Bulletin of
Practice

Scientific Journal




broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne3. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/88

ISSN 2414-2948

W3narensckuii nentp «Hayka u npakTukay.

E. C. OBeukuHa. Tom 9. Homep 3.
BIOJUIETEHb HAYKHU U ITPAKTHUKHA
Hayunsrii xypHai. mapt 2023 .

Uznaercs ¢ nexadps 2015 r.
Brixoaut oguH pa3 B Mecsl.
16+

I'nasnwii peoakmop E. C. OBeuknHa

Peoaxyuonnas xomneeus: JI. Asnaposa, 3.T. AnmmeB, A. K. AneimoB, K. Anant, A. A. Adonun, P.Bb. BaiimaxaH,
X. T. boitmyponos, P. K. Bepma, C. I'oitunHa3zapos, B. A. I'opuikos-Kanrakysen, W. X. JlaBneros, A. III. lypmaHOB,
E. B. 3unoBneB, 3. A. Kabynos, C.III. Kaszgausn, b. C. Kammyparos, C.B. Kosanenko, A. C. KonecHHKOB,
. b. Koconanos, H.TI. Koconanosa, P.A.KpaBuenko, H.B.Ky3una, K.W. Kypnasuugu, A. I. Marsees,
J1. 1O. Marpu3zaesa, A. JI. MaTsky6oB, P. A. Maxecap, 3. X. Mycradaes, ®@. Hazaposa, 1. U. Hamo3os, I'. Hypmaroga,
T. Hypwsim6GetoB, @. 0. Oeukus (o1B. pex.), P. 0. Ouepernna, T. H. [latpaxuna, U. B. Ilomosa, A. B. Poxnonos,
C. K. Camnaes, I1. H. Canpkos, 3. M. Carropos, E. A. Cubupsaxosa, C. H. Cokonos, C. FO. Connarosa, JI. }O. Ypa3aesa,
T. X. ®apmanos, H. b. Xacanos, 1. H. [1IBaii6a, 111. Dpramesa, C. IOcymnos, A. M. SkoBnesa.

Aodpec pedaxyuu:

628605, HmwxHeBapTOBCK, yi1. XaHThI-MaHcwuiickas, 17, 81
Teun. +79821565120

https://www.bulletennauki.ru

E-mail: bulletennaura@inbox.ru, bulletennaura@gmail.com

Ceuzerenbctio o peructpauun IJ1 NedC 77-66110 ot 20.06.2016

Kypuan «bronnerensr nayku u npaktuku» Bkimrouen B Crossref, Ulrich’s Periodicals Directory, AGRIS, GeoRef,
Chemical Abstracts Service (CAS), donapl Bcepoccuiickoro HMHCTHTYyTa HAyYHOH W TEXHHYECKOW WH(opManuu
(BUHUTU PAH), eLIBRARY.RU (PUHLI), OBC IPRbooks, DBC «Jlaub», KubepJlenunka, D5C Znanium.com,
nHpopmanmonHyto Marpuily ananutuku xypHaios (MIAR), ACADEMIA, Google Scholar, ZENODO, AcademicKeys
(MexyHuBepcuTeTcKas oubnanoreunas cucrema), Polish Scholarly Bibliography (PBN), unaexcupyercst 8 PUHII, Index
Copernicus Search Articles, J-Gate, Open Academic Journals Index (OAJI), OpenAIRE, CIARD RING, BASE
(Bielefeld Academic Search Engine), Internet Archive, Dimensions, EuroPub, Open Ukrainian Citation Index (OUCI).

Hmnaxm-paxmopet socypnana: PUHI] — 0,264; Open Academic Journals Index (OAJI) — 0,350,
Index Copernicus Journals (ICI) Master List database for 2020 (ICV) — 98,14.
D i work i - but onal Li
This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)

B xypHanme paccMaTpHBalOTCS BONPOCH PA3BUTUS MHPOBOH M PETHOHAIBHOM HAyKW M TPAKTHUKH. [l y4eHbIX,
Iperno/aBaTeseil, aClMpaHToB, CTYICHTOB.

Bromnerenp Hayku u npaktuku. 2023. T. 9. Ne3. https://doi.org/10.33619/2414-2948/88

©MWsznarensckuii nentp «Hayka u npakrukay, 2023
HuxueBaprosck, Poccus

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 2


https://www.bulletennauki.ru/
file:///F:/НОВЫЙ%20ГОД/Моя%20работа/ЖУРНАЛ/Бюллетень%20науки/БНП%20№12%202020/bulletennaura@gmail.com

broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne3. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/88

ISSN 2414-2948

Publishing Center Science and Practice.

E. Ovechkina. Volume 9, Issue 3.
BULLETIN OF SCIENCE AND PRACTICE
Scientific Journal. March, 2023.

Published since December 2015.
Schedule: monthly.
16+

Editor-in-chief E. Ovechkina

Editorial Board: D. Azlarova, Z. Aliev, A. Alimov, Ch. Ananth, A. Afonin, R.Baimakhan, Kh. Boimurodov,
S. Goiipnazarov, V. Gorshkov-Cantacuzéne, |. Davletov, A. Durmanov, Sh. Ergasheva, T. Farmanov, E. Kabulov, N.
Khasanov, B. Kalmuratov, A. Kolesnikov, S. Kazdanyan, S. Kovalenko, D. Kosolapov, N. Kosolapova, R. Kravchenko,
N. Kuzina, K. Kurpayanidi, A. Matveev, D. Matrizaeva, A. Matyakubov, R. A. Mahesar, Z. Mustafaev, F. Nazarova,
I. Namozov, G. Nurmatova, T. Nurimbetov, R. Ocheretina, F. Ovechkin (executive editor), T. Patrakhina, I. Popova,
S. Salaev, P. Sankov, Z. Sattorov, E. Sibiryakova, S. Sokolov, S. Soldatova, D. Shvaiba, Rameez Ali, A. Rodionov,
L. Urazaeva, R. Verma, A. Yakovleva, S. Yusupov, E. Zinoviev.

Address of the editorial office:

628605, Nizhnevartovsk, Khanty-Mansiyskaya str., 17, 81.
Phone +79821565120

https://www.bulletennauki.ru

E-mail: bulletennaura@inbox.ru, bulletennaura@gmail.com

The certificate of registration EL no. FS 77-66110 of 20.6.2016.

The Bulletin of Science and Practice Journal is Crossref, Ulrich’s Periodicals Directory, AGRIS, GeoRef, Chemical
Abstracts Service (CAS), included All-Russian Institute of Scientific and Technical Information (VINITI), RINTS,
Electronic and library system IPRbooks, the Electronic and library system Lanbook, CyberLeninka, MIAR, ZENODO,
ACADEMIA, Google Scholar, AcademicKeys (interuniversity library system, Polish Scholarly Bibliography (PBN),
the Electronic and library system Znanium.com, J-Gate, Open Academic Journals Index (OAJI), OpenAIRE, CIARD
RING, BASE (Bielefeld Academic Search Engine), Internet Archive, Scholarsteer, Dimensions, EuroPub, Open
Ukrainian Citation Index (OUCI).

Impact-factor RINTs — 0.264; Open Academic Journals Index (OAJI) — 0.350,
Index Copernicus Journals (ICI) Master List database for 2020 (ICV) — 98.14.

E This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)

The Journal addresses issues of global and regional Science and Practice. For scientists, teachers, graduate students,
students.

(2023). Bulletin of Science and Practice, 9(3). https://doi.org/10.33619/2414-2948/88

©Publishing Center Science and Practice, 2023
Nizhnevartovsk, Russia

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 3



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne3. 2023

https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/88

10.

11.

12.

13.

14.

15.

16.

17.

18.

