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130 (p,n) 13F REAKSIYALAR YORDAMIDA TIBBIYOTDA QO’LLANILADIGAN RADIONUKLIDNI

SIKLOTRONDA OLINISHI
Annotatsiya
Butun jahon sog’ligni saqlash tashkiloti statistikasiga ko’ra, jahonda onkologik kasalliklardan o’lim ko’rsatkichlari yurak-gon
tomir kasalliklaridan keyingi ikkinchi o’rinni egallaydi. Eng achinarlisi, bemorlarning deyarli 60 foizi kasallikning kechki III-IV
bosgichlarida aniglanayotganligidir. Onkologik kasalliklarni erta tashhislash va davolash bevosita Yadro tibbiyoti va Yadro
fizikasiga chambarchas bog’liqdir. Bunday usul bizning O’zbekiston sharoitida birinchi bo’lib “New Life medical” nomli Yadro

tibbiyot markazida qo’llanildi. Shunday radionuklidlardan biri 1gF , kislorodning 120 izotopi bilan boyitilgan suvni

HZ "o siklotronnning nishonlangan qurilmasida protonlar ogimi bilan nurlantirishda boradigan yadro reaksiyasiga asoslanib
olinadi. Bunda quyidagi reaksiya sodir bo’ladi:

1§0+%p—>13F+(1)n

Kalit so’zlar: Siklotron, pozitron, ¢ —FDG, proton,1§0(p,n)1gF, ,8+parchalanish, PET, gamma spektroskop.

MOJIYYEHUME C IOMOIIBIO IMKJIOTPOHA PAJMOHYKIUIA, UCITOJIB3YEMOI'O B MEULIMHE B
1gO(p,n) lgF PEAKIHASIX

AHHOTaIUA
CornacHo cratuctuke BcemupHoit OpraHusaiuu 3ApaBOOXpaHEHHs, CMEPTHOCTh OT OHKOJIOTHUECKHX 3a00JICBaHUN B MHpE
3aHIMaeT BTOPOE MECTO IIOCNIe CepAEYHO-COCYIUCThIX 3aboneBanmit. K coxamenmro, moutn y 60% OonbHBIX Oo0Ne3HB
nmuarHoctupyercss Ha no3gauX III-1V cragmsax 3aboneBanus. PaHHSS OUarHOCTHKA ¥ JIEYEHHE OHKOJIOTHYECKUX 3a00JIeBaHHN

. . N N 18
HAaIpSMYIO CBSI3aHBI C AIEPHON MEIUIMHON U siaepHoH ¢u3nkoil. OZHOTO U3 TAKUX paJIHOHYKIHIO0B 9F MOTy9al0T Ha OCHOBE

o o 18 o 18
SIIEPHON PEaKIUH, MPOUCXOASIICH MPH OOJYYEHHH BOMBI H 2 O, oborameHHOH H30TONIOM KHCIOpOIa 80 , TIOTOKOM
MPOTOHOB B CHEIHATILHOM MapKAPOBAaHHOM MPUOOpe MUKIOTPOHA. [IpOHCXOUT clieayromas peakus:

1§0+%p—>12F+(1)n

18
Kuio4ueBne cJI0Ba: WHKIOTPOH, IpoToH, F -®JI, mo3uTpoH, 1gO(p,n)1gF, :B+ pacnazn, [I19T, raMMa CIIeKTPOCKOIL.

OBTAINING RADIONUCLIDES USED IN MEDICINE WITH 130(p,n)13F REACTIONS USING CYCLOTRONS

Abstract
According to the statistics of the World Health Organization, the mortality rate from oncological diseases is the second highest in
the world after cardiovascular disease. Unfortunately, almost 60% of patients are diagnosed in the late 111-1V stages of the
disease. Early diagnosis and treatment of oncological diseases is directly related to Nuclear Medicine and Nuclear Physics. One

such radionuclide 1gF is obtained based on the nuclear reaction that takes place when water enriched HZ **0 with the isotope
130 of irradiates with a stream of protons in a marked structure of a cyclotron. The following reaction occurs:
1§0+%p—>12F+(1)n

Keywords: cyclotron, ‘8 —FDG, proton, 1gO(p,n)1gF, ,3+ decay, PET, gamma spectroscope.
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Kirish. Fan va texnologiyalar rivoji yetuk cho’qqiga erishgan mana shunday davrda saraton kasalligi ko’pincha hali ham
bedavo dard bo’lib qolmoqda. Saraton kasalligini erta davrlarida tashxislash bemorning hayotini saqlab qolish imkoniyatini
beradi. Bugungi kunda O’zbekistonda onkologik kasalliklarga duchor bo’lgan 120 mingdan ziyod bemor qayd etilgan.
Davlatimiz rahbari tomonidan tibbiyot sohasiga katta ¢’tibor qaratilmoqda. Prezidentimizning 2017-yil 4-apreldagi “2017-2021-
yillarda O’zbekiston Respublikasida onkologiya xizmatini yanada rivojlantirish va aholiga onkologik yordam ko’rsatishni
takomillashtirish chora-tadbirlari to’g’risida” gi Qarori yadro tibbiyoti sohasida kerakli chora-tadbirlarni ko’rishga muhim
huqugiy asos bo’ldi.

8
Z-ftor-l F -2-dezoksi-D-glyukoza (**f —FDG) pozitron emission tomografiyada (PET) da keng qo’llanilayotgan
radiofarmasevtik diagnostik dori vositasidir.

e —FDG xavfli o’smalarning joylashuvi, tarqalganlik darajasini aniqlashga, xavfli va xavfli bo’lmagan o’smalarni

farglashga va davo choralarining effektivligini aniglashga yordam beradi [3]

PET Klinik amaliyotida '®f —FDG ni limfomalar, melanomalar, sut bezlari saratoni, gizilo’ngach va ichaklar

saratoni, qalqonsimon bez o’pka saratoni kabi kasalliklarni diagnostika qilishda qo’llaniladi. [1]
Tadqiqot metodologiyasi. Bu tadqiqot O’zbekistonda va Markaziy Osiyoda yagona bo’lgan “New Life Medical” Yadro

Tibbiyot Markazida “GE MiniTrace Qilin (USA-Sweden)” rusumli siklotron yordamida *®f —FDG sintezi jarayonidagi
xususiyatlarga asoslangan. O’zbekiston Milliy Universiteti Fizika fakulteti Yadro Tibbiyot Markazi bilan talabalarda amaliy
ko’nikmalarni shakllantirish magsadida 3 yillik shartnoma tuzgan.

Pozitron emission tomografiya (PET) tanadagi biokimyoviy va fiziologik jarayonlarni tasvirlashning kuchli diagnostik
usulidir. PET anotomik tasvirni almashtirmaydi, balki tanadagi normal yoki shikastlangan to’qimalarda sodir bo’ladigan oddiy
molekulyar jarayonlarni ko’rsatib beradi. Kompyuter tomografiya (KT) yoki Magnit rezonans tomografiya (MRT) anatomik
nugsonni ko’rishi mumkin, lekin PET anormal to’qimalarning kimyoviy faolligi haqida ma’lumot beradi. PET tanada eng keng
tarqalgan (C, N, O) elementlarning juda qisqa muddatda pozitron chiqaradigan nurlanishiga qarab anomal to’qimaning
biokimyoviy reaksiyasini o’rganishga imkon beradi. Mazkur metod pozitronlarning elektronlar bilan annigilatsiya bo’lishi
natijasida hosil bo’ladigan gamma-kvantlar juftligini gayd qgilishga asoslangan. Pozitronning massasi va elektr zaryadining

absolut giymati mos ravishda elektron massasi va zaryadiga teng [4, 8] . Pozitron turg‘un zarra hisoblanadi, lekin u modda

elektronlari bilan ta’sirlashib annigilatsiya natijasida qisqa vaqt yashaydi. Masalan qo‘rg‘oshinda pozitron 5-10_115
davomida annigilatsiyaga uchraydi. «Annigilatsiya» termini (annihilatio) yo‘q bo’lish, yo’qlikka aylanish ma’nosini beradi.

Pozitron bilan elektron to‘qnashganda annigilatsiya hodisasi sodir bo’ladi [3] . Endi esa bu diagnostika qurilmasida
ishlatiladigan 1gF —FDG radionuklidining fizik paramertlariga nazar solamiz.

1gF —FDG ga erishish uchun kimyoviy yondoshuvga, materialni tanlashga va ehtiyotkorlik bilan ishlashga e’tibor
berish kerak. Bu izotopni deyarli ikki soatli yarim yemirilish davri, nisbatan kam energiyali gamma kvantlar chigarishi uni PET

radioizotopiga aylantirdi [6]

Parchalanish turi: 13F —FDG 97 % o’zidan ,8 + zarrachalar va 3% elektron qamrash yo’li bilan parchalanadi,
pozitronning maksimal 653 keV energiya chiqarish bilan yakunlanadi. To’qimalarda pozitronning o’rtacha yugurish masofasi

0.3mm. Bemor oladigan effektiv doza 7meV 10mCi (370 MBq). To’qimalar ichida 1gF —FDG keyinchalik 1gF —FDG-6-
fosfatga aylanadi, to’qimalarda to’planadi va PET tekshiruvi davomida o’zgarishsiz holda qoladi [7] .
1-jadval. 1ngagi proton emmisiyasi

Qismiy ulush Maksimal energiya (MeV) O'rtacha energiya (MeV)

0.967 0.633 0.2498

2-jadval. 18F dagi gamma kvantlar emissiyasi

Qismiy ulush Energiya(MeV)
1.93 0.5110
0.0307 0.000520

3-jadval. Turli yadro reaksiyalari yordamida 13F ni olish usullari

Yadro reaksiyasi Foydali energiya diapazoni (MeV) | Tabiy boyitilganlik (%)

144 0.2
120 ®, 1) 18F
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Ne (H3 ap) 'F

1gF ni ishlab chigarish usuli kichik hajmdagi (5 ml) HZ 130 (boyitilgan suv) ni nishonga yaqin chegaralarda 3Mev
dan 20 Mev gacha energiyasi ortib boradigan protonlar bilan nurlantirishdan iborat. Suv nishoni bardosh bera oladigan nur ogimi
kerakli suv hajmidagi bug’lanish darajasini aniqlash orqali topiladi. Hozirgi kunda maksimal nurlanish ogimi 60 mkA ni tashkil
qgiladi. Bu kattalikni o’rtacha giymati 20-40 mkA ni tashkil giladi. Nishonni yasash uchun quyidagi materiallar gabul gilingan:

titan, kumush, oltin bilan qoplangan metallar (masalan nikel kabi), niobiy va tantalni 0’z ichiga oladi [5]

Tahlil va natijalar (Analysis and results)

4-jadval. Yugori energiyali nishondagi 130(p,n)1gF ning chigishi

Energiya diapazoni F-18 ni toyinganligi F-18 ni to’yinganligi
(MeV) (mCi/mA) (GBg/mA)
20-25 395 14.6
18-2.5 373 13.8
15-25 327 12.1
11-25 230 8.5
8-25 132 4.9
5-jadval. Yugqori energiyali nishondagi "'Ne (d, o) CF ning chiqishi
Energy range | F-18 ni to’yinganligi | F-18 ni to’yinganligi
(MeV) (mCi/mA) (GBg/mA)
20-15 114 42
15-15 98 3.61
10-15 70 2.60
8-15 53 1.96
5.0-1.5 18 0.6

Fo(p.n)tF

7on
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1-rasm. 130 (p,n)lgF reaksiya kesimini reaksiyadagi zarralar energiyasiga bog’liqlik grafigi

Yadro Tibbiyot Markazida hozirda 1gF —FDG ni olishning 130 (p,n)lgF reaksiya natijasida GE MiniTrace Qilin (USA-
Sweden) rusumli siklotron yordamida olib kelinmoqda. Nurlanish davomida bosimi 35 bar bo’lgan “5.5” markali geliy gazi va

bosimi 12 bar bo’lgan “5.0” markali vodorod gazi qo’llaniladi.

PUINe(d.x)TF
MM“M
- =0 B

Incismn paricie snery [

nat 18
2-rasm. N€(d,a) F reaksiya kesimini reaksiyadagi zarralar energiyasiga bog’liglik grafigi
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6-jadval. Siklotronda olib borilgan 130(p,n)1gF reaksiyada tezlatkichning asosiy xarakteristikalari

Siklotronda olingan 1gF ni Fastlab 2 qurilmasi yordamida 1gF —FDG ga aylantiriladi. Nurlantirish uchun olinishi
mo’jallangan radionuklid aktivligining kattaligiga qarab,

lon manbasi | lon manbasidagi | Magnitdagi tok | Duantdagi Vakumdagi Oxirgi hosil | Nishondagi
dagi kuchlanish (kV) kuchi(A) kuchlanish bosim(mbar) gilingan bosim | bosim (psi)
tok(mA) (kV) (psi)

436 465 128.88 34. 1.4E-05 89.9 288.5

Sotecto:

4-rasm. 131'7 —FDG ning gamma spektrometrda olinan natijasi
nurlantirish tok kuchi 60mkA dan katta bo’lmasligi kerak. Ekspluatatsiya tajribalari ko’rsatishi bo’yicha maksimal aktivlikka
nurlanish vaqti 120 dagiqa bo’lganda

5-rasm. 131‘7 —FDG ning Yupga gatlamli xromotografiya natijasi.

erishiladi. Olingan 1gF —FDG ni quyida gamma spektrometr yordamida olingan tahlili keltirilgan: 4 va 5-rasmlarda olingan

radionuklid 1gF —FDG ning tarkibi rostan ham 1gF —FDG dan tashkil topganligini ko’rsatuvchi gamma spektrometr
natijalari keltirilgan.

Bunda grafikdagi cho’qqini tepasida olingan preparat hagigatdan ham lgF —FDG ligini va reaksiya 98.7% unum bilan
borgani keltirib o’tilgan.

6-rasm. 131‘7 —FDG ning Gazli xromotografiya yordamida olingan natijalari.

6-rasmdagi tahlil natijasiga ko’ra 1gF —FDG preparat tarkibidagi qoldiq moddalar aniglangan. Qoldiq moddalar
qo’yilgan talablarga mos keladi. Bu izotop inson organizmiga tushganda tarkibidagi glukoza orqali saraton hujayrasiga yetib

borib o’sha yerda o’rnashadi va o’zidan ﬂ+ zarralar chigarishni davom ettiradi. Pozitron atom yadrosidan chiqgariladi u gisqa

masofani bosib o’tib energiyasi kamayadi, shu masofada atomlarni ham ionlashtiradi [9] . Pozitronlar shunda hosil bo’lgan
erkin elektronlar bilan juftlashib 2ta zarra bir-biriga spirallanadi va soniyaning kichik bir gismida “pozitroniy” deb ataladigan
ikki yadroli atomni hosil qiladi. Antizarralar o’zaro ta’sirlashganda ular keskin bir-birini yo’q qiladi. Har bir zarrachaning
massasi to’ligligicha energiyaga aylanadi Eynshteyn formulasiga binoan annigilatsiya jarayonida bir biriga garama-garshi
yo’nalgan (180+0,3) 2 ta gamma kvant hosil bo’ladi [10].

Xulosa. Hozirgi texnika rivojlangan davrda insoniyatning sog’ligi eng yuqori o’rinlarga qo’yilmoqda. Saraton kabi
bedavo dardni ham ilk bosgichlarda davolash mumkin. Kasallikning ilk bosgichini shu radioizotopni inson organizmiga kerakli
miqdorda yuborgan holda PET qurilmasi yordamida aniqlanadi. Bu kasallikning turlari juda ko’p bo’lib, inson organizmining
aynan qaysi organida, ganday chuqurlikda, tananing qaysi gismida joylashishiga qarab turli xil davolash choralari ko’riladi.
Lekin bu kasallikni davolashning asosida asosiy qurilma sifatida tezlatkichlar yotadi. Saraton kasalligini davolashda asosiy
magsad saraton hujayralari DNK larini yuqori energiyali zarrachalar yordamida buzishdan iborat. Bu kasallikni davolashda
ishlatiladigan radioaktiv moddalar radioizotoplar deb atalib quyidagi asosiy xarakteristikalarga ega bo’lishi kerak: kam miqdorda
radioktivlikka ega bo’lishi, nisbatan kam yarim yemirilish davriga ega bo’lishi, parchalanishi davomida o’zidan massasi kichik
zarrachalar chiqarib parchalanishi, izotopdan chiggan zarrachalar muayyan yugurish masofasi va energiyani chizigli uzatish
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koeffitsiyentiga ega bo’lishi kerak. PET tanada eng keng tarqalgan (C, N, O) elementlarning juda gisqga muddatda pozitron
chigaradigan nurlanishiga qarab anomal to’qimaning biokimyoviy reaksiyasini o’rganishga imkon beradi. Mazkur metod
pozitronlarning elektronlar bilan annigilatsiya bo’lishi natijasida hosil bo’ladigan gamma-kvantlar juftligini qayd qilishga

asoslangan. 2-ft0r-18F -2-dezoksi-D-glyukoza (*®fF —FDG) pozitron emission tomografiyada  (PET) da keng

go’llanilayotgan radiofarmasevtik diagnostik dori vositasidir. *®f —FDG xavfli o’smalarning joylashuvi, tarqalganlik
darajasini aniqlashga, xavfli va xavfli bo’lmagan o’smalarni farqlashga va davo choralarining effektivligini aniglashga yordam

beradi. 1gF —FDG ning yarim yemirilish davri 109.75 dagiga. 1gF —FDG 97 % o’zidan ,8+ zarrachalar va 3% elektron
qamrash yo’li bilan parchalanadi, pozitronning maksimal 653 keV energiya chiqarish bilan yakunlanadi. Pozitronning to’qimada

ruxsat etilgan o’rtacha yugurish masofasi lgF —FDG uchun 0.3 mm. Bemor oladigan effektiv doza tananing har 1 kg

massasiga 7 meV 10 mCi (370 MBq). 18F —FDG ni olishda siklotronda quyidagi reaksiya borib 130 (p,n)lgF bu
jarayonda siklotronda yoy razryadi orgali vodorod gazidan vodorod izotopi olinadi va u tezlatiladi. Vodorod izotopi bitta proton
va bitta elektrondan iborat holda tezlashtirilib, 17-19 MeV energiyaga erishgungacha tezlashtiriladi va siklotrondan chigishida

elektroni ushlab golinadi, proton esa nishon tomon harakatlanadi. 1gF yetarli aktivlikka (1.7 kyuri) 120 dagiga davomida
erishiladi.

ADABIYOTLAR

1. International Atoms Energy Agency. Cyclotron produced radionuclides: Physical characteristics and production methods.
Vienna 2009. Technical reports series 468. 279-page

2. Nuclear Medicine and PET/CT Technology and techniques. Paul E. Christian, BS FSNMTS, PET. Kristen M. Waterstram-
Rich. Copyright 2012 (seven edition)

3. Amaliy Yadro Fizikasi. Yo’ldashev B, Polvonov S, Bozorov E. “Donishmand ziyosi” Toshkent-2020 yil. 258-bet

4. T. M. Mo’minov, A. B. Xoliqov, Sh. X. Xushmurodov. Atom Yadrosi va Zararralar Fizikasi. O’zbekiston Faylasuflari
Milliy Jamiyati Nashriyoti. Toshkent 2009 yil. 300 bet

5. Cyclotron Production of Unconventional Radionuclides for PET Imaging: the Example of Titanium-45 and Its
Applications. Article. Pedro Costa, Luis F. Metello, Francisco Alves M. Duarte Naia. Published: 3 June 2018

6. Cyclotron produced radionuclides: guidelines for setting up a facility. technical reports series No. 471. International atomic
energy agency Vienna, 2009. 229 page.

