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FIZIKANING MEXANIKA BO‘LIMIDAGI TEBRANISHLAR UCHUN XUSUSIY QIYMATLAR MASALASINI TIZIMLI TAHLIL
ASOSIDA YECHISH
Anatatsiya
Tizimli tahlil mohiyati, tizimli tahlil nazariyasi, tamoyillari va uslublari asosida tizimli xarakterga ega bo‘lgan murakkab garorlarni yechish
imkoniyatidir. Shundan kelib chigib, tizimli tahlil magsadi turli variantlardan, mavjud resurslardan samarali foydalangan holda natijaga erishish
hisoblanadi. O‘z o‘rnida magsadni shakllantirish strukturalashtirish va tahlil tizimli tahlilni asosiy va birlamchi vazifasi sifatida magsadga
erishishda uslub va metodidan holi ko‘rish mumkin emas. Maqgsadni aniqlash muammoni yechish yo‘lidek sxematik ko‘rinishda Z>F>S>P: Z-
sub’yektiv magsad, P-ob’yektiv magsad, Magsad (Z) noaniqligi va muqobilligi 0z o‘rnida ko‘p yo‘llar mavjudligini olib keladi, bu esa natijalar
ko‘pligini olib keladi. Maqsadni aniqlash tizimli tahlil metodologiyasidan kelib chiqqan holda o‘ta muhim jarayondir. Bu jarayonda bilim, tajriba,
tahlil katta ahamiyatga ega.
Mamlakatimizda amalga oshirilayotgan keng ko‘lamli islohotlar doirasida tizimli fikr yurita oladigan, murakkab muammolarni hal eta oladigan
yuksak madaniyatli shaxsni tarbiyalash tizimini yaratish zamonaviy ta’lim tizimining asosiy maqsadlaridan biri hisoblanadi. Shuning uchun
ushbu magqolada fizikaga tizimli yondashish fizikaning mexanika bo‘limini tizimli tahlil asosida o‘qitishning mohiyati tushuntiriladi.
Kalit so‘zlar: mexanika, tebranish, garmonik tebranish, metodika, tizim, tizimli tahlil, tizim nazariyasi, tizimli yondashuv.

PEIIEHUE 3AJIAYM COBCTBEHHBIX 3HAYEHUM 1151 KOJEBAHUM B PA3JEJIE MEXAHUKU ®U3UKH HA OCHOBE
CHUCTEMHOI'O AHAJIN3A
AHHOTaIUsA

CyTh CHCTEMHOr0 aHaJM3a 3aKJIF0YACTCS B BO3MOXKHOCTH PEIICHHUS CIIOXKHBIX 3a/lad CHCTEMHOrO XapaKTepa Ha OCHOBE TEOPHH, NPHHIIMIIOB M
METO/IOB CHCTEMHOTrO aHanu3a. VICXoms W3 9TOro, IeNbi0 CHCTEMHOTO aHaiu3a SBILIETCS TOCTIDKEHHE PEe3yibTaTa IMOCPENCTBOM BbIOOpa U3
Pa3IUYHBIX BAPUAHTOB U I(PHEKTHBHOTO MCIIONB30BAHMS UMEIOUIUXCS pecypcoB. DOpMyITUpPOBKA LIEH, CTPYKTYPHPOBAHHE M aHAIU3 SBILIFOTCS
OCHOBHBIMH U TIEPBOOYEPEIHBIMH 33/1a4aMH CHCTEMHOI'O aHalli3a W HEPa3phIBHO CBA3aHBI C METOJAMH M MOJXOAAMH Ul HOCTHIKCHUSI LICINH.
Omnpenenenue Lend MPEACTaBIseTCs Kak cxema peuieHus 3amaun: Z>F>S>P, rne Z - cyObekrtuBHas 1enb, P - oObeKTHMBHAs 1Eb.
HeompeneneHHOCTs ¥ aMbTEPHATHBHOCTh HeNd (Z) TPEANoNaraeT MHOXXECTBO MyTeH, YTO, B CBOIO OYEPEdb, HPHBOAUT K MHOMKECTBY
pe3ynbTaToB. OnpeneneHne ey sSBIseTCsl Ype3BEIYaifHO BaXKHBIM IIPOLIECCOM B PaMKaxX METOMOJOTHU CHCTEMHOTo aHanm3a. B aTom mponecce
BXHYIO POJIb UTPAIOT 3HAHUSI, OMBIT U aHanu3. OIHON M3 OCHOBHBIX IIeJiell COBPEMEHHOW CHCTEMBI 00Pa30BAHHUS SIBISICTCS CO3MaHUE CHCTEMBI
BOCIUTAHUS BBICOKOKYIBTYPHBIX JTUYHOCTEH, CIIOCOOHBIX MBICIHTH CHCTEMHO M PEIIaTh CIOKHBIE 3a7a4d B paMKax MacIITaOHBIX pedopm,
NIPOBOJMMBIX B HaIIel cTpaHe. B CBs3M ¢ 3THM B JaHHOH CTaTbe OOBSICHSAETCS CYIIHOCTH CHCTEMHOTO MOAX0a K 00y4YeHUIo (pHU3MKe Ha OCHOBE
CHCTEMHOT'0 aHAIHM3a pa3/iesia MEXaHUKH.

KaioueBble cJi0Ba: MEXaHHKA, KOICOAHHs, TADMOHUYECKIE KOMeOaH s, METOIMKA, CHCTEMa, CHCTEMHBIH aHAN3, TEOPHSI CHCTEM, CHCTEMHBIH
TIOJIXO/I.

SOLUTION OF THE EIGENVALUE PROBLEM FOR OSCILLATIONS IN THE SECTION OF MECHANICS OF PHYSICS BASED
ON SYSTEM ANALYSIS
Annotation

The essence of system analysis is the ability to solve complex systemic problems based on the theory, principles and methods of system analysis.
Based on this, the purpose of system analysis is to achieve a result by choosing from various options and effectively using available resources.
Goal formulation, structuring and analysis are the main and primary tasks of system analysis and are inextricably linked with the methods and
approaches to achieving the goal. Goal definition is presented as a problem solving scheme: Z>F>S>P, where Z is a subjective goal, P is an
objective goal. The uncertainty and alternativeness of the goal (Z) suggests many paths, which, in turn, leads to many results. Goal definition is
an extremely important process within the methodology of system analysis. Knowledge, experience and analysis play an important role in this
process. One of the main goals of the modern education system is to create a system for educating highly cultured individuals who are able to
think systematically and solve complex problems within the framework of large-scale reforms carried out in our country. In this regard, this
article explains the essence of a systems approach to teaching physics based on systems analysis of the mechanics section.

Key words: mechanics, oscillations, harmonic oscillations, methodology, system, systems analysis, systems theory, systems approach.

Kirish. Tizimli tahlilning rivoji XX asr yarimida ilmiy-texnikaviy vazifalarning vujudga kelishi bilan paydo bo‘Idi. Bunda asosiy o‘rinni
murakkab ob’yektlarni tashkil etish va amalga oshirish, bilish va amaliy tadbiq etish jarayonlar egallaydi. Bu o‘z navbatida murakkab
ob’yektlarning o‘ziga xos xususiyatlarini alohida tadqiq etish zaruratini talab giladi. Mazkur vazifalar ijtimoiy amaliyotda tadbiq etilishi
zaruratini vujudga keltiradi. Yirik vazifalar yechimini topishda ko‘p qirrali texnika bir-biri bilan bog‘liq murakkab tizimga aylanib boradi. Zero,
davrning o°zi insonlar oldiga yangi vazifalarni yechimlari bilan beradiki, uni anqlash, bilish, amal qilish, hal etish jamiyatda qaror topgan ta’lim-
tarbiya tizimining mazmunida yotadi. Shuning uchun pedagogikada tizimli tahlilning metodologik asoslari tobora o‘sib kelayotgan davr va
ijtimoiy munosabatlar talablaridan kelib chiqib, o‘z texnologiyasini muvoffiglashtirilishini talab qgiladi.

Tizim (yunoncha cvotnpa — gismlardan iborat yaxlit birikma) — bir-biri bilan bog‘langan va o‘zaro ta’sirlashuvchi elementlarning yaxlit
to‘plamidir . Kundalik hayotimizda sistema so‘zi turli xil boshgacha atamalar bilan ham ishlatiladi : nazariya (Platonning falsafiy sistemasi),
sinflashtirish ( Mendeleyev kimyoviy elementlar davriy sistemasi), amaliy faoliyatning tugallangan usuli (Stanislavskiy sistemasi (aktyorlik
texnikasi usullari)), fikrlash faoliyatini tashkil etish usullari (sanoq sistemasi (sonlarning ketma-ketligi)), tabiiy ob’yektlar to‘plami (Quyosh
sistemasi), jamiyatning ayrim xususiyatlari (siyosiy sistema, igtisodiy sistema va b.), gonuniyat va boshgalar.

Bugungi kunda tizimli o‘rganish deyarli hamma fan sohalarida mavjud, turli nomlar bilan ataladi: tizim nazariyasi, tizimli taxlil,
sistemologiya, kibernetika, tizimli injeneriya, termodinamika, tizimli dinamika va boshqgalar. Tizimli tahlil uslubiy tadgigotlarning muhim
ob’yekti va eng tez sur’atlar bilan rivojlanayotgan ilmiy yo‘nalishlardan biri sanaladi. Har bir tizimli tahlil nazariy ta’limoti umumiy tamoyillarga
bo‘ysingan holda mahalliy muammolarning xususiyatdan kelib chiqib takomillashtiriladi. Bu esa maqolaning dolzarbligini belgilab berdi.
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Tadqgigot metodologiyasi. Tatqiqotning maqsad: Ikkita massali tebranuvchan tizimni o‘rganish. Ikkita massa va uchta prujina berilgan
tebranuvchi tizim uchun harakat tenglamalarini keltirib chigarish va MATLAB dasturida uni qo‘llay olish ko‘nikmalariga ega bo‘lish.

Masalaning qo‘yilishi: Tinglovchi ikkita massali tebranuvchan tizimni o‘rganish kerak. Buning uchun ikkita massa va uchta prujina
bilan biriktirilgan tebranuvchi fizik tizim uchun harakat tenglamalarini keltirib chigarishi va MATLAB dasturi orgali natija olishi lozim.

Ishni bajarish uchun ko‘rsatma va namuna
Ikkita massali tebranuvchan tizimni o‘rganamiz. Ikkita massa va uchta prujina berilgan tebranuvchi tizimni qayraylik. Massalar fagat

gorizontal yo‘nalishda harakatlanadi (ular tepa va pastga harakat gilmaydilar).

X1 Xo
a_.... ——

— -l -

Tenglamalarni tuzish. Bu tizim uchun biz erkin harakat sxemasini chizamiz.

k,x
N HUTU R SO
mXx.,

1
k,x.,

Bundan kelib chigib, harakat tenglamalarini yozamiz:
mx, +(k, +k;)x, —kx, =0
mx, + (ks +k)x, —kyx, =0

korko o koo
- X+ 2%, =X
m 1 m 2 1
Iixl +—k1+k2 X, =X,
Ularni matrisalar ko‘rinishida yozib olamiz (yozuvni soddalashtirish uchun va o va p deb belgilaymiz):
_ky r kg ko
m m | _[%
ky kg kg ([ % X,
m m

B
o —
Yechim ko‘rinishini topamiz. Yechim ko‘rinishini topishga o‘tamiz. Bunda biz so‘nish bo‘lmaydi deb olib, fagat ossillyasion yechimni
izlaymiz.
» = ve_‘icﬂ: — |:Vl:| ejcvt

2

{_ﬁ * ]x =-0°X
Shunday qilib, bu muammoning xususiy qiymatlarini topish bo‘ladi. a -B
Ax =ix wherei =-o”
Xususiy giymatlarni yechish.
|A+o?T]=0= “’zu’ﬁ mzciJ

[im2 7|3t]2 —of = 0* - 2pe” +[i|3>2 —a?)=0

. 2BEJAF - 4(F - o7
S0 =——— - fBto

Biz xususiy giymatlari xarakteristik tenglama tuzish orgali topamiz. 2
k, + 2k
2 1 2
=B +a = =3
o) =p m
k
mg =B-a= EL =1

Soddalashtirish magsadida biz k;=k;=m=1 holini ko‘ramiz. Shunday qilib,
Endi biz xususiy vektorlarni ham topishimiz mumkin. Birinchi xususiy vektor uchun
(A+0?T)v, =0

(et
o

Vii= Vo

yechimni topamiz.
Shunday qilib biz birinchi xususiy vektorni tanlaymiz. Bu vektorni ixtiyoriy o‘zgarmas kattalikka ko‘paytirishimiz mumkin.

ol

Ikkinchi xususiy vektor uchun
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(A+e2l)v, =0
(=
[ 2 1}{1 0} v, =0
L1 -2]7o1
— V.
1o]val g
1 -1|v,,
VZJZVZZ

el
ni topamiz. Harakatlanuvchi tizim uchun umumiy yechim. Biz ikkita massali tizimning harakat tenglamasi uchun umumiy ko‘rinishni
— je=qt —jegt jagt —Jegt
aniqlaymiz.x(t) =c v, @ +ove™ v e + Ve
E’tibor berish kerakki, har bir chastota ikki martadan ishlatiladi, sababi biz tanlagan yechim chastotaning kvadratiga bog‘liq (musbat va
manfiy yechimlar kelib chigadi)
Differensial tenglamalarning yechimini topishga o‘xshab, noma’lum koeffisiyentlarni topish uchun boshlang‘ich shartlarni aniqlaymiz.
Real yechimni topish uchun c; vac, yoki c; va ¢4 lar bir biriga kompleks bog‘langan bo‘lishi zarur. Tenglamani boshqacha ko‘rinishda
yozamiz:
x(t) = v,v, cos(o,t) + v,v, sin(o,t) +1,v, cos(a,t) + 1V, sin(e,t)
x(0) = 7,v, cos(@,0) +7.¥, sin(,0) + 1,v, cos(@,0) + 7,v;Sin(,0)
x(0) = 7V, + 7V,
Noma’lumlar topish uchun boshlang‘ich shartlardan foydalanamiz. *(0) = era¥, + e.7.v,
Ko‘pchilik hollarda biz vaziyatning boshlang‘ich shartlarida tezlikni nolga teng deb qabul gilamiz.
x(0)] . 0
0= 0) =
x0) = 400 x0) -0

*(0) = 0,7V, +0,7,V,

Boshlang‘ich tezlikning shunday shartidan foydalanib, biz quyidagini yozamiz 0 -1 L
Bu quyidagi tenglamalarga olib keladi.
0= 0,75 + 0,7,

0=—oy; +o7,

Bizga ma’lumki, chastota nolga teng bo‘lmaydi va bu esa quyida bittagina yechimda shunday bo‘ladi

¥3=71s=0

Shunday qilib, agar boshlang‘ich tezlik nolga teng bo‘lsa cosinus funksiyaning hadlari qoladi va sodda yechim topiladi

x(t) = v,v, cos{o,t) + 7,v, cos(o,t)

Noma’lum koeffisiyentlarni topish

Boshlang‘ich shartlardan foydalanib, Y1 va Y2 koeffisiyentlarni topishimiz mumekin.
x(0) = 7,v, cos(o,-0) +7,v,cos(w,-0) =¥V, +7,V,

Bu bir gancha usullarda yechishimiz mumkin bo‘lgan 2x2 tenglamani beradi. Buning eng sodda usuli kompyuterda matrisalar sifatida
11
v=[v, v,]|=
-1 1

garab yechimini topishdir. Ustunlari masalaning xususiy vektorlaridan iborat bo‘lgan 2x2 matrisani tuzamiz.
Boshlang‘ich shartlar uchun tenglama

1 . . T
x(0) = V|:Y j| =7,V + 7,V X(0) = VLL =TV TV,
2 2
dan iborat bo‘ladi.
Bunda vy, va y, koeffisiyentlarni x(0) ga ko‘paytirilgan teskari v kattalik deb osongina topishimiz mumkin.

"t _ yix(0)
1,
Namuna. 2 massadan iborat tizimda tebranish

ol

ki=k;=m=1 bo‘lgan holda ko‘rib chiqaylik. Boshlang‘ich shart quyidagicha 0

Faraz gilaylik, yechim quyidagicha
x(t) = v,v, cos(o,t) + y,v, cos(a,t)

Bizga ma’lumki,
1
x(0) = [U} =7,v,cos(o, -0)+7,v,cos(w,-0) =7,V +7V,

1—‘V+‘V—' 1+‘1
o| TV TV =T T

1=vy,+71,
Buni ikki noma’lumli ikkita tenglama ko‘rinishida ifodalashimiz mumkin. 0=7.-7.
Bu holda koeffisiyentlar quyidagiga teng bo‘ladi

“.I'r]_=':|'!2=_

Shunday qilib, harakat tenglamasi
x(t) = %vl cos(o,t)+ %vz cos(,t)

yoki
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x,(0) = %cos[:mlt] + %cos[mzt)

1 1
X, (t) = -5 cos(ot)+ 5 cos(e,t)

Ko’rinishda bo’ladi.Izoh: Boshlang‘ich shartlarni bilgan holda bu yechimni matrisalar ko‘rinishida ham topishimiz mumkin.

X(0) =7v, +7V, =V, V] |::1} - {_11 ﬂ |:?i| - v|::;’1i|

v
v1 va v koeffisiyentlarni topish quyida MATLAB dasturida xisoblab quyidagi grafik
chiziladi.

Natijalar tavsifi va tahlili

i I R 7 O
]
o\ /0 ,\/\\},\ o
\W /M \
\/ \/ \“\/

2 4 6 & 0 12 15 1% 18 2
Time

Output

Mode shapes, 0=1.73, 1.00,
S ——- Mode

05 o d
- Mode,

05
1

Mode amplitude

1
Elements

Yugqorida berilgan boshlang‘ich shartlarda tizimning o‘tish xarakteristikalari o‘zgarishi keltirilgan. Pastida tizim xususiy vektorining
o‘zgarishi berilgan. Vertikal o‘qda amplituda, gorizontal o‘qda esa xususiy qiymat keltirilgan. y1 xususiy qiymati [0.7071; -0.7071] (bu
havorangda berilgan), birinchi element 0.7071 giymatga, ikkinchi element -0.7071 giymatga ega. y2 xususiy qiymati [0.7071; -0.7071] (bu yashil
rangda berilgan). Punktir chiziqda bilan ko‘rish yo‘nalishi berilgan (ayrim elementlarning xususiy vektorlari bir birini to‘sishi mumkin).

Xulosa. Tizimli tahlil muammoni hal gilish metodologiyasi sifatida muammoni hal gilish uchun zarur bo'lgan barcha zarur usullar,
bilimlar va harakatlarni umumlashtiradigan ustun bo‘lib xizmat qiladi. U jarayonni tadgiq gilish, statistik nazariya va shunga o‘xshash boshga
sohalar o‘rtasidagi munosabatlarni belgilaydi. Tizimli tahlil u yoki bu usulni gaysi bosgichda va ganday ishlatishni belgilaydi.

Qo‘yilgan masala xulosasi: Muammoni hal gilish metodologiyasi sifatida tizimli tahlil muammoni hal gilish uchun zarur bo‘lgan barcha
zarur texnikalar, bilimlar va harakatlarni umumlashtirish uchun vosita bo‘lib xizmat giladi degan xulosaga kelishimiz mumkin. Bundan
foydalanib, jarayon tahlili, statistik tahlil nazariyasi va boshgalar kabi sub'ektlar bilan munosabatlarni aniglash mumkin. Tizimli tahlil usuli
gachon va ganday shaklda qgo‘llanilishi kerakligini aniglaydi.
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POSSIBILITIES OF MAKING A STRAIN GAUGE FROM SILICATE GLASS DOPED WITH RUTHENIUM DIOXIDE

Annotation

In this paper, the effects of resistor paste components and baking temperature on the temperature coefficient of resistance (TCR) of a thick-film

resistor were systematically investigated. Thick film resistors prepared from RuO, concentrations (from 10 wt% to 30 wt%) baked at different

temperatures on an Al,O3 substrate were investigated. The relationship between resistor resistance, TCR and scale factor (GF) was studied. The

results show that TCR also increases with increasing RuO, concentration and baking temperature. Near the minimum (Tmi,) of the resistance-

temperature curve, the temperature has the least effect on the resistance value, and a thick-film resistor can be considered insensitive to

temperature in a certain range. The ratio of TCR to GF and T, depends on the film resistance of thick film resistors. By varying the

concentration of the conductive phase and the baking temperature, the film resistance of thick-film resistors can be controlled, and low-

temperature strain gauges can be achieved for different ambient temperatures.

Key words: Thick film resistor, temperature coefficient of resistance (TCR); gauge factor (GF), doped silicate glass, RuO, metal oxide.

BO3MOXKXHOCTHU U3IrOTOBJIEHUSI TEH30JATUHUKA U3 CWINKATHOI'O CTEKJIA, JET'HPOBAHHOI'O TUOKCHUAOM
PYTEHUSI
AHHOTaIUsS
B sT0i1 crathe ObUIO CHCTEMATHYECKH MCCIIEJOBAHO BIIMSHUE KOMIIOHEHTOB PE3MCTOPHON MACThl U TEMIIEPATypbl 00KUTa Ha TeMIEPaTYPHBIi
koo dunnent conporusnenus (TCR) ToncromieHouHoro pesucropa. MccinemoBaHbl TOJNCTOIUICHOYHBIE PE3HCTOPHI, H3TOTOBJICHHBIC W3
koHnentparuid RuO, (ot 10% no 30% mo Macce), MpOKaJeHHBIX IPH Pa3IMYHBIX TeMmIeparypax Ha momioxke u3 Al,Os;. Hccnenosana
B3aMMOCBSI3b MEXIy compoTuBieHueM pesuctopa, TCR u macmrabusiv koddoumuentom (GF). Pesynpratsl mokaspiBaior, uto TCR Takxke
YBEJIMYMBACTCS C yBeNMUeHUEM KoHLeHTpanuu RuO; u Temnepatypsl o0xura. Bonnsu munumyma (Tmin) KpHBOW CONMPOTUBIICHUE-TEMIIEPATYPA
TeMIlepaTypa OKa3blBaeT HaWUMEHbIee BIHMSHHE Ha 3HAYCHHE CONPOTHBIICHUS, M TOJICTOINICHOUHBIH PE3UCTOP MOXHO CYHTATh
HEJyBCTBUTENIBHBIM K TemmepaType B ompenenenHoM nuanasoHe. Otnomenne TCR k GF u Tyin 3aBUCHT OT CONPOTHUBIEHUS CIOS
TOJICTOIUICHOYHBIX PE3HCTOPOB. VI3MeHss KOHIEHTPALMIO MPOBOAsINEH (asbl M TeMmiepaTypy oOkura, MOXXHO KOHTPOJNHPOBATh ILUICHOYHOE
CONPOTHUBIIEHHE TOJICTOIUIEHOYHBIX PE3UCTOPOB U IOIydaTh HU3KOTEMIICPAaTypHbIE TEH30PE3UCTOPEI UL Pa3IMIHBIX TEMIIEpaTyp OKpYyXKaromen
cpenbl.
KaioueBble cJI0Ba: TOJCTOIUICHOYHBIH PE3UCTOP, TeMIeparypHbliit koahdunuent conporusierus (TCR); kanubposounslii koaddumuent (GF),
JIETHPOBaHHOE CHIIMKATHOE CTEKJI0, OKcH MeTamia RuO,.

RUTENIY DIOKSIDI BILAN LEGIRLANGAN SILIKAT SHISHADAN TENZODATCHIK YASASH IMKONIYATLARI
Annotatsiya

Ushbu magqolada rezistorli pasta komponentlari va pishirish haroratining galin gatlamli rezistorning garshilik harorat koeffitsientiga (TCR) ta'siri
tizimli ravishda o‘rganildi. Al,O; tagligida turli xil temperaturalarda pishirilgan RuO, konsentratsiyasidan (10 wt% dan 30wt% gacha)
tayyorlangan qalin qatlamli rezistorlar tekshirildi. Rezistorlar garshiligi, TCR va o‘lchov omili (GF) o‘rtasidagi munosabatlar o‘rganildi. Natijalar
shuni ko‘rsatadiki, RuO, konsentratsiyasi va pishirish harorati ortishi bilan TCR ham ortadi. Qarshilik-harorat egri chizig'ining minimal (Tmin)
yaginida harorat garshilik giymatiga eng kam ta’sir giladi va qgalin gatlamli rezistor ma’lum bir diapazonda haroratga sezgir emas deb hisoblash
mumkin. TCR ning GF va Tmnga nisbati qalin qatlamli rezistorlarning gatlam garshiligiga bog‘liq. Supero‘tkazuvchilar fazaning
kontsentratsiyasini va pishirish haroratini o‘zgartirish orqali qalin qatlamli rezistorlarning qatlam qarshiligini nazorat qilish mumkin, so‘ngra turli
xil muhit haroratlari uchun past haroratlarni sezmaydigan tenzodatchiklarga erishish mumkin.

Kalit so‘zlar: Qalin gatlamli resistor, garshilikning harorat koeffitsienti (TCR); o‘lchash omili (GF), legirlangan silikat shisha, RuO, metal
oksidi.

Kirish. So‘nggi yillarda bargarorligi, deformatsiya sezuvchanligi va bir gator afzalliklari tufayli qurilish muhandisligi sohasiga galin
gatlamli rezistorlar deformatsiya datchiklari sifatida kirib kelmoqda [1,2]. Ideal tenzodatchik katta o‘lchov omiliga ega bo‘lishi va boshga omillar
datchikga ta’sir gilmasligi kerak. Birog, aslida datchikga xalagit beradigan boshga omillar mavjud, masalan, elektromagnit maydonlar, harorat,
namlik va boshqalar. Elektromagnit maydonlar va namlik muammosini tashgi muhitdan himoya qilish orgali hal gilish mumkin [3].
Tenzodatchiklarning sezgirligini oshirish uchun umumiy usullar, haroratni qoplash texnologiyalaridan foydalanish [4] va haroratga sezgir
bo‘lmagan datchiklar rezistorlarini yaratish kerak [5]. Haroratni qoplash o‘rniga, haroratning sensorlarga ta'sirini kamaytirishning yana bir usuli
— haroratga nisbatan kamroq sezgir bo‘lgan materiallardan foydalanish. Shu nuqtai nazardan, tolali Bragg panjara datchiklari bo ‘yicha ko‘plab
tadgiqotlar mavjud. Oldingi tadgiqotlar, asosan, panjara tuzilishini o‘zgartirdi yoki juda past kengayish koeffitsientiga ega bo‘lgan tagliklardan
foydalangan holda haroratga sezgir bo‘lmagan panjara oldi [6,7]. Haroratni qoplash texnologiyalari bilan taqqoslaganda, haroratga sezgir
bo‘lmagan datchiklar datchiklarning murakkabligini yoki olish texnologiyasini soddalashtirishi va datchikning sezgirligini oshirishi mumkin.
Qalin gatlamli rezistorlarning haroratga sezgir bo‘lishi, rezistor gatlamining galinligiga [8], rezistor pastalari tarkibiga [9], yoqgish sharoitlariga
[10,11], va taglik materiallariga garab o‘zgarishi mumkin[12].

Ushbu magqolada biz pasta tarkibiy qismlarini va haroratga nisbatan sezgir bo‘lmagan qalin qatlamli rezistorlarni olish uchun pishirish
sharoitlarini o‘zgartirish orgali TCRni boshgarishimiz mumkin. Bunday galin gatlamli rezistorlar to‘g‘ridan-to‘g‘ri ma’lum bir harorat oralig‘ida
qo‘shimcha komponentlar va sxemalarsiz qo‘llanilishi mumkin. Qalin qatlamli rezistorning qarshilik-temperatura egri chizig‘i TCR ning giymati
0 ga yaqin bo‘lsa deyarli parabolik ko‘rinishda bo‘ladi [13]. Qarshilik-harorat egri chizig'ining eng past nugtasida (Tmin haroratda) galin gatlamli
rezistor haroratga sezgir emas deb hisoblanadi.
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Ushbu ish galin gatlamli rezistorlarning garshilik-temperatura xususiyatlarini tizimli o‘rganishni talab giladi. Haroratning qalin qatlamli
rezistorning qarshilik qiymatiga ta'siri ikki jihatni o‘z ichiga oladi: harorat o‘zgarishi natijasida yuzaga keladigan qalin qatlamli rezistor
qarshiligining o‘zgarishi; qarshilik qatlami va taglik o‘rtasidagi issiqlik kengayish koeffitsienti farqi natijasida yuzaga kelgan termal
deformatsiya. Qarshilikning o‘zgarishi asosiy o‘tkazuvchanlik mexanizmlarini o‘z ichiga oladi, jumladan, tunnel modeli [13], sakrab o'tish
nazariyasi [14], tor o‘tkazuvchanlik diapazonlari va omik kontaktlar [15]. Birog, aniq bir nazariya aniglanmagan, ammo 96% li Al,Os taglikga
RuO, asosida tayyorlangan galin gatlamli rezistorlarning haroratga bog'ligligi sakrab o’tish nazariyasiga mos kelishi hagida keng targalgan
eksperimental dalillar mavjud [16]. Qarshilik va harorat o‘rtasidagi munosabat quyidagi tenglama bilan ifodalanishi mumkin:

R =Ry VTexp(To /T)¥* )

bu yerda T, quyidagicha aniglanadi:

16a3
TOZM:O (2

Bu erda k - Bolsman doimiysi, Ny - o‘tkazuvchan zarrachalarning hajm va energiya birligidagi zichligi, a- zarracha hajmi va shisha
xususiyatlariga bog‘liq parametr. Qarshilik-harorat giymatlari (1) ifoda bilan hisoblash orgali garshilik harorati egri chizig‘ining eng past
nuqtasidagi haroratni aniqlash mumkin, bu datchiklarning haroratga sezgir bo‘lmagan diapazonini olishga yordam beradi.

Material va metodlar. Ushbu tadgigot O‘zbekiston Milliy universiteti Fizika fakulteti Nanokompazitsion materiallar ilmiy
laborotoriyasida professor o‘qituvchi, tayanch doktorantlar va ilmiy xodimlar tomonidan amalga oshirildi. Tadgigot obekti sifatida
konsentratsiyasi 10-30% RuO, metal oksidi va qo‘rg‘oshin borosilikat shisha kukunlari aralashmasidan tayyorlangan resistor olindi. Bunda RuO,
metal oksidiga qo‘rg‘oshin borosilikat shisha kukunlari aralashtirilib vagtinchalik shakl hosil giluvchi va namuna pishirish jarayonida uchib
chigib ketadigan aralashma aralashtirilib gel ko‘rinishidagi pasta hosil gilindi. Hosil bo‘lgan pasta trafaret yordamida keramik taglikka o‘tqazildi.
Tayyor bo‘lgan rezistorli pastalar pechda quritilib 10 daqiqa davomida turli haroratlarda (750°C, 850°C va 950°C) pishirildi. Natijada hosil
bo‘lgan qalin gatlamli resistor Normallashtirilgan garshilik koeffitsiyentining haroratga bog’ligligi, TCR ning RuO, konsentratsiyasiga
bog‘ligligi o‘rganildi va eksperimental natijalarni sakrab o'tish-perkolatsiya modeliga moslashtirildi.

Tajriba.

Namuna tayyorlash. Ushbu magolada laboratoriyada ishlab chigarilgan RuO; rezistorli pastasi ishlatildi. Pastalarning asosiy tarkibiy
gismlari konsentratsiyasi 10-30% RuO, zarralari va qo‘rg'oshin borosilikat shisha kukunlaridan tayyorlangan. Organik vosita ushbu ikki kukun
aralashmasiga qo‘shildi va oxirgi rezistorli pastalar yaxshilab aralashtirildi. Keyin rezistorli pastalar 10 dagiqa davomida turli haroratlarda
(750°C, 850°C va 950°C) pishirildi. Har bir holat uchun uchta qalin qatlamli rezistor namunasi mavjud.

Xususiyatlarni o‘lchash. Batafsil harorat xarakteristikasi ma'lumotlarini olish uchun galin gatlamli rezistorning garshilik giymatlari
10°C, 25°C va 125°C haroratlarda o‘lchandi. TCR ning qiymatlari (3) tenglama bilan hisoblandi. [10].

TCR = —22125 5 109 (ppm /°C) 3)

(125-25)R,5
Bu erda Rys - 25°C dagi qarshilik, Ryzs - 125°C da qarshilik.
Turli qgarshilik giymatlari bilan TFR ning qgarshilik-temperatura xususiyatlarini taggoslashni osonlashtirish uchun garshilik giymatlari

quyidagicha normallashtirildi:
RN:R(T;_RZS 4)
25

Bu erda Ry - normallashtirilgan garshilik koeffitsiyenti, R (T) - T haroratda o‘lchangan garshilik.

O‘Ichov omilini o‘lchash uch nugqtali egilish testi orqali amalga oshirildi [17]. Uch nugtali egilish yuki bilan qalin qatlamli
rezistorlarning nisbiy qarshilik o‘zgarishi (AR) o‘lchandi va qalin qatlamli rezistorning deformatsiyasi (¢) uch nugtali egilish uchun nazariy
formula bo‘yicha hisoblab chiqildi. Shunday qilib, qalin qatlamli rezistorlarning GF (5) formula yordamida aniqlanadi.

GF=2RE 5)
£

Bu erda R - rezistorning garshiligi, AR- deformatsiya natijasida yuzaga keladigan qgarshilik o‘zgarishi va ¢ — deformatsiya.

Natijalar. Ushbu gismda RuO, metal oksidining 10-30% konsentratsiyasiga ega galin gatlamli rezistorlarning garshilik-temperatura
xususiyatlari muhokama qilindi. Namuna 850°C da 10 daqiqa davomida ushlab turildi. Tayyor bo‘lgan qalin gatlamli rezistorning
normallashtirilgan qarshilik koeffitsiyentining past temperaturalarda (0°C dan 160°C gacha) o‘zgarishi va TCR ning RuO, konsentratsiyasiga
bog‘ligligi o‘rganildi (1-rasm).
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1-rasm.(a) Normallashtirilgan garshilik koeffitsiyentining haroratga nisbatan; (b) TCR ning RuO, konsentratsiyasiga nisbatan bog‘liqligi

la-rasmda ko‘rsatilganidek, qalin qatlamli rezistorlarning normallashtirilgan qgarshilik koeffitsiyenti past haroratlarda (0°C dan 160°C
gacha) haroratning oshishi bilan asosan to‘g‘ri chiziglar bo‘ylab o‘zgaradi. Turli xil RuO, konsentratsiyasiga ega qgalin gatlamli rezistorlarning
haroratga sezgirligi ham har xil bo‘ladi. RuO, kontsentratsiyasi past bo‘lganda (10,15%), galin gatlamli rezistorlar salbiy qgarshilik-temperatura
xususiyatlarini ko‘rsatadi, normallashtirilgan qarshilik koeffitsiyenti harorat oshishi bilan kamayishini ko‘rishimiz mumkin. Boshga tomondan,
yugori RuO; konsentratsiyasiga ega bo‘lgan qalin gatlamli rezistorlarning garshilik-harorat ko‘rsatkichlari ijobiyligini ko‘rishimiz mumkin.
Supero‘tkazuvchi fazaning kontsentratsiyasi oshgani sayin, qarshilik va harorat o‘rtasidagi salbiy munosabat musbatga aylanadi. 1b-rasmda galin
qgatlamli rezistorlarning TCRIlari RuO, kontsentratsiyasining funktsiyasi sifatida chizilgan. Qalin gatlamli rezistorlarning TCRIari -200 dan 600
ppm/°C gacha bo‘lgan soxada RuO, kontsentratsiyasining ortishi bilan ortadi. Bu vaqtda harorat o‘zgarishi bilan qalin gatlamli rezistorlarning
qarshilik qiymati o‘zgarishsiz qoladi.

Demak namuna 10 daqiqa davomida 850°C da pishirilsa, 15% RuO; bo‘lgan galin qatlamli rezistorlar haroratga eng kam sezgir resistor
bo’ladi. Rezistor pastalarining RuO, kontsentratsiyasini o‘zgartirish orqali haroratga sezgirlikni keng diapazonda o‘zgartirish mumkin, ammo
TCR ni 0 ga yaqin gilish giyin.