COIEPXAHUE

Duszuxo-mamemamuyecKue HayKu
JKonv Bunbun, Munopos K. A. RETRACTION
[Iporpecc uccnenoBaHmii 3aKUCH MEAN P-THIIA B UCIOIB30BAHIH DHEPTUH CBETA ..............
Axmamosg A. A.
UccnenoBanne pemieHwii CHHTYISIPHO BO3MYIIIEHHBIX OOBIKHOBEHHBIX A (depeHrmambHbIX
202203 (5] 1717 (T
Axmamosg A. A.
OO0 yCTOMYHMBOCTH PENMIEHUI CHHTYIISIPHO BO3MYIIIEHHBIX OOBIKHOBEHHBIX
D102 (0110130103100 F 0 192 00 e g 0120232 (53 1 1

buonozuueckue nayku
Konyesas U. U., Onvuiesckuii A. U.
BriusiHue a3uTpoMuUIIMHA HA TEHOTOKCHYHOCTB B Allium Tecte ..o
Anubetinu X., Caovieos T. I'., Abbacos /1.
[Ipumenenne apupHOTO Macia Rosmarinus officinalis L. B TIPOMBIIITICHHOCTH .................
Hcaesa K.
Buoskonoruueckre 0COOCHHOCTH U XO3SHCTBEHHOE 3HAUCHUE Scolytus intricatus
(Ratzeburg, 1837) u Trypodendron lineatum (A. G. Olivier, 1800), moBpex1ar0IuX JeCHBIE
JIEpeBbsI HA IOXKHBIX CKI0HaX boibimoro KaBkaza (A3epOailikaH) .....ovvvveneeneeninninnnnnn.e
batipamosa V. B.
Buopaznoobpasue oBpaskHOH (QIOpI ceBepo-BOCTOUHOH yacTu Masoro KaBkasa ..............
Kypbanos 3., Acranosa C., Ubpazumos L11.
Turbel 4aabHO-TYTOBOI U BOAHO-00IOTHOM PacTUTENEHOCTH He(hTe3arpsI3HEHHBIX ITOYB
Cra3zaHbCKOTO PAMOHA (A3CPOAMIIIKAH) .. .uvvurtetetinsentententetenteateeteseseanesensennannenns
bexmypeanosa A. O., Maxmyooea )K. A., Taanatibexosa M. T.
CrpyKTypHO-(QYHKIIHOHAIBHOE COCTOSIHUE JICMKOLIUTOB MPH JUINTEIBHOHN aganTanun
OKCIICPUMCHTAJIbHBIX )KUBOTHBIX K KJ'II/IMaTOFeOI‘pa(I)I/I‘-IGCKI/IM YCIOBHAM BBICOKOTOPBA .......

Hayxu o 3emne
Tepexun E. B., Hanuweunu O. A.
Ananu3 3()(EeKTUBHOCTH BBOJIa HOBBIX FOPU30HTAIBHBIX CKBaxkuH ¢ MI'PIT Ha
HEOIHOPOAHBIX KOJIEKTOPAX AUMMOBCKOM TOMIIIM .. ..veuteenteentennteeeenieenteennenneenneenens
Lorcaghapos T. U.
Ponb aspokocMHudecKiX H300paKEHHH B OPOPMIICHHUE TTOYBEHHBIX KAPT ...uvneeneeenennnnen..

Cenbckoxo3aiicmeennvle HayKu
Caowvieos C. T.
3emMenbHbIH GoHA TeppuToprr MyraHo-CallbTHCKOTO MacCUBa U COCTOSIHHE €TO
(03 (01 0 3c10): 1215 1 6 (R
Tyceiinosa 3. A.
OreHka 3acyXx0yCTOMYHUBOCTH T€HOTHUIIOB MSTKOM MeHuIsl (Triticum aestivum L.) B
TMTOJIEBBIX YCIOBHUAX TYPTOPOMETPHUICCKUM METOMIOM . ..eoveeeeeneneeneeneneaneeneeneneaneaneanens
Paxumos V. X., Anuxynos A. A., Paxmamxoooicaes [1I. T.
MOHMIHO3 YEPETITHU U MEPBI OOPBOBI ...\t uttett ettt et et et et et et et e reeeeneeneeennenns
Abbacosa T. I0., /lawoamupos K. [11.
Brusiaue GosphIlTHIKa KaK KOPMOBOM JOOABKH HA HAJIOM M KAY€CTBO KOPOBBETO MOJIOKA . ...
Tacananues H. I
M3ydenHne rebMHUHTO30B B OBIIEBOAUCCKUX X03siicTBax Lllexn-3akaraibekoro
) 0) ¢ (0101785 (ST 0] KO I 01214 () ¢ R
Damanues I I, T'acannu H. A., Acranosa 3. K.
Jlanamrad THO-3KOMOTHYIECKHE 0COOCHHOCTH PaCIIPOCTPAHCHUS TTIaBHBIX BO30yIUTEICH
TeJIbMUHTO30B OBEI] B CEBEPO-BOCTOYHBIX Mpearopbsax Mamoro KaBkaza ........................
Enumaxos B. I
MonenpoBanue OCTYIUICHISI KaAMUs, CBUHIIA, PTYTH U MBIIITbIKA B OPTaHU3M JKBATHBIX
’KUBOTHBIX C PALlMOHOM U MEPEX0/A B MPOTYKIUIO KUBOTHOBOACTBA «...vvveeennennneanneannnne

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

12-32

33-38

39-46

47-58

59-62

63-68

69-73

74-79

80-87

88-94

95-101

102-108

109-114

115-119

120-125

126-129

130-137

138-146



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne3. 2023

https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/88

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Mameoosa P. A.

Bo30ynuTenu v IepeHOCUNKH KPOBEMapa3uTapHBIX OONE3HEH KPyIMHOTO pOraToro ckota
LenTpanbHO-ApaHCKOTO SKOHOMUYECKOTO PaioHa (A3EPOAMIIKAH) . ..vvvveerenreneenrannennnns
Aeaes D. D.

Pacuet 3ppexTHBHOCTH Pa3zpabOTAHHOTO KOPMOCMECHTEIIS ...uveereneeennranreenreenneanneannnns

Meouyunckue Hayku
Pomanuyx H. 11.
KorauTuBHBII MO3T: HEHPOOHOTOTHSI, HEUPOPUIUOIOTHS U HEHPOIHIOKPUHOIOTUS SMOLIUH
fOcynos @. A., IOnoawes A. A.
Bonesns Bunbcona-KoHnoBamoBa: 0630p TUTEpaTyphl U CITy9ald U3 TIPAKTHKH ....o.eenven.en....
Tabanovieg A. T.
OddexTrBHOCTH penapara [[poHTOCaH B KOMIUIEKCHOM JICYCHUN THOMHBIX PaH ..............
Llocmax []. I1., Ilawos A. 1., Boakosa JI. B., Cmenanyosa M. I
Pe3ynpraThl THCTOIOTHYECKOTO NCCIIEA0BAHUS TUIAICHT IIPH MPEKACBPEMEHHBIX POAAX Y
xuTenbHUL KaauHuHrpaackoit 001acTu ¢ HaClleICTBEHHON e3ajanTauell remocTasa ......
Buibopnuvix B. A.
[lepunaTtanpHbIE TOTEPH KaK aKTyallbHAs poOieMa aKyiepcTBa U IEPHHATONOTHH ...........
Kupsaxuna E. A.
Knunuko-nuarsoctudeckoe Heciae0BaHye TIoKa3aTesiel CIMHHOMO3TOBOM JKUAKOCTH B
pabote nabopaToprr 00TACTHON HETCKOM OOTBHUIIBT - ... ...veeeneeneeneeneeneenneneaneaneeneenenns
Ubpazumosa M. /1., Anvibaesa C. A.
KauecTBo X13HM NAIIMEHTOB, MOJYYaBIINX TEPEMEHHYIO IEKTPOCTATHUECKYIO TEPAIHIO
Ha ammmapare Hivamat 200 ...
Anvibaesa C. A., Mambemos M. A.
Onenka 3(h(EeKTUBHOCTH KOMIUICKCHON peaOMIUTAIMK AllMeHTOB
¢ muabeTHYeCKO MOMMHEHPONaTHeil B aMOYIATOPHBIX YCTOBHIX «..uenneneeneneananenanenannn,
Cetioanuesa M. K., Ucmananuesa K. A., [aiinazaposa P. I
KauecTBeHHas MeTUIIMHCKAsI TIOMOIIIb: JESTEIbHOCTh ME/ICECTEP, TEXHUUECKOro MepcoHaIa,
JICUCOHOTO YUPEKIACHUS (OLICHKA MAITACHTOB) .. uvvevenssrsensenenneneeneanseneeneanenneaneeneenen

Texnuueckue Hayxku
Llvibo6 H. H., I'anbaes )K. T.
OCo0EHHOCTH MPOSKTUPOBAHKS HHPOPMAIIMOHHBIX O0YYAIOIIUX CHCTEM C BUPTYATbHBIMH
SNEKTPOHHBIMU TPEHAKEPHBIMH YCTPOMCTBAMIY .. ..vneertnt ettt enenseneneenenteneneneeneneenenanns
Mamucaxos T. K.
PacueT TeXHHUECKUX XapaKTEPUCTHK OPOCUTENFHON YCTAHOBKH, paboTaromeit 3a cueTr
KHHETHYECKOM SHEPTrUH TEUCHHS PEKH HA OCHOBE MaTEMaTHUECKOTO MOJICTUPOBAHHUS . ........
Xacmameonu U. B.
DKCIepUMEHTATbHAS CEMSIOUHNCTUTENbHAS MAIIHHA U €€ KATHOPOBKA .....vvivvevineninnennn..

