovatsiyalar
vazirligi huzuridagi “Inno” innovatsion o‘quv-ishlab chigarish
texnoparki bosh direktori, t.f.f.d., dotsent;

6. Chertovitskiy Aleksandr Stepanovich - ,Toshkent irrigatsiya va qish-
loq xo‘jaligini mexanizatsiyalash muxandislari instituti“ Milliy tadqiqot
universiteti professori, iqtisodiyot fanlari doktori;

7. Popkova Yelena Gennadyevna - Rossiya Federatsiyasi avtonom
notijorat tashkiloti "Ilmiy kommunikatsiyalar instituti" prezidenti,
igtisodiyot fanlari doktori, professor;

8. Dr Goh Khang Wen - Malaziyaning INTI Xalgaro universiteti
prorektori;

9. Wang Cheng - XXR “Hebei Institute of Mechanical and Electrical
Technology” instituti i.f.f.d., dotsent;

10. Yo‘ldoshev Nuriddin Qurbonovich - Toshkent menejment va
igtisodiyot instituti Biznes boshqaruvi va moliya kafedrasi ifd.,
professor;

11. Akramov Tohir Abdirahmonovich Toshkent menejment va
igtisodiyot instituti Biznes boshqaruvi va moliya kafedrasi ifd.,

professor;
12. Temirov Abdulaziz Alimjonovich - Toshkent menejment va
igtisodiyot instituti Biznes boshqaruvi va moliya kafedrasi ifn,
professor;

13. Rajabov Nazirjon Razzaqovich - Toshkent menejment va igtisodiyot
instituti Iqtisodiyot kafedrasi mudiri, i.f.n., dotsent;

14. Xotamov Ibodullo Sadulloyevich - Toshkent menejment va
igtisodiyot instituti Iqtisodiyot kafedrasi i.f.n., professor;

15. Sobirov Aziz Avazbekovich - Toshkent menejment va iqtisodiyot
instituti Biznes boshqaruvi va moliya kafedrasi mudiri, i.f.f.d.,, dotsent;
16. Raximova Shahlo Baxtiyorovna - Ta’lim sifatini nazorat gilish bo‘limi
boshligf, p.f.f.d., dotsent;

17. Kadirova Istora Bobirovna - Toshkent menejment va iqtisodiyot
instituti Karyera markazi direktori, i.f.f.d;

18. Turakulov Otabek Xolmirzayevich - Toshkent menejment va
igtisodiyot instituti Muhandislik va axborot texnologiyalari kafedrasi
mudiri, t.f.f.d.



MUHANDISLIK OYLIGI

“RAQAMLI TEXNOLOGIYALARNI
RIVOJLANTIRISH VA INNOVATSION
MUHANDISLIK YECHIMLARI: ZAMONAVIY
TENDENSIYALAR VA ISTIQBOLLAR”
MAVZUSIDA RESPUBLIKA ILMIY-AMALIY
ANJUMANI TO'PLAMI MATERIALLARI

17-18 APREL, 2025
TOSHKENT




MANAGEMENT
AND ECONOMICS . . i
l'l SCIENTIFIC RESEARCH Management And Economics Scientific Research Journal

v JOURNAL https://tmijournals.ndc-agency.uz

MUNDARIJA

Primova X.A., Xaniyev N.M., Nodirov M.T.
1. | RFID TEXNOLOGIYASI ORQALI OLINGAN MA’'LUMOT ASOSIDA QORAMOL 6
KASALLIKLARINI ANIQLASHNING LOYIHALASH
Doshanova M.Y., Otaxanova B.I., Aliyev R.R.

2. | USING ARTIFICIAL INTELLIGENCE TO AUTOMATE THE PROCESS OF 10
COLLECTING AND ANALYZING DATA FROM ONLINE JOB POSTINGS
Eshonqulov E.Sh., Abdiyeva H.S., Abdurahmonov M.S.

