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systems, which would allow them to maintain a steady energy supply while minimizing the
environmental impact of energy production.

In particular, developing countries with limited access to reliable electricity grids could
benefit from this hybrid approach, reducing their dependence on expensive and environmentally
harmful diesel generators. Furthermore, regions with abundant wind resources, such as coastal and
mountainous areas, are prime candidates for this type of energy system, as they can leverage their
natural resources to enhance energy security and independence.

6. Future Research and Optimization

While the current study provides valuable insights into the benefits of wind-hydro
integration, future research should focus on optimizing the hybrid system further. This could
include exploring advanced energy storage systems that could be paired with the hybrid model to
address periods of low energy production from both sources. Additionally, advancements in wind
turbine technology, such as the development of more efficient turbines for low-wind-speed
environments, could further enhance the viability of these systems in regions with variable wind
conditions.

Furthermore, a detailed environmental impact assessment is necessary to ensure that the
installation of wind turbines does not have a negative effect on local ecosystems. Wind turbine
placement in mountainous regions must carefully consider factors such as bird migration patterns,
noise pollution, and the visual impact on the landscape.

7. Conclusion

In conclusion, this study shows that integrating wind energy into existing hydroelectric
systems is a highly effective means of increasing energy output and improving the efficiency of
power plants, especially in areas where seasonal variations in water usage for irrigation constrain
hydroelectric production. Despite the challenges of capital costs and technical integration, the
hybrid system offers substantial economic and environmental benefits. By leveraging the natural
synergy between wind and hydropower, this approach presents a sustainable solution to the energy
challenges faced by regions with both strong wind resources and variable water availability.

Conclusions:

This study demonstrates the significant potential of integrating wind energy into existing
hydroelectric power plants to enhance overall energy production, particularly in regions where
seasonal variations in water availability for power generation create operational inefficiencies.
Using the case of a 750 kW hydroelectric power plant situated near a reservoir with a capacity of 33
million cubic meters, the analysis reveals several key conclusions:

1. Hybrid System Efficiency: By combining wind energy with hydropower, the hybrid
system mitigates the seasonal drop in hydroelectric generation, particularly during the summer
months when water is primarily used for irrigation. The inclusion of wind turbines capitalizes on the
stable wind speeds in the area, with wind speeds averaging between 5-23 m/s in summer and 7-20
m/s in winter. This hybrid approach significantly improves the annual energy output and reduces
the dependency on reservoir water levels.

2. Increased Energy Output: The integration of wind turbines into the hydroelectric
system resulted in a substantial increase in total energy production. The hybrid system increased the
monthly energy output during summer months by more than 50% compared to the hydroelectric
plant alone, ensuring that energy demand is met even during peak irrigation periods. Winter months
also saw a notable boost due to the consistent wind patterns, further stabilizing the energy supply
throughout the year.

3. Improved Capacity Factor: The hybrid system demonstrated a higher capacity
factor compared to the hydroelectric plant alone. The capacity factor of the hybrid system ranged
from 0.60 to 0.80 in various months, while the standalone hydro plant's capacity factor fluctuated
between 0.35 and 0.75. This increase reflects the hybrid system's improved ability to maintain a
higher proportion of its rated output, even during periods when water flow is restricted.

4. Economic Feasibility: The economic analysis shows that the hybrid system is
financially viable, with a payback period of approximately 8 years and an internal rate of return
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(IRR) of 12%. The initial capital investment for wind turbine installation is offset by the increased
energy production and the resulting revenue. The hybrid system provides a cost-effective solution to
address the seasonal limitations of hydroelectric power generation.

5. Environmental Benefits: In addition to improving energy production, the hybrid
system contributes to environmental sustainability by reducing reliance on non-renewable energy
sources and minimizing greenhouse gas emissions. The use of wind energy, a clean and renewable
resource, enhances the overall environmental performance of the power plant.

6. Sensitivity to Wind Speed Variations: Sensitivity analysis shows that variations in
wind speed significantly affect the total energy output of the hybrid system. However, due to the
stable and strong wind patterns in the region, the system remains robust under various wind
conditions, ensuring a reliable energy supply.

