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TOG* YONBAG‘IRLARI VA QIYALIKLARIDA KO‘CHKI XAVFINI
BAHOLASH

Xayitov Xayotjon Xikmat o‘g‘li
Toshkent Davlat Transport Universiteti, Toshkent, O‘zbekiston
xayotjonxayitov9l@gmail.com

ANNOTATSIYA

Ushbu magqgolada tog'li hududlar hamda tog® yonbag irlari abtomobil
vo ‘llaridagi tog* ko ‘chkilari va qiyaliklarning surilish xavfi bilan bog ‘liq bo ‘Igan
texnik asoslovchi tushunchalar va tog* ko ‘chkilariga kompleks yondashuvdagi
ma ‘lumotlar aks etgan. Tog'li hudud sharoiti va avtomobil yo ‘llarining o ‘zaro
bog ‘ligligi orgali ro‘y berish ehtimoli yugori bo ‘Igan tog* giyaliklaridagi ko ‘chki
xavfini tahlil gilish va baholash uchun zaruriy bo ‘lgan dastlabki ma ‘lumotlarni yig ‘ish,
ko ‘chki paydo bo ‘luvchi ehtimoliy nuqtalari, ko ‘chkini keltirib chigaruvchi faktorlar
va elementlarning muhim jihatlari o ‘rganilgan. Tog ‘li hududlardan o ‘tuvchi avtomobil
yo ‘llarida yuz beradigan ko ‘chkilar juda katta yo ‘qotishlarga olib keladi va avtomobil
vo ‘lidagi harakat xavfsizligiga ham katta ta‘sir o ‘tkazadi. Ushbu magqoladagi
izlanishlar xalgaro ahamiyatdagi A-373 “Toshkent-O ‘sh” avtomobil yo li misolida
yoritilgan.

Kalit so‘zlar: Avtomobil yo‘li, Tog* ko ‘chkilari, Ko ‘chki xavfi, Yonbag ‘irlar,
Dovon, Intensivlik.

ABSTRACT

This article presents technical rationale concepts related to landslide and slope
hazards in mountainous and hillside areas and provides information on an integrated
approach to landslides. Collection of preliminary data necessary for the analysis and
assessment of the risk of landslides on mountain slopes with a high probability of
occurrence due to the interaction of mountainous terrain conditions and highways,
important aspects of possible landslide points, factors and elements that cause
landslides have been studied. Landslides that occur on highways passing through
mountainous areas cause enormous damage and have a major impact on road safety.
The research in this article is carried out using the example of the A-373 Tashkent-Osh
international highway.

Keywords: Highway, Landslides, Landslide hazard, Slopes, Pass, Intensity
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1. KIRISH

Tog‘ yonbag‘irlari va qiyaliklarida joy relefining beqqarorligi hamda tashqi
ta‘sirlar natijasi har yili avtomobil yo‘llariga salbiy oqibatlarga olib kelmoqda.
Jumladan, tog‘ ko‘chkilari, giyalikdagi gruntlarning surilishi kabi ofatlar natijasida
avtomobil yo‘llari xususan, harakat jadalligi yuqori va xalqaro ahamiyatga ega bo‘lgan
A-373 “Toshkrnt-O‘sh” avtomobil yo‘lidagi “Qamchiq” dovonida bu kabi hodisalar
juda ko‘plab kuzatilmoqda [1-3]. Tog‘ qiyaliklarining beqarorligi va tez-tez ro‘y
beradigan ko‘chkilar natijasida nafaqat infratuzilma ob‘ektlari, balki atrof muhit hamda
ekologiyaga ham jiddiy ta‘sir qilmogda. Jumladan qiyaliklarning tabiiy holati va
mustahkamligining o‘zgarishi natijasida relefning keskin o‘zgarishlariga sabab
bo‘lmoqda.