DKonomuueckue HayKu
Mapuenxoea JI. M.
DKOHOMHYECKOE Pa3BUTHE PETHOHA U €Tr0 CTPYKTYPHBIE COCTABIISIONINE (Ha TPUMEpe
L8]0 (03: 16 007 00103 =Ty u | PPN
Abopacynosa XK. JK., Abopacynosa C. K.
Hudposuzanus 6aHKOBCKOTO CEKTOPa SKOHOMUKH: TIPOOJIEMBI M ITyTH COBEPIICHCTBOBAHHUS
Muwauesa E. C.
1)(oN) ()71 (51070717 @Y F:10) 01 1 1 | M

FOpuouueckue nayxu
Llooxymosa /]. I1., Avimmamamosa Y. A, Mamamosa A. A., Apvim kvizvl K.
[Ipobnembl peanr3aiiu HOPMATHBHBIX MTPABOBBIX aKTOB B cpepe 00pa3oBaHMus ...............
Koncapuesa H. I11.
Bxnan [I. icToHa B H3y4eHUE NOTUTHUECKON CUCTEMBI, KaK MMOJIUTUKO-TIPaBOBOM
21 3107 0) 1%

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

147-151

152-157

158-193

194-210

211-217

218-221

222-232

233-236

237-242

243-249

250-255

256-268

269-273

274-278

279-287

288-294

295-299

300-303

304-311



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne3. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/88

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

ol.

52.

53.

54.

55.

56.

Iledazoeuueckue nayku
Ymapoe T. H., Kowonosa C. IL1I., beemamos C. U.
OcobeHHocTy GopMHUPOBaHUS POGECCUOHATHHON MOTHBAIIMY CTYJCHTOB T€IarOTHYeCKUX
CHETHATEHOCTEH B 00PA30BATEIEHOM TIPOIIECCE B BY3E .. eneneeneeneaneetannannennaneeneeneenenns
Topoes bl. T., Pacynosa 3. A.
dopmupoBaHre TPOPECCHOHANTBHBIX KOMIIETCHIIUN Ha OCHOBE CaMOCTOSITeILHON
ba (32 6 XS 192 (oTo3 ¥ fea 771 (532 1 0) : T
Cuiovikbaesa M. M., Amabekosa b. A.
dopMUpOBaHUE S3BIKOBBIX KOMIIETCHIIUI CTYICHTOB ITPH 00yYCHUH KUPTU3CKOMY S3BIKY
KaK BTOPOMY B BBICIIMX YYCOHBIX 3aBEACHUAX B KBIPTBI3CTAHE .. .ouvvvviieiiiiieriiiiiinanan,
Tanukynosa A. M.
Hccnenoparenbckas KOMIETEHTHOCTD 00YYArOIIUXCS CTY/ICHTOB KOJUICIKA KaK MPeAMET
MEAATOTUIECKOTO AHAIM3A F OLICHKH ... e uenttentne ettt et et et et et et et et eeete e aeeeaenens
bexmamosa XK. T.
TpamunoHHBIE 1 HHHOBAIIOHHBIE METOBI, HCIIOJIb3yeMbIE CTYIeHTaMU-MaTeMaTHKaMHU
JUTSL Pa3BUTHS MPO(PECCUOHATHLHOTO OOIICHUS HA AHTJTAHCKOM SI3BIKE ...'vvsenrensansennennannns
Myxanosa 3.
Onenka copMHPOBaHHOCTH MEKKYIIBTYPHO-KOMMYHHUKATHBHON KOMITETEHTHOCTH
(0771 (532 1) J P
Hypaxoea K. L1
MeTtomonorndeckue OCHOBBI pa3paOdOTKN HAyIHO-METOANYECKON 6a3bl (OPMUPOBAHUS
YCTHOW U NUCBMEHHOH pE4M CTYAEHTOB-MEIUKOB HA AHITIUHACKOM SI3BIKE .....veuueenneennennnn..
Xauposa /. P., Takmawesa /]. P.
Hay4Ho-mccnenoBarenbekas qesTeN-HOCTh U MHHOBAIMH KaK IPHOPUTETHBIE HAIIPABICHUS
Pa3BUTHS CHCTEMBI BBICIIETO 00pa3oBaHus B PecryOnrke Y30eKUCTAH .......co.vevvnennnnnn...
bomosposa M. A., Opmonosa K. A., Deamxynos /. T.
OcoGeHHOCTH 00ydeHus IeTeil MIIAIIETO JOMTKOIBHOTO BO3pacTa HHOCTPAHHOMY SI3BIKY ...
Aowcubaesa @. A.
CeMbs - OCHOBA JTyXOBHO-HPABCTBEHHOTO BOCITUTAHUS JTHUHOCTH ...vvverrenrenrennansannennenns
Hopxynos X. /1.
CommaneHbie (haKTOPHI MOATOTOBKHU MOAPOCTKOB K CEMEWHOM KU3HHU B YCIOBUSAX
0 (01T By 171 112 1 QO
AHApmamos M. O., Ymaposa H. b., Awupberxosa M. A.,
Ocmonosa A. A., Abowvipaxmanosa K. C.
CrpoeHue BemecTB B Kypce XUMHUH CpPelHEH IIKOJIBl M METOMKA 00ydeHUs
MEPBOHAYATBHBIM TPEICTABICHHUAM O CTPYKTYPE . neeneneeteneeneneenaneananeaneneaneneeeneeanens
Tazaesa /l. A., Typeanbaesa P. K., Tanunos A. T.
JKuzHeHHbIe 3371241 KaK CPEICTBO U3yUEHUsI HOBOTO MaTepualia mpyu o0y4eHHH TeOMETPHH B
(00153115 (517 08010 (X0 V1 (=
Tazaesa /l. A., Typeanbaesa P. K., Tanunos A. T.
®opMHpOBaHUS KITFOUEBHIX KOMIIETEHITUI Ha ypPOKaX T€OMETPHUH C TIPUMEHEHHEM
P07 632 (5150500, ) (T
Tycetinos A. A., Caghaposa A. 3.
CriocoOBbI BEITIOTHEHNUST Y4eOHBIX 3a71a4 Yyepe3 KUBOIHCH MAaCIITHBIMUA KPacKaMH B BY3€ ......
baumosa @. T.
Hcnonp3oBanue smoca «MaHacy B IPENoJaBaHUH MearorMueCKUX TUCIUILIAH B BY3€ .......
Anumbexoe A., baumosa @. T.
Onoc «MaHacy Kak UCTOUHUK U3YUCHHS MTOHITUN U TEPMUHOB TPATUIIMOHHON KYJIBTYPBI
=T T0a 007 ) 1
Cabwviposa 3. C.
TeopeTrnyeckue acreKThl COMUATHLHOTO BOCIIUTAHUS JIETEH MIIaIIIero MIKOJIEHOTO BO3pacTa
B 00PA30BATEIIEHBIX OPTAHMBALIMX -« .. enetenententtenentet et et et eaea e et et et et et e e aeneneeneneaes
Cabwviposa 3. C.
TeopeTrnyeckue OCHOBBI COIUATBHOTO BOCITUTAHUS ITKOIMBHUIKOB . ....vuveerenseneneeneenennnn

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

312-319

320-326

327-331

332-338

339-349

350-354

355-362

363-368

369-376

377-383

384-390

391-394

395-399

400-405

406-410

411-415

416-420

421-427

428-431



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne3. 2023

https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/88

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Coyuonozuueckue Hayxku
Apanosa M., Caovikosa P., Tynmemuposa I
OTuka rOCYIapCTBEHHOTO u MYHHLIUTIATBHOTO CITy’>KaIlIeTO
......................................... 432-435
Apanosa M., Tynmemuposa I, Cadvikosa P.
MartepuanbHas ¥ colalibHas NOAJEPKKA TOCYIapCTBEHHBIX U MyHUIIMNANBHBIX ciyxammx — 436-439
Kanubexk koizvi K.

