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b «XAJBbIK)»

B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBA )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHbIH HOHT « XaTbIK». 3aTOIBI CBOCH eI TETHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001ACTSIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] U cnopra, POoHA BBLACTHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuManue bnarorBopurensheiii  GoHA  «XadbIK»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@®oH1 BHOCUT CBOW MOCHJIBHBINA BKJIaJ B pa3BUTHE Kaue€CTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem cambiM crmocoOCTBYSl pOCTy 4YHcia JIIOf#EH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIOB B pasMUHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BETUKUX YMOB». ORHON M3 3HAYMMBIX WHHULIMATUB
¢donaa «Xanslk» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsiii B cTpane 6usHec-nHKyOaTop utst ydamuxcs 9-11 knaccoB, KOTOpBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIEC B COBPEMEHHOM MHpE MpeIIpUHIMATEIbCKHE
HaBbIKU. Tak, Ha coelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosee
200 rpanrtoB. g noanep:KKW TaJaHTIMBBIX U MOTHUBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI IPAaHTHI Ha 00yueHue B MextyHapoqHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmkHoM kKoHkypce «USTEM Robotics» B CLIA. Atopckue
paboTsI B pamkax npoekTa « Tamimrepy, koropomy DoHJ 0Ka3all NOAICPKKY, JICIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4€OHO-METOIMYECKUX KHHI IO
npeameTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3Hecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM HIKOJIBHUKAM, YYalIUMCsl KOJUIeIKeld u cryneHTam DoHp
CYUTAET BOXHBIM BHECTH CBOH BKJIaJ B MOBBINICHUE KBAJIM(HUKALNUU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyAyIIMX IMOKOJICHMH Ka3axcTaHueB. [Ipu mommepikke
doHma «Xanblk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxxHoil MHMUIMATHBOM CTasl peaju3yeMblii MPOEKT M0 OOYYECHUIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl M3 BochbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (UHAHCOBOH
IPaMOTHOCTH M NIPEAIPUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xalblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JIETCKOMY CIIOPTY, Ky/la OTHOCUTCS MOJJICPKKa B Pa3BUTHM JETCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEeHHO BasKHYIO ITOMOIbL biiaroTBOpUTeIbHbIN (GOHIT
«XanpIK» OKa3aJl HallUM COOTEYECTBEHHMKAaM BO BpeMsl HEAaBHEH MaHIEMUU
COVID-19. Torna, B pasrap Tsbkenoil 0opsObl ¢ KOpOHaBHUpPYCHOW MHQeEKuuei
®onpx Bbtennn cBbimie 11 MWIIMAapIOB TEHTe Ha MPHOOpETeHHEe HEOOXOIUMOro
MEIUIMHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEIWLHUHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEIACTB 3aIlUTHI, aJpPECHYIO
MaTepranbHyl0 MMOMOIIb COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJULIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsiny ¢ OIpyruMH MpPOEKTaMH, HALICIECHHBIMH Ha MOBBILICHUE
01aroCcOCTOSHUS Ka3aXCTaHCKHUX IpaskaaH DOoH peLn yIeIuTh 0c000e BHUMAaHHUE
HayKe, TOCKOJIbKY OHa SIBJISIETCSl 4YaCThIO OOIIECTBEHHOM KYJIBTYPHI, & YPOBEHb €€
Pa3BUTHS ONPEACISICT YPOBEHD PA3BUTHUS TOCYIAPCTBa.

[Honnepxka @oHIOM BbIMycKa >XypHanoB HamuonanbHOH AKaneMuu Hayk
PecnyOnmukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus U
Wos 1 B KOTOPBIX IYOJIHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTpPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YEOHBIX 3aBEeICHHI
W HayYHO-HCCIIEIOBATENbCKAX MHCTHUTYTOB HAIICH CTpaHbl SBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM PoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBa.

C yBa:kenuem,
BbaarorBopurenbHblii ®oHa «XaabIK»!
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BAC PEJAKTOP:
BEHBEPUH Banepuii BacuibeBny, MeIuIMHA FUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran Pecryonukacer [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTaIbIFBIHBIH - IUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIOUAJBIK AJKA:

PAMA3AHOB Tinexka6b11 CoouTYIbI, (6ac peNaKTOpABIH OpbIHOAcaps!), GH3HKa-MaTeMaTHKa FhUIBIMIAPBIHEIH
Jnoktopsl, ipodeccop, KP ¥FA akanemuri (Anmvarel, Kazakcran), H =26

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac permakrtopasiH opbiHOacapel), mnpogeccop, KP  YFA
KoppecroHaeHT-Mmy1reci, Ph.D OHoXuMust jKoHE MOJIEKYIAbIK TeHETHKA caaachl OOMBIHINA YIITTHIK OHOTEXHOIOTHS
opranbrbiHbH 0ac aupekrops! (Hyp-Cynran, Kasakcran), H =23

CAHI'-CY Ksak, PhD (6uoxumust, arpoxumust), npodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUTBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimuixrepiH HIKeHEpIiK jKyHenepi FHUIBIMU-3ePTTEY OPTabIFBIHBIH 0ac FHUIBIMI
Kpi3MeTkepi, ([]puon, Kopes), H =34

BEPCIMBAEB Paxmerkaxbl Eckenipy/bl, Ononorus reUIBIMAAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
axagemuri, Eypasus ynrteik yausepeunreri. JLH. l'ymunes (Hyp-Cyiran, Kasakcran), H= 12