Tog* qiyaliklarining surilishi va ko‘chkilarning asosiy sabablari geologik,
gidrogeologik va geomorfologik sharoitlar hisoblanib, bundan tashqari tog*
yonbag‘irlarining tabily geodinamikasi o‘simlik, yerdan foydalanish va inson faoliyati
kabi omillar ta‘siri ham muhim rol o‘ynaydi [4,5].

Yugqorida keltirilgan ma‘lumotlarni tahlil qilish, tog‘ ko‘chkilarining ro‘y berish
ehtimolligini baholash va yo‘llarga ta‘sirini prognozlash bo‘yicha aniq yo‘nalishlar
tanlab olish hamda ko‘chkini xarakterlovchi matematik ifodalar ishlab chiqish ma‘lum
darajada muammoni hal gilish imkonini yaratadi.

2. KO‘CHKI XAVFI MAVJUDLIGINI BAHOLASH

A-373 “Toshkent-O‘sh” avtomobil yo‘li O‘zbekiston Respublikasi uchun muhim
strategik ahamiyatga ega bo‘lgan xalgaro ahamiyatga ega bo‘lgan avtomobil yo‘li
hisoblanadi. Ushbu avtomobil yo‘li Respublikaning vodiy viloyatlarini qolgan barcha
viloyatlar bilan bog‘lovchi hamda boshqa aylanma va alternativi mavjud bo‘lmagan
avtomobil yo‘li hisoblanadi (1-rasm).

A-373 “Toshkent-O‘sh” avtomobil yo‘lining tog‘li gismidan o‘tuvchi “Qamchiq”
dovonida tog® ko‘chkilari muntazam uchrab turadi. Ushbu “Qamchiq” dovonining
uzunligi 100 km. bo‘lib A-373 avtomobil yo‘lining 185-285-km.larida joylashgan.
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1-rasm. A-373 “Toshkent-O‘sh” avtomobil yo‘li “Qamchiq” dovoni

Tog‘ yonbag‘irlarida ko‘chki xavfini aniqlash, xavfli ko‘chkilarning ma‘lum bir
intensivligiga ta‘sir qiluvchi muayyan elementlar hamda tog* ko‘chkisini ro‘y berish
davrini quyidagi matematik funksiya yordamida baholash mumkin [6]:

Rigr=f(Hi, Ve)lt (1)

Bu yerda:

Rie| - ko ‘chkining ro‘y berish davridagi xavf;
Ve_yonbag ‘ir elementlarining zaifligi;
Hi_intensivlik xavfi.

Yuqoridagi formula shuni ko‘rsatadiki, ko‘chki xavfi intensivligi ma‘lum
bo‘lganda, tog‘ qiyaligi elementlarining zaifligi bilan bog‘liq holda ko‘chkining ro‘y
berish davrini ifodalaydi. Bu esa ko‘chki xavfini hisoblashda sodir bo‘ladigan
yo‘qotishlar ehtimoli sifatida tushuniladi.

Tog‘li hududlardagi avtomobil yo‘llariga ta‘sir ko‘rsatuvchi ko‘chki va
surilishlarga giyaliklarning zaifligi, ularning geologik tarkibi, yog‘ingarchilik miqdori
kabi asosiy sabablar bilan bir qatorda avtomobil yo‘li o‘tgan hududning nisbiy sath
balandligi ham muhim rol o‘ynaydi. Chunki tog‘li joylarda dengiz sathidan nisbiy
balandlik qanchalik ortgan sari shu qadar ko‘chki ehtimoli ham ortaveradi [7, §]. Bunga
sabab esa tog‘larning balandligi ortgan sari qiyaliklardagi gravitatsa hamda yog‘in
migdorining han parallel ortishi bilan bog‘liqdir. Bunga misol tarigasida “Qamchiq”
dovonida yuzaga kelgan tog* ko‘chkilarining intensivligi dengiz sathidan 1100 metr
balandlikdan keyin ortgani bilan ko‘rishimiz mumkin (2-rasm).
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2-rasm. “Qamchiq” dovonidagi ko‘chkilarning intensivligi bilan avtomobil
yo‘lining dengiz sathidan nisbiy balandligining bog‘liqligi

Ko‘chkilarning tabiiy xavfi — bu ma‘lum bir davrda ma‘lum intensivlikga ega
bo‘lgan tog‘ qiyaliklarida yuzaga kelishi mumkin bo‘lgan ehtimoli potensial halokatli
hodisa sanaladi.