[IpodheccronanpHO-CcTaTyCHAA XapaKTEPUCTHKA COITUATTBHBIX PAOOTHHKOB . ....vveneenennnnn.. 440-442
Bbaxpamoxcanosa H. M.
NnnuBunyansHbeie HakTOPhl B KOHTEKCTE MPOOTEM KITHEHTA .. ..nveeeneeneeeeeeenaneennenenns 443-446

Hcmopuueckue nayku
Ilpomacosa O. JI.
OCHOBHBI€ TTOJIUTUKO-UEOTIOTHUECKHE B3TIIA/IBI CEPOB: CTAHOBICHUE U XAPAKTED ............ 447-457
Kabynos 3. A., Dwkypbonos C. b.
TpamunmoHHOE 3eMyieieN e B X03SMCTBEHHON KyIbType y30€K0OB: Ha IpuMepe

CypxaHckoro oa3uca (UICTOPHYECKUN H STHOTOTHUECKUN AHATINS) ..uuvneeneeneeneeneeneennanns 458-465
Mamememun xoizor M.

Hayunsle uccnenoBanus B Keiproizcrane B 1920-1930 IT. ...oooeiiiiiiiiiii e 466-471
Canuesa A. A., Atimeixynosa A. M.

KeHmUHBI KBIPrbI3CTAHA BUEPA H CETOMHST - .« nveenteenee et enteenae e eaeenteenaaenteaaeeenaeanans 472-477
Amanmyp yyny 3.

®dopMBI UCIIAMCKOM FOCYIapPCTBEHHOCTH: CTPAHOBOE PAZHOOOPAZHE ...'v'evenrenranranrannennnn, 478-483
HUxcanos A. V.

Kpuzrc HanmoHanbHOM KyIBTypHl 1 HACHTUYHOCTH YEJIOBEKa B YCIOBHAX rmobanm3anmn ...  484-487

Qunonoauueckue HayKu
Taooicuesa A. /1.

CoBpEMEHHOE IOJIOKEHUE SI3bIKa PEKIIaMbl B A3epOaiiikaHe: pojib U BIUSHUE PEKIAMBI ....  488-492
Kapamaesa C. K., Cemus K.
Tpauchopmariust 3ByKOBbIX KOMIUIEKCOB V+C+V U3 MOHTOJIBCKUX SI3bIKOB B TFHOPKCKHX

€3 302 . QP 493-500
Cemenosa K. A.
BinsiHvie HOBBIX HaIIPaBICHUNA Ha KUPTU3CKOE SI3BIKOBHAHME . ..e.uenneenneeneenneanneenaeannenns 501-512

Cemenosa K. A.

CyneOHas THHTBHCTUYECKAsI DKCIIEPTH3a Ha CTHIKE sI3bIKa U mpaBa B Kuprusckoit

L edeTod 100 17 < 513-520
Opeewbaii koot M., Tacaes M. J[., Temupxynosa bl. A.

Mopenu onucaHus S3bIKa ¥ JTMHTBOKYJIBTYPHBIN KO/ B CO3/IaHIH 00pa30B MUpPa B THOPKCKUX

1 00 L 0] B 35 12 - 521-528

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 7



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne3. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/88

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

CONTENTS

Physical & Mathematical Sciences
Ren Bingbing, Mindrov K. RETRACTION
Research Progress of p-type Cuprous Oxide in the Field of Light Energy Utilization ...........
Akmatov A.
Studies of Solutions of Singularly Perturbed Ordinary Differential Equations ....................
Akmatov A.
On the Sustainability of Individually Weighted Decisions Simple Differential Equations ......

Biological Sciences
Kantsavaya I., Olshevsky A.
Effect of Azithromycin on Genotoxicity in Allium Test ...,
Alibeili Kh., Sadygov T., Abbasov J.
Use of Essential Oil Rosmarinus officinalis L. in Industry ...............cooooiiiiiiiiiiiin.,
Isayeva K.
Bioecological Peculiarities and Economical Significance of Scolytus intricatus (Ratzeburg,
1837) and Trypodendron lineatum (A. G. Olivier, 1800) Damaging to Forest Trees in the
South Slopes of the Greater Caucasus (Azerbaijan) ...........ccoooiiiiiiiiiiiii,
Bayramova U.
Biodiversity of Ravine Flora of the Northeastern Part of the Lesser Caucasus ...................
Kurbanov E., Aslanova S., Ibragimov Sh.
Types of Hole-Meadow and Wetlands Vegetation in Oil-contaminated Soils Siyazan District
(AZETDATJAN) ..ttt
Bekturganova A., Makhmudova Zh., Taalaibekova M.
Structural and Functional State of Leukocytes During Long-term Adaptation of Experimental
Animals to the Climatic and Geographical Conditions of High Mountains ........................

Earth Sciences
Terekhin E., Nanishvili O.
Analysis of Efficiency of New Horizontal Wells With MSHF on Heterogeneous Reservoirs
Of AChIMOVSKY S@QUEINCE .. .\ttt e e et ea e eaanss
Jafarov T.
Role of Aerospace Images in Decoration of Soil Map ...........coooiiiiiiiiiiiii

Agricultural Sciences
Sadygov S.
The Land Fund of the Mugan-Salyan Massif Territory and the State of Its Use ..................
Huseynova E.
Evaluation of Drought Resistance of Soft Wheat (Triticum aestivum L.) Genotypes in Field
Conditions by Turgorometric Method ..o,
Rakhimov U., Alikulov A., Rakhmathojaev Sh.
Cherry Moniliosis and Control MEASUIES ..........ouiniiriiit e,
Abbasova T., Dashdamirov K.
Effect of Hawthorn as a Feed Additive on Milk Yield and Quality of Cow’s Milk ..............
Hasanaliev N.
Study of Helminthoses in Sheep Farms of Sheki-Zakatala Economic Region ....................
Fataliyev G., Hasanli N., Aslanova E.
Landscape and Ecological Features of the Distribution of the Main Pathogens of
Helminthoses of Sheep in the North-Eastern Foothills of the Lesser Caucasus ...................
Epimakhov V.
Modeling of the Intake of Cadmium, Lead, Mercury and Arsenic Into the Body of Ruminants
With a Ration and the Transition to Animal Products ...
Mammadova R.
Causative Agents and Carriers of Blood-Parasitic Diseases of Cattle in The Central Aran
Economic Region (AzZerbaijan) .........c.oiiiiiriiiiii e e
Agaev E.
Efficiency Calculation of the Developed Feed Mixing Machine .....................cooiiiininnn

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

12-32

33-38

39-46

47-58

59-62

63-68

69-73

74-79

102-108

109-114

115-119

120-125

126-129

130-137

138-146

147-151

152-157



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne3. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/88

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Medical Sciences
Romanchuk N.
Cognitive Brain: Neuroscience, Neurophysiology and Neuroendocrinology of Emotions ......
Yusupov F., Yuldashev A.
Wilson-Konovalov Disease: Literature Review and Case Study ..............ccoovviiiiiniinnnnn
Tabaldyev A.
Efficiency of Prontosan in Complex Treatment of Purulent Wounds ..............................
Shostak D., Pashov A., Volkova L., Stepantsova M.
Results of Histological Examination of the Placenta in Preterm Birth Among Residents of the
Kaliningrad Region With Hereditary Maladaptation of Hemostasis .................ccoceiiininn.
Vybornykh V.
Perinatal Loss as an Urgent Issue of Obstetrics and Perinatology ...............ccoovviviinnnn..
Kiryakina E.
Clinical and Diagnostic Study of Cerebrospinal Fluid Parameters in the Laboratory of the
Regional Children’s HOSPItal .........c.oiuiiiiiiiiii e
Ibragimova M., Alybaeva S.
Quality of Life of Patients Who Received Variable Electrostatic Therapy With Hivamat 200
D
Alybaeva S., Mambetov M.
Evaluation of the Efficiency of Comprehensive Rehabilitation of Patients with Diabetic
Polyneuropathy in Outpatient Conditions ..............ccooviiiiiiiiiiiiiii e
Seidaliyeva M., Ismanalieva Zh., Gainazarova R.
Quality Medical Care: Activities of Nurses, Technical Staff, Hospital (Patient Evaluation) ....