7. Cyclotron Produced Radionuclides: Principles and Practice. Technical Reports Series N0.465. International atomic energy
agency Vienna, 2008. 230 page.

8. Q. T. Teshaboyev. Yadro va elementar zarralar fizikasi. Toshkent “O’quvchi” 1992-yil. 238-bet.

9. M. A. Qayumov, S. R. Polvonov. Tezlatkichlar fizikasi. O’quv qo’llanma. Toshkent 2014-yil. 214-bet.

10. Nuclear Medicine Physics: A handbook for teachers and students. International atomic energy agency Vienna, 2014. 766-

page.

- 445 -



O°‘ZBEKISTON MILLIY
UNIVERSITETI
XABARLARI, 2022, [3/1/1]
ISSN 2181-7324

FIZIKA
WWW.uzmuxabarlari.uz

Natural sciences

UDK 535.012

Ahmad ABSANOQV,

PhD, teacher of SamSU

e-mail: ahmad@samdu.uz
Abduvakhid JUMABAEYV,

DSc, professor of SamSU

e-mail: jumabaev2@rambler.ru;
Hakim HUSHVAKTOV,

DSc, Vice rector for scientific works and innovations of SamSU
e-mail: hakimxushvagtov@gmail.com
Gayrat SHARIFOV,

PhD, teacher of SamSU

e-mail: ngayrat@rambler.ru

Zohid ERNAZAROV,

PhD student of SamSU

e-mail: zakhid.ernazarov@mail.ru

O’zMU Fizika fakulteti dekani PhD Eshonqulov G'. B. tagrizi asosida.

AB INITIO CALCULATIONS OF INTERMOLECULAR HYDROGEN BONDING IN TRIFLUOROACETIC ACID
WITH WATER
Abstract

In this investigation, in order to further understand study the mechanism of formation of molecular clusters formed by
trifluoroacetic acid with water molecules calculations were performed on the basis of the set of B3LYP/6-311++G(d,p) by the
method of density functional theory (DFT). The stabilization of the cluster was determined by the increase in the number of water
molecules in the molecular clusters, and the most stable cluster was the bicyclic structural cluster formed by four water molecules
with trifluoroacetic acid. When the number of water molecules in a cluster exceeds four, a proton transition occurs between the
molecules to form CF3COO- and H20+ ions.
Keywords: trifluoroacetic acid, molecular cluster, H-bond, DFT method.

UCHFTORLISIRKA KISLOTASINING SUV MOLEKULASI BILAN MOLEKULALARARO VODOROD
BOG’LANISHLARIDA NOEMPERIK HISOBLASHLAR
Annotatsiya

Ushbu ishda uchftorlisirka kislotasining suv molekulalari bilan hosil gilgan molekulyar klasterlarining [CF3COOH+(H20)n,
n=1-7] shakllanish mexanizmini o’rganish magqsadida zichlik funksional nazariya (DFT) usuli va BLYP/6-311++G(d,p)
funksiyalar to’plami asosida hisoblashlar olib borildi. Molekulyar klasterlar tarkibidagi suv molekulalarining soni ortishi bilan
klasterning bargarorlashishi aniglandi va eng barqaror klaster uchftorlisirka kislotasining to’rtta suv molekulasi bilan hosil gilgan
bisiklik strukcturali klasteri ekan. Klaster tarkibidagi suv molekulalari soni to’rttadan ortganda molekulalar orasida proton o’tish
yuzaga kelib, CF3COO- va H20+ ionlari hosil bo’lishi aniglandi.

Kalit so‘zlar: uchftorlisirka kislota, molekulyar klaster, H-bog’lanish, DFT usul.

HESMITUPUYECKHUE PACUETHI MEXKMOJIEKYJISIPHOM BOJIOPOJHOM CBSA3A B TPHOTOPYKCYCHOM
KHCJIOTE U BOJE
AHHOTaIUA

B naHHO# paboTe mpuBeOCHBI pe3yNbTaTH HCCIENOBaHUS 00pa30BaHMs MOJEKYJSIPHBIX KJIACTEPOB, MEXIY MOJIEKYJIaMH
TpU(PTOPYKCYCHOH KHCIOTBI W BOABI MeTOAOM Teopun QyHkuuoHana tiotHoctH (DFT) mHa ocHoBe Habopa B3LYP/6-
311++G(d,p). Crabnmm3anus KiIacTepa onpenessach YBeIHISHHEM YHciIa MOJICKYJI BOIBI B MOJIEKYJIAPHBIX KJIacTepax, MpHIeM
Hanbojee YCTOWYMBBIM OKa3alcs OWIMKINYECKHI CTPYKTYPHBIN KiacTep, 0Opa3oBaHHBIM UYETHIPHMS MOJIEKYJIaMH BOJBI C
TPUQPTOPYKCYCHON KHCJIOTOH. YCTaHOBJIEHO YTO, KOTJ]a YHCIO MOJEKyd BOJBI B KiIacTepe IPEBBIMIAET YETHIPe, MEXIY
MOJIEKyJIaMU TTPOMCXOUT MPOTOHHBIH Tepexo] ¢ oopazoBanuem noHoB CF3COO- n H20+.

KiioueBble ciioBa: TpuTOPYKCYCHAs! KUCIIOTA, MOJICKYJSIpHBINA Kiactep, H-cBs3b, metox DFT.

Introduction. Carbonic acids have a protonodonor group and two protonoceptor centers that can form various aggregates
in the liquid state through hydrogen bonds [1-10]. The study of the structure, properties, and interactions of carbonic acids,
including trifluoroacetic acid (CF3COOH) with water molecules is important in solving problems related to aerosol and acid rain
in the atmosphere [11-13].

The interaction of CF3COOH with water molecules was studied by V.D. Maiorov et al. [11,14], which showed that the
peak displacement and intensity decrease of spectral bands, based on calculations, CF3COOH anion is strongly hydrated by two
water molecules. The optimal structure of the monomer and dimer of CF3COOH through H-bonds with water was studied by
E.G.Tarakanova et al [15] using the method DFT/(B3LYP 6-31++G(d, p)), in which the average hydrogen the bonding energy is
~ 9-10 kcal/mol and the DFT calculations obtained on the basis of 6-31++G(d,p) are consistent with the values in infrared (IR)
and Raman scattering.
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CF3COOH acid was studied by IR spectroscopy in aqueous medium (D20). In the pure CF3COOH, the maximum
stretching vibration frequency of C=0 is 1800 cm-1, and in the aquatic environment it is observed that this peak shifts to the
lower frequency side [16]. In this study, quantum chemical calculations were performed to study the interaction of trifluoroacetic
acid, which belongs to the group of carbonic acids, with the simplest representatives of biologically active substances water
molecules. The changes in the geometric and spectroscopic parameters of molecular clusters were analyzed using calculations.

Calculation methods. All calculations were performed in Gaussian 09 [17] on the basis set of 6-311++G(d,p) bases
containing diffuse and polarization functions at the B3LYP level using the Density Functional Theory (DFT) method. The
GaussView 5.0 graphical interface was used to visualize the calculation results.

Results and discussions. Figure 1 shows the optimal geometric structures of molecular clusters [CF3COOH+(H20)n,
n=1-7] formed by the monomer of trifluoroacetic acid and water molecules. As can be seen, trifluoroacetic acid and water
molecules form various molecular clusters using intermolecular hydrogen bonds.

Trifluoroacetic acid can form molecular clusters in different directions with a single water molecule, and the most stable
of such clusters is the cyclic structural cluster (Figure 1, Table 1). The energy of the intermolecular interaction in the formation of
such a cluster (CF3COOH+H20) is 11.44 kcal/mol, and the average
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Figure 1. The optimal geometries of trifluoroacetic monomer and clusters with water molecules [CF3COOH+(H20)n,
n=1-7]

energy required for each hydrogen bond is 5.77 kcal/mol. In the formation of this cluster, acid and water molecules act as
both H-donors and H-acceptors. That is, the O-H functional group of the acid acts as an H-donor, and the C=0 group acts as an
H-acceptor. Also, in the formation of the cluster CF3COOH+H20, the stretching vibration frequencies of the acid C=0 and O-H
relative to the monomer (vC=0=1860,5 cm-1, vO-H=3748,2 cm-1), and red-shifts were 39.6 cm-1 and 463.3 cm-1 respectively
(Figure 3b). Also, the bond lengths of the C=0 and O-H groups increase by 0.01 and 0.02 A in cluster formation related to the
monomer (rC=0=1,19 A, rO-H=0,97 A) (Figure 2). Changes in spectral and geometric parameters show that the O7-HS...09
bond is stronger than the 09-H10 O6 bond.

The geometric structure of the most stable molecular cluster [CF3COOH+(H20)2] formed by two water molecules of
trifluoroacetic acid is also cyclic (Figure 1c), with an intermolecular interaction energy of 24.25 kcal/mol. The average energy
required for each hydrogen bond increases by 2.3 kcal/mol per cluster of CF3COOH+H?20. In the formation of such a cluster, the
stretching vibration frequencies of the functional groups C=0 and O-H of the acid molecule saw red-shift of 60 and 840 cm-1,
respectively, relative to the monomer state (Figure 3c), and the bond lengths increase by 0.015 and 0.01 A (Fig.2).
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Figure 2. The dependence of C=0 and O-H bonds distances on the number of water molecules in the molecular cluster
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Similarly, the molecular cluster [CF3COOH+(H20)3] formed by the three acids of water is also cyclic, with an
intermolecular interaction energy of 34.61 kcal/mol. The average energy required for each hydrogen bond is 8.65 kcal/mol,
which is 0.57 kcal/mol greater than CF3COOH+(H20)2. This leads to further stabilization of the cluster.

The molecular cluster of trifluoroacetic acid formed by four water [CF3COOH+(H20)4] is bicyclic. The energy of the
intermolecular interaction in the formation of such a cluster is 47.88 kcal/mol. The average energy for each H-bond is 7.98
kcal/mol. The stretching vibration frequencies of the C=0 and O-H groups of the acid range from 1715.8 and 1912.9 cm-1,
respectively.

Figure 3. The bands in an interval of 1500-4000 cm—1 of theoretical Raman spectra of molecular clusters: CF3COOH (a),
CF3COOH+H20 (b), CF3COOH+(H20)2 (c), CF3COOH+(H20)3 (d), CF3COOH+(H20)4 (e), CF3COOH+(H20)5 (f),
CF3COOH+(H20)6 (g), CF3COOH+(H20)7 (h)

When the number of water molecules in the molecular cluster reaches five [CF3COOH+(H20)5], the proton belonging to
the carboxyl group of the acid is transferred to the water molecule as a result of a strong electrostatic interaction and the —COO-
anion and H20+ cation are formed. As can be seen from Figure 3, the length of the O-H bond of the acid, i.e., the distance
between the O7 and H8 atoms, increases sharply when the number of water molecules reaches five. This procedures also
continued when the number of water molecules was higher than five (Fig.1 f, g, h). The spectral bonds corresponding to the
frequencies 2066.3 (f), 2357.4 (g) and 2616.8 cm-1 (h) shown in Figure 3 belong to the O+ -H vibrations of the H20+ cation.

Table 1. Results of claculations of molecular clusters
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1(06...H23)= 1.744
r(H8...07)= 1.071

1(07...H11)=1.859
£(09...H14)=1.729
r(012...H16)=1.601
r(H17...018)=1.548
r(H20...021)=1.667

CF3COOH +
(H20)5

1739.9 2066.3

(1.1) (28.2) 4.66 | 53.92 7,7

Conclusion. The results of the calculations showed that trifluoroacetic acid forms various H-bonded clusters with water
molecules. As the number of water molecules in the cluster increases, the cluster stabilizes. The most stable of these clusters is
the cluster [CF3COOH+(H20)4] formed by four water molecules of trifluoroacetic acid, which is bicyclic in shape. When the
number of water molecules reaches five, one proton belonging to the carboxyl group of the acid is transferred to the water
molecule and the —-COO- anion H20+ is formed.
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NUCLEAR REACTIONS UNDER THE EFFECT OF X-RAY IN NEUTRON STARS
Abstract
Observational measurements from X-ray satellites over the last decade have provided us with a wealth of information about
possible nuclear reactions in neutron stars in high-density environments. Some of these processes have been studied in the
laboratory by radioactive ion radiation from first-generation devices. In this article, I will report on experiments with radioactive
rays from the ATLAS accelerator in Argonna.
Keywords: I-11 type X-ray radiation, strong X-ray radiation, AstroSat, neutron star ocean ATLAS.

SAJIEPHBIE PEAKIIAA IO BO3JAEVCTBUEM PEHTTEHOBCKOI'O U3JIYUEHHUS B HEUTPOHHBIX
3BE31AX
AHHOTAIUS

HaGmonaTenbHple M3MepeHUs] ¢ PEHTITCHOBCKHMX CITYyTHHKOB 32 IMOCIEIHEe IECSITUIETHE IPEeJOCTaBHIM HaM OrPOMHOE
KOJIMYECTBO MH(OpPMAIMM O BO3MOXKHBIX SIEPHBIX PEAKIMAX B HEHTPOHHBIX 3B€3JaX B CPeJax C BBICOKOH IIOTHOCTBIO.
HexoTopsle M3 3THX NPOIECCOB H3ydalHCh B JIAOOPATOPUH C TOMOIIBIO HM3IyYCHUS PaAMOAKTHBHBIX HMOHOB OT NPHOOPOB
MEpBOrO MOKOJICHUA. B 3TO# cTaThe g pacckaxky 00 SKCHEPUMEHTaX C PaJHOaKTHBHBIMH TydamMu Ha yckopurene ATLAS B
Apronse.
Kniouesble ciioBa: peHTreHOoBckoe u3nydeHue [-II Tunos, cuipHOE peHTIIeHOBCKOE M3lydeHue, AstroSat, okeaH HEHTPOHHBIX
3Be31 ATLAS.

NEYTRON YULDUZLARDAGI RENTGEN NURLARI TA’SIRIDAGI YADRO REAKSIYALAR
Annototsiya
So’nggi o’n yillarda rentgen sun’iy yo’ldoshlarining kuzatishdan olgan o’lchovlari bizga neytron yulduzlarining yuqori
zichlikdagi muhitida sodir bo’lishi mumkin bo’lgan yadro reaktsiyalari hagida ko’plab ma’lumotlarni taqdim etdi. Birinchi avlod
qurilmalarining radioaktiv ion nurlari bilan laboratoriyada ushbu jarayonlarning ba’zilarini o’rganilgan. Ushbu maqolada men
Argonnadagi ATLAS tezlatgichidan radioaktiv nurlar bilan o’tkazilgan tajribalar haqida xabar beraman.
Kalit so’zlar: I-11 tur rengen nurlanish, kuchli rengen nurlanish, AstroSat, neytron yulduz okeani ATLAS.

Kirish. Rentgen nurlari ta’siridagi yulduzlar portlashi koinotda tez-tez uchraydi. Misol sifatida, neytron yulduzlarni
keltirish mumkin. Neytron yulduzi deyarli to’liq neytronlardan tashkil topgan astronomik ob’ekt bo’lib, uni o’ta zich giladi.
Uning zich moddasining tortishish kuchi boshqa yulduzdan, ko’pincha Quyosh kabi yulduz materiyasini uning yuzasiga tushib,
uning atrofida disk hosil giladi. Demak, bu Yerdagi biron bir laboratoriyada yaratib bo’lmaydigan ekstremal sharoitlarning tabiiy
laboratoriyasidir. Ba’zan neytron yulduzi to’satdan rentgen nurlanishni chiqaradi, bu uning ichki gismini, sirtini o’rganish uchun
muhimdir.

Hindiston Indore Texnologiya Instituti (11 T-Indore) astronomlari guruhi tomonidan ISRO’ning AstroSat ma’lumotlaridan
foydalangan holda tadqiqotlar o’tkazadilar. AstroSat bir vaqtning o’zida bir xil astrofizik manbani kuzatuvchi beshta teleskopga
ega. Astronomlar neytron yulduzining portlashlarini bir vaqtning 0’zida ushlash uchun AstroSatning ikkita asbobidan, Yumshoq
rentgen teleskopidan (SXT) va katta maydon rentgen proportsional hisoblagichidan (LAXPC) foydalanganlar. Bu kuzatuvda
korishdiki, neytron yulduzi har to’rt soatda bir marta portlash chiqaradi. Bu portlashda rengen nurlanishi hosil bo’ladi[1].

Undan tashgari 1975 yilda ham kuzatilgan[2]. Ushbu tizimlardagi kuchli tortishish kuchlari materialning sirtga taxminan
200 MeV/u energiya bilan tushishiga ega, bu esa rentgen nurlarining uzluksiz ogimiga olib keladi. Agar etarli migdorda material
to’plangan bo’lsa, vodorod - geliy aralashmasi 10%° erg energiya chigishi bilan portlaydi. Bu 10 soniyalardan bir necha
dagigagacha davom etadigan rentgen nurlari ogqimining keskin o’sishiga olib keladi. Hozirgacha 100 dan ortiq shunday manbalar
topilgan. Bu hodisani takrorlanish tezligi bir soatdan bir necha soatgacha bo’lganligi sababli, ushbu hodisalarning katta
ma’lumotlar bazasi to’plangan [3]. Ushbu rentgen nurlanishini qisqaroq takrorlanish vaqti ya’ni 10 sekund ko’rsatadigan
hodisalardan ajratish uchun I va II tur rentgen nurlanishiga bo’lingan. Bunda I turdagi rengen nurlanishi termoyadroviy reaksiya
ketishlar va ularning turi bilan bog’liq. II turdagi rengen nurlanishi nurlanishning beqarorligi bilan bog’liq. Rengen nurlarining
nurlanishlari koinotning kimyoviy evolyutsiyasi haqida so’zlamasa ham, lekin bizga juda zich yadro moddasida sodir bo’ladigan
yadroviy jarayonlar haqida ma’lumotlarni beradi. Vaqt tuzilmalarining xilma-xilligi va nurlanish multipletlarining paydo bo’lishi
turli guruhlar tomonidan o’rganilayotgan tadqiqot sohalariga misoldir[4].

Taxlil va natijalar. Kuchli nurlanishlar bir necha soat davom etadi va bu nurlanishda taxminan 10*? erg energiya ajralib
chigadi[5,6]. Taxminan bir yil takrorlanish vaqtiga ega bo’lgan bu kuchli nurlanishlar neytron yulduzining "okeanida" chuqurroq
sodir bo’ladi. Bu beqaror uglerod yonishi va neytronga boy yadrolar orasidagi boshqa reaksiyalarni 0’z ichiga olishi mumkin. I-
turdagi rentgen nurlari nurlanishlarini o’rganish bizga neytron yulduzi atmosferasida sodir bo’ladigan yadro reaktsiyalari hagida
ba’zi ma’lumotlarni beradi. Bizning kuchli nurlanishlar haqidagi bilimiz ancha sodda va bu bilimizni boyitishimiz muhim.
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Neytron yulduzlardagi (a,p) jarayondagi reaksiyalar. Argonna laboratoriyasidagi ATLAS og‘ir ion tezlatgichida biz
rentgen nurlarining protonga boy va neytronga boy tomonidagi nurlar yordamida | turdagi rentgen nurlari nurlanishlarini va
kuchli nurlanishlarni tushunishimiz uchun muhim bo‘lgan ba’zi reaksiyalarni o’rganilgan. Vodorod yoki deyteriy bilan
to'ldirilgan ishlab chigarish nishonini og'irroq massaga ega bargaror ion nurlari bilan bombardimon qilish orgali hosil
gilingan.[7,8,9] Radioaktiv nurlar gaz xujayrasida teskari kinematikadagi reaktsiyalar natijasida hosil bo'ladi, masalan,
YH®B,XC)n, 2H(*2S,%Cl)n yoki 2H(**C,**C)p. Keyin bu ikkilamchi nurlar birlamchi nurdan 26° burchak ostida buruvchi magnit
va magnitdan Kkeyin joylashgan RF-supurgi bilan ajratiladi[10]. Ushbu radioaktiv nurlar bilan | turdagi rentgen nurlari
nurlanishida (a,p) jarayonga taallugli bo'lgan yadro reaktsiyalari va kuchli nurlanishlarda muhim deb hisoblangan termoyadroviy
reaktsiyalar o'rganildi. Ushbu reaktsiyalarning ba'zilari quyida batafsilrog muhokama gilinadi.