OBUEB Pygar, TexHuka FbUIbIMIApbIHBIH JOKTOpbI (Onoxumus), npodeccop, Cankr-IlerepOypr MEMIIEKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaMIaHABIPY» Ka(eapachIHBIH
menrepyiuici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIHNH Bstuectas HoranoBmu, MeauiHa FBUIBIMAAPBIHBIH JTOKTOPBI, Ipodeccop, KP ¥YFA akanemuri,
«PERSONA xaJbIKapasblK KIMHUKAJIBIK PEMPOIYKTONIOTUsl OPTANIBIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, Owomorust FbUIBIMAAPBIHBIH —JOKTOpBL, —mpodeccop, Yysamr
pecryOniKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipatkepi, «UyBail MEMJICKETTIK arpapiiblK yHHUBepCHTETD Denepanabik
MEMJICKETTIK OIO/DKETTIK JKOFaphl OimiM Oepy Mekemeci AKYyLIEpIK oHE Teparus KaeIpachlHbIH MEHIEPYILICi,
(YeGokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkina Xamaap yHUBEPCHTETIHIH IIBFbIC MeuIMHa (axyisreTi, [Ibreic
MEIUIMHACKI KOJUTeKiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

HIENETKHWH Urops AsiekcanIpoBHY, MEIHIIMHA FEUTBIMAAPBIHBIH JOKTOPbI, MOHTaHa ITAThI YHUBEPCUTETIHIH
npodeccops! (Monrana, AKII), H=27

KAJIAH/IPA IIberpo, PhD ({pusuka), HAHOKYPBUIBIMIBI MaTepUaIIap bl 3ePTTEY HHCTUTYTBIHBIH TPOGECccopb
(Prv, Utamus), H =26

MAJIBM Amnna, dapmaneBTrKa FEUIBIMAAPBIHBIH JOKTOPSL, Ipodeccop, JIIoOMMH MenuimHa yHUBEPCHTETIHIH
(apmanepTika daxyasTeTiHiH AekaHsl (JIoommn, [onsma), H =22

BAUMYKAHOB [lacran Acbl16eKy.Ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH T0KTOpBL, KP ¥FA koppecron-
JIeHT Myteci, "Mail mapyanibuibFbl KoHE BeTePUHAPHS FHUIBIMU-OHIIPICTIK opTaibibl" JKIIC man mapyarbuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSHY Uon MuxaiiioBuy, (hr3nka-MareMaTHka FbUIbIMIAPBIHBIH JJOKTOPBI, akaieMuk, Momjosa Feuibiv
AKaJIeMISICBIHBIH TIpe3ueHTi, MooBa TexHUKaIbIK yHIBepcuTeTi (Kummues, Monnosa), H = 42

KAJIMMOJIJAEB Maxkcar Hypominyibl, Qusnka-MaTeMaTHKa FhUIBIMAAPBIHBIH JOKTOPEI, Tpodeccop, KP
YFA axanemuri (Anmvarsl, Kazakcran), H="7

BOLIKAEB Kyanraii Arasbiyjibl, Ph.D. Teopusnbik xoHe sSaponblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak yinrTeik yHEBepeuTeti (Anmvarst, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIporbIk FeuibMaap HHCTHTYTHI (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:xaHy/bl, (U3MKa-MaTeMaTHKa FBUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
¢huzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbimars! Kasak yiTTeik yauBepeureTi (Anmars, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, (r3Hka-MareMarnka FbUIBIMIAPBIHBIH JOKTOpbI, YkpamHa YFA
akazemuri, KoimanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpauna), H=15

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTreMaTHKa FhUIBIMAAPBIHBIH JIOKTOpBI, mpodeccop, KP ¥FA
axanemuri, on-Dapabu arempars! Kazak yiTTeik yauBepenteti (Anmarsl, Kasakeran), H=5

XAPUH Cranncnas HukonaeBnu, (usnka-mMareMarvka FhUIBIMIApBIHBIH JOKTOPEL, mpodeccop, KP YFA
axangemuri, Kasakcran-bpuran texuukansik yHuBepeuteti (Anmarsl, Kasakcran), H= 10

JABJIETOB Ackap EpOynanoBuy, ¢u3nka-MareMarika FhUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akaziemuri, an-Oapadu arsiHaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H =12
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TOKJAJIBI 2024 o2
HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

TJIABHBIMA PEJAKTOP:
BEHBEPHH Bauepuii BacuiibeBu4, TOKTOp MEIMIMHCKUX Hayk, mpodeccop, akanemuk HAH PK, mupexrop
MemuumHckoro eHtpa YipasneHust jienamu [pesunenta Pecrryonuku Kasaxcran (Anvarst, Kasaxcran), H= 11

PEJAKINUOHHASA KOJIJET US:

PAMA3AHOB Tiekkagya CabuToBUY, (3aMECTHTEIb IIABHOTO PENAKTOPA), JOKTOP (DPH3MKO-MaTeMaTHuecKuX
Hayk, npodeccop, akagemuk HAH PK (Anvarsl, Kasaxcran), H =26

PAMAHKYJIOB Epian Mupxaiinapsud, (3aMeCTHTENb NIABHOTO PEIAKTOpa), npodeccop, WieH-KOpPEeCIOHIeHT
HAH PK, Ph.D B obnact OHMOXMMHM ¥ MOJEKYJISIPHOW TeHETHKH, [eHepaibHblid aupextop HarmoHanbHOTO IIeHTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHTI'-CY KBak, nokrop ¢unocodun (Ph.D, Gnoxnumusi, arpoxumus), mpodeccop, IIaBHbIi HayqHbIiT COTPYITHHIK,
HayuHo-uccnenoBarebekuil LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-UCCIe0BaTeNbCKU HHCTUTYT
ouonayku u ouorexnonoruu (KRIBB), (I»4on, Kopest), H = 34