Qiyaliklardagi gruntlarning sezgirligi ko‘chki xavfi uchun tetiklantiruvchi hodisa
hisoblanadi. Ushbu munosabatni quyidagi ifoda orqali ifodalash mumkin bo‘ladi:

Hi=f(S, P)/t (2)

Ushbu formulada xavf (H) ning funksiyasi ekanligini bildiradi, ko‘chkiga
sezuvchanlik (S) hamda ko‘chkining yuzaga kelish ehtimoli yoki halokatli hodisa (P)
ni ifodalaydi.

Ko‘chkiga sezuvchanlik osonlik bilan ifodalanishi mumkin. Bunda ko‘chki
hodisasi mahalliy relefga ko‘ra sodir bo‘lishga moyil sharoitlarni hisobga olish zarur.

Usbu maqgolada ham ko‘chkiga sezuvchanlikni baholash tomonlama taklif
qilingan matematik ifodalar bir qator ko‘chkini keltirib chiqaruvchi omillarni
o‘rgangan holda amalga oshirilgan. Jumladan ko‘chki xavfi oqibatida avtomobil
yo‘llariga yetishi mumkin bo‘lgan salbiy oqibatlar natijasi va ko‘chki xavfi R ni
aniglash uchun matematik jihatdan quyidagi ifoda ishlab chigilgan:

R=Y.; Hi*[Y%,; Vji*Ci] 3)

https://t.me/Erus_uz Multidisciplinary Scientific Journal July, 2024
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Bu yerda:

Hi= intensevlik xavfi;

Vji= | elementi uchun zaiflik;

Ci= zarar giymati.

Ko‘chkilarni yuzaga kelish ehtimolini ifodalashda oldin sodir bo‘ldan ko‘chki
xususiyatlari, sabablari statistikalrini ham o‘rganish kerak bo‘ladi. O‘rganilayotgan
hududda ko‘chki ehtoimolligini baholashda oldim sodir bo‘lgab davri va sikli yoki
yilning qgaysi paytida eng ko‘p ko‘chkil sodir bo‘lgabligini o‘rganish zarur.

Ko‘chki xavfining paydo bo‘lish ehtimoli bilan ma‘lum bir vaqt oralig‘ida

ma‘lum bir kattalikdagi ko‘chki sodir bo‘lish ehtimolligini quyidagi tenglama
yordamida hisoblash mumkin.

Px=1-(1-Pa)* 4)

Bu yerda:

Pa — ma ‘lum bir davr uchun ehtimollik;

Px — uzoq vaxt davomidagi ko ‘chki ehtimolligi;
X — gaytalanish yillari.

Ko‘chkilarning qaytarilish muddati asosan yog‘ingarchilikning keskin ortishi
hamda o‘sha hududdagi sodir bo‘ladigan zilzilalar kuchiga ham bog‘liqdir. Shu
boisdan ko‘chki xavfini baholashda (x) takrorlangan yillar oralig‘i olinadi [3].

Ko‘chki ehtimolligini baholashda quyidagicha usullardan ham foydalanish
mumkin:

¢ O‘rganilayotgan hududda oldin sodir bo‘lgan tarixiy ma‘lumotlarning o‘xshash
xususiyatlilaridan foydalanish;

+¢ Ekspetr xulosasi asosida to‘g‘ridan to‘g‘ri baholash;

+» Statistic va deterministic usullar qo‘llash.