Xulosa. Har xil RuO, kontsentratsiyasidan tayyorlangan galin qgatlamli rezistorlar Al,O; tagligida har xil pishirish haroratlarida
pishirildi. Qalin gatlamli rezistorning harorat xarakteristikalari, 0‘lchov omili va qatlam qarshiligi o‘rganildi. Ushbu tadqiqotning asosiy natijalari
quyidagicha umumlashtiriladi:

e TCR ning giymati RuO, konsentratsiyasini va pishirish haroratini o‘zgartirish orqali boshqarilishi mumkin. TCRning giymati RuO,
kontsentratsiyasi va pishirish haroratining oshishi bilan ortadi. Xuddi shu taglik va bir xil rezistorlar seriyasini ko‘rib chigayotganda, TCR oxir-
ogibat galin gatlamli rezistorlarning gatlam garshiligiga bog‘liq ekanligi aniglandi

o Turli gatlam garshiligiga ega galin gatlamli rezistorlarni tanlash orqali garshilik harorati egri chizig'ining eng past nugtasini (Tmin)
sozlash mumkin. Shunday qilib, turli xil muhit haroratlari uchun past haroratlarni sezmaydigan tenzodatchiklarga erishish mumkin.
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PHYSICAL PARAMETERS OF SILICATE GLASS DIFFUSED WITH RuO:
Anotation

This article discusses the diffusion processes, diffusion zones, percolation theory, activation energies, and their analysis based on the results of
diffusing metal oxides, primarily RuO-, into lead silicate glass under various conditions. The doping of silicate glass significantly alters all its
physical parameters. The obtained results can lead to important innovations in the development of thick-film resistors, various strain sensors, and
cost-effective thermoelectric materials. The physics of this process has been extensively explored in this study.
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infinite cluster.

PU3NYECKHE MAPAMETPBI CUWJIMKATHOI'O CTEKJIA, JTU®®Y3UPOBAHHOI'O C RuO:
AHHOTaIUA

B manHo#i cTaThe paccMarpuBaroTcs mpoueccsl qupdysun, auddy3HOHHbIC 30HbBI, TEOPHs MEPKOJLNM, SHEPIHH aKTHUBALMU U MX aHAIU3 Ha
OCHOBE pe3yJbTaToB AU(G(Y3UH OKCHIOB METAUIOB, INAaBHBIM 00pa3oM RuO:, B CBHHIIOBO-CHIIMKATHOE CTEKIO IPH PA3INYHBIX YCJIOBUSX.
JlerupoBaHue CHIMKATHOTO CTEKJIA MPHBOAUT K 3HAYMTEIbHBIM H3MCHECHMSIM BCEX €ro (usuueckux mnapamerpoB. IloiydeHHbIC pe3ybTaThl
MOTYT OTKpPBITh HOBBIE MEPCIEKTHBBI B Pa3pabOTKe TOJCTOIUICHOYHBIX PE3UCTOPOB, PA3IMYHBIX TEH30JaTYMKOB M JIOCTYIIHBIX
TEPMOIJIEKTPHUYECKHX MaTepuaoB. GH3mKa 3TOro mporecca JeTalbHO HCCIISOBaHa B PAMKaX JaHHOH paboTEL

KaioueBble ciioBa: 30Ha auddy3un, CBHHIOBO-CHIMKATHOE CTEKIIO, AHOKCHUA PYyTeHHs, yAenbHOe comportusieHue, TepModJIC, Teopus
HEPKOJISILIHHI, HAHOKPUCTAJLIBI, CTPYKTYPHBIE IIEPEX0/Ibl, 0ECKOHEUHbIH Ki1acTep.

RuO; BILAN DIFFUZIYALANGAN SILIKAT SHISHANING FIZIK PARAMETRLARI
Annotatsiya

Ushbu maqolada qo’rg’oshin silikat shishaga metal oksidlari asosan RuO, bilan turli sharoitlarda diffuziyalash natijalari asosida uning diffuziya
jarayonlari, diffuziya zonalari, sizib o’tish nazariyasi, aktivatsiya energiyalari hamda uning tahlillari haqida so’z boradi. Silikat shisha legirlash
natijasida uning barcha fizik parametrlari tubdan o’zgaradi. Olingan natijalar orqali galin gatlamli rezistorlar, turli tenzo datchiklar, arzon
termoelektrik materiallar olishda muhim yangi natijalar olish mumkin. Bu jarayon fizikasi keng migyosda ochib berishga harakat gilingan.

Kalit so‘zlar: diffuziya zonasi, qo‘rg‘oshin-silikat shisha, ruteniy dioksidi, solishtirma garshilik, termoEYuK, sizib o’tish nazariyasi,
nanokristallar, struktura o‘tishlari, cheksiz klaster.

Kirish. Legirlashgan shishaning elektr o‘tkazuvchanligini ta’minlashda legirlovchi metall atomlarining to‘g‘ridan-to‘g‘ri ishtirok
etishiga qarshi asosiy dalil sifatida bu metallarni qo‘rg‘oshin-silikat shishasida past eruvchanlikka ega ekanligi ko‘rsatiladi. Misol sifatida, [1]
ishida EXAFS usuli va rentgen difraktsiyasi yordamida o‘tkazilgan tadqiqotlarni batafsil ko‘rib chiqgamiz. Ushbu tadqiqotlarda dastlab RuO,
gisman shishada erishi, ammo keyinchalik sovutish jarayonida klasterlar shaklida cho‘kib qolishi aniqlangan. Ushbu klasterlarning o‘lchami 20-
30 A deb baholangan va RuO; kukuni yuzasining mayda zarraligi kamaygan sari ularning o‘lchami oshgan. Kuzatilgan elektr xususiyatlari
(masalan, donadorlararo elektronlarning o‘tishi orqali o‘tkazuvchanlikni ta’minlovchi cheksiz klasterlar hosil bo‘lishi) ushbu klasterlarning hosil
bo‘lishi bilan izohlanadi. Bunda Adachi [2] ishi asosida RuO; va shisha o‘zaro ta’sirining asosiy mexanizmi diffuziya emas, balki erish jarayoni
ekani ta’kidlanadi.

Birog, yanada chuqurroq tahlil shuni ko‘rsatadiki, 20-30 A o‘lchamdagi tuzilmalar erigan ruteniy atomlaridan hosil bo‘lib sovutish
jarayonida cho‘kib qolgan klasterlar emas, balki legirlashda ishlatilgan dastlabki RuO, zarrachalarining o‘zida mavjud (yoki yuzaga kelgan)
bo‘lishi ehtimoli katta. Bunga ikki sabab bor:

1. Rentgen difraksiyasi ushbu o‘lchamdagi kogerent tarqalish sohalarini aniqlashi mumkin, ammo bu sohalarming qanday atomlardan
iborat ekanligini aniglay olmaydi.

2. EXAFS usuli esa bunday sohalarning mavjudligini aniqlashi va qaysi atomlar atrofida hosil bo‘layotganini aniglashi mumkin.
Xususan, Meneghini va boshgalarning [1] keltirilgan ishida EXAFS spektrlari aynan ruteniy atomlariga nisbatan olingan. Ammo shishada
ruteniyning past eruvchanligi ikki xil rol o‘ynagan:

Natijada, EXAFS spektrlarida asosan dastlabki holatini saglab golgan RuO, aks etadi. Klasterlar esa ushbu spektrlarda (taxminan 1%
yoki undan kamroq amplitudada, ruteniyning shishadagi eruvchanligidan kelib chiqib) sezilarli o‘zgarishlarga olib kelishi mumkin. Afsuski,
bunday o‘zgarishlarni usulning mavjud aniqligi bilan izohlashning imkoni yo‘q. Ushbu holatda yuqorida ta’kidlangan klasterlarni RuO2 kukun
zarrachalarining polikristalli tuzilishi natijasi sifatida ko‘rish mumkin [3].

Faraz qgilaylik [4], [5], shisha elektr o'tkazuvchanligi legirlash jarayonida ligatura atomlarining shishaga diffuziyasi tufayli oshadi.
Ligaturaning har bir zarrachasi atrofida diffuziya zonasi hosil bo'ladi, va cheksiz klaster endi ligatura zarrachalaridan emas, balki diffuziya
zonalaridan iborat bo'ladi. Elektron mikroskopik tadgigotlar shuni ko'rsatadiki, maydalash jarayonida ligatura zarrachalari radiusi - r ga yagin
sferik shakini gabul giladi. Shishaning 0'zi izotrop muhitdir. Shuning uchun diffuziya jarayoni ham izotrop bo'ladi va diffuziya zonasi sferik
bo'ladi (1 va 2-rasmlar). Ushbu zonasining hajmi

_4r 3
Vy= 3 (I4+1) "

eng oddiy holatda, Tr haroratda, vaqt davomida 7, ligatura atomlari masofaga diffuziya qiladi
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=Dr=,/D LT EXP

2kT
@
E. — diffuziya jarayonining aktivatsiya energiyasi, Do = D(T¢—), k — Bolsman doimiysi. Chunki
oqish nazariyasining [6-9] asosiy tenglamasini elektr o'tkazuvchanlik uchun quyidagicha yozish mumkin:

O-(\/) :VO_tO-O(\/ _VC)t (3)

bu yerda (V) — diffuziya zonasining kritik hajmi, (V) — ligaturaning har bir zarrachasiga to‘g‘ri keladigan namunaviy hajm. (1) va (2) ni
(3) ga qo‘yib, oddiy algebraik o‘zgartirishlardan so‘ng quyidagiga ega bo‘lamiz:

v, V. E
Inq 1 (X i e B o
40 [g/ 1, (P! Po) VO) T

lo =Dy p, =1/0, o _ o o . .
Bu yerda , — butun hajm legirlangan shisha (diffuziya zonasi) bilan to‘ldirilgan holatda namunaviy
solishtirma garshilikni anglatadi, va moslashtirish parametri rolini bajaradi.

C=V,/V, , C.=V,/V,

©

rt+ ld

1-rasm. Ligatura zarrachalari va diffuziya zonasi modeli (sxematik tarzda). Ligatura zarrachalari o ‘rtacha r-radiusga ega , diffuziya zonasi esa
- r+lg.

2- ° s % e o I W @.f@ @@@
° @ @ ) .a’
® ° ° M °
@@

rasm.

T G@
; ° e @
"o et LY @@@@@@ ;’C%

Diffuziya natijasida legirlangann shishada oqish darajalarining hosil bo lzshi (T1 >T2>T3), r=const.

Ifoda (4) bizga diffuziya jarayonining aktivatsiya energiyasi 2 ni va diffuziya uzunligini d legirlash vaqti o‘zgarmas bo‘lganda, Tt
haroratiga bog‘liq holda aniqlash imkonini beradi.
Bundan tashqari, (4) ifodasi [10] turli xil shisha turlari, ligaturalar va legirlash rejimlari, shuningdek, kukunlarming dispersivligi uchun

R(C
oqish chegarasi ( ) qanday va qanchalik o‘zgarishi mumkinligini tushuntiradi. Darhaqiqat:
1) Shisha tarkibi va tuzilmasining o‘zgarishi, shuningdek, ligatura turi bir xil legirlash rejimida diffuziya koeffitsienti

D(T;) =D, exp(-E, /KT;) . diffuziva uzunligini 1 — Dz =/D,r exp(-E, / 2kT,)

shishaga nisbatan yuqori elektr o'tkazuvchanlikka ega diffuziya zonasining hajmiy ulushining o‘zgarishiga olib keladi.

2) Ligatura kukuni qancha mayda bo‘lsa, legirlangan shisha hajm birligidagi uning zarrachalari soni shuncha ko‘p bo‘ladi va ular
orasidagi o‘rtacha masofa shunchalik kichik bo‘ladi. Shu sababli, bu masofani ligaturaning diffuziya qiluvchi atomlari bilan qoplash va diffuziya
zonalaridan cheksiz klaster hosil gilish uchun boshqa barcha sharoitlar bir xil bo‘lganda, kamroq diffuziya vaqti talab etiladi.

1-jadval. Qo ‘rg ‘oshin-silikat shishalarida ligatura atomlari uchun diffuziya koeffitsientlari va aktivatsiya energiyalari, shuningdek,
diffuziya uzunliklari [4]-[10].

o‘zgartiradi, bu esa

Legirlangan  shisha Shisha Legirlangan shisha tarkibi, Ligatura E., eV Do, cM?/c lg, o™,

namunasi mass.% Te1123 K da
shisha ligatura

1 B-17M1 80 20 PbRuOs 1.08 5.65-10° 2.2:10°

2 B-17M1 90 10 RuO; 0.624 9.48-10° 3.0-10%

3 B-17M2 90 10 RuO; 0.194 5.74-10% 0.125

4 B-17M2 80 20 RuO; 0.212 4.1-10* 0.166

Natijalar. Endi legirlash darajasi va legirlash vaqti, ligatura zarralarining o‘lchamlari legirlashgan shisha namunasi elektr
o'tkazuvchanligiga ganday ta’sir gilishini ko‘rib chigamiz [11]. Ligatura atomlarining shishada diffuziyasi, diffuziya zonasi hajmiga teng bo‘lgan
zarrachalardan sodir bo‘ladi va tashgi manbadan diffuziant ogimi yo‘q. Shuning uchun diffuziya jarayonini cheklangan manbadan sodir
bo‘layotgan deb hisoblash mumkin [12], va Fik tenglamasidan foydalanish mumkin:

ON(X,7) _ DaZN(x 7)
ot NG _ -

Diffuziya profili quyidagi funksiya bilan tavsiflanadi
N
N(X,7) = TO{erfc

X—=r X+Tr
—erfc

2‘\/ Dz 2'\/ DT}Y (6)
Bu yerda No — ligatur atomlarining donadagi konsentratsiyasi, r — ligatur donasining radiusi, erfc(x, t) — xatolik funksiyasining qo‘shimcha qismi,
t — legirlash jarayonining davomiyligi. Diffuziya jarayoni uchun eng xususiy va eksperimental tekshiruv uchun qulay bo‘lgan narsa diffuziya
uzunligining vaqtga bog‘ligligi hisoblanadi.
Diffuziya haroratiga bog‘liq qarshilikka bog‘liglik uchun (yuqorida qarang, (4) ifodasi) qilinganidek, legirlashgan shishaning diffuziya
jarayonining davomiyligiga bog‘liq garshilik R(t) uchun quyidagi ifodani olamiz:
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(RIR,) ™ =47 (VBT +1)° -
0 ()

Legirlashgan shisha holatida, L masofasi bilan ajralgan go'shni ligatur zarrachalari diffuziya jarayonining ikki cheklangan manbai sifatida ko‘rib
chigilishi mumkin, ularning diffuziya ogimlari bir-biriga qarshi yo‘nalgan. Shunday qilib, ligatur konsentratsiyasining ularning orasidagi
tagsimlanishi vagtning turli paytlarida, ligatur zarrachalarining ikki diametri va uning doimiy hajm kontenti uchun 5.5-rasmda ko‘rsatilgan
shaklga ega bo‘ladi.

3-rasm. Ligatura atomlari konsentratsiya profili ikki ligatura zarrachasi orasida vaqgtning quyidagi momentlarida: +/ DTl =0,05;

D7, =03; \/D7, =055; \/Dr4 =08; /D7y =105,

Ligatura zarrachalari radiusi (mkm): 0,5 (a); 1 (b). Zarrachalar markazlari orasidagi masofa — 5 mkm.

Muhokama. Diffuziya natijasida hosil bo‘lgan diffuziya zonasi legirlashgan shisha namunasining barcha gismiga teng tagsimlanadi.
Elektr o'tkazuvchanlik, shu diffuziya zonasida joylashgan turli zaryadli ligatura ionlari o‘rtasidagi elektron almashinuvi orqali amalga oshiriladi,
ya'ni tashuvchi zarralarning o‘zining impuritet ostizona ichidagi harakati orqali. Shunday qilib, aynan ushbu impuritet ostizonaning eni m*
tashuvchi zarralarning samarali massasini belgilaydi: zona qanchalik tor bo‘lsa, m* shuncha katta bo‘ladi [13]. Legirlashgan shisha holatida,
ligaturaning shishadagi eruvchanligi yoki diffuziya legirlash darajasi past bo‘lganda (taxminan 7 % yoki kamroq, yuqoriga garang), ligaturning
qo‘shni atomlari orasidagi o‘rtacha masofa o‘zining shisha atomlari orasidagi masofaga nisbatan katta bo‘lib, ligatur qo‘shni atomlarining to‘lqin
funksiyalarining qoplam integrali kichik bo‘ladi. Bu tor impuritet ostizoni va erkin tashuvchi zarralarning katta samarali massasiga olib keladi.

X
) f»f?\fﬁfa\\mm
YA P Ve VA VR VA

4-rasm. Kontaktlarga ega legirlangan shisha namunasi va cheksiz klaster (sxematik tarzda). 1-taglik (96% Al,O3), 2 — kontaktlar (kumush-
vismut), 3 — o ‘lik uchlar, 4 — legirlangan shisha gatlamidagi kovaklar, 5 — legirlangan shisha, 6 — cheksiz klaster.
ARJR, %

*

05

*

n
2 4 B 8 10
5-rasm. Legirlangan shisha namunasining qarshiligi kesilgan kovaklar soniga bog ‘liqligi.

Bizning nazarimizcha, ushbu maksimumning paydo bo‘lishini ligatur zarrachalari orasidagi o‘rtacha masofaning (sakrash yoki tunel
qilish uzunliklari) o‘zgarishi bilan izohlash mumkin emas, chunki alyuminiy oksidi asosining issiglik kengayish koeffitsienti 8,4x10 K™ C71-K
shishasining esa 7x10°K™! ga teng. Bu 700 K (o‘tkazuvchanlikning pasayishi boshlanishi) dan 1000 K gacha bo‘lgan harorat o‘zgarishi bilan
yuqorida aytilgan masofaning 8,4x107°x300=2,5x107=0,25%ga o‘zgarishiga olib keladi. Bu yerda biz atrofdagi atomlar orasidagi masofaning
o‘zgarishi asosining issiqlik kengayishi natijasida yuz berishini gabul gildik, chunki plenka galinligi asos galinligidan deyarli 20 barobar kam, va
oxirgisining Yung moduli gatlam modulidan sezilarli darajada yugorirog. Shu bilan birga, tunel gilish (sakrash) ehtimoli va namunani
o‘tkazuvchanligi ¢ ®®? =1,0025 martaga o‘zgaradi, bu eksperimentda kuzatilganidan deyarli 4 tartib kichikroq. Bunday farq yana bir bor
ko‘rsatadiki, legirlashgan shishaning o‘tkazuvchanligi ligatura zarrachalaridan iborat uzluksiz zanjirlar (cheksiz klaster) hosil bo‘lishidan ko‘ra,
boshqa omillar (xususan, shishaning diffuziya legirlashishi natijasida u o‘tkazuvchi bo‘lishi) bilan bog‘liq.

Xulosa. Shisha va ligatur kukunlari aralashmasining legirlash paytida ligatura atomlarining shishada diffuziyasi sodir bo‘ladi. Shishada
hosil bo‘lgan diffuziya zonalari, shishaga nisbatan yuqori (shishaga nisbatan) o‘tkazuvchanlik va ligaturaga nisbatan katta hajmga ega bo‘lib,
diffuziya mavjud bo‘lmagan holatga nisbatan kamroq ligatura tarkibida cheksiz klasterni hosil qilishi mumkin. Ligatura atom larining diffuziya
uzunligi va shu bilan birga diffuziya zonasi hajmi harorat va diffuziya davomiyligi oshishi bilan o‘sadi, shuningdek, shisha va ligatura tarkibiga
bog‘liq bo‘ladi.

1.O‘tkazuvchanlik sohalarining (legirlangan sohalar) hajmini harorat, davomiylik va legirlash darajasi, shuningdek, ligatura
zarrachalarining o‘lchamlari bilan bog‘laydigan ifodalar olinib, legirlashgan shishaning o‘ziga xos qarshiligini o‘lchash orqali diffuziya
jarayonining parametrlarini (diffuziya koeffitsienti, faollashish energiyasi va diffuziya uzunligi) aniqlash mumkin bo‘ldi. Natijada, o‘tkazilish
egrisining nazariy giymatiga nisbatan legirlash darajasi (ligatura tarkibi) pastroq darajaga siljiydi.
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2.Muayyan sharoitlarda diffuziya zonasi namunani butun hajmiga egallashi mumkin, va bu holda o‘tkazilish darajalari va cheksiz klaster

haqida gapirish ma'nosiz bo‘ladi, balki legirlashgan shishani yuqori o‘tkazuvchanlikka ega yangi material sifatida ko‘rib chigish kerak. Aynan
ligatura atomlarining diffuziyasi o‘tkazilish egrisining legatura tarkibini kamaytirishga yoki ushbu egri yo‘qligiga olib kelishini, shishaning va
ligaturaning tarkibi, legirlash davomiyligi va harorati parametrlariga ta’sirini tushuntiradi; bu legirlashgan shishadan nominal aniqlik va bo‘linish
koeffitsienti 0,01 % dan yaxshiroq rezistorlar va kuchlanish bo‘luvchilarini ishlab chigishga imkon beradi.
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13.
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BINARY NICKEL AND SELENIUM ALLOYED TO SILICON INTERACTION OF COMPLEXES
Annotation

The research results of silicon doped with Ni and Se atoms are presented. Incorporation of nickel was sputtered onto the silicon surface followed
by a "low temperature" diffusion method at T=1150°C for 0.5 hours. Additional thermal treatment of samples doped with Ni and Se was carried
out in the same way (T = 820°C, for 0.5 hours). The composition of the samples was studied using SEM (Scanning Electron Microscope). The
change in properties of Si<Ni, Se> was explained by the formation of binary complexes of nickel and selenium input atoms in the crystal lattice
of silicon.

Key words: binary complex, nickel, selenium, forward voltage, short circuit current.

BUHAPHBII HUKEJIb M CEJIEH, JIETUPOBAHHBIN C KPEMHUEM B3AUMOJIENCTBUE KOMILIEKCOB
AHHOTaIUA

IIpexncraBieHsl pe3ybTaThl HCCICAOBAHHS KpeMHHs, jternpoBarHoro aromamu Ni u Se. BBelieHne HUKeNIs HAbULLIIA HA TOBEPXHOCTh KPEMHUSI
C MOCHEAYIOIMM METOIOM «HH3KOoTeMreparypHoi» audpdysun npu T=1150°C B Teuenue 0,5 wacoB. JOMONHHUTENBHYIO TEPMHUYECKYIO
00paboTKy 06pa3ios, jderuposantbix Ni u Se, nposoaunu ananornyso (T = 820°C, B Teuenue 0,5 yaca). Cocras 06pa3iOB U3ydYaiy C OMOILIBIO
COM  (CKaHMpYIOIIETo DJIEKTPOHHOrO MHUKpockoma). M3menenne cBoiictB Si<Ni,Se> o00bscHmIN 00pa3oBaHHEM OWHAPHBIX KOMIUIEKCOB
BXOJIHBIX @TOMOB HUKEJIS ¥ CEJIeHa B KPUCTAUINYECKON PELICTKE KPEMHHUSI.

KutioueBble ci10Ba: OMHAPHBIH KOMIUICKC, HUKEIIb, CEJICH, IPSIMOE HAPSHKCHHUE, TOK KOPOTKOTIO 3aMbIKaHHSI.

KREMNIYGA LEGIRLANGAN NIKEL VA SELEN BINAR KOMPLEKSLARNING O‘ZARO TA’SIRLASHUVI
Anotatsiya

Ni va Se atomlari bilan legirlangan kremniyni taggiqot natijalari keltirilgan. Nikelning kiritilishi kremniy yuzasiga changlatib olinadi va undan
so‘ng T=1150°C da 0,5 soat davomida “past haroratli” diffuziya usulida amalga oshirildi. Ni va Se legirlangan namunalarga qo‘shimcha termik
ishlov berish xuddi shunday amalga oshirildi (T = 820°C, 0,5 soat davomida). Namunalarning tarkibi SEM (Skanerlovchi elektron mikroskop)
yordamida o‘rganildi. Si<Ni, Se> xossalarining o‘zgarishi kremniyning kristall panjarasida Nikel va selen kirishma atomlarining binar
komplekslarning hosil bo‘lishi bilan izohlandi.

Kalit so‘zlar: binar kompleks, nikel, selen, salt yurish kuchlanishi, gisga tutashuv toki.

Hozirgi kunda kremniy zamonaviy elektronika uchun asosiy material bo‘lib kelmoda. Kremniy panjarasiga turli elementlarning kirishma
atomlarini o‘z ichiga olgan elektroneytral molekula yoki kompleksli obyektlarning kiritilishi yangi effektlarni aniqlashga olib keladi [1-3]. Ushbu
maqolada Ni va Se atomlari bilan qo‘shilgan kremniyga asoslangan quyosh elementlari tadqiqotlari natijalari keltirilgan. Bizga ma’lumki,
kremniydagi termik va radiatsion defektlar asosan optik aktiv kislorod konsentratsiyasi orgali aniglanadi. Chunki bunday kislorod
konsentratsiyasini boshqarish katta texnologik imkoniyat yaratadi. nikel va kislorod segregatsiya jarayonini tadgiq etish muhim hisoblanadi.
Bunga sabab kremniyda nikel atomlari yetarli darajada yuqori eruvchanligi N~10 sm™ ga teng va ular elektroneytral holatda bo*ladi [4-6].

1-jadval.
Dastlabki namunalarning o‘rtacha qiymat elektrik va optik parametrlari.
Dastlabki material O‘tkazuvchanlik tipi p n p,.n
KDB-0,5 p 05 329 4-10%
KEF-100 n 97 1340 4,8-10%

Dastlabki material sifatida Choxralskiy metodi bilan olingan, solishtirma garshiligi p-tip p=0.5 Om-'sm, va n-tip p=100 Om-sm bo‘lgan
monokristall kremniy foydalanildi. Bu namunalarda optik aktiv kislorod konsentratsiyasi No,=(5+6)-10%7 sm™ ni tashkil etadi. Namunaning
o‘lchami 1x4x0,8 mm3.

Barcha namunalar bir xil sharoitda mexanik va kimyoviy ishlov berildi. Namunalarning elektrik parametrlari Xoll effekti yordamida
aniglandi. Namunalarning kontakt gismi kimyoviy gipofosfit rastvorli nikel bilan gqoplandi.

Nikel atomlarining diffuziyasi T=1150 °C da t =30 minut davomida kvars ampulalarda “past haroratli bosgichma-bosgich” diffuziya
usulida amalga oshirildi. Keyin Se atomlarini diffuziyasi T=1200 °C da t =30 dagiga davomida amalga oshirildi. Natijada p-n ko‘rinishdagi
tuzilmalar, ya’ni fotoelementlar olindi. ‘“NiSe” molekulasidagi nisbatan yuqori bog‘lanish energiyasi va nikelning yuqori diffuziya
koeffitsiyentini hisobga olgan holda, qo‘shimcha termik ishlov berish harorati T = 820 °C da tanlandi. Qo‘shimcha termik ishlov berishdan so‘ng,
fotoelementining (FE) salt yurish kuchlanishi (Usy) va gisga tutashuv toki zichligi (Jg;) o‘lchandi. Si<B, Mn, Se> fotoelementlarida Jq: giymati
Si<B, Se> FE ga nishatan 22% ga oshdi, Usy, qiymati esa 427 mV dan 480 mV ga, ya’ni 12 % ga ortdi (2-jadval). Termik ishlov berishdan so‘ng
FE larni parametrlarining Si<B,Se> oshishi selen atomlarini kremniydagi rekombinatsion kirishmalarni getterlash xususiyati bilan tushuntirildi
[7-9]. Diffuziya jarayonidan so‘ng selen atomlarining bunday xususiyatlari deyarli namoyon bo‘lmaydi, chunki diffuziyadan keyin tez sovutish
sababli elektrofaol bo‘lishiga ulgurmaydi. Uzoq muddatli qo‘shimcha termik ishlov berish komplekslar hosil bo‘lish jarayonini faollashtiradi va
bu nazoratsiz kirishmalar va nugtali nugsonlarning getterlanishiga olib keldi.

2-jadval.
Quyosh elementlarining T=820 °C haroratda qo‘shimcha termik ishlov berishdan keyingi elektrofizik parametrlari
Namunalar Jg, MA/Cm? Usyu, MV Ppik, MW/cm?
Si<B, Se> 18 427 7.7
Si<B, Ni, Se> 22 480 10,6
Si<B, Ni, Se> FE parametrlarini +22% +12 % +37.4%
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[ Si<B, Se> FE ga nisbatan o‘zgarishi [ [ [ |
Demak, Si2NiSe turdagi komplekslarni hosil bo‘lishining texnologik optimal sharoitlari aniqlandi - selen va nikel kirishma atomlarining
diffuziya harorati T=1160 °C, qo‘shimcha termik ishlov berish (kompleks hosil bo‘lish) harorati T=820 °C ni tashkil etdi. Diffuziya va
qo‘shimcha termik ishlov berishdan so‘ng FE parametrlarini Usyu - 12% ga, Jq: - 22% ga, Ppik - 37,4% ga oshgani aniglandi [10-12].

k] M Crexp 59

1-rasm. Diffuziyadan keyin kremniyda hosil gilingan nikel va selen atomlari komplekslarining tarkibi (SEM).

O‘tkazilgan tajribalardan keyin biz elektron mikroskop yordamida namunaning tarkibini aniqladik(1-rasm). Natijalar shuni ko‘rsatdiki
kremniyda nikel va selen atomlari migdori bir biriga teng ekan. Bu shundan dalolat beradiki kremniyda nikel va selen atomlari birikib binar
komplekslar hosil gilgan. Kremniyning salt yurish kuchlanishi Usy - 12% ga, gisga tutashuv toki Jg - 22% ga, quvvvati Py - 37,4% ga
oshganiligi ham olingan natijalarni tasdiglaydi.

3-jadval
Dastlabki namunalarning o‘rtacha qiymat elektrik va optik parametrlari
Dastlabki O‘tkazuvchanlik tipi solishtirma harakatchanlik p, Zaryad tashuvchilar konsentratsiyasi p, n Optik aktiv kislorod konsentratsiyasi, No*"*
namuna qgarshilik p
KDB-3 p 3,2 252 7,7-10% 5.7-10%7
KEF-100 n 97 1340 4.8-108 5.7-10%

Ni krishma atomlari va kislorodning o‘zaro ta‘siri.

Nikel diffuziyasidan so‘ng kremniy namunalarida tugunlararo optik faol kislorod kontsentratsiyasi 1106 sm™ (9 mxm) mintagasida Furye
spektrometri bilan o‘lchandi. (3-rasm).

Misol tarigasida, Ni diffuziyadan keyin optik faol kislorod kontsentratsiyasi mavjud ma'lumotlar asosida hisoblab chiqildi [13-14]:

1) Nikel qo‘shilgan namunalar uchun - KEF-100 asosida olingan Si<Ni>

1 I

N =3.3.10" - = In —=1.8:10"em* (2)
lo
2) Nazorat namunasi uchun - Si <nazorat namuna>
NS =33-10" - LonLessirams
0

Misol tarigasida, Ni diffuziyadan keyin optik faol kislorod kontsentratsiyasi mavjud ma'lumotlar asosida hisoblab chigildi:
1) Nikel qo‘shilgan namunalar uchun - KEF-100 asosida olingan Si<Ni>

N =3.3-10" Lontasiaree
0
2) Nazorat namunasi uchun - Si <nazorat namuna>
1 I

NG =3.3-107 =+ In 491107 em?()
0

oxygen band

Transmittance, arb. units

080 X.J,a

1000 1020 1040 1060 1080 1100 1120 1140 1160
L,cm?

3-rasm. - Namuna o‘tkazuvchanligining tushayotgan nurlanish to‘lgin uzunligiga bog‘ligligi (1 - nikel legirlangan namuna, 2 - nazorat namunasi).

3) Si <Ni> namunalarida kislorod konsentratsiyasining nazorat namunalariga nisbatan nisbiy o‘zgarishi
(Noopv(nazoratnamuna)_ NOOPT(Ni))/ Noopt(nazorat namuna) — (4.9, 1017-1.8' 1017)/ 49- 101720.6

= Si = Si = Si —=
| ose || ni ]

= Si = Si = Si =
| 1.

— Si = Si == Si =

2-rasm. Kremniy panjarasida nikel va selen binar komplekslarining joylashish imkoniyatlari. Binar kompleslarning kremniy panjarasida
tugunlararo joylashishi.

Shunday qilib, kremniyni nikel bilan legirlangan namunaning optik faol kislorod kontsentratsiyasi 60% ga kamayishiga olib keladi. Bu
natija kremniy tugunlari orasida nikel va kislorod brikmalarining hosil bo’lganligidan dalolat beradi. Qolgan nikel atomlari esa selen atomlari bila
birikadi. Kremniy materialida kremniy panjarasida Si,NiSe tipidagi tetraedral binar komplekslarning ancha yuqori N ~ (3+4)-10% sm?®
konsentratsiyasi mavjud bo‘lib, bu katta ilmiy va amaliy qiziqish uyg‘otadi [15-17]. Bunday binar komplekslarning konsentratsiyasini oshirish
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yo‘llarini va bunday materiallarning xususiyatlarini o‘rganish kelajakda qayta tiklanuvchi energiya manbalari va fotoelektrik qurilmalarni ishlab
chigish uchun kremniy asosidagi materiallarning yangi sinfini yaratishga imkon beradi.
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FAOL MUHIT YON SIRTIGA DAVRIY TRAPETSIYA SHAKLINI BERISHNING QUYOSH LAZERLARI CHIQISH
PARAMETIRLARIGA TA’SIRI
Annotatsiya

Bu ishda biz quyosh bilan damlanadagan va sirti strukturalangan kristallardan tashkil topgan lazerlarni modellashtrish orqali o‘rgandik. Bu ishda
ishlatilgan simulyatsion modellar Monte-Karlo foton yo‘lini kuzatish usulidan foydalanib tuzildi. Simulyatsion modelning ko‘rsatishicha, sirtni
strukturalash damlash samaradorligini 7% ga oshishiga olib kelar ekan. Bu o‘sishning asosiy sabablaridan biri sirtni strukturalash natijasida lazer
sistemasidagi nurlarning trayektoriyalari keskin o‘zgarishi bo‘lishi mumkin. Damlash quvvati 800 W da ko‘rilganda, samaradorligining
yaxshilanishi o‘z navbatida lazer chigish quvvatining absolyut giymati 20% ga yaxshilanishiga olib keldi. Tekis va strukturalangan sirtli kristalga
ega lazerlarning chigish quvvati mos ravishda 8.5 W va 10.5 W bo’lishi ko’rsatildi. Olingan ilmiy natijalar turli strukturalangan sirtli kristallardan
foydalanib quyosh lazerlarini takomillashtirish yoki optimallashtirish mumkinligini ko‘rsatdi.

Kalit so‘zlar: Quyosh lazerlari, Monte-Karlo metodi, Frenel linzasi, Strukturalangan sirt.

BJWSIHUE MTEPHOUYECKOM TPAIIENIUEBHUIHOM ®OPMbI IOBEPXHOCTHA AKTUBHOM CPEJIbI HA BBIXO/IHBIE
IMAPAMETPBI COJTHEYUHOI'O JIABEPA
AHHOTaIUsS

B oroit pabore ObUIM HCCIIENOBAaHBI COJMHEYHBIE JIa3epbl C MOBEPXHOCTHO-CTPYKTYPUPOBAHHBIMU JIa3€pHBIMU CpElaMu 4Yepe3 pa3pabaTky
CHMY/IILIMOHHON MOJIENM Ha OCHOBE MeToja TPaccHpoBKH (oToHOB Monte-Kapio. PesysnbTaThl MOKas3bIBalOT, 4TO CTPYKTypHUPOBAHHE
MOBEPXHOCTU TPUBOJUT K 7/%-HOMY IOBBILCHHIO >()(PEKTHBHOCTH HAaKauyKW, BEPOSTHO, H3-32 3HAUUTENBHBIX H3MEHEHHH B TPAEKTOPHSIX
(hoTOHOB B Na3epHOil cucteme. DT1a moBkiiieHHas d(dekTuBHOCTD mpuBena kK 20%-HOMy MOBBILICHHIO BRIXOAHOW MOIIHOCTH Jia3epa, JOCTHTHYB
10,5 Bt npu ypoBre Hakauku 800 Bm 1o cpaBHeHUIO ¢ 8,5 Bm [Jis 1a3epoB ¢ MONTHPOBAHHBIMU IOBEPXHOCTSIMH. DTH Pe3yJIbTaThl YKa3bIBAIOT HA
TIOTEHINAJT ONTUMH3AIMH COJHEYHBIX JIA3€POB C UCIOJIB30BAHUEM KPHCTAIUIOB CO CTPYKTYPHPOBAHHBIMHU ITOBEPXHOCTSIMH.

Kuaioueslie ciioBa: ConHeunsle 1azepsl, MeToq Monte-Kapio, min3a ®penens, CTpyKTypUpOBaHHAs IOBEPXHOCTS.