BEPCUMBAEB Paxmerka:u MckeHIHPOBHY, TOKTOp OHONOrHYECKUX Hayk, mpodeccop, akanemuk HAH PK,
Eppasuiickuii HarmoHanbHblii yausepcurer um. JLH. T'ymunesa (Hyp-Cynran, Kazaxcran), H= 12

ABUEB Pydar, noxrop TexHHYeCKHX Hayk (Omoxumirs), mpodeccop, 3aBemyronmii xkadenpoit «OnTHMusarms

XUMHYECKOW 1 OMOTEXHONIOTYECKOl anmaparypb», CaHkT-IletepOyprekuii rocy1apCTBeHHbIN TEXHONIOT MYECKUI HHCTH-
TyT (Cankr-IlerepOypr, Pocerst), H = 14

JIOKIIIUH Bsiuecia HoraHoBu4, JOKTOp MEIMIMHCKHX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIMHIYECKOro neHTpa penponykroioray «PERSONAY (Amvarst, Kazaxcran), H=8

CEMEHOB Buiagumup I'puropbeBud, JOKTop OHOIOrHYECKUX HAyK, MPOQEccop, 3aciTy KeHHbIN e Te b HayKH
Yysarckoii PecryOnuku, 3aBeyroriiii kadenpoit Mopdosoriu, akyiepeTsa 1 tepaniu, OeaepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTelbHOE YUPEXKICHHE BBICIIEro oOpazoBaHmst «UyBamICKMil TOCYNApCTBEHHBIN arpapHbIi
yauBepcuter» (Yebokcapsl, Uysarickas Pecryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Komtemka BocTouHOH MemuimHbl Xamaapaa anb-Majpkusa, (hakyisTeT Boc-

TOYHOM MeanIHbl YHuBepcuTera Xamuapaa (Kapauu, [Takucran), H=21

MIENETKWH Hrops AnekcaHapoBHY, IOKTOP MEIMIMHCKUX HayK, podeccop YHUBepcHTeTa mtara MoHTaHa
(CILIA), H=27

KAJIAH/IPA Iserpo, roxrop ¢unocoduu (Ph.D, dhusuka), npodeccop UHCTHTYTA 10 M3yUCHHIO HAHOCTPYKTY-
pupoBanHbIX Marepuaios (Pum, Utams), H =26

MAJIBM AnHa, 1okTOp (hapMareBTHIecKUX Hayk, Ipodeccop, ekaH (apMareBTHdeckoro haxynsrera JIroomm-
CKOro MeJMIMHCKoro yHuBepeutera (JIro6mun, [Monmbnra), H = 22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECHIOH/ICHT
HAH PK, maBHblit HayuHbIH COTpYIHUK JlenapraMeHTa »KUBOTHOBOJICTBA M BeTeprHapHOi Meuimubl TOO «HayuHo-
TIPOU3BOICTBEHHEII LIEHTP KUBOTHOBOZCTBA U BeTepunapminy (Hyp-Cyirran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBud, 10KTOp (GU3HMKO-MaTeMaTHueCKUX HayK, aKaJIeMUK, PE3UICHT AKaeMUU HayK
Moniobl, Texuuueckuii ynusepcurer Monioss! (Kumimnes, Moiosa), H =42

KAJIMMOJIJAEB Maxkcat HypaanioBud, TOKTOp (pU3HKO-MareMaTHIecKHX Hayk, IIpodeccop, akagemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOLIKAEB Kyanraii ABraszpieBuy, noktop Ph.D, npenonaaresb, 101EHT Kadenpbl TEOPETUYECKOM U SIePHOM
m3uku, Kasaxckuii HalMOHaIBHBINA YHUBEpCHTET MM. ainb-Dapabu (Anmmarel, Kasaxcran), H= 10

QUEVEDO Hemando, nipodeccop, HarmonansHeiii aBroHomHbIH yHUBepcHTeT Mekcuku (UNAM), UHcTutyT
sinepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar A6:kanoBHY, TOKTOP (PH3HKO-MaTeMaTHICCKUX HayK, Ipodeccop Kaheapbl TEOPETHIESCKON i
snepHoit pnsnku, Kasaxcknii HarpoHanbHbIH yHHBepcHTeT nM. anb-Dapabu (Anmvarer, Kasaxcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, JOKTOp (H3HKO-MareMaTH4ecKuX Hayk, akagemMuk HAH VkpauHer,
VHCTHTYT NPUKNIaHOM MaTeMaTHKy 1 MexaHuky (JloHenk, Yikpauna), H=5

TAKUBAEB Hypraan JKa6araeBud, JoKTop (U3HKO-MaTeMaTHICCKHX Hayk, mpodeccop, akanemuk HAH PK,
Kazaxcknii HaMOHAIBHBIN yHHBepeHTeT UM. anb-Dapadut (Anmmarsl, Kasaxcran), H=15

XAPUH CrannciaB HukonaeBH4, TOKTOp (pH3HKO-MaTeMaTHUeCKHX Hayk, Ipodeccop, akagemuk HAH PK,
Kazaxcrancko-bpuranckuit Texanueckunii ynusepeuret (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpoOynanoBud, 1OKTOp (U3MKO-MareMaTHdecKux Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHBIN yHHBepcHTeT M. anb-Dapadu (Aymarsl, Kasaxcran), H=12

