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MNOJYYEHHUE YJIBTPATOHKUX KOHTAKTOB HA TIOBEPXHOCTU BUHAPHBIX IIOJYIIPOBOJHUKOB
AHHOTaIHS

BriepBrle ¢ mcnonp30BaHHEM METOAA HU3KOAHEPIeTHYECKOH MOHHON GomOapaupoBku Ha moBepxHocTH CdS momydeHbI

YIBTPATOHKHE OMHUYECKHE KOHTAKTHI. M3ydeHsl mpoduin pacnpeneneHus aTOMOB KOHTAKTHPYIOIIETO MeTaia (HUKEIs) 110

riyoune uncroro CdS u CdS, 6ombapaupoBantoro nonamu Ba* u Ar*. Tlokasano, 4To HoHHass 60MOapIUPOBKA MPUBOIUT K

YMEHBIICHHIO TIPHKOHTAKTHOTO (IIEPEXOIHOr0) CI0S B ABa M Gojee pasa u cocTaBiseT ~ 100 — 120 A. Ilpu stom ynensHOe

COIIPOTHBIICHUE P 3TOTO CJIOA He mpeBbImaio 2 — 2,5 MKOM'cM. YMEHbIICHHE TOJIIIUHBI IEPEXOIHOTO CIOS U P OOBIACHICTCS

06pa3oBaHUeM IIPH HOHHOM 6oMbapauposKe Ha moBepxHocTH CdS Tonkoro (30 — 40 A) Merammudeckoro cios.

KunioueBbie c10Ba: OMUYECKHI KOHTAKT, HOHHAsE O0MOAapIUpOBKa, YIEIbHOE CONPOTUBIICHUE, TPOQIIIb pacpeIeIeHIs.

BINAR YARIM O‘TKAZGICHLAR YUZASIDA ULTRA YUPQA KONTAKTLARNI OLISH
Annotatsiya

Birinchi marta kichik energiyali ionlarni bombardimon gilish usuli yordamida CdS yuzasida ultra yupga omik kontaktlar
olindi. Toza CdS va Ba*, Ar* ionlari bilan bombardimon gilingan CdS tarkibidagi metall (nikel) atomlarini chuqurlik
bo‘yicha tagsimoti o‘rganildi. O’tish gatlamining (kontakt soxasi) galinligi ion bombardimon gilinganda ikki va undan ko’p
marta kamaygani, ya’ni 100 - 120 A ni tashkil gilishi ko’rsatildi. Shu bilan birga, bu gatlamning qarshiligi (p) 2-2,5
mkOm-sm dan oshmadi. O'tish qatlami qalinligi va p ning kamayishi ion bombardimonida CdS yuzasida yupga (30-40 A)
metall gatlam hosil bo'lishi bilan izohlanadi.

Kalit so’zlar: omik kontakt, ion bombardimoni, solishtirma garshilik, profil bo’yicha tagsimot.

OBTAINING ULTRATHIN CONTACTS ON THE SURFACE OF BINARY SEMICONDUCTORS
Abstract

For the first time, ultrathin ohmic contacts have been obtained on the surface of CdS using the method of low-energy ion
bombardment. The distribution profiles of atoms of the contacting metal (nickel) over the depth of pure CdS and CdS
bombarded with Ba* and Ar* ions have been studied. It is shown that ion bombardment leads to a decrease in the near-contact
(transition) layer by a factor of two or more and is ~ 100 — 120 A. At the same time, the resistivity p of this layer did not
exceed 2-2.5 pQecm. The decrease in the thickness of the transition layer and p is explained by the formation of a thin (30—
40 A) metal layer on the CdS surface during ion bombardment.

Keywords: ohmic contact, ion bombardment, resistivity, distribution profile.

Beenenue. MoHokpucTaaaeckue obpasusl u wiéHkd  A?BS, B ocob6emnmoctm CdS u  MHOrocioiiHele
TeTepOCTPYKTYphl Ha HMX OCHOBE IIMPOKO MCIOJIB3YIOTCS B CO3JaHMU PAa3IMYHBIX HPUOOPOB MHKPO-, HAaHO- U
ONTO3JEKTPOHUKU, B TOM 4YHCIE COJHEYHOM sHepreTuku [1-4]. B Hacrosmiee BpeMs XOpOLIO H3Y4YEHO BIIMSHUE
TepMooOpaboTKH, JazepHoro omxura, CBY-06paboToK, HOHHOW M 3JIEKTPOHHOI 60MOAapIUPOBKH, Ha CTPYKTYPY, COCTaB H
onTHYEeCKHe cBOHCTBA 06pasios A?BS, a Tarke mpolecch B3auMOAM(QY3HH aTOMOB HAa TPaHMIE pa3jela MHOTOCIOHHBIX
IO w MUAII-cucteM, cO3MaHHBIX Ha OCHOBE JTHX IONYMPOBOAHHUKOB [5-14]. B dactHocTH, B paborax [11,12]
umruianranueid nonos Ba* B CdTe u CdS Ha ux moBepXHOCTH U BOJIM3U HE€ TONy9IEeHB HAHOKPHUCTAILIBI U ciion tuma Cdi-
xBaxTe n Cdl-xBaxS.

OcHOBHOIT IPO6IEMO¥ TIPH CO3MAHMH HIIEKTPOHHBIX MPHUOOPOB Ha ocHOBe HaHOMIeHOUHBIX [TIT 1 MII cTpykTyp
SIBIISICTCSl CO3[JaHHE HAISKHBIX YJIBTPATOHKHX KOHTAakTOB. OCHOBHBIE TPeOOBaHHMS K OMHYECKHM KOHTAKTaM: YIEIbHOE
COTIPOTHBIIEHHE Px OMHYECKOTO KOHTAKTa JOJKHO OBITH < 102 OM-cM; Masas TOJIMHA MEPEXOHOTO CII0S METANI-KPEMHHUIA;
MOP(OJIOTHYECKOe COBEPLICHCTBO IJICHKH U HEM3MEHHOCTDH (ha30BOr0 COCTaBa Ha BCE IJIOIIAIM KOHTAaKTa; CTaOMIILHOCTD
CBOICTB KOHTAKTOB B ITPOLIECCE N3TOTOBJICHHS M AKCILTyaTaIUH.
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Jlns 1mosydeHHsi CBEPXTOHKMX KOHTaKTOB HA HAHOPa3MEPHBIX CTPYKTYpax HCIIOIb3YeTCs psl MeToloB (asoBoro
paccioeHus; MeTOJA HH3KO3HEPreTUUECKOT0 HOHHOTO JIETUPOBAHUS; METOJA OCAKACHMS MHOTOCIONHBIX KOMITO3MIIMIA.
HesaBucumo oT MeTOa CO31aHMS KOHTAKTa 3HAUEHNE PK 3aBUCUT OT YPOBHS JIETUPOBAHMS IOJIYIIPOBOIHHUKA.

Kaxnprii u3 3Tux MeTomoB obnanas ompeneleHHbIMU PEUMYIECTBAME HE JIMIIEHBI M HepocTaTkoB. Kpome Toro,
9TH METOJBI HCIOJIL30BaHEl B OCHOBHOM ISl HAHOIUICHOK KpeMHus. B pabote [15] st momydeHus Hage)XHBIX OMHYECKHX
KOHTAKTOB Ha Si UCIIOIb30BaH METOJ MMILIaHTAI[MU HOHOB Ba* ¢ Bapmanwmeit sueprum Eo B quamasone ot 5 mo 0,5 x3B. Bo
BCeX CITydasx JI03a MOHOB COCTaBisIa ~ 6-10%° ¢cM2. Jns kpuCTA/LTM3aMN HOHHO-MMILIAHTHPOBAHHEIX CIIOEB M MOJTYYEHHS
CHJIMIUIOB Gapus IPOBOIIIICS MOCTUMILTaHTAHOHHbIN nporpes mpu T ~ 100 — 1100 K. IIpu atom p mis BaSiz cocrasnsier
~ 50-100 MxOm'cM. 3aTeM Ha ITOBEPXHOCTh CHJIMIWJA HANBULLIN aTOMbl KOHTakTupytomero Meramia Ni. T'myOuna
nponnknoBenns Ni B Si ymenbmraercsa 5-6 pas m coctaBmsma ~ 100 A. Takue mccnenoBaHHme B cilydae GHHAPHBIX
MOJTYTIPOBOIHUKOB HE TPOBOMIIUCE.

B nmanHO#W paboTe MBI MOMBITATKCEH MOJYYHTh TOHKHA OMHYECKU KOHTAKT Ha moBepxHocTH CdS, METOOM HOHHOMN
60MOapINPOBKH.

MeTonuka mpoBefeHHsI IKcrepuMeHToB. OOBEKTaMH HCCIEIOBAHUS SBISUIICH MOHOKPHCTAJUIMYECKUE ITICHKH
CdS (111) n-tuma ¢ TonUmMHON ~ 1 UM, BbIpaICHHbIC HA MOBEPXHOCTH IHAJICKTPHKOB (CHIIMKATHBIX CTEKOJ), METOJOM
TEPMHYECKOTO HCHapeHuss B BakyyMe ~ 10© mm pr.er. [16]. DT 06pasisl yCTaHOBIEGHBI Ha yHHBEPCATHHYIO
cBepXBEICOKOBaKyyMHYI0 (P = 10 MM pT.CT.) yCTaHOBKY, I/le MPOBOMMINCEH BCE TEXHOJIOTHYECKHE ONEpanuu (ITPOTPEB,
HanbuieHne atoMoB Ni, noHHas 60MOGapAUpOBKa M HCCIEIOBAHUS COCTaBa M CTPYKTYPHI HCCIEAyeMbIXx 00pasnoB). [lis
HOJyIEHHs] CBEPXTOHKHX KOHTAKTOB Ha MOBEPXHOCTH IUICHOK CUS HCMONB30BasiCsi METOX HU3KOIHEPIeTHIECKON HOHHOM
OombapaupoBku. MccnenoBanus MPOBOAMIMCH C HCIONB30BAHUEM METOAOB OXe-3JIeKTpoHHOU crektpockonmu (ODC),
yieTpaduoneToBoi  GoTtornekTpoHHor crekTpockomnu (Y®PIC). I[lpoduiam pacnpeneneHus aTroMoB IO TIIyOHHE
omnpenensuick MetogoM ODC B coUETaHNH C MOCTOWHBIM TPABICHHEM MTOBEPXHOCTH HOHamMu Ar* ¢ Eo = 2 k3B mox yriiom 5—
10° OTHOCHTENILHO TIOBEPXHOCTH 00pasia.

JKcnepUMeHTAILHbIE Pe3yJbTaThl M HMX o0cyxkaeHne. OMHUSCKHIl KOHTaKT XapaKTepHU3yeTcs YIEITbHBIM
CONPOTHUBJICHUEM, 3HAUCHUE KOTOPOTO OTIPEEIISETCs Yepes MojHoe conporusieHne R, [17, 18].

Ry =2t f-g=1(4h/d) + 4pc/md® + Ry (1)

TIe, Py — YAEIbHOE CONPOTHBIICHHUE MOJIYNPOBOAHUKOBOM IUICHKH, h — TONIIMHA IUICHKH, d — JTUaMeTp KPyroBOro
KOHTAKTa, f — 4acToTa reHepaluy, g — aKTUBHAsk MEXKIJICKTPOHHAS IPOBOAUMOCT, P — YACIBHOE CONPOTHBICHHE KOHTAKTA,
Ry — conpoTHBIeHNE THUIBHOTO KOHTAKTA.

B KOHTaKTax MeTalI-MONYNPOBOJIHAK C HU3KMM ypoBHem nerupoanus Np < 10Y cm® npeo6namaer
TEPMOSJIEKTPOHHAsS KOMIIOHEHTA, a BHICOKMM ypoBHeM nerupoBanus Np > 10'° cm® — TyHHenbHas KoMMoHeHTa Toka. B
MEePBOM CIIydae 3HAUCHUE P MOXKHO OIIPEIENATh o Gopmyie:

pe= g exp () @

rne, k — nocrosinHas bosbiMaHa, g — 3apsa anekTpoHa, A* — sddexTuBHas nocrosiHHas PuyapacoHa, ¢y, — BBICOTa
6apnepa LloTTku.

W3 popmymsl (2) ciemyer, 4TO B ciIydae IMOJYIIPOBOJHUKOB C HU3KAM YPOBHEM JIETHPOBAHUS IS OTYIECHHS MAJBIX

Pc HY’KHO HM3TOTOBHUTH KOHTAaKT C MaJIOH BBICOTOH Oaphepa.
Bo BropoMm ciyqae pe ompenensTcs mo Gpopmyiie

pom e ()]

rae, M* — sddexTBHAS Macca 3JEKTPOHA, €5 — AMAJICKTPUYCCKAs MOCTOSIHHAs IUICHKH, Np — KOHICHTpAIHs
HNPUMECHBIX YPOBHEH.

Anamuz popmyn (2) u (3) nokaseiBaer, uto npu Np < 10 cm® Tok 06ycioBieH TepMOIMHUCCHEN M 3HAYEHME
pc TIOYTH HE 3aBMCHT OT YPOBHS JerupoBanus, a npu Np > 10%° cm?® pc ompenensercs, B OCHOBHOM, TYHHEJbHBIMH
HpoleccaMy U OBICTPO YMEHBINAETCS 10 Mepe MOBBIICHNUS CTEHEHH JIETUPOBAHNSI.

Jisi moMydeHuss OMHYECKOTO KOHTAaKTa HaMM HCIOJNB30BANMCh ABa METOAA: B TepBoM ciydae ruienkn CdS
[peIBapUTEIbHO NMIUTAHTHPOBAIUCH HOHaMH Ba* ¢ 71030# HaChINIEHHs, a BO BTOPOM Cliydae 60MOapANpPOBAINCH HOHAMH
Ar* ¢ mozoit D = 2-10Y7 cm?. Tlpu ummiaatanun woros Ba* B CdS ¢ Eo = 1 k3B BrIcOKOit 10308 (D = Dy = 8-10% cm?)
IOBEPXHOCTHBIE CJIOM ¢ ToymuHOH 40-50 A o6oramamucs aromamu Cd+Me, T.e. MPOMCXOAHIA METALIH3AIHS TIOBEPXHOCTH.
IMocne HambUICHHS HA MOBEPXHOCTh MOHHO-MMIUIAHTHPOBAHHOTO o6pasua Ni Moayuymid HajeKHBIH OMHYECKHH KOHTAKT.
TomnyHa MOBEPXHOCTHOTO ci10s (ray6uHa nponukHOBeHus Ni) He npepsimana 50-70 A (puc. 1). OgHako mocie mporpesa
noHHO-uMILTanTHpoBanHoro CdS mo T = 900 K na moBepxHocTu 06pa3zoBanack MOHOKpHcTanueckas mienka Cdo.sBaosS
(puc. 1). pc 3TO# cHcTeMBI GbLUTa BRICOKas U coctaisiia > 100 Om-cm u mocine Hanbuterdst Ni 06pazoBaiicst mepexoHoM Cioi
¢ ToamuHoi ~ 400-500 A, T.€. 9TOT METO]I He JIall HeoOxoauMoro 3ddexra.

a2

3

. A -100 o 100 Z00 300

Puc. 1. Tlpodunu pacnpenenenust Ni mo riryoune h: 1 — CdS (111); 2 — CdS, umriantiupoBadHbiil HoHamu Ba* ¢ Eo =
1 3B, 3 — moce nporpesa nipu T = 800 K nonno-umrmiantuposantoro CdS B reuernu 30 mun. Tommuuna miedku Ni
cocrasnsna ~ 500 A.
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Bo BTOpoM ciiyyae Mbl HCmoib30BamH MeTon GomGapaupoBku CdS wonamu Ar*. Hambonee onTUMaibHBIM ObLT
CIIENYIOIUHA PEXUM: YroJl MaJeHus: HOHOB Al Ha OBEPXHOCTL ~ 40-45°, sHeprus nonos Eo=3 k3B, no3a nonos D=2-107
cm 2. Tlocre 60MBapIUPOBKH TTIOBEPXHOCTS C ToJmuHOH 40-50 A mokpeisanack aromamu Cd (80 — 90 at.%). TTocre mporpesa
npu T = 800 K nponcxoanna noiHas KpUCTaUIM3aLus pa3ynopsaoueHHbIX cnoeB CdS, a moBepxHocTHas koHueHTpauus Cd
cocrapysuia ~ 70 — 75 at.%, a S — 25-30 a1.% (puc. 2). YeasHOE CONpOTUBRIEHHE 3TUX CJI0eB 66110 ~ 10 Om-cm. Hamiuwe
6onbioro koinuectBo Cd obecnieunBano xopouryroo aaresuto Ni v GpOpMHPOBAHHIO XOPOIIETO OMHYECKOIO KOHTAKTa C
MaJIoi TOMIMHOM mepexoxHoro cios (80-70 A).

Ha puc. 3 npusenens npopuiu pacnpenencuus atomoB Ni mo riybune «aucroroy» aus CdS (kpusas 1) u CdS,
6omOaprupoBanHoro nonamu Ar* ¢ Eo=3 k3B u nporperoro npu T=800 K B Teuenue 40 MuH. B o6oux ciy4asx ToJIMHA
wieHkd Ni coctaBmsuics ~ 1 MKM.

ar. <%
s80 x4
7o
so
s0
ao
30

Puc. 2. 3aBucumocts KoHueHTparmu Cd ot riry6uns s wienkn CdS, 6ombapauposanHoro nonamu Art ¢ Eo=3 kaB
npu D=2-107 cm o yritoM k mosepxHOCTH 0=40-45°. 1 — Mocie MOHHOM 60MOAPAMPOBKH; 2 — MOCTIE IPOTPEBa MPH
T=800 K B Teuenue t=40 muH.

=20 ==

Puc. 3. Ilpodunu pactpeneneuust aromos Ni o riry6Gune 1 — yncroit MOHOKpI/ICTaJmI/iquKoﬁ mwienku CdS, 2 —
wienku CdS, 6ombapauposanHoii nonamu Art ¢ Eo=3 k3B u otoxokénaoro mpu T=800 K (2) B Teuenue 40 Mux

Bugno, uto B ciydae noHHO-00MOapAMPOBAaHHOTO 00pasia, XOTS MPOBOIWICS HMPOTPEB, ITyOWHA MPOHUKHOBEHHE
aromos Ni me mpesprmaer 130-150 A. B tabnuue 1 npuBeieHsI 3HAYEHNE Px X MAKCHMANbHASA TIIyOUHA TIpOHEKHOBeHHUA Ni
nuist cucrembl Ni-CdS u Ni-norHo-GombapupoBannbiii CdS 10 1 nocie nporpesa.

Tabnmma 1
. Ni— Art — CdS, Eo=3 k3B
TTapamerpsl Ni-CdS T300K TR00K
p, MKOM-cM 2,3 2,2 2,6
hm, A 600 100 150

3HaueHUsI Px M3MEPEHBI IPY KOMHATHOH Temmeparype. BuaHo, 4To 3HaYeHHe px U BCEX yKa3aHHBIX CHCTEM PE3KO
He OTiIMYaeTcs Apyr ot apyra. OaHako rirybuHa, npoHukHoBerHust Ni oTinmdaercs B 4 — 5 pasa.
3akmouenne. Takum oOpasoMm, mpeaBaputeibHas OomOapaupoBka CdAS wnoHamm Ar* mo3BOJISET TMOMYy4YHTH
YIBTPAaTOHKHE KOHTAKTHI Ha €r0 MMOBEPXHOCTH.
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QUYOSH ELEMENTLARINING EFFEKTIV FOTOGALVANIK XARAKTERISTIKALARINI VOLT-AMPER
XARAKTERISTIKASI NOIDEALLIK KOEFFITSIENTIGA BOG*‘LANISHI
Annotatsiya
Ushbu ishda QE larining effektiv tok zichligi va effektiv quvvatlarni effektiv quvvat aniglanadigan nugtadagi volt-amper
xarakteristikasini noideallik koeffitsientiga bog‘lanishi nazariy tadqiq gilindi.
Kalit so‘zlar: quyosh elementi, gisga tutashuv toki zichligi, effektiv kuchlanish, effektiv tok zichligi, effektiv quvvat, volt-
amper xarakteristika, noideallik koeffitsienti, harorat.

RELATIONSHIP OF EFFECTIVE PHOTOGALVANIC CHARACTERISTICS OF SOLAR ELEMENTS TO
COEFFICIENT OF NON-IDEALITY OF VOLT-AMPERE CHARACTERISTICS.
Annotation
In this work, the connection of effective current density and effective power of QEs to the coefficient of non-ideality of the
volt-ampere characteristic at the point where the effective power is determined was theoretically studied.
Key words: solar cell, short-circuit current density, effective voltage, effective current density, effective power, volt-ampere
characteristic, non-ideality coefficient, temperature.

CBA3b DOPEKTUBHbIX ®OTOI'AJIbBBAHUYECKUX XAPAKTEPUCTHUK COJTHEYHBIX 3JIEMEHTOB C
KO23®PUIMUEHTOM HEUJAEAJIBHOCTH BOJIbT-AMITIEPHBIX XAPAKTEPUCTHK.
AnHOTanuUst

B nmanHO# paboTe TEOpPETHUECKH HCCIIEOBaHA CBSA3b (PQEKTHBHOU IUIOTHOCTH TOKa M 3(¢extuBHONH MommHoctH KD ¢
K03 HHUIIHEHTOM HeHIeaqbHOCTH BOJIBT-aMIICPHON XapaKTEePUCTUKH B TOUKE, I/ie onpeaeisercs 3 QeKTHBHAsS MOIIHOCT.
KnioueBble cJI0OBa: CONHEYHBIH DJIEMEHT, IUIOTHOCTh TOKa KOPOTKOTO 3aMBIKaHMs, JeHCTBYIOLIee HampspKeHHe,
JIEUCTBYIOIIAs MIIOTHOCTD TOKA, 3G ()EKTHBHAST MOIIIHOCTH, BOJIBT-aMIIEpHAs XapaKTepPHUCTUKA, KOIQPHUIIMEHT HenieaabHOCTH,
TeMIeparypa.

Jahonda so‘ngi yillarda yarimo‘tkazgichli asboblar fizikasi sohasida yechilishi dolzarb bo‘lgan muhim ilmiy
muammolardan biri — bu yarimo‘tkazgichli QElarining samaradarligini oshirishdan iboratdir. QElarining samaradorligini
oshirish uchun birinchi navbatda strukturalarning asosi bo‘lgan r-p-o‘tishning sifati va bunday sifatni baholovchi fizik
ko‘rsatkichlarni yoritilgan sharoitdagi volt-amper xarakteristikaning (VAX) noideallik koeffitsientiga bog‘ligligini tadqiq
etish zarur. Yarimo‘tkazgichli fotoelementlarning asosiy chiqish parametrlari va ularning turli faktorlarga bog‘liglik
ifodalarida VAXning noideallik koeffitsientini e’tiborga olgan va tajriba ma’lumotlariga tayangan holda o‘rganish dolzarb
vazifalardandir. Bugungi kunda jahonda yarimo‘tkazgich materiallar negizida yuqori samarali energiya manbalarini yaratish
borasida aniq maqgsadli ilmiy tadqiqotlarni, jumladan yarimo‘tkazgichli fotoelementlarning asosiy chiqish
xarakteristikalarining sodda va aniq ifodalarini ishlab chiqish; ularning noideallik koeffitsientiga bog‘liglik qonuniyatlarini
aniglash; fotogeneratsiyalangan zaryad tashuvchilarning r-p-o‘tishda samarali ajratilish jarayonini nazariy va amaliy
ma’lumotlar asosida optimallashtirish muhim vazifalardan hisoblanadi.

Gidrogenizatsiyalangan amorf kremniy (a-Si:H) asosidagi QE larining asosiy xususiyatlari sifatida: ularni katta
yuzalarda tayyorlash mumkinligi va bu materialning ishchi qatlamining monokristall yarimo*tkazgichlarnikiga nisbatan optik
yutilish koeffitsienti va fotosezgirligining katta ekanligini ko‘rsatish mumkin. a-Si:H ning optik yutilish koeffitsienti va
fotosezgirligining kattaligi bu material strukturasining tartibsizligi va unda vodorodning mavjudligi bilan belgilanadi. .[1; 31-
35b., 2; 41-44 b.] Bu borada magsadli ilmiy tadgiqgotlarni amalga oshirish, jumladan, gidrogenizatsiyalangan amorf kremniy
asosli QE larini effektiv fotogalvanik parametrlarini volt-amper xarakteristikasining noideallik koeffitsientiga bog‘liqligini
tahlili qgilish va ularni optimallashtirish, ularni samarali ishlash harorat intervalini aniglash shu sohani dolzarb
muammolaridan hisoblanadi.

[3; 405-410 b.] ishda Us, jq va n’ lar bir-biriga bog‘liq bo‘lmasligi va shuninig uchun ularni bir-biriga
bog‘lanishlarini alohida o‘rganish mumkin ekanligi ko‘rsatilgan.

Yarimo‘tkazgichlar asosida tayyorlanadigan Shottki to‘siqli QE larining noideallik koeffitsienti n=1,0-2,5 oraliqda,
p-n va p-i-n asosli QE lariniki esa n ’=1,0-3,5 oraliqda yotadi.

[4; 36-40 b.] ishda QE ini fotogalvanik xarakteristikalarini effektiv qiymatlarini aniqlash mumkin bo‘lgan ifodalarni
oldik. Endi magsadimiz, bu parametrlarni volt-amper xarakteristikasining noideallik koeffitsientiga bog‘lanishini tadqiq
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gilishdan iborat. [5; 14-16 b.] ishda QE ni jo —to‘yinish va jk—qisqa tutashuv toki zichiklari, Usi- salt ishlash kuchlanishi ham,
haroratga bog‘lanishini aniqlovchi ifodalarni oldik. [6; 19-22 b.] ishda chigarilgan xulosalarga tayanib bu parametrlarni
quyidagi ko‘rinishlarda yozamiz:

Jo = Joo eXp[_qT?[Ti_%j] ' @)

U, =WU_,— ) —_IT o @
H H q¢ Uc‘uO TO
_ EETLETS B )

Bu ifodalardagi n'1-QE ini VAX sini gisga tutashuv toki aniglanadigan nuqtasidagi VAX ni noideallik koeffitsienti
bo‘lib bu kattalikni qiymati haroratni 100K<T<500K intervalida deyarli o‘zgarmasligi [7; 61-64 b]. ishda ko‘rsatilgan. ¢ -
QE ining potensial to‘sig‘i balandligi bo‘lib, uni juda past bo‘lmagan haroratlar uchun quyidagi ko‘rinishda yozish mumkin:

P=po =T @
Bu yerda, go - QE ining T=0 K haroratdagi potensial to‘sig‘i balandligi bo‘lib, uni salt ishlash kuchlanishini
haroratga bog‘lanishini (Usi(T)), T=0K ga ekstropolyatsiya qilib aniglash mumkin [8; 38-41 b.]. y- potensial to‘siq
balandligini harorat koeffitsienti bo‘lib, yarimo*tkazgichlar uchun uni giymati 10-3-10* V/K oraligda yotadi. (4) ni (1) - (3)
larga qo‘yilsa, bu fotogalvanik xarakteristikalarda o‘zgaruvchi sifatida faqat harorat qoladi.
QE larni effektiv kuchlanishni, effektiv tok zichligini, va effektiv quvvat zichligini haroratga bog‘lanishini aniqlovchi
ifodalarni oldingi bobda chiqarilgan xulosalarga ko‘ra quyidagi ko‘rinishlarda yozamiz:

U,, =T dow KT ®)
q JO qUuu
. . n'2 KT jO ] (6)
bop = Jim —1-—-
’ [ au,, Joom
P3¢ — kTJKm [1_'_ -JO _ n 2 ij In J:cm kT ) (7)
q Jrcm chu JO qUCu

[9; 36-40 b.] ishda ko‘rdikki, QE larining salt ishlash kuchlanishi VAX ning noideallik koeffitsientiga umuman
bog‘liq bo‘lmaydi. Effektiv kuchlanish esa, QE larining VAX sining effektiv quvvat aniqlanadigan nuqtasidagi VAX ing
noideallik koeffitsientiga bog‘liq bo‘lmaydi, ammo bu parametr uchun Kkelirib chigarilgan formulada (5) gisqa tutashuv toki
zichligi mavjud bo‘lganligi uchun, bu parametr ham VAX ning qisqa tutashuv toki zichligi aniqlanadigan nuqtasida
noideallik koeffitsientiga bog‘liq bo‘ladi. Tok zichligining va quvvatning effektiv giymatlari esa, QE larining VAX sining
effektiv quvvat aniglanadigan nuqtasidagi VAX ing noideallik koeffitsientiga ham, gisqa tutashuv toki aniglanadigan
nugqtasidagi VAX ing noideallik koeffitsientiga ham, bog‘liq bo‘ladi.