In conclusion, integrating wind energy into hydroelectric power plants located near
reservoirs offers a practical and sustainable solution for increasing energy production and
addressing the seasonal limitations of hydroelectric power. The hybrid system not only enhances
energy output and operational efficiency but also contributes to the economic and environmental
sustainability of the power generation facility. This approach can serve as a model for similar
installations in regions with favorable wind conditions and fluctuating water availability.
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Annomayua. B pabome paccmampueaemcs npumeHenue KEAHMOBbLIX — ANOPUMMOE  OJlA
ONMUMU3AYUY DHEPeMUYeCKUX Ccucmem, CEOKYCUPOBAHHOE HA peuwleHul 3a0adu Mapuipymusayuu 6
KoHmexcme snepeemuku. Ilpednaeaemcsa K8anmogwlli NOOX00, UCHONLIVIOWUL NPUHYUNDGL CYNEPROSUYUU U
UHGEpCUU OMHOCUMENbHO CpeOHe20 Oid  IPekmusno20 Noucka ONMUMANLHBIX —SHepemuiecKux
mapwpymos. Ilposedenvl uccrnedosanusi no paspabomke CHEYUarbHO20 KEAHMOB020 Opakyia OJis
Npeocmasienus CmpyKmypol DIHEPSeMmuyeckux cemetl U IHepeemudeckux nomoKo8 Mexdcoy V3Iamu.
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Ilpumenenue umneepcuu omHOCUMENbHO CpedHe20 obecneuusaem  dpexmusnoe coOnudICeHUe K
ONMUMANTbHbIM DEUEHUAM 6 NPOCMPAHCNBE 603MONCHBIX MAPULPDYNOE. Peanuzoean keanmoewiii axeopumm 6
guoe KeaHmoeou cxembvl, 6GU3YAIUSUPOBAHbL pe3ylbmambl U npedocmaeﬂeH aHajiu3z onmumailbHblX
9Hepeemuyeckux mapuipymos. Paboma npedcmasnsiem coOoul 6adxCHblll wiae 8 pa3eumuu KEAHMOBbIX
Memooos onmumusayuu ons peulenus CHlOIHCHbIX 3a0ay 6 obaacmu IHepeeMUKU U Mmoalcent umemnbvb
nepcnekmussl 8 NPAKMUYECKoOM NpUMeHeHUU 8 6yoyujem.

Knroueevie cnosa: rxeanmoevie Mem()()bz, onmumuzayus, IHepeemudecKkasl cucmema, aicopumm
I'posepa, ¢pynxyus oracle.

Abstract. The paper examines the application of quantum algorithms to optimize energy systems,
focusing on solving the routing problem in the context of energy. A quantum approach is proposed that uses
the principles of superposition and inversion with respect to the mean to effectively search for optimal
energy routes. Research has been carried out to develop a special quantum oracle to represent the structure
of energy networks and energy flows between nodes. The use of inversion relative to the mean provides
effective convergence to optimal solutions in the space of possible routes. The quantum algorithm is
implemented in the form of a quantum circuit, the results are visualized and an analysis of optimal energy
routes is provided. The work represents an important step in the development of quantum optimization
methods for solving complex problems in the field of energy and may have prospects for practical
application in the future.

Keywords: quantum methods, optimization, energetic system, Grover’s algorithm, oracle function.

Annotayuya. Maqolada energiya kontekstida marshrutlash muammosini hal gilishga garatilgan
energiya tizimlarini optimallashtirish uchun kvant algoritmlarini go ‘llash o ‘rganilgan. Optimal energiya
yo‘llarini samarali izlash uchun o ‘rtachaga nisbatan superpoziyuya va inversiya tamoyillaridan
foydalanadigan kvant yondashuvi taklif etilgan. Energiya tarmoglari strukturasini va tugunlar orasidagi
energiya ogimlarini ifodalovchi maxsus kvant orakulini yaratish bo Yyicha tadgiqotlar olib borilgan.
O ‘rtachaga nisbatan inversiyadan foydalanish mumkin bo ‘lgan marshrutlar fazosida optimal yechimlarga
samarali yaqinlashishni ta’minlaydi. Kvant algoritmi kvant sxemasi shaklida amalga tasvirlangan, natijalar
keltirilib va optimal energiya yo ‘nalishlarining tahlili tagdim etilgan. Ish energetika sohasidagi murakkab
muammolarni hal gilish uchun kvant optimallashtirish usullarini ishlab chigishda muhim gadam bo ‘lib,
kelajakda amaliy qgo ‘llash istigbollariga ega.

Kalit so‘zlar: kvant usullari, optimallashtirish, energetik tizim, Grover algoritmi, oracle funksiyasi.

1.BBegenue. Ilpobrembl B 00JIacTH SHEPreTUKU TpeOYIOT pa3pabOTKM MHHOBALMOHHBIX
MOAXOJOB JJI ONTHUMM3ALMKM CTPYKTYPBl M YIPAaBIEHUS DHEPreTHUECKMMHU cucTeMamu. B cBere
9TOr0, KBAHTOBBIE BBIYMCIEHHUS IPEIOCTABIIAIOT HOBBIE IEPCIEKTHBBI JJISl PEIIECHUS CIOMKHBIX
3a/a4 ONTHMU3ALMH, BKJIKOYAs 3aJady MaplIpyTU3allUM B SHEPreTHYECKOM KOHTEKCTE, KOTopas
03HAa4aeT MOUCK ONTUMAJIBHOTO IMYTH AJIS IEPEJauy SHEPTUU MEXY Y3JIaMHU CETU ¢ MUHUMU3aLUel
3arpar. B KiaccmueckoM moaxonae dTa 3azada sBisgercs NP-IIOJIHOM, YTO OrpaHM4MBacT
3¢ (PEeKTUBHOCTh KJIACCHYECKMX METOJO0B ONTHMU3AaLMU. KBaHTOBBIM alroputM ONTUMHU3AINH,
MPEIJIOKEHHBI B JIAaHHOW paboTe, OCHOBAaH Ha WCIIOJIb30BAHWM MPUHIUIIOB KBAaHTOBOM
CYINEPHO3UIMHA U UHBEPCHUU OTHOCHUTEIBHO cpeaHero. Mbl pazpabaTbiBaeM KBAaHTOBBIN OpaKyJsl IS
MIPEJICTAaBICHUS] CTPYKTYpbl JHEPreTUYECKUX CceTeill, 4YTO T103BoJIsieT 3(PPEKTUBHO BBIIACIATH
ONITHMAaJIbHBIE DHEPreTHYeCKue MapupyTsl. Llenb uccienoBaHus - NPEUIOKUTh U PEAM30BATh
KBAaHTOBBIM  aJlTOPUTM, CHOCOOHBIM  3(QGdeKTHBHO pemaTh 3a7ady MapHIpyTH3alUH B
9HEpPreTUYEeCKOM KOHTEKcTe. MBI HajeeMcsi, 4To pa3paboTka U aHaJIUM3 KBAaHTOBOTO METOAA
ONTHMHU3AIMA MOTYT MPHUBECTH K HOBBIM IMPAKTUYECKUM pEIIEHUSIM B cQepe SHEpreTHKH,
obecrieunBasi ycTOWIMBOCTh M A3PPEKTUBHOCTD B YIPABJICHHH YHEPreTHYECKUMH crcTemami [ 1-3].