3. | SUNIY YO'LDOSH TASVIRLARIDA PANSHARPENING YONDASHUVI 23
NATIJALARINI BAHOLASH BAYONNOMALARI
Abduraxmanova Z.T.

4. | O’ZBEKISTONDA QISHLOQ XO’JALIGINING RAQAMLI 26
TRANSFORMATSIYASI

Abdiyeva K.S., Shamsiyeva K., Oblokulov S.
5. | GOMPERTZ ALGORITHM FOR THE DETECTION OF BREAST CANCER 31
USING MAMMOGRAPHIC IMAGES

Abdiyeva K.S, Shamsiyeva K., Olimjonova S.

TOPOGRAPHIC MAP BASED SEGMENTATION OF MEDICAL IMAGES
Radjabov B.A.

O‘ZBEKISTONNING TASHQI SAVDODA LOGISTIKA XARAJATLARI:
RAQAMLI YECHIMLAR VA ULARNING EKSPORT
RAQOBATBARDOSHLIGIGA TA'SIRI

Primova X.A., Vaydullayeva M.F.

SUN’IY INTELLEKTNI TALQIN QILISH VA QAROR QABUL QILISH:
NORAVSHAN FIKRLASH TIZIMLARINI HISOBLASH MODELLARINI
CHUQUR O‘RGANISH

Ulashov A.E., Obilov H.X.

9. | MATEMATIK MASALALARNI ZAMONAVIY DASTURLASH TILLARI 57
YORDAMIDA YECHISH
Mamatov N.S., Asqarov A.A.

35

39

49

10 HAVO SIFATI INDEKSINI BASHORATLASHNING REGRESSION MODELI 69
Mirpulatova L.M.
11. | AXBOROT TEXNOLOGIYALARI VA RAQAMLI TRANSFORMATSIYANING 75

BANK FAOLIYATIDAGI ROLI

HuésmatoBa H.A., KanenoB K.A., A6ay/itaeBa B.M.
12. | HYTK CUTHAJIJIAPUJIAH IIOBKWUHJIAPHU BAPTAPA® 3THUIIJA 84
OUJBTPJIAP YKYDPTJUTMHU KYJIJIALI EHJIAIIY BU
Mamatov N.S., Jo‘rayev L.A, Jalelova M.M.., Usarov J.A.

TIBBIY TASVIRLAR BAZALARI TAHLILI

Mamatov N.S,, Jo‘rayev LA, Jalelova M.M.,, Jumayev B.]J.
TIBBIY TASVIRLARNI TAHLIL QILISH USUL VA ALGORITMLARI
Mamatov N.S., Jalelova M.M., Jo‘rayev L.A., Turakulova Sh.A.
15. | TIBBIY 2D TASVIRLAR ASOSIDA 3D TASVIRLARNI SHAKLLANTIRISH 96
USULLARI

Niyozmatova N.A., Madaminjonov A.D.
16. | INSON HIS-TUYG'ULARINI ANIQLASH DASTURIY VOSITALARI VA 99
QURILMALARI

13. 88

14. 92

|
18-aprel, 2025 1



MANAGEMENT
AND ECONOMICS . . i
l'l SCIENTIFIC RESEARCH Management And Economics Scientific Research Journal

v JOURNAL https://tmijournals.ndc-agency.uz

Myxameauena [.T., MamaTos H.C., MamaToB A.A.

17. | MATHJIM MABJIYMOTJIAPHU TACHUDJIAILIJA BEJITUJIAPHU 103
IMAKWJIJTAHTUPUII YCYJI BA AJITOPUTMJIAPU

18, Raximov M. 106
KASB KOMPETENSIYASIDA RAQAMLI TA’LIM TRANSFORMATSIYASI

19 Turakulov 0.X. 110

MATNLI MA'LUMOTLARNI QAYTA ISHLASH BOSQICHLARI

Turakulov 0.X,, Jalelov R.M.

MATNLI MA'LUMOTLARGA DASTLABKI ISHLOV BERISH ALGORITMLARI
Myxameauesa /I.K.