1-rasmda QE larining effektiv tokini (6) formula yordamida hisoblangan VAX ning effektiv quvvat aniglanadigan
nugqtasidagi VAX ning noideallik koeffitsientiga bog‘lanishi keltirilgan. Bu bog‘lanish chizigli bo‘lib n2’ ni qiymati 1 dan 4
gacha ortib borganda jer=(173,8 — 146,48) mA oraligda kamayar ekan. HisoblashlarniTo=273 K, T=300 K, jo=9+10"A,
00=1,12V, Usi= po/2 V, y=5+10"*V/Kva n1’=1,00239 qiymatlar uchun bajarildi.

2-rasmda esa QE larining effektiv quvvatini (7) formuladan olingan VAX ning effektiv quvvat aniglanadigan
nugqtasidagi VAX ning noideallik koeffitsientiga bog‘lanishi keltirilgan. Bu bog‘lanish ham chiziqli bo‘lib noideallik
koeffitsienti 1 dan 4 gacha ortib borganda QE larning effektiv quvvati Pe—=(76,6 — 64,54) mVt oraligda kamayar ekan.
Hisoblashlarni To=273K, T=300 K, jo=9-10°A, ¢o=1,12V, Usi= @o/2 V, v=5+104V/K va n1’=1,00239 giymatlar uchun
bajarildi.

2 1
ng effektiv tokini VAX ning noi

1-rasm. QE
koeffitsientiga bog
Hisoblashlarni

i
273 XK. 7=300 X. jo=9-10°4. @o=1.127,
Th— @o/2 T7. y—5+-10-T7X va 711 "—1.00239 givmatiar uchun bajarildi.

2-rasm. OF larining ffektiv guwwatini WVAX ning noideallik koeffitsientiza
boxs larvishii.

Bu natijalardan quyidagi xulosani chigarish mumkin. QE larining effektiv tok zichligi va effektiv quvvatlarni
haroratga bog‘lanishi uchun keltirib chiqarilgan yangi ifodalar asosida, bu parametrlarni VAX sini noideallik koeffitsientiga
bog‘lanishini nazariy tadqiq qilindi. Hisoblashlar bu bog‘lanishlardan fotoVAX ning noideallik koeffitsienti ortib borishi
bilan gisga tutashuv toki zichligi, effektiv kuchlanish, effektiv tok zichligi va effektiv quvvatlarni juda kuchli kamayishi
ko‘rsatildi.

Bu natijalardan quyidagi xulosani chigarish mumkin. QE larining VAXning noideallik koeffitsientini har ganday
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ortishi fotogalvanik xarakteristikalarni giymatlarini kamayishiga olib kelar ekan. Bu esa QE larning FIK ini kamayishiga
sabab bo‘ladi.
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THERMOGRAVIMETRIC ANALYSIS OF INTERPOLYMER COMPLEXES
Annotation

The thermogravimetric analysis of interpolymer complexes obtained on the basis of sodium-carboxymethylcellulose (Na-
KMS) and linear structure polyacrylamide (PAA) was studied in the research work. Theoretical foundations of
thermogravimetric analysis are presented. The heat resistance of polymer materials has been studied. The limits of moisture
and mass loss of the polymer film under the influence of heat have been determined.

Key words: Thermogravimetry polycomplex (TGA), sodium-carboxymetylcellulose (Na-CMC), polyacrylamide (PAA),
polymer, pill, thermal analysis.

TEPMOI'PABUMETPUYECKHUI AHAJIN3 UHTEPIIOJIMMEPHBIX KOMILIEKCOB
AHHOTanUA

B pabote npoBeneH TepMOTrpaBUMETPHICCKHH aHAJIN3 MHTEPIIOIMMEPHBIX KOMILIEKCOB, HOJIyYeHHBIX Ha OCHOBE HATPHI-
kap6okcnmermnennonossl (Na-KMC) u nonmmakpunamuaa nuHeiHo# ctpykTypsl (ITAA). IIpencraBieHsl TeopeTHYECKUE
OCHOBBI TEpMOTPAaBHMETPUYECKOTO aHaIM3a. lIcciaemoBaHa TEPMOCTOMKOCTh HONMMEPHBIX MatepuaioB. OrmpeneneHsl
HpeieNbl TOTEPH BJIark U MacChl MOJMMEPHOMH IIGHKH MO BO3CHCTBUEM TeIla.

Kurouessblie cioBa: Tepmorpasumerpusi (TGA), kapbokcumernnuemtono3a Hatpus (Na-KML), momuakpunamun (ITAA),
HOJIUMEp, MUUTMOHKA, TEPMUYECKUIT aHaN3.

INTERPOLIMER KOMPLEKSLARINING TERMOGRAVIMETRIK TAHLILI
Annotatsiya

Tatgiqot ishi natriy-karboksimetilsellyuloza (Na-KMS) va chizigli tuzilishga ega bo’lgan poliakrilamid (PAA) asosida
olingan interpolimer komplekslarini termogravimetrik tahlili o'rganilgan. Termogravimetrik tahlilning nazriy asoslari
keltirilgan. Polimer moddalarining issiglikka chidamliligi o'rganilgan. Issiglik ta'sirida polimer pilyonkasining namlik va
massas yo qotishi chegaralari aniglangan.

Kalit so’zlar: Termogravimetriya (TGA), natriy-karboksimetilsellyuloza (Na-KMS), poliakrilamid (PAA), polimer, pilionka,
termal tahlil.

Kirish. Polimerlarning issiglikka chidamliligini o'rganishni turli usullari mavjud, jumladan termogravimetrik tahlil
(TGA), differentsial termal tahlil (DTA), differentsial skanerlash kalorimetri (DSC) va o’sib boruvchi gaz tahlili (EGA) [1].

Dastlabki TGA tajribalarida namunalarni anigq haroratgacha ma’lum vaqt intervalida gizdirib, namunani massasini
o'Ichab, chigib ketgan massani aniglash orgali amalga oshirilgan [2]. 1915-yilda Honda TG ni dastlabki ishlab chigishga
patent oldi va yanada anigroq ishlovchi TG ni ishlab chigardi [4]. Uning jihozlari vazn yo'qotish paytida isitish tezligini
boshlang’ich darajadan asta-sekin kamaytirish uchun mo’ljallangan. Bu davrda TG asosan noorganik birikmalarni tahlil
gilish uchun ishlatilgan. TGA, aynigsa, inyeksion qoplama, elektr va elektron tarmoglar uchun goplama materiallari,
bo’yoqlar, farmatsevtika, ozig-ovqat sanoati, neft, yopishtiruvchi va boshqalar kabi polimer materiallardan foydalanadigan
namunalarda juda muhimdir [12].

Mavzuga oid adabiyotlar tahlili. Zamonaviy TGAda boshgariladigan muhitda harorat va vaqtga nisbatan
namunalarning massasi 0°zgarishining miqdori va chastotasini aniglaydi [6,8]. TGA birinchi navbatda termal bargarorlikni
(ma’lum haroratda materialning mustahkamligi), oksidlanish bargarorligini (materialda kislorodni yutish tezligi), shuningdek
kompozitsion xususiyatlarni (masalan, plomba moddalari, polimer gatronlari, erituvchilar) o'rganish uchun ishlatilishi
mumkin. Bundan tashgari, namunalarning vazni ortishi, yo'qolishi turli omillarga olib ketadi.

Dinamik mexanik tahlil (DMA), DSC tahlili va harorat bilan modulyatsiyalangan differentsial skanerlash kalorimetri
(TMDSC) kabi boshga termal tahlil turlari TGA tahlilini to’ldirishi mumkin. DMA tahlili harorat yoki chastota funktsiyasi
sifatida polimer materiallarning viskoelastik harakatlarini o’rganish uchun ishlatiladi. Shu bilan birga, DSC tahlili material
gizdirilganda yoki sovutilganda harorat funktsiyasi sifatida material tomonidan so'rilgan yoki chigarilgan energiyani o’lchash
uchun ishlatiladi. U endotermik va ekzotermik jarayonlar hagida migdoriy va sifatli ma’lumotlarni tagdim etishi mumkin edi.
Erish harorati, kristall fazaga o’tish harorati va 0°ziga xos issiglik yoki issiglik sig’imi kabi xususiyatlar DSC tahlilidan
olinishi mumkin [11].
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Tatgigot metadologiyasi. Termogravimetrik tahlil (TGA) - namuna harorati T(t) gonuniyat bilan chizigli oshirilgan
yoki kamaytirilgan paytda, namunaning massasidagi 0°zgarishlarni doimiy kuzatib o’rganish. Tahlil davomida isitish tezligi
o0'zgarmas bo’lib, issiglik chizigli o’zgartiriladi. Namunani isitish tezligini g deb belgilansa, uning o’zgarish gonunini
quyidagicha ifodalanishi mumkin:

_dTr 1)
s dt

bu yerda dT - haroratning o°zgarishi va dt - vagtning o°zgarishi [12].

Namuna vaznining o"zgarish mexanizmi va kinetikasini TG egri chizig'ining shakli va holati korsatadi. Termik tahlil
gilingan namunadan olinga natijalar quyidagi uchta kattali asosiy 0°zgaruvchi, harorat (T), konversiya darajasi (@) va bosim
(P) [13,14] ga bog'lig. O zgarish gonunini quyidagicha yozish mumkin:

C('j—f:k(T)f(a)h(P) @

Bosim kinetik jarayonlarga katta ta'sir ko rsatishi mumkin bo’lsa-da, kinetik simulyatsiyalarda h(P) odatda e'tiborga
olinmaydi. Bosim kinetikaga ta'sir gilmaydi deb faraz qilsak, jarayon tezligi fagat ikkita o'zgaruvchiga ega bo’lgan
funksiyaga aylanadi, T va a:

O('j_f:k(T)f(a) @)
bu yerda k(T) tezlikning haroratga bog ligligini va f(«) reaksiya modeli bo’yicha konversiyaga bog’liq kattalik.

1-rasm. Konvertatsiya darajasini aniglash uchun TGA
massa Yo qotish gonuniyati funksiyasidan foydalanish

Konversiya darajasi tajribada umumiy massa va fraksilaraning gancha gismi yo“qolgani anglatadigan kattalik:
m—my @)

m; —m

bu yerda mi va ms mos ravishda namunaning boshlang’ich va oxirgi massasi, mr- namunani T haroratdagi massasi.

Tajriba davomida « kattalik 0 dan 1 gacha intervada o0°zgaradi. Tezlik konstantasining haroratga bog ligligi odatda Arrhenius
tenglamasiga bo"ysunadi [15]:

k(T)= Aexp(—%j ()

bu erda A va E kinetik parametrlar bo’lib, mos ravishda preeksponensial omil va uyg onish energiyasi. R universal gaz
doimiysi, T esa TGA da berilgan termodinamik harorat. (5) tenglamani izotermik TG egri chizig'i sifatida tasvirlash mumkin:

g(x) =I fd(c;) = Aexp(—%jt (6)

bu yerda g(a) reaksiya modelining integral shakli. Yuqoridagi (6) tenglamani, (5) tenglamani (3) tenglamaga qo'yib keyin
ko'rsatilgandek integrallash orgali olish mumkin. Izotermik sharoitda, odatda, tajriba davomida fagat a 0’zgaradi. Reaktsiya
modellarini uchta asosiy turga bo’lish mumkin: (1) tezlashuvchi, (2) sekinlashuvchi va (3) sigmasimon. Massani yo qotish
egri chizig'i chizilsa, u 2-rasmda keltirilgan grafikka o xshash bo'ladi.

o=

massa, %

vaqt, s

2-rasm. Tezlashuvchi (1), sekinlashuvchi (2) va sigmasimon (3) reaktsiya modellari vazn yo“qotish egri chizig'i.(12)

1. Tezlashtiruvchi modellarni ko'rsatish mumkin, chunki vazn yo'qotish tezligi butun jarayon davomida doimiy

ravishda oshib boradi va qonunyatni quyidagicha ko rsatish mumkin:
1

g(a')zaﬁ (7
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bu yerda n 0’zgarmas son.
2. Sekinlashtiruvchi modelga kelsak, u butun jarayon davomida pasayib ketadigan vazn yo"qotish tezligi bilan
ifodalangan va modelni quyidagicha ko'rsatish mumkin:
_1-(-a)” ®)
9(a)=—T—

bu yerda n#1 (n=1 bo’lgan hol uchun, g (0{) =—In (1_ a) ).

3. Avrami-Erofeev modeli sigmasimon model, bu model konvertatsiya paytida ba'zi bir oraliq giymatlarda tezlik
maksimal nuqtadi. Avrami-Erofeev modeli quyida gqonuniyatga bo ysunadi:

1
g(@)=[-In@-a)]" ®)
Yuqoridagi (5) va (1) tenglamani (3) tenglamaga olib borib qo’yib, izotermik bo’lmagan TGA egri chizig'ini
tavsiflovchi tenglama hosil gilishimiz mumkin:

g(x)= %IAexp(—%]dT

Birog, termik bo’Imagan holat uchun T va a ning bir vaqtning o°zida o°zgarishi natijasida isitish tezligi doimiy bo’lib
goladi, bu izotermik bo’Imagan TG egri chizig'idan hosil bo’lgan natijani 3-reaksiya modeli bilan bog'lash mumkin emas.
Bu holat 3-model reaksiyasi shartiga zid keladi, bunda sigmasimon reaksiya tezlashuvchi fazadan keyin sekinlashtiruvchi
fazaga ega.

(10)

Massani o’Ichov mexanizimi

Aamuna Ekran Tare
Temperaturani
boshqaruvshi gism

- L l_
3-rasm. TG qurilmasining sxematik diagrammasi.

TG asbobi (3-rasm) aniq analitik ma’lumotlarning aniglab berishini ta'minlash uchun uch xil komponentdan iborat:
balans (namuna og’irligini o’lchash uchun), o’choq (chizigli isitishni ta'minlaydigan), harorat boshqgaruvchisi (haroratni
o'Ichash va nazorat qilish uchun) va gayd qiluvchi (og'irlik va harorat o’zgarishini gayd gilish birligi uchun). Og’irlik
0°zgarishi sodir bo’lganda, muvozanat nuri odatdagi holatidan chetga chigishga moyil bo'ladi. Balansning ikki turidan
foydalanish mumkin: nol yoki burilish balansi [10]. Odatda balansning nol turi go'llaniladi, unda muvozanat nurining nol
nugtasi holatidan og’ishini sezish uchun sensor ishlatiladi [13].

Odatda, TGA qurilmasi 1000°C dan 1600°C gacha bo’lgan harorat oralig’igacha isitish imkoniga ega va isitish tezligi
birdan bir necha yuzlab °C/min gacha bo’lishi mumkin. Birog, odatdagi isitish tezligi 1°C/min dan 20°C/min gacha, juda tez
(>20°C/min) yoki juda sekin (<1°C/min) tezliklar fagat ayrim maxsus reaksiyalar uchun ishlatiladi. Zamonaviy TGA bitta
haroratli dasturda (masalan, 5°C/min doimiy issiglik tezligida 30°C dan 900°C gacha) yoki bir nechta harorat dasturlari
kombinatsiyasidan (masalan, 100°C da 1 soat davomida izotermik gizdirib, ajralib chiggan namlikni butunlay olib tashlab,
so'ngra namunaning termal xususiyatlarini o’rganish uchun 10°C/min isitish tezligida 100°C dan 900°C gacha gizdirish)
ishlashi mumkin [12].

Tekshirilgan namuna gattiq, jel yoki suyuq holatda bo"lishi mumkin, og’irligi 1 mg dan 100 mg gacha, 100 g gacha.
TG egri chiziglari ma’lumotlari odatda DTG egri chizig'i bilan birlashtirilib, ketma-ket vazn ozgarishlarini yaxshiroq
tushunishga imkonini beradi [12].

Termogravimetrik egri chiziglari polimerlarning parchalanish mexanizmini ko'rsatib beradi. Polimer moddasining
parchalanish mexanizimi zanjir tarkibi va ketmaketligiga bog'lig. Modda massasini yo'qotish chegarasi issiglikka
chidamliligini ko rsatadi. Ammo shuni ta’kidlash kerakki, polimerda degredatsiyasi massasi yo qolishidan oldin boshlanishi
mumkin. Polimer degradatsiyasini usullarini a) asosiy zanjir uzilishi, b) yondosh guruhning uzulishi, c) parchalanish, d) gayta
polimerlanish, e) struktura o’zgarishi va h) 0°zaro bog’lanish bo’lishi mumkin [12].

Tahlil va natijalar. Ma'lum sharoitda, mahalliy ishlab chigaruvchilar tomonidan ishlab chigarilgan natriy-
karboksimetilsellyloza va poliaktilamid polimerlarining suvdagi 2% li eritmasidan foydalanib interpolimer kompleksi olindi.
Olingan kompleksdan xona haroratida polimer pilionkasi hosil gilindi.

Polimer pilionkasi termal tahlil termodinamik asbobda — Thermo Scientific TA Instruments STD 650 (AQSh), K
tipidagi (Low RG Silver) termojuft va alyuminiy tigelda amalga oshirildi. Barcha o’Ichovlar inert azot atmosferasida 50
ml/min tezlikda azotning ogim tezligida amalga oshirildi. Tahlilning harorat oralig’i 20-1000°C, isitish 5 K/min tezlikda
amalga oshirildi. Bir o’lchovdagi namuna miqdori 6-10 mg ni tashkil giladi. O’Ichov tizimi KNOg, In, Bi, Sn, Zn, CsCl
moddalarining standart to’plami yordamida tebranish gilindi. Bir vaqgtning o°zida namunaning massasi, komplekslarning
parchalanish massasi va termal bargarorlik harorat oshishi bilan 0" zgarishi aniglandi.
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4-rasm. Tarkibi turli nisbatda bo"lgan polimer pilyonkalarning TGA natijalari.

Grafikdan shuni ko'rish mumkinki PAA 60:40 Na-KMS namunasi issiglikka eng chidamli kopleks bo’lib, bu namuna
800°C haroratda ham to'liq uchib ketmagan va o'zining 20% ga yaqin massasini saqlab qolagan. Qolgan namunalar 250°C
dan keyin tezda massasini yo qotib borib 400-500°C oralig'ida to'liq bug'lanib ketgan.

Xulosa va takliflar. Olingan natijalarga etibor bersak tanlab olgan polimer pilyonkalarimizni husussiy issiglikka
chidamliligi o’zaro o’xshash. TGA egri chiziglari shaklidan buni ko'rishimiz mumkin. Dastlabki bitta yaxlit moddadan
o’stirilgan pilyonkalarimizga issiglik bilan ta'sir gilganimizda 600°C dan so'ng moddalarimiz to'liq bug'lanib ketar ekan.
Lekin PAA 40:60 Na-KMS nishatda olingan namunamiz o°zaro boglanish hisobiga issiglikka chidamliroq bo"Igan.

Dastlabki 300°C gacha bo'lgan oraliqda o'zgarish o'xshash bo'lib, bu haroratgacha interpolimer kompleksimizda
destrusiya boradi, katta energiya talab giluvchi boglar uzilib polimerning yondosh guruhlari eng avval parchalanadi va qayta
tartiblanib bog"lanadi ekan.

Ko'rinib turibdiki tanlangan polimerlarimiz asosida yangicha hususiyatli, issiglikka chidamli komplekslarni olishimiz
mumkin ekan.
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BiVO:s FOTOKATALIZIDA Mo KIRITILISHINIG STRUKTURA VA TA’QIQLANGAN SOHAGA
TA’SIRLARINI DFT MODELLASHTIRISH METODI ORQALI O’ RGANISH
Annotatsiya

Mo ning BiVOs strukturasiga kiritilishi rentgen difraksiya spektri va elektron sathlari zichligi nazarayasi (DFT) bilan
ko’rsatildi. 2% va 4% Mo ning BiVOs strukturasiga kiritilishi natijasida monoklinik BiVOa4 ning tetragonal fazaga o’zgarishi
tahlil qilindi. Elektron sathlar zichligi natijalariga ko’ra Mo Kkiritilganda BiVOs ning ta’qiqlangan sohasida o’zgarish
bo’lmadi. Ammo, elektronlarning o’tkazish sohasida ko’proq yig’ilishi hisobiga BiVO4 ning fotokatalitik qobiliyatini
oshishiga sabab bo’ladigan Fermi sathi siljishi kuzatildi.

Kalit so’zlar: BiVOys, fotokatalist, vodorod energiyasi.

STRUCTURAL AND BAND GAP EFFECTS IN Mo DOPED BiVO4 PHOTOCATALYST: DFT CALCULATION
Annotation

Effect of Mo doping into BiVOs structure showed by XRD pattern and DOS calculated by Density Functional Theory (DFT).
It has been shown that 2% and 4% Mo incorporation into BiVOs structure can change monoclinic BiVOs to a tetragonal
scheelite structure. DOS calculation showed that Mo Doping had not changed the band gap in optimized structures. However,
the Fermi level has been shifted to the conduction band which contributes more electrons that can be occupied in the
conduction band which results in increased photocatalytic performance of BiVOa.

Key words: BiVOs, photocatalyst, hydrogen energy.

3®®EKTHI CTPYKTYPbI U 3ANIPEINEHHBII 30HbI B ®OTOKATAJIM3ATOPE BiVOy,
JOIMUPOBAHHOI'O Mo: TEOPUS ®YHKIIMOHAJIA IINIOTHOCTHU
AHHOTaALIUA

O¢dexr nermpoBanus momubaeHa (Mo) B crpykTypy BiVOs4 mokazan ¢ NMOMOIIBIO PEHTTEHOTPAMMBI M IUIOTHOCTH
cocrostamii (DOS), paccunrannsie ¢ nomousio Teopun ¢ynkunonana miotHoctd (DFT). [TokaszaHo, uto BBeneHue 2% u 4%
Mo B ctpykrypy BiVO4 MOXET M3MEHNTH MOHOKJIMHHYIO Ha TETparoHalbHYIO CTpyKTypy BiVOs meenuta. Pacuer DOS
ONTHMH3HMPOBAHHBIX CTPYKTYP ITOKA3al, YTO JIETHPOBAHHE MOJIHOICHOM HEe M3MEHWIIO IINPUHY 3alpenieHHol 30Hb1. OHaKo,
HaOJtoiaercst cMenieHre ypoBHs depmu B 30HY IPOBOJMMOCTH, BIIHSIOIIEE HAa POCT YHCIA DJIEKTPOHOB, KOTOPHIE MOTYT
OBITH 3aHATHI B 30HE IPOBOIUMOCTH, YTO MIPHBOAUT K YBEIHUYCHUIO (POTOKATATUTHIECKON akTHBHOCTH BiVOa.

Karuesbie cioBa: BiVOs, horokaramnsarop, BOXOPOIHAsS SHEPTETHKA.

Kirish. Hozirgi vagtda, quyosh energiyasidan foydalangan holda, suvni fotokatalizator yordamida vodorod hamda
kislorodga ajratishda BiVOas (yoki BVO) fotoanodi eng yaxshi nomzod bo’lib turibdi [1-3]. BVO nisbatan tor ta’qiglangan
sohaga egaligi, ko’zga ko’rinuvchi yorug’lik nurini yutishi, yemirilishga bardoshliligi kabi muhim hususiyatlarga egaligi
ushbu yarim o’tkazgichli materialga bo’lgan qizigishni saglab kelmogda [4-6]. Ammo ushbu moddaning ham boshga
moddalar kabi kichik kamchiliklari mavjud. Masalan, yorug’lik nuri energiyasi ta’sirida valent sohadagi elektronlarning
o’tkazuvchan sohaga o’tishi jarayonida go’vaklar bilan qayta birlashishining yuqori ko’rsatgichi BVO ning samaradorligiga
salbiy ta’sir ko’rsatadi [7-10]. Buni oldini olish uchun, BVO ni strukturaviy jihatdan mustahkamlash talab etiladi:
ta’qiqlangan sohaning qisqartirish yoki sirt sathida elektronlari ko’proq bo’lgan elementni qo’shish orqali valent sohadan
o’tkazuvchan sohaga ko’proq elekronlar o’tishini ta’minlash mumkin. Malasan, BVO tarkibidagi uch kimyoviy elementdan
birining qisman almashtirish, elektronlarning o’tish sohasiga yetib borishiga hamda fotokatalitik qobiliyatini oshishiga sabab
bo’lishi mumkin. Misol uchun, ushbu modda tarkibidagi kislorodning gisman oltungugurt bilan almashtirish, oltingugurtning
sirt elektron sathining yuqoriligi hamda ionik radiusining kattaligi hisobiga BVO ning ta’qiqlangan sohasini torayishiga,
natijada esa elektronlarni o’tish sohasiga ko’proq yetib borishiga olib kelishi mumkin [11-13]. Bundan tashqari, Bi yoki V
ning boshga elementlar, masalan, Zr, W, Hf, Mo kabi elementlarga gisman almashtirish ham, elektronlar sonining modda
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tarkibida ko’proq bo’lishiga, oqibatda, eletron o’tishlar sonining ortishi hamda bu orqali elektron-g’ovaklar qayta birlishishi
miqdorini kamayishiga olib kelishi mumkin. Bunday usulda yarim o’tkazgichli fotokatalizatorlarning samaradorligini
oshirish samarador usul hisoblanadi.

Ushbu ishda, BVO moddasiga Mo ning gisman Kiritilishi elektron sathlari zichligi nazarayasi (DFT) metodi
yordamida hisoblandi. Ishning magsadi bu kabi hisoblashlar orqali tajribada sodir bo’ladigan BVO ning strukturaviy
o’zgarishi hamda ta’qiqlangan sohadagi fizik hodisalarni tushunishdan iborat.

Tadgiqot metodi. Monoklinik BVO ning 24 atomdan iborat standart strukturasi tadqiqot ob’ekti sifatida tanlandi.
Tajriba mobaynida ushbu struktura 2 barobarga oshirilib, umumuy hisobda 48 atomdan (8 Bi, 8 V, 32 Q) iborat struktura
hosil qilindi. Ushbu struktura Quantum Espresso 6.7 hisoblash paketi yordamida optimallashtirildi. Keyingi o’rinlarda bitta,
hamda ikkita Mo elementi ixtiyoriy V lar o’rniga joylashtirildi, hamda struktura optimalashtirildi. Natijada, BVO
strukturasiga 2% hamda 4% li Mo elementi kiritilishi ta’'minlandi.

Strukturani optimallashtirishda to’lqin funksiyasi uchun 45 Ry kinteik energiya va zaryad zichligi 455 Ry o’rnatildi.
Hisoblash jarayonida 4 x 4 x 4 k kenglik, gaussian joylashuv, ultrasoft psevdopotensial, va Perdew—Burke—Ernzerhof (PBE)
funksiyalari qo’llanaldi. BVO panjarasining parametrlari quyidagicha: a =7.330 A, b=11.811 A, ¢ = 5.149 A, a = B =90°,
and y = 134.227°. Optimallashtirilgan strukturalar VESTA dasturi yordamida vizuallashtirildi hamda tahlil gilindi.

Natijalar va ularning muhokamasi. 1a rasmda BVO ning eng kichik birlik strukturasining (24 atomdan iborat) ikki
karra oshirilgan strukturasing optimallashtirishdan keyingi joylashuvi keltirilgan. BVO V = 629.6460 A3 hajmga ega bo’lgan
bo’lsa, 2% Mo qo’shilgandan keyin uning hajmi V = 635.6728 A% ni ko’rsatdi. 4% Mo Kkiritilishi esa, toza BVO hajmini
yanada oshishiga hamda V = 640.2547 A2 bo’lishiga olib keldi.

8 275
"8 @L
e .-,,
1a rasm. Elektron bulutlar bilan 1b rasm. 2% Mo ning (1 dona Mo 1 1c rasm. 4% Mo ning (2 dona
vizuallashtirilgan BVO strukturasi. dona ixtiyoriy V bilan almashtirilgan) Mo 2 dona ixtiyoriy V bilan
BV O strukturasiga Kiritilishi. almashtirilgan) BVO

strukturasiga Kiritilishi.

Demak, Mo ning V bilan almashishi BVO struktirasini hajmiy kengayishiga olib keladi, bu esa tajriba mobaynida
material morfologiyasining o’zgarishi yoki kristal struktura hajmini o’zgarishiga sabab bo’lishi mumkin. Kristal
strukturaning hajmi, misol uchun, yuzada nisbatan kichik kristallarning bo’lishi, materialning kimyoviy reaksiyaga ko’proq
kirishishiga olib keladi.

Keyingi navbatda hosil bo’lgan strukturalarning rentgen difraksiya spektrlari tadqiq qilindi. 2a rasmda toza
monoklinik BVO (m-BVO), 2% va 4% li Mo qo’shilgan BVO (Mo2n-BVO va Mos-BVO) lar keltirilgan. Ushbu
strukturalar BVO ning tetragonal shakli (ts-BVO) bilan ham solishtirilgan. Natijalar shuni ko’rsatadiki, Mo BVO
strukturasiga 2% kiritilgandayoq monoklinik fazasidan tetragonal fazaga o’zgargani ko’rinadi (2b rasm). 18.7 hamda 34.6 2
lik daraja sohasidagi monoklinik fazaga tegishli qo’sh piklarni Mo qo’shilgandan keyin birlashib ketishi tetragonal fazaga
o’tishini tasdiqlaydi.
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2a rasm. BVO, Mo qo’shilgan BVO hamda 2b rasm. BVO, Mo go’shilgan BVO hamda BVO ning
BVO ning tetragonal fazali Rentgen sochilish tetragonal fazali Rentgen sochilish spektrlari ning
spektrlari. kattalashtirilgan sohalari.