B nanHoil pabGoTe mpenacTaBieHa MaTeMaThdecKas MOJENb, aJaNTUPOBaHHAs s
KBAHTOBOI'O QJIFOPUTMA, IPEAHA3HAYEHHOTO AJIs A3PPEKTUBHOIO aHAJIN3a U ONTUMH3ALMU CXEMHBIX
peleHui B 3HepreTudeckoit cdepe. ITa MOJENb YUUTHIBAET pa3IMUHbIE aCHEKThl SHEPreTUUECKHX
cUCTeM, BKJIIOYas CTOMMOCTb, MOTpeOJeHHE MEPBUYHBIX DSHEPropecypcoB U HKOJOTHUECKUE
MokaszaTeiad, M 00JaJaeT NOTEHIMAJIOM 3HAYMTEIbHOTO YCKOPEHHUS BBIYUCIEHHMH Onaromaps
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WCIIOJIb30BAaHNIO KBAaHTOBBIX IPUHUMUIOB. [l YMCIEHHOrO aHanu3a W ONTHMM3ALMM CXEMHBIX
pelIeHnii B KBAHTOBOM KOHTEKCTE pa3pa0O0TaH KBAaHTOBBIM alTOPHUTM, CIIOCOOHBIH 00padaThiBaTh
3aa4i ¢ OOJBUIMMH O0ObEMaMM JaHHBIX M YYMTHIBATh M3MEHEHHUS B Harpys3kax MOTpeOUTess.
[IporpammHoe oOecnieueHue, pa3pabOTaHHOE B paMKax HCCIEAOBAaHUS, OCHOBBIBAETCS Ha
MPUHIMUIAX KBAHTOBBIX BBIYMCICHUH M MOXET 3(PQPEKTHBHO pellaTh ONTUMM3ALMOHHBIE 3a]ayH,
UCTONb3ysd KBAHTOBBIE CYNEPHNO3ULMHU COCTOSTHMMA. I MUHMMH3aLUU 1efneBod  (QyHKIMH,
KO3 PHUIHUEHTH KOTOPOil 3aBUCAT OT BEIOPAHHOTO KPUTEPUS ONITUMH3ALIMHU, TIPEJIOKEH KBAHTOBBIN
UTEpaIMOHHBIN Ipolecc. TOT NPOLECC BKIOYAET B ce0sl KBAHTOBYIO MPOLEAYPY, UCIIOIB3YIOIIYIO
KBAHTOBBIE BEHTWJIM U KBAHTOBBIC OUTHI, YTO MO3BOJIET BBHIOJHATH BHIYMCICHUS MapajIeNIbHO U
3¢ (EeKTUBHO UCMOIB30BATh KBAHTOBbIE MpeUMYyIecTBa. [IpenoxenHas METOA0IOT U, OCHOBaHHAs
Ha KBAaHTOBBIX NPHUHLMIIAX, W [POrpaMMHOE OOECIeUYeHUEe MOryT CTaThb KJIKOYEBBIMU
MHCTPYMEHTaMHM Il TNPUHATHS OOOCHOBAaHHBIX pEIIeHHH B 00JacTH 3HEPreTUdYecKou
ONITUMM3AIIMY, OTKPBIBasi HOBbIE BO3MOYKHOCTH AJIsi Oosiee ObICTPOro M 3(PQPEeKTUBHOTO aHAIU3a U
ONITHMU3AIMHU CIOXHBIX SHEPIeTHYECKHUX cucTeM [4-5].