1-rasmdagi reaksiya yo‘lidan ko‘rinib turibdiki (a,p) reaksiyalar asosan A 40 massa diapazonida rol o‘ynaydi va ko‘p
sonli ba’zan sekin b-parchalanishlardan qochib, reaksiya oqimida “qisqa yo‘I”ni ta’minlaydi. *O dan boshlab (a,p) jarayon
ketma-ketlik bo'yicha boradi:

10 (a,p)"F(p,v)"*Ne(a,p)*Na(p,v)*Mg(e.p)*Al(p,y)*°Si(c,p)*°P (p,)S(c.,p) *Cl(p,v)**Ar(a,p) 'K (p,y)**Ca.

o) S
H

1-rasm. Neytron yulduzdagi yadro reaksiya.

Ushbu reaksiyalarni eksperimental tadqiq gilish uchun teskari (p, n) yoki (d, n) reaksiyalar orgali 1O, 'F, **Na, ®Al, %P,
%8¢l va ¥K nurlarini *®Ne, 2Mg nurlar bilan solishtirganda hosil gilish osonrog, 2Si, *°S, **Ar, ular (*He, n) yoki (:*C, °Be) kabi
ikki zarrali reaksiyalarini talab giladi. Shuning uchun yuqorida gayd etilgan ko'plab tegishli (a,p) reaksiyalar bargarorlik
vodiysiga yaginroq bo'lgan radioaktiv nurlar yordamida vaqtga teskari (p,a) reaksiyasi orqali o'rganildi. Birog, bu usul fagat
asosiy holatning asosiy holatiga reatsiya kuchi hagida ma'lumot beradi, hayajonlangan holatlarning ta'sirini statistik model hisob-
kitoblari yordamida olish kerak. So'nggi bir necha yil davomida o'tkazilgan bir nechta tajribalarda biz *Mg(a,p)*Al, *®Si(a,p)*P,
¥0g(a,p)**Cl, *Ar(a,p)*’'K va *®P(a,p)*s [11,13] reaksiyalari uchun vaqtga teskari ko'ndalang kesimlarini o’lchandi Birinchi to'rtta
tizim radioaktiv ion nurlarini talab giladi, oxirgi reaktsiya esa eksperimental texnikani o'rganish uchun sinov holati sifatida
bargaror *3S nur bilan amalga oshirildi.

Tajriba qurilmani o'rnatish 2-rasmda ko'rsatilgan [12]. ATLAS tezlatgichining nurlari (*°Al, P, %35, 3CI va ¥K) Enge
Split-Pole spektrografining targalish kamerasiga o'rnatilgan CH, nishonlarini bombardimon qilgan. (p,a) reaksiyasidagi a
zarralari 0,,,=8°-25° burchak diapazonini qgamrab oluvchi ikki tomonlama halqasimon Si detektori tomonidan aniglandi. 6=1,5°-3°
burchak oralig'ida chigarilgan reaksiya

e

2-rasm. (p,a) reaktsiyalarni o'lchash uchun ishlatiladigan tajriba qurilmaning sxemasi.

mahsulotlari 22Mg, 2Si, *°P, s, *Ar splitpole spektrografiga joylandi. Tizimni aniglash samaradorligini oshirish uchun
magnit gaz bilan to'ldirilgan rejimda ishladi[14].

Bunday sharoitda yadro zaryadi Z bilan tushadigan ionlar va azot gazi molekulalari o'rtasidagi zaryad o'zgaruvchan
to'gnashuvi magnit maydondagi ionlarning o'rtacha zaryad holatiga olib keladi <g> bu birinchi navbatda o'rtacha ion tezligiga
<v> proportsionaldir. Natijada magnit gattiglik birinchi navbatda tezlikdan mustaqil bo'lib, natijada spektrometrning fokal
tekisligidagi ionlarning m/Z" giymatiga ko'ra ajralishiga olib keladi. Ushbu texnika birinchi bo'lib 120-200 MeV energiya
oralig'ida bargaror **S nurlari bilan *S(p,a)*P reaksiyasi uchun sinovdan o'tkazildi[12].

3-rasmda *35(p,a)*%P va **Cl(p,a)™s reaksiyalarining qo‘zg‘alish funksiyalari 4-7 MeV diapazonida ko‘rsatilgan[11,12].
Bargaror **S nurida mavjud bo'lgan yuqori intensivlik 108 zarracha/sek tufayli *S(p,a)*°P reaksiyasining qo'zg'alish funksiyasi 5
ub ko'ndalang kesim mintaqasiga qadar o'lchanishi mumkin, *Cl(p,a) *°S ning qo'zg'alish funktsiyasi, taxminan 10 zarracha/sek
nur intensivligi bilan o'lchangan reaksiyasi hozirgacha 5-10 pb reaksiya bilan cheklangan. 3-rasmdagi qattiq chiziglar
SMARAGD kodidan foydalangan holda statistik model hisob-kitoblaridan kelib chigadi. [15]
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3-rasm. Gaz bilan to'ldirilgan va magnit texnikasi bilan o'lchangan reaksiyasi ya’ni **S(p,a)**P chapda va **Cl(p,a)*’s
reaksiyasining qo'zg'alish funksiyalari o'ngda ko’rsatilgan.
3-rasmdan ko'rinib turibdiki, **s(p,a)*®P reaksiyasining tajriba kesmalari statistik model taxminlaridan kichikroq bo'lsa,
#ClI(p,a)*°s reaksiyasi uchun buning aksidir. Shuni ta'kidlash kerakki, **Cl(p,a)®s reaksiyasining vaqtga teskari reaksiyasi yugori
darajalar bilan ikki tepalikli portlash strukturasini hosil giladi. Birog, ushbu simulyatsiyalarda kesma 100 faktorga o'zgartirildi,

bu tajribada kuzatilganidan kattarogdir.

&
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Xulosa. Rentgen nurlanishlar bizga atmosferada va neytron yulduzlarining ichki qismida sodir bo’lishi mumkin bo’lgan
keng spektrli yadro reaksiyalari haqida ma’lumot berishi mumkin. Ushbu yadro astrofizik ma’lumotlarda ishtirok etuvchi
yadrolar massa vodiysining har ikki tomonidagi izotoplarni gamrab oladi.

So’nggi 10 yil ichida radioaktiv ion nurlarini yaratish bo’yicha butun dunyo bo’ylab olib borilgan sa’y-harakatlar bizga
ushbu jarayonlarning ba’zilarini yerdagi laboratoriyalarida o’rganish imkonini berdi. Buning uchun kuchli radioaktiv nurlar va
yuqori samaradorlikka ega detektor tizimlari kerak. Ushbu maqgolada tasvirlangan faol magsadli tizim yadro astrofizikasi uchun
qiziq bo’lgan termoyadroviy va uzatish reaksiyalarining birinchi o’lchovlarini amalga oshirishga imkon berdi. Ushbu birinchi
o’lchovlarda hisoblash hali ham taxminan 5k bilan cheklangan bo’lsada, MUSIC dan keyingilari uchun asos bo’lib xizmat qiladi.

ADABIYOTLAR

1. Grindlay J. et al. Discovery of intense X-ray bursts from the globular cluster NGC 6624 //The Astrophysical Journal. —
1976. — T. 205. — P. L127-L.130.

2. Woosley S. E., Taam R. E. y-ray bursts from thermonuclear explosions on neutron stars //Nature. — 1976. — T. 263. — Ne.
5573. - P. 101-103.

3. http://www.sron.nl/~jeanz/bursterlist.html

4. Lewin W. H. G., Van Paradijs J., Taam R. E. X-ray bursts //Space Science Reviews. — 1993. — T. 62. — Ne. 3. — P. 223-389.

5. Boirin L. et al. Discovery of X-ray burst triplets in EXO 0748-676 //Astronomy & Astrophysics. — 2007. — T. 465. — Ne. 2.
—P. 559-573.

6. Cornelisse R. et al. The longest thermonuclear X-ray burst ever observed? A BeppoSAX Wide Field Camera observation of
4U 1735-44 — 2000.

7. Schatz H., Rehm K. E. X-ray binaries //Nuclear physics A. —2006. — T. 777. — C. 601-622.

8. Rehm K. E. Reactions on the surface and inside of neutron stars //EPJ Web of Conferences. — EDP Sciences, 2016. — T.
109. - C. 04001.

9. Harss B. et al. Production of radioactive ion beams using the in-flight technique //Review of Scientific Instruments. — 2000.
—T.71. - Ne. 2. — C. 380-387.

10. Asher B. W. et al. Development of an Isomeric beam of 26Al for nuclear reaction studies //Nuclear Instruments and
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment. — 2018. — T.
899. - C. 6-9.

11. Deibel C. M. et al. First measurement of the 33 CI (p, a) 30 S reaction //Physical Review C. — 2011. — T. 84. — Ne. 4. — C.
045802.

12. Figueira J. M. et al. The use of the gas-filled magnet technique for the detection of medium mass ions //Nuclear
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated
Equipment. — 2012. — T. 670. — C. 32-39.

13. Rehm K. E. Reactions on the surface and inside of neutron stars /EPJ Web of Conferences. — EDP Sciences, 2016. — T.
109. — C. 04001.

14. Rehm K. E. et al. Study of the F 18 (p, «) 15 O reaction at astrophysical energies using a F 18 beam //Physical Review C. —
1995. — T. 52. — Ne. 2. — C. R460.

15. Rehm K. E. Reactions on the surface and inside of neutron stars /EPJ Web of Conferences. — EDP Sciences, 2016. — T.
109. — C. 04001.

- 452 -



O‘ZBEKISTON MILLIY
UNIVERSITETI
XABARLARI, 2022, [3/1/1]
ISSN 2181-7324

FIZIKA
wWww.uzmuxabarlari.uz

Natural sciences

YAK 539.171.1
Akbar KODIROY,
O zbekiston Milliy Universiteti, Fizika fakulteti magistranti.
Mukhammadali NIYOZALIEV,
O zbekiston Milliy Universiteti, Fizika fakulteti bakalavri.
Jamoliddin RAZZOKOYV,
Oc<zbekiston Milliy Universiteti, Fizika fakulteti dotsenti,
Fanlar Akademiyasi Materialshunoslik Instituti, katta ilmiy hodim.
e-mail: jrazzokov@gmail.com
G’ofur ESHONQULOYV,
O<zbekiston Milliy Universiteti, Fizika fakulteti dekani.
Odilkhuja PARPEY,
Fanlar Akademiyasi Materialshunoslik Instituti direktori.
Fanlar Akademiyasi Materialshunoslik Instituti katta ilmiy xodimi Mamatqulov Sh tagrizi asosida

CO,GAZINI 1-ETIL-3-METILIMIDAZOLIY TETRAFTORBORAT ION SUYUQLIGIDA YUTILISHI
Abstract
Molekulyar dinamika simulyatsiyalari yordamida turli xil temperaturalarda CO, molekulalarining ekologik toza 1-etil-3-
metilimidazoliy tetraftorborat ([EMIM][BF,]) ion suyugligida (IS) yutilishini tadqiq qildik. Mazkur 1Sning turli haroratlardagi
zichligi va CO, gazini 1Sdagi erkin energiya profillari GROMACS dasturi yordamida hisoblandi va tanlangan 1Sning CO,
molekulasini yutish potensiali baholandi. Biz olib borgan tadgiqotlar atrof muhitga zararli bo‘lgan CO, gazini samarador tutib
goluvchi mugobil manba sifatida [EMIM][BF,] ion suyugligi taklif etildi.

ABSORPTION OF CO, GAS IN 1-ETHYL-3-METHYLIMIDAZOLE TETRAFTORBORATE IONIC
LIQUID
Abstract
Here, we investigated the absorption of CO, molecules at different temperatures in an environmentally friendly 1-ethyl-3-
methylimidazole tetraftorborate ((EMIM][BF,]) ionic liquid (IL) using molecular dynamics simulations. The densities of this IL
at different temperatures and the permeation free energy profiles of CO, molecule into ILs were calculated using the GROMACS
program package and the absorption potential of CO, in IL was estimated. Our study suggests that [EMIM][BF,] ionic liquid can
be used as an alternative source for efficient capturing CO, gas, which is harmful to the environment.

ABCOPBILIUS T'A3A CO, B MOHHOMN )KUJKOCTHA TETPA®TOPBEOPATA 1-3THJI-3-

METUJIMMHUAA3O0JIA
AobcTpakt

3necs MBI uccienoBany rnoriomenne Monekyn CO;, npH pa3mUYHBIX TEMIIEpaTypax B 3KOJOTMYECKH YHCTOH MOHHON
xkunkoctd  (MK)  1-stun-3-mermnumupason-terpapropbopara  ([EMIM][BF,]) ¢ wucmonms3oBaHMeM — MOIETHPOBAHUSA
MoJeKyIsipHOi muHamukd. C momomsio makera nporpamm GROMACS paccuntansl mioTHOCTH 3Toi VDK mpu pasmudHbIx
TeMIeparypax u npohmim cBoOOmHON sHepruu Monekyiasl CO,, a Takke omeHeH noteHnman mnornomenus CO, B MJK. Hame
WCCTIeIOBaHNE TMPEIoiaraet, Yro noHHas xkuakocts [EMIM][BF,] MoxeT ObITH MCIIONB30BaHA B KaueCTBE ANBTEPHATHBHOTO
ucTouHuKa s 3 dexTrBHOTO ynapnusaHus raza CO,, KOTOPBIA BPEAEH U OKPYKAIOUIEH CPEIbL.

Kirish. Atmosferada to‘plangan issigxona gazlari o‘rtacha global temperaturaning ko‘tarilishida asosiy sabab sifatida
garaladi. Qazilma yoqilg‘i manbalarining yonishi natijasida atmosferaga katta miqdorda CO, gazi ajralib chigadi [1]. CO, gazini
turli xil usullar bilan tutib golish orqgali atmosferaga bo‘lgan zararini kamaytirishi mumkin [2-4]. CO, ni erituvchilar yordamida
tutib golish keng targalgan igtisodiy samarador usullardan biri hisoblanadi [5]. Misol uchun, alkanolamin eritmalari samarali CO,
yutilish gobiliyatini ko‘rsatdi, ammo ular past bug‘ bosimi, desorbtsiya jarayonida erituvchining yo‘qolishi va yuqori korroziya
tezligi kabi kamchiliklarni keltirib chigaradi [6, 7]. So‘nggi yillarda ionli suyugliklar kislotali gazlarni fizik va kimyoviy yutilish
jihatdan mugobil erituvchilar sifatida foydalaniladi. ISlarning gazni ajratishdagi noyob fizik-kimyoviy xususiyatlari, kichik bug*
bosimi, yuqori issiglik bargarorligi va ekologik jihatdan tozaligi boshqga uslublarga nisbatan ustunlik beradi. 1Sning asosiy
kamchiliklari ularning yuqori qovushqgogligi va narxidir. CO, turli ISlarda yutilishi eksperimental va nazariy jihatdan
tekshirilgan [8, 9], ammo eksperimental tadgigotlarining igtisodiy jihatdan katta mablag* talab gilishi batafsil ma‘lumot olishga
to‘sqinlik giladi. Molekulyar dinamika (MD) simulyatsiya texnikasi molekulalar orasidagi fizik xususiyatlar, eruvchanlik va
o‘zaro ta‘sirlarni o‘rganish uchun eng qulay vosita sifatida ishlatilishi mumkin. Shuningdek, MD simulyatsiya 1Sdagi yutilish
jarayonini yaxshiroq tushunishga ya‘ni gazlar ion suyuqlik sirtida goladimi yoki ichiga kiradimi degan savolga javob topishga
imkon beradi. Buning uchun bizga molekulalar va atomlararo bog‘langan va bog‘lanmagan potensial maydon ta’sir qiymatlari
zarur bo‘ladi. Koddermann va boshgalar tomonidan imidazoliy asosidagi ISlar ustida olib borilgan tadgigotga ko‘ra [10],
simulyatsiya va eksperimentlar shuni ko‘rsatdiki bug‘lanish issigligi, govushqoglik, diffuziya koeffitsientlari va yadro magnit-
rezonansi (YMR) aylanish korrelyatsiya vagtlari bo‘yicha o‘zaro bir-biriga yaqin bo‘lgan natijalar olindi [11]. MD shuningdek,
turli kuch maydonlari, hisoblash algoritmlari yordamida IS interfeysida sodir bo‘ladigan molekulyar hodisalarni tekshirish uchun
ham turli tadgigotlarda foydalanilgan [9, 12, 13].
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Ushbu tadgigotda sof IS va CO/IS tizimlarining xarakteristikalari MD modellashtirish yordamida o’rganildi. Biz MD
simulyatsiyalarda GROMOS54a7 ta‘sir potensialidan foydalandik [14]. Ushbu tadgigotga turli haroratlarda CO, molekulasining
[EMIM][BF,] 1Sgida yutilish jarayonlari o‘rganildi. Natijalar esa 1S yordamida CO, yutilish potensiali mavjud ekanligi isbotlab
berildi.

Metod. Tizimlarni eksperimental tekshirishdagi giyinchiliklar tufayli kompyuter simulyatsiyalari atomar darajada
ma‘lumot olish uchun eng qulay vositalardan biri hisoblanadi. Ushbu ishda MD simulyatsiyalari GROMACS 5.1.4 dasturiy
paketi yordamida amalga oshirildi [15, 16]. EMIM, BF, va CO, molekulalarining boshlang‘ich kordinatalarini hamda ta‘sir
potensiallari www.ath.com saytidan (mos ravishda ID 22794, 268896, 12859) olindi. Ushbu ishda ISni hosil gilishda
foydalanilgan kationlar va anionlarning molekulyar ko‘rinishi 1a va b-rasmda tasvirlangan. Shundan so‘ng teng sondagi 200 ta
EMIM va 200 ta BF, ionlari olinib o‘lchami 3.7 3.7 3.7 nm bo‘lgan kubik boksga PACKMOL dasturidan foydalanib
joylashtirildi. Keyingi bosgichda sistema energiya minimizatsiyadan chigarilib, gisqga NVT va NPT modellashtirish bajarildi. MD
hisoblashlarda davriy chegara shartlarini hisobga olgan holda, 2 fs vagt gadamidan foydalanib amalga oshirildi. Bog‘lanmagan
o‘zaro ta‘sirlarni hisobga olish uchun 1,0 nm cut-off radiusi go‘llanildi. Nose-Hover termostati [17] va Parrinello-rahman [18]
harorat va bosimni nazorat gilish uchun qo‘llaniladi. Davriy chegara shartlari barcha yo‘nalishlarida go‘llanilgan. Shundan so‘ng,
283 K, 313 K, 343 K va 363 K temperaturalarda [EMIM][BF,] I1Sgi zichligini aniglash uchun 40 ns MD simulyatsiya bajarildi
(1c-rasmga garang). Modellashtirishlar davomida 1 atm bosim qo‘llanildi.