Technical Sciences
Tsybov N., Galbaev Zh.
Specificities of Engineering of Training Information Systems With Virtual Electronic
TULOTING DIEVICES +.uvtttittitt ittt et et et et et et et et e et et et et et et e te et et eneeneeneaneeneenens
Matisakov T.
Calculation of the Technical Characteristics of the Irrigation Plant Operating Due to the
Kinetic Energy of the River Flow Based on Mathematical Modeling ..............................
Khasmamedli 1.
Experimental Seed Cleaner and Its Calibration ..............c.ccovviiiiiiiiiiiii e,

Economic Sciences
Marchenkova L.
Economic Development of the Region and Its Structural Components (on the Example of the
OTEl REZIOMN) ...t
Abdrasulova Zh., Abdrasulova S.
Digitalization of the Banking Sector Economy: Problems and Ways of Improvement ..........
Mishacheva E.
Ecological Marketing ........oooiiiiii e e

Juridical Sciences
Shookumova D., Aitmamatova U., Mamatova A., Arym kyzy Zh.
Problems of Normative Legal Acts Implementation in the Education Sphere .....................
Kolsarieva N.
D. Easton’s Contribution to the Study of the Political System as a Political-Legal Category ...

Pedagogical Sciences
Umarov T., Koshonova S., Begmatov S.
Peculiarities of Formation of Professional Motivation of Students of Pedagogical Specialties
in the Educational Process at Higher Educational Institution ................ccoooiviiiiiiiiiinnnn,
Toroev Y., Rasulova Z.
Formation of Professional Competencies Based on Independent Activity of Students ..........
Sydykbaeva M., Atabekova B.
Formation of Students’ Language Competencies When Teaching Kyrgyz as a Second
Language in Higher Educational Institutions in Kyrgyzstan ..................cooiiii

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

158-193

194-210

211-217

218-221

222-232

233-236

237-242

243-249

250-255

256-268

269-273

274-278

279-287

288-294

295-299

300-303

304-311

312-319

320-326

327-331



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne3. 2023

https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/88

41. Tanikulova A.

Research Competence of College Students as a Subject of Pedagogical Analysis ...............
42. Bekmatova Zh.

Traditional and Innovative Methods Used by Mathematics Students to Develop Professional

Communication in English ...
43. Mukanova E.

Assessment of Formation of Intercultural and Communicative Competence of Students .......
44. Nurakova Zh.

Methodological Basis of Development Scientific-Methodological Base for Formation of Oral

and Written Skills of Medical Studentsin English ..o,
45. Khairova D., Taktasheva D.

Research and Innovation as Priority Directions for the Development of the System Higher

Education in the Republic of UzbekKistan ...
46. Botoyarova M., Ormonova K., Egamkulov D.

Features of Teaching Young Preschool Children a Foreign Language .............................
47. Azhibaeva F.

Family - the Basis of Spiritual and Moral Education of the Person .................................
48. Norkulov H.

Social Factors of Preparing Adolescents for Family Life During Globalization ..................
49. Yarmatov M., Umarova N., Ashirbekova M., Osmonova A., Abdyrakhmanova Zh.

The Structure of Substances in the Course of Chemistry of the Secondary School and the

Method of Teaching Initial Concepts of Structure .............ccoooiiiiiiiiiien,
50. Tagaeva D., Turganbaeva R., Talipov A.

Life Tasks as a Means of Studying New Material When Teaching Geometry in Secondary

SN0 .o
51. Tagaeva D., Turganbaeva R., Talipov A.

Development of Key Competences in Geometry Lessons Using Life Tasks ......................
52. Huseynov A., Safarova A.

The Ways to Fulfill Educational Tasks Through Painting With Oil Paint in Higher Schools ...
53. Baitova F.

The Use of The Epic of Manas Within the Frames of Pedagogical Disciplines at University ...
54. Alimbekov A., Baitova F.

The Epic of Manas - a Source for Studying Concepts and Terms of Traditional Education

CURUTE Lo e e e e
55. SabyrovaE.

Theoretical Aspects of Social Education of Children of Primary School Age in Educational

O gaANIZALIONS ...ttt e e e e
56. SabyrovaE.

Theoretical Foundations of Social Education of Schoolchildren .........................oo

Sociological Sciences

57. Arapova M., Sadykova R., Tultemirova G.

Ethics of the Government and Municipal Employee ...,
58. Arapova M., Tultemirova G., Sadykova R.

Material and Social Support for Government and Municipal Employees ..........................
59.  Zhanibek kyzy Zh.

Professional Status Characteristics of Social Workers ..........cooovviiiiiiiiii,
60. Bakhramzhanova N.

Individual Factors in the Context of the Client’s Problems ..o,

Historical Sciences
61. Protasova O.
Main Political and Ideological Views of the SRs: Formation and Character ......................
62. Kabulov E., Eshkurbonov S.
Traditional Farming in the Economic Culture of the Uzbek People: on the Example of the
Surkhan Oasis (Historical and Ethnological Analysis) ..........ccoooiiiiiiiiiiiiiiiiiei,
63. Mametemin kyzy M.

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

332-338

339-349

350-354

355-362

363-368

369-376

377-383

384-390

391-394

395-399

400-405

406-410

411-415

416-420

421-427

428-431

432-435

436-439

440-442

443-446

447-457

458-465
466-471

10



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne3. 2023

https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/88

64.

65.

66.

67.

68.

69.

70.

71.

Scientific Research in Kyrgyzstan in 1920-1930 .........ccooiiiiiiiiiie e
Salieva A., Aitykulova A.

Women of Kyrgyzstan Yesterday and TOaY .........cc.oviiriiiiiiiiiiii e,
Amantur uulu E.

Forms of Islamic Statehood: Country DIVEISItY ........c.oooiiiiiiiii e,
Ikhsanov A.

The Crisis of National Culture and Human Identity in the Context of Globalization ............

Philological Sciences
Hajiyeva A.
The Current Situation of the Language of Advertising in Azerbaijan: The Role and Impact of
NG T 01 T
Karataeva S., Semiz K.
Transformation of Sound Complexes V+C+V From Mongolian Languages to Turkic
Lan@UAGE ..ot e
Semenova Zh.
Influence of New Trends in Kyrgyz Language Studies ...........cooovviiiiiiiiiiiiininiininnnns
Semenova Zh.
Forensic Linguistic Examination at the Joint of Language and Law in the Kyrgyz Republic ...
Ergeshbai kyzy M., Tagaev M., Temirkulova Y.
Models of Language Description and Linguocultural Code in Creating Images of the World
in Turkic and Russian Languages ............oouiiiiiiiiii e

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

472-477

478-483

484-487

488-492

493-500

501-512

513-520

521-528

11



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne3. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/88

OUBNKO-MATEMATUYECKHUE HAVKH | PHYSICAL & MATHEMATICAL SCIENCES

YIK 535.015: 621.31 https://doi.org/10.33619/2414-2948/88/01

RESEARCH PRO S OF P-TYPE CUPROUS OXIDE
IN THE FIEL NERGY UTILIZATION
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O©OMunaopos K. A., Hayuonanvuwiii ucciedosamenvckuii Mopoosckuii 20cyoapcmeerHulil
yuugepcumem um. H.II. Ozapesa, 2. Capanck, Poccus

Abstract. Cuprous oxide (Cuy0), as a representative intrinsic p-type inorganic semiconductor
material, has been widely used in the field of optical energy utilization, such as photovoltaic,
photocatalysis, photodegradation and other fields, and has an extremely important position. For a
long time, the literature on Cu,O’s application technology in the field of light energy utilization is
relatively scattered and independent, resulting in a certain degree of obstacles and difficulties to
obtain relevant technical knowledge and have a deep understanding of its internal principles.
According to the application of Cu,O in the field of light energy utilization in recent years, it is
mainly divided into three modules (photovoltaic, photocatalysis, photodegradation), and mainly
summarizes the classification, principle and characteristics of Cu,O application in the field of light
energy and prospects the optimization method and development direction of the application in the
field of Cu,O light energy. This review aims to provide reference and guidance for the optical
energy applications of Cu,O and other related inorganic oxide semiconductors.