2. Metoabl. PaccMOTpUM ONTUMH3AIMOHHYIO 3aaa4y s 3()(EKTUBHOTO yIpaBIICHUS
repefadyel JHEPrud  MEKIy pPa3jIM4HbBIMH y3J1aMU JHEpreTndeckond ceth. Kaxnelid ysen
MIPEJICTaBIsET COOON HHEPreTMUECKUil OOBEKT, TaKOM KaK 3JIEKTPOCTAHLUS, MOJCTaHLMS WU
MOTPEOUTENh PHEPTUU. Y3elI MOXKET MOTPEOSATh WIM T€HEPUPOBATh ONPEAEIEHHOE KOJIUYECTBO
SHEPruMu. ITO MOKET OBbITh MPE/ICTABICHO KaK reHepanus win norpednenue. Kaxapiii y3en Moxer
UMETh OIPEJENIEHHBIN 3arac 3HEpruH, KOTOPBIM MpPEACTaBIseT COOON HavyaabHOE KOJIMYECTBO
JHEPIruM, AOCTYIHOE B y3le. PaccTosHUA MEXIy y3JaMU OTPaKaroT CTOMMOCTD Iepeaadu dHEpPrun
MEXJy HHUMH, KOTOpas MOXET 3aBUCETb OT (PU3UUECKOr0 pPACCTOSHUS, XapaKTEPUCTUK JIHMHUN
nepeadyu, Wik Ipyrux napaMmerpos. 3ajada COCTOUT B ONTUMM3ALMK MapIIpyTa Nepeladl SHEPTuu
TaKUM 00pa3zoM, YTOObI MHHUMHU3UPOBATh OOIIYI0O CTOMMOCTb IEpeayuu, YAOBIECTBOPSAS MPU ITOM
9HEPreTHYECKUM TPEOOBaHHUIM KaX10To y3ia [6-7].

J1s moCTpoeHMsI MOZENIN UCTIOIB30BaHBbI CICAYIOLINE IEPEMEHHBIE!

Xi: o
i - GuHapHAs IepeMeHHas, paBHas 1, eClM CYIIECTBYET dHEPreTHUeCKMH MmyTh (JTHHHS

nepenadn) MexIy ysnamu | n J o uOg MIPOTUBHOM CIIy4ae.

P

i - MOIIIHOCTD, ITOTPED p <0 P >0 i
, moTpebsiemast (ecnu ) unu renepupyemas (eciau ) y3iom .
u; . i
| - mepeMeHHasl, PEICTABIAIONIAs OPSAKOBBIH HOMeEp y3na | .
C. C
i - CTOMMOCTB TIEpeIaun SHEPTHHU MEXKIY y3amu | u ),

S .
i- 3amac sHepruu ysna |

IeneBoii hyHKIMEN ABISIETCS MUHUMU3AIUS O0IIEH CTOMMOCTH MapIIpyTa:
N

N
> > ¢yx; > min,
i=l j=lj=i
[IPH CIICAYIOIIMX OrPaHHUYCHHSX

Ka;xnaﬂ JIMHUA IEpCaavu J0JKHA OBITH HCITOIL30BaHa POBHO OIUH pa3:
N

D> x; =1 Vie{l,2,.. N}

j=Lj=i

Ka;xz[aﬂ JIMHUSA epeaavu JOJI’KHA OBITH HUCITOJIb30BaHa POBHO OIWH pa3 Ha BBIXOAC U3 y3JIa:
N

> % =1 Vje{1,2..,N}

i=Li%]

Hckmrouenue moaiuKIoB:
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U —u;+Nx; <N -1 Vi, je{2,3.. N}, i#]j

Ecnu y3enpb | cssan ¢ y3JI0M J (t.e., X :1), TO TIepEeMEHHbIE Uiy Ui JOJKHBI OBITh
pa3IMYHBIMH. JTO YCIOBUE TMpEAOTBpamlaeT o00pa3oBaHHWE IMKIOB MEHBIIEr0 pasMepa Hu
o0ecreyrBaeT, 4To MapuIpyT OyAeT NPeACTaBISITh COOOU TOTHBIHN UK 10 BceM y3iiam [8-9].

YpaBHeHUs i OaaHca SHEPTUU B KaxkaoM y3ie [10-11]:

N N
D opxi— . PX =S, Vie{l,2,. N}

j=1, j=i J=1, j=i
Orta Mozenb MpeACTaBiseT cOO0H KOMOMHALMIO 3a/la4d MapUIPyTU3AlUN U ONTHMU3ALUU
SHEPreTUYECKON CUCTEMBI.
[Ipennoxen anroput™ ['poBepa 1is pemieHus 3aaa4un Mapupytusaiu [ 10-12].
Oyukuusa oracle co3naer Matpuily opakynia i 3aJaHHOTO MapuIpyTa U KOOpAUHAT y3JIOB.
Martpuna opakyiia HCIIOJIb3YETCSl B AIrOpUTME ['poBepa Iiisl BbIIEIEHUS IPABUIBHOIO PELIEHUS, TO
€CTh MapuIpyTa ¢ MUHUMAJIbHOM OOIIEH ITTUHHOM.