IMPACT OF PERIODIC TRAPEZOIDAL SHAPING OF THE ACTIVE MEDIUM'S SURFACE ON SOLAR LASER OUTPUT
PARAMETERS
Annotation

In this study, we investigated solar lasers with grooved lasing media by developing simulation models based on the Monte Carlo photon tracing
method. The results demonstrate that surface structuring leads to a 7% increase in pumping efficiency, likely due to significant changes in photon
trajectories within the laser system. This enhanced efficiency resulted in a 20% improvement in the laser’s output power, reaching 10.5 W at an
800 W pumping level, compared to 8.5 W for lasers with polished surfaces. These findings indicate the potential for optimizing solar lasers using
crystals with structured surfaces.

Key words: Solar lasers, Monte Carlo method, Fresnel lens, Structured surface.

Kirish. Oxirgi yillarda quyosh energiyasini to‘g‘ridan-to‘g‘ri lazer nuriga aylantirib foydalanishga gizigish oshmogqda. Quyosh nurlari
bilan ishlaydigan lazerlar bo‘yicha dastlabki tadgiqotlar 1960-yillarning boshlariga to’g’ri keladi [1,2]. Quyosh lazer texnologiyasini odatiy
energiya manbalari yetib bormagan joylarda, kosmosda va gayta tiklanuvchi energiya manbalarini olish jarayoni zanjirida ishlatish mumkin [3-5].

Shu kungacha quyosh energiyasini lazer nuriga aylantirishda erishilgan eng katta umumiy samaradorlik 4.64% ni tashkil etadi [6]. Bu
ko‘rsatkich quyosh lazerlarining amaliyotda qo‘llanish uchun to‘sqinlik qilmogda va quyosh lazerlari samaradorligini oshirish ustidagi
tadgiqotlar bir nechta yo‘nalishda davom etmoqda. Jumladan, quyosh energiyasini faol muhitga samarali uzatish mexanizmlarini topish [7], ko’p
sterjenli sxemalardan foydalanish [8, 9], ichki va tashqi sensiblizatorlardan foydalanish [10, 11]. Keyingi yillarda faol muhit sirtiga shakl berish
orgali quyosh lazerning samaradorligini oshirishga garatilgan ilmiy izlanishlar ham paydo bo’ldi [12]. Bu ishda strukturalangan sirtli faol
muhitga ega quyosh lazerlari o‘rganiladi.

Dastlabki eksperimental ishda [12] quyosh lazerlarida strukturalangan sirtli Nd:YAG faol muhitlardan foydalanib, lazer samaradorligi va
optik dastaning fizik sifatini yaxshilanish mumkinligi ko’rsatilgan. Keyinchalik [13], strukturalangan sirtli Nd:YAG faol muhitini ishlatish orgali
ostona quvvatini pasaytirish mumkinligi va yuqori nishab (qgiyalik) samaradorlik 4.98% olish mumkinligi eksperimantal o’rganilgan. 2018-yilga
kelib geliostat-parabolik oyna tizimida strukturalangan sirtli Nd:YAG faol muhiti bilan experimentlar o’tkazilgan [14]. Bunda chigish quvvat
20.1W, nishab samaradorlik 5.04 %ga erishilgan. Bu ko'rsatkich oldingi eng yaxshi natijani 1,31 baravar yaxshiladi. Yagindagina [15], 2023-yil
strukturalangan sirtli Ce:Nd:YAG/YAG faol muhiti bilan Frenel linzasi yordamida experimentlar o’tkazildi. Bunda lazer chigish quvvati 26.93 W
va nishab samaradorlik 6.3 % bo’lgan.

Oxirgi ishda olingan nishab samaradorlik yakka kristalli quyosh lazerlari o’rtasida bugungi kungacha eng yaxshisi hisoblanadi va bu
strukturalangan sirtli kristallar orgali quyosh lazerlarini takomillashtrish mumkinligiga ishora giladi. Shu sababli, bu ishda quyosh lazeridagi faol
muhit sirtini trapetsiya ko’rinishidagi shakllar orqali strukturalash (naqsh berish), lazerning chiqish parametrlariga qanday ta’sir qilishini
modellashtrish orqali o’rganish magsad qilingan.

Tadgigot metodologiyasi. Eksperimental natijalarni tushunish va jarayonlarni to’liq tahlil gilib mexanizmlarini aniqlash uchun biz
strukturalangan faol muhitli quyosh lazerlarini modellashtirishda ko'p girralilikni ta'minlovchi Monte-Karlo foton yo’lini kuzatish (MKFYK)
metodi orgali modellarni ishlab chiqdik. Bu metod optika sohasida ko’p ishlatiladigan nur yo’lini kuzatish usulining takomillashtirilgan varianti
hisoblanadi [16]. U o'rganilayotgan obyektning barcha optik va fizik xususiyatlarini o'z ichiga oladi. Bir nechta jarayonlarda rivojlanishi mumkin
bo'lgan optik jarayonlarga duch kelganda, Monte Karlo usuli aniq simulyatsiyani ta'minlash uchun jarayonni boshqaradi. Biz oldingi ilmiy
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tadgiqotlarimizda MKFYK yordamida olingan natijalar hagiqiy eksperimentda kuzatilgan natijalar bilan deyarli ustam-ust tushushini va uning
ishonchli ekanini ko’rsatganmiz [17], qisqalik uchun bu yerda batafsil to’xtalib o’tirmaymiz.

Quyosh lazeri modeli tavsifi. Quyosh lazeri tizimda dastlabki konsentrator sifatida Frenel linzalari ishlatilgan. U tejamkor, yengil va
ixcham. Frenel linza yuzasining diametri 1 m, yuzasi 0.785 m?. Ikkilamchi konsentrator sifatida kesik konus shaklidagi kamera (1-Rasm) tanlab
olingan. Konus kamerasi Frenel linzaning fokusiga joylashtiriladi. U quyosh nurining lazer kristaliga yo’naltiradi va samarali yutilishga yordam
beradi. Konus kamerasining uzunligi 80 mm, kameraga kirish tuynukining diametri 36 mm, kameraning chigish tuyniki diametri 12 mm,
ikkilamchi konusli kontsentratorning ichida tashqi diametri 12 mm, ichki diametri 10 mm, oldi egrilik radiusi 6 mm va uzunligi 80 mm bo’lgan
kvars trubka joylashtirilgan. Kvars trubkada distillangan suv aylanadi va shu orgali trubka ichida joylashgan lazer kristali doimiy ravishda
sovutilib turilishi ko’zda tutilgan. Lazer kristali sifatida Ce:Nd:YAG sterjeni olingan va uning o'lchamlari 6 mm diametr va uzunligi 95 mm.

Output coupler
.
D output emisssion

Water in

D lnput Water out

Laser rod
Quartz tube
Conical cavity
1-Rasm. Quyosh lazeri kamerasining sxematik ko’rinishi.

Sirtni trapetsiya shakldidan foydalanib strukturalash. Endi quyosh lazerining modelini yasashda ishlatilgan faol muhit kristali sirtini
strukturalashga keladigan bo’lsak, dastlab sirti tekis silindr shaklidagi kristal olingan va uning sirtiga radiusga nisbatan o’lchami kichkina bo’lgan
trapetsiya shaklidan foydalanib nagsh berilgan, ya’ni davriy trapetsiyalash orqali strukturalangan (2-rasm). Lazer kristalining diametri 6 mm, uni
rasmda ko’rsatilgan kabi 0.1 mm chuqurlikda trapetsiya shaklida davriy o’yib chigilgan. Trapetsiya shaklining takrorlanish davri 0.6 mm. Kristall
deformatsiyaga uchramasligi uchun kristallning ikki chetidan 5mm sohasi o’yilmagan silindrik ko’rinishda olindi. Trapetsiya shaklining
o’lchamlari 2c-rasmda keltirilgan.

ke
P W

ams

2-Rasm. (a) Sirti tekis slindrik kristal, (b) strukturalangan sirtli kristal, (c) trapetsiya tavsifi.

Modelning ishlash jarayoni. Yuqorida ta’riflangan elementlardan tuzilgan sistemadagi damlash jarayonini o’rganish uchun MKFYK
usulidan foydalanib modellashtirildi. Bunda, quyoshning spektral xarakteristikasi va sistema elementlarining fizik xususiyatlari hisobga olindi. 2-
rasmdagi Keltirilgan ikkita sterjenning sirt farqi mavjudligi sababli, sistemaga kirayotgan fotonning sistema bilan o’zaro ta’siri har xil manzarada
kechishini kutish mumkin. Shuni ko’rish uchun, 3 ta foton yo‘nalishi tasodifiy tanlab olindi va sistemadagi yurish trayektoriyasining modeli
gilindi (3-rasm). Yashil, qizil va ko’k ranglar bilan chizilgan foton trayektoriyasidan ko’rish mumkinki, sirtni strukturalash fotonning yurish
yo’lini keskin o’zgartiradi va shu orqali fotonning faol muhitda yutilishiga ya’ni damlanishiga ta’sir o’tkazadi.

3-Rasm. (a) Tekis sirtga ega sterjenli va (b) Strukturalangan sirtga ega sterjenli lazer modeli.

Sirt o’zgarishining lazer chigish quvvatiga ta’sirini baholash uchun rezonator parametrlaridan tashqari damlash jarayonidan dastlab
asosiy Kattalik - yutilish samaradorligi (faol muhitda yutilgan fotonlarning sistemaga kirgan jami fotonlar soniga nisbati) kerak, keyin
yutilishning sterjen bo’ylab tagsimoti kerak bo’ladi. Yutilishning tagsimotini olish uchun fotonlarning faol muhitda yutilgan joyi gayd gilinadi va
jamlash kerak bo’ladi.

Biz sistemaga 2> /0" ta fotonni Kiritdik va ularning faol muhitda yutilgan joylari gayd gilish orgali yutilish tagsimoti olindi. Tekis sirtli
sterjen uchun faol muhitda yutilish samaradorligi 15.81%, strukturalangan yuza uchun esa 16.93% ni tashkil qildi. Ko’rinib turibdiki,
strukturalash faol muhitda yutilish samaradorligini 7% ga oshirishi kuzatildi. Tabiiyki, bu ko’rsatgich trapetsiyaning o’lchamlari va davri bilan
bo’gliq. Yutilish tagsimoti 4-rasmda chizildi.

e

4-Rasm. (chapda) Tekis sirtga ega sterjenli va (o’ngda) Strukturalangan sirtga ega sterjenli yutulish tagsimoti.

Bu ikkala damlash parametridan tashqari lazer chiqish quvvatini baholash uchun bir nechta rezonator parametrlari kerak bo’ladi.
Damlash tagsimoti 4-rasm ko’rsatadiki, damlash kristal bo’ylab juda notekis tagsimlangan va shu sababli bizga fazoviy bog’liq bo’lgan
elektronlarning sathlararo o’tish tezligi tenglamasini kerak bo’ladi [7]

_ Rp(1+f)_th/T
o= My v I peociu)
P, =kg )

Bu yerda k :hWZC/ 2Le proporsionallik koeffitsienti (]/2 chigish ko’zgusining o’tkazish koeffitsienti, Le' rezonator

()]

uzunligi, h-Plank doimiysi, V -lazer chastotasi, c-yorug’lik tezligi), rezonator ko’zgusiga va uzunligiga bog’liq. Lazer chiqish quvvati Py
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damlash tezligi Ry(r) ning funksiyasi, rezonator modasi u(r) va temperaturaga bog’liq nurlanish ko’ndalang kesim nisbati
f = o'a(T (Rp,U)) / O'e(T(Rp,U)) , bu yerda T faol muhit temperaturasi.

Modeldan olingan samaradorlik va tagsimotga qo’shimcha rezonator parametrlarini nazarda tutgan holda, ikkala hol uchun lazer chigish
quvvatini elektronlarning sathlararo o’tish tezligi (1) va (2) tenglamalarini ishlatib hisoblangan natijalar 5-rasmda keltirilgan.

Chiquyotgan lazer nuri quvvati [W]

Tushayotgan quyesh nuri quvvati [W]
5-Rasm. Tekis sirtga ega sterjenli (ko’k rang) va strukturlangan sirtga ega sterjenli (qizil rang) lazer chigish quvvatining damlash quvvatiga
bog’ligligi.

5-rasmdan ko’rinadiki, 800 W damlash quvvatida, strukturalangan sirtga ega sterjenli lazer tekis sirtli holga garaganda deyarli 20%
yaxshilanishga olib keladi.

Xulosa. Bu ishda biz quyosh bilan damalanadagan va sirti strukturalangan kristallardan tashkil topgan lazerlarni o’rgandik.
Strukturalangan sirtli kristallar yordamida gilingan experimental ishlar lazer chigish xaraketristikasi yaxshilanishi mumkinligiga ishora gilgandi.
Bu ishda MKFYK bilan tuzilgan modeldan foydalanib yaxshilanishning sabablari qidirdik. Modelning ko’rsatishicha sirtni strukturalash damlash
samaradorligini 7% ga oshishiga olib kelar ekan. Bu o’sishning zamirida, lazer sistemasidagi nurlarning trayektoriyalari keskin 0’zgarishi turgan
bo’lishi mumkin. Damlash samaradorligining yaxshilanishi natijasida, lazer chiqish quvvatining absolyut qiymati 20% ga yaxshilandi ya’ni 8.5 W
dan 10.5 W gacha oshirdi. ~ Xulosa o’rnida shuni aytish mumkinki, turli strukturalangan sirtli kristallardan foydalanib quyosh lazerlarini
takomillashtirish yoki optimallashtirish mumkin.
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SUN’TY NEYRON TARMOQLARINI TOG*‘-KON ISHLARI MASALALARINI YECHISHDA QO‘LLASH
Annotatsiya
Mazkur maqolada neyron tarmogqlarini tog‘-kon ishlarida qo‘llanish masalasi ko‘rib chigilgan. Odatda tog*-kon ishlari, noaniglik sharoitida olib
borilishi sababli, bu jarayoni to‘g‘ri va aniq baholashda ehtimoliy faktorlar katta rol o‘ynaydi. Mualliflar mavjud matematik modeldan
foydalanib tog*-kon sharoitida rejalashtirish masalasini neyron tarmoqlari yordamida ko‘rib chiqish usulini ishlab chiqqanlar.
Kalit so‘zlar: neyron, tarmoq, sun’iy intellekt, rejalashtirish, tog‘-kon, boshqaruv parametlari, samaradorlik, o‘rtasalmoqli, usul, muqobil,
algoritm, tezkorlik, dasturlash tili.

APPLICATION OF AN ARTIFICIAL NEURAL NETWORK TO SOLVE MINING PROBLEMS
Annotation

This article discusses the use of neural networks of one of the areas of artificial intelligence in solving open-pit mining problems. The authors
examined the use of this method in solving operational and calendar planning of open-pit mining. The use of neural networks in mining, due to
the uncertainty in natural and technological systems, is a rather difficult task. The authors, based on the developed mathematical model, made an
attempt to formalize knowledge.

Key words: Neuron, network, intellect, artificial, planning, mountain, controlled parameters, equipment performance, weighted, methods, option,
algorithm, operational, language programming.

MPAMEHEHHUE UCKYCCTBEHHOI HEMPOHHOM CETH JUISI PEINEHUA 3AJAY TOPHBIX PABOT
AHHOTaIUA

B naHHO# cTaThe paccMaTpUBAETCS UCIIONb30BAaHUE HEHPOHHBIX CETEH OJHOTrO M3 HANPABJICHUI MCKYCCTBEHHOTO MHTEIUIEKTA B PEIICHUH 3a]1a4
OTKPBITHIX TOPHBIX PaboT. ABTOpaMH paccMOTpeHa NMPUMEHEHHE 3TOr0 MeToJa B PelIeHHH 3aJadl OlepaTHBHO-KAJICHAAPHOTO IIAHUPOBAHWS
OTKPBITBIX TOPHBIX paboT. Mcnosnb30BaHNe HEHPOHHBIX CETel B TOPHBIX pabOTax B CUIIy HEOIPEAEICHHOCTH B MPUPOJHO-TEXHOJIOIMYECKUX
cHCTeMax JOBOJIBHO CIIOXKHAS 3a7ada. ABTOpaMH Ha OCHOBE pa3pabOTaHHON MaTeMaTHYEeCKOIl MOJEeNM MPeANpHHATA MOMBITKA (GopMaIn3auu
3HAHUH HEHPOCETAMU.

KuaioueBble cioBa: HelipoH, ceTb, HCKYCCTBEHHBII HHTENNIEKT, IUIAHHMPOBAaHME, TOPHBIN, yIpaBiisieMble MapaMeTphbl, MPOU3BOLUTEILHOCTb,
CpeIHEeB3BEIICHHOE, METOIbI, BAPHAHT, aJTOPUTM, ONIEPATHBHBIH, S3BIK IPOrPaMMHPOBAHUSL.

[InanupoBanue TOPHBIX PaOOT SIBIAETCS HENPEPHIBHBIM IIPOLIECCOM COCTABICHHS MOCIEAOBATEIbHOCTU YIPABIAIONINX PEIICHHN AT
Pa3IMYHBIX KaleHAapHBIX MEPHOOB, YTOUHSIONIMX pPEIIeHHs M0 pa3paboTke MecTOpOXIeHHS. B HeM 3aHAT MIMPOKHH KPYyr CIENUaINCTOB
HMHKEHEPHBIX CIIY’KO TOPHOJOOBIBAIOIIETO IIPEANPHUATHS. PeanbHas HenpephbIBHOCTh TaKOTO MpoIlecca BO3MOXKHA TOJIBKO IPH CO3/IaHUH OOIIEro
UH(OPMALMOHHOTO NIPOCTPAHCTBA, BKIIOYAIONIETO T'€0JIOr0-MapKIIeHIepCKyI0 U TOPHOTEXHUYECKYI0 HH(OPMAIIUIO, COCTaB H COCTOSHUE TOPHO-
TPaHCIIOPTHOH TeXHUKH, YKOHOMHUYECKHE OKa3aTeNH U p..

«[ImaHpl pa3sBUTHS TOPHBIX pPabOT SBIAIOTCS OCHOBHBIM JOKYMEHTOM, peIVIAMEHTHPYIOIIMM padoTy kapbepoB» [l1].  OHu
pa3pabaThIBAIOTCA B COOTBETCTBUH C YTBEPXKICHHBIMH IIPOEKTaMU Pa3pabOTKH MECTOPOXKACHHH, TeXHHKO-PKOHOMHYECKUMHU MOKa3aTelsIMH
npenpusatuii. OCHOBHBIMH 33lauaMH IUIAHOB Pa3BHTHA TOPHBIX pabOT ABIAIOTCS OOECIEUeHHE BBHINOIHEHUS 3afaHus 10 JOObIUE MONE3HOrO
HCKOIIAaéMOTO W TIOBBIIICHUS 3(P(EKTHBHOCTH pabOTH Kapbepa INpPH COONIONCHWH TPeOOBaHWH NPaBHI TEXHHYECKOW M IKOJIOTHIECKOU
6e30IacHOCTH.

PasButHe HLU(POBHIX TEXHONOTWH MpPUBENO K IEPECMOTPY BECEro CIEKTpa 3ajad Ha MPOU3BOJICTBE IO IPHMEHEHHIO HOBBIX
HMH()OPMAMIOHHBIX TEXHOJNOTHH. 3axadyd ropHOro NMPOU3BOACTBA KaK HaWMEHEe ITOJIAFONIErocs PEIIeHHIO KJIACCHUECKUMHI MaTeMaTHIeCKHMHU
MEeTOJIaMH ONTUMU3ALHU U MOAEIHPOBAHMUS, HyKJAIOTCS B HOBBIX CIIOCO0AX PelIeHHs.

W3BecTHO, 4TO pelleHHEe TOPHBIX 3a7ad B CHIy HEONpPENCICHHOCTEH B INPUPOAHO-TEXHONOTMYECKHX CHCTEMAaX, BCETJa HMeIo
BEPOATHOCTHBIM Xapakrep. B mocienHue necaTuieTdss NpUMEHEHHE MMMTALMOHHOTO MOJEJIUPOBAaHMS B PEIICHUM T'OPHBIX 3a/1a4, YaCTHYHO
3aOJIHANO OTCYTCTBHE HAJEKHBIX METOIOB PEIICHUSL.

M3BecTHO, 4TO CTaHAAPTHBIA CIOCOO PEIICHHs IPOM3BOACTBEHHBIX 33/1ad C NPUMEHEHHEM KOMIIBIOTEpa HMPHBOIMIOCH B IIEJIOM IO
creslyrolielt cxeme: MOCTaHOBKA M UCCIIE0BaHNE 3a/1a4H, MOJIETIMPOBAHKE MpoLiecca PEeLIeH s, CO3/laHue MaTEMAaTHYECKOM MOJIENIN U aJIrOpUTMa
pelIeHus 3a/]a4H ¢ IOCIeYIOMUM IPOrpaMMHPOBAHHEM Ha S3BIKE IIPOrPAMMUPOBAHUL.

HckyccTBeHHBIE HEWPOHHBIE CETH NPEACTABISIOT COOOM CHCTEMY COSIMHEHHBIX M B3aWMOJCHCTBYIOIIMX MEXIYy Co00i
MIOCJIEI0BATEIIBHOCTE TOPHBIX PaboT (MCKYCCTBEHHBIX HEHPOHOB). Ka)kaplil TEXHOIOTHYECKHI MPOLECC CETH MMEET AENO TOJNBKO C CHTHANaMH,
KOTOpBIE OH HMEPHOAMYECKU IIOMydaeT MO AUHAMUYECKOH CXeMe OT IPEUIyIIero cocTosHusA. 1 TemM He MeHee, Oylydu COCAMHEHHBIMU B
JIOCTAaTOYHO OOJBIIYIO CETh C YNPABIISIEMBIM B3aUMOJEIICTBHEM, TaKUe JIOKAIBHO IPOCTHIE MPOLECCH BMECTE CIIOCOOHBI BBHITOTHATH JOBOIBHO
croxHble 3a1a4n. «HefpoHHbIE ceTH He MpOorpaMMHUPYIOTCS B NPUBBIYHOM CMBICIE 9TOTO CJIOBA, OHH 00ydaioTcs. Bo3aMokHOCTE 00y4eHus -
OJIHO H3 TJIaBHBIX IPEHMYIIECTB HEHPOHHBIX CeTel Mepes TPAIUINOHHBIMU AITOPUTMAaMID» [2]

MoskHO i pemaTh 3aJa4y FOPHBIX pabOT METOAaMK HEHPOHHBIX CeTei, TO eCThb C IOMOIIBIO aATOPHTMOB, HA OCHOBE MHOTOKPATHBIX
MIOBTOPEHHIT KOTOPOTO MPOUCXOIHUT CaMOOOYUIEHHE CHCTEMBI. B MPOU3BOICTBEHHBIX CUCTEMAX C M3MEHSIOIIUMCS TEXHOJIOTHIECKHMH CXEMaMHU
paboT, TeKyImue IIaHbl PeKOMEHIyeTcsl 00OCHOBATH B [[BA TAma:

-Ha [IEPBOM JTaIle METOAOM UMUTAIIMOHHOTO MOJIEINPOBAHUS HEOIOXOAUMO (hOpMUPOBATH IUIAHBI BAPHAHTOB;

-Ha BTOPOM OTale - BBIOpaTh M3 HUX HaWIydllee MO CXeMaM JMHAMHYECKOTrO MPOrpaMMHpPOBAHHMS JUI OTHENBHBIX YHPaBIISEMBIX
apaMeTpoB.

Jlnst kapbepoB € OTKPBHITHIMH TOPHBIMH PabOTaMH HCIIONB3YIOTCS CIEAYIONIHE YyHpaBlIsgeMble IIapaMeTphl: IPOH3BOAUTEIHHOCTH
000pynoBaHNs, CPEIHEB3BELICHHOE PACCTOSHIE TPAHCIIOPTUPOBAHNUS, 00BEM TPAHCIIOPTHEIX PaboT, 00BEM ITyTe-TIePEABIKHBIX PadoT.
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Anamu3 (QyHKIMOHMPOBAHUS TEXHOJIOTUMH TOPHBIX pPaboOT Ha pas3pe3e IOKa3ald, 9YTO IO B3aHMHBIM IPHYHMHAM B CMEXHBIX
HPOU3BOJICTBEHHBIX TIPOLECCAX HMMEIOT MECTO NPOCTOM obopyaoBaHus. Paspes paccmaTpuBaeTcs Kak ynpasisieMas JHMHaMHYecKas CHCTEMa,
OCHOBHBIMH MAaTepHalbHBIMU MOTOKAaMH, KOTOPOIl SBISIOTCS IPy30moToKd. OHM XapaKTepH3yIOTCs N3MEHUHBOCTHIO BO BPEMEHH OOBEMOB H
cocTaBa Ipy3a, PaccpeIOTOYEHHOCTHIO MO PA3NIMYHBIM CXOISIIUMCS M PACXOASIIUMCS KOMMYHHUKAI[OHHBIM IyTSIM, JKECTKOH 3aBUCHMOCTEIO
OJIHMX TPY30IIOTOKOB OT JPYIHX, HPUBOSAIICH K TOMY, YTO JHCIETYEPCKas CIIy)0a MOCTOSHHO U3MEHACT B COOTBETCTBUE C IPAUKOM 3arpysKy
TOPHOTO 000pyTOBaHHUS

IIpu cocraBneHHy IIaHa BCKPHIIIHBIX Pa0OT Ha YroOJIbHBIX pa3pe3ax, HCIOIb3YIOIIX YKCKABATOPHI U JKEIE3HOJOPOXKHBIH TPAaHCIOPT,
Heo0XxonMo (OpPMHUPOBATE MHOKECTBO BapMAHTOB TEXHOJIOTMYECKHX CXEM Ha KaXIOM YCTyIE M PaccMaTpHBaTh MX COBMECTHO HPH BbIOOpE
OITHUMAJILHOTO IUIaHA.

Texuudeckn, oOydeHHe 3aKII0YAeTCS B HaXOXKICHUH KOd(D(UIUEHTOB cBsi3el Mexay HeiipoHamu. B mpomecce oOydeHus HelipoHHas
CeTh CHOCOOHA BBISBIIATH CIIOXKHBIC 3aBHCHMOCTH MEX/y BXOJAHBIMH JIAHHBIMH U BBIXOJHBIMH, @ TAKXKE BBINOIHATH 00001IeHHE. DTO 3HAYUT, YTO
B Cllydae YCIEHIHOTO OOy4YeHHS CeTh CMOXKET BEPHYTh BEpHBIH pe3ylbTaT Ha OCHOBAHHHU JIAHHBEIX, KOTOPBIE OTCYTCTBOBAIM B OO0ydaromieit
BBIOOpKE, a TAKIKE HeTIOTHBIX M «3allyMJICHHBIX)», YACTHIHO HCKAXKEHHBIX JaHHBIX.

Krnaccuueckue meronpt mocrpoetusi ACY TeXHOJOTHYSCKHMMH MPOLIECCAMU CTPOSTCS Ha (HOPMANTU30BAHHBIX 3HAHHMAX UelOBEKa 00
o0bekTe ynpasienus. Bapuant noctpoenne ACY (ABTOMaTH3HPOBaHHOE CHCTEMA YIIPaBICHHs) Ha OCHOBE HEHPOCETH pean3yeT CBOHCTBEHHEIE
4eI0BeKy KOTHHTHBHBIE IPHEMbL. B kauecTBe MpHMepoB YCIIEIIHOrO NPHUMEHEHUs HCKyccTBeHHOU HeiiponHoil cetn (MHC) B manuoit cdepe
MOXHO Ha3BaTh YIPABICHHUE CIOKHBIMU IIpOLECCAaMM U OOBEKTaMH B YCIOBHAX MH(OPMAI[MOHHOH HEONPENEIEHHOCTH, IpPOLeccaMu
MeXaHO000pabOTKH, POOOTOTEXHHIECKHMH CHCTEMAMH.

CHavana ompenenuM IOHSATHE HEWPOH M KaK OHAa WHTEPIPETHUPYETCs B Ipoliecce IUIAaHUPOBAHHS TOPHEIX pador. Helipon - sto
BBIUMCIIMTEIIbHAS SANHHIA, KOTOPas MONTy4aeT HH(POPMALHIO, IPOU3BOJUT HAJ HEil POCThie BEIYUCICHUS U IepeaaeT ee aanblie. OHU Jensrcs
Ha TPH OCHOBHBIX THIIA: BXOMHOH, CKPHITHIH M BBIXOAHOH. COOTBETCTBEHHO, €CTh BXOJHOW CJIOH, KOTOpBI IONy4aeT HH(OpPMaLHMIio ee
00pabaTbIBaeT CKPBITHIH CIIOH B BEIXOIHOH CIIOH, KOTOPBIH BEIBOJHUT PE3yNIbTaT. Y KaXJOro U3 HEI{POHOB €CTh 2 OCHOBHBIX IIapaMeTpa: BXOIHEIE
nanubie (input data) u Beixommble manubie (output data). B cimydae BxogHoro meitpona: input=output. B ocrambHbIX, B mON€ input momagaer
cyMMapHasi MH(pOpManus BceX HEHPOHOB C NPEABIAYIIEro CIos, IOCIe Yero, OHa HOPMAIIM3YeTCs, C IIOMOIIbI0 (yHKIMHM akTHBamuu f(x) u
Tona aeT B moJe output.

Kaxk paGoraet HelipoHHast ceThb [3] B TEXHOIOMHYECKOM MPOLIECCE TOPHBIX paboT?

PaccmoTtpum cosanue 31eMeHTa HeHpOHHOH ceTu (HepoHa) B IIIAHUPOBAaHUH T'OPHBIX paboT.

Hy e = U1 W) + (I - W) (1)
Hl ouput = factivation(Hlinput) (2)

B nanHOM mprMepe n3o0paxceHa yacTb HEHPOHHOM ceTH, riae OykBamu I 0003HaueHBI BXOAHBIE HEHPOHEI, OyKkBO# H - CKpBITEI HEHpOH,
a 6ykBoit W- Beca. 113 opMmysisl BUIHO, 4TO BXOHAsSI HH(OPMALUS - 3TO CyMMa BCEX BXOJHBIX JAHHBIX, yMHO)KCHHBIX Ha COOTBETCTBYIOIIHE UM
Beca.

PaccmoTpuM MecsiYHBIN IUTaH paboTHI YKCKAaBaTOpa Ha BCKPBIIIHBIX paboTaX, MPOU3BOAUTENBHOCTE IKCKABAaTOpPa 3aBHCHUT OT (poHTa
HOJIrOTOBJICHHBIX TOPHBIX paboT Ha ycTyre. Mecs4HbIH IU1aH paboThl BCKPBILIHOTO YKCKaBaTOpa ONpPEJIEeNiM 1o hopmylie

Q=0+ tadQ
rae Qn, — MECAYHBIH IUIaH 0 BCKPbILE; Q — CPEaHss MOTpy3Ka Ha SKCKABATOP COINIACHO JAaHHBIM CTATHYECKOrO aHaiu3a; t, —
apryMeHT HOPMAJIbHOH (YHKUMM pacnpeieleHus NpH JIOBEPUTEIbHON BEPOSATHOCTH BbIOOpa IiaHa o. §; — CpelHee KBaJpaTHuecKoe

OTKJIOHEHHE Harpy3KH.

«J171s1 IpUMEHEHUsT HeUPOHHBIX CETeH OMpPEAEeNM BXOIHbIE JaHHble input datay [4]

Jlst 3TOrO WMCTONB3yeM MaTeMaTHYeCKyr0 MOJENb omnpeseneHus (QpoHT paboTsl KcKaBaTopa Ha ycTyre. MartemaTHdecKas MOZIENb
OITHCHIBACT TEXHOJIOTUYESCKUH JOITYCTHUMBII (BO3MOXHBIH) MTOPSIOK OTPabOTKU OJIOKOB YCTyIa U NPOJOIDKUTENEHOCTh X OTPabOTKU, 00BEMBI H
HPOJIOJDKUTEIBHOCTD BBIIIOJIHEHMS MOJATOTOBUTENBHBIX M BcroMorarensHeix pador [1]. TexHonormdeckue BapuaHThI Ienu 010koB R -ro
9KCKaBaTOpa ONPEJIENAIOTCS MO CIEIYONINM MPaBHIaM:

a) mpu W = | HavyaibHBIA GJIOK MPHHUMAET MECTOIOJIOKEHNE SKCKaBaTopa Ha Hayajlo Mecsua, To ecTh ji = ju, rae ji < j < ji, ju -
HOMep OJI0Ka, MECTOHAXOX/ICHHUs I — 0 3KCKaBaTOpa Ha HAyalo IUIAHUPOBAHHS; jj- TOXKE, NPUHHMAEMOr0 B KAaueCTBE HAYAIBHOTO B 30HE
PpaboTHI IKCKAaBATOPA; ji, - TO XKe, B KaYeCTBE KOHEYHOr0, B 30HE PabOThI i -ro 9KCKaBaTOpa.

6) mpu W = 2 - ompenessercst GIIOK Ha y4acTKe YCTyNa ¢ MaKCHMalbHON HIMPUHOW pabouell miomanku, ji =1i* mus Dy =

max Z;‘Z‘]‘}ﬂl Sij - HaXOKIEHHE MakcnMyma 1o i -Tomy yerymy, rtae J = 0,K} — Khax . Ki = Jk —Jii - xommdectBo GIOKOB, rae
TEXHOJIOTMYECKH BO3MOXKHA paboTa 1 — ro 9KCcKaBaTopa. Ky, - MAKCHMAIIBHO BO3MOJKHOE KOJIMYECTBO OJIOKOB, BKJIIOYCHHBIX B i -10 LEMb LIS
0TpaboTKH 3a Mecsll. S; j — TUIOAb j -ro Ginoka B M2,

B) npu W =3 - onpenensiercst 6J0K ¢ MUHUMAJIBHOM ITUPUHOM.

Matemarndeckass MOJIETh OIHMCHIBACT TEXHOJNOTHYECKUH JIOIYCTHMEIH (BO3MOX-HBII) MOPSIOK OTpabOTKM ONOKOB ycTyma u
TIPOIOJDKUTENBHOCTE MX OTPAOOTKH, 0OBEMBI M MPOJIOJKUTENBHOCTD BBITIONHEHHUS MOATOTOBUTENBHBIX U BCIOMOTa-TeNbHEIX pador. Temeps,
KOTJIa y HAac €CTh BXOJHbBIC JaHHBIC, MBI MOXXEM IOJIyYHTh BBIXOAHbBIC IAHHBIC, MOJCTABHB BXOJHOE 3HAa4eHHE B (DYHKIMIO akTHBauuu [5].
Hcxons u3 aTOTO, OTIpe/IeieHHbIe BBIXOIHBIE JaHHbIE HCIIONb3yeM IS JalbHeHmmX pacyeros. M Tak, MBI MOBTOpsieM /Ul BceX OJIOKOB, TTOKa He
JIoi/ieM JI0 BBIXOAHOTO HelfpoHa. 3aIlyCTHB TaKylo CeTh B IIEpBBI pa3, Mbl YBUJIHMM, YTO OTBET JAJICK OT NPABHIBHOTO, HOTOMY YTO CETh HE
HATpeHUPOBaH. UTOOBI YIIy4IINT PE3YIIBTATHI, OyIeM ee TPEHHPOBATH C MOMOIIBI0 QYHKINK aKTUBamuu [5]

B pa6ote Takxke MOCTPOEHHI (pHC.1) 3aBUCHMOCTH CTOMMOCTH JKCKABAIlMM M TPAHCTIOPTUPOBaHUs 1 M® BCKPBIINIM OT yPOBHS pe3epBa
MPOM3BOJIUTENIBHOCTH 3KCKaBaTopHOro mapka (ot 0,05 1o 0,30) mpu pa3nuyHON BEpOSATHOCTH BHINOJIHEHHs MecsuHoro miana (0,7 - 0,9). Kak
BH/IHO M3 rpaduKa OJMHAKOBAsi CTOMMOCTh Ha 3KCKABALUIO M TPAHCIOPTHPOBAHHE TOPHOW MAacChl MOKET OBITh JOCTUTHYTA IPH BEPOSTHOCTH
BeinonHeHus wiana (P =0,7; 0,8; 0,9). Ha rpaduke o603naueHs! Toukamu M; , M, M3 cooTBeTcTBYIOIMEe BennunHam pesepsa R =0,05; 0,10;
0,26 nim B MammMHOCMeHax paboTsl skckasaropa (P=3; 9,6; 15,5).

3raic, cym
F1=0.7
0.7 F2=0.8
F3=0.9

0.6

0.5 M1 M2 M/
04 //
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Puc. 1 3aBucMOCTb 3aTpaT Ha TPAHCIIOPTHBIE PACXOIBI
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Ecnu peseps yBemmuuts B 5 pas (¢ 0,05 xo 0,25), To kKak BUAHO U3 PUCYHKH, BEPOSTHOCTD BBIIOJIHEHHUS IUIaHa yBenmausaercs ¢ 0,7 1o
0,9.