Statistic usullar ko‘proq taxminlarga asoslangan bo‘ladi. Bunda ko‘chkilar sodir
bo‘lgan hudud, muhitni o‘rgangan holda ko‘chkilarning yuzaga kelishga moyilligi
tarixda shunga o‘xshash jarayonlarning taxminiy chastota diapazoniga asoslangan
holda yuzaga kelish ehtimoli va gaytarilish davri prognozlanadi.

Ko‘chki xavfini baholashda statistic usulni qo‘llash tog‘li zonalarda juda katta
aniqlikni talab qiladi [1]. Mumkin bo‘lgan keltirib chiqruvchi omillarni tahlil qilish
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hamda relef sharoitlarini o‘rganish baholashning aniqligini sezilarli darajada

o‘zgartiradi.

Deterministik usullar ehtimollik asosida hisoblash imkonini beradi. Bunda
qiyaliklarning barqarorlik tahlili bo‘yicha mavjud va ehtimoliy yoriqglar, yuzalar va
ularga mos keladigan tabity omillar hisobga olinadi. Ushbu natijalar 3-rasmda
ko‘rsatilganidek ko‘chki xavfining oqgibatini aniglashga imkon beradi.

Highwa

Haligacha ko‘chki xavfini tasniflash uchun xalgaro standartlar mavjud bo‘lmasa
ham, baholashni amalga oshirish uchun ko‘chki xavfini tasniflashning 3 ta shkalasi
bo‘yicha ehtimollik diapazonini joriy gilish mumkin bo‘ladi (1-jadval).

1-jadval

Ko‘chki xavfini diapazonlash uchun tavsiya etilgan qiymatlar

Statistik Psevdostatik
Ko‘chki xavfi xavfsizlik o oy Izoh
oy xavfsizlik omillari
omillai
Past 1.5< 1.15< Ushbu stanistik tahlil
O‘rta 1.2-1.5 1.0-1.15 ketma-ketligi
yog‘ingarchilikka
Yugori <1.2 <1.0 muvofiq o‘zgarib
turadi
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3. XULOSA

Tog® ko‘chkilarini o‘rganish borasidagi olib borilgan izlanishlar natijasi shuni
ko‘rsatmoqdaki: ko‘chkilarning ro‘y berishi, ta‘sir doiralari va oqibatlarini
yengillashtirish uchun ko‘chkilarning xarakteristikasini chuqur o‘rganish hamda xavf
xatarlarni oldindan prognozlash ko‘chkidan keladigan talofatlarni yumshatishga
xizmat giladi.

Avtomobil yo‘llariga ta‘sir ko‘rsatuvchi ko‘chkilarni sodir bo‘lish xavfini
baholash bizga quyidagicha samaradorliklarni olib kelshi mumkin ekan:

v’ Xavflarni oldindan baholash orgali ko‘chkiga qarshi chora-tadbirlarni olish
imkonini beradi;

v Ko‘chish ehtimolini prognozlash avtomobil yo‘lidagi yuzaga kelishi mumkin
bo‘lgan talofatlarni minimal darajaga tusgirishga xizmat qiladi;

v'Ma‘lum bir matematik ifodalar ko‘chkini tasniflashga va xususiyatlarini
o‘rganishga ximat giladi.
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PASHOBUJIHOCTU MUKPOOPI'AHU3MOB U UX CUCTEMATHUKA

III.ArzamoBa
Nuctutyt mukpobuonoruu AH PY3 m.H.c
M.Magsiaonui
Huctutyt mukpoouonoruun AH PY3 akagemux
C.HypmonoB
HuctutyTt mukpobuonorun AH PY3 B.H.c

AHHOTAIIAA

B 0annoti cmamove 6 pesynbmame namuilemHux UCCie008anull usyuena bocamas
U pasHoobpasuas Mmuxpogaopa Oaxkmepuil u Opodicocell NI0008bIX U S200HbIX
0epesbes, NpeoCmasiieHHas 80 6cex dK0a020-2eocpaguueckux 3onax Pecnyonuxu
V36exucman.