Ipemmonoxum, y Hac ectb N y310B, KOTOpas mpencTaBisercs Kak ysen rpada, a pebpa
rpada TPENCTABIAIOT PAcCTOsHHME Mexday ysmamu. Ilyets D - matpuma paccrosamii mMexry

d. P
SHEPIUTHYECKUMH Y3JIaMU, TJI€ ! - PACCTOSHUE MEXIY y3Iamu | n I,
Marpuiia opakyina O cTpoutcs cieayromumM oopazom [13-14]:

o {—1, ecnu j aensemcs Oumom i @ 08OUUHOU 3aNUCU, U | GCMpedaemcs 8 mMapupyme,

[}
! 0, 6 npomusHom cayuae,

rae | u J npumumaror smavenns or O no 2" -1 (Brmountensuo). Takum 06pasoM, opakyi
MOMEYaeT BCE OWTOBBIE CTPOKH, KOTOpBIC NPEACTABISIOT HENpaBWIbHBIE MapHIpyThl, -1, u
OCTaBJIsieT MPaBUIbHBIA MapuIpyT 6e3 usmenenui (0).

Takxe Ba)XHO y4eCTh, YTO JUIsl MPABUIILHOM paboThl airoput™a ['poBepa mMarpuiia opakysa
JOJKHA OBITh HOPMAJIM30BAaHHOM (BCE 3HAUEHHUS B MaTpUIE JOKHBI ObITh B MHTEpBasie OT -1 10
Hopmanu3zaiusi 00bIYHO MMPOU3BOIUTCS MYyTEM JAETIEHUS KaXKIOTo 3JIeMEHTa MaTpHUILIbl HA KOPEHb U3
o0miero 4mciaa SJEMEHTOB B Marpume. Takum o0pa3oMm, MaTpulia opakyja s 3agadu
MapIIpyTU3aLUU UMEET CIIeTYFOIINH BHI:

1 0 - 0

0 -1 0
U :L : : . sl

oracle \/Z_N

N-1
TJIe KOJMYECTBO CTPOK U CTOJIOLOB PaBHO 2 .
Crnenyronum 1arom sBJsIeTC IPUMEHEHUE MATpUIly Opakyla K KBAaHTOBOMY COCTOSIHHIO
[15].

74 7 Uoracle
[Iycte ¥ - BEeKTOpP-CTOI0EI KBAHTOBOTO COCTOSIHHS (aMILTUTYABI BEPOSATHOCTEH), a -
MaTpHlila OpaKyJa.

Toraa onepanusi IPUMEHEHHUS OPaKyJa K COCTOSIHUIO 3alMChIBACTCS KaK:

l/loracle = Uoraclelr//
1
rae Vorade HOBBIN BEKTOP-CTOJOEI] KBAHTOBOT'O COCTOSIHUS TIOCJIC IPUMEHEHHUSI OpaKyJia.

U
Ecnu "~ oredle - gopmanu3oBaHHasi MaTpulla opakyia (Bce 3Ha4eHus: B HHTepBase oT -1 10 1),
TO IPUMEHEHHE OpaKyja MOKET ObITh 3aIIMCAHO KaK:
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1
Voracle = _[_Uoraclel//!
2N

rae \/Z—N - HOPMAJIU3YIOLINM MHOKHUTENb 111 COXPAHEHUSI HOPMBI COCTOSTHUS.

B xonTekcTe anroputma ['poBepa, 3TOT mpoLecc MPUMEHSIETCS UTEPATUBHO, YTO YCHIINBAET
aAMIUIUTY/Ibl BEPOATHOCTEN IPABUIIbHBIX COCTOSIHUM.

Cnenyromii mar mNpUMEHEHHE WHBEPCHUM OTHOCUTENIBHO CpPEJHEro Ha KBAaHTOBOM
COCTOSIHUY BBIIIOJHSIETCS CIEAYIOIIUM 00pa3oM.

Mycts ¥ - BexTOp-cTONGEN KBAHTOBOTO COCTOSHHMS, H Vorae -~ CPEIHEE 3HayeHUE

AMIUIMTY 3TOTO COCTOSAHUA. Cpez{Hee 3HAUYCHUEC BBIYUCIISICTCA KaK:
2N

_ 1
l/loracle = 2N z l//ioracle’
i=0

rac N . KOJINYCCTBO KY6I/ITOB B CUCTCMC.
OHCpaI_[I/IH HHBCPCHUHU OTHOCUTCIIBHO CPECAHCTO 3aTCM MIPUMCHACTCA CICAYOIINM 06p330MZ

l//inversion = Uinversionl//oracle = 2l/joracle - l//oracle'

rae Vinversion HOBBIN BeKTOp-CTOJ'I6eI_I KBaHTOBOI'O COCTOSIHHSI IIOCJIE MHBEPCHUU OTHOCHUTEIBHO
CpenHero.

DTa omepainus UIrpaeT KIOYEBYIO pPOJIb B aiaroputMme ['poBepa, riie oHa yBEIWYHMBAET
aAMIUTATY/IbI BEPOSATHOCTEN IPABUIIBHBIX COCTOSIHUU.

Crnenyromum 3TarnoM sIBJSETCS TeHEepalus CIy4yalHOTo HadalbHOro mapuipyta. [[ns storo
HCIOJIb30BaH TEHETUYECKUN AITOPUTM, KOTOPBIM T€HEPUPYET CIyYalHBbIM HAadallbHBIM MaplpyT,
nepeMelnBas NHAECKCHI Y3JI0B.