[IOCTPOEHHUE JEPEBA MEPKJIA

Mamatov N.S., Nuritdinov N.D., Almuradova N.A.

22. | IJTIMOIY TIZIMLARDA RAQAMLI TRANSFORMATSIYA JARAYONLARINI 127
MODELLASHTIRISH
Kabildjanov A.S., Pulatov G’.G.
23. | OB-HAVO OMILLARINING YURAK-QON TOMIR KASALLIKLARIGA 130
TA’SIRINING SUN’IY INTELLEKT ASOSIDA TAHLILI

Mamatov N.S., Kodirov E.S

KAFT TASVIRI ASOSIDA SHAXSNI TANIB OLISH YONDASHUVLARI TAHLILI
Raximov .M.

MAHALLIY ISHLAB CHIQARUVCHILARNING XALQARO STANDARTLARGA
MOSLASHUVI - IMKONIYATLAR, YUTUQLAR VA BARQAROR STRATEGIK
YECHIMLAR

Raximov F.].

TABIIY VA SUN'IY TOLALAR ASOSIDA QAYTA ISHLANGAN
MAHSULOTLARNING TEXNOLOGIK SIFATI VA IQTISODIY
SAMARADORLIGI

Mamatov N.S., Dusanov X.T.

NUTQ SIGNALINI XALAQITLARDAN TOZALASH USULLARI

Dauletov A.Y., Sabirova S.T., Oydinov S.SH.

ARXIVDA MATNLARNI QIDIRISH USULLARI TAHLILI

Toshpulatov M.

UNVEILING TOMORROW: EXPLORING THE FRONTIERS OF INNOVATION
MamartoB H.C., Huéamarosa H.A., Toxku6oega I11.X,, IxaeB B.10.,
MamannuH T.B.

WHCOH XUC-TYUFYJIAPWUHU 103 TACBUPU OPKAJIM AHUKJIALI
JACTYPWUH BOCUTAJIAPY BA KYPUJIMAJIAPU

Huésmartosa H.A., MamaTtoB H.C., TypryHosa H.M.

31. | MATHJIU MABJIYMOTJIAPHU TACHUDJIALL YCYJI BA AITOPUTMJIAPU 172
TAXJINJIN

Mamaros H.C., Basmm:xxonos U.X., lllykpyJiiioes B.P.

TACBUPJIAPHU TACHU®JIAIIJA KYJIJAHUJAJUTAH YCYJIJIAP
Niyozmatova N.A., Xoitqulov A.A., Mamatov A.A.

MATNLI MA'LUMOTLARDAN FAKTLARNI AJRATISH TEXNOLOGIYALARI
Buribaeva Z.R.

34. | DIGITAL TECHNOLOGIES AND ARTIFICAL INTELLIGIENCE IN 181
EDUCATION: CHALLENGES AND OPPORTUNITIES

20. 116

21. 123

24. 133

25. 136

26. 143

27. 150

28. 155

29. 162

30. 165

32. 185

33. 178

|
18-aprel, 2025 2



MANAGEMENT
AND ECONOMICS . . i
l'l SCIENTIFIC RESEARCH Management And Economics Scientific Research Journal

v JOURNAL https://tmijournals.ndc-agency.uz

Anarova Sh.A., Ibrohimova Z.E., Boliyeva D.N.

R-FUNKSIYA USULINI (RFM) QO‘LLAGAN HOLDA KO‘P O‘LCHOVLI
FRAKTAL TUZILISHDAGI TASVIRLARNI GEOMETRIK MODELLARINI
ISHLAB CHIQISH

Ibrohimova Z.E., Qarshiboyev J.0‘., Xaniyev N.M.

36, KOMPYUTER GRAFIKASINING GEOMETRIK ALMASHTIRISHLARI ASOSIDA 192
MURAKKAB FRAKTAL TUZILISHLARNI MATEMATIK VA RAQAMLI
MODELLASHTIRISHNI AMALGA OSHIRISH

Xalimov A.A.