Eksperimental ishlarda ham Mo ning turli foizlarda BVO ga Kkiritilganda tetragonal fazaga o’tishi aniqlangan
(masalan, M. Rohloff va boshqalar, [14] 15% Mo, BVO ning tetragonal fazaga o’tishiga sabab bo’lishini ko’rsatishgan; G.
Talasila va boshqgalar [15] ishida esa 3% Mo BVO ning monoklinikdan tetragonal fazaga o’tishini ko’rsatgan). Albatta,
eksperimental ishlar va DFT hisoblashlarda farq bo’lishi ham mumkin, chunki kompyuterli modellashtirish vaqtida harorat
hamda bosim hisobga olinmaydi. Sistema faqgat elekronlarning ehtimoliy joylashuvini hisoblash orgali strukturani hosil
giladi.

Mo ning BVO strukturasiga Kkiritilishi eng avvalo ushbu moddaning tashkil giluvchi elementlarining yadrolari
atrofida joylashgan elektronlarning xolati hamda ular asosida hosil bo’luvchi ta’qiqlangan zonaga ta’sirini o’rganish bilan
ham ahamiyatli. Quantum Espresso paketi DFT ga asoslangan holda, elektronlar extimoliy joylashuvining hisoblash imkonini
beradi. Bunda, Shredenger tenglamasiga asosan, Mo Kkiritilgan BVO strukturasining tashkil giluvchi elektronlari xolati
baholanadi.
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3-rasm. BVO (a), 2% Mo (b) va 4% Mo (c) kiritilgan B\VO ning elektron
zichlik sathlari strukturasi.

3-rasmda BVO va Mo kiritilgan BVO larning elektron zichiligi sathlari keltirilgan. BVO da ta’qiqlangan soha 2.27
eV ni ko’rsatsa (3a rasm), Mo qo’shilganda ham ushbu oraliq kengligi o’zgarmay qolmoqda. Ammo, Fermi sathi
o’tkazuvchan sohaga qarab siljidi (3b va 3¢ rasmlar). Bu Mo ning BVO ga kiritilishi elektronlarning eng ko’p joylashgan
o’rni o’tkazuvchan sohaga yaqinligi (ushbu ishda Fermi satgi o’tkazuvchan sohada, ammo tajribada bu sath ta’qiqlanga
sohada, o’tkazuvchan sohaga yaqin bo’lishi kutiladi). Shu sababli, quyosh nuri energiyasini olgan elektronlar suvni
parchalashda ishtirok etadigan elektronlarning soni ortishi hisobiga kimyoviy reaksiyalar sonini orttiradi. Natijada, BVO ning
suvni kislorod va vodorodga ajratishdagi fotoanod sifatidagi gobiliyati ham ortadi.

Xulosa. Quantum Espresso DFT paketi yordamida Mo 2% va 4% atom ulushlarida BiVO4 strukturasiga V ni
almashtirish hisobiga kiritildi va optimallashtirildi. Uning Rentgen sochilish spektri Mo ning BiVOs strukturasining
monoklinik fazasidan tetragonal fazaga o’tishi mumkinlini tadqiq etildi. Mo ning V ga nisbatan ortiqcha elektronlarining
mavjudligi BiVOs o’tish sohasida ortigcha elektonlarni hosil giladi hamda fotokatalitik qolbiliyatini oshishiga xizmat qilishi
mumkin.
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PBB-TSD:IT-4F ASOSIDAGI ORGANIK QUYOSH ELEMENTLARNING PARAMETRLARINI TADQIQ QILISH
Annotatsiya

Magolada TSD:IT-4F asosidagi organik quyosh elementlarining optik va fotoelektrik parametrlari tahlil gilindi. PBB-TSD va
IT-4F polimerlarining yutilish spektrlari, shuningdek, ularning aralashmalari va 1,8-Diodooktan (DIO) qo’shimcha qo’shish
orgali strukutrasi yaxshilangan TSD:IT-4F faol gatlam xossalari o‘rganildi va solishtirildi. TSD:IT-4F aralashmalarni
tayyorlashda donor va akseptor materiallar turli xil nisbatda olinib, bu aralashmalarning optik va fotovoltaik parametrlari
o’rganildi.

Kalit so‘zlar: PBB-TSD:I1T-4F; organik quyosh elementi; DIO, fotovoltaik parametrlar.

STUDY OF THE PARAMETERS OF ORGANIC SOLAR CELLS BASED ON PBB-TSD:IT-4F
Abstract
In this work, analyzed the optical and photoelectric parameters of organic solar cells based on TSD:IT-4F. The absorption
spectra of pure polymers PBB-TSD and IT-4F, as well as their mixtures and modifications using 1,8-Diodooctane (DI0O),
have been studied and compared. The dependence of the influence of the qualitative composition of such mixtures on the
efficiency and the active layer is established, and the corresponding optimal composition is determined.
Keywords: PBB-TSD:IT-4F; organic solar cell; 1,8-diooctan; photovoltaic parameters.

HUCCIEJOBAHUE MAPAMETPOB OPTAHUYECKUX COJTHEYHBIX 9JIEMEHTOB HA OCHOBE PBB-
TSD:IT-4F

AnHOTaATaNMsA
B pabote mpoaHaIM3MpoBaHbI ONTHYECKUE U (HOTODICKTPUUESCKHE MapaMeTpbl OPraHMYECKHX COJMHEYHBIX DJIEMEHTOB Ha
ocHose TSD:IT-4F. U3yueHo u npoBeAeHO CpaBHEHUE CIIEKTPOB HOrJIonieHust YucThIX nosumepoB PBB-TSD u IT-4F, a tak
Ke MX cMeceit 1 Moandukamii mpu nomomu 1,8-Jnomooxran (DIO). YcraHoBiaeHa 3aBUCHMOCTD BIUSIHUS Kau€CTBEHHOTO
cocraBa Takux cmecedt Ha KI1J] 1 akTUBHBIH IO, 1 onpeieNieH COOTBETCTBYIONUI ONTHUMAaIbHBIN COCTAB.
Kawuessie cinoBa: TSD:IT-4F; opeanuueckuii conneynviii anemenm, DIO; pomosnexmpuueckue napamempuoi.

Kirish. Bugungi kunga kelib organik quyosh element (OQE) lari sohasida bir gancha samarali natijalarga erishildi.
OQE arzon ishlab chigarish texnologiyasi bilan boshqga turdagi quyosh elementlaridan ajaralib turadi. Ekologik toza,
egiluvchan, keng maydonlarni ishlab chigarishda qulaylik va ancha tejamkor bo’lish xususiyatlari tufayli OQE istigbolli
energiya manbalari hisoblanadi [1]. OQElarning taqdim etilayotgan texnologiyasi istigbolli texnologiya bo’lib, u orqali
tejamkor energiya ishlab chigarishga erishish mumkin. Tijoratlashtirish uchun talab gilinadigan yuqori energiya o‘zgartirish
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samaradorligi (EO*S) hozirda bitta faol qatlam strukturaga ega, faol qatlam tarkibida uchta yoki undan ko’p polimer mavjud
bo’lgan va tandem (ko’p qavatli faol qatlam ega) asosli OQElarning EO‘S ko‘rsatkichi 18% dan ortadi, bu esa 0’z 0’mida
ijjobiy ko‘rsatkich hisoblanadi [2]. Yangi konjugatsiyalangan polimer asosli OQElarni yasash nugtai nazaridan eng
muvaffagiyatli strategiya donor-akseptor (D-A) aralashmasini qo‘llashdir. D-A aralashmali konjugatsiyalangan polimerlar
katta afzalliklarga ega bo’lib, masalan:

a)quyosh fotonlarini ko‘proq yig‘ish uchun yuqori yutilish koeffitsienti bilan birga keng yutilish spektriga ega;

b)  optimal va osongina sozlanishi mumkin bo‘lgan molekulyar energetik sathga egaligi, natijada akseptorlar (yoki
donorlar)ga mos keladigan ko‘proq donor yoki akseptor polimerlarni olishni ta’minlaydi;

c)zaryadni ajratish va tashishni osonlashtiradigan yaxshilangan zaryad harakatchanligiga ega [3].

Hajmiy geterostruktura tuzilishiga ega bo’lgan OQElarning D-A materiallarini to’g’ri tanlash hamda ularning optik
parametrlari muhim ahamiyat kasb etadi. Ushbu ishda hajmiy geterostrukturali PBB-TSD:IT-4F asosidagi OQElarning optik
va fotovoltaik parametrlarini tahlil gilindi. Buning uchun dastlab PBB-TSD:IT-4F asosidagi OQE yasab olindi [4].

OQElarni yasash quyidagi ITO/PEDOT:PSS/PBB-TSD:IT-4F/PFEN/AI struktura orgali amalga oshirildi, buning
uchun eng avvalo gatlam garshiligi 15 Om/sm? bo‘lgan ITO (indiy qalay oksidi) qoplangan shisha tagliklar ultratovush
vannada ultra toza suv, atseton va izopropil spirti bilan tozalanadi, keyin 6 dagiga kislorod plazmasi bilan ishlov berilgach,
PEDOT:PSS(poli(3,4-etilendioksitiofen) polistirol sulfonat) “spin coating” usulida (4000 ayl/daq., 20 sek.) ITO ustiga
yotqiziladi. Keyin PEDOT:PSS tarkibidagi suv molekularini bug’latish uchun 20 daqiqa davomida 160 °C haroratli pechkada
quritildi. PBB-TSD va IT-4F 10 mg/ml polimer donor konsentratsiyasi bilan bog’liq proporsiyada xlorobenzolda eritildi [5].
Eritma bir necha soat davomida xona haroratida aralashtirildi va PBB-TSD:IT-4F aralashmasi PEDOT:PSS gatlam ustiga
“spin coating” usuli bilan qoplanadi. Faol qatlamning qalinligi ~110 nm bo‘ladi. Keyin PFN poly[(9,9-bis(3"-(N,N-
dimethylamion)propyl)-2,7-fluorene)-alt-2,7-(9,9-dioctyl)-fluorene])ning metanol eritmasidan (2,0 mg/ml) yupga gatlami 30
soniya davomida 2000 ayl/daq tezlikda faol qatlam ustiga “spin coting” usulida qoplanadi. So’ngra, galinligi 100 nm bo‘lgan
Al qatlami katod sifatida termik bug‘lantirish usulida faol qatlamga 4-10** Pa bosim ostida bug’lantirilib katod yotgiziladi
[6].

Yugorida aytib o’tilganidek OQElarning konjugatsiyalangan D-A materiallarni to’gri tanlash muhim hisoblanadi.
Xususan fulleren tarkibga ega bo’lmagan akseptorlar energiya darajalarining oson o‘zgartirilishi, kuchli optik assimilyatsiya
va yaxshi barqarorlik kabi ta’sirchan xususiyatlariga ega ekanligi fulleren tarkibli hosilalari bilan solishtirganda yuqori
samaradorlikni namoyish etadi [7]. Bu fullerensiz turli xil samarali past diapazonli donor-akseptor birikmalarini hosil
qilinishiga hamda energiya o’zgartirish samaradorligi (EO’S) yaxshilanishiga olib keldi. Shu nuqtai nazardan, yorug‘likni
maksimal darajada yig‘ish uchun D-A sifatida keng tarmoqli bo‘shliglari bo‘lgan qo‘shimcha konjugatsiyalangan
(tarmoglangan) polimerlar tanlanishi kerak [8]. Shuning uchun ham ushbu ishda fulleren tarkibga ega bo’lmagan D-A
polimer materiallari tanlandi. Dastlab PBB-TSD va IT-4F D-A materiallarini ITO/PEDOT:PSS ustiga alohida yotqizilib
ularning yutilish spektrlari 300nm-900nm to’lqin uzunligi kengligida olindi. 1-rasmda PBB-TSD va IT-4F gatlamlarining
yutilish spektrlari ko’rsatilgan.

-aF
PBB-TSD

£ £
5 x

Yuiilish spektiri (n.b.)

N

o, =
! 300

I
W

=00
To'lqgin Jigi (nm)

1-rasm. PBB-TSD va IT-4F gatlamlarining yutilish spektri.

Olingan natijalarga e’tibor beradigan bo’lsak PBB-TSD gatlami yutilish spektri (gizil chizig) 375nm, 530nm, 680nm
to‘lqin uzunliklarida maksimum piklar hosil bo‘ldi. Demak PBB-TSD gatlami mana shu maksimum piklarni hosil giluvchi
to’lqin uzunliklarda yorug’likni yaxshi yutadi. IT-4F gatlami yutilish spektri maksimum piklari 625 nm 700 nm to‘lqin
uzunligiga mos keladi. Rasmdan ko’rinib turibdiki, PBB-TSD qatlamining yutilish spektri IT-4F gatlami yutilish spektriga
nisbatan gisqa to’lqin uzunligida hosil bo’ldi. Olingan natijalardan ko‘rish mumkinki, ko‘zga ko‘rinuvchi to‘lqin uzunligi
sohasi (400nm + 800 nm) da IT-4F qatlami yutilish spektri 500 nm va 800 nm to’lqin uzunligi orasida ancha yaxshi ekan.
PBB-TSD uchun 368 nm da joylashgan intensiv yutilish cho‘qgisi konjugatsiyalangan magistralning m-m* o‘tishlari uchun
xarakterlidir. PBB-TSD uchun 538 va 578 nmda joylashgan bimodal assimilyatsiya cho‘qqilari donor va akseptor o‘rtasida
kuchli molekulyar zaryad o‘tkazuvchanligi bilan bog‘liq bo‘lishi mumkin. Olingan yutilish spektrlaridan shuni aytishimiz
mumkinki PBB-TSD va IT-4F gatlamlarining yutilish spektrlari OQElari uchun optimal natija ekanligi ma’lum bo’ldi [9].

Shundan so’ng PBB-TSD va IT-4F polimer materiallari D-A konsentratsiyasi bilan bog’liq turli-xil nisbatlarda
xlorobenzolda eritildi va ITO/PEDOT:PSS ustiga faol gatlam sifatida qoplandi. Bundan tashgari PBB-TSD va IT-4F D-A
materiallariga yaxshi aralashishi magsadida qo’shimcha erituvchi 1,8-diodoktan (DIO) moddasi hajm bo’yicha 0.5 % kichik
konsentratsiyada kiritilib faol gatlam hosil gilindi. 2-rasmda DIO qo’shmasdan hamda DIO qo’shimcha sifatida kiritilgan faol
qatlamlarning yutilish spektrlari ko’rsatilgan.
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2-rasm. PBB-TSD:IT-4F va PBB-TSD:1T-4F+DIO faol gatlamlarining yutilish spektri.

2-rasmda shuni ko’rishimiz mumkinki, PBB-TSD:IT-4F ning yutilish spektri qizil chiziq bilan ko’rsatilgan DIO
kiritilgan PBB-TSD:IT-4F ning yutilishi qizil chiziq bilan ko’rsatilgan. Olingan bu ikkala yutilish spektri OQElari uchun
optimal natija bo’ldi [10]. Bu ikkala olingan natijadan shuni ko’rishimiz mumkinki DIO ni qo’shimcha sifatida
kiritganimizda PBB-TSD:IT-4F maksimum piklari gisqa to’lqin uzunligi tomon siljiganini ko’rishimiz mumkin. Bunda
maksimum piklar gisqa to’lqin uzunligi tomon 35 nmga siljidi. Ya’ni DIOsiz PBB-TSD:IT-4F faol gatlamining optimal
yutilish spektri 750 nm to’lqin uzunligida DIO kiritilgan PBB-TSD:IT-4F maksimal yutilish spektri esa 715 nm to’lqin
uzunligida hosil bo’lishini ko’rishimiz mumkin. Yutilish spektrining bunday qisqa to’lqin uzunligi tomon siljishi
spektroskopiyada - “Gipsoxrom” deb ataladi. Gipsoxrom deb - yutilish spektrining yuqori energiyaga yoki gisqaroq to’lqin
uzunligiga siljishi aytiladi. Bu albatta konjugatsiyalangan polimer materiallarining m-7* o‘tishlari hamda bog’lanish
darajalari bilan bog’liq. OQElari sohasidagi maqolalarda DIOni faol qatlamga qo’shimcha sifatida kiritish alohida
kristallitiklarning o‘rtacha hajmiga ta’sir qilmaydi, balki ularning sonini oshiradi [11]. Bundan tashqari, DIO o‘ziga xos
o‘lchamini saqlab, amorf domenlarda D-A larni o‘zaro aralashishini yaxshilaydi. DIO qo‘shimchasini kerakli miqdorda faol
qatlam eritmasi tarkibiga qo‘shish orqali uning sirt morfologiyasini tartiblanishiga va buning natijasida eksitonlar
dissotsiatsiya oshishiga olib keladi. Demak DIOni qo’shimcha sifatida kiritish PBB-TSD:IT-4F faol gatlamining yutilish
spektrini yaxshilanishiga erishildi. OQE lari uchun mos D-A materiallarini tanlash, ularni massa ulushi,faol gatlamining
yaxshi yutilish koeffisienti hamda fotovoltaik parametrlari muhim hisoblanadi. Demak bu ikkala I1T-4F:PBB-TSD donor-
akseptor yarimo’tkazgich polimer materiallari o’zaro birikib bir birini to’ldirib bir-biri bilan yaxshi D-A struktura hosil
gilgan deya xulosa gilishimiz mumkin [12].

OQElarning faol qatlami yutilish spektri optik xossalarini bo’yicha olgan xulosalarimizni tekshirish uchun uning
fotovoltaik parametirlari turli sharoit ( D-A materiallarni turli konsentratsiyada) larda o’lchandi. 1-jadvalda PBB-TSD:IT-4F
asosidagi OQElarni turli sharoitlarda tayyorlab, ularning ochiq zanjir kuchlanishi (Voc), gisga tutashuv tok ogim zichligi (Jsc),
to‘ldiruvchi faktor (FF), energiya o‘zgartirish samaradorligi EO’S kabi fotovoltaik parametrlari ko’rsatilgan.

1-jadval. Turli ishlov berish sharoitlarida olingan PBB-TSD:IT-4F asosidagi OQElarning fotovoltaik
parametrlari.

(Prsi'si'gf'y;é; Qo'shimcha Voc [V] Jsc [mA cm?] FF [%] EO*S [%]
T1 - 091 200 69.2 126
T12 - 0.93 206 707 136
114 0.92 194 68.4 128
115 0.91 200 69.2 126
1128 0,5% DIO 0.89 219 745 14.6

1- jadvalda PBB-TSD:IT-4F asosli OQE larning D-A materiallari eritmasini massa ulushi bo‘yicha turli nisbat (1:1,
1:1.2 va 1:1.4 1:1.5 1:1.2%da olib, hamda DIOni qo’shimcha sifatida kiritib “spin coating” usuli bilan hosil gilingan OQE
larining fotovoltaik parametrlari ko‘rsatilgan. Jadvaldan ko‘rinib turibdiki, PBB-TSD:IT-4F asosidagi OQElarning D-A
materiallari uchun optimal bo‘lgan massa ulushi nisbati 1:1.2 ekan. Bunda ochiq zanjir kuchlanishi 0.93 V, gisqa tutashuv tok
zichligi 20.6 mA sm?, to‘ldirish faktori 70.7% va EO‘S esa 13.6 % tashkil gildi. Faol gatlam D-A tarkibi uchun optimal
bo‘lgan 1:1.2 nisbatni olib unga qo‘shimcha sifatida 0.5 % hajmda DIO moddasini kiritildi. Natijada PBB-TSD:IT-4F
asosidagi OQEning fotovoltaik parametrlari yanada yaxshilanishiga erishildi. Jadvaldan ko‘rishimiz mumkinki, DIO
qo‘shimcha kiritilganda ochiq zanjir kuchlanishi 0.89 V, qisqa tutashuv tok zichligi 21.9 mA sm?, to‘ldirish faktori 74.5 %
va EO‘S esa 14.6 % tashkil qildi. Demak PBB-TSD:IT-4F asosidagi OQE ga DIO moddasini 0.5 % hajmda qo‘shimcha
sifatda kiritganimizda uning EO‘S 13.6 % dan 14.6 % o°‘sishini jadvaldan ko ‘rishimiz mumkin [13].

Xulosa. Fullerensiz PBB-TSD:IT-4F polimer asosli OQElarini fotovoltaik parametrlari faol gatlam tarkibidagi D-A
materiallarni alohida yutilish spektrlarining parametrlariga, hamda ularning hajmiy geterostruktura usulida olingan faol
qatlami yutilish spektriga bog’liq ekan. DIO moddasini hajm bo’yicha 0.5 % konsentratsiyada qo’shimcha sifatida kiritish
orgali PBB-TSD:IT-4F OQE larning optik hamda fotovoltaik parametrlarini yaxshilanishiga erishish mumkin ekan. PBB-
TSD:IT-4F polimer asosli OQElari faol gatlam tarkibidagi D-A materiallarni massa ulushi bo’yicha 1:1.2 nisbatda olinganda
optimal fotovoltaik parametrlarga erishildi. Bu natijadan xulosa shuki, OQElarning optik va fotovoltaik parametrlari D-A
materiallari massa ulushiga ham bog’liq ekan. DIO ga o’xshash qo’shimcha erutivchilarning D-A eritmasida ishtiroki donor
va akseptorlarning tartibli bog‘lanishi, zaryadlarning harakatchanligini va D-A faol gatlamlarning morfologiyasini
yaxshilashda alohida ahamiyatga ega ekan.
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DATA ANALYSIS OF SPACE OBSERVATIONS OF GLOBULAR CLUSTERS
Annotation

We have performed an analysis of observational data on the apparent surface density of 81 globular clusters obtained within
the framework of the GAIA DR2 space program and published in the work of de Boer et al (2019). We first studied the
quality of GAIA DR2 observational data in comparison with similar data obtained by HST. Using our 3-parameter model,
previously tested on the example of HST space observation data, we found the values of the parameter of star concentration
to the center of the cluster. To do this, it was first necessary to divide the GAIA data into four groups and compare their
quality from a number of physical considerations. We investigated the dependence of the concentration parameter of GCs
found by us on the basic characteristics of these objects. The results obtained confirm the validity of the previous
classification of GCs according to the degree of star concentration to the center of the cluster.

Keywords: globular clusters, visible surface densities, space observations, concentration parameter.

AHAJIN3 JAHHBIX KOCMUYECKHX HABJIIOJEHUI IIAPOBBIX CKOILIEHA 3BE3]]
AHHOTanUA

MBbI BBIIOJIHWIIN aHATH3 JAHHBIX HAOIIOICHUI BUIMMON TOBEPXHOCTHOM IIOTHOCTH 81 IapOBOTO CKOIUIEHMS, MOYIEHHBIX
B paMKax KocMHu4eckoii mporpammbl GAIA DR2 u omybnnkoBaHHBIX B padote de Boer et al (2019). Hamu u3ydeHo KauecTBO
nmaHHbix HaOmroneHuin GAIA DR2, ucnonb3ys Hairy 3-X mapaMeTpHUYecKyr0 MOJIEINb, alpoOUPOBAHHYIO paHee Ha MPHUMEpe
KOCMUYECKUX JaHHbIX HaOmoxenuit HST. C aToif menpio cHavana moTpeOoBaioch pa3aenuTh fAaHHbie GAIA Ha ueThipe
IPYIIBl ¥ CPAaBHUTh MX KAuyecTBO M3 psjua (usnueckux cooOpaxenuil. McciemoBaHa 3aBHCUMOCTh HAMIEHHBIX HAMH
napamerpa koHueHTpaui [IC 0T 0CHOBHBIX XapaKTEPUCTHK 3TUX 00BEKTOB. Ha OCHOBE MOJIyYeHHBIX HAMH PE3YJITATOB, MBI
npemiaraeM knaccudukanuio [IC mo creneHn KOHIEHTPAIMH 3Be3/] K HEHTPY CKOIUICHUSI.

SHARSIMON YULDUZ TO‘DALARINING KOSMIK KUZATUV MA'LUMOTLARI TAHLILI
Annotatsiya

Biz GAIA DR2 kosmik dasturi doirasida olingan va de Boer et al. (2019) ishida nashr etilgan 81 ta sharsimon yulduz
to’dalari (ShYT)ning ko'rinma sirt zichligi bo'yicha kuzatuv ma'lumotlarini tahlil gildik. Biz birinchi navbatda GAIA DR2
kuzatuv ma'lumotlarining sifatini HST tomonidan olingan shunga o'xshash ma'lumotlar bilan taqqoslab o'rgandik. llgari HST
kosmik kuzatuv ma'lumotlari misolida sinovdan o'tgan 3 parametrli modelimizdan foydalanib, biz konsentratsiya
parametrining to’da markazigacha bo'lgan qiymatlarini topdik. Buning uchun birinchi navbatda GAIA ma’lumotlarini to'rt
guruhga bo'lish va ularning sifatini bir gator jismoniy jihatlardan solishtirish kerak edi. Biz topilgan ShYT larning
kontsentratsiya parametrining ushbu ob'ektlarning asosiy xususiyatlariga bog'ligligini tekshirdik. Olingan natijalar klaster
markaziga yulduz kontsentratsiyasi darajasi bo'yicha GK larning oldingi tasnifining to'g'riligini tasdiglaydi.

KnroueBnle ciioBa: 1IapOBbIC CKOIUJICHUS, BUAUMBIEC MOBEPXHOCTHLIC IUIOTHOCTH, KOCMHUYCCKHUE Ha6J'[}0}:[eHI/I$[, rnapameTp
KOHICHTpALWH.

Introduction. To date, 157 globular clusters (GCs) of stars have been identified, but far from all of them have been
observed for surface density using space telescopes. Initially, ground-based methods of photographic astrometry and stellar
astronomy were used to determine the structural parameters of GCs (see, for example, [1, 2-4]. Since the number density
towards the center of GCs increases rapidly, it is difficult for ground-based telescopes to analyze their central region (for
details see, for example, [5]) and CCD observations are necessary. In rare cases, several deep observations of the surface
density of specific GCs were carried out [6]. As of today, one can note the observational data on the surface density for 26
GCs, carried out within the framework of the HST space program and published [7], as well as data from the GAIA DR2
space program processed [8]. Nuritdinov et al. (2022) [9] found values of the degree of concentration parameter for these 26
GCs and for the first time proposed a classification of GCs that solves the problem of Shepley-Sawyer (1927) [1]. Naturally,
the question arises: how much can the values of the degree of concentration parameter differ for other GCs? Unfortunately,
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there are no data for other GCs within the framework of the HST program. That is why it is necessary to analyze and
calculate the concentration parameter for 81 GCs provided by the GAIA DR2 Space Program [8]. Despite the fact that the
quality of these data is somewhat inferior to HST data, we have studied each GC in sufficient detail. An analysis of the
quality of the observational data and the behavior of the surface density for 81 GCs shows the need to divide them into four
groups (see Section 2 below). It turned out that only for one of them it makes sense to determine the values of the GC
concentration degree parameter and the corresponding empirical formulas for the dependence of this parameter on the main
physical characteristics of the clusters. The values of correlation coefficients between the concentration parameter and
individual physical characteristics obtained from observations were found, including with the mass of GCs, absolute
magnitude, King’s parameter [10] and GC index of richness (IR) [11]. During the analysis of the problem, the main
differences between GAIA DR2 and HST observational data were studied in detail.

Analysis of GCs observation data within the GAIA DR2 program. Observational data on the surface density of
GCs obtained by space telescopes within two programs (GAIA DR2 and HST) differ significantly in quality from each other.
Below we will try to indicate these differences one by one. Let’s start with the fact that 20 GCs were observed by both GAIA
DR2 and HST. The surface density profiles of most of these GCs obtained from different space telescopes clearly differ in
star concentration, data uniformity and smoothness of apparent surface density. It is known that the concentration of stars in
globular clusters increases uniformly towards the center. However, 7 out of 81 globular clusters observed by GAIA DR2
(TER 8, NGC 7492, PAL 12, PAL 1, NGC 6218, NGC 6362, NGC 6496) have very uneven density profiles towards the
center, while these unevennesses are almost absent in observational data obtained within HST. This can be seen on the
example of NGC 7492 (fig. 1). This situation creates serious difficulties in analyzing such GCs.