Hoxaaasl HannonanbHoii akagemuun Hayk Pecnyosmuku Kazaxceran»
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Abstract. This review article describes a class of cesium-based double halide
perovskites. Their potential use as solar cell elements and methods for obtaining these
materials are considered. General method of synthesis of double halide perovskites is
based on dissolved poly-crystalline powder of starting material in hydrohalic (HX, X =
Cl or Br)/hypophosphorous acid mixed solvent. The Goldschmidt factors and the octa-
hedral factor are calculated to analyze the stability of the crystal structure and spherical
environment for a number of double perovskites. An analysis of the band gap, absorption
spectra, and photoluminescence spectra was carried out. Double perovskites are wide-
gap semiconductors with direct and indirect band gaps. The bandgap may vary depending
on the acquisition method. Absorption spectra lie in the ultraviolet and visible region.
Double halide perovskites with a broad absorption spectrum are potential solar cells. Pho-
toluminescence maxima are located from 400 nm to 700 nm. The peak position depends
on doping with different ions. The absorption and emission spectra undergo significant
changes when mixing double halide perovskites with different cations and changing their
ratio. Excellent activators are chromium, silver, magnesium. It is shown that the alloyed
double halide perovskites exibit improved optical properties due to the defect tolerance,
synergetic effects and other factors.

Keywords: double halide perovskite, solar cells, bandgap, synthesis, Gold-
schmidt tolerance factor, absorption, photoluminescence, alloyed perovskites
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AHHoTanus. bys mony makanacelHIa 1I€3MH HETI31HIEeri KocapiiaHFaH
raJIoN/ITI TMEPOBCKUTTEP KIachkl cunaTrTtanrad. OmapablH KyH OaTapesuiapblHBIH
AIIEMEHTTEPl PETIHAE SNeYyeTTI KOJAAHBUIYbI >KOHE OChl MaTepHallgapbl aly
onictepi KapacTeipbuiaasl. Koc rajgorenii nepoBCKUTTEPAl CHHTE3ACYA1H Kbl
omici ruapoxanmukanblk (HX, X=Cl Hemece Br)/runodochop KbIIIKBUIBIHBIH
apanac epiTkimiHaeri 0acTankbl MaTEPHAIIBIH EPITUITeH IMOJU-KPUCTAIIBI
YHTarblHa HerizaenreH. [onamMuAr (akTopaapbl MEH OKTadIpiikK (akTop
Oipkatap KOC MEPOBCKHUTTED VIIIH KPUCTAIJIBIK KYpPBUIBIM MEH chepabiK
OpTaHBIH TYPAKTBUIBIFBIH TaJIJay YILUIH €cenTeliHreH. ThIibIM caJblHFaH 30HA
€HIHe, JKYTBULy CHEKTpJepiHe >KoHE (OTOMIOMUHECICHIIUS CIIEKTpJIepiHe
tannaay xyprizuial. Kocapinanran nepoBCKUTTEp-TiKeNel KoHE KaHaMa ThIHbIM
CaJIbIHFaH 30Hajapbl 0ap KeH 30HaNbl KapThlIal eTKi3rimrep. OTKI3y Kadineri
any oxiciHe OalnaHbICTBI ©3repyl MYMKiH. JKYThlTy cHekTpiepi yiabTpaduosier
JKOHE KOpIHETiH aiiMakTa >kaTelp. KeH >KyTbuly crhekTpi Oap KocapiiaHraH
raJloN/ITI TMEPOBCKUTTEP MOTEHIMANIIbl KYH Oarapesuiapbl OOJBIN TaObLIAJbI.
dortomoMuHecHeHIUSHBIH Makcumymaapsl 400 vm-gen 700 HM-re neiiH
opHanackaH. IIIbIHHBIH OpHamacysl op TYpJi HOHAApMEH OeNceHaipiayiHe
OaiinanbicTel. Kocapnanran rajaouaTi MEPOBCKUTTEPIl SPTYpPJi KaTHOHAAPMEH
apanacTbpy >KOHE OJIApJAbIH apaKaThIHACHIH ©3repTy Ke31HIE >KYThULY >KOHE
coylie WIbIFapy CHEKTpliepl alTapiblKTail esrepicrepre yuublpaiiael. Tuimui
aKTUBaTOpJap-XpoM, Kywmic, MarHuid. JlerupnenreH KocapiiaHFaH TaJOU[TI
MEPOBCKUTTEP aKayJapra TO3IMAUIIKKE, CHHEPIeTUKAIIBIK dcepiiepre koHe 0acka
dakropnapra O0alIaHBICTBI )KaKCAPTHUIFAH ONTUKAIIBIK KACUETTEPre Ue eKeHJIIr1
KOPCETIITCH.