37. | SANOAT KORXONALARIDA QAYTA TIKLANUVCHI ENERGIYA 198
MANBALARIDAN FOYDALANISH YO‘LLARI

Rustamova M.M.

2g INNOVATIVE TECHNOLOGIES AND INVESTMENT EFFICIENCY IN COTTON- 204
" | TEXTILE CLUSTERS: OPTIMIZING COSTS THROUGH INDUSTRY 4.0
SOLUTIONS.

Suyarov A.M.

39. | AXBOROTLARNI VIZUAL TAQDIM ETISHDA INFOGRAFIKA VOSITALARINI 214
YARATISH USULLARI
Saminjonov N.A.

40. | CHAKANA SAVDO FAOLIYATIDA RAQAMLI VA NEYROMARKETING 219
STRATEGIYALARINING INTEGRATSIYASI
Alimov A.A.

41. | INDUSTRY 4.0 TALABLARI ASOSIDA MUHANDISLIK TA’LIMINI TASHKIL 224
ETISH MASALALARI

Sobirov A.A., Zaripbayeva A.A.
42. | SANOAT KLASTERLARINI SHAKLLANISH MEXANIZMLARI VA ZAMONAVIY | 228
MODELLARI

Sharipov K.A., Karimov V.A.
43. | AQLLI ENERGIYA TIZIMLARI VA QAYTA TIKLANADIGAN ENERGIYA 237
MANBALARIDAN FOYDALANISH USULLARI VA SAMARADORLIGI
MamatoB H.C., Camu:koHOB A.H., CammxxoHoB B.H.

44, | UHCOH 3XTUEXK/JIAPUHU AHTJIOBYU BA YJIAPTA YKABOB BEPUIII 246
KOBUJIMATHUT'A 3T'A SMITATUK POBOTJIAP
Yusupov R.A., G'ulomov A.X.

45. | MAYSALARNI O‘RISH VA QOR TOZALASH MASHINASINI MASOFADAN 251
BOSHQARISHNI AVTOMATLASHTIRISH
Yusupov R.A., Qurbonov Sh.B.

46. | HELIX: FOYDALANUVCHIGA MOSLASHA OLADIGAN, KUNDALIK HAYOTDA | 254
YORDAM BERUVCHI SUN’IY INTELLEKT

Haydarov E.D., Dusmurodov Q.A.

35. 188

47. OCHIQ WI-FI TARMOQLAR XAVFSIZLIGI 257
48 Haydarov E.D., Dusmurodov Q.A. 265
" | SIMSIZ TARMOQDA XAVFSIZLIK
Ro‘ziyeva F.K.
49. | MAISHIY KIMYO TOVARLARI B2B TAQSIMOTIDA KO‘P KANALLI 269

MARKETING STRATEGIYASINING AHAMIYATI
Qudratov U.IL., Abdullayeva N.R.

50. | MASHINANI O‘QITISH USULLARIDAN FOYDALANGAN HOLDA ZARARLI 277
DASTURLARNI ANIQLASH
'

18-aprel, 2025 3




MANAGEMENT
AND ECONOMICS . . i
l'l SCIENTIFIC RESEARCH Management And Economics Scientific Research Journal

v JOURNAL https://tmijournals.ndc-agency.uz

Muhamediyeva D.T., Raupova M.

ELLIPTIK EGRI CHIZIQ ASOSIDA XAVFSIZ KALIT ALMASHINUVI
Muhamediyeva D.T., Raupova M.

POST-KVANT KRIPTOGRAFIYA ASOSIDA POLINOMLAR BILAN SHIFRLASH
Muhamediyeva D.T., Raupova M.

53. | KVANT KALIT ALMASHINUVI BILAN INTEGRATSIYALANGAN RSA 285
SHIFRLASH
Mamayusupov A.A.
54. | ZAMONAVIY RAQAMLI MUHITDA KIBERXAVFSIZLIK TAHDIDLARI VA 288
ULARNING OLDINI OLISH YO‘LLARI
Toupos I1I. A.