NGC7492
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Fig. 1. Observational data for NGC 7492 on GAIA DR2.
Further, we note that out of the remaining 74 GCs in 16 cases (IC 4499, NGC 288, NGC 5024, NGC 5053, NGC
5139, NGC 5466, NGC 5897, NGC 6101, NGC 6121, NGC 6144, NGC 6235, NGC 6254, NGC 6366, NGC 6809, PAL 11,
PAL 14), the central part has a complex and physically unexplainable picture of the density profile. In addition, most GCs
have density profiles that start not from the center but most often from a value of Ig(r'") ~ — 0,5. We see this on the
example of NGC 6934 (fig. 2). The density profiles of the above-mentioned 16 GCs start at a distance of lg(r"') ~ + 0.4
from the center. We can see this on the example of NGC 6254 (fig.3). Density fluctuations in the central region and on the
periphery (fig.3) also create difficulties in calculating the degree of concentration. The fact is that the absence of a density

value in the center seriously affects the value of the concentration parameter.
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Fig. 2. Peculiarities in the density drop in the central region and at the periphery for NGC 6934.
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Fig. 3. Peculiarities in the density drop in the central region and at the periphery for NGC 5024.

Note that although the density profiles of GCs obtained by HST sometimes have relatively few observation points
compared to the GAIA data, but on the other hand the concentration in the first case increases uniformly towards the center,
while in the second case non-uniformity is observed both in distance from the center and in the value of the surface density
itself. These differences are shown on the example of NGC 6809 (fig. 4).
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Fig. 4. Comparison of density profiles of NGC 6809 obtained by HST (circles) and GAIA (triangles) space

telescopes.
The features shown in figs. 1-4 cause serious problems when calculating the concentration parameter of GCs.
Thus, we are forced to divide clusters into 4 groups:

1) clusters observed by GAIA and HST (there are 20 of them);

2) clusters with oscillating density profiles in central regions (there are 17 GCs);

3) clusters with weak concentration in the central region or with concentration towards the periphery, and
the density profile only satisfies requirements on some sections (12 GCs);

4) clusters for which the observed density profile is uniform and smooth everywhere, especially in the

central region (there are only 32 of them).

As can be seen, only those clusters that are included in the last group deserve to determine the values of the
concentration parameter for them.

Determination of the concentration parameter from GAIA DR2 observational data. As noted above, Nuritdinov
et al. in their work [9] analyzed the degree of concentration in 26 GCs, the observational data of which are given in the work
of [7]. For this purpose, in [9] the King model (o~[1 + r?/rZ]™) was first generalized in the following form:

217V
a(r,y,7,00) = 0y [1 + (ri) ] . (D

0

Here y, 1o and g, are free parameters, y is the degree of star concentration towards the center of the cluster, 7, is the
core radius of the cluster, g, is the surface density at the center of the GC. The authors [9] calculated the above-mentioned
free parameters for 26 GCs and found good correlations between these quantities and the observed main parameters of
clusters.

As a logical continuation of the work of [9], we calculated free parameters of GCs based on model (1) using data for
surface density in a sample of 32 GCs noted in the previous section of this article. The chi-square minimization method was
used to calculate parameters:

2 |75
X = Zn

. o i i 0 (rn,00,70,Y)
The calculated free parameters and their uncertainties are given in Table 1.

2
=0 (rn,00,70,¥) |

@)

Table 1. Values of free parameters of GC and errors in their determination.

GC name Y Ay i Ary gy Agy
NGC 104 o7 15 03 = 01 ! 37 ! 40 )
NGC 288 2 50 30 % 5,01 ’ 14 ’ 01 ’
NGC 362 82 11 8 8 26 ' 3.63 ' 56 ’
NGC 1851 2% 68 9 53 75 2 3,52 ? 08 ’
NGC 1904 02 40 5 86 67 ! 38 ! ,20 '
NGC 2808 87 06 51 2 05 ! 1,90 : 28 °
NGC 4590 2 44 17 “ 3,64 ' 63 ° ,06 ’
NGC 5024 o7 a1 23 s 98 s 37 ° ,05 )
NGC 5272 12 7 24 % 7,69 ' 55 ' A1 ’
NGC 5286 24 38 38 1 10 ° 48 ' 07 ’
NGC 5466 50 60 18 17 4,30 N ,02 ° ,002 °
NGC 5694 0 14 4 53 63 ° 25 ' 06 ’
NGC 5824 4 09 5 32 49 ° 65 ° A4 ’
NGC 5904 7 25 0 1o 62 ® 22 ? 41 ’
NGC 6093 o1 2 4 “ 17 2 94 ° 99 ’
NGC 6101 61 62 53 o 0,30 ’ 06 ’ 01 ’
NGC 6144 64 14 73 = 2,94 ' 03 ° 01 ’
NGC 6171 30 44 32 % 0,81 ' 30 ’ 02 ’
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NGC 6205 12 30 29 . 3,66 ! 81 ' 15 )
NGC 6229 16 6l 0 . 09 ° 72 ’ 16 ’
NGC 6254 10 50 %5 o 415 2 52 ° 15 ’
NGC 6266 61 07 0 S 17 ' 98 ? 24 ’
NGC 6273 02 13 3% = 61 ® 22 ' 08 ’
NGC 6341 17 63 58 1o 035 ' 49 2 73 ’
NGC 6356 81 07 67 10 09 ' 20 ° 01 ’
NGC 6388 63 08 5 3 95 0 15 ? 17 ’
NGC 6496 73 80 00 o 9,01 2 03 ° 01 ’
NGC 6569 36 20 61 . 97 ! 08 ° 01 ’
NGC 6626 03 18 13 1 49 : 57 ’ 03 ’
NGC 6656 17 34 92 % 3,29 : 19 ’ 01 ’
NGC 6715 o 06 5 >3 42 ° 40 ! 09 ’
NGC 7089 09 46 00 " 34 ¢ 60 ! 36 '

As can be seen from Table 1, the errors in determining the values of the free parameters of model (1) are quite
acceptable.

We also looked for a correlation between the parameter y and the main physical characteristics of GCs. In this case,
obviously, only 32 GCs given in Table 1 were considered. Next, we calculated the corresponding correlation coefficients and
found empirical dependencies of y on the main physical characteristics taken from the catalogs of Harris [12] and Baumgardt
[13]

The dependence between y and absolute magnitude My,. The correlation coefficient between these quantities is 0,70.
The corresponding empirical formula has the form

y = 0,21(+0,04)My + 2,87(£0,33), 3)
or vice versa
My = 2,30(£0,43)y — 10,86(10,47). )
Dependence of the parameter y on the King parameter "c". Here the correlation coefficient is very good and equal to
—0,77. The empirical relationship looks like this
y = —0,61(£0,09)c + 2,04(4+0,15), %)
and vice versa
¢ =—-0,96(£+0,15)y + 2,59(+0,16). (6)
The dependence between y and the mass of GCs. The correlation coefficient is also good and equal to —0,71.
Empirical formula:
M
y = —0,49(+0,09)lg — + 3,81(10,49), )
Mo
and vice versa
lg¥&£-=-—LO4(iOJ9)y+—@66(1021) 8
Mo

The dependence of the parameter y on Kukarkin’s “index of richness”. We found a good correlation equal to —0,71.
Empirical formula:

y = —1,01(+0,18)IR + 1,69(+0,12), 9
or if expressed through
IR = —0,50(£0,09)y + 1,15(£0,10). (10)

For reference, we note that the values of the index are given in the article [11].

Conclusion. Analysis and comparison of observational data on the apparent surface density of GCs obtained by the
GAIA DR2 and HST space programs have been performed. It is noted that the quality of the GAIA observational data is
somewhat inferior to the HST data. Therefore, we were forced to create a normal sample from the GAIA DR2 observational
data. Using a 3-parameter model (1) and applying the chi-square minimization method, we found the values of the GC
concentration parameter. The correlation coefficients of the concentration parameter y with the main physical characteristics
of GCs (My, lgM, c, IR) were calculated and the corresponding empirical formulas for dependence were found. These
results were determined for 32 GCs observed within GAIA DR2. The found values of y are in the interval (0,61; 1,73),
which shows the validity of our previous GC classification, developed by us based on the results of the analysis of HST
observational data.
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COLD ATMOSPHERIC PLASMA OXIDATION OF OLIGOSACCHARIDE: ATOMIC LEVEL MODELING
Annotation

Cold atmospheric plasma (CAP) is effectively used in several medical fields, particularly in the removal of biofilms from
surfaces. However, the molecular mechanisms of CAP effects are still poorly understood. In this study, the mechanisms of
CAP-induced oxidation of oligosaccharides were studied using reactive molecular dynamics (MD) simulations. In particular,
the processes of interaction of reactive oxygen and nitrogen species formed by CAP with cellotriose (a model system for
oligosaccharides) were studied. Simulation results showed that when reactive oxygen particles interact with cellotriose, they
dissociate the structurally important glycosidic bonds of the molecule. This leads to the destruction of the oligosaccharide
molecule. These MD results were in agreement with the experimental results on the oxidation of cellotriose by CAP.
Keywords: Cold atmospheric plasma, reactive oxygen and nitrogen species, oligosaccharide, plasma oxidation, reactive
molecular dynamics.

OKHUCJIEHUE OJUTOCAXAPUIA XOJOJHOM ATMOC®EPHOM MJIA3ZMOM: MOJAEJIUPOBAHUE HA
ATOMHOM YPOBHE
AHHOTaALUA

XomomHas atmocdepras mmazma (XAIl) sddextiuBHO Hcmonb3yeTcs B psge obiacTeil MEOWIWHBI, B YaCTHOCTH, NPHU
yAaneHn: OMOTUICHOK C moBepXHOcTed. OTHAKO MOJIEKYIIsIpHBIE MeXaHU3MBI 3QektoB XAIl 1o cux mop mioxo usy4eHsl. B
9TOM HCCIENOBaHUHM MeXaHu3Mbl XAII-MHIynnpOoBaHHOTO OKHCICHHS OJMTOCAaXapHAOB H3YYaINCh C HCIIOIb30BAHHEM
MOJICJIMPOBAHUSl PEAKTUBHON MoJekynspHoil auHamuiku (MJI). B uacTHOCTH, W3ydanuch NpOLECCHl B3aMMOACHCTBUS
aKTHUBHBIX (GoOpM KHcnopoaa M a3zora, oOpaszyeMmbix XAIl, ¢ memmorpnosoi (MojenbHas CHCTeMa Ul OJHUIOCAXapHJIOB).
Pe3ynpTaThl MOAENMpPOBaHMS MOKa3ajiW, YTO TPH B3aUMOJEHCTBMM YacTHUI[ AaKTHBHOTO KHCJIOpOJa C IEIOTPHO30ii
MPOUCXOAUT TUCCOLMANNS CTPYKTYPHO BaXKHBIX INIMKO3HIHBIX CBS3€H MOJIEKYJIB. DTO MPUBOAUT K Pa3pyIICHUIO MOJIEKYIIBI
onurocaxapuma. OTH pe3ynbTaTtl MJl COTIAacOBBIBAINCH C IKCIEPUMEHTAIBHBIMH PE3ydbTaTaMH IO OKHCICHHIO
LEeJIOTPHO3bI ¢ oMoIbio XAIL.

KnroueBbie coBa: xomomHast aTMocdepHas Mmia3Ma, akKTHBHBEIE (OPMBI KHCIOpOJa U a30Ta, OJIMIOCaXapHu s, IIa3MEHHOEe
OKHCIICHHE, pEaKTHBHAs MOJICKYIJIIpHAs AMHAMHKA.

SOVUQ ATMOSFERIK PLAZMA YORDAMIDA OLIGOSAXARIDNING OKSIDLANISHI: ATOMAR
DARAJADAGI MODELLASHTIRISH
Annotatsiya

Sovuq atmosferik plazma (SAP) bir nechta tibbiyot sohalarida, xususan sirtlardan biofilmlarni tozalashda samarali
go‘llanilmogda. Biroq, SAP ta’sirining molekulyar mexanizmlari hali ham yaxshi tushunilmagan. Ushbu tadgiqot ishida
reaktiv molekulyar dinamika (MD) simulyatsiyalari yordamida oligosoxaridlarning SAP ta’sirida oksidlanish mexanizmlari
o‘rganildi. Xususan, SAP hosil gilgan reaktiv kislorod va azot turlarining sellotrioza (oligosaxaridlar uchun model tizim)
bilan o‘zaro ta’siri jarayonlari tadqiq etildi. Modellashtirish natijalari reaktiv kislorod zarralari sellotrioza bilan o‘zaro
ta’sirlashganda molekulaning strukturaviy muhim bo‘lgan glikozid bog‘larini uzishini ko‘rsatdi. Bu esa oligosaxarid
molekulasining parchalanishiga olib keladi. Ushbu MD natijalar SAP orqgali sellotrioza oksidlanishi bo‘yicha eksperimental
natijalar bilan mos keldi.
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Kalit so‘zlar: Sovuq atmosferik plazma, reaktiv kislorod va azot turlari, oligosaxarid, plazma yordamida oksidlash, reaktiv
molekulyar dinamika.

Kirish. Biofilmlarning ko‘payishi sog‘ligni saglash sohalarida bir gancha jiddiy muammolarni keltirib chigarmogda
[1]. Aynigsa, ularning jonli hamda jonsiz sirtlarda o‘sa olish imkoniyati ko‘plab muammolarga sabab bo‘Imoqgda [2,3].
Biofilmning ko‘payish sikli bakteriyalarning sirtga turli darajadagi yopishishi bilan bog‘lig, ya’ni u bakteriyalarning sirtdagi
0°zaro ta’siridan boshlanib, hujayra klasterlarining biofilm matritsasidan ajralib chiqishi bilan yakunlanadi [4,5].

Biofilm tarkibi ogsillar, nuklein kislotalar, aminokislotalar va polisaxaridlardan iborat [6]. Polisaxaridlar biofilm
tarkibidagi polimer modda bo‘lib, bakteriyalarni antibiotiklardan himoya qilish vazifasini bajaradi. Ushbu polisaxaridlar
sababli an’anaviy sterilizatsiya usullari, ya’ni kimyoviy tozalash, avtoklav va rentgen nurlanishi yordamida tibbiy asbob-
uskunalarni biofilmlardan (xususan, bakteriyalardan) tozalashda samarali natija bermaydi. Shu sababli, so‘nggi yillarda,
sovuq atmosferik plazma (SAP) biofilmlarni yo‘q qilishda, ya’ni sirtni zararsizlantirishda yaxshi nomzod sifatida go‘llanila
boshlandi [7,8]. SAP ko‘plab inaktivatsiya mexanizmlaridan, masalan, biofilm to‘plamlarini va ularning hosil bo‘lishida
muhim rol o‘ynaydigan matritsa tarkibiy qismlari (masalan: oligosaxaridlar)ni beqarorlashtirish kabi mexanizlardan
foydalanadi [9]. Xususan, yaqginda o‘tkazilgan tadgiqotda, Escherichia coli va Staphylococcus aureus biofilmlarini yo‘q
gilish uchun havo-dielektrik to‘sigli razryad (havo-DTR) plazmasidan foydalanilgan [10]. Bunda, deyarli 4 dagigadan so‘ng,
Escherichia coli ning 85% dan ortig‘i va Staphylococcus aureus biofilmlarining 70% dan ko‘prog‘i metabolik qobiliyatini
yo‘gotgan. Bundan tashgari, havo-DTR bilan ishlov berish ikkala biofilmning membranalarini sezilarli darajada buzilishiga
olib kelgan [10]. Boshga bir tadgiqotda esa, SAP ning Streptococcus mutans biofilmlariga qarshi antimikrob ta’siri
o‘rganilgan va natijalar 2% xlorgeksidin yordamida olingan natijalar bilan taggqoslangan [11]. Yashovchan koloniyalar
(masalan, koloniya hosil giluvchi birlik [KHB])ni hisoblash va biolyuminesensiya tahlili (BL) 150 s vaqt davom etgan SAP
ta’siri KHB va BL qiymatlarini dastlabki qiymatlarga nisbatan sezilarli darajada kamaytirganini ko‘rsatgan. Biroq 2%
xlorgeksidin SAP bilan ishlov berishga garaganda kuchliroq ta’sir ko‘rsatgani aniglangan. Boshga tomondan, xlorgeksidin
ta’siridan keyin biofilmda strukturaviy yoki morfologik o°zgarishlar kuzatilmagan, SAP bilan ishlov berishda esa bu
o‘zgarishlarning aniq belgilari ko‘ringan. Undan tashgari, plazma bilan ishlov berilgandan keyin xlorgeksidinda
kuzatilmagan holat, ya’ni DNK ning shikastlanishi aniglangan. Mualliflar biofilmni yo‘q qilishda kimyoviy (xlorgeksidin)
ta’sirdan ko‘ra SAP bilan ishlov berish og‘iz ichi bo‘shlig‘ini kamroq zararsizlantirish strategiyasi sifatida SAPdan
foydalanish mumkinligini taklif gilishgan [11].

Antibiotiklar biofilm matritsasiga past kiruvchanlikka ega va shu sababli, biofilm ichida joylashgan bakteriyalar
antimikrob va antibiotik dorilarga nisbatan yuqori garshilik ko‘rsatadi [12,13]. Boshqa tarafdan, SAP hosil gilgan reaktiv
kislorod va azot turlari (RKAT) biofilmga chuqur kirib borish imkoniyatiga ega [14]. Bundan tashqari, plazmaning biofilm
bilan o°zaro ta’sirida hosil bo‘lgan ikkilamchi RKAT bakteriya hujayrasi tashgarisidagi polimer moddaning galinligini
kamaytiradi, bu esa bakteriya hujayrasining SAP ga sezuvchanligini oshiradi [15]. Biofilmning buzilishi va bakteriyalarni
yo‘q qilishning ushbu o‘ziga xos mexanizmi sababli biofilm SAP tomonidan hosil gilingan oksidlovchi stressga nisbatan
qgarshilikni rivojlantirishi giyin. Bu esa SAPni infeksiyalar va bakteriyaviy patogenlarga garshi samarali usul deb hisoblash
imkonini beradi. Adabiyotlarda SAP ning antimikrobial ta’siri yaxshi o‘rganilgan bo‘lsada [16], biofilm tarkibining
murakkabligi tufayli SAP ta’sirining molekulyar mexanizmlari hali ham yaxshi tadqiq etilmagan. Shu jihatdan, biofilm
komponentlaridan biri bo‘Imish polisaxaridlar bilan plazma ta’sirini molekulyar darajada tushunish juda muhim hisoblanadi.

Soigent va boshqgalar Oz , N2 va Ar gazlari orgali hosil gilingan RF (radio chastotali) plazma yordamida mono- va
polisaxaridlar kimyoviy o‘zgarishga uchraganligini aniqlashgan [17]. Mualliflar ta’kidlashicha, plazma bilan ishlov berish
natijasida har bir monosoxarid birligida o‘rtacha bitta karbonil guruhi hosil bo‘lgan. Ushbu karbonil guruhlari SAP bilan
ishlov berilgan monosaxaridlarning ichki qismida va yuzasida hosil bo‘lgan [17]. Li va boshgalar glyukozaning suvli
eritmasiga DTR plazmasi bilan ishlov berish asosan kislotalar (masalan, oksalik, glikolik, tartarik, glitserik va chumoli
kislotasi) hosil bo‘lishiga olib kelishini ko‘rsatgan. Bunda RKT, xususan, gidroksil radikallari asosiy rolni o‘ynashi
aniglangan [18]. Shunga o‘xshash xulosa yaqinda o‘tkazilgan tajribada, ya’ni SAP hosil qilgan reaktiv turlari tomonidan D-
glyukoza oksidlanishi tadgigotida ham gilingan [19]. Tajribalar gidroksil (OH) radikallari va aynigsa kislorod atomlari (ya’ni
O(®P) radikallari yoki oddiy O atomlari) kabi gisgqa-yashovchi zarralar glukoza oksidlanishida asosiy rol o‘ynaydigan reaktiv
turlari ekanligini, uzoq yashovchi vodorod peroksidi H202 esa oksidlanishda ahamiyatsiz ekanligini ko‘rsatgan. Mualliflar,
shuningdek, Ar/O2 aralashmali (N2 himoya oqgimli yoki ogimsiz) plazmada glyukozaning asosiy oksidlovchilari O atomlari
ekanligini ta’kidlaganlar [19]. Shunga o‘xshash bayonot [20] da xabar qilingan, ya’ni O atomlari suvli eritmada hech qanday
oraliq reaksiyalarsiz (ya’ni, suv molekulalarining dissotsiatsiyasi sodir bo‘lmasdan) bevosita organik molekulalarni
oksidlashi mumkinligi aytilgan. Unda aytilishicha, suyuq fazada kimyoviy prekursorlarga ehtiyoj bo‘lmagan holda SAPdan
O atomlarning effektiv manbasi sifatida foydalanish mumkin [20]. Almeida va boshqalar, bevosita va bilvosita plazma bilan
ishlov berish jarayonida oligosaxaridlar zanjiri uzunligining to‘rtdan yettigacha glikozid bog‘li saxarid monomerlariga
qisqarishini ko‘rsatishgan; shu kabi SAP effekti fruktozada ham kuzatilgan [21]. Mualliflarning fikriga ko‘ra, bevosita yoki
bilvosita SAP bilan ishlov berish plazma reaktiv turlarning reaksiyasi tufayli glikozid bog‘larining uzilishiga olib keladi [21].
Delaux va boshqalar SAP hosil gilgan reaktiv turlarining selluloza bilan o‘zaro ta’siri glikozid bog‘larning uzilishiga va qisga
zanjirli sellodekstrinlarning ajralib chiqishiga, bu esa natijada tarmoqlangan glyukanlarning hosil bo‘lishiga olib kelishini
ko‘rsatgan [22]. Shunga qaramay, yuqoridagi eksperimental natijalar plazmaning oligosaxaridlarga ta’siri hagida cheklangan
tushunchalarni beradi va uning ta’sir qilish molekulyar mexanizmlarini tushuntirib bera olmaydi.

Shu nugtai nazardan, ushbu tadgiqot ishida SAP hosil gilgan RKAT bilan biofilmning asosiy tarkibiy gismlaridan
biri bo‘lgan oligosaxarid uchun tanlangan model tizim o‘zaro ta’siri o‘rganiladi. Xususan, reaktiv molekulyar dinamika (MD)
simulyatsiyalarini bajarish orqali RKATning sellotrioza molekulasi bilan o°zaro ta’siri mexanizmlari tadqiq etiladi.

Modellashtirish tafsilotlari. Plazmaning sellotriozaga ta’sirini yaxshiroq tushunish, ya’ni SAP hosil qilgan
RKATning sellotrioza bilan o°zaro ta’sir mexanizmlarini atomar darajada tadqiq etish uchun zichlik funksionali-mustahkam
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bog‘lanish (density functional based tight binding-DFTB) potensialidan [23] foydalangan holda reaktiv MD simulyatsiyalari
amalga oshirildi. DFTB approksimatsiyali zichlik funksionali nazariyasi (density functional theory-DFT) usuli bo‘lib, DFT
umumiy energiya ifodasini Teylor gatoriga yoyishga asoslangan. DFTB hisoblash jihatidan DFTga nisbatan ikki marta tez
[23], ammo ReaxFF-MD kabi Klassik reaktiv MD usullariga garaganda ancha sekin [24]. Birog, u tezlik va aniglikni
yo‘gotmasdan H o‘tish energiya to‘siglarini, proton yaqinlashuvini va H bog*lanish energiyasini aniq ifodalaydi [25]. Bundan
tashgari, u ReaxFF-MD aniq ifodalay olmaydigan rezonans strukturalarni to‘g‘ri tavsiflashi mumkin [26]. Ushbu tadgigot
ishida DFTBning kengaytirilgan va takomillashtirilgan DFTB3 versiyasidan hamda atomlar orasidagi o‘zaro ta’sirlarni
ifodalash uchun “30b-3-1” parametrlar to‘plamidan foydalanildi [25]. Ushbu parametrlar to‘plami DFTB3 uchun maxsus
ishlab chiqilgan bo‘lib, u organik molekulalar hamda bio-molekulalar uchun ishlatilishi mumkin [27,28].

Oligosaxarid uchun model tizim sifatida sellotrioza strukturasidan foydalanildi (1-rasm). Sellotrioza trisaxarid
strukturasi 1,4-B glikozid bog‘lari orgali bog‘langan uchta B-D-glyukoza monomerlaridan iborat. SAP hosil gilgan RKAT
(ya’ni, O, "OH, HO2', H202, Oz, ‘NO, ‘NO2, NO2 va NOs ) bilan sellotriozaning o‘zaro ta’sirida molekulada mavjud
bog‘larning barcha mumkin bo‘lgan uzilish va hosil bo‘lish jarayonlari batafsil o‘rganilishi hamda ba’zi (cheklangan)
statistik ma’lumotlarni olish uchun ko‘p sonli DFTB-MD simulyatsiyalari amalga oshirilishi kerak. Shu sababli ushbu
tadgiqot ishida, RKAT va sellotrioza trisaxaridi 0‘zaro ta’sirining mumkin bo‘lgan barcha reaksiya mexanizmlarini o‘rganish
uchun 100 ta DFTB-MD simulyatsiyalari amalga oshirildi. Shuni ta’kidlash kerakki, DFTB usulida tizimni suv gatlami bilan
modellashtirish juda uzoq hisoblash vagqtini talab qilganligi sababli, ushbu ishda sellotrioza molekulasining suv bilan
qoplangan qatlami hisobga olinmadi. Shunday bo‘lsa-da, ushbu ishdagi simulyatsiya natijalari sifat jihatidan eksperimental
natijalarga mos keldi (natijalar va ularning muhokamasi bo‘limiga garang), bu esa tadgiqgotlarda qo‘llanilgan yondashuv
(ya’ni, suv qatlamisiz sellotriozadan foydalanish) yetarlicha asoslanganligini ko ‘rsatadi.

1-halaa 2-halaa 2-halaa

1-rasm. Uchta p-D-glyukoza monomeridan, ya’ni uchta halgadan tashkil topgan sellotrioza molekulasining sxematik
ko ‘rinishi. C, O va H atomlari, mos ravishda, ko 'k, sariq va oq ranglarda ko ‘rsatilgan.

Sellotrioza molekulasi (66 ta atomdan iborat, 1-rasmga garang) o‘lchamlari 25 A x 25 A x 25 A bo‘lgan simulyatsiya
qutisiga joylashtirildi. Ushbu simulyatsiya qutisining o‘lchami model molekula atrofida bitta tasodifiy RKATni hosil gilish
uchun yetarlicha katta qilib olindi va uchchala yo‘nalish bo‘ylab davriy chegaraviy shartlar qo‘llanildi.

Dastlab, sellotrioza energiyasi birlashgan gradient usuli yordamida minimallashtirildi. So‘ngra, ushbu molekula 15 ps
vaqt davomida NVT (ya’ni, tizimdagi zarralar soni N, hajmi V va harorati T saqlanadigan) ansambl yordamida 300 K ga
gizdirildi. Bunda Berendsen termostatidan foydalanildi va ulanish davriyligi 0.1 ps qilib olindi [29]. Barcha MD
modellashtirishlarida vaqt gadami etib 0.5 fs tanlandi. Termolizatsiya gilingan sellotrioza atrofida molekuladan minimal 5 A
masofada bitta tasodifiy RKAT (masalan, bitta *OH) hosil gilindi. Ushbu masofa zarra va sellotrioza molekulasi orasidagi
dastlabki bog‘lanmagan o‘zaro ta’sirlarning (ya’ni, Kulon va Van der Vaals ta’sirlarning) oldini olish uchun tanlandi. Hosil
qilingan zarra va sellotrioza orasidagi o‘zaro ta’sir simulyatsiyalari har bir RKAT uchun 100 marta takrorlandi. Bunda har bir
simulyatsiya 30 ps (yani, 6 x 10* iteratsiya) davom etdi va ushbu vaqt strukturada kimyoviy bog‘lar uzilishi va
shakllanishini kuzatish uchun yetarli bo‘ldi. Barcha simulyatsiyalar DFTB+ paketidan foydalangan holda amalga oshirildi.