B nmaHHO cTaThe MBI paccMOTpeNy IpHMep Ha caMOM 0a30BOM TUIle HEHpOHHBIX ceTeil ceTb mpsimoro pactpoctpaneHusi(CIIP).
ABTopamu BezneTcs ucciegoBanue 1o «I[IpuMeHeHno IMHUTAMOHHOTO MOAEIHPOBAHKS TOPHBIX PadOT IS PeKYPPEHTHBIX HEHPOHHBIX ceTeihy
[6]. CIIP kak BbITEKaeT U3 Ha3BaHMUS, ITO CETh C IIOCIIEIOBATEIbHBIM COCANHEHUEM HEHPOHHBIX CIIOEB, B Heil HH(bOpMaIHsl Bceraa UaeT TOIbKO B
OJIHOM HaIlpaBJICHUH.

«['maBHOH 3aauell IpUMEHEHNs] HEHPOHHOH CeTH B KaJCHAApHOM IUIAaHUPOBAHHHU TOPHBIX PadOT SBIISIETCS HOBBIINICHUE HAIGXHOCTH U
TEKYLIEro COCTOsIHMs paboThl 06opynoBanusy [7]. B HacTosiee BpeMsi HCKYCCTBEHHbIC HEHPOHHBIC CETH HCIOIb3YIOTCS BO MHOTHX O0JACTSIX,
HO TIPeXJe, YeM HX MOXKHO Oy/eT IPUMEHSITh, JOJDKHEI OBITh PelIeHb BaXKHBIE BOIIPOCHI, KAaCAIOIIUECs HATEKHOCTH HX pabOTEL.

Hcnonp3oBaHue MCCKYCTBEHHBIX MHTEIUIEKTYaIbHBIX HEHPOHHBIX TEXHOJIOTHH B IOCIERHee BpeMs pe3ko Bo3pocio. [lamHas pabota
SIBJISIETCS OJJHUM M3 HOIBITOK HCIIOIB30BaHHS HCKYCCTBEHHBIX HEHPOHHBIX CETEil B PEIICHUH 3a/ia4 ONEepaTHBHO-KaJICHAAPHOTO IIAHUPOBAHUS
TOPHEIX PadoT.

JUTEPATYPA
1. B. B. PxeBckuii, OTkpbITEIC TOpHBIE paboThL. [IpousBoacTBeHHbIe mporecesl. Yacte M. 2021. ctp. 115.
C. U.®omun, J. H Jlurouxuii. K. P. Aprumb6aes, [InanupoBaHne OTKPBITEIX TOPHBIX paboT: YueObHoe nocodue . CM.: M3narenscTBo
«JIanby, 2018. ¢ 60.
3. Tasnos C. H. CucreMsl HCKyCCTBEHHOTO MHTEIUIEKTa: yueO. nocooue. Tomck:  Dub Kontent, 2011, ctp. 56.
IIpumenenue HelipoceTel B 001aCTH 9KOHOMHKH U (prHAHCOB. «HaydHO-IpakTHYeCKHi JIIeKTPOHHBII xKypHan Ames Haykny Nel6, 2017.
Cyposues U.C., Kimtokun B.U., [TuBoBaposa P.I1. Heiiponusie cetu. — Boponex: BI'Y —c. 224, 2018.
A. H. T'opbanb, O0OyueHue HelipoHHBIX cereil. M3a. «ITaparpad», Mocksa, 2020. ¢ 160.
K.M BeiicembaeB., H.P. HopaeBa HeiipocereBoii moaxoj K pa3pabOTKe, MOJACIUPOBAHHIO U YIPABJICHUIO TOPHBIMHA MallMHAMHU /
PazpaboTka Mozerneli U 2JIeMEHTOB yIpaBJIeHUs TeXHOIOrnYeckuMu MammaamMu Tomck. 2017. ¢. 57.

N

Nookw

- 485 -



https://bookmix.ru/bookauthor.phtml?kauthor=%D0%92.%20%D0%92.%20%D0%A0%D0%B6%D0%B5%D0%B2%D1%81%D0%BA%D0%B8%D0%B9=

O‘ZBEKISTON MILLIY
UNIVERSITETI
XABARLARI, 2024, [3/2/1]
ISSN 2181-7324

FIZIKA
http://journals.nuu.uz

Natural sciences

UDK: 523.9/523.7
Murod OLLAYOROV,
O ‘zbekiston Milliy universiteti magistranti
Fazliddin SHAMSHIYEV,
O ‘zbekiston Milliy universiteti dotsenti
Sanobar AMIROVA,
O ‘zbekiston Milliy universiteti talabasi
E-mail: shamshiyev_f@nuu.uz

ChDPU dekani, f.-m.f.d I. Tadjibayev tagrizi asosida

JEYMS UEBB KOSMIK TELESKOPINING DASTURI VA UNING BA’ZI KUZATUV MA’LUMOTLARINI TAHLILI HAQIDA
Annotatsiya
Mazkur maqolada Jeyms Uebb kosmik teleskopining dasturi va uning ba’zi kuzatuv ma’lumotlarining tahlili haqida so‘z boradi. Bunda asosan,
teleskopning kuzatuv ma’lumotlari bo‘yicha oxirgi yillarda chop etilgan maqolalar va internet tizimining ishonchli ilmiy sahifalaridan olingan
ma’lumotlarga tayanadi. Ko‘proq e’tibor, Koinotning ilk davrlaridagi galaktikalarning shakllanish jarayonlari va ularning evolyutsaiyasiga
beriladi.
Kalit so‘zlar: Jeyms Uebb kosmik teleskopi, ilg‘or texnologiya, ekzosayyoralar va galaktikalar.

O ITPOT'PAMME KOCMHMYECKOT'O TEJIECKOIIA JPKEMMCA Y355A U AHAJIM3E HEKOTOPBIX EI'O HABJIIOIEJIBHX
JTAHHBIX
AHHOTaIUsS
B nanHo#t 0030pHOI paboTe peub UAET O IporpaMme KocMudeckoro teneckona Jxeiimca Y300a 1 aHanu3e HEKOTOPBIX €ro HAOII0JaTeNbHBIX
naHHbIX. [Ipy 3TOM, JaHHbINH aHAJIN3 OCHOBAH HA CTAThsX, OMyOJMKOBAaHHBIX 3a [TOCJIEHUE I'O/Ibl M HA HA/ISKHbIE HAYYHbIE CTPAHULIBI MHTEPHETA.
Bosbiiie BHUMaHUs yemsiercst mpoueccaM (JOpMUPOBAHMS TAJIAKTUK M X SBOJIIOLMK B PAHHUE MIEPUOABI BCeleHHOI.
KuroueBblie ciioBa: kocMuueckuii teneckorn Jxeiimca ¥Y300a, nepenoBble TEXHOJIOTUH, SK30IUIAHEThI U FaJJaKTUKH.

ABOUT THE JAMES WEBB SPACE TELESCOPE PROGRAM AND THE ANALYSIS OF SOME OF ITS OBSERVATIONAL
DATA
Annotation
The review work deals with the program of the James Webb Space Telescope and the analysis of some of its observational data. At the same
time, this analysis is based on articles published in recent years and on reliable scientific Internet pages. More attention is paid to the processes of
galaxy formation and their evolution in the early periods of the universe.
Keywords: James Webb Space Telescope, advanced technologies, exoplanets and galaxies.

Kirish. Jeyms Uebb kosmik teleskopi (JWST) - bu zamonaviy astrofizika va astronomiyada eng ilg‘or va eng katta magsadlarga ega
kosmik observatoriyalardan biri hisoblanadi. 2021 yil dekabrda orbitaga chigarilgan ushbu teleskop, asosan infragizil diapazonida ishlaydi va
Koinotning eng uzoq burchaklarini kuzatish imkonini berdi. JWSTning asosiy magsadi va vazifalari ilgari gilingan ilmiy tadgigotlar va
kashfiyotlar uchun yangi ufglarni ochishga garatilgan.

JWSThning asosiy texnologik jihatlari, jumladan, uning ko‘zgusi, asboblari va ilmiy magsadlari [1, 2] maqolalarda batafsil yoritilgan.
Bund JWST o‘zining infraqizil kuzatuvlaridan qanday qilib yashashga yaroqli ekzosayyoralarni aniglash yoki dastlabki Koinotning tuzilishi va
evolyutsiyasini o‘rganish kabi ilmiy yutuglarga erishish uchun foydalanishiga katta e’tibor garatilgan. Teleskop tomonidan “birinchi yorug ‘lik”
deb nomlanuvchi kuzatuvlarning dastlabki bosgichida olingan kuzatuvlarning ilk natijalari [3] da keltirilgan. Ushbu bosgich teleskop uchun
muhim bosgichi hisoblanadi, chunki u hagigiy astronomik kuzatuvlarda uning imkoniyatlari va anigligini namoyish etadi. Galaktikalar
evolyutsiyasining asosiy bosgichlari, ularning Katta portlashdan keyingi dastlabki milliardlab yillardagi shakllanishidan hozirgi holatigacha
bosqichlari [4]da ko‘rib chigilgan. Unda galaktikalarning kosmologik tarixi davomida qanday shakllanishi, o‘zgarishi va o‘zaro ta’sirini
tushunishga yordam beradigan kuzatuvlar va nazariy modellarning so‘nggi yutuglariga alohida e'tibor qgaratilgan. Katta portlashdan keyingi
dastlabki bir necha milliard yil ichida hosil bo‘lgan galaktikalarni o‘rganishga qaratilgan JWST teleskopi tomonidan olingan birinchi chuqur
tasvirlari haqidagi natijalar [5, 6]da batafsil yoritilgan. Infraqizil diapazonda olingan ushbu tasvirlar misli ko‘rilmagan aniqlik va sezgirlikni
namoyon etgani, bu esa kosmik tarixning eng uzoq va dastlabki bosqichlarini ko‘rish imkonini yaratgani haqida so‘z boradi. [7, 8]da JWST
teleskopining ekzosayyora atmosferalarni o‘rganish uchun hayot belgilarini izlash istigbollari ko‘rib chigilgan. Bu maqola ekzsayyoralar
atmosferasining spektroskopiyasini gazlarning tarkibini tahlil gilish orgali amalga oshirishga imkon beradi, bu esa ushbu sayyoralardagi
kimyoviy va fizik-geologik sharoitlar to‘g'risida muhim ma'lumotlarni berishi mumkinlig ko‘rsatilgan. Ekzsayyoralarni o‘rganish uchun JWST
teleskopi yordamida infraqizil spektroskopiyani qo‘llash imkoniyatlari va natijalari haqida izlanishlar [9]da ko‘rib chigilgan. Mualliflar ushbu
vosita ekzsayyora atmosferasining tarkibi va tuzilishini tushunishni ganday chuqurlashtirishi, shuningdek biologik jarayonlar yoki hayotni
qo‘llab-quvvatlovchi sharoitlar bilan bog'liq bo‘lishi mumkin bo‘lgan kimyoviy izlarni ochib berishi mumkinligi bilan gizigishgan. Adabiyotlar
ro‘yhatida keltirilgan [10, 11, 12] internet ba’zalarida JWST haqida va uning astrofizikaning barcha mavzulari bo‘yicha kuzatuv ma’lumotlarini
topish mumkin.

1. JWSTning dasturi hagida.

1. Koinotning dastlabki bosqichlarini o‘rganish.

JWSTning eng muhim magsadi - kosmosning dastlabki bosqichlarini o‘rganishdan iborat. Teleskop Yerdan 1,5 million kilometr
uzoqlikda joylashgan Lagrang 2 nuqtasida kuzatuvlarni olib boradi, bu esa unga ko‘plab masalalarni hal gilish uchun yaxshi imkoniyat yaratadi.
JWST, xususan, “Eng qadimgi yulduzlar va galaktikalarni o ‘rganish” orgali ularga oid kashfiyotlar gilishni magsad gilgan.

Ushbu teleskop yordamida kosmosning ilk yillarida yuzaga kelgan yulduzlar va galaktikalarning shakllanish jarayonlarini o‘rganiladi.
Jeyms Uebb teleskopi, Xabbl teleskopi kabi avvalgi teleskoplar bilan taqqoslagandada, ko‘proq uzoq masofalarga garab, ko‘proq aniq va
batamom detallashgan tasvirlarni olish imkoniyatiga ega. Bu, 0‘z navbatida, kosmosning ilk 100-200 million yillik davrini o‘rganish imkonini
beradi.

2. Infragizil diapazonida ishlash.
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JWSTning o‘ziga xos xususiyatlaridan biri uning infratqizil diapazonida ishlashi hisoblanadi. Xabbl teleskopi asosan optik nurda (ya’ni,
ko‘k, yashil va gizil) kuzatuvlar olib boradi, endi infraqizil diapozonga o‘tish, kashfiyotlar uchun yangi imkoniyatlar yaratdi. Jeyms Uebb
teleskopi eng gadimgi va eng uzogdagi obyektlarni aniglashda yordam berdi, chunki u juda uzog masofalardagi galaktikalarning yorug‘lik nurlari
seza oladi.

Bu teleskop Yerdan o‘zining yuqori texnologiyali infraqizil kameralaridan foydalanib, masalan, galaktikalar, yulduzlar va yulduzlararo
bulutlar kabi ko‘p obyektlarni o‘rganish qobiliyatiga ega. Ularning tashqi ko‘rinishida juda ko‘p detallar mavjud va bu yulduzlarning yashash
siklini yaxshiroq tushunishga yordam beradi.

3. Ekzosayyoralarni o‘rganish.

JWSTning yana bir muhim vazifalaridan biri ekzsayyoralarni, ya’ni bizning Quyosh tizimimizdan tashqaridagi sayyoralarni
o‘rganishdir. Ularning atmosferasini tahlil gilish orqali, u yerda hayot mavjud bo ‘lishi mumkin bo ‘Igan sharoitlarni aniglash imkoniyatini beradi.
JWST yordamida ekzosayyoralarning atmosferasini o‘rganish, ular ustida suv bug‘lari, uglerod oksidi, metan va boshqa hayot uchun muhim
bo‘lgan moddalar mavjudligini tekshirishi mumkin.

4. Suv va hayot uchun imkoniyatlarni izlash.

JWST, shuningdek, kosmik hayot izlash bo‘yicha tadgiqotlar olib boradi. Ekzsayyoralar va boshqa obyektlarning atmosferasini
o‘rganish orqali, astronomlar, agar u yerda hayot bo‘lsa, uning qanday belgilarini aniqlash imkoniyatini oshiradilar. Ularning atmosfera tarkibi,
shu jumladan, organik moddalar yoki hayot uchun kerakli kimyoviy elementlarning mavjudligi, Yerdan tashqgarida hayot ehtimolini ko‘rsatishi
mumkin.

5. Temir, temirli yulduzlar va qora teshiklarni o‘rganish.

Jeyms Uebb teleskopi infragizil kameralarini orgali, qora tuynuklar va shu kabi boshga murakkab astrofizik hodisalarni o‘rganish
imkonini beradi. Bu teleskop yordamida qora tuynuklar atrofidagi yulduzlar va gaz bulutlarining qanday o‘zgarishini ko‘rish mumkin.
Shuningdek, JWST katta hajmdagi galaktikalar va ular orasidagi yulduzlarni o‘rganish orqali, galaktikalar va ularning markazidagi qora
tuynuklar o‘rtasidagi bog‘liglikni yaxshiroq tushunishga yordam beradi.

6. Ilg‘or ilmiy tadqiqotlar.

JWST ko‘plab yangi ilmiy metodlarni qo‘llab-quvvatlaydi, masalan, maxsus kosmik obyektlarning spektral tahlilini amalga oshirish
orgali. Bu orqgali turli galaktikalardagi yulduzlarning kimyoviy tarkibini, yulduzlararo materiallarning holatini va boshga kosmik obyektlar
orasidagi bog‘ligliklarni o‘rganishi mumkin.

11. Galaktikalarning paydo bo‘lishi va evolyutsiyasi bo‘yicha JWSTning kuzatuv ma’lumotlarining tahlili.

JWST astrofizika va kosmologiyada inqilobiy kashfiyotlarni amalga oshirishga qaratilgan eng ilg‘or va murakkab astronomik
observatoriyalardan biri hisoblanadi. Infragizil diapazonida ishlashi uning uzoqdagi galaktikalar va yulduzlararo obyektlarni kuzatishdagi
ahamiyatini yanada oshiradi. JWSTning eng muhim vazifalaridan biri galaktikalarning paydo bo‘lishi va evolyutsiyasini o‘rganishdir, chunki bu
olamning dastlabki bosgichlari va uning hozirgi shaklini tushunish uchun muhim ahamiyatga ega.

1. Galaktikalarning paydo bo‘lishi va shakllanishi.

JWST kosmik teleskopi yordamida olingan dastlabki kuzatuv ma’lumotlari, galaktikalar qanday paydo bo‘lib, ular ganday
o‘zgarishlarga uchraganini tushunishda yangi yoritilgan nuqtalarni taqdim etmoqda. Galaktikalar, kosmosning eng yirik tuzilmalari bo‘lib, ular
milliardlab yulduzlar, gazlar, va qora tuynuklar kabi turli komponentlardan iborat. Galaktikalar qanday paydo bo‘lishini va ularning shakllanish
jarayonini tushunish, Koinotning dastlabki vaqtlari haqida ko‘plab ma’lumotlarni bermoqda.

JWSThning yuqori sezgirlikka ega infraqizil kameralari orqali, o‘ta uzoq masofadagi galaktikalarni kuzatish imkoniyatiga ega bo‘lmoqda.
Bu galaktikalar hozirgi davrda ko‘rilmaydigan holatlarda bo‘lib, ular Koinotning boshlanishiga yaqin davrlarda mavjud bo‘lgan. Ushbu
galaktikalar orasida, “gizilga siljigan” galaktikalar kabi, yoritilgan nurlar ko‘p vaqt davomida kosmosda sayr qilgan va ular sezilarli darajada
“gizargan”. Bu kuzatuvlar galaktikalarning shakllanishi va evoulutsiyasi haqidagi tasavvurlarni gayta ko‘rib chigishga olib kelmogda.

2. Galaktikalarning evolyutsiyasi.

JWSTning keyingi tahlil gilgan sohalaridan biri galaktikalarning evolyutsiyasini o‘rganishdir. Koinotda mavjud bo‘lgan galaktikalar,
yillar davomida o‘z shaklini va tuzilishini o‘zgartirishgan. Shakllanishning birinchi bosqichlari haqida ma’lumot olish uchun, JWST
mutaxassislari “deep field” (chuqur maydon) usulidan foydalanishmoqda, ya'ni juda uzoq galaktikalarga garash orgali, bu galaktikalar millionlab
yillar oldin ganday ko‘rinishda bo‘lganini tushunishga harakat qilishadi. JWST ko‘p yillar davomida yoritilgan nurlarning to‘liq spektrini,
jumladan, infragizil nurlarni tahlil gilish orqgali, galaktikalarning ichki tuzilishini va ularning evolyutsiyasini anigroq aniglash imkoni tug‘ildi.

JWSTning yangi kuzatuvlari, galaktikalarning o‘zaro qo‘shilishi (yoki to‘qnashuvi) jarayonlarini ham tahlil gilishga imkon beradi.
Bunday to‘qnashuvlar galaktikalar uchun muhim evolyutsion bosgichni tashkil giladi, chunki ular birlashib, yangi yulduzlar va boshga obyektlar
hosil qilishi mumkin. Galaktikalarning o‘zaro to‘qnashuvlari va birlashuvi haqida olingan ma’lumotlar, ularning tuzilishi va rivojlanishining
ganday sharoitda amalga oshganini tushunishga yordam beradi.

3. Yangi galaktikalar va ularning tuzilishi.

JWSTning yana bir muhim yutug‘i, juda uzoq va qadimgi galaktikalarning shakllanishi hagida yangi ma’lumotlarni olishdir. Teleskop,
kosmosning eng uzoq nuqtalariga qarab, galaktikalarning yoshini, ularning shaklini va tuzilishini o‘rganmoqda. 2022 yilda, JWST o‘zining
birinchi yilida eng uzoq galaktikalarni kuzatib, ular birinchi marta fagat 300-500 million yil o‘tgach paydo bo‘lganini anigladi. Bu galaktikalar,
bizning kashfiyotlarimizdan juda uzoqda bo‘lib, ular ko‘plab yillar davomida qulay sharoitlarda rivojlanib, yulduzlar va boshga kosmik
sistemalarni yaratgan.

Shuningdek, JWST yangi galaktika turlarini aniqlashga yordam bermoqda. Bu galaktikalar o‘zlarining shakli va tarkibi bo‘yicha ilgari
tasavvur gilinganlardan farq giladi. Misol uchun, JWSTning kuzatuvlari yordamida, ko‘plab galaktikalar uzoq vaqt davomida tartibga solingan
shaklIni hosil qilmaganini va tartibsiz shakllarda bo‘lganini ko‘rsatdi. Bu kabi galaktikalarning paydo bo‘lishi va rivojlanish jarayonlari hagidagi
tasavvurlarni qayta ko‘rib chigishga olib kelmoqda.

4. Galaktikalarning ichki tarkibi va yulduz shakllanishi.

JWST yordamida galaktikalar ichidagi yulduz shakllanish jarayonini ham yaxshiroq o‘rganish mumkin. Teleskop yulduzlararo bulutlar
fizikasi, ularning ganday va gachon yulduzlarni shakllantirishini o‘rganishga yordam beradi. Infraqizil ko‘rinishdagi tasvirlar, yulduz
shakllanishining barcha bosqichlarini, jumladan, yulduzlarning to‘liq tug‘ilishi va evolyutsiya jarayonlarini kuzatishga imkon beradi.

JWSTning “NIRCam” va “MIRI” kabi yuqori texnologiyali qurilmalari galaktikalar ichidagi yulduz shakllanish zonalarini aniglashda
juda samarali bo‘lib, bu ma’lumotlar bizga galaktikalarda yulduz shakllanishining hozirgi vaqtda ganday amalga oshayotganini aniglashda
yordam bermoqda. Bu, 0°z navbatida, galaktikalar evolyutsiyasiga ta’sir qiluvchi asosiy omillarni aniqlashga yordam beradi.

5.Kelajakdagi tadgiqotlar va kuzatuvlar.

JWSTning kelajakdagi kuzatuvlari galaktikalarning paydo bo‘lishi va evolyutsiyasini yanada chuqurroq tushunishga imkon beradi.
Yangi texnologiyalar va metodologiyalar yordamida, astronomlar galaktikalar orasidagi to‘qnashuvlar, ular orasidagi materiyaning targalishi va
galaktikalarning ichki dinamikasi haqida yanada aniqroq ma'lumotlarga ega bo‘lishadi.

Xulosa.

1. Jeyms Uebb kosmik teleskopi astronomiya va astrofizikaning ko‘plab sohalarida inqilobiy yutuqlarni kutmoqda. U, birinchidan,
Koinotning eng uzoq, eng qadimgi va eng kichik gismlarini o‘rganish imkonini bermoqda. Infragizil diapozonga asoslangan texnologiyalar
yordamida JWST galaktikalar, yulduzlar, ekzosayyoralar va gora tuynuklar hagida yangi-yangi ma’lumotlarni taqdim etmoqda. Shuningdek, bu
teleskop Yerdan tashqgarida hayot mavjudligini izlashda muhim qadamlarni qo‘yishda yordam bermoqgda. Uning ilmiy ilmiy izlanishlari olam
hagidagi tushunchamizni kengaytirishga yordam beradi.
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2. Jeyms Uebb kosmik teleskopi galaktikalarning paydo bo‘lishi va evolyutsiyasini o‘rganishda yangi davrni boshlab berdi. Uning

yuqori sezgirligi va infraqizil diapazonidagi imkoniyatlari yordamida, Koinotning eng uzoq va gadimgi nugtalarini kuzatish imkoniyatiga ega
bo‘ldi. Bu teleskopning ma’lumotlari, galaktikalarning shakllanish jarayonlarini va ularning hozirgi tuzilishini yaxshiroq tushunishga yordam
berishi bilan birga, kosmologiya va astrofizikadagi eng gizigarli savollarga javob topish uchun yangi ufglarni ochmoqgda.

10.
. The Astrophysical Journal, JWST va kosmik tadqiqotlar bo‘yicha ilmiy magqolalar va tahlillarni nashr etuvchi asosiy ilmiy jurnal,

12.

13.
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LOPSAIDAL SPIRAL GALAKTIKALARDAGI SUPER-MASSIV QORA O’RALAR
Annotatsiya
Biz o‘tamassiv qora o‘ra massalarining lopsaidal spiral galaktikalar diskining asosiy fizik xarakteristikalari o‘rtasidagi mumkin bo‘lgan
korrelyatsiyalarni tahlil gildik. Korrelyatsiya koeffitsientlari va tegishli empirik bog‘lanishlar topildi. Natijalarga ko‘ra, spiral gallaktikalardagi
qora o‘ra diskning asimtryasiga va undagi yulduzlar evolutsiyasiga ta’sir ko‘rsatadi.
Kalit so‘zlar: galaktika: lopsaidal, akkretsiya, galaktik disk, evolyutsiya, goramtir materiya.

SUPER-MASSIVE BLACK HOLES IN LOPSAIDAL SPIRAL GALAXIES
Annotation
We analyzed the possible correlations between the main physical characteristics of the disk of supermassive black hole galaxies and the lopsided
spiral galaxies. Correlation coefficients and corresponding empirical relationships were found. According to the results, the black hole in spiral
galaxies affects the asymmetry of the disk and the evolution of stars in it.
Key words: galaxy: lopsided, accretion, galactic disk, evolution, dark matter.

CBEPXMACCHUBHBIE YEPHBIE JIBIPBI B IOTICAUJAJIBHBIX CITMPAJIBHBIX TAJTAKTHKAX
AHHOTaIUA
MBI NpOaHAIN3UPOBAIN BO3MOXKHBIC KOPPEISIMK MEXKIY OCHOBHBIMH (DM3MYECKUMH XapaKTEPUCTHKAMHU JIHCKA TAIAKTHK C CBEPXMACCHBHBIMH
YEPHBIMH [BIPAMH M JIONCAHIATBHBIX CIHPATBHBIX TAJTAKTHK. bBbUTM HAaWOEHBI KOPPEIALMOHHBIE KOI(POHUIMEHTBI W COOTBETCTBYIOLINE
oaMIHupHYecKkue 3aBUCHMOCTH. COracHo pe3yJIbTaTaM, YepHasi IbIpa B CIIHPATbHBIX TATAKTHKAX BIMSET HA ACHMMETPHIO THCKa U SBOJIOLHUIO 3BE3/1 B
HEM.
KioueBble ¢J10Ba: rajakTHKA: JONCAHIATbHOCTD, aKKPELHsL, FATaKTHIECKHi TUCK, IBOJIOLHS, TEMHAS. MATEPHSL.

Beenenne. HaGmonarenpHble JaHHBIE IOKa3bIBAaIOT, 4TO paclpenieieHHe cBeTHMOcTH M HI BO MHOTMX TalakTHKaxX BBINISIUT
aCHUMMETpHUHBIM. [anakTHKM ¢ TakuM BHENIIHUM BUAOM ObUIM Ha3BaHbl bongynHOM M JpYrUMH «JIONCaugadbHbIME» [1]. SIBneHue
JIONCHIATBHOCTH BCTPEYaeTcsl B OONBIIMHCTBE IUCKOBBIX TramakTuK. MuHumyM 30% CHHpambHBIX TaJakTHK IIOKA3bIBAIOT 3HAYUTENBHYIO
JIOTICanNANIBHOCTD, TIPHYEM acHMMETPHsI 4acTo M3Mepsercs: kak amiumryna ®ypbe komnonenta m=1 [2-4]. Kpome Toro, ioncannaabHOCTD
MOJKET BBI3bIBATh ACHMMETPHUIO rajo B rajJakTHKax [5]. ACUMMeTpus rajno MOKeT BIMSATh Ha OOILyI0 JUHAMUKY H 3BOJIOLHIO TagakTHky. Ho 4ro
BBI3BIBAET 3Ty aCUMMETPHUIO? DTO OJHH U3 TEKyMIUX BOIPOCOB acTpOodH3UKH. BO3MOXKHBIMH MeXaHU3MaMU BO3HHKHOBEHUS JIOICAHAAIbHOCTU
SIBJSIIOTCSL TIPWJIMBHOE B3aMMOJCHCTBHE CITyTHHKA (XOTS 0Oe3 Hero Takke OHAa HaOIomaeTcs), aKKpenus CIYTHHKOB (TaJaKTHK) WIH
ra3000pa3HOro BEeLIECTBA U HEYCTOWUMBOCTh OTAEABHBIX MOJ Bo3MylIeHuil. HeaBHUe TOCTIDKEHHS B HAOMIOACHUSX, AHATUTHIECKUX MOJEIIX U
MOJIETIMPOBAaHUH HPOIUBAIOT CBET HA 3T MeXaHM3MBL JIomcHIansHOCTh BIMACT HA JUHAMMKY TaJakTHK, HAa CKOPOCTb 3BE31000pa3oBaHMs, Ha
POCT LIEHTPATBHBIX CBEPXMACCHBHEIX YepHBIX I6Ip (CMY/I) 1 061y 9BOJIOLHIO raakTHKH [2,6-7]. CMY/] B IeHTpe TaJlaKTHKH MOXKET BIIUSTH
TaKke Ha aKKPEIHIO Ta3a Ha YepHYyIO ABIPY. DTOT MPOLECC MOXKET NPHUBECTH K MEXaHH3MaM OOpaTHOH CBs3M, KOTZa DHEPrus U MaTepus
BBIOpAchIBAIOTCS OOPATHO B IMCK TaJIaKTUKH, BJIMSS Ha 3Be3/1000pa3oBaHue 1 o0miyto quHamMuky aucka [8]. [pucyrcrBue CMYJ] MoxkeT BIUATH
Ha OOIIyI0 NUHAMHKY JHCKa TaJaKTHKH, BKIIOYAs KPUBYIO BPAIleHWS W JBIDKEHHE 3Be3] W rasza. I'paBuranmonHoe BimsHue CMYJ] moxer
CO3/1aBaTh aCUMMETPHUIO B KPUBOH BpaleHus. VI3 3Toro MoxHO clienath BbIBOJ, 4TO eHTpajgbHas CMY/] oka3piBaeT 3HAYUTENILHOE BIMSHIE HA
(hH31YECKIO YBOMIIONHIO 3BE3]] B JHCKE.

1.Ieas m Meroasl ucciaegoBamms. CMYJ] B IeHTpe JONCaWAQIBHBIX VCKOBBIX TaJaKTHK MOXET HPHBECTH K aCHMMETPHH
rajgakTU4ecKoro IHcKa. OJTO OTpakaeTcsl B paclpefelleHHMH MacChl B JHCKe. MBI paccMaTpuBaeM TOJIBKO CIHpalbHble TaJakTHKU. st
IPOBEJCHHUSI COOTBETCTBYIONIIMX CTATHCTHYECKHX HCCICJOBAHHNA M HAXOXKACHUS HEOOXOAUMBIX OMIMPUYECKHX (OPMYN MBI CHadana
paccuMThIBaeM 3HaueHUs K03 duumeHToB koppemsiui Maccsl CMUYJ] ¢ Maccoit ucka, BO3pacToM 3Be31 B AUCKe | T.1. Llens naHHO# paGoTh! -
U3Y4YHUTh, KAK YepHAsl AbIpa B IIEHTPE JIONCANJaTbHbIX CIIUPATbHBIX TAJaKTHK BIHAET HA YBOJIOLUIO B IUCKA.

2.Pe3yabTaThl U 06cyx1eHHe. MBI BIepBbIE HCCIEAyeM IOCTaBICHHYIO IPOOIeMy Ha IpHMepe CIIUPATbHBIX aNnakTuk. s 3Toi nemu
MBI CHayajia CO3JajiM BBIOOPKY M3 55 rajakTHK ¢ M3BECTHBIMHM 3HAUCHMSMH MAacC LEHTPAJBHBIX YEPHBIX ABIP U OCHOBHBIMH (DM3MYECKUMHU
CBOMCTBaMU AWCKA, a MMEHHO MAacCOM IHCKa, BO3PAaCTOM M METAUIMYHOCTBIO 3Be3] B Aucke U T.A. Ilo HameMy MHEHUIO, CBSI3b MEXIY
(hH3MYeCKUMU XapaKTEePUCTHKAMH JHUCKAa M MAacCOW YepHOH IBIPHI B IIEHTPE JTONCAUIATIBHBIX CIMPAIbHBIX TaJaKTHK HMeeT (yHIaMeHTaIbHOe
3HAYCHHE JUISI U3YYCHHS SBONIOINH UCKA U PA3BUTHS YSPHOH JBIPHL

1. MbI HaunHAEM HAIl aHAIIH3 TOH MPOOIEMBI C OIpeeIeHUs] BO3MOXKHOH KOPPEIISIUY MAacChl YSpPHOH ABIPHI B IEHTPE JIONCAHIATbHBIX
CIUpANbHBIX TATAKTUK € MOP(OIOTMYECKUM THUIIOM TalakTuKH. HHKTO eme He M3ydal TaKyi0 3aBHCHMOCTb B MHPOBOH IHTepaType.
Koo duuumenT koppesnun Mexay Maccoil YepHOH IbIpbl B MOP(OIOrHYEeCKHM THUIIOM T OKas3aicsl IOBOJNBHO xopomwuM: cc = - 0.70. Beuto
00HAPY)KEHO, YTO B3aUMOCBSI3b MEXKy HIMH HMeeT CIeayIomyio Gopmy:

19(My;/Mo)=(—0.38+0.05)T +(8.46+0.24) 1)

Kpowme Toro, ommbku B onpeneneHun Ko3)(GHUIMEHTOB OTHOCUTEIBHO HEBEIUKY. PHC.] IMOKa3bIBaeT, YTO Macca YEpHOIl JBIPHI B IIGHTpE
JIOTICauAAIbHON CIIUPANBHON TallaKTUKH YMEHBIIASTCS C yBEIMYEHHEM KoJa THUIIA, MK 4eM OOIbIIe Macca YepHOU IBIPHI B IEHTPE TaTaKTHKH,
TeM MEHbIIIEe KO TUIIA.
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Spiral gabanies
85 ——Besi

Puc. 1. Cea3p mexy maccoit CMY/I 1 koziom
MOP(OJIOTUYECKOTO THIIA.

2. MbI Takke 3aMHTEPECOBAaHBI B COOTHOIICHHM MEXIY Maccoll 4epHOHM IBIpHI M Maccoil AMCKA B JIONCAWAAIBHBIX CIHPAIbHBIX
rajakTukax. Koapduument koppemsmu cc=0.56, eciau ucmnonp30Bath AaHHbIe padoTsl [9] 1t 40 ciupaibHBIX ragakTHK. MBI Ke U3YUHIN 3Ty
3aBHCHMOCTS JUISL 53 JIONCauJaNbHbIX CIIUPAIbHBIX TaaKTHK M OOHAPYKIIHM CHIBHBINA KOd((OUIMEHT KOPPEISIIIHI MEXK Y dTHMH IIOKa3aTeNsIMy,
cc =0.70, n ommupuueckast popMyIa HMeeT CIeAyIOIHI BU:

19(Myz/Mo)=(1.33+0.20)Ig(M y.e/ Mo) +(-6.5141.98). ()

13 5TOro MOXKHO cHenaTh BBIBOJ, YTO HM3-3a SIBJICHHS aCHMMETPHHU 3HAaudeHHE AWCKA B Pa3BUTHU YEPHOH ABIPHI 3HAUHTENbHO. Yem
Oonplre Macca AUCKa, TeM OoJblIe Macca YepHoi AbIpsl B ero neHrtpe (Puc. 2). Kpome Toro, passuriue aucka, O0raThIX ra3oM, JIOICaHaIbHBIX
CIUPANIBHBIX TAJAKTUK M YEPHON JBIPBI TECHO B3aUMOCBSI3aHbI.

o as

o 0.5 " s

i
19(M )

Puc. 2. Cpa3p Mex1y Maccoit 4epHO#i JIbIpbI ¥ Maccoii
JIMCKA B JIONCANJANbHBIX CIMPANIbHBIX TaJaKTHKAX.
Macca aucka ykasaHa B enuHuuax macebl Contua (M).