Tyiiin ce3aepi: KocapiaHFaH rajlouATI HEPOBCKUTTEDP, KYH YSIIBIKTAPHI,
TBIMBIM CaNbIHFAH 30HA, CHUHTE3, [ ONBIUIMHUITIH TOJIEPAHTTUIIK (HAKTOPBI,
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AnHoTanusi. B 1anHOM 0030pHOM CTaThe OMUCHIBACTCS KJIACC JTBOMHBIX
raJIONIHBIX IEPOBCKUTOB HA OCHOBE 11e3usl. PaccmaTpuBaeTcs UX MOTEHIMATBHOE
MPUMEHEHHE B KAyeCTBE OJJIEMEHTOB COJIHEYHBIX OaTapeii U CIOCOOBI
MOJIy4eHUsI 3TUX MarepuasnioB. OOmMII METOJ CHUHTE3a JABYXIaJOTE€HUIHBIX
MEPOBCKUTOB OCHOBAaH Ha PACTBOPEHHM MOJUKPUCTAIIMUYECKOrO IOPOIIKa
HCXOJIHOTO MaTepuajia B CMECH Tallor€HOBOJOpoaHOM kuciaotel (HX, X=Cl
umu Br) u dochopuctoBogopoaHoit kucaotel. Koaddurmumentsr 'onpammuara
U OKTadJIpu4ecKkrue Kod(PPUIMEHTH pacCUMTAaHBl IJIsi aHalu3a CTaOMIBHOCTH
KPUCTAITTNYECKON CTPYKTYpPBI U CHEPUUECKOTO OKPYKEHMsSI IS psijia JBOMHBIX
MEPOBCKUTOB. bbbl NpoBeJeH aHaIN3 IIWPHHBI 3aMPEleHHON 30HBI, CIEKTPOB
MOTJIOLIEHUSI U CHEKTPOB (OTONIOMHUHECHECHUIUU. J[BOIiHBIE MEPOBCKUTHI
MPEACTABISAIOT COOOH MUPOKO30HHBIC MOTYIPOBOJIHUKHN C MPSMON M HETIPSIMOUN
3anpenieHHoM 30HOM. [llupuHa 3ampenmeHHOW 30HbBl MOXKET BapbUPOBATHCS
B 3aBUCHMOCTH OT MeToAa mnoiydyeHuss. CHeKTphl NOTJIOMICHHS JIeXKaT B
yIbTparoIeTOBOM M BUAMMOM 0OJacTsAx. J[BOWHBIE TaJOUIHBIE TEPOBCKHUTHI
C HIMPOKUM CIIEKTPOM TOIJIOIICHHUS SIBJISIFOTCSI TOTEHUUATbHBIMU COJIHEYHBIMU
aneMeHTaMu. MakcuMyMbl (DOTOTIOMUHECIICHIIMY PACTIONIOKEHBI B IUAa30HE OT
400 1o 700 uM. [TosokeHre MUKa 3aBUCUT OT JIETUPOBAHUS Pa3IMYHBIMUA HOHAMU.
CrieKTphl MOTJIOIIEHUST U U3JTyYEHHUs MPETepIeBal0T 3HAUNTEIbHbIE U3MEHEHUS
MIPY CMEUIMBAaHUM JBYXTAJIOI€HUIHBIX MIEPOBCKUTOB C PA3IIUYHBIMU KaTHOHAMHU
U U3MEHEHHUU HUX COOTHOUIeHHs. D(P(EeKTUBHBIMU aKTUBATOPAMU SBISIOTCS
XpoM, cepebpo, marHui. [lokazaHo, 4TO JETMPOBAHHBIC IABOWHBIC TaJOWIHBIC
MEPOBCKUTHI 00JIAZAI0T YJIYYIIEHHBIMA ONTHYECKUMH CBONCTBAMHU 3a CYET
YCTOMYMBOCTH K JiepexTaM, cuHepreTuueckux 3(pPekToB u Apyrux GpaxTopos.
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KarwudeBble cioBa: ABOWHBIE TaJOUJIHBIE TEPOBCKUTHI, COJTHEYHBIE
STUCUKH, 3alpeIleHHass 30Ha, CHHTE3, (aKkTop ToJiepaHTHOCTH [ onmpammuara,
MOTJIONICHHE, (DOTOTFOMUHECIICHITUS, CMEIIIAHHBIE TTIEPOBCKUTHI

Introduction

Recently, a lot of research has been carried out in the field of optical properties
of perovskites, since they can have anisotropy, they are elements of galvanic, solar cells,
due to their perfect optical and electrical properties.

We studied solid-phase synthesis methods, recorded photoluminescence spectra,
excitation photoluminescence spectra of lanthanum perovskite, and studied changes in
its optical properties when exposed to hydrostatic pressure (Zhanturina et al., 2023). It
was shown that the study of luminescence spectra makes it possible to more deeply study
transitions between electronic levels, the mechanisms of recombination of electrons and
holes, and other processes that will make it possible to obtain materials with improved
physicochemical properties.

The next step in improving materials for electroplating, electronics and other
applications is the study of the properties of double halide perovskites.

Double halide perovskites are a class of crystalline materials that have a structure
similar to perovskite (ABX,), but with one or more ions replacing other ions in that struc-
ture, and contain halides (F-, Cl-, Br-, I-) in as anions X (Fig.1.)

o °A+
° Bt,'H-
. o

o X

Figure I — The structure of double perovskite (Meyer et al., 2018).

By being able to select two different cations in the crystal lattice, finer tuning of
structure and properties can be achieved, which can lead to materials with higher perfor-
mance and new functionalities.

Inorganic halide double perovskites have the common formula A,B'(I)B"(II1)X
(A = Cs+, Rb+; B'(I)=K+, Na+, Li+, Ag+, Cut; B"(Ill) = In3+, Sb3+, Bi3+; X = Cl-,
Br—, I-) are better than lead containing perovskites, which are environmentally friendly
materials due to their low chemical stability and high toxicity.

These structures can have various properties such as optical, electrical and mag-
netic, making them interesting for a variety of applications including solar cells, optical
devices and semiconductor electronics.