55. | ONTUMU3ALIMA ®PYHKIUN C TPUMEHEHUEM 3BOJIIOIIMOHHBIX 291
AJITOPUTMOB
56, Toirov Sh. A. 397
ARCHITECTURE OF OPERATORS IN QUANTUM ALGORITHMS
Olimov S.A.

57. | TALABALARNING O‘ZLASHTIRISH NATIJALARINI BAHOLASHDA RAQAMLI | 302
TEXNOLOGIYALARNING O‘RNI
Olimov S.A.

58. | OLIY TA'LIM MUASSASALARIDA 0‘QUV JARAYONINI BOSHQARISHDA 309
RAQAMLI TEXNOLOGIYALARNING AHAMIYATI
59, Uzakova G.Z. 316
ENGAGING ESP LEARNERS: STRATEGIES FOR PRODUCTIVE LESSONS
Shafkarov F.X.

60. | SANATORIY-SOG'LOMLASHTIRISH MUASSASALARINING ICHKI AUDITINI 321
FUNDAMENTAL ASOSDA TASHKIL ETISH
Raximov Sh.F.

61. | TJORAT BANKLARIDA MIJOZLARNING SODIQLIK DASTURLARI ASOSIDA 329
DEPOZITLARNI OSHIRISH YO’LLARI
Typaky.iosa I1I.A,. CyroHoBa H.
62. | OIMCAHUE KPAWHBIX THBECOBCKUX MEP J1J11 MOJEJ/IA U3UHTA C 337
HEHYJIEBBIM BHEITHWUM MATHUTHBIM I10JIEM HA PEIIETKE BETE
Ulashov A.E.

63. | ZAMONAVIY TA’LIM TIZIMINING RAQAMLI TRANSFORMATSIYASI: 344
TENDENSIYALAR, MUAMMOLAR VA YECHIMLARI
Radjabov B.A.

64. | O’ZBEKISTONDA TA’LIMNING RAQAMLI TRANSFORMATSIYASI VA SUNIY | 353
INTELLEKT

Mamatov N.S., Ibroximov S.R., Almuradova N.A.

0’QUV JARAYONIDA SUN’IY INTELLEKT VOSITALARIDAN FOYDALANISH
Kuvandikov ].T., Tojiyev A.H.

66. | Axborot resurslaridan foydalanish ko‘rsatkichlarini normallashtirish 364
asosida bilim oluvchilarning bilim darajasini obyektiv baholash usullari
Saidov S.F.

67. | TA'LIMDA SUN'lY INTELLEKTDAN SAMARALI FOYDALANISH 374
MASALALARI
Suyunova N.A.
68. | TA’LIMDA MANTIQ TUSHUNCHASI VA O‘QUVCHILARDA MANTIQIY 382
FIKRLASHNI RIVOJLANTIRISHNING INNOVATSION TEXNOLOGIYALARI
-

18-aprel, 2025 4

51. 279

52. 282

65. 359




MANAGEMENT
AND ECONOMICS . . .
l'l SCIENTIFIC RESEARCH Management And Economics Scientific Research Journal

v JOURNAL https://tmijournals.ndc-agency.uz

Kuvandikov ].T. Tojiyev A.H.
69. | TA’LIM OLUVCHILAR BILIMINI BAHOLASHDA NORAVSHAN MANTIQDAN 389
FOYDALANISH

Djabbarova M.D.
70. | KASB-HUNAR TA’LIMIDA ELEKTRON TA’LIMNING PEDAGOGIK VA 393
PSIXOLOGIK ASOSLARI

Anarkulova G.M., Abduraxmanova F.N.
71 OLIY TA’LIMDA MAXSUS FANLAR BO‘YICHA MASHG‘ULOTLARDA 396
" | ISHCHAN VA ROLLI O‘YINLAR METODINI QO‘LLASH INNOVATSION

YONDASHUV

AnapkysioBa I'M., A6auranuena 3.C.