1-rasm. a) Tetraftorborat (BF;) molekulasi; b) 1-etil-3-metilimidazoliy (EMIM) molekulasi; c) [EMIM][BF4] ion suyugligining
kubik boksdagi ko‘rinishi; d) z-yo‘nalishda vakum hosil gilingan 1S ko‘rinishi.

lon suyuglikda CO, molekulasini erkin energiya profilini hisoblash uchun muvozanat holatiga kelgan simulyatsiya kubik
boksi (1c-rasmga garang) o‘zgartirilib [EMIM][BF,] boks markaziga joylashtirildi (1d-rasmga garang). Shundan so‘ng tizim
303K, 353K, 403K va 453K temperaturalarda 1 atm bosimda NVT ansambili yordamida 20 ns simulyatsiya bajarildi. Ushbu
modellashtirish sistemalari CO, molekulalarini boksga joylashtirish uchun foydalanildi va energiya minimizatsiya hamda 5 ps
NVT modellashtirish bajarildi. CO,/IS tizimining interfeys gismini xususiyatlarini o‘rganish uchun simulyatsiya boksi o‘rtasida
joylashgan 1Sni har ikki tomonda CO, bo‘lgan ikki fazali boks tadgiq gilindi. Yettita CO, molekulalari vakumdan IS interfeysi va
ichki gismiga 1 nm oraliq masofa bilan kiritildi (2-rasmga garang). Shu tarzda 0.1 nm masofa bilan 7 ta CO, molekulalari —3.5
nm va 3.5 nm masofa oralig‘ida o‘zgaradi. Biz bitta erkin energiya profilini hisoblash uchun 10 ta simulyatsiya bajardik va 70 ta
potensial ta‘sirlashuv ma‘lumotlarini oldik. Bundan tashgari x va y o‘qlari tekisligida turli xil nugtalarda CO; ni hosil gilib yana
go‘shimcha uch marta Soyabon namunalash usulida (SNU) modelllashtirish bajarildi. SNU erkin energiya profilini hisoblash
uchun keng go‘llaniladigan uslubdir. Molekulalarni membranalardan va ogsillardan o‘tishi, dorilarni ogsillar bilan bog‘lanishi va
ogsillarni ogsillar bilan bog‘lanishini ham baholashda ishlatiladi [19-23]. CO, erkin energiya profilini hisoblash uchun umumiy 4
ta SN uslubida 280 ta nugtani o‘z ichiga olgan 40 ta modellashtirish natijalari o‘rtachalandi. Bunda CO, molekulasi harakati z-

yo‘nalishi bo‘ylab 2000 Y pikirlik konstantasi yordamida cheklangan, molekulalarning golgan ikki o‘q (x va y) bo‘ylab

nms*mol
erkin harakatlanishiga ruxsat berilgan. Erkin energiya profillari SNU bilan 4 nsdan 160 ns davomida bajarildi va MD

simulyatsiyasidan so‘ng WHAM histogramma usuli [24] yordamida erkin energiya profili grafigi olindi (4-rasmga garang) [25].
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2-rasm. Soyabon namunalash usuli yordamida hosil gilingan [EMIM][BF4]/CO, sistemasi ko*rinishi.

Natija va Muhokama. Molekulyar dinamika simulyatsiyani bajarish uchun sistemani tashkil gilgan molekulalarni
bog‘langan va bo‘lanmagan ta‘sir potensiallarini to‘g‘ri tanlash muhim omil hisoblanadi. Sababi, model sistema real holatdagi
tajriba natijalarini o‘zida namoyon etishi zarur. Shuning uchun Automatic Topology Builder online serveridan olingan ta‘sir
potensial parametrlari to‘g‘riligini tekshrish magsadida 400 ta IS ionlarini 0°z ichiga olgan tizim ustida 40 ns NPT
modellashtirish bajarildi va turli temperaturalarda (283 K, 313 K, 343 K va 363 K) zichlik hisoblanib eksperimental ma‘lumotlar
bilan solishtirildi.
1-jadval va 3b-rasmdan yaqqgol ko‘rinadiki MD usulida olingan natijalar tajriba bilan yuqgori aniglikda mos keldi. Muvozanat
vaziyatiga kelgan IS sistemasi vakum bilan IS yuzasini hosil gilish uchun modellashtirish boksi z 0qgi bo‘yicha kengaytirildi (1d-
rasmga garang). Vakum va IS yuzasida zichlik tagsimotini muvozanat holatiga keltirish uchun yana qo‘shimcha NVT
ansanblidan foydalanib 20 ns modellashtirish bajarildi. Z o°qgi bo‘ylab zichlik tagsimoti turli temperaturalarda hisoblandi (3a-
rasmga garang). Grafikga asosan IS markazidan 1.5 nm va 2.5 nm intervalda IS bilan vakum orasida zichlik tagsimoti hosil
bo‘Idi.

Harorat (K) MD yordamida olingan zichlik (kg/m°) Eksperimental zichlik (kg/m®)
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283 1301.3 1304.1
313 1281.5 1281.9
343 1258.0 1259.7
36 1241.1 1242.78

1-jadval. [EMIM][BF4] ion suyuqligi zichligini temperaturaga bog‘ligligini eksperimental va MD yordamida olingan
giymatlari.

Keyingi navbatda CO, molekulasini vakumdan IS ichiga kirishini eksperimental holatini modellashtirishda taglid gilish
uchun SNU yordamida MD simulyatsiyasi bajarildi.

3-rasm. a) z o‘qi bo‘ylab kengaytirilgan boksda zichlik o‘zgarish grafigi; b) Turli temperaturalarda eksperimental va MD
simulyatsiya natijasida olingan zichlik grafigi.

CO, molekulasi va IS orasidagi ta‘sirlashuv potensialini baholash uchun CO, molekulalariga tashqi kuch gqo‘yilib vakumdan
IS markazigacha olib Kiritildi. IS yuzasidan 1 nm masofadan uzoq bo‘lganda hech ganday ta‘sirlashuv mavjud bo‘lmaydi.
Tabiiyki erkin energiya profilida grafiklar nol giymatni ko‘rsatadi (4-rasmga garang). CO, molekulasi 1Sga yaginlashgan sari
ta‘sirlashuv potensiali manfiy giymatlarini ko‘rsatmoqda va bu ta‘sirlashuv IS ichki gismida minimum giymatlarni gabul giladi.
Demak, vakumdan IS tomon harakatlangan CO, molekulasini IS ichki gismiga kirish ehtimoli juda yugori. Temperatura oshishi
bilan bu ehtimollik 0‘z navbatida kamayishi kuzatilyapti, lekin biz modellashtirish bajargan temperaturalarda CO, molekulasini
IS ichiga kirish uchun hech ganday energetik to‘siq mavjud emas. Erkin energiya minimum va maksimum giymatlari farqi 1S
bilan CO, molekulasini bog‘lanish erkin energiyasi beradi.

4-rasmda 303K, 353K, 403K va 453K haroratlarda CO, molekulasini [EMIM][BF,] ion suyugligida erkin energiya profili
grafigi ko‘rsatilgan. Bu grafik biz tadqiq gilgan barcha temperaturalarda ISning 0.5 nm galinlikdagi yuza gismida CO, molekulasi
erkin energiya profili keskin o‘zgarishni ko‘rsatmoqda, lekin uning ichki gismida deyarli bir xil o‘ratacha giymatni tashkil qgildi.
Demak, CO, molekulalar 1S sirtidan ko‘ra ichki gismida stabil turishini taxmin gilish mumkin. Erkin energiya profili
temperaturaga bog‘ligligiga kelsak, temperatura ko‘tarilishi bilan erkin energiya profili giymati kamaydi va bu eksperimental
olingan giymatlarga mutanosib ekanligini ko‘rsatdi [26]. 303K haroratda CO, molekulasi ion suyuglikning ichki gismida golgan
temperaturalarga garaganda eng kichik energiya farglari giymatini AG=-20 kJ/mol giymatga ega bo‘ldi va aksincha 453K
haroratdan eng maksimal AG =-13 kJ/mol giymatni gabul qildi.
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4-rasm. CO, gazining turli temperaturalarda [EMIM][BF4] ion suyugligidagi erkin energiya proflili.

Xulosa. MD simulyatsiyasi SNU foydalanib CO, molekulalarining turli temperaturalarda [EMIM][BF,] ion suyugligida
yutilishini molekulyar mexanizmlarini tadqiq gildik. Natijalar shuni ko‘rsatdiki CO, molekulalarini ion suyuglikka kirish uchun
potensial to‘siq yo‘q ekan. Avval bajarilgan modellashtirish ilmiy ishlarini aksaryati gaz holatdagi CO, ni ba‘zi ISlar bilan ta‘siri
o‘rganilgan [27], lekin potensial to‘siglar haqida batafsil ma‘lumot mavjud emas. Shunday ekan [EMIM][BF,] ion suyuqligini
kelajakda CO, gazini tutib golish uchun samarali manba sifatida foydalanish mumkin.
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INSON EPIDERMAL O'SISH OMILI OQSILIGA AZOTLANISH TA’SIRI: MOLEKULYAR DARAJADAGI
TADQIQOT
Abstrakt

Biz ushbu tadgiqotimizda Inson Epidermal O’sish Omili (IEO’O) ogsilini molekulyar dinamika uslubi yordamida
modellashtirdik. Tabiiy, azotlangan tirozin hamda triptofan aminokislotalarini hosil gilib ogsilni 300 ns davomida dinamik
evolyutsiyasi o’rganildi. Azotlanish ushbu ogsilda murakkab konformatsion o’zgarishlarni keltirib chiqardi. Asosan azotlangan
aminokislotalar suv bilan ta’sirlashishib ogsilni gidrofob gismlari tomon harakatlangan va tabiiy ogsilga nisbatan suvlanish
darajasi kamaygan. Hisoblangan natijalar IEO’O ogsiliga azotlanish ta’siri va hujayrani molekulyar darajada boshqarish hagida
yangi tushunchalar beradi.

Kalit so’zlar: Aminokislotalar modifikatsiyasi, inson epidermal o’sish omili (IEO’O), molekulyar dinamika (MD),
konformatsion o’zgarish.

EFFECTS OF NITROSYLATION ON HUMAN EPIDERMAL GROWTH FACTOR PROTEIN: A MOLECULAR
LEVEL STUDY
Abstract

In this study, we modeled the Human Epidermal Growth Factor (REGF) protein using the molecular dynamics method. The
dynamic evolution of the protein structures investigated during 300 ns by modifying of the natural amino acids such as tyrosine
and tryptophan. The nitrosylation caused complex conformational changes in this protein. Basically, nitrosylated amino acids
interact with water and move toward the hydrophobic parts the protein, reducing the solvent accessibility of the protein. The
calculated results provide new insights into the effects of nitrosylation on the hEGF protein and assist control of the cell in
molecular scale.

Keywords: Amino acid modification, human epidermal growth factor (hEGF), molecular dynamics (MD), conformational
change.

BJIMSTHUE HUTPO3UJINPOBAHUS HA BEJIOK SIIMAEPMAJIBHOT O ®AKTOPA POCTA YEJIOBEKA:
MOJIEKYJISIPHOE UCCJIEAOBAHUE
AbcTpakT

B sToM nccnenoBaHNM HaMU CMOJIEITUPOBAH OEJIOK YEIOBEYECKOTo AmuaepManbHoro ¢akropa pocta (hEGF) nconssys meron
MOJIEKYJIAPHO IMHAMUKH. JIMHAMHMYECKYIO OSBOJIOLMIO OCNKOBBIX CTPYKTYp HccnenoBaiu B TedeHne 300 HC myTem
MOAMGUKAIMY TPUPOIHBIX aMHHOKHCIOT, TaKMX Kak THPO3MH W TpunrtodaH. HHUTpo3MimmpoBaHHE BBI3BIBAET CIIOXKHBIC
KOH(pOPMaIMOHHBIE N3MEHEHHs B 3TOM Oenke. B OCHOBHOM HUTPO3MIMPOBaHHbIE aMHHOKHUCIOTHI B3aMMOJCHCTBYIOT C BOJIOW U
MepeMeIatoTCsa B CTOPOHY rHAPOdoOHbIX YacTel Oeska, CHUXKAsk JOCTYITHOCTb Oejka I pacTBOpHUTeNs. Pe3ynbTaThl pacueToB
JAlOT HOBOE MPEICTaBICHHE O BIWSHUM HUTpo3mwanpoBaHus Ha hEGF Oenok M moMoraiooT KOHTPOJIMPOBATH KIETKY B
MOJIEKYJIIPHOM Maciitabe.

Kirish. Tabiatdagi barcha organizmlar hujayralardan tuzilgan. Hujayra tarkibi ogsillar, nuklein kislotalar, lipidlar, uglevodlar
kabi turli xil birikmalardan tashkil topgan. Hujayrada bularni barchasi ma’lum bir funksiyalarni bajaradi. Masalan, nuklein
kislotalar irsiy axborotni saqlashi va avloddan avlodga o‘tkazishi, lipidlar va uglevodlar energetik hamda hujayra devorida to’siq
funksiyalarni, ogsillar tirik organizmlarning o‘sishi, rivojlanishi, hujayrada sodir bo‘ladigan barcha biokimyoviy jarayonlarni
boshgarish va katalizator sifatida mazkur jarayonni jadal borishida ishtirok etadi [1]. Hujayrada turli signal o’tish jarayonlari ham
mavjud bo’lib, bunday funksiyani bajaruvchi polipeptidlardan biri, Inson epidermal o’sish omili (IEO’O) ogsilidir. Epidermal
o'sish omili hujayra darajasida o’z retseptori bilan bog’lanib hujayra o’sishini rag'batlantiradi, ya'ni hujayralarning bo'linishini
tartibga soluvchi maxsus ogsildir [2,3].

Epidermal o‘sish omili ogsili amerikalik biokimyogar Stanle Koen tomonidan 1962-yilda sichqon jag‘ osti bezida
topilgan [4,5]. Keyinchalik, bu ogsil odamning so’lak bezida ham aniqlangan, shuningdek, fagotsitlarda, trombotsitlarda va qon
plazmasida ham topolgan. IEO’O ogsili 51 aminokislotalardan tashkil topgan (1-rasm). Bu ogsil bilan retseptori orasidagi ta’sirni
boshqarish orqali hujayrani ko’payish faktoriga molekulyar darajada ta’sir ko’rsatish mumkin [6].
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a)
1-rasm. [IEO’O (PDB ID: 11VO) ogsili kristall tuzilishi: (a) cartoon va (b) licorice ko’rinishi.

Tabiatda hujayralarga turli xil zararli ta’sirlar bo’lishi mumkin. Misol uchun, oksidlanish yoki shu bilan birga azotlanish
zarari 0’z ta’sirini ko’rsatishi natijasida bir qancha kasalliklarga sabab bo’lishi mumkin. Masalan, ko’krak bezi saratoni
biopsiyasi tahlil gilinganda, azot oksidi (NO) konsentratsiyasi ko’pligi aniglangan, bu esa ogsillarga ta’sir ko’rsatib saratonni tez
rivojlanishiga olib kelishi mumkin [7]. Aktiv azot turlarining aminokislotalarda modifikatsiya keltirib chigarishi (fenilalanin va
tirozin nitrotirozinga, triptofan nitrotriptofanga) tajribalar yordamida aniglangan [8].

Biz ushbu tadqiqotimizda IEO’O ogsiliga azotlanish ta’sirini o’rgandik. Azotlanish tufayli ogsil strukturasida
kuzatilishi mumkin bo’lgan konformatsion o’zgarishlarni molekulyar dinamika (MD) metodi yordamida tadqiq qildik.

Usul. Azotlangach IEO’O ogsilida namoyon bo’ladigan o’zgarishlarni ifodalash magsadida tabiiy holatdagi ogsil hamda
NIT1 va NIT2 (1 va 2-jadval) azotlangan ogsillari uchun standard MD simulatsiyalarini bajardik va olingan natijalarni o’zaro
taqqosladik. MD usuli biomoleculalarni o’zaro ta’sirlarini batafsil o’rganish uchun yuqori darajada aniqlikdagi mikroskop
vazifasini bajaradi [9-14]. Jarayon vaqt bo’yicha modellashtirish trayektoriyalarini analizi yordamida batafsil ma’lumotlarni olish
mumkin.
1-jadval. Modifikatsiyalangan aminokislotalar va azotlanish foizi.

T/r | Ogsil Modifikatsiyalangan aminokislotalar Azotlanish (%)
1 NIT1 TRP49, TRP50 4%
2 NIT2 NIT1 + TYR13, TYR22, TYR29, TYR37, TYR44 14%

MD simulyatsiyalarini bajarishda GROMACS dasturiy paketining 2020.1 versiyasidan foydalanildi [15]. IEO’O kristal
tuzilishi boshlang’ich koordinatalari www.rcsb.org saytidan olindi (PDB kodi 11VVO). Model sistema suv bilan o'ralgan va 0.1 M
konsentratsiyada NaCl ionlari qo'shilgan dodekaedr boksga joylandi (2-rasm). Sistemadagi atomlararo ta’sirlashuvlarni ifodalash
uchun GROMOS54A7 potensiali [16], suv uchun SPC modelidan foydalanildi [17]. Bunday sistemalarni NIT1 va NIT2 uchun
ham PTM server yordamida hosil gildik [18]. Dastlab “steepest descent” algoritmidan foydalangan holda sistemaning potensial
energiyasi minimallashtiriladi.
2-jadval. Azotlangan ogsillardagi (NIT1 va NIT2) modifikatsiyalangan aminokislotalar kimyoviy tuzilishi.

Azotlangan oqsildagi
modifikatsiyalangan

Tabiiy ogsildagi
aminokislotalar

aminokislotalar

NPT (zarrachalar doimoiy soni, bosim va harorat) sharoitida 300 ns MD simulatsiya gilganmiz. Hamma sistemalar ham xuddi
shu bosgichlarda, bir xil fizikaviy parametrlardan foydalangan holda simulatsiya gilindi. Sistema zarrachlarning harakat
tenglamalarini vaqt bo’yicha integrallashda “leap-frog” algoritimini qo’lladik va vaqt qadamini 2 fs qilib belgiladik.
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2-rasm. Suv va ionlar bilan o’ralgan IEO’O ogsili (qizil - suv molekulalari; sarigq - IEO’O ogsili; ko’k - natriy ionlari; binafsha -
xlor ionlari).

Muvozanatlashni NVT (zarrachalar doimoiy soni, hajm va harorat) bosgichida sistemaga 300 K temperatura berdik, V-
rescale termostatidan foydalandik [19]. NPT 50 ps bosgichida Berendsen barostatida 1 atmosfera bosimi berildi. 300 ns NPT
simulyatsiyada esa sistemada izotropik doimiy bosimni ta’minlash uchun Parrinello-Rahman barostatidan foydalanganmiz [20].
Barcha molekulalararo ta’sirlashuvlarni hisoblashda zarrachalarning o’zaro ta’sir etadigan sferik radiusini (cutoff radius) 1.0 nm
etib belgiladik. Keng doiradagi elektrostatik ta’sirlashuvlar PME (Particle Mesh Ewald) algoritmi orqali hisoblandi [21].
Boksning barcha vektorlari bo’yicha davriy chegara shartlari (Periodic Boundary Conditions) qo’llanildi. Ogsil atomlaridan boks
devorlarigacha bo’lgan eng qgisqa masofani 1.0 nm olganmiz. MD simulatsiyalardan olingan trayektoryalar orqali sistemalarni
analiz qildik. Azotlanish natijasida yuzaga kelgan ogsil zanjiridagi o’rtacha kvadratik og’ishlarni (RMSD—Root-mean-square
deviation) hisobladik, shuningdek, ogsilning suv bilan qoplanish yuzasini (SASA-Solvent Accessible Surface Area), aylanish
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radiusini (Radius of gyration) ya’ni ogsil atomlarining o'z 0'qi atrofida tagsimlanishini, ogsilning har bir aminokislotasi
harakatchanligining simulatsiya davomidagi o’rtacha kvadratik o’zgarishlarini (RMSF—Root-mean-square fluctuation) ham
hisobladik. Analizdan olingan natija va grafiklarni o’zaro taqqosladik.