Natijalar va ularning muhokamasi. Ushbu tadqiqot ishida RKAT (ya’ni, O, *OH, HO2’, H202, O3, ‘NO, ‘NOz,
NO2 va NOs ) ning sellotrioza trisaxaridi bilan o‘zaro ta’sirini o‘rganish uchun reaktiv DFTB-MD simulyatsiyalari amalga
oshirildi. Bunda, asosan, sellotriozada sodir bo‘lgan kimyoviy bog‘larning hosil bo‘lish va uzilish jarayonlariga e’tibor
garatildi. Olingan natijalar shuni ko‘rsatdiki, simulyatsiya vaqti davrida HO2", H202, Oz, "NO, "NO2, NO2 va NO3 zarralar
sellotrioza molekulasida hech qanday kimyoviy bog* uzilishi yoki shakllanishiga olib kelmadi, ya’ni ular faqat zaif bo‘lgan
bog‘lanmagan o‘zaro ta’sirlarda gatnashishdi. Xususan, sellotrioza HO2", H202, NO2 va NOs zarralar bilan zaif
tortishuvchi (2-rasm), *NO va ‘NO2 zarralar bilan esa zaif itaruvchi o‘zaro ta’sirlarni hosil qildi. Ushbu zarralardan farqli
ravishda, Os molekulasi qaysi tomoni (ya’ni, qaysi kislorod atomi) bilan molekulaga yaqinlashishiga qarab ikkala (ya’ni,
ba’zan zaif tortishuvchi va ba’zan zaif itaruvchi) ta’sirni ko‘rsatdi. Bundan tashqari, O atomlari va *OH radikallarining
trisaxarid bilan o‘zaro ta’sirida bog‘larning uzilish va hosil bo‘lish jarayonlari kuzatildi. Qizig‘i, bu ikkila zarraning reaksiya
mexanizmlari juda o‘xshash, ya’ni ikkalasi ham sellotrioza molekulasidan H atomini ajratib olib, HO" radikalini (O atomi
holatida) yoki suv molekulasini ("OH radikali holatida) hosil giladi.
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2-rasm. H20: (a), HO2" (b), NOs~ (c) va NO27(d) zarralarning sellotrioza bilan zaif tortishuvchi o zaro ta’siri. Ushbu
zarralar kulrang aylanalar ichida ko 'rsatilgan.
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Boshgacha gilib aytganda, O atomi ikkita HO" radikali vazifasini bajaradi. Shu sababli, reaksiya mexanizmlari
bo‘yicha statistik natijalarni olish uchun keyingi reaktiv MD simulyatsiyalarida fagat O atomlarining o‘zaro ta’sir
mexanizmlari tadqiq etildi. Simulyatsiya natijalari shuni ko‘rsatdiki, barcha kimyoviy reaksiyalar sellotriozaning ma’lum bir
gismidan (masalan, gidroksimetil guruhidan) H-abstraktsiyasi bilan boshlanadi. Boshqgacha qilib aytganda, O atomi H (yoki
ba’zi hollarda ikkita H) atomini strukturadan ajratib oladi, bu esa keyingi dissotsiatsiyaga yoki ba’zi bog‘lanishlarning
shakllanishiga olib keladi.

O atomi bilan ko‘p kuzatiladigan reaksiya mexanizmlaridan biri 3-rasmda tasvirlangan. Bunda, O atomi 2- (o‘rta)
halgadagi gidroksimetil guruhidan H atomini ajratib oladi (3a-rasm) va natijada ikkita radikal, ya’ni C-O* va *OH hosil
bo‘ladi (3b-rasm). So‘ngra, bu ikkala radikal bir-biri bilan o‘zaro kimyoviy bog‘lanib, tizimda yangi gidroksil guruhini hosil
giladi (3c-rasm).

Sellotriozaning o‘rta halqasida hosil bo‘lgan OOH guruhiga e’tibor berilsa, uning barqaror bo‘lishligi shart emas,
ya’ni orqaga qaytish reaksiyasi ham sodir bo‘lishi mumkin; radikal molekulalar qayta tartibga solinib, keyingi qadamlarda
stabilroq radikal hosil bo‘lgunga qadar yo‘q qilinishi yoki parchalanishi mumkin.
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3-rasm. Sellotriozaning o ‘rta halgasi bilan O atomi o ‘zaro ta’siri reaksiya mexanizmi. Bunda, (a) O atom molekuladagi H
atomini ajratib oladi (qizil ko ‘rsatkich), (b) hosil bo ‘Igan *OH radikali C-O* bilan qayta bog ‘lanadi (yashil ko ‘rsatkich) va
natijada (c) molekulada yangi OH guruhi hosil bo ‘ladi (qizil aylana).

Bu ishda O atomlarining molekulaga ketma-ket ta’siri o‘rganilmaganligi sababli, keyingi reaksiyalar sodir bo‘lishi va
u orqali barqaror struktura hosil bo‘lishini kuzatishning imkoniyati yo‘q. Shunday bo‘lsa-da, ushbu “birinchi qadam”
reaksiyalari eksperiment yordamida kuzatish qiyin bo‘lgan reaksiya mexanizmlarining ilk bosqichlarini tushunishga yordam
beradi. Bu turdagi reaksiya mexanizmi (ya’ni, H-abstraktsiyasi va OH ning keyingi bog‘lanishi) sellotrioza molekulasining
boshqa gismlarida ham sodir bo‘lishi mumkin va bu MD simulyatsiyalarida eng ko‘p (ya’ni, umumiy simulyatsiyalarning
76%ida) kuzatilgan reaksiya mexanizmi bo‘ldi. Ko‘rinib turibdiki, bu reaksiya mexanizmi oxir-oqibat tizimga qo‘shimcha O
atomining qo‘shilishiga olib keladi (+16 Da), bu esa eksperimental natijalarga mos keldi [30]. Darhagigat, SAP bilan ishlov
berilgan sellotriozaning mass-spektrometriya natijalari molekulaga qo‘shimcha O atomlari qo‘shilganligini (ya’ni, OH
guruhlari hosil bo‘lishini) ko‘rsatgan [30]. Molekulaga qo‘shimcha O atomining qo‘shilishi SAP yordamida D-glyukoza
oksidlanishida ham kuzatilgan [19]. Natijalar plazma bilan ishlov berilgandan keyin D-glyukon kislotasi eng ko‘p uchrovchi
oksidlanish mahsuloti ekanligini ko‘rsatgan (ya’ni glyukoza + 16 Da) [19]. Shuni ta’kidlash joizki, ushbu tadqiqot
simulyatsiyalari eksperimentda kuzatilgan strukturada ikki yoki uchta qo‘shimcha O atomining qo‘shilishini tushuntirib
berolmaydi, chunki yuqorida ta’kidlanganidek, ushbu ishda O atomlarining sellotrioza molekulasiga ketma-ket ta’siri
o‘rganilmagan. Simulyatsiya natijalari boshqa reaksiya mexanizmlarini, ya’ni aldegid yoki efir yoki keton guruhlari hosil
bo‘lishini ham ko‘rsatdi; bunda O atomi tizimdan bir vaqtning o‘zida ikkita H atomini ajratib olib (ya’ni, sellotrioza - 2 Da),
suv molekulasiga aylanadi.

Ayrim reaksiya mexanizmlarida 2 ta H-abstraktsiya reaksiyasidan keyin strukturada qolgan radikal joyni ko‘rish
mumkin va bu radikal joy yangi O atomi bilan reaksiyaga kirishishi va shu orgali karbonat yoki karboksilat efiri guruhlarini
hosil gilishi mumkin. Bu esa, eksperimentda kuzatilgan + 14 Da strukturaning shakllanishiga olib keladi.

Simulyatsiyalarda kuzatilgan yana bir muhim ahamiyatga ega bo‘lgan reaksiya mexanizmi, ya’ni molekulada
glikozid bog‘ining dissotsiatsiyalanishi va natijada qo‘shimcha O atomli disaxarid hosil bo‘lishi mexanizmi 4-rasmda
keltirilgan.

4-rasm. O atomi ta’sirida 1- (chap) va 2- (o ‘rta) halqalar orasidagi glikozid bog ‘ining uzilish mexanizmi. (a) O
atomining 1-halqadan H-abstraktsiyasi (qizil ko ‘rsatkich) va OH qo ‘shilish (yashil ko ‘rsatkich) reaksiyalari, (b) 1- va 2-
halga rasidagi glikozid bog ‘ining uzilishi. Natijada, disaxarid + 16 Da (o ‘ngda) va kamroq massaga ega monosaxarid
(chapda) hosil bo ‘ladi.
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Rasmdan ko’rinadiki, dastlab kislorod atomi 1-halgadan H atomini ajratib olib, ‘OH radikalini hosil giladi. So‘ngra,
ushbu radikal 1- va 2- halqalar orasidagi glikozid bog‘dagi kislorod atomi bilan bog‘lanadi. Bu esa, natijada, ushbu glikozid
bog‘ining uzilishiga va monosaxaridda C=C juft bog‘ining hosil bo‘lishga olib keladi (4b-rasm). Umuman, ushbu reaksiya
natijasida kamroq massaga ega monosaxarid va disaxarid + 16 Da hosil bo‘ladi. Yuqorida ta’kidlanganidek, 2-halgada hosil
bo‘lgan OOH guruhining kimyoviy barqaror bo‘lishi shart emas va barqaror mahsulotlar hosil bo‘lishi uchun keyingi O atom
ta’siri reaksiyalari sodir bo‘lishi mumkin. Ushbu reaksiyaga o‘xshash reaksiya 2- (o‘rta) va 3- (o‘ng) halqalar orasida ham
sodir bo‘lishi va natijada, kamroq massaga ega disaxarid va monosaxarid + 16 Da hosil bo‘lishi mumkin. Shunday qilib,
ushbu tadqiqotda asosiy e’tibor SAP ta’sirida oksidlanishning ilk bosqichlarida hosil bo‘ladigan boshlang‘ich mahsulotlarga
qaratildi. Shunga garamay, ushbu tadqiqot natijalari eksperimental natijalarga to‘liq mos keldi [30].

Xulosalar. Ushbu DFTB-MD tadgiqot ishida SAP hosil gilgan RKATning sellotrioza oligosaxaridi bilan o‘zaro
ta’siri mexanizmlari atomar darajada tadqiq etildi. Olingan simulyatsiya natijalari shuni ko‘rsatdiki, sellotrioza HO2", H20,
NO2 va NOs zarralar bilan zaif tortishuvchi, "NO va "NO zarralar bilan esa zaif itaruvchi o‘zaro ta’sirlarni hosil gildi.
Ushbu zarralardan fargli ravishda, Os molekulasi qaysi tomoni (ya’ni, gaysi kislorod atomi) bilan molekulaga yaqinlashishiga
qarab ikkala (ya’ni, ba’zan zaif tortishuvchi va ba’zan zaif itaruvchi) ta’sirni ko‘rsatdi. Sellotriozaning O atomlari tomonidan
oksidlanishi natijasida esa molekulaga qo’shimcha O atomlari qo‘shilishi (ya’ni, gidroksil guruhlar hosil bo‘lishi), aldegid
yoki efir yoki keton guruhlari hosil bo‘lishi va glyukoza monomerlari orasidagi glikozid bog‘larining uzilishi kuzatildi.
Ushbu tadqiqot natijalari ekperimental natijalar bilan to‘liq mos keldi.

Umuman olganda, ushbu tadqiqot ishi oligosaxaridlar biofilmning asosiy tarkibiy qismlaridan biri bo‘lganligi sababli,
plazma orqali biofilmlarni yo‘q gilish mexanizmlarini atomar darajada tushunishga imkon beradi.

Tashakkurnoma. Ushbu tadgiqot ishi O‘zbekiston Respublikasi Innovatsion rivojlanish agentligi tomonidan
moliyalashtirilgan F-FA-2021-512 fundamental loyiha doirasida amalga oshirildi.
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KPUCTAJVIOOBPA3BOBAHUE B BAKTEPHAJIBHOM CYCIIEH3UU KAK CBSI3YIOLIUN ATEHT IIPU
MOBBIIEHNA MEXAHUYECKHUX CBOMCTB CTPOUTEJILHBIX OFBEKTOB
AHHOTanus

B craTbhe paccMaTpPHBAIOTCS MOBBILNICHHE MEXAaHUYECKUX CBOMCTB CTPOUTENHFHO-KOHCTPYKIIMOHHBIX OOBEKTOB MOCPEICTBOM
CMOCOOHOCTH MHKPOOPraHM3MOB K OOpa30BaHHMIO KPHCTAIa, MEXaHM3MOB HMX OCRXICHUsS M yBenWdeHHe Mo oObéMy B
IeMeHTHOM pacTBope. COrllacHO MPOBEACHHBIM HAayYHO-HCCIICAOBATEIbCKAM paboTaM, OETOH ¢ J00aBICHHEM KPUCTAILI
oOpasyromieid 6Momacchl JaéT HAWIYYIIMHA PE3yJbTaT MO CPABHECHHIO C TPAJUIHMOHHBIM METOIOM I[EMEHTHPOBAHMS.
YTBepkaaeTcs, YTO CIOCOOHOCTh OOpa30BaHMs KAaJbLUT KPUCTAIOB OaKTEpUATbHBIMH JOOABKAMH CTald OCHOBHBIMU
KJIFOUEBBIMH ar€HTaMH MPH MOBBIIICHUH OCTOHHOW MPOYHOCTH YCHUIIMBAs X CEHCMOCTOMKOCTS.

KuiroueBbie ci10Ba: KpuctaiuioodpazoBanue, OaKTepruaabHas CyCleH3 s, 0ETOH, TOBBIMICHHE IIPOYHOCTH, MUKPOOPTaHH3MBIL.

CRYSTAL FORMATION IN BACTERIAL SUSPENSION AS A BINDING AGENT FOR INCREASING THE
MECHANICAL PROPERTIES OF CONSTRUCTION OBJECTS
Annotation

In the article was discussed increasing of the mechanical properties of construction and structural objects through the ability
of microorganisms to form a crystal, the mechanisms of their deposition and an increase in volume in cement mortar.
According to the research carried out, concrete with the addition of crystal-forming biomass gives the best result compared to
the traditional method of cementing. It is claimed that the ability of calcite crystals to form bacterial additives have become
the main key agents in increasing concrete strength, enhancing their seismic resistance.

Key words: crystal formation, bacterial suspension, concrete, strength enhancement, microorganisms.

QURILISH OBYEKTLARINING MEXANIK XUSUSIYATLARINI OSHIRISH UCHUN BOG‘LOVCHI VOSITA
SIFATIDA BAKTERIAL SUSPENZIYADA KRISTALL HOSIL BO‘LISHI
Annotatsiya

Magqolada mikroorganizmlarning kristall hosil gilish qobiliyati orgali qurilish obyektlarning mexanik xususiyatlarining
ortishi, mikroorganizmlarning kristall hosil qilishi, kristallarning sement eritmasida targalish mexanizmlari ko‘rib chiqiladi.
Olib borilgan ilmiy-tadqiqot natijalariga ko‘ra, kristall hosil qiluvchi biomassa qo‘shilgan beton an’anaviy betonlash usuliga
qaraganda eng yaxshi natijani ko‘rsatdi. Bakterial qo‘shimchalar kalsit kristallarining hosil qilish qobiliyati beton
mustahkamligini oshirishda va seysmik bardoshliligini ta’minlashda asosiy omil sifatida xizmat qilganligi alohida ta’kidlab
o‘tildi.

Kalit so‘zlar: kristall hosil bo‘lishi, bakteriya suspenziyasi, beton, mustahkamlik, mikroorganizmlar.

BBenenue. B Mupe cymniecTByIOT pa3nuyHbIe BUABI MHKPOOPIaHM3MOB HAa4YMHAsl OT OAKTepHU 3aKaHYMBasi rPUOKOB.
IIpaBuiabHO BBIOpAHHBIN BUI MHKPOOpPraHW3Ma, IIPU COBEPLICHUH HEKOW IeNIH, MOXET OTKPBITh HEBEPOATHBIC OTKPBITUS B
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MHpE HayKd M HMHHOBAIMHM. ABTOPBI JAHHOW CTaTbU MPOBENH HAayYHO-HCCIENOBATENbCKHE PAOOTHI NPO MOBBIMIEHHUIO
MEXaHMYECKHX CBOICTB OeTOHa Ha cxxaTHe. B ceronHsAIIHMIA 1eHb OETOH ABIISETCS CaMbIM PAaCIPOCTPAHEHHBIM MaTepPHAIOM
Ha 3emuie ocie Bojpl [1]. Tak kak 6eToH HabUpaeT HEOOXOUMYIO POYHOCTH BO BpeMs mpoiiecca TBepacHus [2]. [Toatomy
OYEHB BaXKHO OINPEACISTH C BEICOKOI TOYHOCTHIO 3HAUSHUE MPOYHOCTH ATOTO MaTepHala Iepe]] HCIO0Ib30BaHHEeM U3/IeNHH B
CTpouTeNbCcTBE. [T MOBBIICHUS TPOYHOCTH CTPOUTENBHBIX OOBEKTOB, B MHpPE CYHIECTBYIOT Pa3INYHbIE TEXHOJOTHH H
BSDKyIIME T00aBKH, pa3pabaThIBaroNIAecs IIPOABUHYTHIME yIEHHBIMH U3 pa3HBIX OTpaciell HayKu U TeXHUKH [3].

JlutepatypHblii  0030p. IIpuMeHeHUs pa3HBIX HANOJHUTENCH B OTpacid CTPOUTEIbCTBA, a HMEHHO,
JKeTIe300€TOHHBIX U IIEMEHTOOETOHHBIX KOHCTPYKIIMSAX, SBISIOTCS OJHUM W3 IyTeH MOBBIIIEHUS €r0 (GH3MKO-MEXaHHIECKIX
XapaKTePUCTHK M HSKOHOMUYecKoW sddextuBHOCTH [4]. Pan Oaktepmii, KOTOpple MOXXHO OOHAPYXUTh B IOYBE, MECKE U
HPUPOJHBIX MHUHEpalaxX, oO0JIaJaloT CIIOCOOHOCTBIO BBIAEIATH KapOOHAT KajJblMsi KAaK B €CTECTBEHHBIX, TaK H B
7Ta00PAaTOPHBIX YCIOBHAX. ['MIPOJIM3 MOYEBHHBI C IOMOIIBIO (pepMeHTa ypeasbl SBISAETCS CaMbIM IIPOCTBIM M3 BCEX
MEXaHM3MOB OCaXJICHUsI BEIpabOTaHHOTO MUKpooprann3Mamu kainsnura (MICP) [5]. Hanbomnee momxoasmmM criocoooM ux
TIOTy4YeHUs SIBISIETCS THIPOJIN3 MOYEBHHBI, ITOCKOJBKY OH COIPOBOKAAETCS IOJUIETaYNBAHUEM OKpPY)KarolIeH Cpenpl.
Hcxons W3 3TOro MOXKHO CKa3aTh, YTO TakWe OaKTepHH NEHCTBYIOT KaK KaTajlM3aTOp PEaKIUW THAPOJIN3a MOYCBHHBI.
Takumn OakTepHsSIMH CUHTAIOTCS ypea30aKTHBHBIE Oaktepun. CrnocoOHOCTh PpACHICIUIATE MOYEBHHY IIHPOKO
pacmpocTpaHeHa cpean OakTepHii, OOMTAIOIKX B MIOYBaX M MOJ3EMHBIX cucTeMax [6].

VYcTaHOBICHO, YTO B BBICOKOLICTIOYHONH Cpele CHOCOOHBI BBDKHMBATH INTaMMbl Oaktepuii poaa Bacillus, xoTopsie
00BIYHO 00pa3yloT CIOPHI B BUJE MPHCIOCOONEHHBIX K OINpPEAENICHHBIM YCIOBUSIM KIETOK, BBIJEPKHBAIOIIMX BBICOKHE
HAaIpsHKEHUs, CIPOBOLUPOBAHHBIE MEXaHWYECKMMH M XHUMUYecKMMH (akropamu. Kpome TOro, 3Tu CHOpHI MpOSBISIOT
HHU3KYIO aKTUBHOCTH METa0OJIMYECKOro OOMEeHa M MMEIOT YPe3BBYaliHO JJIMTEIbHBIN JKU3HEHHBINH UK. VI3BECTHBI BHUAEL,
CIIOpPBI KOTOPBIX JKU3HECTIocoOHEI 10 200 e [7].

bakTepnanbHble MOBEPXHOCTH WIPAIOT OCHOBHYIO POJIb B OCaKAeHMH Kamblws. [Ipu HeiirpansHoM 3Hauenun pH
Onarosapsi HAJIMYMIO HECKOJBKUX OTPHIATENIBHO 3apsDKEHHBIX TPYII MOJOXKHUTEIBHO 3apsHKCHHBIE HOHBI METaUIOB MOTYT
MPUKPEIUIATECSI K TMOBEPXHOCTH OaKTEepHid, CIOCOOCTBYS T'€TEpPOTEHHOMY Ipolieccy 3aponsiiieodpazoBanus [8]. Kak
MpaBHJIO, KapOOHATHBIE OCAAKM pPa3BHUBAIOTCS HA BHEIIHEH MOBEPXHOCTH OaKTEPHUAIBHBIX KIETOK C IOCIEMYIOIINM
orcioeHueM [9], moaToMy GakTepHy MOTYT OBITH BCTPOSHBI B PACTYIIUE KPUCTAILIBI KapOOHaTa.

Takum 06pa3zoM, OONBIIMHCTBO MPEACTABIIONINX HHTEpPeC OaKTepHaIbHBIX areHTOB, MPENOI0KUTENBHO JODKHBI
OBITH adpOOHBIMH CHOpoOOpasyrommMu OakTepusiMu pona Bacillus. 3 panee omyOMMKOBaHHBIX JIUTEPATYpPHBIX ITaHHBIX
ClIeyeT, 4TO B KOCTHBIX MaTepHajax dalle BCEro MCHOJIB30BAIN yTHIM3UPYIOIINE MOUYEBHHY OaKTepuu BHJIOB S. pasteurii.
Hcxons m3 3TOro MOKHO cIenaTh BBIBOJ, YTO BBIOOP MHKPOOPIaHM3MOB HIPAET INEPBOCTEIIEHHYIO POJIb B ITOBBHIIICHUH
3¢ GEeKTHBHOCTH NPH BOCCTAHOBJICHUH TBEPIBIX MaTepraios [10].

Mertononorusi ucciaenoBanmii. lccnenoBaTenbCcKol TPYNHOM HMHCTHTYTa HOHHO-IUIA3MEHHBIX M JIA3epHBIX
TexHoJoruii mMmeHn Y.A.ApudoBa nmpu Akagemuu Hayk PecmyOnmmkm Y30eKkucTaH IUId HCCICIOBAaHHSA JaHHOH pabOoTHI
BbIOpaH Oaktepun pomoM S. pasteurii, S. ureae m B. thuringiensis. [locne BblmeneHust OGakTepuu W3 COOTBETCTBYIOLIMX
HUCTOYHHMKOB, a MMEHHO U3 IIEMCHTa M IIECKAa, BBINOJIHEH 3Tall BBIACIEHMS KyJIbTYpalbHBIX KIETOK HAa MHUTATEIbHBIC
arapu3oBaHHBIE Cpeabl. s 3TOro KyJIbTYphl BBIPAIIMBAIM Ha JKHUAKOM NHTAaTENbHOH Cpene, cocrosmed u3 8 1/1
MUTATENILHOTO OyiboHa (5 T/71 mentoHa u 3 /71 3kcTpakTa msca) mpu pH 7. B kaxayro nutatenbHyto cpeny nodasmsau 10 /a1
MnSO4-H20 s yeuseHus criopooOpa3oBaHusl BEIPAIMBAEeMBIX KyJIbTyp. Bee jKuiKie muTaTenbHbIe Cpeibl CTePUITH30BaIH
B aBroinaBe B TeueHue 20 muH npu 120 °C npu paenenun 1,0 atm. C uenvlo omnpeneneHus MEPCIEKTHBHOTO BHJIA
MHKPOOPTaHU3MOB HMEIOIINECS CIIOCOOHOCTh TNPOM3BOMUTH KPUCTAJUIBI KAJIBIIMTa OCYLIECTBIEHO CYCIICHIUPOBAaHUE
€CTECTBEHHBIX 00pa3oB OaKTepHAIBHBIX KIETOK B CTEpWIbHOM (Qu3mnonormueckoM pactBope (9 r/m NaCl). Ilpu stom
pacTBop OBUTO pa30aBIEHO COOTBETCTBYIOMIMM 00OPa30M M BBICESIHO Ha arap, COAepiKalluil 3 r/1 muTarensHoro OymnpoHa, 20
r/n moueBuHbl, 2,12 /1 NaHCO3, 10 r/m1 NH4Cl. Obpa3zoBanue kpuctauioB HaOmonanu Ha 7-if u 14-it nens. Ha puc.1

TIOKa3aH Pe3yabTaT 00pa30BaBIINXCS KPUCTAILIOB IIOCIE YIETYIHBaHUs (u3Honorudeckoro pacteopa (9 r/m1 NaCl).
P ¥

Puc.1 O6pa3oBaBinecs: KpHCTALIBI KAJbIUTA mocJe yaeryunBannn NaCl

B wurore 0b110 ompeneneHo, 9To SBHbIE KPUCTAILTBI ObUTH 0Opa3oBaHBl U3 KYJIBTYPAIBHBIX KIETOK OaKTepHH poja
Sporosarcina.

AHanIu3 M pe3yabTaTbl. ABTOPHI JOHHOW CTaThH U3MEPIIIN OCTOHHBIN COCTAaB TPaAUIHOHHOTO EMEHTUPOBAHUS H
CPaBHIIM C Pa3pyLIAIOIIMM METOJOM KOHTPOJISA, a UMEHHO Ha THAPABIMYECKOM Ipecce. Y CTaHOBJIEHO, YTO TPaJHLIMOHHBIH
CroCO0 IIEMEHTHPOBAHUS OCTOHHBIX M3/CIUIN BBIICPKUBAIOT 5 TOHH 620 KT MPU CKATHH HA THAPABIHYECKOM Tpecce, Mocie
4ero HaCTOAIIUE aBTOPbI MPUIIN K BBIBOAY YCOBEPIICHCTBOBAHUA NPOYHOCTH 66TOHH])IX H3}16J’lldl>’l 6e3Bpe}1HbIM H Malio
3aTpaTHBIM METOJOM. JJaHHBIM HarpaBlieHHEeM OB BEIOpaH OMONOTHYECKHI CITOCO0 YIPOUHEeHHs OETOHHBIX KOHCTPYKIHH, a
MMEHHO 0aKTEPHUOJIOTHYECKAM CITOCOOOM MOBBIIICHHUS Ka4eCcTBa IEMEHTHPOBAHMS.
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Suspension, ml
Puc.2 OTHOCHTe/ILHOE MeXaHHYecKoe MpeccoBaHne 0eTOHHBIX 00pa310B

KonmuecTBo &HM3HECTOCOOHBIX MHKPOOPTaHW3MOB OINpPEASISUIM IMyTeM IoceBa pa30aBIEHHONW B3BECH KIIETOK Ha
IUIACTHHY C MHUTATENBHBIM arapoM M Mo4eBHHOW. KommuecTBO TEpMOCTOHKHX CHOp PacCUMTHIBAIN ITyTEM II0CEBa IOCIE
HarpeBaHus pu 65 °C B Teuenue 15 u 45 muH. Ha ocHOBe TaHHEIX, YCTaHOBIIEHO, YTO OMOJIOTHMYECKUIT CIIOCOO MOBBIICHUS
[EMEHTHPOBAHMs OCTOHHBIX M3/CUi BEIIEepKUBatOT 8 TOHH 900 KT.

Takum o0pa3oMm, OBUIO ONpENENeHO, YTO W3 BCEX CEMEWCTB OaKTepHHM HMEHHO Sporosarcina BBIpakaeT CBOIO
CIocoOHOCTh BHIpabaTHIBAHMH OCaJKa KaJIBIMS KapOoHaTa ITyTeM SBHOTO INPOsIBIEHHs 00pa3oBaHUS KPHCTAUIOB. [laHHEIE
KPUCTAIITBl SBIISIOTCSl MOATBEP KIAIOIIUM areHTOM ISl MOBBIMICHUS MEXaHWYECKHX CBOICTB CTPOHMTEIBHBIX OOBEKTOB, a
UMEHHO OeToHa, 4To M 00yClIaBIMBAeTCs BBIACPKMBAHMEM CHIIBI Ha cxartue Ha 8§ ToHH 900 kr. B nmampHeirnem, MOXHO
paccMaTpuBaTh M ApPYrue BUABI OaKTEpUH, CIIOCOOHBIE 00pa30BaTh KPUCTAIUIBI KaJbLUTa C IOCICAYIOUIMM 0Opa30BaHHEM
ocaJika Kanblys KapOoHaTa ¢ LeNbI0 pa3paboTKy OaKTepHaTbHOH CYCIIEH3HH Ha CYIIECTBYIOIIUX TPEIIUH.

3akaiouenne u mpensiokenusi: Hoseifmmas pa3pa®oTka IO MOBBIIEHUIO IPOYHOCTH CTPOUTENBHBIX OOBEKTOB Ha
OCHOBE KPHCTAUIOOOpa3ylomuX OakTepuii, OE3yCIOBHO yBEIMYHT CPOK TOTHOCTH CTPOHUTENBHBIX OOBEKTOB.
IIpenotBpamarecst oOpa3oBaHME TpENIMH IyTeM IPHUMEHEHHs JaHHOH OaKTepHalbHOH CYCIIeH3WH IIPpH CTpPOHKe
(yHIaMeHTOB.
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Peyenzenm axaoemuxa AH PY3 I'. Mamaoonumosa

SENSITIVITY OF NIGHT FLYING INSECTS TO THE SPECTRUM OF LIGHT RAYS
Annotation

Nocturnal flying insects such as moths and beetles are very sensitive to artificial light sources. In recent years, the widespread
use of artificial lighting has led to an increase in light pollution, which has a detrimental effect on the behavior and survival
of these insects. One important aspect of light pollution is the spectrum of light emitted by artificial light sources. In this
review, we analyze the sensitivity of nocturnal flying insects to different wavelengths of light and how this affects their
behavior and ecology, as well as the preliminary results of our experiments.