[TPOBJIEMEBI UCII0JIb3OBAHUE COBPEMEHHBIX METO/JOB OLJEHKH
3HAHWH, YMEHUW U HABBIKOB CTY/JIEHTOB KAK ®AKTOP
YCIIEBAEMOCTH

72. 406

73 Obidov R.A. 417
" | TA'LIMDA KEYS TEXNOLOGIYALARINING AHAMIYATI

Narbayev Sh.K., Maxkamova N.X.

MAXSUS FANLARNI O‘QITISHDA RAQAMLI VA INNOVATSION
TEXNOLOGIYALARIDAN FOYDALANISHNING METODIK SHART -
SHAROITLARI

74. 422

Erhanova N.A.
75. | MAKTABGACHA TA’LIM TASHKILOTLARIDA MULTIMEDIA 430
RESURSLARIDAN FOYDALANISH SAMARADORLIGI

Xidoyatov M.B.

OLIY TA’LIM MUASSASALARIDA RAQAMLI MARKETING FAOLIYATINI
BAHOLASH: AXBOROT TEXNOLOGIYALARIGA ASOSLANGAN
YONDASHUVLAR

76. 435

TemupoBs A.A.
77. | AKUUALOPJIMK KAMUATIIAPU ®AOJIUATUTA PAKAMJIU 444
BOIIKAPYBHU »KOPUM 3TUIII UCTUKBOJIJIAPU

B.A.AxMaja/iueB
78. | YOPBAYUJIUK XY KAJTUKJIAPYUHU TAILLKUJ 3TULL BA YJIAPTA EP 454
AXPATHWII TAPTUBHU

Hocuposa H./Ix.

3KCITIOPTHHKIM NTOTEHIMAJI CYBBEKTOB MAJIOI'O BU3HECA
Y3BEKUCTAHA: COBPEMEHHOE COCTOAHUE U INEPCIIEKTUBEI (2018-
20251T)

79. 459

MaTt11060B XK.
80. | TPAHCO®OPMALIMA [TPOMBIIIJIEHHOU MOJIMTUKU: OCHOBHBIE 463
TEHJIEHIIJUU U BbI3OBbI

Sa’dulloyev H. I.
81. | SANOAT KORXONALARINING EKO-MARKETING TIZIMINI BAHOLAH 469
AMALIYOTI

18-aprel, 2025 5



MANAGEMENT
AND ECONOMICS

ﬁ SCIENTIFIC RESEARCH

Management And Economics Scientific Research Journal

JOURNAL https://tmijournals.ndc-agency.uz

ARCHITECTURE OF OPERATORS IN QUANTUM ALGORITHMS

Toirov Sh. A.
Tashkent Institute of Management and Economics,
associate professor

Annotatsiya. Maqolada (qog'ozda) kvant algoritmlari operatorlari tuzilishi, uning
matematik va sxematik tasviri taklif qilingan. Umumjahon kvant algoritmining diagrammalar
ko'rinishidagi umumiy tuzilishi maqolada (qog'ozda) amalga oshiriladi. Diagrammada kvant
algoritmining asosiy elementlari, ularning xossalari, vazifalari keltirilgan. Sxematik
diagrammalarning har bir bloki ketma-ket jarayonlar va kvant algoritmlarining bosqichlaridan
iborat.

Kalit so’zlar: Kvant algoritmi, chalkashlik, superpozitsiya, kvant hisoblash, interferensiya,
Hadamard operatori, kvant bloki, unitar matritsa.

Abstract. The article (paper) proposes the structure of operators of quantum algorithms,
its mathematical and schematic representation. The general structure of the universal quantum
algorithm in the form of diagrams is realized in the article (paper). The diagram presents the main
elements, their properties, functions of the quantum algorithm. Each block of the schematic
diagrams are decomposed of successive processes and stages of quantum algorithms.

Keywords: Quantum algorithm, entanglement, superposition, quantum computation,
interference, Hadamard operator, quantum block, unitary matrix.