['eneTrueckuii alirOpUTM U1l TEHEPALUK CIIYYalHbBIX HAa4aJbHBIX MApPLIPYTOB B KOHTEKCTE
3aJla4¥l MapHIPyTH3AINHA MOKET OBITh TIPEICTABJICH CICIYIOIINM 00pa3oM:

Ilycts N - kommaecto y3710B. ['eHeTMUEeCKUI aJITOPUTM CO3JAET IMOMYJIALUIO CIIy4alHbIX
MapIIpyTOB, I/I€ KaX/IbIii MapIIpyT MPEJCTABISAET COO0M MEPECTAHOBKY Y3JIOB.

st ”HULIMAIM3auuy NOIMYJISILIMY CITy4yallHbIM 00pa30M CO3Jal0TCsl HauajbHbIE MAPLIPYTHI B
BHJIE [IEPECTAHOBOK Y3JI0B.

POp = {Rl’ R21"'Rpop_size}’

rae R, MpeICTaBIseT COO0M CIIydallHbI MapHIpyT.

JUis  Kaxaoro Mapuipyra B MONYJSIIMUA  PACCUUTHIBACTCS €ro  MPUCIIOCOOJICHHOCTb.
[TpucnocoOaeHHOCTh MOXKET OBITH OIpeesieHa Kak OOpaTHOe 3HaueHHe OOLIero pacCTOSHUS
MapmpyTta. Takum 00pa3oM, MapmipyThl ¢ MEHBIIUM OOIIMM PACCTOSHUEM OyAyT MMETh Ooee
BBICOKYIO MPHUCIIOCOOJIEHHOCTh. 3aTeM W3 MOMYJSIUM BBIOMPAIOTCS MapUIpyThl AJIS CO3JaHUs
HOBOTO MOKOJIeHUs. BeposTHOCTE BpIOOpa MapIIpyTa IPONOPLIUOHATIBEHA €0 IPUCIIOCOOIEHHOCTH.
Crnenyronum 1maroM sBiisieTcsl cKpeliuBaHue. I[lapbl poauteneil BBIOpaHHBIX MapIIPYTOB
CKPEIMBAIOTCSI, YTOOBI CO3[aTh HOBBIX IOTOMKOB. Pa3inuHble METOIbl KpOCCOBEpa MOTYT
WCIOJIb30BaThCS, HANIPUMEP, OJHOTOYEUHBIM KPOCCOBEpP WM MHOTOTOYEYHBIH KpOCCOBEp. 3aTeM
MpOU3BOAUTCS MyTauus. HekoTopble TeHbl B MOTOMCTBE CIIy4allHBIM 00pa3oM H3MEHSIOTCS C
HEeOOJIbIION BEpPOSITHOCTHIO, YTOOBI BHECTH pa3zHoOOpasue B mnomyisauuioo. HoBoe mnokoneHue
dbopmupyercss myTeM OOBEAMHEHHUS POAUTEICH M IMOTOMCTBA, 3aTeéM OTOMPAIOTCS HAWITYYIIHE
MapIpyThL.

CrnenyromM 1marom SsBJsieTcsl MpUMEHEHHe aliroput™M ['poBepa. ANTOPUTM HUTEPATUBHO
MIPUMEHSIET OTepalliy OpaKyJia 1 HHBEPCUU OTHOCUTEIBHO CPEIHETO.
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l//final = U inversionU oraclel//i )
3aT€M BBIUYUCIIAIOTCA BCPOATHOCTH PA3JIMYHBIX MapmpyToB Ha OCHOBE KOHCYHOI'O
KBAHTOBOTO COCTOSAHUA. 0603HaqHM KOHCYHOC KBAHTOBOC COCTOSAHHUEC TIIOCIIC TIPHUMCHCHUSA

anroputma I'poBepa kak Vinal BeposTHOCTh M3MepeHHs KaKI0ro COCTOSIHUS B 3TOM (PUHAIBHOM
COCTOSTHUM MOXXHO BBIYHUCIIUTH, BO3BES B KBaApaT AMILIUTYy 3TOTO COCTOSHUS.

Econ N - kommuectBo ky6utoB B cucreMe, u Viial _ 570 BEKTOpP COCTOSIHHS, TO

P .
BEPOATHOCTDH ! HU3MCPCHUSA COCTOAHUA I MOKHO BBIPpa3uThb CJICAYIOIIUM 06pa30M:
2

P= ‘l//finali

3xech Vtinal, _ KOMITIOHCHTa BEKTOpA COCTOSHUS V final nis cocrosuus . 1o umcno, kotopoe

MOXHO IIOJYy4UTb M3 KOHEYHOIO KBAHTOBOI'O COCTOSIHUA Iocie anropurma I'posepa. BaxHo
OTMETHUTh, YTO HHIECKCHI i MIPEJICTaBISIOT OUTOBBIE CTPOKH, MPEJCTABISIONIME BO3MOXKHbBIE
MIEPECTAaHOBKM MAPLIPYTa B 3a/1a4€ MapUIPyTU3ALIMH.