Key words: Light, spectrum, insect, sensitivity, wavelength, ecology, navigation

YYBCTBUTEJBHOCTDb HOYHBIX JIETAIOIIIAX HACEKOMBIX K CIIEKTPY CBETOBBIX JIVUEN
AHHOTanus

Hounble neraromue HaCEKOMbIE, TAKHE KaK MOTBUIBKH U JKYKH, OYCHb UyBCTBUTEIBHBI K HCKYCCTBEHHBIM HCTOYHUKAM CBETA.
B nocnenaue rofpl MUAPOKOE UCTIOIb30BaHHE HCKYCCTBEHHOTO OCBEIICHHUS MIPUBEIIO K YBEIIMUCHHUIO CBETOBOTO 3arpsA3HCHUS,
YTO OKa3bIBacT MAaryOHOE BIMSHHUC HA TIOBEICHUE M BBDKMBAHUE 3TUX HACEKOMBIX. OJHUM M3 Ba)XKHBIX aCTIEKTOB CBETOBOTO
3arps3HCHHUS SBISICTCS CIIEKTP CBETa, U3JIy4aeMOr0 UCKYCCTBEHHBIMH HCTOYHUKAMHU CBETa. B 3TOM 0030pe MbI aHATH3HPYEM
YYBCTBUTEIIBHOCTh HOYHBIX JICTAIOIMX HACEKOMBIX K Pa3IMYHBIM [UTMHAM BOJIH CBETA U KaK 3TO BIMSCT HA MX IOBEICHHE U
9KOJIOTHIO, & TAKXKE MPEABAPUTENbHbBIC PE3yIbTAThI HAIIMX YKCIICPHMEHTOB.

KuaroueBbie ciioBa: CBeT, CIICKTpP, HACEKOMOE, TyBCTBUTEIBHOCTD, [UTMHA BOJIHBI, YKOJIOT WS, HABUTAIIU.

YORUG*‘LIK NURLARI SPEKTRIGA KECHA UCHADIGAN HASHAROTLARNING SEZGIRLIGI
Annotatsiya

Kuya va qo‘ng‘iz kabi tungi uchuvchi hasharotlar sun'iy yorug'lik manbalariga juda sezgir. So'nggi yillarda sun'iy
yoritishning keng qo'llanilishi yorug'likdan ifloslanishning kuchayishiga olib keldi, bu esa bu hasharotlarning hatti-harakati
va omon qolishiga salbiy ta'sir ko'rsatmoqda. Yorug'lik dan ifloslanishning muhim jihatlaridan biri bu sun'iy yorug'lik
manbalari tomonidan chigariladigan yorug'lik spektridir. Ushbu sharhda biz tungi uchuvchi hasharotlarning yorug'likning
turli to'lgin uzunliklariga nisbatan sezgirligini va bu ularning hatti-harakatlari va ekologiyasiga ganday ta'sir gilishini,
shuningdek, tajribalarimizdan olingan dastlabki natijalarni tahlil gilamiz.

Kalit so‘zlar: Yorug‘lik, spektr, hasharot, sezgirlik, to‘lqin uzunlik, ekologiya, navigatsiya.

BBenenne. Cper sBisieTcss pemialomiuM (akTOPOM BBDKHBAaHHMS M ITOBEACHHMS MHOTHUX JKHBBIX OPraHU3MOB.
PerynupyeT nuupkagHble pUTMBbI, pa3MHOXKEHHE U MUTPALIMIO )KUBOTHBIX. OIHAKO UCKYCCTBEHHBIH cBeT HOublo ( ALAN ) Bce
OouTbIIIe CTAHOBUTCS TII00ATBHBIM SIBICHHEM H BEI3BIBAET IIMPOKO PACIIPOCTPAHEHHBIE IKOJIOTUIECKHE TOoCTeACTBHA. OIHIM
3 HambOosiee 3HAUUTENBHBIX d(p¢dexkToB ALAN sBisieTcs ero Bo3JIeiCTBHE Ha HOYHBIX JIETAIOMIMX HACEKOMBIX. OTH
HAaCeKOMBIe, TAKHE KaK MOTBUIBKH, )KyKH ¥ MyXH, TIPUTATUBAIOTCSA K HCKYCCTBEHHOMY CBETY, KOTOPBIH 9acTO MPUBOAUT K UX
cMmepTH. UyBCTBHTETBHOCTh HOYHBIX JICTAIONINX HACEKOMBIX K CHEKTPY CBETOBBIX JIydeH SIBISIETCS KPUTHUECKUM (paKTOPOM
NPH OTIPEEICHUH UX IPUTSHKEHNST K HICTOYHMKAM CBeTa. B 3To# myOIMKaIiy Mbl pacCMOTPUM CYIIECTBYIOIIYIO JINTEPATYPY
10 YYBCTBUTEJIbHOCTU HOYHBIX JIETAIOLUINX HACEKOMBIX K CIIEKTPY CBETOBBIX queﬁ.

DKOJIOTHYECKHE BO3AEHCTBUS HCKYCCTBEHHOI'O CBeTa HOYbIO: DKonorumueckoe BosaeiictBue ALAN orpomHo u
pa3HooOpa3Ho. OH BIMsET Ha pa3iMYHbIE ACMEKThl (YHKIMOHMPOBAHHS JKOCHCTEM, BKJIIOYAs ITOBEJCHHE OPraHH3MOB,
CTPYKTYPY M COCTaB COOOIIECTB, a TAKXKE MOTOK SHEPIHHU uepe3 MUIeBblie ceTH. [3BecTHO, uTo ALAN Biusier Ha MoBeAeHHE
HOYHBIX JICTAIOIIMX HACEKOMBIX, TaKMX KaK WX KOpPMJIEHWE, ClIapuBaHWe W HaBHranus. Hampumep, mccienoBaHue van
Langevelde et al. ( 2011 ) oGHapy»wui, YTO CHEKTPaJbHBIH COCTaB MCKYCCTBEHHOTO CBETA BIHSET HA MPUTSHKCHHE MOJIH.
HccnenoBanue mokasano, 9To MOTBUIBKH ObLIH OoJiee NPHBIICUCHEI K HCTOYHHKAM CBeTa ¢ Ooyiee BBICOKON JONeH cHHEeH H
3eJIeHO JUTHH BOJIH, YeM K HCTOYHHKAM CBeTa ¢ OoJiee BBICOKOH Joneit KpacHOH U »KeInTol JuinH BoJH. [IpuBiedenne Mou K
UCTOYHHUKAM CBE€Ta BJHACT Ha OTHOLICHUA XWUIIHUK-KEPTBA B IKOCUCTEMaAX. XPILLIHPIKPI, KOTOPBIC NMUTAKOTCA HOYHBIMU
JIETAIOIIMMU HACEKOMBIMHU, TAKUMHU KaK JIETYYUE MBIIIN U IITULBI, MOI'YT UCHBITHIBATH CHH)KEHUE NOCTYITHOCTH ITUIIU U3-3a
COKpAILIEHUS] YHCIIa HACEKOMBIX.
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UyBCTBUTETBHOCTh HOYHBIX JIETAIOMIMX HACEKOMBIX K CIEKTPY CBETOBBIX Jydeil: UyBCTBUTENBHOCTh HOYHBIX
JIETAIOLIMX HACEKOMBIX K CIIEKTPY CBETOBBIX JIyUei SBJISETCS KPUTHUECKUM (haKTOPOM IPH ONPEASICHUN HX MPUTSHKCHHS K
UCTOYHHKaM cBeTa. CHeKTpalbHas 4YyBCTBHTENBHOCTb OpraHu3Ma ompezaeisercs (oTopelentopaMd B e€ro riaszax. Y
HACEKOMBIX (DOTOPENENTOPHl COCTOST M3 TPeX THIOB OMMATHAMH, KaXIbIii M3 KOTOPHIX COJEPXKUT CBOW BH3YaJbHBII
MUTMEHT, YyBCTBUTEIIBHBIM K ONPENICICHHOMY AUANa30Hy JUIMH BOJIH. UyBCTBUTEIBHOCTh HOYHBIX JICTAIOMIUX HACEKOMBIX K
pa3sHbIM JUIMHAM BOJIH CBETa BapbUPYETCS B 3aBUCUMOCTHU OT BUJA.

UyBCTBUTEIBHOCTD K KpacHOMY cBeTy: HouHble HacekoMble, KaK IIPaBUJIO, MEHEEC UyBCTBUTENIBHBI K KDACHOMY CBETY
M0 CPaBHEHHIO C APYTHMH JIMHAMHU BOJH CBETa. DTO CBA3AaHO C TEM, YTO OOJBIIMHCTBO HOYHBIX HACEKOMBIX HE MOTYT
BOCIIPUHUMATh KPACHBIIl CBET M3-3a OTCYTCTBHS B UX IJIa3aX 4yBCTBUTEIBHBIX K KpacHOMY Qoropenentopos. Tem He MeHee,
ObUI0 OOHApYKEHO, YTO HEKOTOPbIE BUJBI, TAKHE KAK MOTBUICK KallyCTHOTO IETJIM, NPHBICKAIOT KPAcHBIH CBET, YTO
MO3BOJISIET MPEANONIOKUTH, YTO OHU MOTYT 00J1a71aTh HEKOTOPBIMU YyBCTBUTENBHBIMU K KPACHOMY IIBETY (pOTOpELenTOpaMH.

UyBCTBHTEIBHOCTE K CHHEMY H ynbTpaduoieroBoMy cBery: Cuumid m ynprpaduoinerossiii cser ( UV ) odenn
MPUBIEKATENICH U1 MHOTUX HOYHBIX HACEKOMBIX. DTO CBSI3aHO C TEM, YTO 3TH JUIMHBI BOJIH CBETA AHAJIOTUYHBI AJTMHAM BOJIH
CBETa, M3JIy4yaeMoro JyHOH M 3Be3laMM, KOTOpPbIe HACEKOMBIE HCIIOIBb3YIOT AJs HAaBUralMu. MHOrHe BUABI MOJIH U XKYKOB
TIPUBJICKAIOT MCTOYHHKH CBETa, KOTOpBIE M3IydalOT CHHHH WM YJIBTPa(UONETOBBIH CBET, YTO MOXKET IOMENIaTh WX
HaBUTAIIUH U IPUBECTH K J€30PUCHTALHH.

YyBCTBUTEIBHOCTh K 3€JICHOMY CBeTY: BbUIO 0OHapy»KEHO, YTO 3€JeHBIl CBET OKa3bIBACT pPa3MYHOE BIUSHHE Ha
pa3nudHbIe BUABI HOUYHBIX HACEKOMBIX. BBUIO 0OHapy»KeHO, YTO HEKOTOPHIE BHJBI, TAKUE KaK IMEPLOBBIl MOTBUIEK, CHIBHO
NPHUBIEKAIOT 3eleHbld cBeT. OnHako ObUIO OOHApYKEHO, 4YTO JpYyrMe BHABI, TAKUE KaK ajJMasHas MOJIb, MEHee
YYBCTBUTEJIBHBI K 3€JICHOMY CBETY. UyBCTBHUTEIBHOCTH K JKEITOMY CBETY: BbUIO OOHapyXeHO, YTO KENTHI CBET OYEHb
[IpUBJIEKaTeNeH U1 HEKOTOPBIX BUIOB HOUHBIX HACEKOMBIX, TAKUX KaK MOTBUIEK KYKYpPY3HOI'O 4epBs. DTO CBSI3aHO C TEM,
YTO JKEJNTHI CBET IIOXOK Ha JUIMHBL BOJIH CBETa, M3JIydaeMOro I[BETaMM, KOTOpbIE HACEKOMble MCIOJIB3YIOT Ui
oOHapyXeHHsI HCTOUYHHKOB HekTapa. OfHako ObII0 0OHapyKEHO, YTO Jpyrue BUJBI, TAKHE KaK TaOa4yHbIA OypBIil MOTBLIEK,
MEHEE YyBCTBHUTENBHBI K JKEJITOMY CBETY.

BbiBoa. UyBCTBUTENBHOCTh HOYHBIX JIETAIOIIMX HACEKOMBIX K pa3sHbIM JUIMHAM BOJH CBETA SBIAETCS BAXKHBIM
(akTOpoM, KOTOpBIH ClemyeT YdYUTBIBATh MpH pa3paboTKe CHUCTEM HCKYCCTBEHHOTo ocBemeHus. CuHuil
yIbTPadHONETOBBIN CBET OYEHb NPHUBIEKATENBHBI JUII MHOTHX BHJOB HOYHBIX HACEKOMBIX, U UX HCIIOIb30BAHHE CIIETyeT
MHHUMU3UPOBATh WM M30eraTb B CHCTEMax Hapy)KHOTO ocBemeHus. KpacHbI cBeT, Kak IPaBUIIO, MEHEE MPHUBIEKATENICH
JUISL HOYHBIX HACEKOMBIX, XOTsl HEKOTOPBIE BUBI MOTYT OBITh IPHUBJICUYEHBI K HEMY. 3€JCHBIH W KENTHI CBET OKa3bIBAIOT
pa3IMYHOE BIMSIHUE HAa PA3JIMYHbIC BUIBI HOYHBIX HACEKOMBIX, M UX HCIOJIb30BAHNE JTOJDKHO OBITH TIIATEIBHO PACCMOTPEHO
B 3aBUCHUMOCTH OT ILIEJEBBIX BHJIOB U AKOJOTMYECKOTO KOHTEKCTa. B IeoM, yMEHbIICHHE HETaTUBHOIO BO3JEHCTBUS
CBETOBOTO 3arps3HEHNUs] Ha HOYHBIX JICTAIONIUX HACEKOMBIX IMOTpedyeT Ooliee IIIyOOKOTO IOHUMAaHHS UX YyBCTBHTEILHOCTH
K Pa3iIHYHBIM JUIMHAM BOJIH CBETa U pa3pabOTKH CHCTEM OCBEIIECHHS, KOTOPhIe MUHUMH3UPYIOT HapyIIEHHEe UX ITOBEACHNE
9KOJIOTHS.

OKkcrnepuMeHTaIHu 4YacTh. Hamm mccieqoBaHUsI HampaBleHbl Ha yCTPAHCHHE HOYHBIX BPEAUTENEH B CENBCKOM
X03s1iicTBEe. 3aBHCHMOCTh UYBCTBHUTEIBHOCTH HOYHBIX HACEKOMBIX OT CIIEKTpa CBETOBOTO M3IYyYCHHUsS IPOBEPSIIaCh
HECKOJBKUMH Croco0amMu ¢ TOMOILIbI0 pa3pabOTaHHOTO HaMM HpHOOpa B TMONEBBIX YCIOBUSX, B PE3yJIbTaTe Yero
CBETOUYBCTBUTEIBHOCTh HOUHBIX HACEKOMBIX pa3IM4aeTcsi B 3aBUCHUMOCTH OT CIIEKTpa CBETOBOIO WU3JIyueHHs. bBwuio
00Hapy»XeHO, YTO YyBCTBUTEIBHOCTD K JKE€JI TOMY CBETY BBIIIE, YeM K OeIoMy CBETY.
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INFLUENCE OF PLASMA ON DEFLECTION ANGLE BY A SCHWARZSCHILD BLACK HOLE IN PERFECT
FLUID DARK MATTER
Annotation
We have studied the influence of uniform and non-uniform distributed plasma on gravitational weak lensing around a black
hole in the presence of perfect fluid dark matter (PFDM). We have represented that the PFDM and plasma parameter has
opposite effect on the change of the value of the deflection angle of the light rays in a weak field regime.

Introduction. One of the first fundamental signatures of the general relativity(GR) since its discovery by Einstein in
1916 is the influence of the observables black hole shadow and gravitational lensing(in strong and weak field regime). The
effect is based on the light ray deflection near the gravitating object due to space-time curvature. The classical gravitational
lensing in general relativity has been described in reviews with detail [1]. At the same time it is important to consider the
photon motion(light rays) in curved space-time since it is relevant for further study of gravitational lensing. Moreover, the
plasma medium around compact object may interact with the electromagnetic wave and consequently influence on trajectory
of light rays. Particularly, in Refs. [2-11] scientists have studied the photon motion in different space-times metric and some
of them devoted to investigate the effect of plasma together with gravity on photon motion. In addition, one of the hot topic is
strong gravitational lensing in a vacuum; recently, the theoretical analysis of strong lensing is studied by several authors for
various space-time geometries in Refs. [12-14].

There is some evidence for the existence of dark matter or dark energy, and according to the standard cosmological
model [15] our Universe mainly contains 68% dark energy, about 27% dark matter and 5% baryonic matter [15]. Dark matter
is nonbaryonic matter. Consequently one may ask the question whether dark energy or dark matter affect the astrophysical
processes in the vicinity of compact objects. It is true that dark matter is invisible, so it is difficult to test it, but we can feel
the effect of dark matter or dark energy from observations. From this point on, dark matter is extremely important for
studying the properties of the physics of a black hole. It is well known that dark matter or dark energy also exists around a
black hole, so their contribution is always very important and interesting, when we study the motion of particles around a
black hole in the Universe. In the latest decay, a black hole surrounded by the quintessence of dark energy is examined in
more detail [16]. Further properties of the spacetime around the black hole surrounded by quintessence have been explored in
Refs. [17,18]. Alternative model for dark matter has been also proposed in [16] where quintessence scalar field is considered
as PFDM. The solution of black hole surrounded by PFDM contains the logarithmic term Ain(r/|A|) appearing in the metric
functions, corresponding to the nonvanishing contribution of dark matter through parameter A. Following the idea that dark
matter halo is formed by weakly interacting massive particles in Ref. [19], it has been derived a similar black hole solution
involving a logarithmic term. The properties of the spacetime around the black hole surrounded by PFDM have been
investigated in [20].

The main motivation of the study performed in this paper is to test the PFDM model for dark matter using the photon
motion around compact object in the presence of plasma medium. Observable properties of the light deflection angle due to
gravitational lensing may help to get constraints on model and theory describing the dark matter around compact object.
Consequently this will help us to explain the nature of the dark matter and the astrophysical processes related to the effects of
dark matter. Particularly, in this paper we have considered the photon motion around black hole surrounded by PFDM.
Performing the analysis of the effects of PFDM on light deflection we have found out that the presence of PFDM causes
decrease the light deflection. This may be interpreted as negative gravitational effect of PFDM on photons since PFDM is
surrounding the central object and photons. The gravitational effects on photons of PFDM and central object are opposite to
each other.

Weak lensing in the presence of plasma. The metric describing a static and spherically symmetric black hole
immersed in perfect fluid dark matter in Schwarzschild coordinates (¢, r, 8, ¢) is given by [19]

ds? = —f(r)dt? + f(r)~1dr? + r?dQ? D
With
—1 2M Al T )
f@r) = LT 2

where M is the mass of the black hole and parameter 2 is associated with the density and the pressure of dark matter [19]. We
will consider a weak-field regime approximation defined as shown below:

Gap = Nap + haﬁ 3
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where 74 is expression for the flat geometry and h,p is a perturbation of the flat spacetime geometry with the following
general properties [5]:
Nag = diag(=1,1,1,1),
hep €1, hep — 0 under xt— o0
g = —h®, hF =hg Q)
Here we study the effect of the plasma on the gravitational deflection angle in the presence of the PFDM in the
Schwarzschild spacetime geometry. Consider the basic expression for the deflection angle in the presence of a plasma

medium as [5,8]
1 hoow? — K N (x!
& = Ef <h33 oo — e 2D i )> dz, (5)
o .

W — w5
where N (x!) is the concentration of charged particles in plasma, » and w, are photon and plasma frequencies, respectively.
K, = 4me?/m, is constant value of plasma particle. On the other hand, one may rewrite Eq. (5) in the different form as [5]:

1 (*b(dhss 1 dhgo K, dN
ab:if_m;< dr +1—a)§/a)2 dr _wz—wezﬂ) dz. ®
The value @, can be both negative (towards from the compact object) and positive (away from the compact object). In the

weak field regime at large distances r from the compact object surrounded by PFDM the spacetime metric can be expressed
as

R, 1 r R, 1 r
ds? = ds? (—S——l —)dtz (—s——l —)dZ, 7
s SO+T ran +r Tn|l| r @)
where ds2 = —dt? + dr? + r?(d6? + sin? d¢p?) is the line element in the flat spacetime and we have used notation R, =
2M.
In order to calculate Eq. (6) one can rewrite the components h,g in Cartesian coordinates in the form
b= R /1[ r
00 — ( r r n |/1|)
R r
hye = (==~ 1n m)nznk
Ry A r )
hss = <7 - In m) cos<y, (8)

where new notation cos?y = z2/(b? + z2) and r? = b? + z? are introduced. One may easily calculate the derivative of hg,
and hz3 and get as

r
dh33 _ 3ZZRS _A_Zz_l_ 3)lzzln (lT)

dr 7,-4 T4' T4'
r
dhy 2 AT (@) B
dr = r? r? re’
Now one may decompose the expression for the deflection angle in the following form [8]:
0, =0 + 0, +03 (10)
With
1 J'°° bdhs;
=3 T dr Z

- _IJ’“’b 1 dhy)
%273 o’ \1—w2/w? dr “

& _lfooé __K dN dz (11)
372) o\ w2-wZadr ’

where the new designations @,, @, and @3 correspond to contribution of deflection angle due to gravity, homogeneous and
inhomogeneous plasma medium, respectively. Throughout the paper we will use Eq. (10) in order to study the effects of
plasma medium on the deflection angle.
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FIG. 1. The dependence of the deflection angle @,n; uni on the impact parameter for different values of perfect fluid dark
matter parameter A (left panel) and plasma medium (right panel).

A. Uniform plasma effect to the deflection angle

In this subsection, we will study the deflection angle in the presence of a uniform plasma medium using Eq. (10), which can
be rewritten as

Qyni = Quni1 + Quniz + Qunis (12)
where @, pi; and Gypi2 Can be interpreted as contribution to the deflection angle due to uniform plasma and @3 = 0 due to
the uniform distribution of plasma. Using Egs. (10), (9) and (12) one may easily obtain the deflection angle formula for
photons around compact object surrounded by uniform plasma and PFDM as

r 1
AN (w_>
A}

b b b b b |\w? — w?

(13)

Quni

Figure 1 shows the dependence of the deflection angle from the impact parameter of the photons for the different
values of PFDM and plasma parameters. Figure 2 represents the dependence of the deflection angle form plasma and dark
matter parameters for fixed values of impact parameter b. From Figs. 1 and 2 one may see that the deflection angle decreases
with the increase of the PFDM parameter. On the other hand, the presence of plasma medium increase the gravitational
deflection angle of photons. Note, that thg deflection angle strive to zero with an increase of the impact parameter b.

s, 2/
wiiu? =0.0

777777 2/u?=0.3

smsme= w05

2 wifw

FIG. 2. The dependence of the deflection angle &,,; on the perfect fluid dark matter parameter A (left panel) and
plasma medium (right panel) for the fixed value of impact parameter b = 3M.
B. Non-uniform plasma effect to the deflection angle

Now we explore the deflection angle of photons around compact object in the presence of nonuniform plasma and perfect
fluid dark matter. Here we use the singular isothermal sphere (SIS) medium for the nonuniform plasma distribution [5]. The
plasma concentration of SIS medium has the following form [5,8]

p()
and
0.2
P a9)
where g, is the dispersion velocity and p(r) is the plasma density. Now Eq. (10) can be decomposed as
Ogzs = Qgsis1 + Asisz + Asiss) (16)

where Qg5 and Gg;s, correspond to the contribution to the deflection angle due to pure gravity and plasma effects and Qg;s3
corresponds to the contribution due to gradient of the density of the plasma medium. Using Egs. (10), (9) and (16) one may
easily obtain the deflection angle of photons around Schwarzschild black hole surrounded by nonuniform plasma in presence
of PFDM in the following form:

1 1
o Aw?ln (ﬂ) R? w?R?  w?R? A 2An (ﬂ) + 2R, 17
Ogrs = ”bzwz nb2w2 2b2w2 b b b ) ( )

where we introduced new expression as
(IJZ — U‘llzKe

¢ 2km,R%
Figure 3 shows the influence of dark matter parameter and nonuniform plasma medium on the deflection angle of
photons around gravitation object. Figure 4 shows the dependence of the deflection angle on plasma and ark matter parameter
A for the fixed values of impact parameter and nonuniform plasma case. From Figs. 3 and 4 one may see that the deflection
angle is decreasing in the presence of PFDM parameter. Moreover, similarly to the case of uniform plasma case, due to the
effect of nonuniform plasma medium the deflection angle increases. Now we make comparison the deflection angle for the
photons around Schwarzschild black hole in the presence of perfect fluid dark matter for the cases uniform and nonuniform

(18)
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plasma medium. Figure 5 shows the difference of the deflection angle for the cases of uniform and nonuniform plasma
medium. From this dependence one may easily speculate that the deflection angle of photon beam around black hole
increases. From Fig. 5 one can easily compare both cases: the deflection angle is greater in a homogeneous case than an
inhomogeneous plasma medium for the fixed value of impact parameter. Moreover, one can also see that with an increase of
the PFDM parameter for uniform and nonuniform cases, the orbit of the photon comes closer to the central compact object.
The decrease of the deflection angle with the increase of PFDM parameter for the fixed values of impact parameter can be
interpreted as the negative effect of dark matter. Since the dark matter is distributed in the space around black hole the
gravitational effect of PFDM on light rays from the outside of the photon trajectory has opposite effect with respect to the
effect caused by central object. Thus gravity of the central object increases the deflection while PFDM causes to decrease the
deflection angle of light rays.

FIG. 3. The dependence of the deflection angle Gg;s on the impact parameter for the different values of PFDM
parameter A (left panel) and plasma medium (right panel).

FIG. 4. The dependence of the deflection angle @g;s on the perfect fluid dark matter parameter A (left panel) and
plasma medium (right panel) for the fixed value of impact parameter b = 3M

Conclusions. In the present paper, the influence of plasma on weak gravitational lensing has been studied for the
Schwarzschild black hole in the presence of perfect fluid dark matter(PFDM). Observable parameter such as the deflection
angle is important for the gravitational lensing in general relativity. We have explored two cases: uniform nonuniform
distributed plasma. Finally, the main results of the paper can be summarized as follows:

(i) The analysis showed that the deflection angle decreases with the increase of the PFDM parameter. At the same
time the presence of plasma medium increase the gravitational deflection angle of photons.

(if) We have obtained that the increase of parameter of nonuniform plasma medium causes the increase of deflection
angle.

(iif) The comparison of the deflection angle for the photons around black hole in the presence of perfect fluid dark
matter in the cases of uniform and non-uniform distributed plasma showed that the deflection angle is greater in a
homogeneous case with compare to one in inhomogeneous plasma medium.
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QUASI-STATIONARY MOTION IN A WEAK GRAVITATIONAL FIELD
Annotation
The stationary states of a particle in a weak gravitational field are considered in the linear approximation. The behavior of the
wave function of a particle changes with an increase in the orbital quantum number L.
Key words: Schrodinger equation, Schwarzschild metric, gravity.

KUCHSIZ TORTISHISH MAYDONIDAGI ZARRACHANING KVAZISTATSIONAR HARAKATI
Annotatsiya
Kuchsiz tortishish maydonidagi zarrachaning statsionar holatlari ko'rib chigiladi. Orbital kvant soni [ ortishi bilan
zarrachaning to'lgin funksiyasining harakati o'zgaradi.
Kalit so'zlar: Shryodinger tenglama, Schwarzschild metrikasi, gravitatsiya.

KBABUCTAIIMOHAPHOE JIBUKEHUE YACTUIIBI B CJIABOM I'PABUTAIIMOHHOM I10JIE
AHHOTaIHS
B nuneitHOM npuOIMKEHHN PACCMOTPEHBI CTAI[HOHAPHBIE COCTOSHUS YacTHIIBI B CTa0OM rpaBUTAMOHHOM mode. [TokasaHo,
YTO XapakTep MOBEJCHUs BOJHOBOW (YHKIMH YaCTHIBI MEHSETCS C yBEJIMYEHHUEM OpOHUTAIEHOTO KBAaHTOBOTO YHCa [.
Kiouessble ciioBa: Ypasuenue Ulpénunrepa, merpuka IBapuimmisaa, rpaBUTanus.