Natija va muhokama. Ushbu tadqiqotimizda IEOQ’O ogsiliga azotlanish ta’sirini MD modellashtirish uslubi yordamida
o’rgandik. Ma’lumki, ogsillar hujayrada turli xil vazifalarni bajaradi. Aynan, IEO’O ogsili 0’z retseptori bilan bog’lanishi
hujarani ko’payishiga sabab bo’ladi. Demak, IEO’O ogsilini retseptoriga bog’lanishini boshqarish orqali hujayra ko’payishini
nazorat qilish mumkin. Avvalgi molekulyar darajadagi tadqiqotlar shuni ko’rsatadiki, IEO’Oni oksidlanish foizi oshishi o’z
retseptori bilan bog’lanish erkin energiyasini kamaytirdi [21]. Ushbu holatda, hujayra ko’payishi bloklanishi mumkin, ya’ni
oksidlanish zarari oshganda hujayralar o’sishdan to’xtaydi. Masalan, plazma tibbiyotida saraton hujayralarini shu yo’l bilan
nobud bo’lishi gisman tushuntirilgan [22]. Agressiv saraton hujayralarida azot oksidi konsentratsiyasi normal hujayraga nisbatan
yuqoriligi isbotlangan [23]. Azot oksidi faol azot zarralaridan bo’lib, tez reaksiyaga kirishadi. Aynan azot oksidi IEO’O bilan
ham reaksiyaga kirishi ehtimoli mavjud. Takai va boshqgalar sovuq plazma bilan suv aralashmali aminokislotalarga ishlov
berilganda, nafagat oksidlanish shuningdek azotlanish ham kuzatilgan [8]. Bunda asosan, tirozin, fenilalanin, valin, leysin va
izoleysin aminokislotalarida azotlanish hosil bo’lgan. IEO’O ogsilida ham tirozin va triptofan mavjud. Yuqoridagi maqolaga
asosan azotlanish turli aminokislotalarda ro’y berishi mumkin, lekin ularni ta’sirini umumiy tarzda molekulyar modellashtirish
bilan o’rganib bo’lmaydi. Sababi, hozircha faqatgina, fenilalanin, tirozin va triptofanni ta’sirlashuv potensiallari ishlab chiqgilgan
[24]. Azotlanish ta’siri hozirgi kungacha molekulyar darajada yetarlicha o’rganilmagan. Shuning uchun ushbu ishimizda tirozin
va triptofanga azotlanish ta’sirini tadqiq qildik. Bunda biz ikkita sistema, NIT1 va NIT2 hosil gildik (1 va 2-jadval).

Natijalar shuni ko’rsatdiki, azotlanishning ta’sirida aminokislotalardagi modifikatsiya ogsilning turlicha konformatsion
o’zgarishlariga sabab bo’ldi. Bu strukturalardagi konformatsion farqlarni 3-rasmda ko’rishimiz mumkin. Shubhasiz, ular
ogsilning tabiiy strukturasidan farq gilmoqda.

b)
3-rasm. Tabiiy va azotlangan IEO’O konformatsion o’zgarishlarini taqqoslash: (a) tabiiy - sariq va NIT1 — yashil, (b) tabiiy va
NIT2 — to’q yashil.

Tabiiy va azotlangan NIT1 va NIT2 ogsillari asosiy zanjiridagi o’rtacha kvadratik og’ishlarini hisoblab, ularni
solishtirdik (4-rasm a). RMSDning hisoblangan o'rtacha qiymati azotlanishning kuchayishi bilan nisbatan ortadi, ya’ni NIT1ga
nisbatan NIT2da o’rtacha kvadratik og’ishlar yuqoriroq (4-rasm). Bu azotlangan tuzilmalar moslashuvchan bo'lib, ularning
konformatsiyasiga ta'sir gilishini ko'rsatadi (3-rasm). Ogsildagi har bir aminokislotalarning simulatsiya davomidagi o’rtacha
kvadratik o’zgarishlarini ham hisoblab solishtirdik. Bunda azotlanish natijasida hosil bo’lgan aminokislotalardagi modifikatsiya
o’zgarishlari tabiiy holdagi ogsil aminokislotalariga nisbatan kichik farq bilan yuqori ekanligini ko’rishimiz mumkin (4-rasm b).

a) b)

0.8 T T T T T

)
T
]

0.4 -1

RMSD (nm)
RMSF (nm)

N . " s " C ' ' " " "
O 50 100 150 200 250 300 10 20 30 40 50
Vagqt (ns) Aminokislota

4-rasm (@) Tabiiy, NIT1 va NIT2 ogsillari asosiy zanjiridagi o’rtacha kvadratik og’ishlari (RMSD); (b) Tabiiy, NIT1 va NIT2
aminokislotalarini o’rtacha kvadratik o’zgarishlari (RMSF).

SASA tahlili shuni ko’rsatdiki, azotlanishning ortishi, ogsilning suv bilan qoplanish yuzasi tabiiy ogsilga nisbatan avval
ortib, so’ngra kamayishiga olib keladi (5-rasm a).

a)

—— Tabiiy
- NIT1
— NIT2

SASA (um)

. " " " 1 3 s ' L . .
o0 50 100 150 200 250 300 50 100 150 200 250 300
Vagqt (ns) Vaqt (ns)

5-rasm. (a) Tabiiy, NIT1 va NIT2 ogsillarini suv bilan goplanish yuzasi (SASA) va (b) aylanish radiusi.

Xulosa. TEO’O ogsiliga azotlanish ta’sirini MD simulyatsiyasidan foydalangan holda o'rgandik. Azotlanish murakkab
konformatsion o’zgarishlarga olib keladi. Natijalar bir ma'noda shuni ko'rsatadiki, azotlanish darajasi NIT1 va NIT2 ogsillari
konformatsiyasi va barqarorligiga ta'sir giladi. Oqgsillardagi aminokislotalarni modifikatsiyalanishi nafagat strukturaviy balki
hujayralarda signal o’tishini faollashtirishi yoki bloklashi mumkin. O’z izlanishlarimizda davom etib, IEO’O ogsilini uning
retseptori bilan bog’lanishini kelgusi tadqiqotlarimizda o’rganamiz. Qo’lga kiritadigan natijalarimiz hujayrani molekulyar
darajada boshqarish usullari haqida batafsil ma’lumotlar beradi.
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Tashakkur: Ushbu tadgigot O'zbekiston Respublikasi Innovatsion rivojlanish vazirligi tomonidan moliyalashtirilgan amaliy
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EXCITATION OF ISOMERIC STATES IN REACTIONS (y,n) AND (n,2n) ON 86Sr NUCLEUS
Abstract
The cross sections for the formation of isomeric states in the reactions (y,n) and (n,2n) on the 86Sr nucleus were measured by the
induced activity method. The experimental results are compared with the data of other works and the TALY S-1.6 calculation.
Keywords: photonuclear reactions, isomeric ratios, bremsstrahlung, selenium isotopes, radioactivity, cross section, spin, neutron,
activity, isomer, nucleus, nuclear reaction.

BO3BYXJIEHHUE U30OMEPHBIX COCTOSIHUM B PEAKIIUSIX (y,n) M (n,2n) HA SIJIPE 86Sr
AnHOTanuUst
Meto0M HaBeAECHHOW aKTUBHOCTH M3MEPEHBI M30MEPHBIE CEUeHHUs] 00pa30BaHMil M30MEPHBIX COCTOSHHH B peakiusx (y, n)
(n,2n) Ha siape 86Sr. Pe3ynbTaThl SKCIIEPUMEHTOB CPABHUBAIOTCS C JAHHBIMHU APYruxX padot u pacuerom TALYS-1.6.
KnroueBbie cioBa: (oTOsiiepHbIE pEaKIWH, HW30OMEPHBIE OTHOIICHHWs, TOPMO3HOE W3JIyueHHe, W30TONBI CeleHa,
PaaroaKTHBHOCTB, CEUYCHHUE, CIIMH, HEUTPOH, aKTUBHOCTh, H30MeD, PO, SIepHast PeaKiusl.

86Sr SIIPOJIATH (y,n) BA (n,2n) PEAKIIUSIJTAPIA U30OMEP XOJIATJIAP YIFOHUIIN
AHHOTAaIUA
Kuputunran aktuBnuk metoad Owman 86Sr sapoaa (n,2n) Ba (y,N)-peakiusiiap U30Mep XOJaTiap XOCHI OYIHIN KeCHMUIapH
ym4aHraH. DKCIEepUMEHTaN HaTiKamap OOINKa WILIapHUHT Mabiymomiapu Ba TALYS-1.6 épaamuma onmuHran xucoOnar
HaTWKalapy OMJIaH TaKKOCJIaHA M.
Kanur cy3aap: dotosapo peakuumsicu, nzomepiap HUCOATH, TOPMO3JIAHHUII HYpPIAHUILIAPH, CEJICH M30TOIH, PaJNOAKTHBIHK,
KECHM, CIIUH, HEUTPOH, aKTUBJIHK, H30MEP, AP0, AP0 PEAKIUICH.

Introduction. The study of the relative probabilities of excitation of the isomeric and ground states of the final nucleus in
nuclear reactions is of fundamental and applied importance. Of great importance is the study of the formation of isomeric states
of nuclei in nuclear reactions with various bombarding particles, which makes it possible to obtain information about the
mechanisms of nuclear reactions and the properties of excited states of atomic nuclei [1,2].

Literature review. The cross sections and isomeric ratios of reactions of the (y,n) type on the 86Sr nucleus are poorly
studied. There is only one work on the determination of the cross sections for the formation of 85m,gSr isomeric states in the
energy range 12-18 MeV [1]. In this work, the isomeric ratios of the yields and cross sections of this reaction are also
determined. The isomeric ratios of the yields of photonuclear reactions (y,n) were also studied in [3-5] at a fixed energy. The
energy dependence of the isomeric ratio of the reaction yields of the (y,n) type on the 86Sr nucleus has not been studied.

In the present work, the excitation cross sections of 85m,gSr isomers in the reactions (y,n) and (n,2n) on the 86Sr nucleus
in the energy range 13-35 MeV are studied.

Research Methodology. The neutron generator NG-150 of the Institute of Nuclear Physics of the Academy of Sciences of
the Republic of Uzbekistan, which generates fluxes of fast neutrons with energies of 14 MeV, served as a neutron source. The
initial experimental data on the reaction (y,n) was an atlas of gamma spectra of radionuclides obtained in photonuclear reactions
in the energy range of 10-35 MeV with a step of 1 MeV on the betatron bremsstrahlung y-beam. High purity SrCO3 (99.9%) in a
natural mixture of bromine isotopes, pressed in the form of a disk with a diameter of 20 mm, was used as a target. Each SrCO3
sample was placed between two copper foils (in the case of neutron irradiation of aluminum foil). The weight of the samples is 3-
4 g. The time of exposure to a neutron flux with an energy of 14.1 MeV is 30-60 minutes.

The gamma activity of the targets was measured on a Canberra y-ray spectrometer, consisting of a HPGe germanium
detector (with a relative efficiency of 15%, resolution for the 60Co 1332 keV line is 1.8 keV), a DSA 1000 digital analyzer, and a
personal computer with the Genie 2000 software package for collection and processing of y-spectra. The gamma spectra of the
targets began to be measured after a pause of 5-60 min and were measured for 30-120 min.
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The population of the isomeric and ground levels was identified by y-lines: 231.4 keV (85mSr: Jn=1/2-, T1/2=68 min) and 513.9
keV (85gSr: Jn=9/2+, T1/2 =64 days). The data on the decay scheme necessary for processing the measurement results were
taken from [6]. The calculation of isomeric ratios of yields was carried out according to the ratios taken from [7]:

-1

v FA,F o (  N_1_ s Kk, 2, 3 2 1
d = o = C — p + p = |
Y, | AmFq (1) N 1 &, Kk, Agfﬁ,mJ Ay — Ay | )
where
Fm(t):[1—exp(—ﬂmti)]exp(—lmtp)[l—exp(—/lmtm)] @
F,(t) = I:l—exp(—ﬂ.gti)]exp(—ﬂ,gtp)l:l—exp(—ﬂ,gtm):l @)

Here, Ym and Y(g are the yields of, respectively, the isomeric and the ground state; Am and Ag are their decay constants;
Nm and Ng are the numbers of detected events of decay of, respectively, the isomeric and the ground state; C is a coefficient that
takes into account the miscounts of the detecting equipment and pulse positions; ¢ is the spectrometer efficiency; k is the
coefficient of self-absorption in the sample; and ti, tp ,and tm are the times of irradiation, pause, and measurements, respectively.

Analysis and results. The obtained experimental results on the isomeric ratios of the yields and cross sections of the (y,n)
and (n,2n) reactions on the 86Sr nucleus are given in Table 1 and 2. When determining the experimental errors, we took into
account statistical errors, the error in determining the detector efficiency, the target measurement geometry, self-absorption of
gamma rays, and coincidence.

The excitation functions of the (y,n)-reaction were obtained from experimental isomeric ratios and total photoneutron
reaction cross sections on [8]. The cross section was calculated by the Penfold-Liss method with a step of 1 MeV [9].

The experimental dependence of the cross sections for the reaction 86Sr(y,n)85mSr on the boundary energy of
bremsstrahlung quanta was approximated by the Lorentz function, the parameters of which (the position of the maximum of the
cross section Em, the value of the cross section at the maximum om, and the width of the distribution at half its height T") were
determined by the least squares method from a set of experimental values . Approximation parameters and integral reaction cross
sections are shown in Table 1. The errors are estimated based on the statistics of registered reports.

Table 1. Cross section for the reaction 86Sr(y,n)85mSr

Reaction Em, T, om, oint, Eh, Reference
MeV MeV mb MeV-mb MeV
86Sr(y,n)85Sr 16,93+0,04 5 174 1266+82 22 [10]
86Sr(y,n)85mSr 16,5 6 114 - - [1]
86Sr(y,n)85Sr * 17,01+0,04 7,18+0,42 162 2340+230 22 This work
86Sr(y,n)85mSr 16,94+0,05 6,18+0,47 98 1266151 22 This work

Note. *The cross sections were calculated using the TALYS-1.6 program, cint is the integral reaction cross section, Eh is
the upper limit of integration.

To evaluate and compare the experimental results, we calculated the reaction cross section using the TALYS-1.6 software
package [11]. The results of theoretical calculations are given in Table 1. As can be seen in Table 1, the value of the cross section
at the maximum om and the width of the distribution at half its height T" in all works are consistent with each other within the
measurement error. The energy position of the maximum of the 86Sr(y,n)85mSr reaction cross section, within the error, coincides
with the energy of the 86Sr giant dipole resonance, determined by the empirical relation , which is equal to: 16.99 MeV which is
consistent within the measurement error with the data in Table 2. At this energy, experimental value of isomeric ratios of cross
sections, which is equal to: 0.56+0.09. Also, the isomeric ratios of reaction yields were calculated using the TALYS-1.6 software
package, which is equal to: 0.56 at 25 MeV.

As can be seen from Table 1, information on the parameters of the giant dipole resonance is insufficient for a detailed
analysis of these reactions. In [1], the reaction cross section 86Sr(y,n)85mSr was determined in the energy range 12-18 MeV, i.e.
does not completely cover the region of giant resonance. Our results on the width and position of the resonance coincide in the
region of experimental errors with the data of [1] and the calculation results. The values of the maximum cross sections differ
from each other.

In the case of the (n,2n) reaction, the experimental results on the cross sections for the formation of isomeric states and
their ratios are given in Table 2.

To obtain the absolute values of the cross sections of the ground and isomeric states, methods were used to compare the
yields of the studied and monitor reactions. 27Al(n,a)24Na (T1/2=15 h, Ey=1368 keV) was used as a monitor reaction, the cross
section of which is: om = 121.57+0.57 mb at En =14.1 MeV [12].

As can be seen from Table 2, at 14.1 MeV, the values of the cross sections of isomeric states of all experimental works
agree within the measurement errors. In the case of the cross sections of the formations of the ground state, the values are
consistent with each other within the measurement errors, except for [14]. Also, using the TALYS-1.6 program, the total (total)
cross sections were calculated, which are smaller than the experimental results obtained in [15].

The absolute error of the isomeric ratios of reaction cross sections is determined by the statistical error of counting in the
photopeak of the measured y-line, the efficiency of registration of y-radiation, and the error in the values of the monitors cross
sections.

Table 2. Cross section for the reaction 86Sr(n,2n)85m,g Sr

En, MeV G, mb om, mb og, mb on/ og Reference
14.1 227+8 892453 0,25 13
14.6 253+8 955+57 0,26 13
14.1 22748 665+65 0,34 14
14.6 25348 702+79 0,36 14
14.1 221+7 884+62 0,25+0,02 This work
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14.0

776% This work

14.8

1129+58 219+14 909+56 0,24:+0,02 15

Note. *The cross sections were calculated using the TALYS-1.6 program.

Conclusion/Recommendations. From the analysis of the data given in table. 1 and 2, it follows that experimental studies

of the excitation of isomeric states in photonuclear reactions of the (y,n) type were carried out mainly in the energy range of 10—
25 MeV, i.e, in the region of giant dipole resonance. At energies above the giant resonance, the energy dependence of the
isomeric ratios has been little studied. Thanks to these studies, it is possible to obtain information on the density of nuclear levels
and on the contribution of direct processes to the mechanism of photonuclear reactions in a given energy range.
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MAGNETO-OPTICAL PROPERTIES OF YTTRIUM IRON GARNET (Y3Fe5012) WITH Ca AND Si IMPURITIES
Abstract

Magneto — optics is a branch of optics that studies phenomena resulting from the interaction of optical radiation with a substance
in a magnetic field. Yttrium iron garnet Y3Fe5012 (YIG) - good studied ferrimagnetic compound, widely used taken in
microwave and magneto-optical device. Their absorption spectra and the Faraday effect in the IR region, as well as the equatorial
effect Kerr in the visible region of the spectrum. The spectra of absorption and magneto-optical effects are consistent with the
corresponding spectra of single crystals. Based on the laws associated with magneto-optical effects, it became possible to create
and improve devices for storing and transmitting information.
Key words: Magneto-optics, spectr, effect Kerr, effect Faradey, yttrium iron garnet, absorption spectrum, absorption coefficient.

MATHUTOONTHUYECKHUE CBOMCTBA KEJE30-UTTPUEBOI'O ®EPPUT-TPAHATA (Y3Fe5012) C
NPUMECSAMHU HOHAMMU Ca U Si.