Knrouesvle cnosa. paznoobpasus Muxpoopeanuzmos, opoxcacu, Saccharomyces,
Hanseniaspora, bakmepuu, Pseudomonas, Bacillus.

ABSTRACT

In this article, as a result of five years of research, the rich and diverse microflora
of bacteria and yeasts of fruit and berry trees, represented in all ecological and
geographical zones of the Republic of Uzbekistan, was studied.

BBEJAEHUS

Nzydenne paznooOpas3usi MUKPOOPTAaHU3MOB U OTIPEACIICHUE BHIOBOTO COCTaBa
OaKkTepuil U IPOXKIKEH — OJTUH U3 aKTyaITbHBIX BOIIPOCOB MUKPOOHOJIOTHH.

[lenpr0 HaAmMMX WCCIEIOBAHUN SABJISUIOCH BHJICTIEHUE MHUKPOOPTAaHU3MOB
(6akTepuid, IpoiOKE) M3 OMOIIEHO30B IUIOJIOBBIX JE€PEBbEB U HE(MTEHOCHBIX IMOYB
VY30eknucraHa, W3ydyeHHE HMX CHCTEMATHUYECKOTO TMOJIOKCHHSI W OMOXHMHUYECKUX
0COOEHHOCTEH.
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JIUTEPATYPA U METOJO0JIOI'UA

Ot6op mnpo0 ans wHcCCIeqOBaHUS TMPOM3BOIWIM HA IUIOAOTO — STOAHBIX
wiantaimax HUW cagoBoncTBa, BUHOTpanapcTBa U BUHOACTHS MMEHHU aKaJeMHuKa
M.Mup3aeBa Hamanranckoit ob6mactu , a Takke U3 accoranu (pyKTOBBIX AEPEBBEB,
MIPOU3POCTAIONINX B CEICKUX paiioHax; Munroynak, Yaprak, Hapun, Typakypran. A
TaKxKe u3 3arpsi3HEHHON HE(PTHIO MTOYBBI U He(TENPOAYKTOB
He(dremepepabarpiBaomero 3aBoja (epraHckoil 00JacTH, YTO COOTBETCTBYET
CEBEPHOM, BOCTOYHOH, IEHTPAJIBbHON M IOr0O-3amagHoi reorpa@uueckuM 30HaM
PEeCITyOTNKH.

OnupuUTHYI0O MUKpO(QJIOpY H3y4yaldd B JIMHAMHUKE CO3PEBaHUS BUHOTpaja:
Ha4vHAasl C TOSBIICHHs 3€JEHBIX SAr0J A0 WX IOJHOM 3penoctu. llpencraBurenu
npeo0IaAaroIIMX rPYI MUKPOOPTraHU3MOB OBbLIN BBIJCJIECHBI B YUCTYIO KYJIBTYpPY IS
OIIPENEICHHUS UX BUIOBOIO COCTaBA.

Pa3HoxapaktepHble KOJOHMM OaKTepuil OTBHBAJIM Ha MSCOIENTOHHBIN arap,
IPOXIKH, CyCJO-arap, M NPOU3BOAWIM HMX PACUYUCTKY METOJAOM MHOTOKPATHBIX
naccaxei. Knaccudukanuss MUKpOOPraHM3MOB IIPOBEJICHa HA OCHOBAaHUU HU3YYEHUS
UX KYJIbTYPaJIbHbIX, MOP(HOIOTHUYECKUX U (PHU3UOTOTHUECKUX MPU3HAKOB.

IIpu ompeneneHUn CUCTEMATUYECKOIO IIOJIOKEHHUS HU30JMPOBAHHBIX KYJIBTYP

MHUKPOOPTaHU3MOB IOJIB30BAIKCH onpeaenutensmu bepru (1997), B.M.KyapsiBuera
(1954), J.Lodder, Van Rij Krieger(1958).

PE3YJIbTATHI HCCJIEJJOBAHUM.