3. Kpome Toro, BrepBble Mbl HAXOAUM CHIIBHYIO KOPPEIILHIO MEX/y MacCOi YepPHOM IBIPHI JIONCAUAATBHBIX CIHPAIBHBIX TATaKTHK U
BO3pacTOM 3Be31 B IHCKe, ¢ Tomorpaduieckum koddouimentom koppemsiuun €C=0.77. CoOTBETCTBYIOLIAS dMIMPUIECKas 3aBUCHMOCTD ObLTa
THoydeHa B ciefyromeii popme:

19(Myz/Mo) =(0.70+0.13)t,+(1.11+1.04). 3

AHanu3 JaHHBIX IOKa3al, YTO TONBKO y 24 M3 56 CHMpaibHBIX TalaKTHK €CTh HAJC)KHBIC JaHHBIC O BO3pacTe 3Be3[ B AWCKe. B
CTHpabHBIX TaJaKTHKaX C aKTHBHBIM 3BE37000pa3oBaHHEM AWCK HAacelIeH MOJOJBIMI MAaCCHBHBIMH 3B€3JaMH. DTH TalaKTHUKH, KaK IPaBHIIO,
HMEIOT OoJee BEICOKHME CKOPOCTH MPHUTOKA Ta3a, YTO MOXKET MHUTATh KaK 3BE3/1000pa30BaHue, TaK U POCT YEPHOI AbIpbl. CHUpaibHbIC TaTaKTHKH
CO CTapbIMHU 3BE3JHBIMH MOIMYIIUSIMU B MX AMCKAaX 4acTo Oojiee CHOKOWHBI M MMEIOT MEHee aKTMBHOE 3Be3[000pa3zoBaHMe. Macca yepHOi
IBIPBI B 9THX TaJaKTHKaX MOXKET 3aBHCETh OT MAcChl CTapbIX 3Be3l. 'alakKTHKH C JUTHTEIEHBIMHI IepHOIaMU 3Be3000pa30BaHMs MOTYT UMETh
0oJiee MacCUBHBIC YEPHBIE JBIPBI, UM TANAKTHKH, KOTOPBIE MPEKPATHIIN 3Be31000pa3oBanue Ha panHei ctaauu [10]. Kpome Toro, kak BUIHO U3
puc. 3, 4eM cTaplie BO3pacT 3B€3/1 B IMCKE, TeM OOJIbIIEe MAacca YePHOM JbIPBI B IEHTPE aJaKTHKH.

as- . =
1 Spral gmons
|——Bustst

4 5 [ 7 [ i 0 "

Puc. 3. CBsa3b MesKly Maccoii 4epHOH JBIPBI U BO3PACTOM 3BE31 B JIUCKE
JUTS IOTICaUIATIbHBIX CITUPANTBHBIX TaJIAKTHK. BoapacT 3B€3/1 B IUCKE
ykasas B rurarogax (Gyr).

4. MBI TakKe BIIEPBBIC HCKAIN BO3MOXKHYIO SMIIUPHUYECKYIO CBSI3b MEXK/Ty MacCOil YepHOU JIBIPHI JIONCAUAAIBHBIX CIIHPAIBHBIX TaJIaKTHK
U METAUIMYHOCTBIO 3BE3/l B JMCKE, U OOHApYXWIM OYeHb XOpolnyto koppemsinuio €C=0.70. CooTBETCTBYOLIas 3MIUPUYECKas 3aBUCUMOCTh
ObLIa MMoJTy4YeHa B cieayoeit hopme.

19(Myz/Mo)=(6.19+1.46)Z+(3.624+0.69) cc=0.7 4)

MeTtam4HOCTh 3BE3]l B JIMCKE TajlaKTUK 3aBUCHUT B MEPBYIO OYepeqb OT MAcChl JUCKA. M3 3TOro MOXHO ClenaTh BBIBOJ, YTO 4EM
OosbIie Macca 3Be3]] B IMCKE, TEM BBIIIE UX METAJUIMYHOCTh M TEM OOJIbIIe Macca YepHOI JBIPBI B LIEHTPE. DTO MOKHO YBHIETh Ha pUCYHKe 4. B
Hamel BBIOOpKE JIONCAUAANBHBIX CIIHPAJIBHBIX TATAKTHK METAUTMYHOCTh HaxoauTcs B mpenenax ot 0.2 Zo 10 0.8 Zo. CpaBHeHHE IpaieHTOB
METAJUIMYHOCTH B JIOTICAUIAIBHBIX U OOBIYHBIX CITHPAJIBHBIX FaJlAKTHKAX MOXKET ITOKa3aTh BIMSHUE aCHMMETPHH JHCKA Ha 3BE31000pa30BaHHME.
Uepes 3T0 MOXKHO U3YUUTh BIMSHHE aCUMMETPUH Ha pPa3BUTHE LIEHTPAIbHOI YepHOM JBIPHI.
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ERprp——
Bust 61

0 0z 04 06 08 1 12

Puc. 4. Ca3b Mex 1y Maccoit 4epHOH JBIpbI 1
METAJUIHYHOCTIO 3BE3/1 B AMCKE. METa/uIMYHOCTb 3BE3(
jana B eauHunax Metaunasoct Connua (Zo).

MBI MOXeEM HCIIOJIb30BaTh 9Ty 3aBHCUMOCTbD, 4TOOBI MOHSATH COBMECTHYIO JBOJIIOLMIO TAJIAKTHK U UX HEHTPAJIBbHBIX YEPHBIX ABIP, a

TaK¥X€ UCII0JIb30BAaTh MACChl YEPHBIX AbIP KaK HHCTPYMEHT AJIA U3YYCHUS DBOJJIIONUU T'AJIaKTUK U JUCKOB.

3akmouenne. Takum 00pa3oM, Mbl OOHAPYIKHIIH, YTO OCHOBHBIC (PU3HUYECKHE CBOWCTBA IHCKA JIOMCAUAAIBHBIX CIIUPATIBHBIX TATAKTHK

CBSI3aHBl C MAacCOH ILIEHTpaJbHOW 4epHOW IpbIpbl. IlosydeHHbIE pe3ysbTaThl MOKA3bIBAIOT, YTO Macca YEpHOM JbIPbl PErYJIUpPYeT 3HAYCHUs
OCHOBHBIX (DU3MYECKHX CBOMCTB AMCKA M BIMSET Ha DBOJIOLMIO 3Be3[ B AUCKe. UeM cTaplle BO3pacT, BhIIIE METAJUIMYHOCTh M OONbIIe Macca
JIMCKa, TEM MaccHBHee 4epHas ablpa. Kpome Toro, us-3a sdexra acMMMETpUM paclpeseieHHs 3Be3ll, rasa M TEMHOW MaTepuH B JHCKe
JIOTICAaUAJTHOCTb BIMSCT HA PA3BUTHE YEPHOH JBIPBIL.

n

10.
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BO3BYKJIEHWS U30OMEPHBIX COCTOSIHUM *™9Zr B PEAKIIUSIX (y,n) ¥ (n,2n) HA SAJPE ©Zr
AnHOTauus
MeTon0M HaBeIeHHON aKTHBHOCTH M3MEPEHBI CEUeH s 00pPa30BaHMs M30MEPHBIX COCTOSHUI B peakuusx (y,n) u (N,2n) Ha supe *©Zr. Tlomyuenst
JHEpreTHYecKue 3aBUCHMOCTH H30MEPHOTO OTHOLIEHHS BBIXOOB peakuui (Y, N) B obmactu sHepruii 14-35 MaB ¢ marom 1 MaB.. PesynsraTst
SKCIIEPHMEHTOB CPaBHUBAIOTCS C JAHHBIMHU JPYTHX padot u pacuerom TALYS-1.6.
KioueBble c/10Ba: sifiepHbIE PEaKLUU, H30MEpHbIe OTHOLICHHS, TOPMO3HOE U3IyueHHE, PaJlHOaKTHBHOCTb, CEUEHHE, aKTUBHOCTB, H30MEp, SAPO.

EXCITATIONS OF ISOMER STATES OF #m9Zr IN THE REACTIONS (y,n) AND (n,2n) ON THE ®Zr NUCLEUS
Annotation
The cross sections for the formation of isomeric states in the reactions (y, n) and (n, 2n) on the *Zr. nuclei were measured by the induced activity
method. The energy dependences of the isomeric ratio of the yields of reactions (y, n) in the energy range of 14—35 MeV with a step of 1 MeV
are obtained. The experimental results are compared with the data of other works and the TALYS-1.6 calculation.
Key words: nuclear reactions, isomeric ratios, bremsstrahlung, radioactivity, cross section, activity, isomer, nucleus.

HccnenoBanust Bo30Y:KAEHUS HM30MEPHBIX COCTOSHHMI B Pa3lUUHBIX SOEPHBIX PEAKIUAX HMEIOT (yHIaMeHTadbHOe M IPUKIAJHOE
3HaueHHs. V30MepHbIe OTHONICHNs, T.€. OTHOIICHNS BBIXOJIOB M CEUCHMIT peakiuii 0Opa30BaHMs OCTATOYHBIX SJIEP B H30MEPHOM W OCHOBHOM
COCTOSHHMSIX, 3aBHCAT OT CIIMHA SPa-MUIIIEHN ¥ BHOCHMOT'O YTJIIOBOTO MOMEHTA, KOTOPBII ONpe/eNseTcsl Maccoil 1 dHeprueit 6omMOapupyromein
YaCTHILIBI, @ TAK)KE MEXaHU3MOM DEaKIIMH, CBOWCTBAMU BO30Y)KAEHHBIX COCTOSHHMN KakK B HENPEPBIBHOM, Tak U B AMCKPETHOW obmactsx [1,2].
Takum oOpa3om, 1O JaHHBIM 00 H30MEPHBIX OTHONICHHSX MCCIETYIOTCS MEXaHM3MBI SICPHBIX pEakIMii M CTaTHCTHYECKHE CBOWCTBA
BO30Y)K/IEHHBIX COCTOSHUH aTOMHBIX si/iep. BakHoe 3HaueHNe uMeeT n3ydeHne oOpa3OBaHMs N30MEPHBIX COCTOSIHHI si/iep B SA/IEPHBIX PEaKIUsX
C pasIHYHBIMU OOMOApIUPYIOIUMH YaCTUIIAMHU, KOTOPbIE IOMy4aTh CBEICHHS O MEXaHU3MaX SAEpHBIX peakluil U O CBOMCTBAX BO30YKIEHHBIX
COCTOSIHHIT aTOMHBIX S7Iep.

Oco0eHHO MHTEPECHBIM SIBIISIETCS. H3yUeHHe sIepHBIX peakiuii tina (N,2n) u (y,n) Ha sapax ¢ 74<A<92. B sroif o6nactu HabmomaeTcs
anepHas nepopManus BuITAHyTOro Tuna. Sapa 81Br, *Zr u %Mo naxonstcs B 3Toit 06actu. Kpome Toro, sapa ¢ 3amMkHyTo# 060ouxoit N=50
TaK)Ke HaXOJATCS B ITOH OOJIACTH U ABISAIOTCS 0OBEKTOM aKTHBHOTO MCCIEIOBAHUS KaK CTPYKTYPHI yPOBHEH, TaK M M30MEPHBIX OTHOIIECHUH Ha
9THUX si/pax B peakuusix (n,2n) u (y,n) [3].

B HacTosmeir paboTe METOJOM HABEACHHOW aKTUBHOCTH MCCIIEIOBAHO CEYECHHE BO30YXKIEHUS N30MEPHBIX COCTOSHUI 87y siIepHON
peaxiwu (N,2N) py 3Heprun Heiitporos 14.1 MaB. Onpenenena sHepreTnyeckas 3aBUCHMOCT H30MEPHOTO OTHOIICHHS BBIXO/IOB PEAKIINH THIIA
(y,n) Ha sape *°Zr B o6nactu suepruit 12—35 MsB ¢ marom 1 MaB.

Mertoaunka 3xcnepumenTa. VcciieoBanus poBOIMIN Ha HelTpoHHOM TeHepatope HI'-150 MuctuTyTa sinepHoit pusukn AH PY3 [4].
B xauecTBe MCXOAHBIX SKCHEPUMEHTANBHBIX TAHHBIX IO peakiuu (y,N) CIyKHI aTiaac raMMa-CIIeKTPOB DPaJHOHYKIUIOB, MONYYCHHBIX B
(oTosaepHBIX peakuusix B obnactu sHepruit 10-35 MaB ¢ marom 1 MaB Ha TopMO3HOM y-my4ke OeraTpoHa. BpeMeHHBIE PEXUMBI, T.€. BpeMs
00aydenys, may3sl ¥ N3MEPEHUs BHIOPAIN B COOTBETCTBHHU C TEPHOIOM MOJNypacnaja o0pa3ylolyxcs paJuoHyKIHIOB. B kauecTBe MuieHn
ucmons3oBal ZrO; BeICOKO# uncToThI (99.9%) mpeccoBanublil B BHe aucka ¢ quamerpoM 20 mm. Kaxmeiii oopaser ZrO; momermancs: MexIy
JByMs MeIHBIMU (orbramu (B cilydae HEHTPOHHOTO OOJIyYEHHMS MCIIONB30BAIH AIOMHUHHEBYIO (oibry). Macca obpasio cocrapisia 1-3 T.
Bpemst 06myueHnss HEHTPOHHBIM MOTOKOM ¢ 3Hepreit 14.1 MaB cocrasnser 0,5-1 u.

HaBenenHyto akTHBHOCTh MHILICHEH H3MepsUTH Ha Y-criekTpoMmeTpe pupmsl “Canberra”, cocrosiemM u3 repManueBoro aerekropa HPGe
(c oTHocHTenbHOH >ddexTuBHOCTBIO 15%, paspemennem mus auauu ©Co 1332 k9B — 1.8 x9B), uudposoro anammszatopa DSA 1000 u
MEPCOHATLHOTO KOMITBIOTEpa ¢ IporpaM-MHbIM maketoM Genie 2000 st Habopa 1 00paboTKH Y-CrIeKTpOB. ["aMMa-CrieKTphl MUILICHEH HauMHAIN
U3MepSITh mocie nay3sl 5S—60 MuH B Teuenue 30—120 MuH.

3aceneHne M30MEPHOIO U OCHOBHOIO YPOBHEH HAEHTH(GUIUpOBANHM IO Y-TUHUSAM. CHEKTPOCKONM-YECKUE XapaKTePUCTHKU sep-
HPOJYKTOB peakuuii (y,n) u (n,2n), HeoOXoMUMbIe sl 00pabOTKH Pe3yJIbTaTOB M3MEPEHMUi, B3AThI M3 [5,6] M mpuBeneHsl B Tabm. 1, cxema
pacmaza mokasaHa Ha puc. 1. rae |I" — CIHH U YeTHOCTb ypOBHS, 1, — MEpHOJ HOIypacHana siapa, |, — HHTEHCHBHOCT Y-KBAaHTOB JAaHHOM
SHEPIrUuH Ha pacmaj, P — K03 GUIUCHT BETBICHHS Y-TIEPEX0a.
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Taoauna 1. CieKTpockonuyecKne XapaKTepUCTHKH siiep-NPoAYKTOB peakuuu (y, N) u (N, 2n

Slapo-npoyKT Jr T E,, keV l,, % P
89mzr 12— 4,18 mun 511,00 2,80 0,94
8omzr 12— 4,18 mun 587,80 93,00 0,94
8omzr 12— 4,18 mun 1508,00 6,70 0,94
897y 9/2+ 78,84 511,00 47,00 -
897y 9/2+ 78,8 u 909,10 99,00 -
#=7((4.1 min.) Decay Scheme 8Zr(78 hr.) Decay Scheme b
4.1 min. oj+ ‘o
12 58779 89
aasszaf] “0ZF
& IT=93.77%
w
(O - o 2220y Lo
s7p  T8hr i oanaa lo.0r2%
s 174449 40-128%
5 FIrTa . - 08, 14)98.920%
,“'_’ 16 sec. 3 g
172 ¥ =S
stable ‘sf;bh . ¥ o

8Y
Puc. 1. Cxema pacnana ®Zr

Pe3yabTaThl M HX 00CyKIeHHE

Peakuus (y,h)

TosyueHHble SKCTIEPUMEHTAbHBIE M30MEPHbIE OTHOLICHUS BHIXOJI0B U CeUeHUi peakuuii (,n) u (n,2n) Ha sape PZr npuseeHs! Ha
pucyHke 2 u B Tabi. 2 u 3.

Puc. 1. DnepreTnyeckue 3aBHCHMOCTH H30MEPHBIX OTHOILIEHHIi BLIX0A0B peakunii *°Zr(y,n)*mIzZr
AbcomoTHas onOKka H3MEPEHHI H30MEPHBIX OTHOIICHHH BBIXOJIOB OMPEIEIACTCS CTATHCTUYECKON MOTPEIIHOCTRIO CUETOB B (DOTOITHKE
U3MepsIeMOH Y-JIMHUH U 9 PEKTUBHOCTHIO PETHCTPALIMH Y-U3ITy-4EHHU.

et . + .
1,34 T L ISR |
! [
1,2+ o
[
1,1+
X
1,04
S 1
20Zr(y,n)*eZr
094 L

08 T T T T T T T T T 1
14 16 18 20 2 24 26 28 30 32

E max MeV

Kak BumHO W3 puCcyHKa 2, 3HaUueHHE BO3PACTAI0 OT MOpOra peakmuH IpuMepHO 10 28 M»3B, 4ro 00yCIOBIEHO, IO-BHIMNMOMY,
YBEJIMYECHHEM YHCIIa KacKaJHBIX Y-IEePeX0l0B C POCTOM JHEPTHH BO30OYKICHHUS, a TaK)Ke MOMEHTOB, YHOCHMBIX KBAa3HUIIPSIMBIMH HEHTpPOHAMH.
IIpu sueprun E, ~ 21 MaB (Eynax> Em + I, rie Ey - nonoxxenue Makcumyma; I'- momynupruHa THTAHTCKOTO AUMOILHOTO PE30HAHCA) HACTYIMANIO
HaCHIIIleHNe KPUBOH d, TOCKONBKY JaibHelIee yBeNMYeHHe IUIOTHOCTH YPOBHEH, BO3MOXKHO, HE MEHSUIO 3aMETHBIM 00pa3oM BEpOSTHOCTH
00pa3oBaHMsI KAacCKaIOB, IPHBOMIIMIMX K METACTAOMWIBHBIM COCTOSHUSIM. [loiTydeHHBIe pe3ysibTaThl B IpeneNiax IMOTPEITHOCTH H3MEepeHHi
COIJIACyIOTCA C JaHHBIMU JpPYruxX paboT, MOJYYEHHBIX NMpHU (DUKCHPOBAHHBIX SHEprusix. B nmamazone sueprum 29-35 M»sB usomepHbie
oTHOMmeHUs i1 PZr u3MepeHsl Briepsble. J[jis anMpOKCHMALMM SKCTIEPH-MEHTANBHBIX JAHHBIX 0 M30MEPHBIM OTHONIEHHAM BBIXOJIOB
HCIIOIB30BANIH CHTMOHIAIBHYIO (CTYIIeHbK000pa3Hylo ) GyHKIuo bosbiMana (CrutomiHast Kpusas).

B ta0u1. 2 naHHbIe 00 H30MEPHBIX OTHOLIEHHSX BHIXOOB peakiuii npuseaens! B Bue d=Yn/Y,. B obmactu sHepruit Bo30yKIeHHUs
BBIIIE THTaHTCKOTO JUIIOJIBHOTO PE30HAHCa, T.e. B obmactu 25-35 M»aB, sHeprerndueckast 3aBUCHMOCTD H30MEPHBIX OTHOIIEHHH BEIXOJI0B
peakmu OZr(y,n)%M9Zr onpenenena BrepBble.

Tabauna 2. M3oMepHble OTHOMIEHHS BEIXOO0B peakiuii *°Zr(y,n)¥m9Zr

E, MaB YulYg HUcTounuk

16,5 0,70+0,04 7

18,0 0,75+0,05 7

20,5 0,92+0,06 7

30 0,61 8

22 1,44+0,02 8

19 1.46+0.05 9

25 1.21+0.04 9

30 1.35+0.05 10

40 0,85+0,4 11

25 1.3540.05 Hacrosinias pabora
30 1.34+0.05 Hacrosimias pabora

Kak BuaHO M3 Tabm. 2, pe3ynbTarhl, MOJy4EHHbIE HAMU AJIs peakuuil (y,n) B Ipenenax MOTPEIIHOCTEH COTNIaCyrOTCSl C JAHHBIMH
cnenyromux pador [8,10]. B obmactu snepruit E>25 M»sB sHepreTnueckasi 3aBUCHMOCTh H30MEPHBIX OTHOLICHHIT BBIXOJIOB ITOIYYEHBI HaMU
BIIEPBEIC.

Peakuus (n,2n)

B ciywae peakmum (N,2n) (Tabm. 3). 31echk Takke NPHUBEACHBI PAacuUETHBIC JAHHBIC CEYEHHS PEAKIUH, NPOBEACHHBIC C IOMOIIBIO
nporpammuoro makera TALYS-1.6[12,13]. Pe3ympTaThl TEOPETHYECKHX PACUETOB MPUBEACHBI Ul CEUCHHI OOpa3OBaHUsS H30MEPHBIX
COCTOSIHHMi1, OTHOCHTENIBHO PE3y/IBTAaTOB JPYTHX PAabOT HECKOIBKO 3aHIKEHBI. B cilydae cedeHHit 00pa3oBaHMs OCHOBHOTO COCTOSIHUIL 3HAYCHHE
B IIpeJieiax MOrpenIHOCTe H3MEPEHUH COrIacyroTCs.

Jlns nomydeHust aOCOIIOTHBIX 3HAYCHUH CEYEHHH OCHOBHOTO M M30MEPHOTO COCTOSIHHI MCIIONB30BAJIMCh METOMBI CPABHEHHS BHIXOOB
MCCIEMyeMOii 1 MOHHTOPHOH peakimu. B KauecTBe MOHMTOpHOH peakumn ncnonszosam 2’Al(n,a)*Na (Tyz=15 4, E,=1368 k3B), ceuenue
KOTOpPO# paBHO: Gy = 121.57+0.57 mOu npu E, =14.1 MaB [14].
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A6comoTHas omMbKa W30MEPHBIX OTHOTIEHHH CeYeHHi PeaKIHi OTpeenIeTcs CTaTHCTHIECKOH MOTPEITHOCTEIO CUETOB B (hOTOTHKE
H3MepsIeMoit y-THHIH, 3G HEKTHBHOCTHIO PETHCTPAITHH Y-H3TyIeHHS U OUTHOKON 3HAUESHHH CEYeHHit MOHUTOPOB.
Ta6smna 3. Ceuenne peaxuuu °Zr (n,2n)*m9Zr

En, MaV Om, MO Gy, MO Om/ Oy Hcrounnk

14.8 130+12 387+35 - 15

14.1 76+7 580+38 0,131+0,012 Hacrosimas pabora
14* 77 516,96 0,149 Hacrosiuas padora
14,5* 120,21 610,54 0,197 Hacrosimas pabora

IMpumeuanue. “Pacuer ceuenuii nposoaumu 1o nporpamme TALYS-1.6.

Jlnst pacyera H30MEPHBIX OTHOLICHHH BBIXOOB HMCIOJB30BaiH mporpaMmHbiid naker TALYS-1.6. O6muast cxema npoTeKaHHsi peakLun
IpefrnoaraeTcs CIemylolleld: BHaYale NMPOUCXOAUT IOIIIONIICHHE AUIOIBHOTO Y-KBaHTA HAa sApe ¢ oOpa3oBaHHEM COCTABHOTO spa, 3aTeM
IPOUCXOJUT HCTIapeHHe HeHTpoHa ¢ 00pa3oBaHHEM BO30YXKICHHOTO COCTOSHHS KOHEYHOro siapa. Bo3OyxneHue modep-Hero siapa CHUMAeTCs
KAaCKaJIHbIM UCITyCKaHHEM Y-KBAaHTOB C 00pa30BaHHEM B UTOI'€ OCHOBHOI'O HII H30MEPHOTI'O COCTOSHUSI KOHEYHOTO si/Ipa.

IInoTHOCTE sAEpHBIX ypOBHEH paccunThIBay 10 opmyie bera-bioxa [2], cimHOBast 4acTh KOTOPOU UMeET BUJ

p(3) =(2J +Dexp[ (I +1/2)* / 25° | ®

yJ'Iy‘IHII/ITB KOJIMYECTBEHHOE COIIaCUe PacCu€TOB C OKCIIEPUMEHTOM yAaJIOCh ITPU (L])I/IKCB.I_II/[I/I mapaMeTpa CIIMHOBOI'O OTpaHUYCHUS G. HpI/I

STOM YAOBJIETBOPUTEIILHOC COTTIACHUE NOCTUTACTCA IIPU o= 25h .

3akiouenne. 113 aHanusa JaHHBIX, NPUBEACHHBIX B TaOk. 2 W 3, ciemyeT, 4TO HKCIEPUMEHTAIbHbIE UCCIECIOBAaHUS BO30YXKIEHUS
M30MEPHBIX COCTOSHMH B (POTOAIEPHBIX peakiusax Tumna (y,n) Ha sape PZr npoBOAMIM B OCHOBHOM B objactu sHepruit 10-25 MboB, T.e. B
00J1aCTU THTaHTCKOrO AUIOJIBHOTO pe3oHaHca. B obiacTu sHepruii, BIe THTAHTCKOIO PE30HAHCA, YHEPreTHUeCKas 3aBUCUMOCTh U30MEp-HBIX
OTHOLIEHUH Mano u3ydeHa. bmaromapst 3TUM McClelOBaHHAM, MOXHO IMONYYHTh MH(OPMALHUIO O IUIOTHOCTH SICPHBIX YPOBHEH M O BKJaze
HPSIMBIX TIPOLIECCOB B MEXaHU3M (DOTOSIIEPHBIX PeaKIuil B JaHHOH 001acTH SHEPTHi.

Baaroaapnoctu. B 3axitouenue aBrop Beipaxaer OiarogapHocts M. Katomoy u O. XKypaeBy 3a 00iayueHue 00pa31oB Ha HEHTPOHHOM
reneparope, JK. PaxmMoHOBY 3a momotp B u3mepenusx, C.B. ApreMoBy 3a mose3Hble 00CyKaAeHHs.
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Peyenzenm: [Joyenm Camapranockoeo 20¢yoapcmeeHHo2o ynugepcumema P.Owbypes

HU3YYEHMUE 3BE3/] B IIOJIE P3C STOCK 2 110 KATAJIOT'Y GAIA
AHHOTaIUsS
TIposenen ot6op 2393 BeposATHBIX 3Be3l cKomteHus StOCK 2 W WX Kiaccu(uKamis MO CIEKTPaJbHBIM KJIaccaM, OINPEIENIEHO CpeHee
reMOLEHTPUYECKOE paccTosiHue — 452 1K, U30XpoHHBIA Bo3pacT okono 398 mun ner (log(age) = 8.60), cpeiHee MOKpacHEHHE B I0J0CAX
nponyckauus Gaia E(BP-RP) = 0.5059, cpennee cenextunoe norouenune Ag=0.8625 u metaiummunocts [Fe/H]=0.008 dex.
KuroueBble ciioBa. PaccesHHbIe cKoruieHus 3Be371, StOCK2, nuarpamma nBer-BenimdrnHa, aCTpOMETpHS.

GAIA KATOLOGIDAN TYUT STOCK 2 MAYDONIDAGI YULDUZLARNI O’RGANISH
Annotatsiya
Stock 2 tarqoq yulduz to’dasining 2393 ta ehtimoliy a’zo yulduzlari tanlab olindi va ularni spektral sinflar bo‘yicha tasniflash amalga oshirildi,
o‘rtacha geliotsentrik masofa 452 pc, izoxron yoshi taxminan 398 million yil (log(age) = 8.60), o‘rtacha qizarishi Gaia E(BP-RP) = 0.5059,
o‘rtacha selektiv yutilishi Ac=0.8625 va metalligi [Fe/H]=0.008 dex ekanligi aniglandi.
Kalit so‘zlar. TYUT tarqoq yulduz to'dasi, Stok 2, rang-kattalik diagrammasi, astrometriya.

STUDYING STARS IN THE FIELD OF STOCK 2 OSC USING THE GAIA CATALOGUE
Annotation
A selection of 2393 probable members of the open cluster Stock 2 was carried out and their classification into spectral classes was determined.
The average heliocentric distance was found to be 452 parsecs, and the isochronic age was approximately 398 million years (log(age) = 8.60).
The average reddening in Gaia passbands was E(BP-RP) = 0.5059 and the average selective absorption Ag = 0,8625. The metallicity was found to
have a value of [Fe/H] = 0.008 dex.
Key words. Open cluster of stars (OSC), Stock 2, color-magnitude diagram, astrometry.

BBenenne. PaccessHHbIE 3Be3JHBIC CKOIUICHUS SIBIIIFOTCS YHUKAJIbHBIMH OOBEKTAMH IS M3y4eHHs 3Be3IHOT0 HaceyeHus Harmeit
Tlanaktuku. OHM TPEACTaBISAIOT COOOM CBA3aHHBIC I'PABUTALMEH TPYNIBI 3BE3J] YHCICHHOCTHIO OT HECKONBKHMX IECATKOB IO HECKOIBKHX
JICCATKOB THICSY 3BE3J], MMEIOMIMX 00Iee MPOUCXOXKACHHE MECTO 3Be34000pa3oBaHus. UTO B CBOIO O4epenb OOYCIOBMIO MX MPAKTHYECKH
OJIMHAKOBBII BO3pacT, XUMUUYECKHH COCTaB U PAacCTOSIHHE, HA KOTOPOM OHH PACIOJIOKEHBI, @ UX PAa3INIis OOBSICHSIIOTCS TOJNBKO MX MacCaMH.
V3yuenne 3Be3AHOTO cocTaBa TpeOyeT OJHO3HAYHOTO OINPEICNCHUS MPUHAIICKHOCTH 3BE3A K H3Y4aeMOMY pacCEsHHOMY 3BE3IHOMY
CKOIUICHHIO. B HacTosee Bpemst pa3paboTaHbl U HCIONB3YIOTCS Pa3INYHBIC METO/BI OHPEACICHUs PUHAUICKHOCTH 3Be3/ K CKOIUICHHIO, HO
HanboJee TOCTOBEPHBIM OCTaeTcsl aCTPOMETPHUYECKHH MeTox oTOopa. B cBs3M ¢ 4eM, OmyOIMKOBaHHBIE KaTaJoOTH acTPOMETPHIECKHX JaHHBIX
Gaia DR3 [1], npeacrasnstorme co0oi KaTanor ajisi GONBIIOro KOIMYECTBA HCTOUHUKOB € BHICOKOTOUYHBIMH W3MEPEHUSMHU aCTPOMETPUUECKUX
[apaMeTPOB, SBISIIOTCS OYEHb MOJIE3HBIM MHCTPYMEHTOM acTpoHOMa-uccienoBatens. OHU NpecTaBIsioT coboit BecbMa HH(popMaTuBHbIA 5D-
TapaMeTpUYecKuil HaOIIOAaTeNIbHEI 0030p 3BE3IHOTO HACENCHWs 3HAYHTENbHOro odbema Hamelf ['amakTHKM, 3aHOBO OTKPBIBAIOIIEH IS
Hay4HOTO COOOIIECTBA CBOU TAiHBI M 3aCTaBIISIOIICH KOPPEKTUPOBATH YCTOSBIINECS HAKOILUICHHBIE 3HAHHS.

JluteparypHsblii 0030p. B naHHOI cTaThe MbI IpencTaBisieM paboTy MO M3YYEHHIO MOJIOJOTO MAacCHBHOTO PACCESHHOTO 3BE3JHOTO
ckomtenus (P3C) Stock 2 [2], [3], pactuioskenHoro B co3sesauu Kaccuones (RA=02"14M42.0° DEC=+59°29'00") B criupaibsHOM pykase OpHoHa
U BXoJsero coctas ommkaimmx kK Conamy (10 ~600 nk) P3C [4]. Ckomnenue otkpsito FOprernom Crokom (Jiirgen Stock) B 1956 rony [2] B
Mexamepukanckoit o6cepBaropru Ceppo-Tonono (CTIO).

biu3koe renmoIeHTpHYecKoe pacioliokeHne 0e3 COMHEHHMIT Mmojpa3syMeBaeT OONbIINEe BO3MOXKHOCTH JUIS JIETAIBHOTO HMCCIIEOBAaHHUS
P3C, ommako yrioBble pa3mephl ydacTka Heba, Mo KOTOpOMy pacmpezaeneHo StoCK 2 3HAYMTENbHO YCIOKHSIOT He TONbKO HAOIOICHHE C
Ha3eMHBIX TEJIECKOIOB, HO U YBEIHYMBACT OO 00heM TOUCK JaHHBIX B Katajore Gaia, Heooxomumbix mist oxBara P3C. U3 nccnenoBanus [5]
M3BECTHO, 4TO pajauyc sapa Stock 2 (pacmonoxenue 50% ot HanGonee BeposTHbIX 3Be31 P3C ~1157) onennsaercs B 0.851°. Kpome siipa st
oxBara nepudpepun P3C u 3Be3q monst HEOOXOAMMO KPAaTHO YBEJIUYUTH 00JIacTh MccienoBaHus. CTaHOBHUTCS MOHSTHO, YTO JUISL BHIOJHEHUS
paboTHl MPHUAETCS OMNEPUPOBATh MapaMETPaMU IIOYTH HECKONBKMX MW/UIMOHOB 3BE3/, YTO HE3aMEMTHTENBHO CKa3bIBACTCS HA 3aTpaTax IIo
BPEMEHHU U MOIIHOCTSIX BBIYHCIICHUH.

MertopoJiorusi uccyieoBaHus. J{ist oTceBa 3Be3/ CKOIUICHHS OT 3BE3J( MOJISI HCIOIB30BAIACh KIACCHYECKash METOANKA BBIICICHHS 10
BEKTOPHO# auarpamMme coOcTBeHHBIX aBikernit noctymueiMa B TOPCAT [6]. Heobxomumbrii Habop mamubix GAIA DR3 pasmepom mosst
6.5°%6.5° (puc. 1, 6) 6pUT MOArOTOBIIEH € HcTOb30BaHneM web-cepsrca Clusterix [7] ¢ dubTpanueii mo MakcCHMaabHOMY 3HAYEHHIO 3BE3HBIX
Bemmand 20.5™ 1 o oxHOMY U3 mapaMetpoB kadectBa actpomerpun — RUWE [8], [9], [10] se npeBsimaromem mopora B 1.4. [lono6ubiii 0T60p
MIPOBOJIMIICS ISl TOTO, YTOOBI MOYYUTh HauOOJIee MOHYIO BEIOOPKY M OXBAaTHTh Kak MOXKHO OoJblryro odmacts Bokpyr P3C Stock 2, ¢ yuetom
orpannueHnii ceppuca Clusterix.

Kaxk yxe mogdepkuBanoch BbIle X0Th Oim3koe pacmonoxenune 38e31 P3C Stock 2 oT4eTnBo mposiBisieTcss Ha BEKTOPHOW JHarpamMme
COOCTBEHHBIX ABIDKCHHI (CM puc. 1a), TeM He MEHee Ul HaAEKHOCTH MBI HCIIOIB30BAIIH allPHOPHEIC 3HAYCHHS LeHTpa u3 padotsr [11]. Paguyc
BbLIeIsieMoi rpymnsl 38e31 P3C 1 GIM3KHX 3BE3/1 OISt IT0A0MPaJICs ¢ 3aracoM 1 coctaBuit 1.9 mas/yr.
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Pucynox — 1. a) BexropHas JmarpaMma coOCTBEHHBIX IBH/KEHHH, BBIICICHHBIX BEPOSATHBIX 3BE3](
crorIeHms B obmact ¢ uentpoM B P3C Stock 2; 6) Kapra oGnacti P3C ¢ oTMedeHHBIMI
TOMOKEHHAME BEPOATHEIX 3Be3/1 StOCK 2 M BXOIIIINX B MX COCTaB ABYX IPYIIII OENBIX KAPIHKOB
(WD, oTMeueHSBI 3eJIeHHBIM), M 3Be3/1 BETBH KpacHbIX rurantos (RGB & RC, ormeueHst
KpacHbIM).