BBegenne. B pabGore [1] paccMOTpEeHO HECKOJBKO TMap HE3aBUCHMBIX pEIICHHH pagualbHOTO ypaBHEHHS
COOTBETCTBYIOILIETO MaccUBHOMY moiito KneitHa-I'opnona s mpocTpaHCTBeHHO-BpeMeHHON Merpuku IlIBaprmmibaa.
Dnu3onb] B pabote [1] UCOIB30BaT PEKYPPEHTHBIC COOTHOIICHUS M3 KOMIUICKCHBIX KO3((UITMEHTOB, KOTOPhIC BKIOYAIOT
OosibIIe TOPSAKH, YTOOBI IMONYYUTh NPHOMIDKEHHO pajuajibHbBle pemieHus. B pabore [2] Dam3onb] HCHONB30Ba
IBTEPHATHUBHOE paclIMpeHre B 00pe3aHHOH (opMe, YTOOBI MOTyUUTh PHOIMKEHHO MojHOE pemenne. CMaiit B pabote [3]
npumenmn npubmmkénabii Meton BKB mis ypasaenust Kieitna-I'opnona ¢ ucnosnszoBanueMm merpuku lIBaprmunsaa. B
pe3ynbTaTe OBUIO TMOKa3aHO, YTO ypaBHeHHe KireiiHa-I'opmoHa 3ammcaHHOE depe3 MPOCTPAaHCTBEHHO-BPEMEHHYIO METPHKY
HIBapmmnsaa mpenckassiBaeT oObMHOE cMmemneHne nepurenus. PoysH um CredeHcon [4] mpuMeHWIH pasieleHue
MEePEMEHHBIX M PACCMOTPENN aCUMIITOTHIECKHE PEIICHUs MOCNIe HATOKEHUS HEKOTOPHIX OTPAaHWYEHHH, ITOOBI YIPOCTUTH
ypaBHeHUs. CymiecTBYIOT paboThl CPOKYyCHpOBAaHHBIC Ha pemieHusX BOMM3M 4Y€pHBIX Aplp. Hampumep, B pabote [5]
paccMOTpeH BO3MOJKHBIM MEXaHHM3M BCIUIECKa TamMMa JIiydeil oT B3pbiBa Y€pHBIX IbIp. B pabote [6] Obu1O paccMOTpeHO
BIIMSIHUE TPABUTALIMOHHOTO TIOJISI HOPOXKIEHHOTO ¢ MOMOIIBIO 3apsDKEHHOI M Bpallaromieiicss 4€pHoH IBIPI Ha 3apsHKEHHOE
MacCHBHOE CKasipHOe mose. Jlanee, aBTOpBI PAacCMOTpeN H3IydeHHe XOKHMHra 3apsDKEHHBIX MACCHUBHBIX CKaISIPHBIX
vactuil. llens Hacrosmiedl paboThl paccMOTpeTb HPHOIMKEHHBIH XapakTep MOBEJICHUs BOJIHOBOH (YHKINH KBaHTOBO-
MEXaHIMYECKON JaCTHITHI B CITA00HM IPaBUTAI[IOHHOM IIOJIE.

IIpoctpancTBeHHO-BpeMeHHas MeTprKa LlIBapummisna nmeeT BUL

ds? = ggoc?dt? + gy1dr? — r?2d62—r?sin? 9 dg?, (@))
rae
goo=1-2, gy =—1 @
00 r’ 1-rg/r"’
2GM o
Tg = P — I'paBUTAallUOHHBIU paanycC, G — TpaBUTallUOHHAS NMMOCTOSHHAs, M — macca HEHTPAJILHOTIO TEJIa.

Jnst paccMOTpeHHs] KBaHTOBO-MEXaHMYECKUX COCTOSHHMN 4acTHIBl BOo BHemHeM mone U(r) BbiOepeM IMpocTyio
MOJIENb COCTOsITyI0 U3 ypaBHeHus llpénuarepa. Ypasuenue llpénunrepa B koBapHaHTHOH (hOpME MOXKHO 3aITHcaTh B BUIE
[71:

) n? L--( %y P
ih—=—=—-—gY (= .—F--—)+Ur =0 3
at am 9 \oxion Y axk )y ! ©)
rJIe M — Macca 4acTHilbl, i — nmocTosiHHas [lnanka, Fi’; — cumBoutel Kpuctoderns.

Hcrone3yst IPOCTPAHCTBEHHYIO YacTh MeTpHKH LIIBapIimimiibaa repenuiiemM ypaBuernue (3) B BUJE:
) 12 ( 102 rgoyp 2 9y, I1+1) )
ih—=—-———---=""+——=+—" U(r 4

at 2m \gy, 072 2r2 or + g1, OT + r2 ¥)+ UMY, @
rae - Op6I/ITaHBHOC KBAHTOBOEC YHCIIO.
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bynem uckath pemeHue ypaBHeHus (4), OCHOBBIBAACh HA METOJIE pa3JIeNieH s epeMeHHbIX. [IpeacTaBiss BOTHOBYIO
(YHKLHIO B BUZIE IPOU3BEACHUS PAIMAIIbHOI YacTH Ha YIIIOBYIO:

Y = (R, (r)Yim (6, ¢). (®)
U JIeNIsl ICXOAHOE ypaBHEHHE Ha (5), moTydaeMm:
ihdt _ R*[ 1 d°R Ty dR; 2  dR; l(l+1)] _
Tdt  2m [911Rl dr? 2r2R; dr  rgy,R; dr z |t U(T) =E

rae E — xoHcTaHTa pas3zieneHus.
31ech, MBI HAITHCAIN 3HAK MTOJHOH MPOM3BOIHOM 1O 7', OCKOJIBKY (QYHKIMS R; 3aBHCHT TOJBKO OT OHOI
TIEPEMEHHOH 7.

Pemenue mis T(t) = cl’zeiéE ' IpuBHAIBHO U MBI He GyeM ero paccMaTpuBarh naee. Hac 6y1yT HHTEpecoBaTh
CTallMOHAPHBIC COCTOSIHUS YACTHIIBL. HoaTOMy, MBI Oy/IeM pacCMaTpHBAaTh paualibHOC YPAaBHCHHUEC
2
Oy L R+ R E-UMIR =0, ()
YpaBuenue (6) TO3BOTUT npeucxa3an, XapaKTep MOBEICHUSI BOJTHOBO# (hyHKITMH BO BHemrHeM Tone U (7).
Ananu3. /|11 ananuza ypaBHeHHs (6) BeIOepeM pelieHue B ciaenyoomem Buze [8]:

\/_

R(r) =u(r). @)
Tloncramss, B MICXOHOE ypaBHEHHE, nony'mM

d?w _gudw Ty dw_ 1g1 191} Ty L(+1) _2m
T T gnar TG Tag it + L gl — S5 g — —2 g = o5 [E = U] giw.
®)

Buerninee none U(r) BeioepuM B Buje moist [lBapimmibeaa, kotopoe umeeT Bup [9]:

U(r)zmc2< 1—%’—1). 9)
IIpousBoaHBIE OT METPHYECKOTO TEH30PA (2) ecTh

T, 2r,
g =", 9 == (10)
(r-rg) (r-rg)

Jnst ynoGeTBa TabHEHIIMX BBIYMCIICHUH ITepeiinéM k 6e3pa3MepHBIM mepeMeHHBIM: { = 1/a, rae a — bopoBckuii paguyc,
{4 = 14/a — Ge3pasmepHblil rpaBUTALMOHHBIH paguyc, € = 2mkE a?/h? — 6espasmepHas sHeprud, @ = a/A, A = h/mc —
const.

CBs13b IPOM3BOJHBIX METPUYECKOTO TEH30PA g11 (1) ¢ MPOM3BOIHBIMA METPUUYECKOTO TeH30pa g1 ({) B HOBBIX
HepeMeHHBIX { OIpeersieTcs Kak

(g ) (911)
(G1)r = - v (Gi)er = :1—12“- (11)
B pesynbrare ypaBHeHHE (8) MOXKHO SaHI/IcaTB B Oe3pa3MepHOM BHJIC:
dzul (g dul Zg l(l + 1)

iy . _
T (0 KAy S CR (ST

2mEa? mca 4
_mt ”ul+2( )(,1—?"—1>ul, (12)

dzul {g dul (g l(l + 1)
- + —— u + u =
dg? _ %\ ¢ L\ _ %\
20:(1-%) 27 (1-%) (1~
_er;lb;a éul —“ngul. (13)

Paznoxum (13) B pan Teiinopa 10 2-ro mopsaKa MajOCTH:
dzul {g (g duy; {g qg I(1+1) (g
- —|1 ———(1+2 ——(1+=
d(2+2{2( +()d{ 2{3( + c) Wt T2 ( +(>ul

=—2¢(1+% o 14
= —at W= (14)
Coxpanss B (14) comrORKHUTEND () )10 1-ro mopsiAKa MaJOCTH MOIyIHUM
d?u;  Gg du;  1(1+1) [1(z+1) 1 a?  2¢
- u; — ——=+—=+—=|y = 2eu,;. 15

a7z 202 dg 7z M (g IS 20 + 7 + Ak " (15)

VYpasHenue (15) otHocuTes K Tuny 3a1ad llItypma-Jlnysusuia. Ha pucyske 1 mokazaHo noBeieHHE BOJHOBOMN
(YHKIIMY OCHOBHOTO COCTOAHIA B cnaboM rpaBUTaMOHHOM T0Jie. OHO HOCUT KOJIe0aTeIbHBIH XapaKTep.
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Puc. 1. [loBenenue BoHOBOH (QyHKITH OCHOBHOTO COCTOSIHUS YaCTHIIEI B CIIA00OM IrpaBHTalMOHHOM Toiie. [TapameTp a =
0.1 B3sT u3 paboret [10]. Iapamerpet ; = 0.005 u ¢y = 0.005 B3aTHI B3 paboTHI [8].
Ha pucynkax 2 u 3 nmoka3aHbI ITIOBEICHNS BOJHOBBIX (DYHKITHH BO30YKIEHHBIX COCTOSHHH B CI1a00OM I'PaBUTAI[HOHHOM IOJIE.

2000
1000
- [¢]
=
1000
2000
O 10 20 30 40 50

Puc. 2. IToBenenue BoIHOBOH (hyHKIMHU 1-T0 BO30YXKIEHHOTO COCTOSIHUS C OPOMTAILHEIM KBAaHTOBBIM UHciIoM | = 1.
OcTajbHbIe TapaMeTphl TaKKE Ke KaK U Ha pUCYHKe 1.

3. 107

o /\/\/\
S A VERVARY R

3 107
¢} 20 40 60 80

e}

up- -

Puc. 3. [ToBeneHue BOTHOBOM (PYHKIUHU 2-T0 BO30OYKAEHHOTO COCTOSHUS C OPOUTATBEHBIM KBAHTOBBIM YHCIIOM | = 2.
OcTajpHbIEe TApaMeTPHI TAKKE JKE KaK U Ha pUCYHKE 1.
Kak BugHO M3 rpad)MKOB aMILTUTYIbI KOJICOAHHI BOJHOBBIX (DYHKIMI C YBEIUYCHHEM OpPOUTAIBHOTO KBAHTOBOTO YHCIA [
Ha4YMHAKOT CHIBHO pacTu. [lanee, Npu cCOMHOXHUTENE (g MOKHO YCPEIHUTh ypaBHenue (15)
dzul {g 1 dul l(l + 1)

w2 T
4| @ -t @+ G rae(B+E)|u=0 (16)
M BOCIIOJIb30BaThCSI pe3ynLTaTaMH 3az[a!m 00 arome BO}IOpOZ[a
(>_n2,<>_( ) ()_W 8n=—ﬁ- )
Torna ypaBaenue (15) mpumet Bug
d?u, e du; l(1+1)
I R
1 gz L _1L =
g [( P R CTREV I (REVEE to (a n zg)] w =0. (18)
TouHoe pemenne ypasHenus (18) nmeer Bug
«
w(Q) = Cez T (- 3VaZ +4cQ), (19)

e

P R I(+1)

L+ Dn3’ ’

— 1 _ 1 + Af2_1_ 1
€= (1+3)ne 1@+ T 02 R .)
m =~V +4b.

Ha pucynke 4 moxasaH mpuOMIKEHHBIN XapakTep IMOBEICHHS BOJHOBOWH (PYHKIHH B IOJIE TSHKECTH MPU YCPEIHEHHH
ypasHenus (18) mpu comuHoxuTene (4. B naHHOM cnydae moBeneHHMe BOJHOBOH (DYHKIMHM MMEET Takke KojeOaTeNlbHbIH

XapakTep.
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Puc. 4. IIpnGmkEHHBINA XapaKkTep OBEISHHUS BOJTHOBOH (QYHKIMN corylacHO ypaBHero (18) B ctaboM TpaBUTAllnOHHOM
noJe.

u

(o}

3akJ/04enne. Bo-niepBrix, B TMHEHHOM MPUOIMKEHUN YHUCIICHHO TOJy4eHbI CTAl[HOHAPHBIE COCTOSHHS YacTHIBI B
c1aboM TpaBUTALMOHHOM MoOJie. BO-BTOPBIX, YHCICHHO OBUIO IIOKa3aHO, YTO XapaKTep IOBEACHUS BOJIHOBOW (YHKIHH
YaCTHIIBI MEHSCTCS C YBEIMIEHHEM OpOUTAIFHOTO KBAaHTOBOTO YHCIa L.
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O'zR FA Polimerlar kimyosi va fizikasi instituti katta ilmiy xodimi dotsent N. Ashurov tagrizi asosida

PHYSICAL BASIS OF FORMATION OF LAYERED NANO FIBERS MATERIALS AND COMPOSITE
COATINGS
Annotation
Using the electrospinning device, the optimal conditions for obtaining nanofibers from a 10% solution of Co-AN were
selected, according to which a 25 kV voltage was applied to the filler (&< 1 mm), i.e., the anode, installed in the solution
reservoir syringe, and such a voltage was under the cover, nanofibers were formed at a distance of 12-15 cm from the filter to
the screen (cathode).
The electrolysis process was carried out for 4-14 hours at | =2 mA, | =4 mA and | = 8 mA. At 4 mA and 8 mA, macroions
were restored on the surface of the electrodes, and their amount was 65-70% of the macroions in the solution.
Key words: electrospinning, electrolysis, composite coating, macroion, biopolymer.

OU3NYECKHUE OCHOBBI ®OPMUPOBAHMUS CJIOUCTbBIX HAHOBOJIOKOHHBIX MATEPHUAJIOB U
KOMIO3UIAOHHBIX IOKPBITUIA
AnHOTanuUst
C moMoImBI0 3NEKTPOCTIMHHUHT YCTPOiicTBa OBLIM MOAOOPaHBI ONTHMANBHBIE YCIOBHUS MONydYEHHsS HAaHOBOJIOKOH u3 10%
pactBopa Co-AN, cornmacHo KOTOpsIM K HarmonHuTelo (J< 1 M), T.e. aHOLY, OAaBaly HampspkeHne 25 kB, ycraHOBIeHHOE
B MINPHUIl C PE3epPByapoM ISl PacTBOpa, W TaKOe HampspKeHWe OBLIO IOJ] KPBIIKOW, HAaHOBOJIOKHA OOPa30OBBIBANNCH Ha
paccrosiaum 12-15 cM oT puibTpa 10 SKpaHa (Karona).
IIpouecc anexTposnza npooauwnd B TedeHue 4-14 qacos npu I =2 MA, I =4 MA u I = 8 MA. IIpu 4 MA u 8 MA MaKkpOHOHBI
BOCCTaHABJIMBAJIUCH HA IOBEPXHOCTH JIEKTPOJIOB, U UX KOJIMUYECTBO COCTABIUIO 65-70% MakpOHOHOB B pacTBOpE.
KuroueBsbie ci10Ba: 3J€KTPOCIMHHKHT, JJIEKTPOJIH3, KOMIIO3UIIMOHHOE MTOKPHITHE, MAKPOHOH, OHOTIOINMED.

QATLAMLI NANOTOLALI MATERIALLAR VA KOMPOZIT QOPLAMALAR SHAKLLANTIRISHNING
FIZIK ASOSLARI
Annotatsiya

Elektrospinning qurilmasi yordamida, Co-AN ning 10 % li eritmasidan nanotola olish uchun optimal sharoit tanlandi, unga
binoan eritma solinadigan rezirvuar shpritsga o‘rnatilgan fileraga (< 1 mm), ya’ni anodga 25 kV doimiy kuchlanish berildi
va bunday kuchlanish ta’siri ostida feleradan ekran (katod) gacha bolgan 12-15 sm masofada nanotolalar shakllantirish
amalga oshirildi.

Elektroliz jarayoni tok kuchining | =2 mA, | =4 mA va | = 8 mA bo‘lganda 4-14 soat davomida olib borildi. Tok kuchining
4 mA va 8 mA bo‘lganda elektrodlar sirtida makroionlar tiklanganligi va ular migdori eritmadagi makroionlarning 65-70 %
ni tashkil etgan.

Kalit so’zlar: elektrospinning, elektroliz, kompozit goplama, makroion, biopolimer.

Kirish. Hozirgi kunda zamonaviy materialshunoslik fizikasi va nanofizika sohasida olib borilayotgan ilmiy-
tadqiqotlar yangi, noyob va maxsus fizik xossali materiallar yaratishga yo’naltirilgandir. Bunday ilmiy izlanishlar qatoriga
fizik jarayonlarni amalga oshirishiga asoslangan elektrospinning usulida polimer eritmalardan nanotolalar va nanotolali
materiallar shakllantirish ham kiradi.

Bundan tashqari ionogen polimerlar asosida ma’lum maqgsadlarga mo‘ljallangan, jumladan, sirt faol qoplamalar
olinishi dolzarb vazifalardan bo‘lib, uning yechimiga makroionlar va ionlarni elektr maydon ta’sirida elektrodlarga siljishi va
turli shaklli metallar yuzasida tiklanishini chuqurlashtirilgan tarzda tadgigot gilgan holda erishish mumkin.

Polimerlarning elektrokimyoviy tiklanishini amalga oshirish uchun ularning polielektrolit eritmalarini tayyorlash
hamda elektr maydoni ta’sirida ionogen makromolekulalarini ulkan makroionlar sifatida siljish imkoniyatlarini o‘rganishni
tagazo etadi. lonogen biopolimerlar, jumladan, xitozan va fibroinni makroionlar sifatida elektr maydoni ta’sirida eritmalarda
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siljishi va elektrokimyoviy tiklanishi hamda uning asosida mikro- va nanogoplamalar shakllantirish imkoniyatlari paydo
bo‘ladi.

Mavzuga oid adabiyotlar tahlili. Nanotola noyob xususiyatlari innovatsion strategiyalarni taklif giladi va bargaror
energiya ishlab chigarish va biotibbiyotga ijodiy yechimlar uchun imkoniyatlar, sog'ligni saglash va ekologik muammolarni
hal etishda asosiy omillardan deb hisoblashga ilmiy asoslar mavjud [1]. Elektrospinning texnologiyasi yuqori quvvatli
kompozit materiallar, elektron qurilmalar ishlab chigarish, dori vositalarini etkazib berish, ozig-ovgat mahsulotlarini
gadoglash, membranani filtrlash kabi sohalar uchun keng assortimentdagi nano o'lchamdagi tolalarni tayyorlashda keng
go'llaniladi[2].

Elektrospinning soddaligi, arzonligi, ommaviy ishlab chigarish potentsiali va nanotolalar tarkibini, diametrini nazorat
gilish imkoniyati tufayli eng ko'p qo'llaniladigan usuldir[3].

Nanomateriallarning xalgaro migyosda gabul gilingan yagona ta'rifi mavjud emas. Hagigatan ham, ular ko'pincha
nanozarrachalar (NZ), nanotrubkalar, nanotolalar, nanosimlar yoki nanorodlar sifatida yaratilgan[4].

Nanotolalar tabiatiga ko'ra tasniflanadi (tabiiy va sun'iy nantolalari), tarkibi (organik, noorganik, uglerod va kompozit
nanotolalar), tuzilishi (gattig, g'ovakli, g'ovak bo'lmagan,

SO\

/ oy Z
1-rasm. Turli xil nanotolalar morfologiyalari.

Tabiiy polimerlar, masalan, kollagen [7,8], elastin [9] va xitozan [10] aynigsa, yaralarni yopish tibbiyot sohasida
samarali hisoblanadi. Ular tabiatan biologik faol hisoblanib tabiiy mexanizmlar orgali gayta tuzilishi va buzilishi mumkin.
Ular ham mumkin o'ziga xos gemostatik va mikroblarga garshi faollikni namoyon giladi, natijada yara bitishini tezlashtiradi
[11].

Kang D. G., J. Spitzer, va B Poolman o‘zlarining ilmiy ishlarida polielektrolitlarga tashqi kuchlar, jumladan, mexanik
yoki elektr kuchlanishlar ta’sir etganda, gradiyentli maydon [12] lar vujudga keladi va bu maydonlarning kuch chiziglari
bo‘ylab makroionlar siljishi [13] keltirib o‘tganlar. Wang T., Xu C. va boshga olimlar bunday maydonlar, masalan, mexanik
bosim ostida kapillyardan suyuglik ogganda, suyuglikni rotor yordamida bargaror laminar oqim [14] hosil etib
aylantirilganda yoki elektroforez va elektroliz jarayonlarida ionlar va makroionlar [15] ni qutblar (elektrodlar) tomon
siljishida kuzatilishini o‘rgangan.

Tadgiqot metodologiyasi. Nanotolalar shakllantirishda eng zamonaviy usullardan biri elektrospining bo‘lib, bu
usulning prinsipial asosi aslida 1934 yilda tavsiya etilgan. Unda eritma oqimi bo‘ylab yuqori kuchlanishli doimiy elektr
maydoni ta’sir ettirilganda, erituvchini bug‘lanishi hamda polimer molekulalalari bir-biriga orientatsion birikib 10 — 30 sm
masofada tolalar shakllanishi kuzatilgan (2-rasm). Buning uchun yaqgin maydonli elektrospining (near-field electrospinning
process) qo‘llanilgan va uning samaradorligi hozirda jadal rivojlanayotgan polimer nanotolalar olishning yangi davri boshlab
bergan [16].

)

nasos— | [I
l\ | e shprits

Yugqori St
Kuchlanish |« polimer
ta'minoti . l/

Teylor konusi

¥
T~ suyuqlik oqimi

2-rasm. Elektrospinning jarayonining prinsipial chizmasi

Kollektor

Elektr maydonida fileradan chiqayotgan polimer suyuq fazali oqimdan erituvchining bug‘lanishi va
makromolekulalarning orientatsion eshilgan holda nanotolalar bo‘lib shakllanib ekranga borib tushadi.

Biopolimerlar asosida sirtda kompozit qoplama hosil qilishda elektroliz usuli juda samarali hisoblanadi.
Tadgiqodning asosiy masalasi ionlar elektrolizi usuli vositasida metall sirtida kompozit biofaol moddalar asosida qoplamalar
yaratishning fizik asoslarini va ular uchun biofaol moddalarni aniglashdan iboratdir.

Biopolimer kompozit qoplamalar shakllantirishda fosfat, kalsiy, mis, oltin, nikel ionlari, hamda xitozan, fibroin va
shu kabi biofaol polimerlar — makroionlar shunday moddalar bo‘lishi mumkin ekanligiga ilmiy asoslar mavjud. Bunda asosiy
masala berilgan moddalar asosida qoplamalar hosil gilish uchun elektroliz parametrlarini aniglashdir. Elektrolizning metall
elektrodga beriladigan (0,1 — 10 mA) doimiy tok diapazoni, temperatura diapazoni (30 — 70 °C), tanlangan biologik faol
moddalar eritmalari va aralashmalari konsentratsiyalari (0,1 — 10 %), elektroliz o‘tkazish vaqti (1 - 20 soat) kabi asosiy
parametrlari namoyon etiladi.

Tahlil va natijalar. Elektrospinning. Mahalliy polimer xom-ashyolar asosida nanotolali noto‘qima materiallar
yaratishning texnologiyalarini amalga oshirish bo‘yicha ilmiy-tadgiqotlar olib borilmoqda. Ushbu tadgiqotlar hozirda yuqori
texnologik yondoshishga asoslangan elektrospinning uskunasini yordamida olib borilgan (3-rasm).
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3-rasm. Elektrospinning qurilmasi

Ushbu elektrospinning qurilmasi yordamida, Co-AN ning 10 % li eritmasidan nanotola olish uchun optimal sharoit
tanlandi, unga binoan eritma solinadigan rezirvuar shpritsga o‘rnatilgan fileraga (< 1 mm), ya’ni anodga 25 kV doimiy
kuchlanish berildi va bunday kuchlanish ta’siri ostida feleradan ekran (katod) gacha bo‘lgan 12-15 sm masofada nanotolalar
shakllantirish amalga oshirildi. 4-rasmda elektrospinning usulida shakllantirilgan Co-AN nanotolalarining nanoto‘qima
materialdagi strukturaviy joylashishining tasviri keltirilgan.

Bunda tolalar o‘lchami 50 - 200 nm atrofida bo‘lib, ular orasidagi g‘ovaklar hosil bo‘lgan. Ushbu g‘ovaklar
o‘lchamlari 20 nm dan to 300 nm gacha bo‘lishi kuzatilgan.

nanotola

a) b)
4-rasm. Nanotola shakllantirishning elektrospinning jarayoni fotosurati (a) Co-AN nanotolalarini noto‘qima material
sifatidagi fotografiyasi (b) va SEM tasviri aylanuvchi tsilindrda olingan nanotolalar (c).

Tadqiqotlar, nanotolalar o‘lchamlari va ularni noto‘qima materiallarda ma’lum bir tartibda joylashishi va aniq bir
o‘lchamlarda nanog‘ovaklar hosil qilib shakllantirish imkoniyatlari mavjudligi ko‘rsatdi.

Elektroliz. Sirtiga qum qog‘ozlar ishlov berish orqali mikroo‘lchamli chuqurchalar hosil gilingan metall plastinkalar,
shuningdek, turli geometrik shaklga ega metall shtirlar, ayniqgsa, texnikada butlovchi gismlarida qo‘llanadigan rez’bali
“shtirlar” tiklanish elektrodi sifatida qo‘llangan.

Qurilma elektroliz yacheykasida tiklanish (E1) elektrodi sifatida 1x5x0,1 sm? o‘lchamli titan plastinka va temir shtir
hamda oksidlanish elektrodi sifatida grafit (Ez2) sterjen (& 0,5 sm) ishlatilgan. Fibroin (biopolimeri tanlab olingan)
makroionlarini metall ionlar singari elektrod sirtida elektrokimyoviy tiklanishi Faradey gqonuniga (m = kit) binoan quyida 5-
rasmda fotosurati keltirilgan elektroliz qurilmasida tadgiqot gilingan.

Elektroliz jarayoni tok kuchining I = 2 mA, | = 4 mA va | = 8 mA bo‘lganda 4-14 soat davomida olib borildi.
Elektroliz vaqti tugagach elektr maydoni ta’sirida elektrodlarga yetib kelgan va tiklanmagan makroionlarni qayta erib ketishi
uchun elektrodlar yacheykada yana 2 soat davomida ushlab turildi. So‘ng elektrodlar yacheykadan olinib, xona haroratida
quritildi hamda elektrolizdan oldingi (m1) va keyingi (mz2) massalari analitik tarozida #0,0001 g aniqlikda o‘lchanib, ular
orasidagi farglar Am = m2 - ma topildi.

Makroionlar va ionlarni birgalikda elektrokimyoviy tiklanishi 6.a,b,c - rasmda keltirilgan ZEISS SIGMA SEM 500
elektron mikroskopik tadgiqotlari natijalari keltirilgan.

oksidlanish elektrodi tiklanish elektrodi

Es-Elektrolit

5-rasm. Elektroliz qurilmasi sxematik ko’rinishi.

Tavsirda 3 ta tavsifli soha AZtec dasturi vositasida spektral tahlil gilingan va ularni mos ravishda titan plastika
(spektr 12), hamda FB va tuz ionlarining Cas(PO4)2 (uchkalsiyfosfat) aralashmasiga (spektr 66) tegishli ekanligi aniglangan.
Ushbu spektrlar 6 a,b,c-rasmda nisbiy impuls quvvatining (imp/sek/ev) berilgan quvvat (eV)ga bog‘liglik spektrlari
ko‘rinishida tavsirlangan. Shuningdek, temir plastinka sirtida (16 spektr) 1,7% Ca ni aniqlanishi, ushbu ionni elektroliz
paytida makroionlarga nishatan oldinroq titan sirtiga yetib kelib elektrokimyoviy tiklanganligidan dalolat beradi.
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a)
6-rasm. Turli sirtlarda polimer kompozit qoplamalar tiklanishining SEM tasvirlari va spectral tahlili.

(kalsiy), 0.3-0.4% P (fosfor), 53% Ti (titan) va 47 % Fe (temir) ekanligi ko‘rsatdi. Bu natija kompozit qoplamaning
ushbu gismida asosan Cas(PQa). tiklanganligidan dalolat beradi.

Tok kuchining 4 mA va 8 mA bo‘lganda elektrodlar sirtida makroionlar tiklanganligi va ular migdori eritmadagi
makroionlarning 65-70 % ni tashkil etgan. Ushbu tasvirlar makroionlarning elektrod sirtida tiklanishi, ya’ni titan, temir
plastinka va shtirlar sirtida elektron almashish natijasida birikib, neytrallashib kompozit qoplama hosil gilganligidan dalolat
beradi.