3. PesyabTarsl. Vcronb30BaHne KBAHTOBBIX CXEM B ONTHUMM3ALMHM YHEPTETUYECCKUX CUCTEM
IpeJcTaBisieT co00M MHHOBALMOHHBIA MOJXOJA K PELICHUIO CIOXKHBIX 3a7ad. KBaHTOBBIE cXeMbl
00JTalaf0T YHUKAJIbHBIMU CBOMCTBAMH, TAaKUMH KaK MapajuieNn3M, HHTEp(EpeHIns 1 KBaHTOBEIC
BOpOTa, 4YTO JIE€JaeT HX MOIIHBIM HHCTPYMEHTOM i 3(QQHEKTUBHOTO U TOYHOTO pEIIECHUs
ONTHMHU3ALMOHHBIX 3a7a4 B JHepreTuke. KBaHTOBBIE CXEMBI IJIsl ONTHMHU3ALMUA JSHEPreTHYECKUX
CHCTEM BKJIIOYAIOT B ce0s KBAHTOBBIE BOPOTA, KBAHTOBBIE NEPECTAHOBKM M alrOpUTMBbI ['poBepa.
KBaHTOBBIE NEPECTAHOBKM MOTYT OBITh HCHOJB30BAHbI JJIS IPEICTABICHHUS BO3MOXKHBIX
MapuipyToB WIM  KOH(Urypauuii  cucteMbl. BeposTHOCTHBIE  OpaKylibHbIE  OIEpaluH,
NPEJCTABIAIONINE MATPUIly OpaKysa Uil 3aJaud KOMMHUBOSDKEpPAa B JHEPreTHKE, MOTYT OBITh
peanu3oBaHbl C MCIOJIB30BaHMEM KBAaHTOBBIX BOpOT. Hampumep, omepaums Permutation moxer
OBITH MPEJICTaBJICHA C UCTIOIB30BAHUEM KBAaHTOBBIX IepecTaHOBOK. Onepanun opakyia 1 MHBEPCHU
CpPEIHEro 3HAYeHHs MOTYT OBITh MPHUMEHEHBl K KBAaHTOBBIM COCTOSIHUSIM, MPEACTaBISIOIINM
pasiauyuHble MapuIpyThl WIM KOH(QUIYpallMKW SHEpreTHueckoi cuctemsl. IIpumeHeHne 3THX
orepauuil UTEPaTUBHO MOMOTAET COMU3UTHCS C ONTHUMAJIbHBIM pelleHHueM. BusyaausupoBaHbl
KBaHTOBBIE CXEMbI M DPE3yJbTaTbl KBAaHTOBBIX BbIUMCIEHUH (pucl-5). Busyanuszanus nomoraer
IIOHATb CTPYKTYPY CXEMBI, IOCIEIOBAaTEIbHOCTh OIEPALM U UX BO3JCUCTBHE HA KBAaHTOBBIC
COCTOSIHHSL.

KBaHTOBBIN aJITOPUTM YCIIENTHO ONTHMH3UPOBAI MAPUIPYT UL 3aJaHHOM 3HEPreTUYEeCKON
cucteMbl. [lomydeHHBIH MapHIpyT MpeACTaBIseT cOOOM pEIIeHHe 3aJaud MapIIpyTU3ALNH,
YUUTBIBasl CHEUU(PUKY SHEPreTHUEeCKHX Y3JI0B U PACCTOSIHUM Mexay Humu. MrepatuBHOE
IIPUMEHEHHE OIEpalMi Opakyjla ¥ HHBEPCHUM OTHOCUTEIIBHO CPENHEro C HCIOJb30BaHUEM
KBAHTOBOI'O QJITOPUTMa IMO3BOJWIO J(PQPEKTUBHO HCCIEAOBaTh IPOCTPAHCTBO BO3MOXKHBIX
MaplIpyTOB U CXOJUTHCA K ONTHMAIBHOMY peuleHuro. Ilpu 3ToM, reHeTHdyeckuil aaroputMm
YCIEIIHO MKCIOIB30BAJICA I TEHEpalUuu CIy4alHbIX HAYaJbHBIX MapUIPyTOB, IIPEIOCTaBIAA
OTIIPABHYIO TOYKY IJI ONTUMHU3ALUU U JONOJIHAS KBAHTOBBIM aJIroput™m. Mojenb y4HUTBIBAET
pa3Nu4Hble KPUTEPUM ONTHUMM3AlMM, TaKue KaK CTOMMOCTb, IOTpeOJIeHHEe MEepBUYHBIX
9HEPropecypcoB U 3KOJOrHUYeCcKUe napaMeTpbl. KBaHTOBBIN anropuT™M UTEPAaTUBHO HAXOAUT OanaHC
MEXJy OSTHMHM KpPUTEPUSMH, II03BOJISAS NPUHUMATh OOOCHOBAaHHbIE pEIIEHUS B KOHTEKCTE
JHEPreTUYECKOW cucreMbl. IIpuMeHeHHe KBaHTOBOIO aiaropuTMa i 3aJad ONTUMU3ALUHU B
SHEpPreTUKe NPEeAOCTABISAET IOTCHUUAIbHBIE BBIMIPHINN B APPEKTUBHOCTH HCHOIB30BAHUS
JHEPropeCypCcoB, COKPALLICHUH 3aTPAT U YJIYYILIEHUH SKOJIOTMYECKUX IT0Ka3aTeIeH.
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Puc.1. KBaHTOBBIE CXEMBI 5 Y3II0B.