Annomayus. B cmamee (cmambe) npedaoxceHa cmpykmypa onepamopos8 K8aHMmMo8blX
a/s120pummos, ee Mamemamu4eckoe U cxemamuyeckoe npedcmasseHue. B cmamve (cmamoe)
peasu3zoeaHa obwas cmpykmypa yHU8epcaabHo20 K8BAHMOB020 a/s120pumma 8 gude duazpamm.
Ha duazpamme npedcmas/ieHbl OCHOBHblEe 3/eMeHMbl, UX ceolicmea, (PYHKYUuU K8AHMOB020
anzopumma. Kaxcowlli 6410k cxemamuveckux O0uazpamM pas3/a0xiceH HA NnocaedosamesbHble
npoyeccovl U 3mandvl KBAHMOBbIX A/120PUMMO8.

Kamwueesie cnoea: KBaHmMo8blll an20pumm, 3anymaHHoCcmsy, cynepno3uyus, KBAHmMoswvle
8bl4UC/AeHUs], UHmepgdepeHyusi, onepamop Adamapa, KBAHMOBbIU 610K, yHUMAPHASI MAMpUya.

Introduction. The result of the quantum

At present, active research and
physical realization of a quantum
computing is conducting in the world.
Prototypes of computing devices have
already been built in different parts of
the world at different times, but there is
not yet a full-fledged quantum
calculator that simulates quantum
computing on a computer with a
classical architecture in order to study
and further design a quantum
calculator.

algorithm is of a probabilistic nature.
Due to a small increase in the number
of operations in the algorithm and to
maximize the entanglement of qubits,
can be arbitrarily approximate the
probability of obtaining the correct
result to unity [1].

Functions and types of
quantum operators in designing
quantum algorithms. The process of
designing a quantum algorithm
consists of a matrix form of the
representation of three operators [2]
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[3]. Superposition (S), quantum
entanglement [2] (entangled states)
(UF) and interference (Int). In general,
the structure of the quantum algorithm,
as the basis of quantum computation,
can be represented as following

QAY= [ (Int ® nId)* Ug]h*1* ["H &®
mS] (1)

Where Id is anidentical operator,
® symbol is a tensor product; S is an
operator of superposition and finally, H
is a Hadamard operators.

In Fig. 1 describes the structure

algorithms, equivalent to the
expression. The input of the quantum
algorithm is always given a binary
function f. This function is represented
as a mapping that divides the image of
each input binary string. First, the
function f is coded as a unitary matrix
operator Ur that depends on f function
properties. The resulting matrix
operator Uris included in the structure
of a cable cell, a unitary matrix whose
structure depends on the Ur matrix and
on the problem that the algorithm must

of the operators of quantum solve [1].
0> | u ] ls bit [
5
2
=
[0> El |2 bit g
il :
Uy | B
bit | 2
N : _ [
, 5] E
[x> bit =
 Input | Superposition . Entanglement | | Interference | Output

Fig. 1. Structure of operators of quantum algorithms.

The superposition contains all
the information needed to solve a
specific task/problem. Due to the
superposition creation, a measurement
operation is performed to extract the
information. Consecutive use of the
quantum operator and measurement of
the result characterizes the quantum
block. It is executed k times to derive a
set of basis vectors. This measurement
is not a deterministic operation,
therefore the resulting basis vectors
will be different. Therefore, each of
them will contain only a part of the
information needed to solve a
particular task/problem [4].

General structure of the
quantum  algorithm.  Schematic
diagram of the simulation of a quantum
algorithm operation on a classical
computing device is illustrated in Fig. 2.
The quantum block in this figure
performs the alternate application of
the quantum operator and the
measurement of the result. It is
executed n times to obtain a set of basis
vectors. Since measurement is not a
deterministic operation, the resulting
basis vectors will be the same, and each
of them will contain only a part of the
information needed to solve the
problem [5].
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Input
. ) Coding
.f J{'.._-.F; F Uf (j:'
Quaﬁtum
block
QOutput
Answer o Decoding Basis
vectors

Level of binary
strings

Level of mappings
and interpretations

Complex
Hilbert space

Fig. 2. Schematic diagram of the quantum algorithm.