AHHOTALMSA
MaruuroonTuka — pasfen ONTHKM, HM3YYalOIIMH SBICHUS, BO3HHMKAIOUIME B pE3yJbTaTe B3aUMOJCHCTBHS ONTHYECKOTIO
W3NTydeHHs] C BEIIECTBOM, HaxoAsAUMcs B MarHMTHOM moie. JKeme3o-urtpueBblii rpanat Y3Fe5012 (KUI') — xopomo

n3ydyeHHOe (peppUMarHUTHOE COEAWHEHHE, INMUPOKO NPUMEHSEMOE B MHKPOBOJHOBBIX M MAarHHTOONTHYECKHX YCTPOMCTB.
V3mepeHsl ux criekTpsl nortonienus u dpdexra Papanes B MK-o6nacty, a Takxke skBatopuanbHblid d3Gdext Keppa B Bumumoit
obmactu cekTpa. Onmpasich Ha 3aKOHBI, CBSI3aHHBIE C MATHUTOONTHIECKUMHE (P (eKTaMu, TOSIBUIIACh BO3MOXKHOCTD CO3/1aBaTh U
YCOBEpIIEHCTBOBATh YCTPOKWCTBA XPaHEHHUS 1 ITepeiadl HH(OopMaImm.

KniwoueBble ciaoBa: Marauroontuka, cnektp, 3¢dexr Keppa, sddexr Dapames, kene30-UTTPUEBBI TpaHAT, CHEKTP
MOTJIONICHUS, KO3 (GUIIMEHT MOTJIONICHUSI.

Ca VA Si IONLARI KIRITILGAN ITTRIY FERRIT-GRANATNING (Y3FE5012) MAGNITOOPTIK
XUSUSIYATLARI
Annotatsiya

Magnitooptika — optik nurlanishning magnit maydondagi modda bilan o'zaro ta'siri natijasida paydo bo'ladigan hodisalarni
o'rganadigan optika bo'limi. Ittriy temir granat Y3Fe5012 (YIG) - yaxshi o'rganilgan ferromagnit birikma, mikroto'lginli va
magnitooptik qurilmalarda keng qo'llaniladi. Ularning infragizil spektr sohasida yutilish spektrlari Faraday effekti, shuningdek
ekvator effekti kuzatiladi. Spektrning ko'rinadigan sohasida esa Kerr effekti, yutilish spektri va monokristallarning mos spektrlari
bilan magnitooptik effektlar spektrlari o‘rganiladi. Magnitooptik effektlar bilan bog'liq qonunlar asosida axborotni saqlash va
uzatish qurilmalarini yaratish va takomillashtirish mumkin.

Kalit so"zlar: Magnitooptika, spektr, Kerr effekti, Faradey effekti, ittriy-ferrit granat, yutilish spektri, yutilish koeffitsiyenti.

Kirish. XX asrning 60-yillar oxiri 70-yillari boshlarida magnitooptika sohasining jadal rivojlanishini ko‘rinadigan va
infragizil spektr sohasiga yaqin bo‘lgan sohalarda magnitooptik effektlarni ko‘rsatuvchi yangi ferrodielektriklarning yaratilishi
bilan izohlash mumkin. Bunday effektlarga misol gilib Faradey effekti, Kerr effekti va boshgalarni keltirish mumkin. Bunday
materillarga misol qilib ferrit granatlar, ortoferritlar, ferrit shpinellar va boshqa shunga o‘xshash magnit oksidlarni misol keltirish
mumkin. Ushbu turdagi magnitlarning paydo bo‘lishi fan va texnikaning turli sohalarida magnitooptik effektlarni qo‘llash,
birinchi navbatda, ular asosida ma’lumotlarni ko‘rsatish,qayta ishlash va saqlash uchun prinsipial jihatdan yangi tizimlarni
yaratish uchun keng istigbollarni ochdi. Amaliy magnitooptikani rivojlantirishning hozirgi bosgichi yupga magnit plyonlari
yuzasi va hajmi bo‘ylab tarqaladigan optik signallarni uzatish qayta ishlashni ta’minlaydigan optoelektronika va integral
optikaning funksional qurilmalarini topologik elementlar va tuzilmalar yordamida yaratishning yupga plyonka texnologiyasi va
litografiya metodlari bilan bog‘lig. Asosiy zamonaviy magnitooptik qurilmalarning ko‘pchiligi epitaksial ferrit-granat plyonkalar
yordamida tayyorlanadi. Shuning uchun ham bu tadgiqotlarni o0'tkazishdan magsad epitaksial ferrit-granat plyonkalari tarkibi va
strukturalarini hamda ionlar bilan nurlantirilgan va legirlangan donor-akseptor kirishmalar kiritilgandagi o‘zgarishlarni
o‘rganishdan iborat.

Tajriba va namunalar. Nodir-yer elementlari, siyrak-yer elementlari-Mendeleyev davriy sistemasining 111 guruhida
joylashgan kimyoviy elementlar: ittriy (Y), lantan (La) va 14 ta lantanoidlar gruppasi hisoblanadi. Ba’zan skandiy (Sc) ham shu
elementlar jumlasiga kiritiladi. Nodir yer elementlari tabiatda o‘zaro birga uchraydi, kimyoviy xossalari ham bir-biriga o‘xshash
bo‘ladi. Kumush kabi oq, havo kislorodi ta’sirida oksid parda hosil gilganligi sababli qorayadi. 2 guruhchaga bo‘linadi: seriy
guruhchasi (La, Ce, Pr, Nd, Sm, Eu) va ittriy guruhchasi (Y, Gd, Th, Dy, Ho, Er,Tm, Yb, Lu). Noyob yer elementlari kimyoviy
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va ayrim fizik xususiyatlarning katta o‘xshashligini namoyon qiladi, bu ularning atomlarining tashqi elektron qobiglarining
deyarli bir xil tuzilishi bilan izohlanadi. Ularning barchasi kumush - oq metallar bo'lib, ularning barchasi shu kabi kimyoviy
xususiyatlarga ega (eng xarakterli oksidlanish darajasi +3).

Nodir yer elementlari-metallar, ular tegishli oksidlar, ftoridlar, suvsiz tuzlarning elektrolizlari va boshga usullar bilan
tiklanadi.

Magnitooptika turli muhitlarning optik xususiyatlarining magnit maydon ta’sirida o‘zgarishini o‘rganadigan fizika
bo‘limi hisoblanadi. Bu sohada magnit maydonda joylashtirilgan jismlarda nurni chiqarish, tarqatish va yutilish xususiyatlari
o‘rganiladi. Magnit maydon, har ganday vektor maydoni kabi, fazoda ma‘lum bir yo‘nalishga ega bo‘lib, unda optik anizotropiya
(optik xususiyatlarning tengsizligi) paydo bo‘ladi.

Ittriy-ferrit granat-kimyoviy tarkibi Y3Fe2(FeO4)3, yoki Y3Fe5012 bo‘lgan sintetik granatlarning bir turi hisoblanadi.
Bu elementning Kyuri temperaturasi 560K bo‘lgan ferromagnetik material hisoblanadi. Ittriy temir granat - ittriy ferrit-granat,
temir oksidi yoki ittriy oksidi sifatida ham ma‘lum. Oxirgi ikki nom bu elementning kukunsimon shakllari bilan bog'liq. Temir
ionlari fokus nugtarida har xil spinlarni hosil giladi va natijada turlicha magnit holatlarni namoyon giladi [2,5]. Ularning tarkibini
boshga elementlar bilan o‘zgartirib, bu moddalarda turlicha giziqarli magnit xossalarini olishimiz mumkin. Ittriy temir granat
(Y3Fe5012) uchun Verd doimiysi katta giymatga ega, bu Faradey effektining namoyon bo‘lishiga olib keladi. Bundan tashqari
mikroto‘lqinli pechlarda chastotaning yuqori darajaligi, 1200 nm gacha bo‘lgan infraqizil to‘lqin uzunligi uchun past absorbsiya
va elektron spinli rezonansda juda kichik chiziq kengligiga ega. Bu xususiyatlar o‘ta o‘tkazgichlarda magnitooptik tasvirlash
uchun juda muhimdir [4,6].

Ferritlar infraqizil spektridagi 1,3-5,5 mkm to‘lqin uzunlik orasidagi sohalarda yuqori shaffoflik xususiyatini namoyon
qiladi. Ferrit granatlar ferrit shpinellarga qaraganda yuqori shaffoflik bilan xarakterlanadi. Spektrning ko‘rinadigan va yaqin
infragizil sohalaridagi ferrit granatalari yorug‘lik magnitlanish vektori bo‘ylab tarqalganda sezilarli darajada Faraday effektini va
magnitlanish vektoriga perpendikulyar targalganda taxminan bir xil Kotton Mouton moduli (magnit chizigli ikki sinish) effektini
ko‘rsatadi [1,4]. Ittrit-temir granatni kuchli nazorat ostidagi sharoitlarda o‘stirishda yutilish koeffitsiyentini 0,03sm-1 bo‘lgan
giymatda kuzatishga erishilgan. Tolgin uzunligi 2>5,5 mkm bo‘lgan sohada ittriy ferrit granat optik yutilish ko‘rsatkichgi kristall
panjara tugunlarida yorug‘lik fotonlari yutilishi bilan bog‘lig. Optik yutilish A<1,5 mkm bo‘lgan soha esa elektron yutilish
chizig‘ining cheti hisoblanadi. Xund qoidasiga ko‘ra asosiy holatda bo‘lgan Fe3+ ionining barcha d-elektron qobigdagi 3d tashqi
to‘lmagan qobiqdagi elektronlarning spinlari parallel yo‘nalgan bo‘ladi. Shuning uchun Fe3+ ionining asosiy holatdagi to‘la spini
5/2 ga va to‘liq orbital momenti L=0 ga teng bo‘ladi[3].

Taxlil va natijalar. Ittriy temir granatga Ca ionlari kiritilganda [10] o‘tkazilgan tadqiqotlar quyidagi 1-rasmda
keltirilgan. Grafikdan ko‘rishimiz mumkinki, o‘tkazilgan tadqiqotlarda 0,8-0,15mkm to‘lqin uzunligi diapazonida optik yutilish
koeffitsiyenti sezilarli darajada kamayganini ko‘rishimiz mumkin. Bu holdagi yutilish spektrini sof holatdagi ittriy temir granati
yutilish spektri bilan solishtirganda yutilish spektri markazi 2 ~ 0,96 mkm ga siljiydi[3-4].

s texms [NTE S Aarana

Rasm 1. Ittriy temir granatiga Cax ionlari kiritilgandagi yutilish spektri.
1. -x=0; 2. -x=0,0025; 0-x=0.0049; 4. A -x=0,025

Ittriy temir granatga Si ionlari kiritilganda o‘tkazilgan tadqiqotlar quyidagi 2-rasmda keltirilgan. Si ionlari ittriy ferrit
granatga kiritilgan holda grafikdan ko‘rishimiz mumkinki, o‘tkazilgan tadqiqotlarda kremniy ionlarining past
konsentratsiyalarida 0,8-0,15 mkm to‘lgin uzunligi diapazonida optik yutilish koeffitsiyenti sezilarli darajada kamayganini
hamda A < 0.8mkm to‘lqin uzunligi sohasida Si ionlarining konsentratsiyasi oshirilganda o yutilish koeffitsiyenti butun
o‘rganilayotgan spektr sohasi bo‘ylab qiymati sezilarli darajada oshganini ko‘rishimiz mumkin. Bu holdagi yutilish spektrini sof
holatdagi ittriy temir granati yutilish spektri bilan solishtirganda 2 = 0,96 mkm to‘lqin uzunligida yutilishning maksimumi
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chiziglari aralashuvini kuzata olmaymiz. [9] )
Rasm 2. Ittriy temir granatiga Six ionlari kiritilgandagi yutilish spektri.
1. -x=0 ; 2. @-x=0,005; 3. 0-x=0.009; 4. A -x=0,025

Spektrning qisqa to‘lginlar sohasida esa Ca va Si ionlari kiritilganda yutilish koeffitsiyenti yanada ko‘proq bu ionlarning
konsentratsiyasiga bog‘liq bo‘lishi kuzatilgan. Ittriy-ferrit granat plyonkalatriga Ca va Si ionlari kiritilganda kuzatish mumkin
bo‘lgan yana bir asosiy xususiyat shuki, bu holda bu kristallning magnitooptik aslligi ham ortadi. Asosan AZ0,96mkm to’lgin
uzunligi sohasida Ca ionlari kiritilganda magnitooptik asllik taxminan 30%gacha ortishini kuzatishimiz mumkin. Bundan
tashqgari Ca ionlari kirishmalari kiritilganda ittriy-ferrit granatning optik va magnitooptik xususiyatlariga ko proq ta’sir ko‘rsatishi
tajribalarda ko‘rilgan[1].

Xulosa. Ittriy temir granati mikroto‘lqinli pechlarda, akustika, optika va magnitooptika sohalarida akustik uzatgichlar
yoki o‘zgartirgichlar sifatida keng foydalaniladi. 600 nmdan kattaroq bo‘lgan yorug‘lik to‘lgin uzunliklari uchun shaffof.

- 465 -



https://wikidea.ru/wiki/Yttrium
https://wikidea.ru/wiki/Iron
https://wikidea.ru/wiki/Oxygen

0O¢‘zMU xabarlari Becrnuxk HYY3 ACTA NUUz | FIZIKA | 3/1/1 2022

Shuningdek Faradey burilishlarida qattiq jismli lazerlarda ma’lumotlarni saqlashda hamda turli xil nochiziqli optika sohalarida
ham qo‘llaniladi

Magnitooptik effektlar telekommunikatsiyada keng qo'llaniladi va tez rivojlanmoqgda. Ular axborotni gayd gilish va

saqlash qurilmalarida, lazer nurlanishini boshqarish tizimlarida (deflektorlar, optik boshgariluvchi qurilmalar yaratish, yorug'likni
modulyatsiya gilish va boshgalar), aniq magnitometrlarni yaratishda, lazer giroskoplarida, birlashtirilgan optik elementlar va
boshqalarda keng qo‘llaniladi.

[l o

10.

11.
12.

13.

14.
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SUV ARALASHMALI SIRKA KISLOTASI VA ASETON SUYUQLIKLARINING DIELEKTRIK XOSSALARI

Abstrakt

Molekulyar dinamika simulyatsiyalari yordamida turli xil konsentratsiyalarda sirka kislota/aseton va suv molekulalarining

aralashmalari tadgiq qilindi. Eritmalarning ortiqcha dielektrik singdiruvchanligi £ giymatlari hisoblandi va konsentratsiyaga

bog'ligligi GROMACS dasturiy paketi yordamida aniglandi. Hisoblangan ortigcha dielektrik konstanta giymatlari sirka kislota va

asetonning x~0.3 mol konsentratsiyasida kuzatildi va ular sirka kislotasi va aseton — suv binar aralashmasida eng ko’p vodorod

bog'iga ega bo'lgan geteromolekulyar klatrat strukturalar hosil bo’1di.

Kalit so‘zlar: sirka kislota, konsentratsiya, molekulyar dinamika.

DIELECTRIC PROPERTIES OF AQUEOUS SOLUTIONS OF ACETIC ACID AND ACETONE.
Abstract

The water solutions of acetic acid/acetone were investigated at different concentrations using molecular dynamics simulations.
The excess dielectric constant & of the solutions was calculated and the concentration dependence curve was determined using
the GROMACS program package. The minimum values of excess dielectric constant were observed at concentration of x ~ 0.3
mol for acetic acid and aceton and it corresponds to the maximum number of heteromolecular clathrate structures by forming
maximum number of hydrogen bond in theese binary liquids.

Key words: acetic acid, concentration molecular dynamics

JASJNEKTPUYECKHUE CBOMCTBA BOJHOI'O PACTBOPA YKCYCHOWM KUCJIOTHI M ALIETOHA.
AbcTpakT

HccnenoBansl BOJHBIE PAaCTBOPHl YKCYCHOM KHCIOTHI M ameTOHA IIPU PA3IMYHBIX KOHIEHTPAIMAX C HCHONB30BaHHEM
MOJICTIMPOBAaHMUS MOJICKYISIPHOM TOUHAMHUKH. Pacy€r W30BITOYHON IUAIEKTPHYECKOH MPOHHIIAEMOCTH eF pacTBOpoB
oTpeNieNieHne KPHUBOH KOHIEHTPAIMOHHON 3aBHCHMOCTH TPOW3BOIIINCE € MOMOIbl0 makera mnporpaMmM GROMACS.
MuHUMasbHBIE 3HaYE€HHST N30BITOYHON ANDIEKTPUUECKOH MPOHUIAEMOCTH HAOIIOJaINCh TP KOHIEHTparusx X ~ 0.3 Moub i
YKCYCHOH KHCIIOTHI U alleTOHA, YTO COOTBETCTBYET MAKCUMAJILHOMY KOJMYECTBY I'€TEpOMOJIEKYNIAPHBIX KJIATPATHBIX CTPYKTYP,
00pa3yronmx MaKCUManbHOEe KOJTMYECTBO BOJOPOJHBIX CBsI3ei B OMHAPHOMN JKHKOCTH.

KnioueBble cj10Ba: yKcycHas KMCI0TA, KOHIEHTPALMS, MOJIEKYJIIPHOW AUHAMUKY.

Kirish. Qayta tiklanuvchi energiya manbalarini rivojlantirish bugungi kunning asosiy masalasi sifatida golmoqda [1]. Qayta
tiklanuvchi energiya manbalari uzluksiz bo’lganligi uchun, bu energiyani saqlashga qaratilgan izlanishlarni olib borishnitaqazo
etadi. Energiyani saglash usullari uzluksiz elektr tarmog'iga bo'lgan talabni gqondirish uchun ham zarur. Sayoramizda quyosh,

1 CIH3;COOH) 0.9 x (r1,0) ).5 X (CH3;COOH) O.5 x (H30) CH;COOH)

Rasm 1. Turli xil sondagi suv molekulalari birlashib hosil qilish mumkin bo’lgan klatrat strukturalar.
shamol energiyalaridan tashqgari vodorod energiyasidan ham foydalanish imkoniyati mavjud [2]. Vodorod gazi yuqori bosim
hosil gilishi sababli oddiy gaz balonlarida saglash xavfli sanaladi.
Shuning uchun vodorodni past bosim ostida saqlash mumkin bo’lgan manbalarni izlash zarur. Shu manbalardan biri bu binar
suyugliklardir. Vodorodni suv va sirka kislota/aseton aralashmasi orgali saglash bu ishning asosiy magsadi hisoblanadi.
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Tadgiqotlar shuni ko'rsatdiki, vodorodni saglash juda ko'p muammolarni o'z ichiga oladi [3]. Vodorodni samarali saglash uchun
binar suyugqliklarni optimal konsentrasiyasini aniqlash zarur bo’ladi [4]. Suv yuqori bosim past temperaturlarda turli xil klatrat
strukturalar hosil gilishi tadgigot yordamida kuzatilgan [5].

Biz molekulyar dinamika metodi bilan turli xil konsentrasiyalarda binar suyuqgliklarni dielektrik singdiruvchanligini
aniqlanaymiz. Olingan natijalar esa suyuqlikni qaysi konsentratsiyasida eng ko’p klatrat strukturalar hosil bo’lganini ko’rsatadi.
Natijada esa vodorodni saqlash mumkin bo’lgan optimal suv va sirka kislotasi/aseton aralashmasini prognoz qilamiz.

Simulyatsiyadan sistemalar va ularning tabiatini, ya'ni zamonaviy texnologiyalar yordamida erishib bo'lmaydigan
nanoo’lchamdagi aniqlik bilan tushunish uchun foydalanish mumkin [6]. Agar bizda ba'zi sistemalarning eksperimental kuzatish
asosida ganday harakat gilishini aytib beradigan ma'lumotlar mavjud bo'lsa, biz ushbu hodisalar ganday sodir bo'lganligi
haqidagi savollarga javob berish uchun kompyuter simulyatsiyasidan foydalanishimiz mumkin [7, 8]. Bu esa 0’z navbatida

Ccavity tvpes Structure
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sistemalarni optimal boshgarish imkonini beradi. Binar suyugliklarda nisbatan past bosimda vodorodni saglash mumkin. Bizni
asosiy magsadimmiz — binar suyugliklarni turli xil konsentratsiyasida dielektrik xossalarini tadqiq qilishdir. Biz molekulyar
dinamika metodi bilan turli xil konsentrasiyalarda binar suyugliklarni dielektrik singdiruvchanligini aniglanaymiz.