AHaymm3 u pe3yabTathl. [loctpoeHa u u3yueHa BekTopHas auarpamma P3C, BblielieHbl BEPOSTHbBIC WIEHbI CKOIUICHUS, YMCIEHHOCTD
KOTOpbIX cocTaBmil 2393 3Be3/bl, 4TO OOJIBIIE, YeM CIHMCOK BEPOSTHBIX WICHOB CKOIUICHHs B padore [5]; ompeneneHbl ux cpeqHue 3HaAYEHUs
COOCTBEHHBIX JBIKCHUI 1 mapamiakca (u,£050 = 15.8379 + 0.1556 mas/yr, us= —13.7252 +£0.1556 mas/yr, PIx=2.6587 + 0.2676 mas (puc. )),
YTO XOPOILIO COYETAETCS CO 3HAUCHUSMH ompeeleHHbIMU B pabore [5] (u,cos6=15.845+0.69 mas/yr, u; = —13.698+0.642 maslyr, PIx=2.641+
0.082 mas). Pa3nuuusi B ONY4EHHBIX OLEHKAX MOXKHO OOBSCHUTH HCIIOJIB3YEMBIMU METOAAMH 0TOOPA BEPOSTHBIX YICHOB CKOILICHHUSL.

Kapra o6macti P3C ¢ 0OTMEUEHHBIMH IIOJI0XKEHHUSMU BEPOSTHBIX 3Be31 StOCK 2 M BXOUIIIMX B UX COCTaB JBYX IPYII O€JIbIX KapJIHKOB
(WD, ormeueHbI 3eneHHbIM), U 3Be3]] BeTBU KpacHbIX rurantoB (RGB & RC, orMeueHb! KpacHbIM, CM. pUCYHKH la u 10, 26 u 3a). ['ucrorpammbl
pacrpe/ie/icHnst COOCTBEHHBIX ABIDKCHHH M MapajilakcOB BEPOSTHBIX WICHOB CKOILUICHMsS MPHUBEICHBI HA PUCYHKe 2a. Jluarpamma rokasaTelsb
IBeTa — 3Be3[HAas BEJMYMHA NpHBedeHa Ha pucyHke 26. IIpoBemeHHBIH OTOOp BEPOSTHBIX WIEHOB CKOIUICHUS OYIET MCIIONB30BaH IS
omnpenesenus actpodusnueckux xapakrepuctuk P3C u u3yueHust ero 38e31HOT0 COCTaBa.

FrTpye—— ., |
- |
11 o ot a0 o chorer :

id

gy

NEEEREERERRER]

T8 17 18 13 20 3123 23 24 25 26 27 28 £4 30 31 32 33 34 35 36

@

Pucynox — 2. a) Ha rucrorpaMMe CHHHM LIBETOM pacIpelelieHHe MapajiakcoB 3Be3J] ¢ BBICOKOM
cTeneHbio BepositHocTH (cBbiie 95 %) npunauiexaume P3C Stock 2; 6) qmarpamma I'epiimmpysra-
Paccena P3C Stock 2 m BXomsmmx B MX cocTaB ABYX rpynm Gensix kapmukoB (WD, oTvedeHst
3€JICHHBIM), H 3B€3/1 ACHMIITOTHYECKOiT BeTBH KpacHbIX rurantoB (RGB & RC, oTMeueHb! KpacHbIM).

Jlnst paccdyera BEpOSITHOCTH IPHHAUICKHOCTH BBIACICHHBIX 3BE3Jl HAMM HCIOJB30BAICS OIMH M3 KIACCHYECKHUX METOJOB
knacrepusaumu DBSCAN [12], peanmuszoBanHoro Ha si3bike nporpammupoBanus Python [13]. Io xoopauHatam ¥ BelTMYMHAM COOCTBEHHBIX
nsikennii B oonacti P3C Stock 2 obnapyxeno 2325 3Be3n, SBISIOMINMUCS 3Be3[aMH CKOIUICHHSI C BEPOSITHOCTBIO BbIle 95 %, 4to Goblie,
YeM M3BECTHO M3 OMOpPHBIX KaTanoros [2], [5], [11], [14].

Hcnonb3yst karanor [15] cKoppeKTHPOBAaHHBIX '€OMETPHYECKUX U (HOTOreOMETPUUYECKHX PACCTOSIHUMA /Ui 1.5 MIIpJ 3BE3/l HA OCHOBE
HaOmozaenuit Gaia EDR3, Hamu GbuM TONYdYeHBI PACCTOSIHMS BBIACNCHHBIX BEPOSTHBIX 3Be3J] CKOIUICHHS H BBIYHCICHBI MX a0COIIOTHBIC
3BE3[HbIC BEJIMYHHEI, IPEICTaBICHHEIC Ha PUCYHKe 3a U 30.

Jlns 3Be3x BetBH KpacHbiX rurantoB (RGB & RC) nanHble 0 MOKpPACHEHHWH U TIOTJIOMIEHHH ObUIH TOTyYeHbI OTAENbHO U3 paboTs [16]
TaK Kak OTCyTcTBOBaiM B [1] u mpoumx katanorax. B cratbe [16] ncrnonb3yroTcst BoceMb HE3aBHCHMBIX HCTOYHHKOB OLICHOK TTOKPACHEHHS H
noroneHust 11 puMepro 60 000 3Be3n I'maBHo# mocnenoBarensrocTH Gaia DR1 Tycho—Gaia Astrometric Solution (TGAS) monoxe 3 mMipa
JIET ¢ OTHOCUTENbHOM omubkol napamwiakca Gaia menee 0.1, Ha ocHoBe TouHO# (oromerpun Gaia, Tycho-2 , 2MASS u WISE. Hanuuue
JIaHHBIX 3BE€3]] Ha AHarpaMMe 1[BeT-a0COIIIOTHAs BETHYMHA O3BOJNIIA TOUHEE CIIO3HIIMOHUPOBATh H30XPOHY U OLICHUTb H30XPOHHBIH BO3pacT B
npenenax log(age) = 8.60.

K cosxanenuto, faHHBIE O TIOKPACHEHHH, IOTJIOMICHHN U PACCTOSHUM 10 BBIJCICHHOI IPYIIe 3BE3 BEPOSTHBIX OCNBIX KApJIMKOB Ha
muarpamme ['eprmmpynra-Paccena, o6o3nadennoit kak WD (oTMedeHBI 3e1€HBIM, Ha puc. la, 16 1 20) OTCYTCTBOBAIN MOJHOCTBIO WM OBLIH
(parMeHTapHbl. YCTaHOBHTh HEOCTAIOIINE IAHHBIC MO IPYrMM HE3aBHCHMBIM MCCIEIOBAaHHSAM TakK )K€ HE YIaloch, BEPOSTHO H3-32 BechbMa
cmaboro cBeueHusi 00bekToB (Hmoke 19™) HaOMIOMEHHs WX Ha3eMHBIMH TEIECKOMAMU TaK K€ OTCYTCTBOBAIH. BepositHo, Goiee neTanbHas
uH(pOpMALHS [0 ITUM 00BEKTaM MOSIBUTCS B MO3JHHUX penu3ax Gaia.

JInnus 3Be3x [naBHoil mocnenoBarensrocti (ZAMS) 1 rpalyrpoBKa CIIEKTPaIbHbIX KJIACCOB B 1BeTax (GoroMerprn Gaia mosyueHsl u3
TEOpEeTHIECKHX HcciemaoBanuii [17].

Cpenree cooTHoLIeHHE MeTaiuioB K Bogopoay [M/H] = 0.0240 dex ¢ z= 0.015497, 4to ¢ ycioBHeM napaMeTpoB 3a1aBaeMbIX sl 2o =
0.0152 B [18], coorercrByer [Fe/H] = 0.008 dex, 4to B CBOIO Ouepe/b CHIIBHO OTIIMYAETCsl OT BEIMYMH U3 OMOPHBIX paboT, Hanpumep, [5], uro
CKOpEe BCEro CBI3aHHO C 3HAYHTENBHO GOJIBIINM KOJIMYECTBOM O0TOOPAaHHBIX BeposTHBIX 3Be31 P3C Stock 2.

e g
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Pucynox — 3. a) nnarpamma I'epuinpyHsra-Paccena B 3Ha4eHHSIX aOCOIIOTHBIX 3BE3/HBIX BEINYHH B MI0JIOCAX TIPOITYCKAHUS
Gaia. CuauMu TOuKaM# 0603HaueHsl nosoxenue 38e31 P3C Stock 2 wa nuuum [nmasuoi nocnenosarensHoctn (ZAMS),
TIOKa3aHHOM YePHOM ITPUXOBOM JIMHHEH, 10 BEpXHEil OCH OTJIOKEHBI COOTBETCTBYIOIINE HyJIEBbIC 3HAYCHHS CIIEKTPAIbHBIX
ximaccoB [17]. KpacHbIMH KpyKKaMH OTMEYCHA IPYIIa BEPOSTHBIX 3BE3J M 3BE3[ ACHMIITOTHYCCKOH BETBH KPAacHBIX
rurantoB RGB & RCs; 6) anarpamma epuumnpysra-Paccena P3C Stock 2 ¢ mogo6panseiMu n3oxposamn PARSEC.

3akuouenue. Vcnonb30BaHHAs HAMH METOAMKA (PMIIBTPALMH IO3BONSET PaboTaTh ¢ GOJBIIMMH OOBEMAMU JaHHBIMX OJMKaHLINX K

Conuny P3C ¢ 6onpmmMu yriaoBsIMu pasmepamu. Mcnonb3oBaHue HaJeKHOTO IpoBepeHHOro BpemuHeM anroputMa DBSCAN no-npexnemy
[03BOJISIFOT ITOKA3bIBaTh COMOCTABUMBIC PE3yJIbTaThl C HOBBIME HaHHBIMK Gaia. [loctpoeHa u n3ydeHa BektopHas anarpamma P3C u BeiieseHs
BEpOSITHBIC 3BE3/IbI CKOIUICHUsI, HAOOp coctaBia 2393 3Be3nbl ¢ BepoATHOCTBIO P > (0.8, A KOTOPHIX BBIYUCICHBI aOCONIOTHBIC 3BE3IHbIC
BEJIMYKMHBL U TNPEIBAPHUTEIBHO O0O03HAYEHBI CIEKTPAIbHBIC KJIACCHI, A 3HAYAT M JMara3oHbl 3(Q(EKTHBHBIX TEMIEpaTyp M Apyrue BaXKHbIC
acTpodusndeckue napamerps 38e31 P3C. OnpeneneHsl cpeaiHee relMOLEHTpHYecKoe paccrosHne — 452 Nk, H30XpOHHBIH Bo3pacT okono 398
min sier (log(age)=8.60), cpemHee mnokpacHeHue B mosocax mpomyckanus Gaia E(BP-RP)=0.5059, cpennee celeKTHBHOE MOTJIOLICHHE
Ac=0.8625 u meraiummunocts [Fe/H]=0.008 dex. ITo pe3yibratam mpoBeneHHON pabOThl ObLIA IOArOTOBIEHA 0a3a Ul MPOBEPKH BEPOSATHBIX
3BE3/1 CKOILICHUSI JUTSl IANIbHEHIIIET0 MCCIIeJOBaHMUS | [TOMCKA KaHANATOB B HOBBIC IEPEMEHHBIC.
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SOVUQ ATMOSFERIK PLAZMANING FARMATSEVTIK OQAVA SUVLAR TARKIBIDAGI OFLOKSATSIN ANTIBIOTIGIGA
TA’SIRINI MODELLASHTIRISH
Annotatsiya

Antibiotiklardan keng foydalanish oqava suvlar ifloslanishining ortishiga olib keldi. Sovuq atmosferik plasma (SAP) an’anaviy usullarga
qaraganda antibiotiklarni parchalashda samaraliroq bo‘lib chiqdi. Biroq, SAP ta’sirining asosiy mexanizmlari hali to‘liq o‘rganilmagan. Ushbu
tadgigotda ofloksatsin (OFL) antibiotikining SAP yordamida parchalanish mexanizmlari reaktiv molekulyar dinamika usuli orgali o‘rganildi.
Xususan, SAP tomonidan hosil gilingan reaktiv zarralar sifatida kislorod atomi tanlandi va OFL bilan o‘zaro ta’siri atomar darajada tadqiq etildi.
Natijalar OFLning metil va metilen guruhlarida, aynigsa, gidroksil va epoksid guruhlarining shakllanishini, shuningdek, tizimdan suv va karbonat
angidridining ajralib chiqishini ko‘rsatdi.

Kalit so‘zlar: ogava suvlar, ftorxinolon, ofloksatsin, sovuq atmosferik plazma, reaktiv kislorod zarralari, molekulyar dinamika.

MODELING THE EFFECT OF COLD ATMOSPHERIC PLASMA ON THE ANTIBIOTIC OFLOXACIN IN PHARMACEUTICAL
WASTEWATER
Annotation

The widespread use of antibiotics has led to an increase in the pollution of wastewater. Cold atmospheric plasma (CAP) has proven to be more
effective than conventional methods in degrading antibiotics. However, the fundamental mechanisms of CAP’s effects are still not fully
understood. This study investigates the degradation mechanisms of the antibiotic ofloxacin (OFL) using the reactive molecular dynamics method.
Specifically, oxygen was chosen as the reactive species generated by CAP, and its interaction with OFL was studied at the atomic level. The
results showed the formation of hydroxyl and epoxy groups in the methyl and methylene regions of OFL, as well as the release of water and
carbon dioxide from the system.

Key words: wastewater, fluoroquinolone, ofloxacin, cold atmospheric plasma, reactive oxygen species, molecular dynamics.

MOJIEJIMPOBAHHUE BJIUSHUS XOJOIHON ATMOC®EPHOW IMJIA3MbI HA AHTUBUOTHK O®JIOKCAIIMH B
DPAPMAINEBTUYECKUX CTOYHBIX BOJAX
AHHOTaIUsS

[Ilupokoe HCHONB30BaHHE AHTHOMOTHUKOB IPHBENO K YBEIWYCHHIO 3arps3HEHHs CTOYHBIX BoA. XojoxHas arMmoc(epHas mrasma (XAII)
okasanach 6osee 3((eKTHBHOMN IS Pa3IokKEHHUs aHTHOMOTHKOB IO CPABHEHHUIO C TPAIMIHOHHBIMU MeTofaMu. OJHAKO OCHOBHBIC MEXaHHU3MbI
netictBust XAII 1o cux mop He IMOMHOCTBIO H3yYeHEL. B TaHHOM HCClleJOBaHHN H3YJaIOTCSl MEXaHU3MBI Pa3lIoKeHHsT aHTHONOTHKA O(IIOKCAIIHHA
(ODJI) ¢ ucroNBE30BaHUEM METOJA PEAKIMOHHOH MOJEKYISIPHOH TWHAMHKH. B 4acTHOCTH, KHCIOPOX OBLT BEIOpaH B KauyeCTBE PEAKTHBHOIO
BelecTBa, oopasyemoro XAIll, u ero Bzaumoneiicteue ¢ ODJI ObIIO UCCIEI0BAHO HA AaTOMAPHOM YpOBHE. Pe3ynbTaThl mokasanu oOpa3oBaHue
THAPOKCUWIIBHBIX M OTOKCHIHBIX TPYII B METHIBHBIX W METHWJICHOBBIX ydacTkax O®JI, a Tarke BBIIEIEHHE BOIBI M YIVIEKHCIOrO rasa W3
CHCTEMBL.

KilouyeBble cJ10Ba: CTOYHbIE BOJbI, (TOPXMHOJOHBI, O(IOKCAIMH, XOJNOJHAas aTMocdepHas IUIa3Ma, YaCTUIBI AKTUBHOTO KHCIOPOJA,
MOJIEKYJISIpHAs AUHAMHUKA.

Kirish. Antibiotiklar dunyo bo‘ylab eng keng tarqalgan va ko‘p ishlatiladigan dori vositalaridan biri hisoblanadi [1]. Metabolizm
jarayonidan so‘ng antibiotiklar, ularning sekin parchalanishi sababli, ko‘p miqdorda suv muhitiga chiqariladi. Bu esa ularning oqava suvlarda
uzoq muddat turib qolishiga olib keladi [2]. Natijada oqava suvlardagi bakteriyalarning rezistentligi (ya’ni, antibiotiklarning ularni yo‘q qilishda
samarali bo‘lmay qolishligi) oshadi. Undan tashqari, ushbu ogava suvlar tirik organizm tomonidan iste’'mol gilinganda uning endokrin tizimiga
buzuvchi ta’sir ko‘rsatishi kabi salbiy oqibatlarga olib kelishi mumkin [3,4]. Shuning uchun, antibiotiklarni ogava suvlardan tozalash muhim
vazifalardan hisoblanadi [5].

Kimyoviy tuzilishi, ta’sir qilish mexanizmi va faollik doirasi (ya’ni, mikroorganizmlarni yo‘q qilish sohasi) bo‘yicha antibiotiklar turli
xil guruhlarga (masalan, p-laktam, ftorxinolon, tetratsiklin, makrolid va aminoglikozidlarga) bo‘linishi mumkin [6]. Shulardan ftorxinolon (FX)
turli infektsiyalarni davolashda butun dunyoda keng qo‘llaniladigan antibiotiklardan biridir [7]. Shunga qaramay, FX antibitiklarining inson va
hayvonlarda so‘rilish qobiliyati juda past bo‘lganligi sababli ularning ko‘p (~70% gacha) qismi atrof-muhitga (asosan, ogava suvlarga)
chigariladi [8].

FX antibiotiklar guruhidagi ofloksatsin (OFL) keng qo‘llaniladigan antibiotiklardan biri bo‘lib, uning dengiz va ogava suvlarga
chigarilishi ekotizimga salbiy ta’sir ko‘rsatmoqda [9]. Aynigsa Xitoy kabi mamlakatlarda bu muammo yechilishi lozim bo‘lgan dolzarb
masalalardan biriga aylanmoqda [10,11]. Xususan, OFLning faqat 10% qismi metabolizmga uchrab, bakteritsid ta’sir ko‘rsatsa, qolgan 90%
qismi to‘g‘ridan-to‘g‘ri 0‘z holicha oqava suvlarga chiqariladi [12,13].

Oqava suvlardagi OFLni tozalashda an’anaviy usullar, masalan, adsorbsiya, fotokataliz, membranali filtrlash va biologik tozalash
usullari qo‘llaniladi [14]. Bu usullar fagat qisman samaradorlikka ega bo‘lib, antibiotiklarni (xususan, OFLni) to‘liq bartaraf etish uchun yetarli
emas [15]. Shu sababli, so‘nggi yillarda an’anaviy va zamonaviy usullarni birlashtiruvchi innovatsion yondashuvlar rivojlanmoqgda [16,17].
Bunday yondashuvlardan biri xona haroratiga yaqin haroratda va atmosferik bosimda ishlovchi plazma, yoki oddiygina sovuq atmosferik plazma
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(SAP) bo‘lib, u suvdagi ifloslantiruvchi moddalarni, jumladan, antibiotiklarni samarali ravishda kimyoviy parchalaydi [18]. Nguyen va boshqgalar
[19] SAPdan foydalanib shifoxonalardan chigadigan ogava suvlarda mavjud bo‘lgan antibiotiklar, jumladan FXlar sinfiga kiruvchi OFL va
siprofloksatsin, shuningdek f-laktam sinfiga tegishli bo‘lgan amoksitsillinning parchalanishini eksperimental tadqiq etishgan. Tadgiqot natijalari
shuni ko‘rsatganki, 30 kV kuchlanishli SAP bilan 15 daqiqalik tozalash jarayonida siprofloksatsinning deyarli to‘liq yo‘q qilinishi, OFL va
amoksitsillinning esa 72% dan ortiq gismi parchalanganligi kuzatilgan. Sarangapani va boshqalar [20] SAPdan foydalanib, ogqava va go‘sht
tozalashdan chiqqan suvlarda ko‘p miqdorda aniqlangan ikkita FX antibiotiklari — OFL va siprofloksatsinni yuqori samaradorlik bilan yo‘q qilish
bo‘yicha tadqiqot olib borishgan. Natijalar SAP ushbu antibiotiklarni muvaffagiyatli parchalashini hamda ularning faolligini sezilarli darajada
pasayishini ko‘rsatgan.

Yugqoridagi kabi ko‘plab ilmiy tadgiqotlar olib borilayotganiga qaramasdan, SAPning FX antibiotiklariga, xususan, OFLga degradativ
ta’sirini tushuntiruvchi tub mexanizmlar hali ham noaniq bo‘lib qolmoqgda. Bu borada kompyuterda modellashtirish tadqiqotlari experimental
tadqiqotlarni to‘ldirib, ular yordamida tushuntirish qiyin yoki imkonsiz bo‘lgan jarayonlarni atomar darajada tadqiq etishda muhim rol o‘ynaydi
[21-27]. Ushbu modellashtirish tadqiqot ishida SAP ning OFL antibiotigiga ta’sirini o‘rganish uchun reaktiv molekulyar dinamika (MD)
simulyatsiyalari olib borildi. Xususan, SAP hosil qgilgan reaktiv kislorod (O) atomi bilan OFL molekulasining o‘zaro ta’sir mexanizmlari atomar
darajada tadqiq etildi.

Modellashtirish tafsilotlari. SAP hosil qgilgan O atomi va OFL molekulasi orasidagi o‘zaro ta’sirni o‘rganish hamda reaksiya
mexanizmlarini atomar darajada tushunish uchun zichlik fuktsionali-zich bog‘lash (ing., density functional-tight binding, DFTB) [28]
potentsialidan foydalangan holda reaktiv MD simulyatsiyalari olib borildi. Xususan, DFTB ning takomillashtirilgan DFTB3 usulidan foydalanildi
[29] hamda ushbu usul uchun maxsus ishlab chigilgan, organik va biomolekulyar tizimlarni yuqori aniqglikda tasvirlaydigan ‘“30b-3-1”
parametrlar to‘plamidan foydalanildi [30,31].

OFL model tizimi (1-rasm) o‘lchami 30 x 30 x 30 A® bo‘lgan simulyatsiya qutisi ichida joylashtirildi. Simulyatsiya qutisi yetarlicha
katta o‘lchamda tanlangan bo‘lib, u uchchala Dekart koordinatalari yo‘nalishlarida davriy chegara shartlari qo‘llanilganligi sababli OFL
molekulasi va uning davriy tasvirlari orasida o‘zaro ta’sirlarni oldini oldi.
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1-rasm. OFL molekulasining kimyoviy tuzilishi. Ushbu molekulaning kislorod (O) atomlari bilan o ‘zaro ta’sirida ishtirok etishi mumkin bo ‘Igan barcha uglerod (C) atomlari strukturada
ragamlangan.

Model tizim (ya’ni OFL) energiyasi dastlab birlashgan gradient (ing., conjugate gradient) usuli yordamida minimallashtirildi. So‘ngra,
ushbu tizim 300 ps davomida kanonik (NVT) ansambl yordamida termalizatsiya gilindi. Termalizatsiya jarayonida zarralar soni (N), tizim hajmi
(V) va harorati (T) doimiy saglanib, harorat 300 K atrofida Berendsen termostati [32] yordamida, ulanish doimiysini 100 fs gilib tanlash orgali,
ushlab turildi. Keyin esa OFL model tizimi bilan O atomlari orasidagi o‘zaro ta’sirni o‘rganish bo‘yicha simulyatsiyalar o‘tkazildi. Xususan,
yugqorida ta’kidlanganidek, OFL atrofida bitta O atomi tasodifiy joylashtirildi; bunda O atomi bilan OFL orasidagi dastlabki bog‘lanmagan (ya’ni,
Kulon va van der Vaals) o‘zaro ta’sirlarning oldini olish magsadida O atomi OFL molekulasidan kamida 5 A uzogqlikda joylashtirildi.

Shundan so‘ng, OFLning O atomi bilan o‘zaro ta’siri natijasida kimyoviy bog‘lar hosil bo‘lishi yoki parchalanishi jarayonlari, ya’ni
reaksiya mexanizmlari, bo‘yicha cheklangan statistik ma’lumotlarni olish uchun 100 ta DFTB-MD simulyatsiyalari o‘tkazildi. Shuni ta’kidlash
joizki, yugorida ta’kidlanganidek, har bir MD simuyatsiyasida O atomi OFL atrofida tasodifiy hosil gilindi. O atomlar har birining ta’siri (ya’ni,
har bir MD simulyatsiya) 200 ps davom etdi; bu vaqt oralig‘i OFL strukturasidagi kimyoviy bog‘larning uzilishi va hosil bo‘lishi jarayonlarini
kuzatish uchun yetarli bo‘ldi. Barcha simulyatsiyalar, ya'ni termalizatsiya va O atomlar ta’sir simulyatsiyalarida 0,5 fs vaqt gadamidan
foydalanildi. Simulyatsiyalar DFTB+ paketi yordamida amalga oshirildi [33,34].

Natijalar va ularning tahlili. Oldingi bo‘limda ta’kidlanganidek, O atomi va OFL molekulasi orasidagi o‘zaro ta’sir jarayonlarini
atomar darajada o‘rganish uchun 100 ta DFTB-MD simulyatsiyalari o‘tkazildi. Ushbu simulyatsiyalarda O atomi va OFL molekulasi orasidagi
o‘zaro ta’sir bo‘yicha jami 19 xil reaksiya mexanizmi kuzatildi. Ushbu reaksiya mexanizmlari 1-jadvalda umumlashtirilgan. Jadvaldan
ko‘rinadiki, reaksiyalarning aksariyati (91%) OFL molekulasidan vodorod (H) atomini ajratib olish bilan boshlanadi (1-11 reaksiyalar). Ushbu H
ajratib olish reaksiyalari strukturada asosan (90%) gidroksil guruhlari hosil bo‘lishiga olib keladi (1-10 reaksiyalar). Qolgan H ajratib olish
reaksiya mexanizmida (11-reaksiya) esa strukturadan H,O va CO, molekulalari ajralib chigishiga olib keladi. H ajratib olish reaksiyalaridan
boshga (9%) reaksiyalarda (12-19 reaksiyalar), strukturada ayrim bog‘larning hosil bo‘lishi (mas., C-O-C) va uzilishi (mas., C-C) holatlari
kuzatildi. Ushbu reaksiyalarning ayrimlari (4%) molekulada epoksi guruhlarining shakllanishiga ham olib keldi.

1-jadval. O atomi (qizil rangda) va OFL molekulasi orasidagi o ‘zaro ta’sir reaksiva mexanizmlari. 1-11 reaktsiyalarning barchasi molekuladan H ajratib olish reaksiyasi bilan boshlanadi,
ammo bu reaksiyalar ikkinchi ustunda ko ‘rsatilganidek, har xil C atomlarida sodir bo ‘ladi. 2-ustundagi C atomlarining ragamlanishi 1-rasmga mos keladi. 12-19 reaksiyalarda H ajratib
olishdan boshqa reaksiyalar sodir bo ‘ladi.

Ne H ajratib olish reaksiyasi Sodir bo‘lishlar soni Reaksiya natijasi
1 CiH 15 Ci1-OH hosil bo‘ldi
2 CoH 12 C,-OH hosil bo‘ldi
3 CsH 9 C3-OH hosil bo‘Idi
4 CiH 10 C4-OH hosil bo‘ldi
5 CsH 12 Cs-OH hosil bo‘ldi
6 CisH 2 Ci3-OH hosil bo‘Idi
7 CiH 11 Ci6-OH hosil bo‘Idi
8 Ci7H 6 C17-OH hosil bo‘Idi
9 CigH 10 Ci5-OH hosil bo‘Idi
10 C120H 3 C120-0OH hosil bo‘ldi
C11-C12 bog* uzildi,
1 C120H va CusH ! C03 and HyO hosil boldi
12 _ 1 C10-O-Ci1 hosil'bo"]di,
Ci10-C11 bog* uzildi
13 _ 1 C7=0 bog* h(')s:il bo‘ldi, ) )
C7-F bog* uzilib, F-Ce bog* hosil bo‘ldi
14 B 1 C6-0O-Cis hosil .bo‘ldi,
Ce-Cis bog* uzildi
15 _ 1 C15=0 bog* ho.si'l bo‘ldi, ) )
Ce-Cis bog* uzilib, Cs=N2 bog* hosil bo‘ldi
16 B 1 C15=0 bog* hqsﬁl bo‘ldi, ) )
Ci5-0 bog* uzilib, C12-O bog* hosil bo‘ldi
17 — 1 Cs-O-Cy epoksi guruhi hosil bo‘ldi
18 — 2 C11-0-Ci3 epoksi guruhi hosil bo‘ldi
19 — 1 Cg-0-C14 epoksi guruhi hosil bo‘ldi
JAMI 100
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Jadvaldan yana ko‘rinadiki, eng ko‘p kuzatilgan reaksiya mexanizmlari (15% va 12%) bu OFL molekulasi metil va metilen guruhlaridan
H ajratib olish reaksiyasi natijasida strukturada gidroksil guruhlarining hosil bo‘lishidir (1-2 reaksiyalarga garang). 2-rasmda ushbu reaksiya
mexanizmlari ko‘rsatilgan.

o HO™
(b} H_H HO™ H HO_ H
e TN N
RfN/ Fv!fN/ R— -
~ ~, ~
R R R
2-rasm. O ining OFL molekulasidagi metil (a) va metilen (b) guruhlari bilan o ‘zaro ta’sir reaksiya mexanizmlari. H ajratib olish va OH radikalining bog ‘lanish reaksiyalari, mos ravishda,

qizil va yashil punktir chiziqli strelkalar bilan ko ‘rsatilgan. O atomi, OH radikali va yangi hosil bo ‘lgan gidroksil guruhi binafsha rangda ko ‘rsatilgan.
Rasmdan ma’lumki, O atomi dastlab OFL molekulasidagi metil (2a-rasm) yoki metilen (2b-rasm) guruhidan H atomini ajratib oladi
(qgizil strelkalarga garang). Bu esa tizimda OH radikali va OFL molekulasidagi radikal joyning hosil bo‘lishiga olib keladi. Natijada ushbu radikal
OFL molekulasidagi radikal joy bilan o‘zaro ta’sirlashib (yashil strelkalarga qarang) strukturada yangi gidroksil guruhi hosil bo‘ladi.
3-rasmda O atomi va OFL molekulasi orasidagi o‘zaro ta’siri natijasida H,O va CO, molekulalarining ajralishi hamda epoksi
guruhlarining hosil bo‘lish reaksiya mexanizmlari tasvirlangan.
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3-rasm. O atomining OFL molekulasi bilan o ‘zaro ta’siri natijasida H>0O va CO2 moI:kuIaIarining (a) hamda e;oksi guruhining (b) hosil bo ‘lishi. H ajratib olish va OH radikalining bog ‘lanish
reaksiyalari, mos ravishda, qizil va yashil punktir chizigli strelkalar bilan ko ‘rsatilgan. O atomi, ajralgan H>O va CO2 molekulalari hamda yangi hosil bo ‘lgan epoksi guruhi binafsha rangda
ko ‘rsatilgan.

3a-rasmdan ko‘rinadiki (1-jadvaldagi 14-reaksiya), O atomi H atomlarini C;3 va C;,0 dan ajratib oladi. Bu esa H,O molekulasi va
strukturada radikal joylar hosil bo‘lishiga olib keladi. Keyinchalik, C1;-C1, bog‘ining uzilishi natijasida CO, molekulasi ajralib chigadi. Bu esa
pirovardida Ci; va Cy; orasida turgun uchlik bog‘ hosil bo‘lishiga olib keladi. 3b-rasmda (1-jadvaldagi 21-reaksiya) H ajratib olish reaksiyasi
kuzatilmasdan O atomi to‘g‘ridan-to‘g‘ri strukturadagi Cg va Cy atomlari bilan bog‘lanib, epoksi guruhining hosil bo‘lishiga olib keladi.

Xulosalar. Ushbu tadgiqotda oqava suvlar tarkibidagi FX sinfiga kiruvchi OFL antibiotigining SAP hosil gilgan O atomlari bilan o‘zaro
ta’siri mexanizmlari MD modellashtirishlari yordamida o‘rganildi. Simulyatsiya natijalari O atomlari bilan OFL molekulasi orasidagi o‘zaro
ta’sir molekulada gidroksil va epoksi guruhlari hosil bo‘lishiga olib kelishini ko‘rsatdi. Asosan, ushbu gidroksil funksional guruhlari OFLning
metil va metilen guruhlarida hosil bo‘lishi kuzatildi. Undan tashqari, reaksiyalar mobaynida H,O va CO, kabi molekulalar ajralib chigish
hodisalari ham kuzatildi. Ushbu modellashtirish natijalari tibbiy ogava suvlardagi FX sinfiga kiruvchi antibiotiklarni tozalashda SAPning rolini
yanada yaxshiroq tushunish imkonini beradi.
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D18 DONORNING STRUKTURASI MODIFIKATSIYA QILIB OLINGAN YANGI DONOR POLIMERLARNING OPTIK
XOSSALARI
Annotatsiya

Bu ishda D18, D18-C6Cp, D18-C6Ch va D18-C6Chp donor polimerlarining optik xossalari giyosiy tadgiq gilindi. Optik xosslari bo‘yicha
olingan natijalarga ko‘ra, D18-C6Cp, D18-C6Ch va D18-C6Chp yangi donor polimerlarining optik xususiyatlari D18 polimeriga garaganda
barcha parametrlarda optimal ekanligi aniglandi. Absorbsiya va FL spektrlari D18-C6Cp, D18-C6Ch va D18-C6Chp yangi donor polimerlarda
rekombinatsiyalar kamayganini va zaryadni tashishning yuqori samaradorligiga ega ekanligini tasdigladi.
Kalit so’zlar: D18 donor, polimer, yutilish, Fluoressensiya, samaradorlik.

OPTICAL PROPERTIES OF NEW DONOR POLYMERS WITH MODIFIED DONOR STRUCTURE D18
Annotation
In this work, the optical properties of D18, D18-C6Cp, D18-C6Ch and D18-C6Chp donor polymers were compared. According to the results
obtained for the optical properties, it was found that the optical properties of the new donor polymers D18-C6Cp, D18-C6Ch and D18-C6Chp are
optimal in all parameters than the D18 polymer. The absorption and PL spectra confirmed that this allows reducing recombination and has high
efficiency of charge transport, reducing energy losses and charge transfer.
Key words: D18 donor, polymer, absorption, fluorescence, efficiency.

ONTUYECKHUE CBOMCTBA HOBBIX JOHOPHBIX ITOJIMMEPOB C MOJIU®HUIIAPOBAHHOM CTPYKTYPOM JTOHOPA D18
AHHOTaIUA

B pmannoit pabGote mpoBemeHO cpaBHeHue onrtmdeckux cpoiictB D18, D18-C6Cp, D18-C6Ch u DI18-C6Chp nonopHbIX momumepoB. Ilo
pe3yibTaTaM, IOJIy4eHHBIM IO ONTHYECKHM CBOMCTBaM, yCTAHOBJIEHO, YTO ONTHYECKHE CBOMCTBA HOBBHIX JOHOpPHBIX Homumepo D18-C6CPp,
D18-C6Ch u D18-C6Chp ontumanbhbl o BceM mapamerpam, dem mnomumep J[18. Croextpol mornmomenus u OJI moaTBepauiu, 4To 3TO
MO3BOJIICT YMEHBIINTh PEKOMOMHAIMIO M 00JIafatoT BbICOKast 3(G(HEKTUBHOCT TPAHCHOPTa 3apsijia, CHIKEHHE MOTepb SHEPTHU U IepeHoca
3apsia.

Kurouessie ciioBa: JJonop D18, monumep, nornomenue, ¢iryopecueHims, 3GGeKkTHBHOCTb.

Kirish. Hajmiy getero-strukturaga ega faol gatlamga asoslangan polimer quyosh element (PQE)lari eritmani gayta ishlash usuli,
moslashuvchanligi, shaffofligi va yengil vazni bo’yicha keng qamrovli ishlab chigarish kabi ko'plab xususiyatlari tufayli dunyo olimlarining katta
e’tiborini garatmoqda. So’nggi bir necha yilda PQElarning jadal rivojlanishining samarasi tufayli, yuqori samarali donor va akseptor polimer
materiallar yaratildi va PQElar strukturasi doimiy ravishda optimallashtirildi, interfeys gatlamlari o’zgartirildi. Natijada bitta faol gatlamga ega
PQElarning energiyani o’zgartirish samaradorligi 19 % dan oshirilishiga erishildi[ 1-2].

Shunga qaramay, noorganik va pervoskit quyosh elementlari bilan solishtirganda, PQElarda nisbatan past to’ldirish faktori va yuqori
energiya yo’qotilishi hali ham asosiy muammolar bo’lib, bu muammolar PQElarning yaxshi ishlashini cheklaydi [2-3]. Bunday muammolarga
yechim topish uchun samarali PQE materiallarni loyihalash va innovatsion strategiyani ishlab chigish juda muhimdir. Bizga ma’lumki
PQElarning samaradorligi donor va akseptor materiallarning optik xossalarining samaradorligi bilan bevosita uzviy bog’liqdir. Shu sababli, bu
ishda D18 polimerining strukturasini modifikatsiya qilib olingan yangi donor polimerlarning optik xossalari tadgiq gilindi.