The final phase of the quantum Encoding block
algorithm is the interpretation of the The work diagram of the
set of basis vectors for the solution ofa encoding block is shown in Fig. 3.
specific task/problem with a certain
probability value [1-2].
e —
f _| Performance Coding |
f f ..... - F
U Performance | Coding u Performance
; P - p
F1g3Decomposztzonofencodmgblock ............................
Step 1. The representation table Reversibility is carried out by

of the function f:{0,1}»m —{0,1}»m js
transformed into a representation table

of a unitary function F:{0,1}m
—{0,1}»m such that
F(Xo, ....... Xn-1, Yo,eeeian yn-1)—

The necessity of such a change is
related to the unitarity condition for
the operator Ur. It is reversible and can
not represent two different inputs into
the same output values [6]. Since this
operator is a matrix mapping of the
function F, it must be invertible.

increasing the number of bits and
describing the function F instead of f.

Step 2. The representation of the
function F is transformed into a
representation, according to the
following restrictions.

vs € {0,1}*™ : U, [t(s)] =
t[F(s)] (3)

The encoding table t:{0,1}™m
—(C2mtm  where C2mm js the resultant
Hilbert space, defined as:

T(0)=(1)=|0>, r(1)=‘1)=

1> (4
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T(X0,ereeeXnim-1) = T(X0) V... @
T(Xn+m-1)= [X0, .0 Xnsm-1> (5)

Step 3. The representation of Ur
is transformed into a matrix operator
according to the following rule:

[Urij]=1=Uk[i>=[j> (6)

This rule is easy to understand if
we consider |i> and |j> as columns of a
vector. By distributing these columns
according to the canonical basis, UF
determines the permutation of the
rows of the identity matrix. In a general
form, the series |i> is mapped into the
series |i> [3].

Quantum block. The main
element of a quantum block is a
quantum cell.

Its form depends on the
properties of the matrix of the operator
[7]. The matrix operator Ur, which is the
output of the encoding block, in this
structure is the input of the quantum
block.

The unitary matrix is applied k
times to the initial canonical vector |i>
of dimension 2mm  The resultant
complex linear combination of basis
vectors is measured by producing one
basic vector |xi> as a result. All the
measured basis vectors {xi ... Xx} come
together.

The resulting set is the output of
a quantum block.

fnput i ktimes

Input :
U P Cell S

vector

Basis Condition
vectors measurement Output vector
Output |
Set of basis

states

Fig. 4. Decomposition of quantum block.

The decoding unit includes an
interpretation of the set of basis
vectors. Decoding of basic vectors
consists in their transformation into
binary strings. Then they are used as
the coefficients of some equation or for
extracting the answer. The structure of
the decoding unit depends significantly
on the nature of the problem being
solved, and is essentially one or other of
the classical algorithms.

The last part of the quantum
algorithm contains a block of
interpretation of a set of basis vectors
that allows you to isolate a finite,
meaningful solution of the problem
under study with a certain probability
[7].

Summarizing all of the above, itis
worth noting that the developed and
proposed general structure of the
quantum algorithm finds a successful
implementation in the software
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development and implementation of
quantum simulators as auxiliary
external modules. As for the structure
of quantum algorithms operators, it is
universal and, in general, does not
depend on the properties and solved
problems of a particular quantum

algorithm.
Conclusion. The mathematical
and schematic representation

structure of the operators of quantum

algorithms is proposed in the paper.
Detailed decomposition of each block of
the schematic diagram of the
description of sequential processes and
stages of quantum algorithms is
performed. The general structure of the
universal quantum algorithm is
realized as diagrams that reveal the
basic elements, their properties,
functions and place in the work of the
quantum algorithm.
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