Rasm 2: Yuqoridagi rasmda dastlab 01 konsentratsiya migdorlari oralig’idagi aralashma bokslaridan na’munalar keltirilgan.

Hisobashlar Ubuntu sistemasida GROMACS dasturida amalga oshirildi [9]. Hisob-kitoblar Berendsenning termostatik
nazorat algoritmlari yordamida sirka kislotasining turli kontsentratsiyasida sirka kislotasi/aseton va suv molekulalari bilan
to'ldirilgan kubik qutidagi o’zgarmas bosim va haroratda amalga oshirildi. Harakat tenglamasi 1,0 fs vaqt qadami bilan Verlet
algoritmi yordamida yechildi [10]. Molekulalar orasidagi uzoq masofali Kulon kuchlari Ewald usuli yordamida 1-10 kl/mol
aniglikda hisoblangan. Sirka kislotasi-suv binar tizimining muvozanatiga 50 ns ichida erishildi. Hisoblash jarayoni xona
haroratida (T=300K) eritmaning 0 + 1 konsentratsiyalarida takrorlandi.

Suvning izotermik siqilish qobiliyati 4.5-10° Pa giymatda olindi. Tuzilishdagi o'zgarishlar aralashmadagi gismlarning
nisbatiga qarab suv molekulalari va sirka kislotasi o'rtasida vodorod bog'larini hosil gilish uchun ta’sir jarayonlari tufayli yuzaga
keladi. Aralashmadagi sirka kislota/aseton konsentratsiyasini oshirilishi bilan suv-suv, suv — eritma, eritma — eritma orasida
vodorod bog’larining ketma ketligidagi o’zgarishlar sodir bo’ladi. Yuqoridagilarni tasdiglash uchun molekulyar dinamika usuli
yordamida sirka kislotasi — suv va aseton — suv aralashmalarining butun konsentratsiya oralig‘ida dielektrik singdiruvchanligi
o‘rganildi. Buning £F ortigcha dielektrik doimiyni giymatlari (1) formula orgali hisoblandi [11].

ek = (4 — €a00) — [(&5 = €500) (1 — %) + (€5 — Espo0) " X @

bu yerda A — aralashma S — su,v Sk — modda, X — modda konsentratsiyasi.

Natija va Muhokama. Eritmaning £E parametrlarining ortigcha giymatlari hisoblandi va sirka kislotasining x~0.3 mol
konsentratsiyasida o’zining eng past qiymatlarini qabul qildi, ular sirka kislotasi-suv binar aralashmasida vodorod bog'iga ega
bo'lgan geteromolekulyar tuzilmalarning maksimal soniga to'g'ri keladi, bu suv hamda sirka kislota/aseton molekulalari
aralashishi natijasida hosil bo’ladi (1 — jadval va 3 — rasm). Sirka kislotasi-suv eritmasining £ parametrlari son giymatlarining
sirka kislota konsentratsiyasining oshishi bilan o'zgarishi eritmada sodir bo’layotgan tarkibiy o'zgarishlardan dalolat beradi.
1-jadval: Turli konsentratsiyalardagi suv va sirka kislotasi/aseton aralashmalarining dielektrik singdiruvchanlik € va
ortigcha dielektrik singdiruvchanligi £F larning giymatlari

Konsentratsiya Xk Y, £ eE eE
o o] 1000 71.09 0.00 0.00
0.1 100 900 46.35 -17.65 -11.76
0.2 200 800 31.25 -26.75 -17.20
0.3 300 700 22.13 -28.87 -19.70
0.4 400 600 16.31 -28.69 -19.66
0.5 500 500 12.23 -25.77 -17.18
0.6 600 400 9.9 -22.1 -14.76
0.7 700 300 7.87 -17.13 -12.31
0.8 800 200 6.77 -11.23 -7.65
0.9 900 100 5.99 -6.01 -4.09
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1 1000 (0} 5.15 0.00 0.00

Bu yerda Xg; — kirindi molekula va Y suv — suv molekulalari soni

Eritmaning &f parametrining manfiy giymati eritmadagi vodorod bog'larining tuzilishidagi o'zgarishlarni ko'rsatadi, bu
bog’langan strukturalarning shakllanishiga olib keladi. Quyidagi rasmda (3 — rasm) tayyorlangan sirka kislotasi/aseton va suvli
eritmalarining ortiqcha dielektrik o'tkazuvchanligining o’rtachalangan qiymatlari ko'rsatilgan.

1
W
t
RN I |

|

Rasm 3: ¢ - dielektrik singdiruvchanlikning turli xil konsentratsiyalardagi 100ns davomida o zgarishi. €% ortiqcha dielektrik
doimiyni turli konsentratsiyada giymatlarini o 'zgarishi.

Model sistemaning dielektrik singdiruvchanlik giymatlari simuyatsiya boshlanganda katta tebranishlar kuzatiladi (rasm 3). Bu
sistemani muvozanat holatiga kelishi bilan bo’g’liq. Molekulalar muayyan vaqt o’tgandan keyin ta’sirlashuv potensiallari
tagdimlanadi va dielektrik singdiruvchanlik giymati malum bir oraligda kichik giymatlarda tebranib turadi. Tizimda kirindi
molekulalar konsentratsiyasi ortishi bilan bu tizim muvozanat vaziyatiga erishishi tezlashadi (rasm 3).

Xulosa. MD simulyatsiyasi yordamida olingan & hisoblangan eritmalarning ortiqcha dielektrik singdiruvchanligi aralashma
konsentratsiyasi o’zgarishi bilan qiymatlarini o’zgartirib bordi. Modellashtirish natijalari shuni ko’rsatdiki sirka
kislota/asetonning x=0.3 konsentratsiyali suv aralashmada & o’zining eng kichik giymatlarini qabul qildi hamda aralashma eng
ko’p vodorod bog’lar hosil qildi. Bu vodorodni saqlash mumkin bo’lgan eng optimal konsentartsiya deb topildi.
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THE INFLUENCE OF SURFACE POTENTIAL BARRIER ON PRIMARY KNOCK-ON ATOMS OF AG(110)
SURFACE

Annotation

In the simulation surface potential barrier affection to the emission of knock-on atoms of silver single crystal surface is
investigated versus monocrystal orientation. As a target has been used clean and oxygen O2 covered surface of Ag(110). The
azimuth angle of incidence (single crystal orientation) changed in the range £=0-1800 and counted from <001> direction. The
code for incident ion and recoil trajectories calculation is based on the binary collision approximation (BCA). Geometry of
surface potential barrier can also change the direction of emitted particles. It is used planar potential barrier, leaving knock-on
atom can overcome the barrier only due to normal component of velocity. The provided calculations showed original
characteristic points in dependences of reflection processes.

Key words: Computer simulation, BCA method, primary knock-on atoms (PKA), surface potential barrier, monocrystal
orientation, reflection, aggregation.

BJIMSTHUE TOBEPXHOCTHOI'O NIOTEHIUAJBHOI'O BAPBEPA HA IEPBUYHO BBIBUTBIE ATOMbI
MMOBEPXHOCTHU AG(110)
AHHOTauust. MoeMpoBaHoO BIMSHHUE TOBEPXHOCTHOTO MOTEHIMAIBHOTO Oaphepa Ha aTOMOB OTJa4u cepedpa B 3aBHCHMOCTH OT
OpHEHTAllMM MOHOKpHCTa/ula. B pacderax mcmoibp3oBaHa ducTas W TOKpbITas Mmojiekymamu O2 moepxHoctn Ag(110).
AzuMyTanbHBI yron 60MOapaAupOBKH (OpHUEHTANWsT MOHOKPHCTAa/UIA) u3MeHseTcs B uHTepBaie E=0-1800 u oTCUHUTHIBAETCS OT
<001> mHanmpaBnenus. PacueTHas mporpamMMa oOcHOBaHa Ha mnpuOmmwkeHnn mapHbIX croikHoBeHnit (IIIIC). TI'eomerpus
MOBEPXHOCTHOTO IOTEHIMAIBHOTO Oapbepa TaKKe BJIMSET Ha HANPaBICHUs, B KOTOPHIX BBUICTAIOT BHIOMTHIE YaCTHIIBI.
[TpumeHeHa Mopenb IJIOCKOTO Oapbepa, MapajIeNbHBIi MOBEPXHOCTH MMIIEHHM, BBUICTAIOIIMI aTOM MOXET INPEOJOJIeTh ero
TOJIBKO 32 CYET HOPMAaIbHOI KOMIIOHEHTBHI CKOPOCTH. [IpoBeeHHbIe pacueThl MOKa3aid OPUTHHAIBHBIE XapaKTePHCTHYECKHE
TOYKH B 3aBUCHMOCTSIX MPOIIECCA OTPAKEHHMSI.
KniwoueBsie ciaoBa: KommbeiotepHoe monemuposanue, meron [IIIC, mepuuno BeIOHTHIE atombl ([IBA), moBepXHOCTHBIH
HOTEHLUATbHBIHA Oapbep, OPUEHTALNS MOHOKPUCTAJIIA, OTPAXKEHHE, CKOTUICHHE.

CUPTHIA NOTEHLHUAJ TYCUKHUHI AG(110) KPUCTAJIU BUPJIAMYM TYPTKU ATOMJIAPUT'A TABCUPU

AHHOTaIUA
CupTHii TOTEHIMA TYCUKHUHI KyMyIl KPUCTAIM TYPTKH aTOMIIapura TabCHPH MOHOKPHCTAI OpPHEHTAlHUsicura OOFIIMK
paBuIlia MOJCIAIITHPUIIH. Xucobnapaa to3a Ba O2 Ownan kormanraH Ag(110) cuprtman Qoiigamanmwigu. A3umyTtain
6omOapauMoH Oypuaru (MoHOKpucTayut opuenTanusicy) £=0-1800 nntepBanaa y3rapaau Ba <001> iiyHanuiugan xucobnaHaau.
Xucobmam nactypu xydt TykHamrysnap skurtammmy (KTS) ra acocnanran. CupTrii MOTEHITHAI TYCUKHIHT TEOMETPHSICH XaM
TYPTKH 3apppajlapHUHT HYHAIWIINTA TabCHP KWIagu. MOHOKPHCTAUI CHPTHra Hapajulel siccH Oaphep MOAENH KYIUTAHWIIH,
TYPTKH aTOM Oy TYCHKHH (haKaT Te3TMKHHHT HOPMaJ TAlIKII STYBYMCH EPIAMHUIIA €HIHO YTHIIN MyMKHH. Y TKA3MIraH XMCOOIap
TYCUKJaH KaWTHII skapaéHUJary OOFIaHUIILIApAa OPUTHHAI XapaKTePHCTHK HyKTanap OOPIUTHHY KYpCaTIH.
Kanurt cy3nap: Komnsrorepaa moaemnamtupui, KT metonu, 6upnamun typtku atomnapu (bTA), cuptuii noTeHInan Tycuxk,
MOHOKPHCTaJI OPHEHTANMSACH, TYCUKIAH KaUTUINL, TYTUTAHHUII.

Introduction. Measuring energetic, angular and space distributions of sputtered and desorbed particles from crystal
surfaces, considering these dependences with computer simulation results allows create methodical bases for diagnostics of
composition and structure of crystal surfaces.

In [1-3] the sputtering of Cu (100) and (110) surfaces at Ar+, E0=30 keV and Ne+, E0=15 keV ion bombardment in
600<pB<87,50 incident angle interval was investigated (3=900-y, y—grazing angle). In [3] the incident plane of ion beam was
parallel to the close-packed surface row <110>, forming surface semichannel. With f angle increasing sputtering yield S(B) is
grow up, passing through max and then decrease. In the area of grazing incident angles (800<p<87,50) the curves have
peculiarities (local minimums and steps). In [4, 5] angular dependences and the mechanisms of poly and monocrystal sputtering
of Cu targets were investigated in binary collision approximation at Ar+ $=0+-87,50 beams. In these works, until measurements
[1] the dependences of sputtering yield S(B) at B >750 were presented.
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In [6, 7] it is shown via computer simulation the possibilities of recoil atom spectroscopy for the determining of location
of adatoms on crystal surfaces with a submonolayer coverage. It is observed that angular and energetic distributions of knock-on
adatoms have characteristic pikes, the location of that gives information about geometry of adsorbed atoms on crystal surfaces.

Calculation method. In the simulations [8, 9] as a target has been used clean and oxygen O2 covered surface of
Ag(110). According to the data from [10] the height of center of mass of O2 above the surface plane is 0.94 A, O-O bond length
is 1.55 A, binding energy Eb of O2 with a surface is 0.53 eV and molecular binding (dissociation) energy is 5 eV.

The number of incident ions is 2x104. The incident ions and the recoil atoms were followed throughout their slowing-
down process until their energy falls below predetermined energy: 25 eV was used for the incident ions, and the surface binding
energy was used for the knock-on atoms. The angle of incidence of the ion beam y was counted from the surface of target, the
azimuth angle of incidence (single crystal orientation) changed in the range £=0-1800 by target rotation around its normal and
counted from <001> direction.

The sputtering has been simulated in the primary knock-on regime. Only the primary knock-on recoil (PKR) atoms
ejected from first, second and third layers have been considered. The present code for the ion and recoil trajectories calculation is
based on the binary collision approximation (BCA). The particle interactions were described by the screened Coulomb potential
with the Ziegler-Biersack-Littmark approximation to the Thomas-Fermi screening function. Some details of this binary code with
repulsive potentials and its fitness for describing of glancing ion scattering have been described in [8, 9].

For calculations of non-dissociative desorption of adsorbed molecules from surface of single crystals the approach similar
in "cut-off" model [11] used for description of the sputtered particles as dimers.

The presence of planar potential energy barrier with the height Us =2.96 eV for Ag atoms on the surface was taken into
account. Geometry of surface potential barrier can influence to direction of emitted particles. In the case of planar potential
barrier leaving knock-on atom can overcome only due to normal component of velocity (fig.1).

Consequently, during passing through the barrier trajectory of knocked-on atoms breaks and tilted from the surface
normal. If the normal component of the velocity is small knock-on atom can be reflected to the surface.

If emitting particles with energy EO come to the planar barrier under angle 60, after passing through surface barrier with

Eocoszeo—us] 1/2
Eo—Us

height Us, energy and direction of particle will be [12, 13]: E =Ey — U, cosf = [

VACUUM

CRYSTAL

Fig 1. Planar surface potential barrier and deflection of trajectory of knock-on particle at passing through the barrier.

It is seen that a particle with energy less than Us/cos260 will reflect from the barrier and can’t emit to vacuum, i.e.
sputtering is not occurring.

In this work the influence of surface potential barrier to the emission and aggregation of knock-on atoms on silver single
crystal surface was investigated versus monocrystal orientation.

Results and discussion. The number of dissociative and non-dissociative desorbed O2 molecules before and after
passing through the barrier in dependence to monocrystal orientation & at Ne+, EO=5 keV, y=100 ion irradiation of 02/Ag(110)
surface is presented in Fig.2.

The barrier sensible decreases the number of as dissociative and non-dissociative desorbed particles, but forms of both
dependences remain unchanged. This influence lead to the aggregation of silver atoms and oxygen molecules on the surface. The
probability of the aggregation of reflected particles and their emission to vacuum at following collisions with incident ions is
enough high.

Y bt e B ot B oy e T
-

]
i

Nmder of

Azimuthal angle of bombardment, deg. azi

thal angle of bombardment, deg
(monocrystal orientation) (monocrystal orientation)

Fig.2. The number of dissociative (A) and non-dissociative (B) desorbed O2 molecules before and after passing through
the barrier in dependence to monocrystal orientation.

The character of the aggregation of reflected atoms and molecules strong depends on single crystal orientation. In this
case of bombardment (Ne+, E0=5 keV, y=100) maximal aggregation of oxygen molecules can occur in =150, £&=900 and
£=1650 orientations, especially in &=900 irradiation direction.

Comprehensive study of azimuth angular dependences knock-on particles showing the possibilities of the control of
aggregating particles composition.

The affection of the barrier on the emission of silver atoms from clean and oxygen covered Ag(110) surface presented in
fig.3. On the clean surface knock-on atoms mostly overpass the barrier (see fig.3A). The sensible reflection of Ag recoil atoms is
possible only near £&=900.

The simulation results show the unicity of £&=900 direction (<110>), playing the special role in ion-atomic collision
processes occurring on Ag(110) surface.

In the case of Ag(110) surface with adsorption O2 layer the probability of the aggregation of knock-on particles between
adsorption layer and monocrystal surface is high. The presence of submonolayer oxygen molecules on the surface lead to
increasing the reflection of knock-on silver atoms back to the crystal.
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Fig.3. The number of knock-on atoms of silver crystal before and after barrier versus monocrystal orientation & in the

case of Ag(110) (A) and O2/Ag(110) (B) surfaces.

Conclusion. From computer calculations data it is observed the reflection of the knock-on atoms of single crystal,

adsorbed atoms and molecules (free particles) because of the presence of surface potential barrier and adsorbed layer on the
crystal surface.

ONoO~wWNE

10.
11.
12.
13.

The simulation results show the possibility of the control of ion-collision processes occurring on single crystal surfaces.
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BJIUSAHUE HATIBVIEHUA ATOMOB Cs DJIEKTPOHHYIO CTPYKTYPY CoSi,/Si(111)
AHHOTAIHS

C HCTONB30BaHUEM METOOB YNbTPa(uoneToBOH (OTOINEKTPOHHOH CHEKTPOCKOIHH, CIIEKTPOCKOIMH IOTJIONICHHS CBETa U
HCTHHHO-BTOPHYHBIX AJIEKTPOHOB BIIEpPBBIC H3y4YEHB! BIUMSHUS HambuleHWs atoMoB Cs ¢ tonmmumHOM 6 < 1 MoHOcmos Ha
IUIOTHOCTh COCTOSTHHME 3JIEKTPOHOB BAaJICHTHOW 30HBI M 30HBI IPOBOJMMOCTH, MApaMeTPhl SHEPTeTHYECKH 30H U KBAHTOBBII
BBIXOJ (DOTOSIEKTPOHOB. YCTaHOBNIEHO, 4TO npu HambuieHne Cs mupuHa 3anpeléHHON 30HBI Ey miéHkM He MeHsercd,
(doroanexkrpoHHas padora Bbeixoga @ pe3KO yMEHBIIACTCS, a KBAHTOBBIH BBIXOJA (POTORICKTPOHOB YBEIWYHMBACTCA IO 3 pasa.
YmenbieHne @, B 0CHOBHOM, OOBSICHSIETCS YMEHBIIEHHEM IIMPHUHBI 30HBI IPOBOJUMOCTH ¥, (CPOACTBO K 31eKTpoHy). [lokazaHno,
YTO IPH YMEHBLIEHHE ) A0 3 3B moio)keHne MakCHUMyMOB IIOTHOCTH COCTOSIHHSI BAJICHTHBIX 3JIEKTPOHOB IPAKTHYECKHH He
MEHSIETCS.

KnrwoueBble ciioBa: DJIEeKTPOHHBIE CBOWCTBA, SJICKTPOHHAS 0XKE-CIIEKTPOCKOIHSI, NOHHAsI MMIUIAHTAIUs, HaHO(a3a, HAHOCIIOWH,
CHJIMIU, SITUTAKCHs, TeTePOIUICHKA, TeTepochcTeEMa, MOP(OIIOTHS ITOBEPXHOCTH.