Traveling Salesman Problem Route

® Node
-~ Route

0.9 1
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0.7 1

Y coordinate

0.6 -
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T T T

0.4 05 06 0.7 08 09
X coordinate

Puc.2. Pewienue 3agaun MappyTusanuu st 7 y3J10B.
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Puc.3. KantoBbie cxembl 10 y3110B.

Traveling Salesman Problem Route

Traveling Salesman Problem Route
il ® Node T —————————
PE— et - Rt el o Node
P - T e & Boute
0s r /.// "____-_-— T
{ @ et} l
| P |
0% { S~ l /,'/ \,\
om_ 14 \
| ——— . ?f | // lt l
{ N 3 | / ~ .
| o 8 | // > R
o4 ! N S oy,
l gl b 73 | ,/ \T‘\\
| S /
L l /’
| e | /
| e | /
| = ‘ —F
= /
‘ [ /
0o 0 04 16 ( Lo ¢
X comedinmn 00 04 6 a8 1
X Coordinate
Puc.4. Pemenue 3agaun Mapmpytuzanuu i 10 y3ioB.
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JHEPI'ETUKA, 3JIEKTPOTEXHHUKA, 3JIEKTPOHHBIE ITPUBOPbLI 1
NHP®OPMALIMNOHHBIE TEXHOJIOI'MHU

AJ'IFOpI/ITM FpOBepa MNPpCAHA3HAYCH JJIA MCIIOJIb30BAHHA Ha KBAHTOBBLIX KOMIIBIOTCPAX U
MOJKET He 00ecneYHnBaTh CYHICCTBCHHOTO MNPCUMYyHIECCTBA IO CPABHCHUIO C KIIACCUYCCKHMHU
AJITrOpUTMaMU JJI HEOOIBIITNX 9K3CMILJIAPOB 3a/1a4i MapuIpyTHU3alu.

4. 3akiaoyenne. B xome pa3paboTku W WCCIEIOBaHUS KBAaHTOBOTO alTOPUTMa
ONTUMM3AIMKN JUIS PELIEHUs 3a/Jadyd KOMMMBOSDKEpa B DHEPreTUYECKOM cucteme Oblia
pa3paboTaHa MareMaThyeckas MoJieJb OOOOIIEHHOW CXEMbl SHEProOKOMIUIEKCa, KOTOpas
YUUTBHIBAET OCOOEHHOCTH IHEPIeTUUECKUX CETEH, ONpPEesisl y3ibl U PACCTOSHUS MEXAY HUMU
B KOHTEKCTE JHeprerndecko cucreMbl.  IIpumeneH kBaHTOBBIM anroput™m ['poBepa s
ONTUMM3AIMK 337a4d MapLIPYTHU3alMM B 3HEPreTUKE. AJTOPUTM MTEPATHUBHO IPUMEHSET
olepauuy OpaKyja W HHBEPCUUM OTHOCHUTEIBHO CpPEJHEr0 K KBAHTOBOMY COCTOSIHMIO,
3¢ deKTUBHO HCcenysl MPOCTPAHCTBO BO3MOXHBIX MapIIPYTOB. Peann3oBaH reHeTHYECKHi
QITOPUTM I TE€HEpaluu CIy4YyailHBIX HaYaJbHBIX MapUIPyTOB, YTO MPEACTABIIET COOOM
BA)KHBIN ATall JJI1 UTEPAMOHHOTO YJIYUIIEHHS MaplIpyTa B KOHTEKCTE 3aa4l KOMMHUBOSLKEpPA.
[IpousBenena onTuMH3anus CTPYKTYpPbl SJHEPIETUUYECKON CETH C MCHOJb30BaHUEM KBAHTOBOI'O
QITOpUTMA, YTO MOXET TMPUBECTH K YIY4IICHUIO dS()PEKTUBHOCTH HCIIOIH30BAHUS
SHEPIrOpPECYpCOB, CHUXXEHUIO CTOMMOCTH W YYeTy OJKOJOTMYECKMX KpUTEepueB. BBeleHbI
MaTeMaTHYeCKHE YCIIOBUsA, Takue Kak "MckitoueHue MOAIMKIOB", KOTOpbIE T'apaHTUPYIOT
KOPPEKTHOCTh PELEHUS 3aJladyll KOMMHUBOSDKEpAa U OTCYTCTBUE LIMKIJIOB MEHBIIEro pasmepa. B
LEJIOM, MPENJIOKEHHBIM KBAHTOBBIM aJIrOPUTM MPEACTABISAET COOON MEPCHEKTUBHOE PELICHUE
JUISL ONTHMM3AlMM 33Jaud  KOMMHBOSDKEpa B JHepreruke, obecreuunBas 3(PQPeKTUBHOE
WCIIOJIb30BAHUE PECYPCOB U YUET SKOJOTMUECKUX acleKTOB. [lanbHelme ucciea0BaHus MOTYT
BKJIIOYATh B ce0sl paclIMpeHne MOAEH, Oosiee CIO0XKHbBIE CLHEHAPUH U y4YeT JAOMOJHUTEIbHBIX
KpUTEpPUEB ONTUMU3ALUH.
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