Annomayus. 3axuce menu (Cu,O), Kak TUMWYHBIA HEOPTraHMYECKHH MOTYMPOBOAHUKOBBIMA
MaTepual p-TUIa, MHUPOKO HCIOIb3YeTCsl B 00JACTH UCHOIb30BaHMS ONTUYECKON SHEPTUH, TaKon
Kak (OTOINEKTpHKa, poToKaTanu3, GoToAerpaaaus u Ipyrue o0nacTi, U 3aHUMAET YPE3BBIYAITHO
Ba)XHOE MojoxeHue. Jlonroe Bpemsi nureparypa no texHosoruu npumenenus Cu,O B obmactu
UCIOJIb30BAaHUsI CBETOBOM HHEpPrUu OblIa OTHOCUTENIHHO pa3pO3HEHHONH M HE3aBUCHMOM, YTO
IIPUBOJUT K  ONPENEICHHOM CTENEHW MPEnATCTBUM M TPYIHOCTEW Uil  MOJy4YEHUs
COOTBETCTBYIOIIMX TEXHUYECKUX 3HAHUN M INIyOOKOTO MOHMMAaHHUS €r0 BHYTPEHHUX MPUHLIMIIOB. B
cooTBeTcTBUM ¢ npuMeHeHueM Cu,O B 00JIaCTH MCIIOIB30BAHUSI CBETOBOM PHEPrUM B IMOCIEIHUE
rojpl, OH B OCHOBHOM paslefneH Ha Tpu Monyna (poTosnexTpudeckui, QoTokaramus,
doronerpaganysi) U B OCHOBHOM 0000mIaeT kiaccu(UKalWio, MPUHIUI M XapaKTEPUCTHUKU
npumenenuss Cu;O B o0acTU CBETOBOM HHEPruM, M NEPCHEKTUBBI METOAAa ONTHUMHU3ALUU U
HalpaBJICHUs Pa3BUTUS MPUMEHEHHs B o0ynacTu cBeToBoil sHepruu Cu,O. Ilens sToro o630pa —
IIPEIOCTaBUTh CIIPAaBOYHBIE MaTepuanabl M peKoMeHAauuu 1o mnpuMmeHeHnto Cu,O u apyrux
POICTBEHHBIX HEOPTaHUYECKUX OKCHUJIHBIX MOJYITPOBOJAHUKOB B ONITUYECKON YHEPTHH.

Keywords: cuprous oxide, inorganic oxide, light energy utilization, research progress.

Knioueswvie crnosa: 3akuch MCIH, HeOpFaHI/I‘{CCKI/Iﬁ OKCH I, UCITIOJIb30BAaHUC CBETOBOH OHCPTHHU.
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Cuy0 is a promising p-type semiconductor material, with a direct bandgap structure of
2.17eV, high electrical conductivity, high carrier mobility, non-toxic and rich content and other
properties that make Cu,O is widely used in various industries [1-6].

In the photovoltaic field, Cu,O is mainly used as the hole transmission material and light
absorption material in solar cells [7-12]. Due to the direct band-gap structure of Cu,0O, Cu,O can
effectively absorb in the visible light range of the solar spectrum. At the same time [13], compared
with the side effects of dilution, transfer, transformation, oxidation and ozone treatment measures of
traditional pollution treatment measures, nano copper oxide in photocatalysts that degrade organic
pollutants has been attracting attention to in the field of photocatalysis industry due to its strong
oxidation ability [14-18], high catalytic activity and good stability. Photodegradation refers to the
phenomenon of pollutant decomposition caused by the action of light. These include photochemical
degradation, polymer photodegradation, photodegradable plastics, and photodegradable
photosensitive polymers. However, Cu,0 is mainly used in [19-23] photochemical degradation and
polymer photodegradation.

As a traditional inorganic oxide semiconductor material proposed and applied as early as 1926
[24], although the previous literature has been introduced and summarized to a certain extent, but
the content is relatively scattered and independent, and the explanation of the process and
mechanism is relatively simple. This paper will systematically classify, summarize and summarize
the various kinds of Cu,O in the field of light energy utilization, and advance the various technical
schemes. Line analysis and summary, aiming to play a enlightening and synergistic role in the
application of Cu,0.

Figure 1. Application neighborhood of cuprous oxide

Photovoltaic Field

Solar photovoltaic effect, hereinafter referred to as photovoltaic (PV), refers to the
phenomenon of potential difference between uneven semiconductor or semiconductor and metal
combination during light. Photovoltaic technology has many advantages, such as no mechanical
operating parts; except sunlight; working in both direct and oblique sunlight. Among them, nano-
copper oxide has the advantages of rich raw materials, high theoretical conversion efficiency and
direct energy band structure, which has become a relatively potential solar cell material in recent
years [25-27].

Cave Transmission Material

Cu;0, as a hole transmission material, can improve the open circuit voltage, short circuit
current and photocurrent of solar cells, thus improving the efficiency and stability of solar cells by
[8, 28]. In 2015, Hossain [29] used wxAMPS and SCAPS software to calculate key features of
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CH3NH3PbI3-based solar cells. The results showed that solar cells containing Cu,0O as the HTM
outperformed all other organic or inorganic HTM devices tested to date. The obtained power
conversion efficiency exceeded 24%. Moreover, the use of Cu,0O is expected to provide moisture
protection for perovskite, thus improving the performance of the device. These results suggest that,
by replacing the expensive and water-sensitive spiro-OMETAD with Cu,0, it promises to further
improve the performance of perovskite cells and reduce their cost. In the same year, Yu [1] prepared
perovskite layers with 11.0% PCE under AM1.5G nano-Cu,O film (5 nm) HTM illumination.

In addition, the ultra-thin properties of Cu,O films help reduce the material consumption and
manufacturing costs of large-scale production of perovskite solar cells. The thickness and
performance of the Cu,O layer must be precisely adjusted to achieve optimal solar cell
performance. I n 2016, Nejand [30] introduced inorganic sandwich perovskite solar cells, with a
PCE value of 8.93%.The use of Cu,O as the HTM on the pinhole and needle-free perovskite layers
yields high values of power conversion efficiency, especially when the pinhole-free perovskite
layers are used.According to photoluminescence studies, Cu,O shows better hole pumping capacity
(hole-extraction) com- pared to Spiro-OMeTAD, proving that it is a promising candidate for
alternatives to expensive organic HTMs in perovskite solar cells.

Moreover, in 2017, Guo [31] et al. synthesized Cu,O films through reactive magnetron
sputtering at room temperature (Figure 2a). The maximum power conversion efficiency of the
OSCs based on the classic PTB7: PC71BM active layer is 8.61% (Figure 2b), 15% higher than the
OSCs (solar cell) in the standard PEDOT: PSSHTM layer. Devices based on Cu oxide HTM exhibit
better energy level alignment, reduced series resistance, and therefore improved charge extraction
capab- ility. The results show that high mobility, low series resistance and better band energy
alignment are related to improving the pumping capacity of the device, improving the performance
of the short-circuit current density and filling factor in the Cu oxide solar cells.

" —

PEDOT;PSS
l 4 Cu0

“02 o0 02 04 05 08 10
VoltageiV)

Figure 2. (a) Schematic diagram of planar body heterojunction solar cell, (b) OsCS power conversion
efficiency diagram based on PTB7:PC71BM system [31]

Later, in 2019, Elseman [32] provided a p-type hole transport layer (HTL) for a regularly
structured nano-Cu,O (p-i-p) perovskite solar cell. This work is the first to use this treated Cu,O
nanocubic solution as a top layer in perovskite solar cells. He prepared (100) crystal surfaces of 60
to 80 n m without surfactant and template and found that Cu,O nanocrystalline were not easy to
reunite. The synergistic effect of different Cu,O nanocubic concentrations on the photovoltaic
performance was investigated, and the optimized Cu,0O-based PSC was 17.23% higher than the
device PCE where P3HT is HTL. The Cu,O nanocubes showed more stability at room temperature
compared to P3HT.The results show that the Cu,O nanocubes can be used to prepare highly
efficient and stable PSCs, and they are a very promising hole transport layer.