Natijalar va muhokama. Gibrid yon zanjir usulida sintez qilib olingan yangi D18 donorning modifikatsiya gilingan donor
polimerlarning strukturasi yutilish xossalariga ta’siri birinchi navbatda tahlil qilindi. 1-rasm va 2-rasmlarda gibrid zanjirli strukturaga ega barcha
donor polimerlar eritma shaklida va qatlam holatida ham arzimas batoxromik siljishlar va shunga o’xshash intensivlik cho’qgilariga ega
ekanligini ko’rishimiz mumkin. Ushbu grafikda turli donor polimerlarning yutilish spektrlari tagdim etilgan, ularning absorbsiya intensivligi
(yutilish darajasi) to’lqin uzunligiga (nm) bog’liq ravishda 0’zgarmoqda. Yutilish spektrining shakli D18 va uning tarkibli versiyalari (D18-Ch,
D18-C6Cp, D18-C6Ch, D18-C6Chp) yutilishning juda shakli o’xshash spektrga ega[4-5].

D18
DI18-Ch

D18-C6Cp
DI18-C6Ch
—+— D18-C6Chp

300 400 500 GO0 700 800
To'lgin uzunligi (nm)

1-rasm. D18 va D18 tarkibga ega polimer eritmalarning yutilish spektri

Barcha polimerlar 450-650 nm oralig'ida yuqori yutilish ko’rsatadi, bu esa ularning ushbu to’lqin uzunliklarida samarali yorug’lik yutish
Xususiyatlarini ko’rsatadi. D18 va boshqga polimerlarning yutilish piki 600 nm atrofida joylashgan. Bu pik polimerlar tomonidan yuqori yorug’lik
energiyasini yutilishiga mos kelishini ko’rsatadi, bu esa PQElarda samaradorlik uchun muhim ahamiyatga ega[6-8].

Grafikdagi kichik farqlarni tahlil giladigan bo’lsa, D18 va uning modifikatsiyalangan shakllari (masalan, D18-C6Ch, D18-C6Cp) orasida
kichik farglar ko’rinadi, bu ularning kimyoviy tuzilishida kichik o’zgarishlar tufayli yutilish spektrlarida ham unchalik sezilarli darjada o’zgarish
bo’lmaganligidandir. Shu sababli yorug’likni yutilish spektri grafigidagi shakllarda farqlar katta emasligini 1-jadvalda berilgan donor
polimelarning optik va elektrokimyoviy xossalaridan ham anglash mumkin.
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1-jadval. Donor polimerlarning optik va elektrokimyoviy xossalari.

Polimer nomi 2‘;5'3#]”’“] A [] o, [eV] HOMO [eV] LUMO [eV]
DIE 547 629 197 551 27
DI8-Ch 524 623 199 553 278
DI8-C6Cp 545 627 198 552 278
D18-C6Ch 545 625 1.98 -5.53 -2.78
D18-C6Chp 547 629 1.97 -5.53 -2.79

2Eqpt = 1240/20nset formula yordamida hisoblangan.

Masalan, 2-rasmdagi faqat siklik zanjirli strukturani 0’z ichiga olgan D18-Ch polimer gatlamning yutilish spektrida deyarli hech ganday
yelka cho’qqisini ko’rsatmaydi, ammo tarmoqlanib yoyilib ketgan zanjirli strukturaga ega D18 uchun esa huddi eritma holatida o’lchangan
yutilish spektrida sezilarli yelka piklari mavjud, buning sababini esa katta siklik zanjirning sterik ta’siri tufayli agregatsiyaning optimal emasligini
ko’rsatadi. Gibrid siklik va alkil zanjirlari bo'lgan uchta polimer (ya'ni, D18-C6Cp, D18-C6Ch va D18-C6Chp) o’rtacha yelka pik intensivligini
ko’rsatmoqda, bu natijalarni D18-Ch bilan solishtirib tahlil giladigan bo’lsak, bu uchta polimerda ham sterik ta’sir saqlanib qolgan, ammo D18
polimerning yutilish pikiga nisbatan ancha pasayganligini ko’rsatadi[9-11].

D18

——D18Ch
——DisCECp

~——D18-C6CH
——+—DIS-C6Chp

—+—L&-Bo

300 400 500 00 700 800 200 1000
To'lgin uzunligi (nm)

2-rasm. D18 va D18 asosida sintez gilib olingan polimer gatlamlarning yutilish spektri
Soddaroq qilib tushuntiradigan bo’lsak, turli xil gibrid zanjirli polimerlar, masalan polimer strukturasidagi siklik va chiziqgli alkil
zanjirlarning turli xil tartibga solinishi tufayli, bir-biridan farq giluvchi agregatsiyalanish holatlarini namoyish etadi. Ammo, har xil yon zanjirli
struktura bilan modifikatsiya qilingan ushbu donor polimerlarning yutilish spektrlariga chuqur ta’sir ko'rsatmadi va barcha polimerlar optik
ta’qiqlangan soha kengligi 1,97 eVdan 1,99 eV gacha bo’lgan oraliqda shakllandi.

LUMO (eV)
= -2.77 -2.78 -2.78 -2.78 -2.79
S 3.90
o =l
= 2
<, 3
= =
= T
) ai
-5.51 -5.53 -5.52 .5
HOMO (eV)

3-rasm. D18 va D18 tarkibga ega polimer donorlar va L8-Bo akseptorning energetik sath giymatlari
3-rasmda D18, D18-Ch, D18-C6Cp, D18-C6Ch va D18-C6Chp ning HOMO/LUMO energetik sathlarining qiymatini ko’rishingiz
mumkin. Bunda D18, D18-Ch, D18-C6Cp, D18-C6Ch va D18-C6Chp donor polimerlarning HOMO/LUMO energetik sathlarining giymati mos
ravishda -5,51/-2,77 eV, -5,53/-2,78 eV, -5,5/-2,53/-2,78 eV va -5,53/-2,79 eV ekan. HOMO/LUMO energetik sathlari giymatlarining natijalariga
ko’ra, modifikatsiya gilingan donor polimerlarning yoyilib tarmogqlanib ketgan yon zanjir strukturaning o’rnini bosuvchi gibrid zanjirli
strukturaga o’zgartirish natijasidla HOMO va LUMO energiya sathlarning biroz chuqurlashishiga olib kelishi mumkin ekan, bu esa PQElarning
Voc giymati uchun foydali bo'ladi.

1.0
0.8
0.6

0.4 ful

Yutilish spektri (nis. bir.)

0.z

0.0

400 500 60 200 1000 1100

0 FOoO 8800
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4-rasm. D18 va D18 asosida sintez gilib olingan polimer donorlar asosidagi faol gatlamlarning yutilish spektrlari

4-rasmdagi grafikda D18 va uning modifikatsiyalangan donor polimerlar bilan fulleren bo’lmagan L8-Bo akseptor arlashmasi asosida
olingan faol gatlamlarning yutilish spektrlari berilgan. Eng avvalo, grafikdagi yutilish spektrining shakliga to’xtaladigan bo’lsak, barcha faol
gatlamlar uchun 400-900 nm oralig’ida yaxshi yutilish intensivligini ko’satmoqda. Bunday to’lqin uzunligi sohasida yutilish spektrining yaxshi
bo’lishi quyosh nurlanishi spektrining katta qismini yutishiga imkon berib PQElarning samaradorligini yanada oshiradi. Har bir faol gatlamning
yutilish spektrida to’lqin uzunligi 600 nm atrofida va 800 nm atrofida kuchli yutilish piklari mavjud. Bunday piklarning shakllanishiga sabab,
D18 va L8-Bo polimerlarning yutilish spektr grafigiga qaralsa 0’z-o0’zidan tushunarli bo’ladi. 4-rasmdagi grafikning 600 nm atrofidagi yutilish
piklari bu D18 polimerga tegishli bo’lsa, 800 nm atrofidagi yutilish piklari esa L8-Bo akseptorga tegishli. Endi D18 donor polimerlarning
modifakatsiya gilingan versiyalari orasidagi yutilish spektrini tahlil giladigan bo’lsak, D18-C6Ch:L8-Bo (yashil chizig) eng kuchli yutilish
ko'rsatkichiga ega bo’lib, aynigsa, 600 nm va 800 nm atrofida boshqa namunalar bilan solishtirganda biroz balandroq yutilish ko'rsatmoqda.
Bundan xulosa qgilinadiki, D18-C6Ch:L8-Bo faol qatlamning amorf holatdan kristallanish holatiga o’tish strukturasi boshqa faol gatlamlarga
nisbatan yorug’likni yutishi samaraliroq ekanini ko’rsatmoqda. D18-C6Chp:L8-Bo (gizil chiziq) faol gatlamning yutilish intensivligi boshqga faol
gatlamlarga nisbatan eng past yutilish ko’rsatkichlarini ko’rsatmoqda, aynigsa katta to’lqin uzunliklari (800-900 nm) sohasida buni yaqqol
ko’rish mumkin. Barcha faol qatlamlarning 900 nm dan keyingi to’lqin uzunliklarda yutilish intensivligi sezilarli darajada pasayadi. Bundan
ushbu faol qatlamlar asosidagi PQElarning uzoq infraqizil to’lqin uzunligi sohasida yorug’likni samarali yuta olmasligi sababli samarali elektr
energiya ishlab chigarolmasligini xulosa gilishimiz mumkin[11-13].

4-rasmda berilgan yutilish intensivligi garfiklaridan xulosa qgiladigan bo’lsak, D18 donor polimerning va uning turli modifikatsiyalari
L8-Bo fulleren bo’lmagan akseptor bilan birgalikda faol qatlam hosil qilib, optimal optik xossalarini ko’rsatmoqda va D18 polimerning
modifikatsiyalangan donor polimerlari asosidagi faol qatlamlarning ham yorug’lik yutish xususiyatlari D18 polimer asosidagi faol qatlamning
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yutilish spektrining shakli va intensivliklari bo’yicha biroz fargni ko’rsatmogda. Ammo D18-C6Ch:L8-Bo faol gatlamning yutilish spektridan
PQElar uchun eng yaxshi natijani D18-C6Ch:L8-Bo faol gatlam ko’rsata olishini xulosa qilish mumkin.

5-rasmdagi grafikda turli modifikatsiyadagi D18 polimeri va L8-Bo akseptorlar asosida faol gatlamlar uchun olingan FL spektrlari
ko’rsatilgan bo’lib, bu FL spektrlari D18 donor polimeri va L8-Bo akseptorning FL spektri bilan solishtirilgan. 5-rasmda gizil chiziq bilan
berilgan grafik bu sof D18 polimerining FL spektridir. U 700 nm atrofida eng yuqori intensivlikka ega bo’gan bo’lsa, L8-Bo akseptor faol
qatlamning FL spektri (ko’k chiziq) esa yuqori intensivlikni 900 nm atrofida ko’rsatmoqda. Bu spektr grafigidan ko’rishimiz mumkinki, L8-Bo
akseptorning FL spektri D18 donor polimerning FL spektriga nisbatan ancha uzoq to‘lqin uzunliklarida joylashgan. Buning sababini donor va
akseptorning optik ta’qiqlangan soha kengligining qiymati turlicha ekanligi bilan izohlaymiz.

D18:L8-Bo (pushti chizig): Bu faol gatlamning spektri D18 va L8-Bo komponentlari o‘rtasidagi birlashuvni aks ettiradi. Intensivlik
kamaygan, ammo ikkala to‘lqin uzunliklarida ham (700 nm va 900 nm) kichik cho‘qqilar ko‘rinmoqda, bu komponentlar o‘rtasida energiya
o’tkazilish mavjudligini ko’rsatadi.

D18-C6Chp:L8-Bo (yashil chizig), D18-C6Ch:L8-Bo (qora chizig), D18-C6Cp:L8-Bo (binafsha rang chiziq) va D18-Ch:L8-Bo (siyoh
rang chiziq) faol qatlamlarning FL spektrlarning intensivligi ancha past bo’lib, D18 polimer va uning turli modifikatsiyalangan strukturali
polimerlar bilan L8-Bo akseptor ning turli xil modifikatsiyalari fotoluminesent spektrlarda farq giladi.

PQE samaradorligi uchun faol gatlamlarning fotoluminessent (FL) intensivligi kamayishi afzal, chunki quyosh elementlari uchun asosiy
magsad tushayotgan fotonlarning elektr toki hosil gilish uchun samarali ravishda foydalanilishi, ya’ni fotonlar nurlanishsiz rekombinatsiya bilan
elektronga aylanishidir. FL intensivligi ortganda, bu aksincha, tushayotgan fotonlarning ortigcha gismini gayta nurlanish shaklida chigarib
yuborilishi mumkinligini anglatadi, bu esa quyosh elementining samaradorligini pasaytiradi. FL intensivligi faol gatlamdagi nurlanishli
rekombinatsiya darajasini aks ettiradi. Agar faol qatlamda FL intensivligi yuqori bo’lsa, bu elektronlar va kovaklar birlashganda (rekombinatsiya
bo’lganda) ko'proq fotonlar chiqarilayotganini bildiradi.
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5-rasm. D18 va D18 asosida sintez gilib olingan polimer donorlar va L8-Bo akseptor aralashmasi asosida tayyorlagan faol gatlamlarning FL
spektrlari

PQE samaradorligi uchun esa, fotonlar qayta nurlanish shaklida yo’qolmasdan, o'rniga elektr toki hosil gilishi kerak. Chunki, faol gatlam
FL nurlanishiga ko’p energiya sarflasa, bu quyosh elementida energiya yo'qotilishiga olib keladi, chunki bu energiya qayta fotonlar sifatida
chigariladi va foydali elektr energiyasiga aylantirilmaydi. Yugori FL intensivligi esa elektron-kovak juftlarining samarali ravishda elektr toki
hosil qilish o'rniga qayta nurlanish orqali energiyani yo’qotayotganini anglatadi. FL intensivligi past bo'lganda, bu elektron va kovaklar ko’proq
ajralib chigayotganini va ularning qayta birlashishi (rekombinatsiya) kamroq bo’layotganini ko'rsatadi. Bu esa fotonlarning samarali ravishda
elektr energiyasiga aylanishini ta’minlaydi. Shuning uchun, FL intensivligi pasayishi energiya yo’qotishlarini kamaytiradi va PQE
samaradorligini oshiradi[12-14]. FL intensivligi kamayishi PQElar samaradorligini oshirish uchun afzaldir, chunki bu energiyaning nurlanishsiz
rekombinatsiya orqali samarali ravishda elektr energiyasiga aylanishini ta’minlaydi.

Xulosa. Xulosa gilib aytganda, D18 polimer sturkturasiga biriktirilgan gattiq siklopentan, sikloheksan va sikloheptan zanjirlari
biriktirilib ular orgali yangi polimer donorlari (D18-C6Cp, D18-C6Ch va D18-C6Chp) yaratilgan. Siklik va alkil zanjir strukturalarni birlashtirish
orgali yangi gibrid yon zanjir muhandisligi asosida olingan yangi donor polimerlarning yuqori samarali PQElarni olishda samarali bo’lishini
optik xossalari yordamida tahlil qilib ochib berdik. Yuqoridagi bu xususiyatlar qo'shimcha ravishda samarali g’alayonlanish dissotsiatsiyasini,
past zaryad rekombinatsiyasini va muvozanatli zaryadni tashishni keltirib chigarishi mumkin va shu bilan yuqori samarali PQElar olinishi
mumkin. Bunday xulosamizni, D18-C6Ch: L8-Bo asosidagi faol gatlamning yutilish va FL spektrlari ham tasdiglamoqda va optimallashtirilgan
PQElarga to’liq mos keladi.
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FOUR-ELECTRON SINGLETS IN THE IMPURITY HUBBARD MODEL
Annotation
We consider the energy operator of four-electron system in the Impurity Hubbard model. The spectrum of the systems in the second singlet state
in a lattice are investigated. The investigations show: the essential spectrum of the system consists of the union of no more than sixteen segments,
and the discrete spectrum of the system consists of no more than fourteen eigenvalues.
Key words: four-electron system, bound state, Impurity Hubbard model, quintet state, singlet state, triplet state, essential spectra, discrete
spectra.

YETBIPEX SJIEKTPOHHBIE CUHTJIETHI B IPUMECHOM MOJIEJIM XABBAPJIA
AHHOTaIUsS

PaccmaTpuBaercsi onepaTop SHEPrHM YETBIPEXIEKTPOHHBIX CHCTEM B IpUMecHOM Mojenu Xabbappa. Mccnenyercs CreKTp CHCTEMBI Ui
BTOPOr0 CHHIJIETHOI'O COCTOSIHME CHCTEMBI B pelierke. VccienoBaHue IMOKa3bIBAET, YTO: CYIIECTBEHHBIH CIHEKTP CHUCTEMbI COCTOMT H3
00beIMHEHMIA He O0JIee YeM IIECTHAIIATH OTPE3KOB, a TUCKPETHBIM CIIEKTP CUCTEMbI COCTOUT U3 HE Oojiee YeM
YeThIPHA/IIATH COOCTBEHHBIX 3HAUCHUH.
KiroueBble €J10BO: UETHIPEXIJIEKTPOHHBIX CHUCTEM, CBS3aHHBIC COCTOSIHME, INPUMECHas Mojenb Xab0appaa, KBHHTETHOE, CHHIVIETHOE,
TPUIUIETHOE COCTOSIHUE, CYIIECTBEHHBIH CIIEKTP, TUCKPETHBIN CIIEKTP.

ARALASHMALI XABBARD MODELIDAGI TO’RT ELECTRONLI SINGLETLAT
Annotatsiya
Aralashmali Xabbard moznenupa to‘rt elektronli sistema energiya operatori qaraldi. Panjarada sistemaning spektri ikkinchi singlet holatida tadqiq
qilindi. Tadqiqotlar shuni ko‘rsatdiki: cistemaning muhim spektri o‘n oltitadan ko‘p bo‘lmagan kesmalarning birlashmasidan, diskret spektri esa
o‘n to‘rttadan ko‘p bo‘lmagan xos qiymatlardan iborat ekan.
Kalit so‘zlar: to‘rt elektronli sistema, bog‘langan holat, aralashmali Xabbard modeli, kvintet, singlet, triplet holatlar, muhim spektr, diskret
spekr.

Introduction. The use of films in various areas of physics and technology arouses great interest in studying a localized impurity state
(LIS) of magnet. Therefore, it is important to study the spectral properties of electron systems in the impurity Hubbard model. The Hubbard
model and impurity Hubbard model is currently one of the most extensively studied multielectron models of metals. The study of the structure of
the essential spectrum and the discrete spectrum of the energy operator of four electron systems in the impurity Hubbard model is a little-studied
field of study. In this paper we give a full description of the structure of the essential spectra and discrete spectrum of four-electron systems in the
impurity Hubbard model for second singlet state.

Literature review. The Hubbard model first appeared in 1963 in the works [1]. The model proposed in [1] was called the Hubbard
model after John Hubbard, who made a fundamental contribution to studying the statistical mechanics of that system, although the local form of
Coulomb interaction was first introduced for an impurity model in a metal by Anderson [2]. We also recall that the Hubbard model is a particular
case of the Shubin-Wonsowsky polaron model [3], which had appeared 30 years before [1]. In the Shubin-Wonsowsky model, along with the on-
site Coulomb interaction, the interaction of electrons on neighboring sites is also taken into account. If the interaction between particles on
different sites is taken into account,

then the model is often called the extended Hubbard model. In the review [4], the results obtained on the Hubbard model are
summarized. According to the Hubbard model, the more progress that is made in obtaining theoretical solutions, the clearer it becomes that this
simple model can exhibit a startling array of phases and regimes, many of which have clear parallels with observed behaviors of a wide variety
of complex materials. For instance, there is compelling evidence that ferromagnetism, various forms of antiferromagnetism, unconventional
superconductivity, charge-density waves, electronic liquid crystalline phases, and topologically ordered phases (e.g., ’spin liquids”), among other
phases, occur in specific realizations of the Hubbard model. It is our purpose here to summarize, to the extent possible in a brief article, what is
established concerning the quantum phases of the Hubbard model. The role of the Hubbard model, which it played in the study of high-
temperature superconductivity in cuprates, is discussed. It is shown that the positive eigenvalues in the Hubbard model (corresponding to
repulsive effectual interactions) weaken, and the negative ones grow. The spectrum and wave functions of the system of two and three electrons
in a crystal described by the Hubbard Hamiltonian were studied in [5] and [6]. In the three-electron systems are exists quartet state, and two type
doublet states. The spectrum of the energy operator of system of four electrons in a crystal described by the Hubbard Hamiltonian in the triplet
state were studied in [7]. In the four-electron systems are exists quintet state, and three type triplet states, and two type singlet states. The
spectrum of the energy operator of four-electron systems in the Hubbard model in the quintet, and singlet states were studied in [8]. The spectrum
and wave functions of the system of two electrons in a crystal described by the impurity Hubbard Hamiltonian were studied in [9] and [10].

Then, using the results obtained from the study of the spectrum of the energy operator of one-electron systems in the impurity Hubbard
model, we describe the spectrum of four electron systems in the Impurity Hubbard model for the second singlet state in the lattice.

Research Methodology. Using the standard anticommutation relations between electron creation and annihilation operators at lattice
site, and also take into account the vacuum vector, we obtain a coordinate representation of the operator's action, and then complete the Fourier
transform, we obtain a quasimomentum representation of the operator's action. The spectral properties of four-electron systems in the impurity

Hubbard model in the second singlet state are closely related to those of its one-electron subsystems in the impurity Hubbard model.
Taking into account that the function f(4, i, v, 0) is antisymmetric, and using tensor products of Hilbert spaces and tensor products of operators
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in Hilbert spaces and using the Kato-Rellix theorem we described the structure of essential spectrum and discrete spectra of the second singlet
state operator.

Analysis and results. Preliminaries. We consider of the energy operator of four-electron systems in the impurity Hubbard model and
investigate the structure of essential spectra and discrete spectrum of the system for second singlet state of the system in the lattice. Hamiltonian
of the considering system has the form

H=A Zm,y a;—n,y am,y +B Zm,‘r,y artl,yam#r,y +U Zm aTT’l,T am,Ta:r—l,lam,l + (AO - A)

X ¥y agyag, + By — B) Y. (ag,a,, + at,ay,) + Uy — U)agragrag,as,. (1) Here, A (4,) is the electron energy at a regular
(impurity) lattice site; B >0 (B, > 0) the transfer integral between electrons (between electron and impurity) in a neighboring sites, t = +e;,
j=12,..,v, where ¢; are unit mutually orthogonal vectors, which means that summation is taken over the nearest neighbors, U (U,) is the
parameter of the on-site Coulomb interaction of two electrons, correspondingly in the regular (impurity) lattice site; ) is the spin index,

=T or =~L, and a;} ., and a,, ., are the respective electron creation and annihilation operators at a site m € Z". The second singlet state
my my p p g

corresponds four electron bound states (or antibound states) to the basis functions: ?s)  ..cv = ajragiafiafi@,. The subspace 232,

corresponding to the second  singlet state is the set of all vector’s of the form: Y9 = ¥, ¢ e (P, 4 1,8) 25p 1 ieqv, £ € 135, where 13 is the
subspace of antisymmetric functions in 1,((Z¥)*). The Hamiltonian H acts in the antisymmetric Fock space H,. Let ¢, be the vacuum
vector in the space H,,. The second singlet state corresponds to the free motion of four electrons over the lattice, and their interactions. We
denote by 2H? the restriction of the operator H tothe space 2HQ.

We call the operator 2H? the four-electron second singlet state operator. Let & = A, — A, &, = By — B, & = U, — U. Hamiltonian
(1) commutes with all components of the total spin operator S = (S%,57,5%), and the structure of eigenfunctions and eigenvalues of the
system therefore depends on S.

Theorem 1. The subspace 2#? is invariant under the operator H, and the operator 2H? is a bounded self-adjoint operator. It generates a
bounded self-adjoint operator 2HY, acting in the space 13° as

ZHO 2Y? = 4Af(p,q,1,t) + BY [f(p + 1, q,1,t) + f(p,q + T,1,t) + f(p,q,r + T, t) P qrt+ D] +U[8,q+ 8, + 8, +
ar,t]f(p' q! r, t) + s1 [Sp,() + 8q,O + 8r,O + 8t,O]f(pl q: T, t) + £2 Zt[sp,o f(‘[, qr r, t) + 8q,Of(pr Tr, t) + 8r,Of(pv qv T t) + 8t,0 X X f(pv q' r, t) +

8,.£(0,q,r,t) + 8,.f(p,0,r,t) + 8,.f(p,q,0,t) + 8,.f(p,q,1,0)] + £3[8,,48p0 + 85850 + 80,840 + 8:.18.0|f(P,q. 1. 1),
(2)  where 8y is the Kronecker symbol. The operator 2HY acts on vector 2 € *#H2 as
ZHg Zl"g = Zp,q,r,tel"( Zﬁgf) (pr qr, t) Zsl()),q,r,tEZ“' (3)

Lemma 1. The spectra of the operators 2H? and 2H? coincide.

Let F denote the Fourier transform: F:1,((Z")*) — L, ((TV)*) = 23?2, where T® — is the v — dimensional torus endowed with the
normalized Lebesgue measure dA: A(T") = 1. We set 2H? = F 2H?F~1. In the quasimomentum representation, the operator 2H? acts in the
Hilbert space L3¥((T)*), where L3 isthe subspace of antisymmetric functions in L, ((T")*).

Theorem 2. The Fourier transform of operator 2H? is an bounded self-adjoint operator F 2H?#~1, acting in the space 2H? by the
formula

(2H2)(A, LY, 0) = {4A + 2B Y}, [cosA; + cosp; + cosy; + cos6;]f(A, p,y,0) + U x X [ [f(s,A+pn—s,y60)ds +
f(Aupu+y—u0)du+f(v,p,y,A+0—v)dv] + g X [fTV f(s,n,y,0)ds+ [, f(Auy,8)du+ [, f(A, pv,0)dv+

I £O 1y, B dE| +
2&;{[., Xi-1lcosh; + cos s f(s, 1, v,0) ds + [, Xi_;[cosp; +cosu;]f(4u,y,0)du+ + [, ¥ [cosy; +
cosv] f(4,u,v,0) dv + [, ¥}_i[cosy; + cosv,] f(4 p,v,0) dv

+ fTV Zy:l[cosei + cos El]f()% nYy, E)df} + 83 fTV fTV [f(S, wy, E)deE + f()h wy, E)dudf + f(ll wyv, {)dVdE] (4)

The spectral properties of four-electron systems in the impurity Hubbard model in the second singlet state are closely related to
those of its one-electron subsystems in the impurity Hubbard model.

ONE-ELECTRON IMPURITY SYSTEMS

The Hamiltonian of one-electron impurity system has the form:

H=A Zm,y a:r-t,y Amy +B Zm,r,y a:r'l,yamﬂ',y + (AO - A) Zy aa’,yao,y +

+(By — B) Xy (agyary + afyao,) + (Uy — Udagragag,a,. (5)

We let H; denote the Hilbert space spanned by the vectors in the form 1 = ¥, a}; ¢,. Itis called the space of one-electron states of
the operator H. The space H; is invariant with respect to action of the operator H. Denote by H; the restriction of operator H to the subspace
H,.

Theorem 3. The subspace H; is invariant with respect to the action of the operator H, and the operator H, is a linear bounded self-
adjoint operator, acting in #; as (6)

(HLH®) = AfP) + B L f(p +7) + 18,0 () + & Ze[0,0f (1) + 8,.f ()],
where & ; is the Kronecker symbol. The H, itself acts on a vector i € #; as

Hyp = S,(H f) (0)5;100- )

Lemma 2. The spectra of the operators H, and H, coincide.

in section 2 denote by F:1,(Z) — L,(T¥) = H, the Fourier transform.

Setting H, = FH,F~' we get that the operator H, acts in the Hilbert space L, (T").

Using the equality (7) and properties of the Fourier transform we have the following

Theorem 4. The operator H, acting in the space H; as

(H.f)(w) = [A+ 2B XY, cosp) f (1) + & [, f(5)ds + 2¢, [, B¥_i[coss; + cosp;] f (s)ds. ®)

It is clear that the continuous spectrum of operator H is independent of the numbers &, and &,, and is equal to segment [m,, M,] =
[A —2Bv,A 4 2Bv], where

m, = L‘réng h(x), M, = max h(x) (here h(x) = A+2BY}_, cosu,).

Let D,(2) = (b, — by)" " Y{a,[b, + (v — 1)b3] — va,b,}, where

[e1+2€, X1, cos si]ds;ds;...ds. cos si[e1+2&; X¥_; cos silds,ds;...ds ds,ds,...ds
alzl-f—fv1 llv — V' a2:fv — lv1 — Vr blzzszfv v . ’ b2:1+
T A+2BYY_, cossi~z T A+2B Y}, cOSSi~Z TV A+2BY]_; cossi—z

cos sids,ds;..dsy
2“"‘2 f v v 4
TV A+2BX{_, cossi~z

cos sidsids;...ds
b3 = 2“52 f v . v > .
TV A+2BXY_, cossi~z
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Lemma 3. A number z € [m,, M, ]/ is an eigenvalue of operator A, if and only if it is a zero of the function D, (z).

In the Theorem 7 in the work [9] is described the exchange of the spectrum of operator H, in the case v =1. We use in this results. From
obtaining results is obviously, that the spectrum of operator H, is consists from continuous spectrum and no more than two eigenvalues. Taking
into account that the function f(4,u,y,0) is antisymmetric, and using tensor products of Hilbert spaces and tensor products of operators in
Hilbert spaces [11], we can verify that the operator 2H? can be represented in the form (8)

M ={H,QI+IQH+K}RIQI+IQIQ{H, QI +IQ H, +K,},

where (F,f)(1) = [A + 2B S, cospJf () + & [, f(s)ds + 2¢, X

X [ t=s[coss; + cosu;] f(s)ds, Kin(A) = U [, fr (s)ds + 2e5 X

X [ Jow f(s,k)ds dk, A=2+y, and [ isthe unit operator in the space H;,.

STRUCTURE OF THE ESSENTIAL SPECTRUM AND DISCRETE SPECTRUM OF OPERATOR  2H?

Consequently, the operator represented of the form

M ={Hi+K}QIQI+IQIQ{H+K}, (C)]

where H:=H, ® I + 1 ® H, are the energy operator of two-electron systems in the impurity Hubbard model in triplet state. Using
the Kato-Rellix theorems [11], and the Theorem 7 in the work [9] we can described the spectrum of the operator 2H?. We denote by z; and
z, the additional eigenvalues of the operator K.

Theorem 5. Let v=1. Then A). If &, =—B and&; <—-2B (g, =—B and & > 2B), then the essential spectrum of the operator

*H? is consists of the union of eight segments: o, ( *HY) = [44 — 8B,4A + 8B]U[3A— 6B +2,3A+ 6B + z] U [24 — 4B + 22,24 +
4B +2z]U [2A — 4B + 23,2A+ 4B + 2z;]U[2A— 4B +2,,2A+4B +2,JU[A— 2B+ 32, A+ 2B+ 3z]U[A—-2B+z+ 23, A+ 2B+ z+
z)U[A—2B+z+2z,A+2B+z+2z,], and discrete spectrum of the operator 2H? s consists of six eigenvalues: g ( 2H?) =
{42,227 + 23,22 + 24,23 + 24,225, 22,}, Where z = A + &, z; and z, are the additional eigenvalues of the operator *H .

B).If &, =0and &, >0 (5, =0u & < —2B), then the essential spectrum of the operator 2H? is consists of the union of thirteen
segments: g, ( 2H?) = [44 — 8B,4A + 8B] U [3A — 6B + 2,34+ 6B + 2] U [3A — 6B + 2,,3A + 6B + z,] U [24 — 4B + 22,,2A + 4B +
22,] U [2A — 4B 4+ 22,,2A+ 4B + 22,] U [2A — 4B + 25,2A + 4B + 23] U [2A — 4B + 2, 2A+ 4B + z,] U [A — 2B + 32,,A+ 6B + 3z,] U
[A—2B+2z, +25,A+2B+2 +2;]U[A—2B+2 +2,A+2B+2z, +2,]U[A—2B +32,,A+2B+32,]U[A—2B + 2z, + 23, A+
2B+2,+2;]U[A—2B+2,+2z,A+ 2B +z,+2,] and discrete spectrum of the operator 2H? is consists of nine eigenvalues:
Oaise(PHO) = {42y, 22, + 25,22, + 24, 25 + 24,425, 22, + 23,22, + 24,225, 22,}, Where z; = A— 2BE

) VEZ=1'
_ 2BE _ (B+gy)
ZZ - A + \/ﬁ and E - s%+28£2'
2 2
C).If &>0and & >2E2L (5, < —2B g > 225 ) thenthe

essential spectrum of the operator 2H? is consists of the union of eighth segments,
and discrete spectrum of the operator 2H? is consists of six eigenvalues.

2 2 ~q . .
D). If & >0and ¢ < — Aeztabey) (e, <—2Band g < —@), then the essential spectrum of the operator 2HY is consists of
the union of eighth segments, and discrete spectrum of the operator 2H? is consists of six eigenvalues.
2 2 ~ .
E).If & >0and 0<¢g < Ueg+2Bey) (e, <—2Band 0<¢g < @), then the essential spectrum of the operator 2H? is

consists of the union of sixteen segments: o,s,( *H?) = [4A — 8B,4A + 8B U [34 — 6B + 2,34+ 6B + z,]U [3A — 6B+z,, 34+ 6B +
2] U [24 — 4B + 22,24 + 4B + 22,] U [24 — 4B + 22,,2A+ 4B + 22,] U [2A —12B + 2, + 25, 2A + 12B + 2, + 2,] U [A — 2B +
32,A+2B+32,]U[A—2B+22 +2,,A+2B+ 2z, +2,JU[A—2B+ 2+ 22,,A+2B+2z,+22,]U[A—2B +32,,A+ 2B+ 3z,] U
[24 — 4B + 25, 2A + 4B 2] U[2A — 4B + 2,2A + 4B + 2,] U [A — 6B + 2, + 23, A+ 6B + 2, + ;] U [A

—2B+4+2,+2,A+2B+2z,+2z,JU[A—2B +2,+ 23, A+ 2B+ 2, + z3] U [A —

2B + z, + 7, A + 6B+2z, + z,], and discrete spectrum of the operator 2H? is

consists of fourteen eigenvalues: oy ( 2HY) = {42y,32, + 25,22, + 225, 2, + 325,425, 22, + 23,22, + 24,2, + 2, + 23,2, + 2, +
24,22 + 23,22, + Z4, 23 + 24,225, 22,}, Where z; and z, are the eigenvalues of the operator H,.

2 2
F). If & >0and —2225%) . <0 (e, < —2B and —@ <& <0), and real number 0 < & < 1, then the essential

spectrum of the operator 2H? is consists of the union of sixteen segments, and discrete spectrum of the operator 2H?

is consists of fourteen eigenvalues.

K). If —2B <&, <0, then the essential spectrum of the operator 2H? is consists of a union of three segments: o..( 2H?) =
[4A — 8B, 4A + 8B] U [2A — 4B + 75, 2A + 4B + z;] U [2A — 4B + z,, 2A + 4B + z,], and discrete spectrum of the operator 2H? is consists of
three eigenvalue: oy ( *HY) = {223, 224, 23 + 2,}.