Xulosa va takliflar. Xulosa gilib, mahalliy akrilonitril sopolimeri DMFA dagi eritmasi asosida maxsus zamonaviy
elektrospinning qurilmasida galinligi 50-200 nm nanotolalar va galinligi 50 nm — 500 mkm gacha bo’lgan qgatlamli nanotolali
noto’qima materiallar shakllantirilgan hamda ularning asosiy fizik tavsiflari, jumladan, nanog’ovaklarining o’chami 10-20
nm atrofida bo’lishi aniglangan.

Elektroliz usulida polimer makroionlarining metall sirtlarda tiklanishi hamda ular asosida makroionlar va ularning tuz
ionlari bilan birgalikda elektrokimyoviy tiklanish jarayonini samarali amalga oshirish bo‘yicha tadqiqotlar bajarilgan va
optimal sharoitlar aniglangan va elektroliz qurilmasida biopolimer konsentratsiyasi 0,04 — 0,5 g/dl diapazonda, tok kuchini 2
— 8 mA intervalida va elektroliz vagtini 4 — 14 soat oralig‘ida amalga oshirgan holda kompozit qoplamalar shakllantirish
imkoniyatlari ko‘rsatib berilgan.
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QO‘SHALOQ GALAKTIYALARNING JAMLANMA KATALOGI HAQIDA VA ULARNING STATISTIK
TAHLILI
Annotation
Bu ishda qo‘shaloq galaktikalarning mavjud kataloglari va zamonaviy kuzatuv ma’lumotlarini o‘rganish asosida 613 ta juft
ob’yektdan iborat jamlanma katalog yaratildi. Statistik tahlil o‘tkazildi: juftliklar orasidagi burchak va chiziqli masofalar
hisoblab chigildi, galaktikalarning umumiy va individual massalari hisoblandi, gistogrammalar chizilad va korrelyatsiya
koeffitsientlari hisoblab chiqildi.
Kalit so‘zlar: qo‘shaloq galaktikalar kataloglari, statistik tahlil.

O CBOJHOM KATAJIOI'E IBOMHBIX T'AJIAKTUK U UX CTATUCTUYECKOM AHAJIM3E
AnHOTanuUst
B naHHO#H paboTe Ha OCHOBE M3YYCHHS CYIICCTBYIOIIMX JO HACTOSAIIETO BPEMEHH KaTalOrOB JBOWHBIX TaJaKTUK M
COBpPEMEHHBIX HaOIIOAATeNbHBIX ITAaHHBIX CO3[JaH MX CBOIHBIM KaTajor, cocTosmuil m3 613 map oOwvexToB. [IpoBemen
CTaTHCTUYECKHUI aHAJIM3: BEIYHMCIICHBI YIJIOBBIC U JIMHEHHBIC PAaCCTOSHUE MEXIY ITapaMH, OLIEHEHBI CyMMapHas ¥ OTIebHbIC
Macchl rajJJakTHK, IIOCTPOEHBI THCTOTPAaMMBI, BEIYUCIICHB! KOPPEISIIIMOHHBIE KO (UIMEHTHI.
KuiioueBbie ci10Ba: KaTaJory ABOWHBIX aJaKTHK, CTATUCTHYECKUIT aHAIU3.

ABOUT THE CONSOLIDATED CATALOG OF BINARY GALAXIES AND THEIR STATISTICAL ANALYSIS
Annotation
In this work, based on the study of existing catalogs of binary galaxies and modern observational data, a consolidated catalog
consisting of 613 pairs of objects was created. A statistical analysis was carried out: angular and linear distances between
pairs were calculated, the total and individual masses of galaxies were estimated, histograms were constructed, correlation
coefficients were calculated.
Keywords: catalogs of binary galaxies, statistical analysis.

Introduction. It’s not hard to understand that if two objects occupy a mutually close distance to each other in the sky,
it doesn’t always mean they form a binary system. They can be quite far apart and not gravitationally connected to each
other.

In binary galaxies, the proper motions of the components are so small that they are difficult to determine even after
many years of observation. This is where difficulties arise in determining whether it is an optical or physical double.
Therefore, a statistical method of selecting binary stars is used to determine binary galaxies. One has to rely on a certain
criterion, the fulfillment of which makes the physicality of a binary galaxy quite likely. However, it is difficult to find a
generally accepted formulation of the definition of binary galaxies in modern literature.

In astrophysics, the birth, life, and evolution of binary stars have been studied in detail and their theory has been
developed. However, the physics of binary galaxies has not been resolved to this day. For example, the following questions
remain open:

1.How are binary galaxies born?

2.What types of binary galaxies exist?

3.What is the distribution of these types of galaxies by distance and physical parameters?

4.Do binary galaxies influence the development process of large systems, for example, clusters and superclusters of
galaxies as a whole?

5.1t is clear that due to tidal forces and dynamic friction, star formation in close binary systems and evolution there
occur more intensively than in single galaxies, but this question is not fully studied.

6. Do pairs of galaxies have a common origin or is it a result of mutual capture?

7.0ne of the main tasks of extragalactic astronomy - determining the mass of components by rotation curves or by
the virial theorem (which is directly related to the problem of dark matter) is still waiting for its solution and others.

To date, some of these problems have been studied by a number of authors and catalogs and atlases of binary galaxies
have been compiled. For example, the catalogs of Holmberg, Zwicky, Karachentsev, Turner, 1976, Tully, etc. [1-7]. In
addition to these catalogs, there are atlases and catalogs of Arp and VVorontsov-Velyaminov, where you can also find binary
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galaxies [8, 9]. The aforementioned catalogs differ from each other in the number of objects, the physical and geometric
quantities of pairs, and overall their approach to the problem and purpose. Our tasks in this work are:

e conducting a review and studying the existing catalogs and atlases of binary systems to date;

e bhased on observational data from recent years, compiling a consolidated catalog of binary galaxies, conducting its
statistical analysis;

e determining the angular and linear distances between components;

e estimating the total mass and mass of individual components of binary galaxies using formulas proposed in the
work by Heisler and Tremaine [10].

Brief review of catalogs and atlas. Arp’s work “Atlas of Peculiar Galaxies” contains information about various
peculiar structures found in neighboring galaxies [8]. Arp emphasized that the process of forming elliptical and spiral
galaxies is not well studied. The atlas has little information about the physical processes that affect the shape of galaxies, and
therefore galaxies are classified based on their appearance. Objects from 1 to 101 represent individual peculiar spiral galaxies
with small components. Objects from 102 to 145 - elliptical galaxies. Spiral and non-elliptical individual galaxies or groups
of galaxies have numbers 146-268. However, in this atlas we are interested in objects from 269 to 327 - binary galaxies. And
finally, objects not related to the above categories are listed under numbers 332-338. Interacting galaxies (colliding galaxies)
are galaxies whose gravitational fields cause each other to collide. Examples of secondary interacting objects include a
galaxy’s moon or spiral arms. A major interaction can be called a galaxy collision, which can lead to the merger of galaxies.
The morphological catalog of interacting galaxies compiled by Vorontsov-Velyaminov et al., includes 2014 pairs [9]. This
catalog includes objects with declination more than -45 degrees and up to 15 stellar magnitudes. The first statistical study of
binary galaxies was conducted by Swedish astronomer Holmberg in the work “Study of Binary and Multiple Galaxies” [1],
who first compiled a catalog of 695 pairs. The catalog lists all pairs of galaxies, the distance to the components of which is
less than twice the sum of their diameters. It can be assured that most of this catalog represents a physical binary galaxy.
Karachentsev’s catalog “Binary Galaxies in the Place of Supercluster and its Vicinity” is the most complete catalog of binary
galaxies available today and contains 509 pairs selected from 10403 local galaxies with a radial velocity less than 3500 km/s,
[3]. Physical binary galaxies are distinguished by the fact that their total energy is negative, and their components lie within
the surface of zero velocity. Individual masses of galaxies are considered proportional to their total luminosity in the K-filter.
The catalog contains information about stellar magnitude, morphological type, orbital mass and isolation index of galaxies.
There is also Turner’s catalog “Binary Galaxies”, where 156 pairs are given [5, 6]. Turner extracted a sample of 156 binary
systems of galaxies from Zwicky’s catalog of galaxies and clusters of galaxies [2], using certain identification criteria. Stellar
magnitude, morphological type, radial velocity, angular distance and other parameters of objects are given. Radial velocity
was measured for both components of 66 pairs.

Tully compiled a catalog of nearby binary galaxies with a radial velocity of less than 3000 km/s [7]. This catalog
contains 2367 galaxies with a diameter of 82 Mpc, which is comparable to the size of the cosmological homogeneity of the
Universe. Using the hierarchical dendrogram method, Tully identified 179 groups in this catalog, comprising 69% of the
studied galaxies. The study of binary galaxies is of great interest in considering the issue of their formation and evolution,
and can also be widely used in studying the distribution of light and dark matter in pairs of galaxies. In his work [3],
Karachentsev considered the problem of the distribution of light and dark matter in the volume of the Local Supercluster and
its surroundings, which is comparable to a cosmological cell of homogeneity. It is known that gravitational lenses can also
reveal concentrations of dark matter with sizes on the order of galaxy clusters. Work has already begun in this direction and
their results suggest that in the future, when enough information about binary galaxies and gravitational lenses has been
accumulated, it will be possible to build maps of galaxy clusters. It will also be possible to determine the angle of deviation
of a light beam, which occurs according to the effect of gravitational lensing when passing around pairs of galaxies.

Consolidated catalog and statistical analysis of data. When compiling the consolidated catalog, we relied on the
catalogs of the authors mentioned above and observational data from recent years. This resulted in the creation of the
“Consolidated Catalog of Binary Galaxies”, consisting of 613 pairs, which will be published separately. Below are some
histograms, correlation coefficients, and empirical formulas.
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Fig.1. Dependence of the total mass M (109 solar masses)on the distance between the components r.
You can see the dependence M = a+b-r. We determined the coefficients a and b by the method of least squares: a = -
1.18+ 59.41, b =57.86+24.67. The correlation coefficient K = 0.69 suggests that there is the indicated dependence between M
andr.
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Fig. 2. Distribution of galaxy pairs by distances. Most pairs of galaxies are within 20 to 60 Mpc. Vr (km/s)
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Fig.3. Dependence of radial velocity Vr on distance R.

The analysis of the obtained data on the types of binary galaxies, in percentage terms, is presented in Table 1. As can
be seen from the table, binary galaxies are mainly composed of spiral galaxies.

Table 1. Types of Binary Galaxies.

Ne Pair Number Percent (%)
1 E+-E 5 0,8
2 E~+S 29 4,7
3 E +SO 8 13
4 E~+Ir 2 0,3
5 S=S 340 55,5
6 S+SO 81 13,2
7 S=+1Ir 101 16,5
8 SO +SO 20 3,3
9 SO +1Ir 14 2,3
10 Ir = Ir 13 2,1

Conclusion. Let’s list the main results: A review of the catalogs and atlases of binary, as well as interacting galaxies
of Zwicky, Holmberg, Tully, Arp, Vorontsov-Velyaminov, Turner, Karachentsev and others available to date has been
conducted. From these, binary galaxies were specifically identified; Angular and linear distances between pairs of galaxies
were calculated and refined; ¢ The total mass of galaxy pairs was calculated using formulas [Heisler and Tremaine, 1985], as
well as the masses of each component; A consolidated catalog of binary galaxies consisting of 613 pairs was created, with
radial velocities less than 13500 km/s, in a volume with a diameter of 200 Mpc. The catalog includes the ordinal number,
name, equatorial coordinates RA (h m s) and RD (°” "), type T, radial velocities Vr (km/s), mutual distance r(Kpc), apparent
stellar magnitude m(mag), redshift z, distances to galaxies R(Mpc), total mass M and masses of each pair M1z in units of
solar mass; Correlations of quantities (Vr ; r), (Vr; m), (Vr; 2), (Vr; R), (Vr; M), (Vr; M12), (r; m), (r; 2), (r; R), (r; M), (r;
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M1,2), (m; z), (m; R), (m; M), (m; M12), (z; R), (z; M), (z; M12), (R; M), (R; M1.2), (M; My,2) were calculated; a statistical
analysis was carried out, histograms of the above quantities were constructed, some empirical formulas were found.
The work was supported by grant FZ 20200929344,
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BJIMSTHUE MATHUTHOTI'O ITOJIAA U TEMIIEPATYPBI HA IINTIOTHOCTb KOMBUHHUPOBAHHBIX
COCTOSIHUM B TETEPOCTPYKTYPAX C KBAHTOBBIMHU SIMAMHU
AHHOTAIHS

B pabote uccnenyercst 3aBHCUMOCTh KOMOMHHPOBAHHBIX OCHMIUIAIMN ITIOTHOCTH COCTOSTHHIM OT CHIIBHOTO MarHUTHOTO ITOJISt
B I'eTEPOCTPYKTYpax Ha OCHOBE IIPSIMOYTOJbHBIX KBAaHTOBBIX KaTylleK. MccienoBaHO BIUSHHME KBAHTYIOILETO MAarHUTHOTO
HOJISL Ha TeMIepaTtypy KOMOWHHPOBAHHOH IUIOTHOCTH COCTOSIHHII B HAaHOpPa3MEPHBIX TeTEPOCTPYKTYpax PEabHOTO ITOJIL.
Pa3zpaborana HOBasi MaTeMaTHuYecKas MOJETb U pacdyeTa TEeMIIEpaTypHOW 3aBUCHMOCTH BYMEPHOW KOMOMHHPOBAaHHOU
IUIOTHOCTH COCTOSIHUM KBaHTOBBIX KAaTyIIEeK B KBAHTYIOIIUX MAaTrHUTHBIX MNOJAX. IIpemtoxeHHas MoJenb OOBACHSAET
SKCIIEpUMEHTANIbHbIE pEe3ybTaThl B HAHOPAa3MEPHBIX MONYNPOBOAHHKAX C PETYISPHBIM IOJEM M IapabolIndecKoi
JIUCTIEPCUEH.

KnioueBble ci10Ba: reTepocTpykTypa, HaHOpa3Mep, KBaHTOBAas KaTyllKa, IUIOTHOCTh COCTOSIHUM, NMJIOTHOCTb COCTOSHHIA,
KoJieOaHKe, HaHOpPa3Mep, MarHUTHOE 110JIe, TBYMEPHOCTD, IOJTYIIPOBOIHHUKH.

EFFECT OF MAGNETIC FIELD AND TEMPERATURE ON THE DENSITY OF COMBINED STATES IN
HETEROSTRUCTURES WITH QUANTUM WELL
Annotation

In this work, the dependence of the combined state density oscillations on the strong magnetic field in heterostructures based
on rectangular quantum coils is studied. The influence of the quantizing magnetic field on the temperature of the combined
density of states in nanoscale real-field heterostructures is studied. A new mathematical model has been developed to
calculate the temperature dependence of the two-dimensional combined state density of quantum coils in quantizing magnetic
fields. The proposed model explains the experimental results in nanoscale, regular field, parabolic dispersion semiconductors.
Key words: heterostructure, nanoscale, quantum coil, density of states, density of states, oscillation, nanoscale, magnetic
field, two-dimensional, semiconductors.

KVANT O‘RALI GETEROSTRUKTURALARDA KOMBINATSIYaLANGAN HOLATLAR ZIChLIGIGA
MAGNIT MAYDON VA HARORATNING TA’SIRI
Annotatsiya

Bu ishda to‘g‘ri burchakli kvant o‘ralar asosidagi geterostrukturalarda kombinatsiyalangan (birlashgan) holatlar zichligi
ossillyatsiyasining kuchli magnit maydoniga bog‘liqligi o‘rganilgan. Nanoo‘lchamli to‘g‘ri sohali geterostrukturalarda
kvantlovchi magnit maydonining kombinatsiyalangan holatlar zichligi haroratiga ta’siri o‘rganilgan. Kvantlovchi magnit
maydonlarida kvant o‘ralarining ikki o‘lchamli kombinatsiyalangan holat zichligining haroratga bog‘ligligini hisoblash
uchun yangi matematik model ishlab chiqilgan. Taklif etilgan model nanoo‘lchamli, to‘g‘ri sohali, parabolik qonunga
bo‘ysunuvchi dispersiyali yarimo ‘tkazgichlardagi eksperimental natijalarni izohlaydi.

Kalit so‘zlar: geterostruktura, nanoo‘lcham, kvant o‘ra, holatlar zichligi, holatlar zichligi, ossillyatsiya, nanoo‘lcham,
magnit maydon, ikki o‘lchamli, yarimo‘tkazgichlar.

Kirish. Bu ishda to‘g‘ri burchakli kvant o‘ralar asosidagi geterostrukturalarda kombinatsiyalangan (birlashgan)
holatlar zichligi ossillyatsiyasining kuchli magnit maydoniga bog‘liqligi o‘rganilgan. Nanoo‘lchamli to‘g‘ri sohali
geterostrukturalarda kvantlovchi magnit maydonining kombinatsiyalangan holatlar zichligi haroratiga ta’siri o‘rganilgan.
Kvantlovchi magnit maydonlarida kvant o‘ralarining ikki o‘lchamli kombinatsiyalangan holat zichligining haroratga
bog‘ligligini hisoblash uchun yangi matematik model ishlab chiqilgan. Taklif etilgan model nanoo‘lchamli, to‘g‘ri sohali,
parabolik qonunga bo‘ysunuvchi dispersiyali yarimo‘tkazgichlardagi eksperimental natijalarni izohlaydi.

Adabiyotlar taxlili. Ma’lumki, tashqi omillar (harorat, magnit maydoni va bosim)ning kvant o‘lchamli
geterostrukturalarga ta’siri zadyad tashuvchilarning energetik satx holatlari o‘zgarishiga va, natijada, magnitooptik yutilish
chegarasining siljishiga olib keladi [1]. Nanoo‘Ichamli yarimo‘tkazgichlarning magnitooptik yutilish spektri ruhsat etilgan
sohaning turli minimumlari orasidagi energetik masofa bilan aniqlanadi. =~ Bundan kelib chiqadiki, kvant o‘rasining
ta’qiqlangan sohasi kengligi tashqi omillar ta’sirida yoki torayadi, yoki kengayadi. Shunday qilib, magnitooptik yutilish
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spektrini uning chegarasi yaqinida o‘rganish zaryad tashuvchilarning o‘tkazish sohasi quyi chegarasi yaqginidagi va kvant
o‘rasining valent sohasi yuqori chegarasi yaqinidagi energetik spektri strukturasi to‘g‘risida ma’lumot beradi. Bu esa
nanoo‘lchamli yarimo‘tkazgichlarning magnit, optik va elektrik xususiyatlarini aniqlashda juda muhimdir [2].

Kvant o‘rasining kombinatsiyalangan holat zichliklari sohalararo magnitooptik yutilish ossillyatsiyasida muhim rol
o‘ynaydi. Shuning uchun, ko‘p hollarda, Brillyuen sohasi doirasida (p_ ) matritsa elementi kam o‘zgaradi. Binobarin,

spektrning strukturasi asosan kvant o‘lchovli geterostrukturalardagi holatlarning kombinatsiyalangan zichligini aniqlaydi [3].

Tadgiqot metodologiyasi. Ushbu tadgiqotning maqsadi kuchli magnit maydonining kvant o‘ramli
geterostrukturalarda kombinatsiyalangan holatlar zichligiga ta’sirini aniqlashdan iborat. Magnit maydoni ta’sirida o‘tkazish
sohasi energetik holatlari va kvant o‘rasidagi valent sohasi zichligining zaryad tashuvchilarning energetik spektriga
bog‘ligligi pogona funksiyalarni tashkil giladi (1-rasm) [4-5]:

gC(E) = ;erl_; Zne(E - En)

_m} 1)
o) =25~ ZG(E ~ Ep)
h

Bu yerda, mg i m;; — n va m o‘lchamli kvant o‘rasida o‘lchamli kvantlash soha ostidagi elektronlar va teshiklarning
effektiv massalari, 6(E) — Xevisaydning pog‘onali funksiyasi.
To‘g‘ridan-to‘g‘ri sohalararo o‘tishlarda holatlarning kombinatsiyalangan zichligi egergiya bo‘yicha konversiyadan
ibora bo‘lib, u ham energiya bo‘yicha pog‘onali funksiya ko‘rinishiga ega [6]:
Minn

NELE) = 22" (8 = ) @

Bu yerda, mj,,, — ushbu: (m},,,)~* = (m%)~* + (m)~* munosabat bilan aniglanuvchi, n va m o‘lchamli soha osti
kvantlash uchun zaryad tashuvchilarning keltirilgan effektiv massasi.

Agar GeSi strukturalarda elektron va teshik holatlari barcha uchta kvaziimpuls komponentlar bo‘yicha o‘lchamli-
kvantlangan bo‘lsa, ya’ni, zaryad tashuvchilar uchun kvant nuqtalari bo‘lsa, u holda bunday strukturaning ruxsat etilgan
sohasida holatlarning kombinatsiyalangan zichligi Gauss funksiyasi ko‘rinishda bo‘ladi (1-rasm). U holda, ruxsat etilgan
sohada kamaymaydigan diskret funksiyadan iborat bo‘lgan nol-o‘lchovli kombinatsiyalanga holat zichligi mavjud bo‘ladi

[71.
Ushbu holda, kombinatsiyalangan holat zichligi §(E) — Dirak delta-funksiyasi deb ataluvchi funksiya yordamida
ifodalanadi:

NYLE) = ) O = Eumn) @)
Lmn
Kombinatsiyalangan holatlar zichligi cheksiz gisqa va baland cho‘qqilarning majmuasidan iborat bo‘ladi (1-rasm).
Yugqorida olingan barcha natijalar kvantlovchi magnit maydoni, harorat va bosim ta’siri bo‘lmagan holatlar uchun o‘rinli.
Quyidagi aniq savollar paydo bo‘ladi:

7

g.(hv)

g.(hv)

— | 7

a 0
1-rasm. GeSi/Si kvant-o‘ra tuzilmalarida elektron holatlar zichligining energiya tagsimoti [8]: a — kvant o‘ra, b —
kvant nugta.

Kuchli magnit maydoni mavjud bo‘lganda, geterostrukturalarning kvanto‘lchamli to‘g‘ridan-to‘g‘ri o‘tishlaridagi
kombinatsiyalangan holatlar zichligi qanday aniqlanadi? Harorat ko‘tarilish dinamikasi ushbu jarayonga qanday ta’sir
ko‘rsatadi?

Keling, to‘g‘ridan-to‘g‘ri ruxsat etilgan o‘tishli ikki o‘lchovli yarimo‘tkazgichlarda kombinatsiyalangan holatlar
zichligining kvantlovchi magnit maydoniga bog‘ligligini hisoblaymiz. Kvantlovchi magnit maydonida, kombinatsiyalangan
holatlar zichligi magnitooptik o‘tishda energiyaning saqlanish qonuniga bo‘ysinuvchi, kvant o‘rasining o‘tkazuvchan
sohasida Ec energiyali, valent sohasida Ec energiyali barcha holatlar bo‘yicha integral orqali aniqlanadi. Kuchli magnit
maydon ta’sirida, kvant yamali to‘g‘risohali geterostrukturaning ta’qiqlangan sohasi chegarasi yaqinida soha strukturasining
eng sodda modelini tahlil gqilamiz. Ya’ni, kvant o‘rasining valent sohasi zaryad tashuvchilar bilan to‘la, o‘tkazuvchan soha
esa — bo‘sh. Bu yerda, tegishli holatlarning to‘ldirish funksiyalari fv=1, fc=0 ga teng. Bundan tashqari, ushbu modelda
shovginlanish darajasining parabolik dispersiya qonunli kvant o‘rasining kombinatsiyalangan holat zichligiga bog‘liqligini
hisobga olmaslik mumkin. Magnit maydoni induksiyasi ko‘ndalang (OZ o‘qiga parallel) va XOY tekisligiga parallel
yo‘nalgan bo‘ladi. Bu ko‘ndalang kvant magnit maydoni deb ataladi.

Tahlil va natijalar. Bundan kelib chiqadiki, kuchli magnit maydoni mavjud bo‘lganda, kvant o‘ra holatlarining
kombinatsiyalangan zichligini hisoblash uchun dispersiya energiyasi qonunlaridan foydalaniladi. Ularni quyidagicha yozish
mumkin:
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2d c 1 c hznz 2 c
EZ“(B,d,ngz) = (NL + 5) how¢ + gz ezt mggcipH
22 ° 4
2d v, 1 y_ mt, v 2d
E*(B,d,nyz) = — (NL + E) hof — .. dz nyz —MsgyipH — Eg 0)
v

Bu yerda, Nf, NJ — kvan o‘rasining ruxsat etilgan sohasidagi zaryad tashuvchilarning Landau satxlari soni; wg, w? —
kvant o‘rasining o‘tkazuvchan va valent sohalarida magnit maydonining siklotron chastotasi; d — kvant o‘rasi qalinligi;
nZ,,n2, — kvant o‘rasining o‘tkazuvchan va valent sohalarida o‘lchamli kvantlash qism-sohasining tartib ragami; n.z, n,; —
mos ravishda Z o‘qi bo‘yicha elektronlar va teshiklarning kvantlash satxlari tartib raqamlari; elektron va valent sohalar
simmetrik deb faraz gilamiz, u holda, n,; = n,; = n; shart bajariladi; m$g.uzH, m% g,ug H — ruxsat etilgan sohadagi spin
energiyasi; EZ%(0) — absolyut nol haroratda kvant o‘rasi ta’qiglangan sohasining kengligi; V — magnit maydoni induksiyasi.

E?%(B,d,nz) va E2%(B,d, nz) lar uchun, spinni hisobga olmaganda, magnitooptik o‘tishlar energiyaning saqlanish
gonuniga mos keladi:

ECZg(B' d' nZ) = ECZd (B' d' nZ) - Egd (B: d: nZ)

1 1
E24(B,d,nz) = E340) + (Nf + ) haot + (NP + ) hoot +
hv > E23(B,d,nz)
Bu yerda, hv — yutilayotgan fotonning yutiluvchi energiyasi, v — yorug‘lik energiyasi, mi =41

h%m?
—  n2 5
2m},d? z ®)

wo ome my
kombinatsiyalangan (keltirilgan) effektiv massa [9].

OZ o°qi yo‘nalishi buyicha, kuchli magnit maydoni zaryad tashuvchilar uchun energiya va to‘lqin vektori orasidagi
nisbatni o‘zgartirmaydi. Biroq, zaryad tashuvchilarning magnit induksiyasiga perpendikulyar yo‘nalishdagi (XY tekislikda)
harakati uchun energetik sathlarning avvalgi kvaziuzluksiz qatori Landauning diskret satxlari sistemasi bilan almashadi.
Elektronlar va teshiklarning effektiv massalari teng deb olinayotganligi sababli, Landau sathlari orasidagi masofa kvant
soniga bog‘liq bo‘lmaydi va u hw; ga teng bo‘ladi. Demak, kvant o‘rasining o‘tkazuvchan va valent sohalarida erkin
elektronlar va teshiklarning har uchchala yo‘nalish bo‘yicha harakati cheklangan. Kvantlovchi magnit maydoni ta’sirida
kvant o‘rasi kvant nuqtasi analogiga aylanadi. (3) formulaga muvofiq, § (E — E;n,,) argumentda E ni Av ga va Ejpy, Ni
E28(B,d,nyz) ga almashtirib, quyidagiga ega bo‘lamiz [9-11]:

Alﬁfs(hvl ECZVd(B!d!NI(fU!nZ)) :g Z 6(’11/— ECZE(B'd'NLCU'nZ)) (6)
Nf,N/nz

Xulosalar. Shunday qilib, kvantlovchi magnit maydon ta’sirida kvant o‘rasining kombinatsiyalangan holat zichligini
aniqlash uchun (6) formuladan foydalanish mumkin. Biroq, bunday formulalarda to‘g‘risohali kvant o‘ralari uchun harorat va
bosimning elektronlar va teshiklarning diskret Landau sathlariga ta’siri hisobga olinmaydi. Magnitooptik yutilish spektri
ko‘plab xajmli va kichik o‘lchamli optoelektron asboblar uchun asosiy talab hisoblanadi. Kvant o‘rali va aZ%(hv,B,d)
to‘g‘risohali geterostrukturalarda magnitooptik yutilish jarayonini kombinatsiyalangan holatlar zichligi funksiyasi sifatida
ifodalash mumkin. Kvantlovchi magnit maydoni ta’siri ostida, kombinatsiyalangan holatlar zichligi Av foton energiyasi bilan
ajralgan, to‘lgan valentli soha elektron holatlari bilan o‘tkazuvchan sohaning bo‘sh elektron holatlari orasidagi ruhsat etilgan
magnitooptik o‘tishlar sonining me’yorini ta’minlaydi. Taniqli ilmiy adabiyotlarda magnit maydoni mavjud bo‘lgan va
bo‘lmagan holatlarda ruhsat etilgan soha energetik holat zichligini kombinatsiyalangan holat zichligi bilan bog‘lash bo‘yicha
bir necha urinishlar to‘g‘risida ma’lumotlar berilgan. Biroq, kombinatsiyalangan holat zichligining olingan barcha empirik
va soddalashtirilgan ifodalari past haroratlarda bosimning yo“qligi bilan chegaralangan.
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