The Absorption Layer
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Cu,0 began to be studied as a photoelectric conversion material in the 1970s. At present,
many heterojunction solar cells combined with n-type semiconductors such as ZnO, CdO, and ITO
have been reported, among which the theoretical conversion efficiency of Cu,O/ZnO solar cells can
reach 20% [33]. The conversion efficiency of Cu,O/ZnO heterojunction solar cells is significantly
improved by doping and interface control, but the current experimental data only show a conversion
efficiency of about 2% [34]. Meanwhile, different thicknesses also affect the optical response
properties of CuyO films. In 2012, Gershon [35] proposed a new approach to overcome the
limitations of low long-wavelength absorption and short charge transport length in electrodeposited
bilayer ZnO/Cu,0 solar cells. Here, the Gershon reduces the thickness of the Cu,0 to the transport
length of about a few charge carriers, and covers a thin film of a semiconductor polymer between
the Cu,0 and the top electrode. Experiments show that the ZnO/Cu,O photoabsorption layer of 2.7
m thickness shows the best light absorption at the Cu,O thickness of 0.85 m. We show that
achieving the ratio of optical absorption to film thickness is a promising way to overcome the
charge transport difference and low-wavelength absorption in copper oxide electrodeposited films.

In 2015, Soundaram [34] successfully prepared the ZnO/Cu,O/ITO heterostructures deposited
by SILAR. The study showed that the SITAR method improved Voc and reached 0.297 and 4.841,
respectively. It is also demonstrated that the maximum transmittance of ZnO films is 80% as the
Cu,0 film thickness increases. The solar cell efficiency of the Cu,O/ZnO structure was measured
and found to increase with the Cu,O membrane thickness.

In the same year, Yu [36] used electrochemical deposition method to synthesize Cu,O films
with high electron and optical properties with different fluorine (F) content on ITO glass (Figure
3A), especially when the molar ratio of F/Cu was 1:2.The sample has a unique mesh microstructure,
with the optimal visible light absorption performance (Figure 3C), and its electron concentration
(Figure 3B) is more than 10 times that of pure Cu,O.Moreover, it has the lowest resistivity (Figure
3D), which favors the light-generation charge transfer and a reduction of the electron-hole pair
composite-doped Cu,O films were prepared into Cu,O homogeneous junction solar cells by
continuous electrochemical deposition. The conversion efficiency of F-doped Cu,O in
homogeneous junction solar cells (Figure 3E) is nearly 8 times that of pure Cu,O as the n-type
layer. The application of F-doped Cu,O to homogenous junction solar cells will provide inspiration
for the development of another cheap, environmentally friendly solar cell.

Photocatalysis

The photocatalytic technology using solar energy is a new technology and has a broad
application prospect, which is very suitable for physical adsorption, chemical oxidation and other
traditional methods that cannot degrade or degrade inefficient organic matter. Among them, Cu,O is
favored by [37, 38] in the field of photocatalysis. Usually, Cu,0O and other inorganic semiconductor
electrons are coupled to make the photocatalytic material [39-41].

The Reduction Reaction of CO2

The release of CO, into the environment is one of the worst problems caused by the
greenhouse effect. Photocatalytic reduction of CO; using solar energy is a promising approach to
address the problem of greenhouse gases and to convert CO; into a reusable hydrocarbon resource
[42, 43].

When two semiconductor electrons are coupled, their photocatalytic properties can greatly
improve the [44-47]. In 2020, Ojha [48] used a solvent thermal reactor to form heterostructures
between Cu,O and SnS,/SnO, nanocomposites, which generate CO. H, and CH4 by H,O-reducing
CO, at room temperature. With the addition of Cu,O, the apparent quantum yield for measuring the
photoactivity was increased from 7.16% to 8.62%. Meanwhile, the selectivity of CH4 for CO was
about 1.8-fold higher than that for SnS,/SnO,.The resultant catalyst is capable of fixing N, to the
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NH3 under light conditions. In the absence of the sacrificial agent, the NH, generation rate of
Cu,O/SnS,/Sn0O, of 66.35 molgflhf1 was 1.9 times that of SnS,/SnO. The p-n heterojunction formed
between the Cu,O and the SnS,/SnO nanocomposites has a good photoreduction potential and a
high stability.
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Figure 3. (A) Assembly schematic diagram of P-N Cu,O homogeneous junction solar cell (B)
Photocurrent density of the sample doped with F Cu,O under visible light irradiation and optical switching
cycle(C) UV-Vis diffuse reflectance spectra of Fe-doped Cu,O samples with different molar ratios of Fe/Cu
(D) Electrochemical Impedance Spectrometry of F-doped Cu,O electrode measured in Na,SO,; aqueous
solution (0.02 M) under dark conditions.(E) 1-V curves of three kinds of p-N Cu,O homojunction solar cells
under AM 1.5 illumination [36]

As early as 2014, Li [49] prepared cuprous oxide/red iron nanotubes (Cu,O/ Fe,O3NTs) by
using the constant potential electrodeposition method. Among them, materials with a double-layer
copper oxide sphere (CuyO/Fe;O3NTs-30) show excellent PEC performance, with a suitable band
gap (1.96eV) and a minimum superpotential (180mV). In addition, Cu,O/Fe,O3;NTs-30 shows two
synergies in CO; reduction by PEC: (i) between electrocatalysis and photocatalysis, and (ii)
between cuproxide and Fe,OsNTs. After 6 hours, the efficiency and methanol yield of the Faraday
method reached 93% and 4.94 mmol L-1cm2, respectively.

In 2018, in order to achieve 24-hour photocatalysis, Lu [50] successfully designed and built a
Cu,0 nanocryststal/TiO; microsphere (Cu,O NCs/M-TiO,) rotating disk reactor assisted by long
afterglow phosphobodies, with the mechanism diagram shown in Figure 4. Experiments show that
the composite expands the light response region and improves the quantum efficiency.

It improves the light utilization yield of the photocatalytic system by keeping the catalyst
hovering and avoiding the solution shading effect. Finally, 24h photocatalysis was achieved with the
help of long afterglow phosphoomes.

In addition, in 2018, Li [51] synthesized the Cu,O/TiO, complex by rapid chemical reduction.
Use as a thin-film electrode raw material for carbon dioxide photoreduction. The composite was
then tested as a thin film electrode in the photoreduction of CO, in the cathode chamber in different
fresh solutions (250mL) at different pH values of 2.0,7.0, and 12.0. CO, photoreduction and visible
photoactivation of Cu,O/TiO, composite showed excellent performance at pH of 12. The methanol
yield was 1.635 mg/L after 4 h of CO; reduction, and CO, passed through formaldehyde
intermediates. The surface properties of the Cu,O/TiO, composite have good effects on the band
coupling to obtain efficient photocatalytic properties.

Also in 2018, Kulandaivalu [52] synthesized blue, fluorescent carbon quantum dots (CQDs)
through a simple top-down hydrothermal method, using biochar as the carbon source. The synthetic
CQD is combined with the commercial copper (I) oxide (ferrous copper oxide) nanoparticles to
form the CQD/Cu,0 nanocomposites. The CQD, Cu,0, and CQD/Cu,0O nanocomposites were then
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applied for gas-phase photocatalytic CO; reduction. The experimental results showed that the
photocatalytic activity of the CQDs/Cu,O nanocomposite photocatalysts was increased by 54%
when compared to the original Cu,O.
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Figure 4. Degradation mechanism of pollutants in Cu,0 NCS /M-TiO, rotating disc reactor assisted by
long-afterglow phosphor [50]

Oxidation Reaction of the H,O

Some advanced oxidation processes (AOP) are characterized by a special chemical feature:
the ability to use the high reactivity of the OH free radicals in driving the oxidation processes.
These free radicals are suitable for achieving complete emission reduction, including even
mineralized [53-55] with less reactive contaminants. In 2005, Carrier [56] used a photocatalytic
process to degrade imazapal, a herbicide of the imimazolinone family. It has been shown to rapidly
and extensively photodegrade in aqueous solutions. The effect of dissolved metal ions on the
photocatalytic degradation rate of titanium dioxide powder is investigated. The results can be
summarized as follows: For low concentrations of Cu®" and Ni2+, the rate constant decreases. At
higher concentrations, the plateau was reached. Phototon reactions at higher concentrations reduced
negative effects such as photodeposition of CuO and Cu,O and recombination of h'/e”. In 2020,
Omrani [3] demonstrated that for individual Cu,O or CdS semiconductors, the coupling of Cu,O
and CdS nanoparticles (NPs) showed enhanced photocatalytic activity in the degradation of
sulfamalazine (SSZ) in aqueous solution. Experiments show that the improved photocatalytic
activity of the Cu,O-CdS composite is associated with a better charge transfer between the charge
carriers in the composite.