Hamanranckoir oOsactu siBisieTcsi peruoHaMm PecmyOnuku Y30ekucTtad T7e
BBIPAIIUBAIOTCSA IUIOAOTO-SITOJIHBIE W (DPYKTOBBIC JE€PEBbs, KYyJIbTUBUpYyEMasl B
HEOOJIBIINX OTJAEILHBIMU YUCTAMU B JECATKAX PAiOHOB.

HauGonpmryto Maccy »nuduTHON MUKPOGIOPHI TUIOJOB M SITOJ COCTaBUIIH
OakTepuu, B OCHOBHOM, aepoOHbie (hopmbl. Brigenennbie n3 OMOIIEHO30B TJI0I0BO-
SATOJHBIX JEPEBHEB OAKTEPHM PaCHPEICIIIINCh IO POJaM CICTYIONMM 00pa3oM:
Pseudomonas — 20, Micrococcus — 15, Bacillus — 9, Bacterium — 6, Streptococcus — 4
mramma. [Ipeobnanaronumu ObUIM OakTepuu poia Pseudomonas,B 3HAYMTEILHOM
konmuectBe — Chromo bacterium. Yamie apyrux oOnapyxuBanuchk Pseudomonas,
Bacillus, Bux Micrococcus albus. MensimM paznooOpa3reM ObLIT IPEICTaBIEH PO
Sarcina. 3HauMTeabHOE MECTO B MHUKPO(IOpEe 3aHUMAIOT APOXKH. B pesynbrare
MHKpoOHooTHUecKoro aHaiau3a 30 oOpasmnoB BeIZICIECHO 65 MITaMMOB JPOKIKEBBIX H
JPOXOKENOT00HBIX MHUKPOOPTraHu3MoB. C OBEPXHOCTH SATOJ U TUIOJA0B H30IUPOBAHBI
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acCrOpOTeHHBIE JIPONOKH MPEUMYIIECTBEHHO C adpPOOHBIM THUIIOM JBIXaHHS, a TaKXKe
CIIM3e00pa3yolre U MUTMEHTHBIE (POPMBI TPOAOKEH.

HBy‘ICHI/IC (I)I/IBI/IOJIOI“I/I‘-ICCKI/IX CBOMCTB I[pO)K)KGﬁ, BBIZACJICHHBIX C IIOBCPXHOCTH

paCTCHI/Iﬁ IMIOKa3aJio, YTO BHUAbI BHYTPHU OAHOI'O pOoAda OTIIMYAKOTCA MCKIY co00ii 1o

YCBOCHHUIO HC TOJIBKO JACCATH CaXapOB , HPUMCHANOIUXCA TJISI TAKCOHOMHUYCCKOTO

MO3HAHUS JPOXOKEN, HO U IPYTUX YTIIE€BOIOB.

BBII[GJIGHHI)IC IMTaMMbI OTHCCCHEI K IBYM CeMEHCTBaM CIIOPOI'CHHBIX U
ACIIOPOTICHHbIX ,HpO)K)KGI‘/’I.

CewmeiicTBo Saccharomycetaceae npeacrasieno pogamu Saccharomyces,
cemeiictBo Saccharomycedaceae — poxom Hanseniaspora.

BunioBoii coctaB (uarHocTHKa) MUKPOOPTAaHU3MOB (OaKTEPHiA, TPOKKEN)
BBIJICJICHHBIX M3 OMOIIEHO30B IJI0JI0BO-STOIHBIX JEPEBHEB U MOUB, U YACTOTA UX
HAXOKJICHUS TTPUBEICHBI B TAOHIIE.

I[l/lal"HOCTl/lKa AOMHUHHHMPYIOIIUX MUKPOOPraHU3MOB IIPUPOAHBIX HUII

HamaHranckou 00J1acTu.