All inorganic halide perovskites are very popular due to their use in solar cells
because of their photovoltaic and photoelectric properties, potential use in photodetectors
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and light emitting diodes (LEDs) (Zhao et al., 2019). The photovoltaic properties of dou-
ble perovskites are due to the fact that these materials emit in a very wide spectral range
(400 nm-1100 nm) and have a high absorption coefficient, which makes it possible to
achieve high efficiency solar cells, and low effective masses of carriers in these materials
(Zelewski et al., 2019).

Their broadband properties attributed to self-trapped excitons (STEs). Their
broad lines of emission and region of emission are the result of radiation recombination
of excitons (Luo et al., 2018). The presence of self-trapped excitons is due to that fact,
that type of material is semiconductor with the soft lattice. The Cs , AgBiCl, and Cs,Ag-
InCl, perovskites have the emission with big half-width at room temperature (Han et al.,
2019).

Band structure calculations show that many of these compounds have a band gap
in the range promising for solar cell applications (Zhao et al., 2019).

Since the double halide perovskites are ionic crystals, their charge carriers in the
form of electron-phonon coupling are strongly related to lattice vibrations. And this inter-
action helps to understand electrical and optical properties of double perovskites.

Cs,AgInCl, is halide double perovskite (a = 10.47 A) with cubic structure and di-
rect band gap with value of 3.3—3.5 eV. This double perovskite exhibits weak red photo-
luminescence, caused by the radiative relaxation of free and self-trapped excitons (Jack-
son et al., 2019). To increase luminescence intensity activators are used such as transition
metal ions and lanthanides.

Transition metals such Mn**, Cr** and ions of Ag are used in alloyed structures
to improve physical, chemical and structural properties of double halide perovskites for
their potential use in the field of solar elements, phosphors, LED applications (Vargas et
al., 2020).

Chromium doped Cs,AgInCl, has a broad near infrared emission band ranging
from 850 to 1350 nm. The range of emission of pure crystal is located between 400 and
800 nm. Broad emission spectra is attributted by Cr™ 3d level transitions. Because of this
range of emission this material can be used for biological applications. Chromium doped
compounds are great of interest and are less investigated (Zhao et al., 2019).

Also of great interest in the study of double halide perovskites are mixed per-
ovskites with three cations, which can significantly expand the absorption spectrum and
increase the quantum yield of luminescence due to synergistic effects. For example, these
are materials such as Cs,Na Bi, MnCl,, Cs ,Ag Na _InCl, Cs,Cd Mn,_BiCl, Cs,Na_
Ag, BiBr,.

In this minireview, we aim at summarizing the recent advances in double halide
perovskites and explore the synthesis, characterization and analyzing of structural and
optical properties.

Synthesis methods of double halide perovskites

General method of synthesis of double halide perovskites is based on dissolved
poly-crystalline powder of starting material in hydrohalic (HX, X = CI or Br)/hypophos-
phorous acid mixed solvent (Igbari et al., 2019). After heating to 100-200 K, it should be
slowly cooled at a rate 0.5 Celcius degrees in an hour (Zelewski et al., 2019).

For the Cs,AgBiCl6 main reagents are CsCl (2 mmol), AgCl (1 mmol) and BiCI3
(1 mmol), which are dissolved in hydrochloric acid. By heating to 180 °C for 24 h in an
autoclave, further cooling to room temperature with rate of 5-8 °C/h the material is ob-
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tained. Final step is filtering and drying in vacuum at 80 °C for 12 h. (Han et al., 2019).

In some cases polycrystalline samples are obtained via solid state synthesis. For
this procedure, starting materials — chlorides of composed metals are mixed by stoichi-
ometry ratios and are placed in mortar agate with a pestle, then fired in a silica tube at 500
K for about 40 hours. This material is obtained in the form of pellets (Sun et al., 2021).

For obtaining Cs NaBiCl_:Mn*" sample the following reagents are used: HCI,
HBr, Bi203, CsCl, NaCl, and MnCl,*4H,0O. Obtained material should be washed by de-
ionized water and dryed. For latter process the filter flask is used, because it may be the
photoreduction between the forms of Ag (Jackson et al., 2019).

For material Cs AgInCl :Cr*" the reagents are CsCl, AgCl, InCl, and CrCl, with
the capacity 99.99 % from Aladdin. They are synthesized by high temperature solid-state
reaction. The process has the following steps: firstly reagents are weighed by stoichio-
metric ratio, mixed in agate mortar during 1-2 hours. Then sample is heated at 400 °C for
96 hours in a muffle furnace. After cooling from room temperature the desired product in
the form of powder is obtained (Zhao et al., 2019).

Also Cs,Cd,_ Mn Bi Cl , (x = 0-1) can be synthesed by metal halides exctraction
(CsCl, MnCl,, CdCl,, and BiCl,) in concentrated hydrochloric acid.

Results

Goldschmidt tolerance factor t

The crystallographic stability of perovskites is usually inferred by considering
two representative parameters, the Goldschmidt tolerance factor (t) (Equation (1)). The
Goldschmidt tolerance factor shows the stability of the crystal structure and indicates
whether ions will be incorporated into the crystal lattice. For perovskite structures, the
Goldschmidt factor should be in the range of approximately 0.8-1. Factor values that do
not lie in the specified range indicate that a particular compound may be unstable or un-
successful in terms of the formation of a crystal structure.