Conclusion. The study shows that the essential spectrum of the energy operator of four electron systems in the impurity Hubbard model
in the second singlet state can by consist of unions of eight segments, or thirteen, or sixteen, or three segments, and the discrete spectrum of the
system consists, respectively, of six, or nine, or fourteen, or three eigenvalues. We recommended that continue your research in this area.
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THE VARIATION OF RESISTANCE WITH TEMPERATURE IN THICK-FILM RESISTORS
Annotation

This article examines the variation of resistance (R) in RuO:-based thick-film resistors within the temperature range of 300 - 1125 K. The study
provides a detailed analysis of the composition, fabrication technology, as well as structural and physical property changes of thick-film resistors.
A sharp change in resistance with increasing temperature was observed, particularly in the temperature range of 800 - 1000 K, with the maximum
values linked to structural phase transitions of silicates and the diffusion of conductive phase particles. The research findings, including factors
influencing electrical conductivity such as microstructure, temperature, and doping levels are significant for understanding the physical properties
of thick-film resistors and can be applied to the development of highly efficient materials.
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TEMIIEPATYPHASI 3ABUCUMOCTD COITPOTUBJIEHUS TOJICTOIVIEHOYHBIX PE3UCTOPOB
Annomayus

B crathe u3yueHO M3MeHEeHHe conpoTuBiieHUs (R) TONCTOMIEHOUHBIX pe3ucTopoB Ha ocHoBe RuO: B nuanasone temmneparyp 300 - 1125 K.
IlpoBeneH feTanbHBIA aHANM3 COCTABa, TEXHOJIOTMH H3TOTOBJICHMS, a TAKKe H3MEHEHHH B CTPYKTYpe U (U3MYECKHX CBOWCTBaxX
TOJICTOIUICHOYHBIX PE3UCTOPOB. 3HAUUTEIbHBIE H3MCHEHHUS COMPOTUBIICHUS HAOJIFOIAINCH C MOBBILICHHEM TEMIIEPATyPbl, OCOOCHHO B [jHana3oHe
800 - 1000 K, rpe mMakcuMaibHBIC 3HA4eHHS OBUIM CBs3aHBI C (Pa30BBIMU IEPEXOfaMU B CTPYKTYypax CHIHMKAaTOB M AudQy3ueil dacTHil
npoBojsiei ¢aspl. Pe3ynbraThl MccienoBaHMS, BKIHOYas (DAKTOPhI, BIMSIOIIME HA 3IEKTPOIPOBOIUMOCTb, TAKME KaK MHUKPOCTPYKTypa
MaTepuaa, TeMIepaTypa M CTCNCHb JETHPOBaHHs, MMCIOT Ba)KHOE 3HAYCHHE Ul NOHUMAaHHUSA (PU3MYECKMX CBOWCTB TOJICTOILICHOYHBIX
PE3UCTOPOB M MOTYT OBITH HCIIONB30BAHBI IS pa3pabOTKH MaTepPHAIOB ¢ BEICOKOH IPOH3BOUTENHHOCTEIO.

Ki1ro4eBble ¢J10Ba: TOJICTOIICHOYHBIH PE3UCTOP, CTPYKTypHBIE (a3oBbie nepexosl, auddy3us npopoasuieil (asbl, JerMpoOBaHHOE CHINKATHOE
CTEKJIO.

QALIN QATLAMLI REZISTORLARDA QARSHILIKNING TEMPERATURA BO‘YLAB O‘ZGARISHI
Annotatsiya

Magqolada RuO: asosidagi qalin qatlamli rezistorlarning qarshiligi (R) ning 300 -1125 K harorat oralig‘ida o‘zgarishi o‘rganilgan. Tadqiqotda
galin gatlamli rezistorlarning tarkibi, tayyorlash texnologiyasi, shuningdek, ularning struktura va fizikaviy xususiyatlaridagi o‘zgarishlar batafsil
tahlil gilingan. Harorat oshishi bilan qarshilikdagi keskin o‘zgarishlar, aynigsa, 800 - 1000 K harorat oralig‘ida kuzatilgan maksimal qiymatlar
silikatlarning struktura faza o‘tishlari va o‘tkazuvchi faza zarrachalarining diffuziyasi bilan bog‘langanligi aniqlandi. Tadqiqot natijalari,
jumladan, elektr o‘tkazuvchanlikka ta’sir qiluvchi omillar materialning mikrostrukturasi, harorat va legirlash darajasining qalin gatlamli
rezistorlarning fizik xususiyatlariga ta’sirini tushunishda muhim bo‘lib, yuqori samaradorlikka ega materiallar yaratishda qo‘llanishi mumkin.
Kalit so‘zlar: Qalin qatlamli resistor, struktura faza o‘tishlari, o‘tkazuvchi faza diffuziyasi, legirlangan slikat shisha.

Kirish. Qalin gatlamli rezistorlar (QQR) tuzilishi rentgen va neytron diffraksiyasi, EXAFS, infragizil va Raman spektroskopiyasi,
elektron mikroskopiya kabi turli usullar yordamida keng o‘rganilmoqda [1, 2].QQR aralash silikat shisha va o'tkazuvchi faza (O°F)
materiallaridan tayyorlanadi. O'tkazuvchi faza odatda elektr o'tkazuvchanligi yuqori bo‘lgan oksid yoki metall oksidlaridan iborat bo‘ladi.
Masalan, RuO:, BizRu207, va SnO: kabi materiallar keng qo'llaniladi. Bu materiallar maxsus jarayonda, ya'ni taxminan 1120 K haroratda 10
dagiga davomida pishiriladi.

Qalin plyonkali rezistorlar (QQR) elektr o'tkazuvchanligini tushuntirish uchun bir nechta nazariy modellar ishlab chigilgan: masalan,
hopping (sakrash), to‘siq orqali tunnel effekti, effektiv muhit modeli va perkolatsiya modeli. Dastlab bu modellar tartibsiz materiallar uchun
ishlab chigilgan bo'lib, ular fagat cheklangan sharoitlarda QQR uchun mos keladi.

Boshga tomondan, eksperimental ma'lumotlarni Mott qonunining umumlashtirilgan shakli bilan yaxshi moslashtirish mumkin [3]:

p=A-Teexp (To/T) ()

Bu yerda p QQR ning solishtirma garshiligi, T namunadagi harorat, A va T, esa moslama koeffitsientlari. Parametrlar a va b giymatlarini
keng diapazonda (1 dan 7 gacha) tanlash mumkin. Ushbu yondashuv shuni ko'rsatadiki, ilgari taklif gilingan modellar eksperimental natijalarni
tushuntirishda yetarli emas.

Qalin plyonkali rezistorlar (QQR) tayyorlash jarayonida pishirish davrida yuzaga keladigan fizik va kimyoviy jarayonlar, shuningdek
silikatlarning tuzilmaviy o'zgarishlari mavjud maqolalarda yetarlicha o'rganilmagan. Xususan, QQR ni tayyorlashda kirishma miqgdorining
0'zgarishi, materialning bazi xususiyatlari, masalan, garshilik (p) va Zeebek koeffitsiyenti (S) kabi xususiyatlarga katta ta'sir ko'rsatadi. Shu
sababli, bu jarayonlarni batafsil o'rganish, QQR ning elektr o'tkazuvchanligi va Zeebek koeffitsiyentining haroratga bog'liq ravishda o'zgarishini
to'g'ri tushunish uchun juda muhimdir[4, 5, 6].

Material va metodlar. Legirlangan slikat shisha (1-jadval) korund tigellarida 1620 K haroratda 1 soat davomida pishirildi. Eritilgan
shisha distillangan suvga quyildi. Olingan shisha zarrachalari agat to‘plari yordamida tegirmonda maydalandi.

1-jadval. Tadqiq gilingan LSSh namunalarining tarkibi (massaviy %)

Namunalar Shisha tarkibiy gismlari Tiltr, K/h Ligatura
(RuOy)
SiO2 PbO Al,O3 CuO MnO> B,03
1 11.0 61.9 0.7 1.4 10.0 15.0 1623/1 5.0
2 11.0 61.9 0.7 14 10.0 15.0 1623/1 10.0
3 11.0 61.9 0.7 1.4 10.0 15.0 1623/1 15.0
4 11.0 61.9 0.7 1.4 10.0 15.0 1623/1 20.0
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Shisha kukunlari distillangan suvda 40 sm balandlikdagi shisha silindrlarda 10 va 30 dagiga davomida ikki marta fraksiyalash amalga
oshirildi, bu shisha kukuni zarrachalarining bir xil o‘lcham tagsimotini olish uchun bajarildi. O‘rtacha zarracha o‘lchami 0,5-2 pm bo‘lgan shisha
kukuni QQR tayyorlash uchun ishlatildi.

Shisha va o'tkazgich fazasi kukunlari aralashtirilib, agat tegirmonda rezistiv pasta tayyorlandi. Pasta tayyorlash jarayoni 1 soat davom
etdi. Rezistiv pasta 96% ALOs dan tayyorlangan keramika taglikga trafaret yordamida o'tqazildi. Keyin u 420 K da 1 soat davomida quritildi va
1120 K da 10 dagiga davomida pishirildi. Kumush kontaktlar keramika plastinka ustiga oldindan o°tgazilgan edi. Tayyorlangan rezistorlar
o‘lchami 56 x 9 x 0,060 mm bo‘ldi. 1-rasmda legirlangan slikat shishaga RuO, oksidini legirlash natijasida hosil bo’lgan qgalin gatlamli
rezistorning rasmi keltirilgan.

2

3

1-rasm. Qalin gatlamli resistor. 1-kontakt gatlam, 2- rezistiv gatlam va 3- keramik taglik

Tayyorlangan rezistorga platina kontakt o'rnatilib pechda 300-1125 K harorat oralig'ida garshilikning temperatura bo’ylab o°zgarishi
0'Ichandi. Bunda garshilikni o’Ichashda RIGOL DM3058E DIGITAL MULTIMETER dan va temperaturani o’lchashda FLUKE Ti400 PRO
THERMAL IMAGER dan foydalanildi.

Natijalar va tahlillar. Qo‘rg‘oshin-silikat shisha hosil bo‘lishi jarayonida moddalar o‘zaro ta'sirga kirishadi va unda murakkab tarkibli
silikatlar hamda o‘zgaruvchan polimorf tarkibli kremniy dioksid hosil bo‘ladi.

Ko‘plab tadqiqotlar shuni ko‘rsatdiki, kristobalit, tridimit kristallari va kvarts qoldiglari shakllanadi hamda ularning kristallanish
jarayoni silikatli shishalarda kuzatilgan [7]. Kristallitlarning o‘lchami bu tadqiqot natijalariga ko‘ra 10 dan 100 A gacha o‘zgaradi. Shuningdek,
eng oddiy SiO2 — PbO tizimida turli p va q giymatlari bilan (ular 1 dan 4 gacha o‘zgaradi) PbO-qSiO: qo‘rg‘oshin-silikat kristallitlari shakllanadi.
Infraqizil spektr o‘rganish natijalari [SiO.] va [PbOa4] tuzilmalari eng tipik ekanligini ko‘rsatdi.

Shishaning gamogen bo'lmagan mikro tuzilmasini, ayrim moddalar yuqori konsentratsiyaga ega bo‘lgan zonalarning o‘lchami taxminan
1 um ekanligini hisobga olib, turli mikroskopik zonalarda shisha xususiyatlarining sezilarli darajada o‘zgarishini tushunish mumkin. Masalan,
legirlangan QQR dagi kvarts qoldiglari va ko‘p qo‘rg‘oshin-silikatlar 373 K dan 1040 K gacha haroratda tuzilmaviy o‘zgarishlarga uchraydi yoki
eriydi [4] (Jadval 2).

B-kvartslikning a-kvartslikka aylanishi ba'zi harorat diapazonida fizik xususiyatlarning asta-sekin o'zgarishi bilan bog'liq va o'tish
nugtasida o0'zining ekstremumiga yetadi. Bu jarayon B-kvartslikda tebranishlarning paydo bo'lishi va a-kvartslik migdorining asta-sekin ortishi
bilan bog'liq (mikrogeterogen ikki fazali holatning nuqtasida). Shu nuqtada tebranishlar eng ko‘p rivojlanadi va kvartsning tuzilishi bo‘shashadi
(elementar hujayra hajmi 6% ga kattalashadi).

2-jadval. Slikat shishada struktura o°zgarishi

Birikma Harorat, K O‘tish xarakteri
SiO2 388 B-y-tridimit

SiO2 435 a--tridimit

SiO2 493 a-B-kristobalit
SiO: 847 o-B-kvars
Pb20:Si04 428 B-y-o‘tish
Pb20:Si04 993 o-B-otish
Pb:SiOs 998 eritish (melting)
Pb:SiOa 1016 eritish (melting)
PbsSizOo 1037 eritish (melting)

Ma’lumki, [5, 6], materialning o'tkazuvchanligi, termoelektrik va galvanomagnit xususiyatlari gisqa masofadagi tartib (ya'ni atomlararo
masofa va bog‘lanish burchagi) bilan belgilanadi. Shuning uchun biz mazkur birikmalarning tuzilmaviy o‘tishlari natijasida gisqa masofadagi
tartib parametrlari katta o‘zgarishi mumkinligini va bu o‘zgarishlar tagiglangan zonaning kengligini (Eg), effektiv massa (m*) va QQR
tarkibidagi o'tkazgich fazasi (O'F) zarrachalari orasidagi shisha gatlamlarda zaryad tashuvchilarning o‘rtacha yashash vagti (t) ni keskin
o‘zgartirishi mumkin, deb taxmin gilamiz. Legirlash jarayonida Ru atomlarining diffuziyasi shisha tarkibi va tuzilishiga bog‘liqdir [9]. Yuqorida
aytib o‘tilgan birikmalaring asosiy reflekslari d = 3—5 A diapazonda joylashgan bo‘lib, ular 2SiO.-PbO shisha uchun keng yoyilgan halgaga mos
keladi.

QQR tarkibidagi birikmalarning yuqori haroratlarda yuzaga keladigan tuzilmaviy o‘zgarishlari qarshilik (p) va termoelektrik
kuchlanishini (S) o‘zgartirishi kerak. T = 390-1040 K oralig‘ida biz R(T) ning tegishli o‘zgarishlarini kuzatdik (2-rasm).

2-rasmda turli RuO: konsentratsiyali (5% dan 30% gacha) qalin qatlamli rezistorlarda qarshilikning temperatura bo‘ylab o‘zgarishi
tasvirlangan. Grafiklar turli konsentratsiyalarda harorat oshishi bilan qarshilikning o‘zgarishini ko‘rsatadi. RuO: konsentratsiyasi galin gatlamli
rezistorlarning qarshiligi va uning haroratga bog‘liq ozgarishini belgilovchi asosiy omildir.
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2-rasm. Har xil konsentratsiyali galin gatlamli rezistorlarda garshilikning temperatura bo’ylab
0°zgarishi. a) 5%, b)10%, c) 15%, d) 20%, e) 25% va f) 30%

Konsentratsiya ortgan sari o'tkazuvchi faza zarrachalari orasidagi masofa gisgaradi, bu esa zaryad tashuvchilarni bir zarrachadan
boshqasiga o‘tishini osonlashtiradi. Natijada, yuqori konsentratsiyalarda garshilikning kamayishi kuzatiladi, past konsentratsiyalarda esa garshilik
yugqoriligicha qoladi. Shisha gatlamlaridagi diffuziya masofasi ham konsentratsiyaga bog‘liq bo‘lib, past konsentratsiyalarda bu masofa uzogrog
va transport jarayonlari samaradorligi past bo‘ladi. Harorat oshishi bilan RuO: zarrachalarining shisha matritsaga diffuziyasi faollashadi, ammo
bu jarayon yuqori konsentratsiyalarda yanada samaraliroq kechadi, chunki zaryad tashuvchilar uchun kanal ko‘proq va o‘tish osonroq bo‘ladi.
Konsentratsiya, shuningdek, struktura fazaviy o‘tishlarining ta’sir kuchini belgilaydi. Yuqori konsentratsiyalarda silikat shishaning kristallik
tarkibi o‘zgarish jarayonlari kuchayadi, masalan, a-B-kvarts yoki a-B-tridimit o‘tishlari haroratning o‘sishi bilan yanada sezilarli bo‘ladi. Bular

kristall tuzilmaning bo‘shashishiga olib kelib, elektron o‘tkazuvchanligini oshiradi. Bunday struktura o‘zgarishlari past konsentratsiyalarda
kamroq ta’sir qiladi, natijada qarshilik yuqori bo‘lib qoladi.

Shuningdek, R ning keskin oshishi kuzatiladigan harorat shishaning yopishqogligi, issiglik kengayish koeffitsienti, dielektrik
o‘tkazuvchanligi, o‘ziga xos issiqlik kabi mikroskopik parametrlar anomaliyalari bilan mos keladi [7]. Bu anomaliyalar shisha tarkibidagi kvarts
qoldiglarining tuzilmaviy o‘zgarishlari bilan bog‘liq.

QQR ning legirlash jarayonida O'F ning shishaga diffuziyasi [8] da o‘rganilgan. Ushbu tadgiqotda O'F zarrachalari 0.2-0.5 um
diametrga ega sferik shaklda deb hisoblangan. Legirlash harorati Tx va QQR ning garshiligi orasida kuchli korrelyatsiya aniglangan (eng kichik
kvadratlar usuli bilan juft korrelyatsiya koeffitsienti 0.9). Ushbu tajribalar RuO: va Bi2Ru207 ning shishaga diffuziya koeffitsientini baholash
imkonini bergan. C, = 20% bo‘lganda, legirlangan QQRda O'F zarrachalari orasidagi o‘rtacha masofa 1-1.5 pm bo‘lgan va diffuziya masofasi
ham 1-1.5 pm bo‘lgan. Shunday qilib, mualliflar shisha biriktiruvchi butun hajmi diffuziya tufayli yetarli darajada bir xil bo‘lgan, degan
xulosaga kelganlar.

Legirlash atmosferasidagi O: ning qisman bosimining QQR o'tkazuvchanligiga ta'siri [9] da o‘rganilgan. Ushbu tadgiqotda qo‘rg‘oshin-
silikatli shisha holatida legirlash jarayonida ikki va uch marta zaryadlangan Pb ionlarining muvozanati o'tkazuvchanlikka sezilarli ta'sir gilishi
xulosa gilingan.

QQR ning ba'zi kinetik xususiyatlarini baholashga harakat gilaylik. O'F va shisha zarrachalarini sfera shaklida deb hisoblaymiz. O'F
zarrachalarining birining massasi M: = 4nr*y/3 bo‘lib, QQR bir birlik hajmidagi O'F massasi M, = Cy,. Shunga mos ravishda O'F
zarrachalarining soni N, = My/M: = 3C/(4nr*) bo‘lib, QQR dagi O'F zarrachalari orasidagi o‘rtacha masofa 1 = N/ = r{4n/(3C,™")}'/? bilan
aniglanadi.

Masalan, C, = 16 % RuO: bo‘lgan QQR uchun zarrachalar o‘rtasidagi masofa 1 = 1.65 um bo‘ladi. QQR ning o'tkazuvchanligi C, ning
kamayishi bilan kamayadi va aktivlangan tusga ega bo‘ladi. Bu degani, O'F zarrachalari orasidagi o‘rtacha masofa ortishi bilan shisha
gatlamlaridagi diffuziya kirishma darajasi kamayadi va Fermi darajasi (Es) o'tkazuvchanlik zonasining pastki gismidan tagiglangan zona tomon
siljiydi.

Birog, 700-1100 K da boshga vaziyat yuzaga keladi(2-rasm). Haroratning ortishi bilan o‘rtacha atomlararo masofa ortadi. Shunday
qilib, QQR ning tuzilmasida yangi silikat polimorflari hosil bo‘ladi. Bu esa tashuvchilar konsentratsiyasining n kamayishiga va degeneratsiyaning
yo‘qolishiga olib keladi. Qarshilikning (R) maksimal giymatidan yuqori haroratda silikatlarning boshga polimorflari hosil bo‘ladi va QQR
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tarkibidagi ba'zi birikmalar eriydi (2-jadvalga garang). Erish jarayonida uzilgan kimyoviy bog'lar akseptor sifatida ishlaydi va elektronlarni
ushlab goladi. Shuning uchun QQR bir gator haroratlarda kovakli o'tkazuvchanlikka ega bo'ladi (ya'ni S < 0). Elektronlarning issiglik bilan
aktivlanishi 1100 K da ustunlik giladi va QQR yana elektron o'tkazuvchanlikka ega bo'ladi (S > 0).

QQR yorug‘lik, harorat va magnit maydoniga sezgir emas. Demak, u yerda erkin tashuvchilar konsentratsiyasi yuqori (n > 10" cm™) va
xona haroratida tashuvchilar gazi degeneratsiyaga uchraydi. QQRda uzoq masofali tartib yo‘q, shuning uchun zaryad tashuvchilarining o‘rtacha
erkin yo'li atomlararo masofaga teng deb hisoblash mumkin (d ~ 2 x 10~* cm), uning tezligi issiqlik (v = 107 cm/s) bilan belgilanadi. Shunday
qgilib, p=2.5Qcm bo‘lgan QQRda zaryad tashuvchilarning harakatchanligi p = 1/(nep) = 250 cm?(V s) va zaryad tashuvchilarning effektiv
massasi m = 1.5 x 10 mo* (mo — erkin elektron massasi).

Xulosa. Maqolada RuO: asosidagi qalin qatlamli rezistorlarning qarshiligining (R) 300-1125 K harorat oralig‘ida haroratga bog‘liq
o‘zgarishlari tahlil qilindi va buni quyidagicha izohlash mumkin:

1. QQR tarkibidagi silikatlarning 673 K dan yuqori haroratlarda yuzaga keladigan tuzilmaviy o‘zgarishlari elektron gazi zichligining
kamayishiga va degeneratsiyaning yo‘qolishiga olib keladi, natijada p(T) o‘z maksimal qiymatiga erishadi.

2.1023 K dan yuqori haroratlarda kovakli o‘tkazuvchanlik ustunlik giladi (S < 0). Bu silikat oynasida hosil bo‘lgan qo'rg'oshin-
silikatlarning erishi bilan izohlanadi.

3. QQRda erkin zaryad tashuvchilarning harakatchanligi 250 cm?/(V s) va samarali massasi 1.5 x 10~ mo deb baholandi.
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FULLEREN Cg MOLEKULASINING ALYUMINIY AL(001) SIRTDA ADSORBSIYASI JARAYONLARINI KOMPYUTERDA
MODELLASHTIRISH
Annotatsiya

Mazkur tadgiqot ishida fulleren Cg molekulasining ideal (defektlar va rekonstruksiyalardan xoli) alyuminiy AI(001) sirtida adsorbsiyasi
molekulyar dinamika (MD) usuliga asoslangan holda LAMMPS paket dasturi yordamida simulyatsiya gilinib, fulleren molekulasining uch xil
konfiguratsiyali adsorbsiyasi o‘rganilgan. Har bir konfiguratsiyaga mos adsorbsiya energiyalari aniglanib, ularning tahlili natijasi bargaror
adsorbsiyalanish holatlari aniglangan va ularning sabablari tushuntirilgan. Shuningdek, Al-C bog‘lar uzunligi va ularning tabiati hagida aniq
xulosalar gilingan.

Kalit so‘zlar: sirt, fulleren molekulasi, adsorbsiyasi, alyuminiy, modellashtirish, Brenner potensiali, bog” uzunligi, atom, potensial energiya,
o‘zaro ta’sirlar.

COMPUTER MODELING OF ADSORPTION PROCESSES OF FULLERENE Cg MOLECULE ON ALUMINUM AL (001)
SURFACE
Annotation
In this study, the adsorption of fullerene Cgo molecule on an ideal (defect and reconstruction-free) aluminum Al(001) surface was simulated using
the LAMMPS package based on the molecular dynamics (MD) method, and the adsorption of the fullerene molecule in three different
configurations was studied. Adsorption energies corresponding to each configuration were determined, the results of their analysis revealed stable
adsorption states, and their reasons were explained. Also, clear conclusions were made about the length of Al-C bonds and their nature.
Key words: surface, fullerene molecule, adsorption, aluminum, modeling, Brenner potential, bond length, atom, potential energy, interactions.

KOMIIBIOTEPHOE MOJIEJINPOBAHUE ITPOIIECCOB AJICOPBIIMA MOJIEKYJIbI ®YJIJIEPEHA Cg HA IOBEPXHOCTHU
AJTIOMUHUSI AL(001)
AHHOTaIUsS

B mannoit pabore ¢ nomorupio makera LAMMPS Ha ocHOBe Merofa MoJeKyisipHoit aunamuku (M/I) MomenupoBazach aacopOLus MOIEKYJIbI
¢bymnepena Cgo Ha uaeansHOM (Ge3medekTHOM 1 Ge3pEeKOHCTPYKIMOHHON) noBepxHocTH amomudust Al(001), a Takke ancopOLUst MOJIEKYIIBI
¢ymrepena B OBUIH M3y4EHBI TPU pa3iInyHble KOHUrypammy. OnpeneneHsl SHEPTHH ancopOIiH, COOTBETCTBYIOIINE KaXIoNH KOH(HUrypamun,
pe3yNbTaThl UX aHAIN3a BBISBHMIIM YCTOHUYMBBIC COCTOSHHUS aJCOPOILMH U OOBSCHEHBI X NMPHYMHBL Taxke ObUIM CHENaHbI YETKUE BBIBOIBI O
nnune cesizet Al-C u ux npupose.

KioueBnble cj10Ba: IMOBEPXHOCTh, MOJIEKyNa (yJulepeHa, aacopOLHs, AIFOMHHIN, MOJeTUpOBaHUe, OTeHINaI bpeHnepa, [UIHa CBS3HU, aToM,
MOTCHIHAIbHAS SHEPT U], B3aUMOACHCTBHSL.

Kirish. So‘nggi yillarda zamonaviy texnologiyalarning rivojlanishi materiallarning texnik xususiyatlarini sifat jihatidan yaxshilashni
talab giladi, bunga esa fagatgina tubdan yangi strukturaviy va funksional materiallarni yaratish va birlashtirish orgali erishish mumkin.
Materiallardan foydalanish shartlari (operativ) yangi konstruktiv materiallarga juda gattiq talablar go'yadi, ularning asosiysi minimal og‘irlik
xususiyatlariga ega bo'lgan maksimal kuch va qat’iylikni ta’minlashdir. Monolitik an'anaviy materiallarni kompozit materiallar bilan almashtirish
strukturalarning ishonchliligi va og'irlik ta'sirini oshiradi [1-5].

Sanoat rivojlanishining yo'nalishlaridan biri yangi funktsional va konstruktiv kompozit materiallarga o'tishdir. Yadro, aerokosmik,
avtomobilsozlik, energetika, yarimo'tkazgichlar, transport va boshga ko'plab texnologiya sohalaridagi taraqqiyot asosan nanodispers fazasi va
yaxshilangan funktsional xususiyatlariga ega kompozitsion ishlab chigarishning yangi usullarini ishlab chigishga asoslangan [6-12].

Kompozit materiallar [13-14] ikki yoki undan ortiq turli materiallarni birlashtirib ishlab chigiladi, ularning asosini matritsa va unga
kiritilgan tashqi elementlar tashkil giladi. Turli materiallarning kombinatsiyasi ishlatiladigan kompazitlar sof materiallarga nisbatan yuqori sifatga
ega ekanligi bilan tavsiflanadi. Asosiy matritsaga va ishlatiladigan mustahkamlovchi materialga garab, kompozitlar ikki toifaga bo'linadi [14].
Asosiy matritsaga asoslanib, ular metall matritsa, keramik matritsa va polimer matritsa materiallariga bo'linadi. Ko'p sonli qulay xususiyatlar
tufayli alyuminiy va uning qotishmalari metall matritsa (Al, Cu, Ti, Mg va Fe va boshgalar) uchun mavjud variantlar orasida eng ko'p
go'llaniladi. Alyuminiy kristalining eng muhim xususiyati shundaki, u past zichlik, yugori quvvat va past qgarshilikdan iborat bo'ladi [16,17].
Yuqgori quvvatli komponentlar yoki nishatan past massaga ega mashinalar alyuminiy matritsali kompozitlar yordamida ishlab chigarilishi
mumkin. Bunday mustahkam va yengil kompozit materiallarga aviatsiya va avtomobilsozlik sanoatida talab ortib bormogda.

Turli tuzilishdagi uglerod zarralari muhim xususiyatlarga ega bo'lgan kompozit materiallarni yaratishda keng go'llaniladi [18,19]. C60
fullerenlar bilan to'ldirilgan alyuminiy-matritsali kompozitlar alohida gizigish uyg'otadi [19-21]. Kompozit materiallarni yaratishda asosiy
masalalardan biri Matritsa va to'ldiruvchi moddalarning o'zaro ta'siri jarayonlarini tadgiq gilishdir. C60 fullerenlarning turli kristalli alyuminiy
yuzalar bilan o'zaro ta'siri avvalroq eksperimental [21-24] va nazariy jihatdan [25] o'rganilgan. Ma'lumki, C60 alyuminiy sirt bilan o'zaro
ta'sirlashganda, AL va C atomlari o'rtasida kovalent kimyoviy bog'lanish paydo bo'ladi [21-23].

Hozirgi vaqtda C60 fulleren molekulalari va AI(100) va Al(110) yuzasi orasidagi o'zaro ta'sir jarayonlari etarlicha o'rganilmagan.
atomlar.
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Ushbu tadgiqotning magsadi — yuqoridagilardan kelib chiggan holda, fulleren Cgs, molekulasining alyuminiy AI(001) sirtida adsorbsiyasi
jarayonini molekulyar dinamika (MD) usuli asosida o’rganish va energiyani minimizatsiyalash usuli orqali fulleren molekulasining taglik sirtida
adsorbsiyalanish energiyasi, shuningdek mazkur protsessda yuzaga keluvchi Al-C bog’larning uzunligi aniqlash, aniqlangan energiya va uzunlik
qiymatlarini tahlil qilish orqali adsorbsiya turi, bog’lanishlarning tabiati, barqaror adsorbsiya holatlari va konfiguratsiyalari hagida ilmiy xulosalar
berish hisoblanadi.

Tadqgigot metodologiyasi. Mazkur tadqiqot ishida qarab chigilgan barcha o’zaro ta’sir jarayonlari molekulyar dinamika usuliga
asoslangan ochiq manba LAMMPS paket dasturi yordamida simuliyatsiya gilingan [26]. LAMMPS paket dasturi turli atomlararo potensiallar
(kuch maydonlari) va ma’lum chegaraviy shartlardan foydalangan holda turli sistemalarni, masalan, qattiq holatdagi strukturalar (metall,
keramika) ni kabi makroskopik tizimlarni ular bir nechta atomdan tortib milliardlab sondagi atomlarga ega bo’lgan 2D yoki 3D strukturaviy
holatlarini modellashtirish mumkin [26]. Shunga ko’ra, ushbu tadgiqot ishining ob’ektlari bo’Imish alyuminiy taglik va Ceo fulleren molekulasi
tashkil giluvchi atomlar orasidagi Al-Al, C-C va Al-C bog’lanishli o’zaro ta’sirlar Tersoff atomlararo potensiali yordamida ifoda etilgan [27].
Ushbu potensial yordamida olingan natijalar taglik va Ceo fulleren molekulasining to’liq potensial energiyalarini o’zaro solishtirish orqali
tekshirilgan. Alyuminiy taglik atomlarining koordinatalari LAMMPS paket dasturi yordamida yaratildi. Ushbu taglik o’lchamlari
18.34x18.34x18.34 A ga, atomlari soni 500 ga teng monokristall bo’lib, uning kristall panjara doimiysi 4.05 A ga teng. Alyuminiy Kristall
panjarasi yoqlari markazlashgan rombik (fcc) panjara ko’rinishiga ega. Tadqiqot ishining ikkinchi ob’ekti Cgo fulleren molekulasini tashkil
etuvchi uglerod atomlarining koordinatalari Nanotube Modeller [28] kompyuter dasturi yaratildi. Olingan har ikkala ob’ekt ham JMOL [29]
kompyuter dasturi orgali visualizatsiya gilingan holda, ularga xos xarakteristik parametrlar adabiyotlarda berilgan giymatlari bilan solishtirildi.
Olingan natijalarga taglik o’lchamlarining ta’siri yuqorida aytib o’tilgan alyuminiy monokristall tagligidan o’chamlari bilan farq giluvchi bir
nechta tagliklar bilan olingan natijalar bilan o’zaro solishtirish orqali uning mavjud emasligiga amin bo’lindi. Ce fulleren molekulasining
AI(001) sirtda adsorbsiyasi 0K temperaturada o’rganildi. Ushbu temperaturani NVT ansamblida barqaror ushlab turish uchun Noze-Guver
termostatidan [30] foydalanildi. Simulatsiya jarayonida ilgarilanma harakat effektlarini hisobga olmaslik magsadida, garalayotgan tizim massa
markazi qo’zg’almas qilib tanlandi.
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1- rasm. a) alyuminiy taglik; b) fulleren Cgo molekulasi.

1- rasmda yuqorida aytib o’tilgan alyuminiy monokristall tagligi va uning (001) sirtida adsorbsiyasi kuzatilgan fulleren Ceo molekulasi
tasvirlangan. Alyuminiy monokristali hech qanday defektlarga ega emas, shuningdek, uning sirtlari kuzatilishi mumkin bo’lgan
rekonstruksiyalardan xoli gilib tanlangan. Demak, alyuminiy taglikni ideal monokristallik deb hisoblash mumkin.

Adsorbsiya energiyasini hisoblash.

Fulleren Cg molekulasining alyuminiy AI(001) sirtda adsorbsiya energiyasi adsorbsiyaga doir nazariy tadqiqot ishlarida juda ko’p
foydalaniladigan ananaviy usulda [31,32] aniglandi, ya’ni alyumiy taglik va fulleren molekulalari yakkalangan va muvozanatli holatida
atomlarining to’liq potensial energiyalari yig’indisi bilan Ceo fulleren molekulasi taglikka adsorbsiyalangan holatidagi butun sistema atomlarining
potensial energiyasi o’rtasidagi farqni hisoblash orqali aniqlandi. Uning matematik ifodasini quyidagicha:

Eqags = Etag/mol - (Etag + Emol)-

Bunda E,qs — adsobsiya energiyasi, E,, Va Ep, mos ravishda taglik va fulleren molekulasining yakkalangan holatlaridagi ularga
tegishli atomlarning o’zaro ta’sir potensial energiyalari, Ei,g/mo1 — molekula taglik sirtida adsorbsiyalangan holatidagi tizim atomlarining to’liq
potensial energiyasi. Ushbu giymatlar tadgigqot metodologiyasida nazarda tutilgan shartlar va atomlararo potensialdan foydalangan holda
0K temperaturada energiyani minimaltirish usuli asoslanib, LAMMPS dasturida aniglandi.

Natijalar tavsifi va tahlili. Tadgigot davomida fuleren Cg molekulasining alyuminiy AI(001) sirtida uch xil adsorbsiyalanish
konfiguratsiyalari simulyatsiya gilindi va har bir konfiguratsiya uchun adsorbsiya energiyasi bilan ushbu jarayonda yuzaga keluvchi Al-C bog’lar
uzunligi va soni aniglandi. Ce, fulleren molekulasi alyuminiy taglik sirtida C-C bog’lanishli ko’prik yordamida ikkilik Al-C bog’lanishli,
pentagon va geksagon konturlari yordamida mos ravishda beshlik va oltilik Al-C bog’lanishli konfiguratsiyalar bilan mos ravishda -1.445 eV, -
3.101 eV va 2.19 eV energiyalar bilan adsorbsiyalandi. Al-C bog’larning o’rtacha uzunligi ko’prik (C-C), pentagon va geksagon
konfiguratsiyalarida mos ravishda 2.51 A, 2.46 A va 2.42 A giymatlarga teng bo’ldi.

Ma’lumki, fulleren molekulasidagi C-C bog’lar ikki xil tabiatli: 1.38 A uzunlikdagi C = C ikkilik bog’lar va 1.45 A uzunlikdagi C — C
birlik bog’lar. Ushbu bog’larning bir-biridan asosiy fargi C-C bog’lanishda ishtirok etuvchi etuvchi valent elektronlar sonida, C=C bog’da ikkita
kovalent bog’, C — C bog’da esa yagona kovalent bog’lanish mavjud va shuningdek, pentagon konturidagi barcha atomlar C=C bog’lanishga ega.
Shu sababli, fulleren molekulasining alyuminiy taglik sirtida pentagonli konfiguratsiya bilan adsorbsiyalnish energiyasi qolgan
konfiguratsiyalarga nishatan yugorirog giymatlarni gabul gilgan va bargaror adsorbsiyalanish holatini egallagan deyish mumkin.

a
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2- rasm. Fulleren C,o molekulasining 3 xil konfiguratsiya bilan alyuminiy taglik sirtida adsorbsiyalanishi tasvirlangan.
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2- rasmda fulleren molekulasining yuqorida nazarda tutilgani singari C-C, pentagon va geksagon konfiguratsiyalar bilan AI(001) sirtda

adsorbsiyasining tasvirlari berilgan bo’lib, qora rangdagi uglerod atomlari och yashil rangdagi alyuminiy atomlari bilan Al-C bog’lanishlar hosil
qilgan. Taglik bilan bog’lanishda ishtirok etmagan fulleren molekulasidagi uglerod atomlari kulrang bo’yoqlarda tasvirlangan.

Xulosa. Olingan natijalarni adabiyotlardan olingan natijalar bilan birgalikda tahlil gilish natijasida quyidagicha xulosalar gilindi: barcha

konfiguratsiyalarda kuzatilgan adsorbsiyalar kimyoviy adsorbsiyadan iborat; pentagon konfiguratsiya bilan kuzatiluvchi adsorbsiya energiya
qiymatining yuqoriligiga ko’ra, eng barqaror adsorbsiyalanish konfiguratsiyasi hisoblanadi; barcha konfiguratsiyalarda kovalent bog’lanishlar
mavjud, ammo pentagon konfiguratsiyada barcha bog’lar kovalent bog’lardan iborat.
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