EFFECT OF DEPOSITION OF Cs ATOMS ON THE ELECTRONIC STRUCTURE OF CoSi2/Si(111)
Abstract

Using the methods of ultraviolet photoelectron spectroscopy, light absorption spectroscopy and true secondary electrons, the
effects of deposition of Cs atoms with a monolayer thickness of 8 < 1 on the density of state of electrons in the valence band and
the conduction band, the energy band parameters and the quantum yield of photoelectrons have been studied for the first time. It
has been established that, upon deposition of Cs, the band gap Eg of the film does not change, the photoelectronic work function
@ sharply decreases, and the quantum yield of photoelectrons increases up to 3 times. The decrease in @ is mainly due to a
decrease in the width of the conduction band y (electron affinity). It is shown that as y decreases to 3 eV, the position of the
maxima of the density of states of valence electrons practically does not change.

Keywords: Electronic properties, Auger electron spectroscopy, ion implantation, nanophase, nanolayer, silicide, epitaxy,
heterofilm, heterosystem, surface morphology.

Co0Siy/Si(111) JEKTPOH TY3AJIMIIUIA Cs ATOMJIAPHA YYKIUPUIIHUHI TABCUPH.
AHHOTaIUA

Vnbprpabunadpma (GOTOINEKTPOH CHEKTPOCKOMMACH, EPYFIMKHUHT IOTHJIMII Ba XAaKUKUH HKKUJIAMYM  3JIEKTPOHIIAp
CIIEKTPOCKONMSCH yCyiuiapuaan ¢oinanannd, oup kariaaMm Kamumura 0 < 1 6ymran CS arommapy IYKUIIMHUHT BaJICHTIHK
30HACH Ba YTKAa3yBYaHJIMK 30HACUJIATH JJICKTPOHIIAP XONATHHHUHT 3UWINTHra TabCUPH, (HOTOCTCKTPOHIAPHUHT KBAHT YUKHIIN Ba
SHEPreTHK 30HaNap IMapamMerpiapd OWUPHHYM MapTa Ypranwiad. AHuknaHummyda, CS YyKTUpwiranga Ii€HKaHWHT EQ
TaKWKJIAHTAaH 30HAa KEHIJIUTH Y3rapMaiiad, (OTOAIEKTPOHIAPHUHT YHKUII WinH P KecknH Kamasiad, (oTOeNeKTpOoHIapHUHT
KBaHT YMKHIIN 3ca 3 Maprarada opraau. @ HUHT KaMaiuIM, acocaH YTKa3yBYAHJIMK 30HACH KCHITMTMHHUHT KaMaiWIIN OMiIaH
OofmuK 7 (9MeKTpoHra MOWWUINK). ¥ HHMHT 3 5B raua kamalnmm OWiIaH BaICHTIMK SJIEKTPOHIAPHHUHT 3HUINK
MaKCHMYyMIJIAPUHHHT XOJIATH aMaJlfia ¥3rapMaciIury KypcaTHiIraH.

Kamur cy3nap: DnekTpoH Xxoccaiap, 0Ke — 3JIEKTPOH CIEKTPOCKOMHMSACH, MOH MMIUIAHTATIMSA, HaHO(a3aitap, HaHOKATIaM,
CHJIMIIU, JITUTAKCHs, FETEPOILIEHKA, TeTePOCUCTEMA, CHPT MOP(OIIOTHSCH.

BBenenue. B nociennue roapl MogydeHUIO U U3YYSHHUIO COCTaBa, CTPYKTYPHI M CBOWCTB TOHKHX IIJICHOK CHJIMIIHIOB, OCOOCHHO
CoSi,, mocesieHo 6opioe 9uciao padot [1-9]. DTo B OCHOBHOM CBSI3aHO C LIMPOKUM NpUMEHEHHEM uX B coszmanue ITJII u
MAII crpykryp it CBY TpaH3HCTOPOB M MHTETPANBHBIX CXEM, a TaKXKe B CO3/IaHHE CBETOAMOIOB, JIETEKTOPOB H3ITydEHHUS,
IPYTMX ONTHYECKHX M DJIEKTPOHHBIX mpuOopoB [10-14]. M3BecTHO, YTO OCaKAEHHS HA MOBEPXHOCTh METAJUIOB,
HOJIYIIPOBOTHUKOB U JAHUAJICKTPUKOB CYOMOHOCIIONHBIX OKPHITHI aToMOB MeTaiuioB 1 ra3os (Cs, Rb, Ba, O, H u ap.) mpuoaur
U CYLIECTBEHHOMY M3MEHEHHUIO MX COCTaBa U (pHU3NKO-XUMHUUecKHX cBOMCTB [15-20]. B yactHOCTH, B pabote [15] mokasano, 4to
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Ha noBepxHocTh CdTe npu ocaxaeHne aToMOB Gapus ¢ TONMMMHON 6 < 1 MOHOCIIO# MPOMCXOAUTH YMEHBILICHHE PabOThl BHIXO/A
U YBEJIHUYCHHE ITyOUHBI 30HBI BHIX0J1d HCTHHHO-BTOPUYHBIX U (hOTOAIEKTPOHOB. B ciryuae Si ocaxnenue aromos Al, Ga, Pd, Cr
HPUBOIMII K 0Opa30BaHHUI0 XMMHYECKOW cBsi3u THia Me — Si M yMEIIeHHIO IIHPUHY 3ampelieHHoi 30HbI [16-18], a B ciyuae
GaAs HanbUIeHHE TOHKHX TUIeHOK MeTaiutoB u ra3os (Cs, Ca, Se, O u H) npuBoamn k crabuiusanuu noioxeHne yposus Oepmu
HE 3aBHCHMO OT THIa HambUIIeMoro BemecTBa [16]. OmHako 10 HACTOSINErO BPEMEHH Takue ncciaemoBaHust st wiéHok CoSi,
MPaKTUYECKU HE IPOBOANIIHCE.

B nanHO#i paboTe BIiepBbIC N3YYCHBI BIMSHUE OCAKACHUE CYOMOHOCIOMHBIX MOKPBITHII CS Ha MIIOTHOCTH COCTOSHUS BAJICHTHBIX
JJIEKTPOHOB, ITAPAMETPOB IHEPTETUIECKUX 30H U OnTHUecKue cBoicTB énok CoSi,/ Si (111).

Metonuka. lccnenoBaHus TNPOBOAMINCHE C HCIOJIB30BAaHUEM METOJOB  YIBTPAdHOIECTOBOH (POTOIIEKTPOHHON
criektpockonun (YOIC), creKTpOCKONHUN MCTHHHO-BTOPUYHBIX 3MIeKTpoHOB (MIBD) m crexTpockonmmy moriomeHus ceera. B
KayecTBe 0OBEKTa HCCle/IoBaHus HCHonb3oBaH MJID menku CoSi, / Si (111) ¢ Tommunoit d = 500 A. Iepen nanbuienuem Cs
00pas3ibl ounIanuch nporpesoM a0 7 = 950 K B Teuenne 2-3 gaca npu Bakyyme 107 Ia. [Iporpes mumeneii, ocaxxnenne Cs n
BCE MHCCIEJOBaHHE MPOBOAWINCH B OJHOM U TaM JK€ CBEPXBBICOKOBaKyyMHOM mpubope. CocTaB MOBEpXHOCTH
KOHTPOJIMPOBAJIMCh METOOM O’Ke-3JIEKTPOHHOW CIIEKTPOCKONUM. 3a 1 MOHOCHO# mpuHsTa TonmmuHa ciost CS mpu KoTopoi
3HaYeHHe pabOTHI BEIXO/A UMEET MHHUMYM.

PesyabtaTel M uX o0cyxaenume. Ha puc. 1 mpuBemeHsl (OTO3MEKTpOHHBIC crekTpbl rieHkr CoSiy/Si(111) ¢
cyOMoHOCHOHBIMU OKpbITHsiME CS B nuanazone € = 0.2 — 1 monocinoit. Dueprus gotonos hv cocrasisna 10.8 3B. Tlo ocu
abcnucce OTIOKEeHA SHEPTHs CBA3U E,, 3IEKTPOHOB, OTCUNTAHHAS OTHOCHUTENIFHO YPOBHS ITOTOJIKA BaICHTHOH 30HHI Ey. 31ech Ha
BCEX KpHBBIX 3Hepreruueckoro pactpenencHus (KOP) ¢oToanekTpoHOB HCIONb30BaH OJMH M TOT JK€ MAcIITad MO BEPTHKAIH,
BBIOPaHHOM TakUM 00pa3oM, YTO ILUIOLIANb ITOJ KPHBOH IPOIOPIMOHAIBHO BEIMYMHE KBAHTOBOTO BBIXOJA (OTOIIEKTPOHOB Y.
BuaHo, 4To BCe KpuBBIE 00J1aal0T SIBHO BEIPAKEHHOH TOHKOH CTPYKTYpOH.

Puc. 1. HopmupoBanHoe pacnpenencaue GoTodIeKTPOHOB N0 3HeprusaM uis iéHku CoSi,/Si, ¢ mokpeiTisMu CS TOMIMHON (B
monociosx): 1-0; 2-0,2; 3-0,6; 4-1,0.

Ha criextpe uncroit mnéuku CoSi, oOHapyxuBaetcs muku npu E,, = -0.8; -2.1; u -4.6 5B, a Taxxe ocobenHocts npu E,, =~ -0.4
5B. AHanu3 3TOro CHeKTpa U cpaBHEHHUE ero co crekTpamu Si v Co 1aéT BOZMOXKHOCTB MPEAToaraTh, 9YTo MUK A GpopMupyercs
BCIeACTBUE THOpuam3au Mp; coctossHUs KpeMHHA U N; cocTosHus xobanpTa, a MUK B - BcieacTBue ruOpuan3anuu Mos
COCTOSIHUSI KpeMHUSI U M5 COCTOSIHUSL K0OambTa, B TO BpeMs Kak nuk C oOpasyercs: BcaeAcTBUE THOpUAN3atun M) -COCTOSHUS
KpeMHUsI U M, -cocrosiHus KobansTa. [losiBinenne ocobennoctu npu E. ~ -0.4 3B 00BscHsIETCS, HATMYHEM HMOBEPXHOCTHBIX
cocrostauu (IIC). TIpu nambuienue CS ¢ pocrom & B matepBasie = 0.2 — 1 MOHOCIIOS WHTEHCHBHOCTH STHX ITHKOB
YBETUYUBAETCS 0€3 3aMETHOTO W3MEHEHHS MX SHEPreTHUECKHUX IOJI0KEHHH, a 0coOeHHOCTh mpu K., = -0.4 3B ucuesaer. [Ipu
9TOM mmpuHa cnekrpa AE u mnonaas nog KOP goTosnekTpoHOB yBenMuuBaeTcs, T.€. yMEHbIIAETCS (POTOAICKTPOHHAS paboTa
BbIXO#a @, a KBAaHTOBBIN BBIXOA (OTOANEKTPOHOB Y yBenmuuBaetca. [Ipu 6 > 0.6 moHocnoit Ha KOP mosBisercs HHTEeHCHBHBIN
muk D npu E,, = -7.2 5B, no-BuAMMOMY CBSI3aHHBIN BO30YXKICHHEM JICKTPOHOB M3 M; —COCTOSHMU KpemHus. HanGoinbmme
U3MEHEHHe cliekTpa Habmromaercs mpu 6 ~ 1 mMoHocnoil. [lanpHelimme yBenndeHue € IPUBOIUT K HEKOTOPOMY YBEITHYCHHUIO

B dN{dE,

hv=10,8 A ]

pabotsl BeIXOAA. (KOP (oT031€KTPOHOB, CHATHIE IpU & > 1 MOHOCIOH 3/1eCh He MpHBoAMICs.) 3Ha4eHue Ey ompenensnock ¢
HCIOJIb30BaHUEM METO/IA CIIEKTPOCKOIHMH MOTJIOIICHHUS CBETa.

Ha puc. 2 npuBeeHbI CIEKTPHI TIOTIONIEHUs CBeTa (KPUBBIE 3aBUCUMOCTH Igog;, /Is; 0T Av) nna Si (111), CoSi,/Si u CoSi,/Si ¢
MOHOCTIOWHBIM TIOKphITHEM CS. DKCTpamonsuus npasoi 9acTu KpuBoH Icogsi,/Is; x ocm hv (puc. 2) maer 3nadenme Eg
UccieayemMoro oopasua.

Puc. 2. Cruektpsl norinomeHus ceera st 1- uncroro Si (111); 2- menkn CoSi,/Si(111); 3- CoSi, ¢ mnenkoit Cs tomuuHoit 1
MOHOCJION

Tne Is; u Igos;, — MHTEHCHBHOCTH Tpoxopsmiero ceeta yepes Si (111) 6e3 u ¢ mrenkoit CoSi, cooTBeTcTBeHHO. U3 prc. 2 BUAHO,
uro Eguncroro Si pasHna 1.1 3B, a CoSi, — 0.6 3B. IIpu Hanbuieare CS ¢ TOMIUHONW | MOHOCIION MHTEHCHBHOCTD MPOXOISIIErO
CBETa HEMHOTO YMEHBIIAETCS BO BCEH MCCIIEI0BAaHHON 0071acTH /v, a 3HaYeHUs Eg IPaKTHYECKUH HE MEHSAETCS.

Ha ocHoBe faHHBIX puC. | W 2 HamM ONpeJeeHbl OCHOBHbIE MapaMeTpbl dHepreTudeckue 30H cucrembl CS/CoSi, (tadm). B
TabnuIle TaKKe MpuBeaeHbI 3HaueHus Y. 31ech 3HaueHue @ onpenernsuics no Gopmyne E,= @ = hv - AF, a 3HaueHUE CPOACTBO K
3IEKTPOHY ompenensics no dopmyne y = E, — Ey. 3nauenne E, oTHOCHTENBHO ypOBHA Bakyyma paBHa ()OTO — JIEKTPOHHOM

pabore BbIxoma[7].
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U3 tabnuie BuaHO, 4To yMenbiuenus @ miéukn CoSi, mpu ocaxxaerne CS B OCHOBHOM, TIPOUCXOMIUT BCIIEACTBHE YMEHBIIICHHE
CPOJICTBO K DJIEKTPOHY .

Tabimma

Tlapametpsl 30H 1 3HadyeHne Y mst CoSiy/Si(111) ¢ cyOMOHOCTOWHBIME

nokpeitusiMu CS

Ocs B MOHOCTIOSAX ITapameTps! 30H, 3B Y
E, E, 7 (ipu Av =10.8 3B)
0 4.9 0.6 4.4 4-10™
0.2 3.6 0.6 31 -
0.6 25 0.6 2 9:10%
1 1.9 0.6 1.4 1.1:10°

Takum 06pa3oM CIEKTPBI (POTOIIEKTPOHOB, MONyUeHHBIE TIpU Av ~ 10 — 15 3B, X0poImo OTpaXkaeT MIOTHOCTH COCTOSHHS
BAJICHTHBIX DJIEKTPOHOB MOBEPXHOCTHBIX CJIOEB HCCIEAyeMbIX 00pasmoB. OpHAKo, 1O HACTOSIIETO BPeMsl HE CYILIECTBYET
HPSIMBIE METO/bI OLEHKU IIOTHOCTH COCTOSIHHS 3JIEKTPOHOB 30HBI IIPOBOAUMOCTH. [IpH 9TOM BaKHOE HAyYHOE U MPAKTHIECKHE
3HAaUCHHE HMEeT IONydeHHe HHGPOPMALMK O IIOJOKEHHH MAKCHMYMOB IUIOTHOCTH OJEKTPOHHBIX COCTOSHHH B 30HE
HPOBOJIUMOCTH. DKCIIEPHMEHTAIBHO 3TO MOXHO OCYIIECTBIATH CHSTHEM OJHEPTeTHYECKHX CIEKTPOB HMCTHHHO-BTOPHYHBIX
snextposoB N(E;) mpu HU3KHMX SHEPrUsAX MEPBHUHEIX 3IEKTPOHOB F, MaTepHalia, KOHTPOIMPYEMO CHHKas paGOTHI BRIXOJA €ro
nosepxHoctu [10].

Ha puc. 3 npusenenst cnextpsl UBD N(E,), cuareie npu E,=5 3B, ansa uucroro CoSi, u CoSi, co cyomonocnoiinoii (6 ~ 0.6)
wieHkoi Cs. E, — SHEPTHsi BTOPHYHBIX JIEKTPOHOB. Hyib Ha ocu £, COOTBETCTBYET YPOBHIO Bakyyma tuieHkr CoSi,.

I

Puc. 3. Cnexrpel UBD nnenku CoSi; u CoSi, noxperroii Cs TommuHoi 6~ 0.6 MoHOCIO#H, n3MepenHsie npH E, ~ 5 3B.

Buano, uto nocie HanmbuieHne Cs BBIXOA HCTHHHO-BTOPHYHBIX JIEKTPOHOB B BaKyyM YBEINYMBACTCS, @ HAYAJIO CIIEKTpa
CMeIIaeTcs B CTOPOHY MEHBIINX SHEpPruH Ha ~2.4 3B, T.e. HOTeHUMaNbHBII Oapbep (CPOACTBO K DIEKTPOHY ) YMEHBIIACTCS Ha
2.4 5B. Ha 3T0¥#i 9acTu criekTpa 0OHapYKHUBAETCA 0COOCHHOCTEH MPHU SHEPTHIX E.=-08uE,-1.9 3B (otHOCUTENBHO Ey
npu sHeprusix E.,=3 n E.; = 4.1 3B). [lonoxxeHns: 3THX 0COOSHHOCTE COOTBETCTBYIOT MaKCUMyMaM IUIOTHOCTH 3JIEKTPOHHBIX
COCTOSIHUH B 30HE MPOBOAMMOCTH. YBenuuuBas TommuHbl wieHkn Cs 1o 0.8 — 1 MOHOCIOEB MOKHO YMEHBIIUT y Ha ~ 3 3B.
OnHaKO MPH 3TaM B CHEKTPe HAUMHACT MOSBIATHCS OCOOEHHOCTH, CBsI3aHHBIE ¢ afaTomMamu Cs.

3akmouenne. ITokazaHo, yto npu HanbiieHne Cs Ha moepxHOCTh COSi, TommumHON 6 < 1 MOHOCIOM, 3HaueHue Eq u
MOJIO’KEHNE MAaKCHMyMOB IUIOTHOCTH COCTOSIHHSI BaJE€HTHBIX OJJIEKTPOHOB MPAKTHYECKH HE H3MeHseTcs, paboTa BBIXOAa
(hOTOANIEKTPOHOB yMeHbIIaeTcs 10 3 3B, KBAaHTOBBIH BEIXO (OTORIEKTPOHOB yBenuuuBaercst B 3 u Gonee pasa. IIpu 6 > 0,6
MOHOCJIOH Ha CIIEKTPE MOSIBIAETCS HOBBII MakCUMyM Tipu £, = -7.2 3B, XapaKTepHBIH UTI KPEMHHUSL.

BriepBble sKcIIeprIMEHTAIBHO OMPEIENCHBI MTOJI0KEHNST MAKCHMYMOB INIOTHOCTH CBOOOIHBIX JJIEKTPOHHBIX COCTOSTHHAN B
30He npuBOANMOCTH COSiy. DTH MaKCUMYMBI PacloioKeHb! pH dHeprisx 0.8 u 1.9 5B Himke ypoBHS BakyyMa.
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