()
V2(rg +1%) (1)
where Ta- ionic radii of A cations; ¥& — mean ionic radii of B’ and B” cations,
Tx — ionic radii of Br, CI..
The octahedral factor u shows how spherically surrounded the ions are in octahe-

dra. Its value should usually be close to 1 (Equation (2)) (Wu et al., 2021)
s
H=—
Tx (2)

We have calculated the values of t and p for some double halide perovskites, as
well as for alloyed structures (Table 1).

Table 1- Goldschmidt tolerance factor and octahedral factor for some double halide perovskites

ity s
- V2(rg+ry) Tx
1 Cs,AgInCl, 0,8315 0,6354
2 Cs,NaBiCl, 0,8821 0,5414
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3 Cs,NalnCl, 0,8821 0,5414
4 Cs,LiBiCl, 0,9576 0,4199
5 Cs,AgBiBr, 0,8255 0,5867
6 Cs,AgBiCl, 0,8398 0,6354
7 Cs,NaBiBr, 0,6395 0,5000
8 Cs,CuBiBr, 0,9498 0,3929
9 Cs,AgSbCI, 0,8398 0,6354
Alloyed perovskites
1 Cs,Li Bi, MnCI, 0,9172 0,4823
2 Cs,Na Bi,  MnCl, 0,8928 0,5232
3 Cs,Ag Na, InCl, 0,8830 0,5398
4 Cs,Cd Mn, BiCl, 0,8971 0,5155
5 Cs Na Ag, BiBr, 0,8521 0,5372

From the table you can see that, basically, all perovskites have factors lying in the
indicated intervals. The exception is Cs,NaBiBr,. By mixing ions in alloyed structures,
the stability of its crystal structure increases. In terms of the octahedral factor, the param-
eters of the spherical environment are higher for Cs AgInCl,, Cs,AgBiCl,, Cs,AgSbCl,,
and the lowest for Cs LiBiCl, Cs,CuBiBr,. This affects the optical and electrical proper-
ties of double perovskites.

Information about bandgup

According to (Igbari et al., 2019) bandgap values of double halide perovskites
depend on the preparation method and calculation technique and are different for the same
crystals. For Cs,AgBiBr, the bandgap is in the range 1.22-2.4 eV. Sample with charac-
terization technique Tauc plot and prepared by solution process has the direct bandgap,
while others are in the list with indirect bandgap. For Cs,AgBiCl, the latter varies up to
2.85 eV. Incorporation of sodium increases bandgap to 3.07 ¢V in Cs,NaBiBr, and to 3.73
eV in Cs NaBiCl,.

Cs,AgInCI, has the direct bandgap in 2.32-3.53 eV range. Bandgap value for
Cs,CulnCl, is very low and around 1.0-1.5 eV. Cs,AgSbCl, can be considered as the wide
bandgap semiconductor and pretends to be the perspective solar element (2.24-2.6 eV).

Optical properties

Absorption

We analyzed and compared the absorption spectra of various double halide per-
ovskites from different publications and compiled them into one graph for a visual de-
scription (Fig. 2).
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Figure 2 —Absorption spectra of different double halide perovskites (Han et al., 2019; Schmitz et
al., 2020; Thawarkar et al., 2021; Dai et al., 2020; Yao et al., 2020).

The figure shows that the absorption spectra of various perovskites lie in differ-
ent ranges. Cs,AgInCl, has a narrow absorption band with a maximum at 280 nm; the
band is not pronounced. We observe a long absorption tail and absorption peak at around
370 nm with low intensity, corresponding to the allowed transition and parity-forbidden
transition, respectively (Han et al., 2019). The absorption band of Cs,AgBiBr, is in the
visible region (438 nm), narrow with a half-width of about 50 nm and quite pronounced
(Schmitz et al., 2020). Perovskite Cs,AgBiCl, absorbs in the ultraviolet region (373 nm).
The spectrum does not have a Gaussian shape and is asymmetrical. The absorption peak
is followed by the tail extended to 700 nm (Thawarkar et al., 2021). When this perovskite
is doped with iron, the absorption intensity increases. The presence of a tail indicates
that the crystal is highly defective when doped with iron. The absorption of Cs,NaBiBr,
is similar to that of Cs,AgBiBr, and is located in the region of 340 nm; the spectrum
is represented by a number of background maxima with low intensity in the region of
340-250 nm. When silver is added to perovskite, depending on the level of doping in the
absorption region, the number of bands increases and the region stretches from 250 nm
to 625 nm, which makes these materials potentially attractive for use as solar cells, albeit
of low intensity and efficiency (Dai et al., 2020). The latest perovskites have this form
of absorption due to the indirect bandgap and are not light-emitting materials with high
quantum efficiency. The absorption spectrum in ultraviolet region of Cs ,NaBiCl, is at
around 350 nm, accompanied by absorption peak due the excitons at 325 nm. It is formed
due to °s, — s p, transitions of Bi*"ions (Yao et al., 2020). Doping with silver affects the
electronic structure of the crystal, while the absorption spectra are shifted to longer wave-
lengths and the half-width of the spectra becomes wider, while doping with magnesium
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and europium has no effect on the intensity and position of the spectrum. When indium
is added to Cs,AgBiCl,, that is, in the double perovskite Cs,AgBi,_In Cl, at x=0.95, the
band remains at 373 nm, but is deeper and more pronounced. Moreover, as the amount of
indium decreases, the absorption maximum tends to disappear.

From the figure you can see that the addition of indium leads to a shift of the
absorption band to the ultraviolet region, which is undesirable in the manufacture of solar
cells.