As early as 2013, Wang [57] deposited Cu,O/TiO,p-n heterojunction photoelectrodes on n-
type titanium dioxide nanotubes (Figure SA.C.D). Loading of copper oxide nanoparticles enhanced
the visible light response of titanium dioxide NTAs. The photocatalysts with a small amount of
copper oxide nanoparticles loaded on Ti 2 nanotubes showed the maximum photo flow and
photoconversion efficiency under both UV and visible light irradiation, as well as the highest visible
photocatalytic degradation rate of RhB, and the degradation mechanism diagram is shown in Figure
5B. In particular, when the 0.5V bias potential is applied, the Cu,O/TiO,NTA photoelectrode has a
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superior photocatalytic efficiency due to the synergistic effect of electrical and visible light
irradiation, and thus it is one of the candidates for environmental applications of wastewater
treatment and water light-induced splitting into hydrogen.

Figure 5. (A) Low magnification TEM image of Cu,O/TiO, NTAS prepared by ultrasound-assisted
S-CBD for 4 min (top view). (B) Schematic diagram of photocatalytic degradation of RHB by Cu,O/TiO,
NTAS under visible light (C) High-resolution TEM images of Cu,O/TiO, NTAS.(D) Cu,O is selected
from the Region Electron Diffraction (SAED) mode of (C) nanoparticles [57]

Later, by 2020, Wang [58] prepared the Cu,O-Pt/SiC/IrOx composite by controlled
photodeposition and used the Nafion membrane as an artificial photosynthetic system to separate
reduction and oxidation. To find out the optimal co-catalyst content, they tested the photocatalytic
activity of the sample on the reaction of CO, with H,O under visible light irradiation and found that
HCOOH was the main product of all the photocatalysts. When IrOx and Cu,O were deposited
simultaneously on the optimal Pt/SiC, the HCOOH yield was highest at an IrOx content of ~ 2.2
wt% and a Cu,O content of ~ 1.8 wt%, respectively. The deposition of a too-thick Cu,O layer rather
than that on the surface of the Pt was unfavorable at a Cu,O content higher than 1.8 wt%. The
HCOOH yield was almost 37 times more abundant than the naked SiC activity under the optimal
Cu,O-Pt/SiC/IrOx conditions. This artificial system showed excellent photocatalytic performance in
CO; reduction to HCOOH and the oxidation of H,O to O, under visible light irradiation. The yields
of HCOOH and O, essentially coincided with the stoichiometry, being as high as 896.7 and 440.7
umol g~ h™', respectively. The high efficiency of CO; reduction and H,O oxidation in the artificial
system is attributed to the direct z-format electronic structure of the Cu,O-Pt/SiC/IrOx and the
spatially separated indirect z-format reduction and oxidation units. This greatly extends the service
life of photogenerated electrons and holes and prevents the reverse reaction of the products. This
study provides an effective and feasible strategy to improve artificial photosynthetic efficiency.

Light Degradation

In recent years, metal oxide semiconductors have received increasing attention as a catalyst
for photocatalytic degradation of organic pollutants in water, which is conducive to solving
environmental problems related to wastewater [59-62].

Photochemical Degradation

Photochemical degradation refers to the reaction of organic compounds into homologues with

less carbon atoms under the action of light. In 2012, An [63] used a combination of catalysts (FeCu
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and Cu,0) to degrade five commonly used drugs and personal care products (PPCPs). The current
between Cu and Fe increases the dissolution rate of the anode iron as compared to the internal
microcircuit of Fe/Moreover, due to the photochemical properties, Cu,O can accelerate the
degradation process of PPCPs under visible light irradiation.

Also in 2012, Zhu [64] successfully prepared the Cu,O/AS composites by using a simple
deposition method (Figure 6C). Acid-treated silica (AS) fibers are excellent carriers for Cu,O
particles (Figure 6A). AS improves the optical properties of Cu,O and redshifts the band gap, thus
improving the use of visible light, and thus effectively improving the photocatalytic activity of
Cu,0.The CuyO/AS composites showed excellent photo- catalytic properties in the degradation of
red water (Figure 6B).The 87.0% red water can be photocatalyzed degraded by Cu,O/AS 5h after
irradiation, and most of the organic com- ponents of red water were degraded except 1,3,5-
trinitrobenzene.

Figure 6. (A) SEM images of different Cu,O/ As samples. (B) UV-Vis spectra of residual red water
treated with different photocatalysts for 5 h.(C) Cu,0O/ As preparation process schematic diagram [64]

Cuy0 is a low-cost semiconductor with narrow band gap, high absorption coefficient and
suitable conduction band, but it has low charge mobility, poor quantum yield and poor catalytic
performance. However, in 2017, Zhang [65] greatly improved the catalytic capacity of Cu,0O for the
degradation of fire-resistant pollutants with a simple and effective strategy. Using a synergistic
effect of photocatalysis and Fenton, Scheme I propose a novel and highly efficient photocatalytic-
driven Fenton system for the PFC. The Cu,;O/nano C mix was used and experimentally verified.
The synergistic PFC is highly dependent on nanoscale C and facilitates the wastewater removal of
rhodamine B and p-nitrophenol, two typical fire-resistant contaminants.

> OH + OH (main)
+ e 420 4+2H* + Fe2*cocatalyst

l’ +C tocatalystﬂlozsd; (mam)
PFC on Cu,0/C: 0; —> %ZOH' (minor)
—5 -0, (minor) %_, H,0, ..

The synergistic O, continuous reduction pathway of PFC by Cu,O and Cu,O/Nano-C
complexes under visible light irradiation (A > 420 nm) [65].
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Antibiotics and heavy metals often coexist in the polluted environment, and the harm of
compound pollution is greater than that of a single pollution. In 2019, Huang [66] synthesized a
series of graphene-loaded p-n heterojunction rGO@Cu,0/BiVO4 composi- tes, doped with different
Cuy0, for the simultaneous detoxification of Cr (VI) and antibiotics. In this study, a series of p-n
heterojunction composite materials, rGO@Cu,0/BiVO,, was applied to the efficient reduction and
SMZ oxidation of Cr (VI) under LED light. With the increase of the Cu,0 load, the photoabsorption
performance of LED improves, and the appropriate band gap of the p-n heterojunction enables its
effective electron/hole separation, ensuring the photocatalytic activity of LED. This work provides a
new method for the coexistence of Cr (VI) and antibiotic pollutants in wastewater treated by
rGO@Cu,0/BiVO4 p-n heterojunction compound synthesis.

Polymer Photodegradation

Polymer photodegradation is one of the research advances in the field of light energy. With
the deepening of the research in the field of light energy, polymer photodegradation has increasingly
attracted the attention of researchers. In the process of applying this method, many problems have
become highlighted, and the discussion on polymer photodegradation is becoming increasingly
fierce.

Back in 2015, Falah [67] introduced the synthesis of spherical Cu,O nanoparticles and a
composite of P25 TiO, with aluminsilicate inorganic polymer (ground polymer), and XRD and
FTIR confirmed that the addition of Cu,O/TiO, nanoparticles had no effect on the formation of the
polymer matrix. But experiments under dark conditions and under UV irradiation show that the
composite removes the MB dye through a combination of adsorption and photodegradation without
disrupting the structure of the polymer. The combination of nanometer Cu,O particles and
p