From a comparison of absorption spectra, a pattern can be revealed that per-
ovskites with Ag and Bi tend to absorb in the visible region or in the region close to the
visible. And crystals with Na absorb more in the ultraviolet region.

Photoluminescence emission spectra

We analyzed and compared the photoluminescence spectra (PL) of various dou-
ble halide perovskites from different publications and compiled them into one graph for
a visual description (Fig. 3).
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Figure 3 —Photoluminescence spectra of different double halide perovskites.

The PL band of the Cs AgBiCl, crystal lies at a maximum of 412 nm, and when
doped with iron, the band shifts to shorter wavelengths (403 nm) (Thawarkar et al., 2021).
Time-resolved spectroscopy studies show that the luminescence lifetime in a doped crys-
tal decreases, indicating an increase in non-radiative relaxation.

In Cs,AgInCl, crystal activated by Mn, the emission band is observed at 630 nm
(Jackson et al., 2019). The high value of the band gap of this material is caused by the
covalency of the Ag—Cl bond and it has a three-dimensional electronic structure. When
photons are absorbed, electron-hole pairs are instantly formed, which recombine in a
short time at Mn*" sites. The position of the emission band allows this crystal to be used as
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a red phosphor, but the low quantum yield and lack of absorption at wavelengths greater
than 350 nm are a major disadvantage of this perovskite. Compared to Cs ,NaBiCl, doped
with magnesium, its quantum yield is almost 10 times lower. When doped with chromium
ions, the luminescence band shifts to longer wavelengths and the band becomes wider.

The emission band of Cs,NaBiCl, doped with silver lies in the region of 610 nm,
while that of Cs,NaBiCl, doped with magnesium is at 580 nm (Dai et al., 2020). The in-
tensity saturation of this perovskite with Mn doping is at 14 %, Ag— 25 %.

Cs,NaInCl, has an excitonic nature of emission, as evidenced by the photolu-
minescence excitation spectra and white emission in the region of 520 nm with low in-
tensity. When silver is added to this material in the amount of Ag (60 %), the radiation
intensity increases (Luo et al., 2018).

The luminescence band of the Cs,LiBiCl :Mn crystal was obtained at an exci-
tation wavelength of 370 nm and is located in the region of 612 nm (orange-red) (Sun et
al., 2021). This corresponds to the *T — °A| transition from the magnesium state, while
the undoped crystal has a band at 730 nm from the Bi ion state.

It can be seen that when magnesium is added, the PL band shifts to shorter wave-
lengths.

The broad luminescence band of Cs,AgBiBr, is in the red region and located
around 683 nm. This corresponds to transitions from the indirect zone (indirect bandgap)
(Schmitz et al., 2020).

Cs,NaBiBr, has a luminescence band with very low intensity with a maximum at
700 nm. However, by mixing silver and changing the ratio of components, high intensity
can be achieved (Wu et al., 2021).

The large half-width of photoluminescence spectra in double perovskites may
indicate several possible physical processes and characteristics of the material: uneven-
ness in crystallite size, defects and imperfections in the structure, instability of the crystal
structure. The PL intensity of alloyed perovskite with Ag/Na contamination is higher than
that Cs,AgBiBr,, where Cs NaBiBr, is not like the Ag based double halide perovskites,
that has broad band luminescence in red region.

Total, from (Zhao et al., 2019; Luo et al, 2018; Jackson et al., 2019; Vargas et al.,
2020; Su et al., 2021; Wu et al., 2021; Yao et al., 2020) it can be noted that alloyed per-
ovskites with different ratio of Li, Bi, Mg, Na, Ag, In, Cd have a exhibit larger intensity
compared to their single-component counterparts due to several reasons: enhanced defect
tolerance, tunable bandgap, reduced nonradiative recombination, synergistic effects. De-
fects can decrease the PL intensity, alloying can mitigate these effects. Due to alloying the
absorption range can became broader.

Conclusion

Double halide perovskites have improved galvanoptical properties compared to
perovskites due to the combination of cations. These are semiconductors with wide band
gaps in the rang from 1.3 eV to 3.53 eV. General method of synthesis of double halide
perovskites is based on dissolved poly-crystalline powder of starting material in hydroha-
lic (HX, X=Cl or Br)/hypophosphorous acid mixed solvent. Analyzing the Goldschmidt
factors and the octahedral factors for a number of double perovskites, we can conclude
that, in general, many are located in the range from 0.8 to 1. The exception is Cs,NaBiBr,.
In terms of the octahedral factor, the parameters of the spherical environment are higher
for Cs,AgInCl,, Cs,AgBiCl,, Cs,AgSbCl,, and the lowest for Cs,LiBiCl,, Cs,CuBiBr,.
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This affects the optical and electrical properties of double perovskites. The absorption
spectra of these materials lie in the range from 250 nm to 450 nm, the emission spectra
are 400-700 nm. The addition of indium leads to a shift of the absorption band to the
ultraviolet region; perovskites with Ag and Bi tend to absorb in the visible region or in
the region close to the visible. And crystals with Na absorb more in the ultraviolet region.
The large width of the absorption spectrum is a good parameter for use as solar cells.
It can be noted that alloyed perovskites with different ratio of Li, Bi, Mg, Na, Ag, In,
Cd have an exhibit larger photoluminescence intensity, broad absorption spectrum com-
pared to their single-component counterparts due to enhanced defect tolerance, tunable
bandgap, reduced nonradiative recombination, synergistic effects. Alloyed double halide
perovskites are very promising and interesting materials for further research and potential
application in the field of LEDs, lasers, solar elements.
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