Ne Bun YacrToTra BCTpeyaemMocTH
1 Pseudomonas turcosa ++
2 Bacillus mesentericus +++
3 Bacillus megaterium +++
4 Pseudomonas herbicola ++++
5 Pseudomonas aerogenosa +
6 Chromobacterium sulferium ++
7 Micrococcus album +++
8 Bacillus subtilis ++++
9 Pseudomonas sinuosa ++

10 Hanseniaspora apiculata +++

11 Torulopsis bacillaris ++

12 Torulopsis candida ++++

13 Trichosporon cutaneum +++

14 Torulopsis ernobi ++

15 Candida tropicalis +++

16 Candida tenius ++
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3AKVIFOYEHHUE

Takum 00pazoM, HaUOOJBIITYI0 MacCy MUKPOOPTaHU3MOB COCTABIISIIOT OAKTEPHH,
OKpareHHbIe B B sk&nThIH 11BeT: PSeudomonas,Chromobacterium sulferium, upetusie
kokku — Micrococcus album. Berpewarorcs Bacillus album, Bacillus aerophilum,
Pseudomonas sinuosa u cnoponocHbsie Oaktepuu Bacillus mesentericus, Bacillus
megaterium.

OCHOBHYIO 4YacThb JpOXXKEBOM (UIOphl IUIOJOB M SITOJA MPEACTaBISIOT
Hanseniaspora apiculata (50%), Torulopsis (10%) u rieHYaThIC APOFKOKH.

Puc.1. /IByxcyTouHbIe KJI€TKH JOMUHUPYIOLIUX ApPox:keii Torulopsis
bacillaris

Puc.2. /IByxcyTouHble KJIeTKH JOMUHUPYIOUIUX Apoxokeii Candida
tropicalis

YB.680.

Puc.3. TpéxcyTrouHble KIeTKH JOMUHUPYIOIIUX 0akTepuid Micrococcus
album
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Puc.4. Tpéxcyrounble KJIeTKH JOMUHUpYOmuX 6axkrepuii Bacillus
megaterium

YB.680.
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ABSTRACT:

This article presents a sample mock exam to prepare for Mathematical
Olympiads. It presents complex problems and their solutions from fields such as
algebra, mathematical analysis, topology, combinatorics, number theory. Necessary
for solving given problems, important theorems and affirmations are given. Modern
and unusual methods for solving mathematical problems are described. For each
problem, a marking scheme is also given that complies with the requirements of
International Mathematical Olympiads.

Keywords: Cauchy-Buniakowski inequality, fixed point, idempotent matrices,
Sylvester rank inequality, sequence, Darboux sum, Bolzano-Weierstrass theorem, limit
point, prime number, field, invertible, pigeonhole principle, Cayley-Hamilton theorem,
characteristic polynomial, eigenvalues, algebraic closure, continuous function,
Euclidean plane, uncountable set, neighbourhood, injective, surjective, bijective,
simple graph, planar graph, subgraph, Kuratowski ’s Theorem, Euler s formula, metric
space.

At the Olympiads in mathematics, mainly unconventional problems are used.
Among them is the olympiads of mathematics for students. In this, in addition to
general mathematical knowledge, the participant will need skills and qualifications
such as creativity, logical thinking, a theorem corresponding to a given issue, a lemma,
the ability to identify affirmations. Among the most famous of the Mathematical
Olympiads for university students are IMC (Bulgaria), AKHIMO (Uzbekistan),
NCUMC (Russia), OMOUS (Turkmenistan), RUDN MATH OLYMP (Russia), NMC
(Russia), SEEMOUS (Europe) and others. Below we bring a sample mock exam for
students to prepare for these Olympiads, as well as an marking scheme for each
problem.
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MOCK EXAM FOR MATHEMATICS OLYMPIADS FOR UNIVERSITY
STUDENTS

Problem 1. If q; > 0 forall i € {1,2,...,n} then, prove that:

a 2023 a 2023 a 2023 a a a
(—1> +(—2> +...+(—”) > 21424 +2
az as a;

aj

Solution: We define x; = foralli € {1,2...n} where a,,,; = a, , then Xq -

Qi1

Xy *...- Xp, = 1. (1.1). By Cauchy-Buniakowski inequality we know that:

(x1 + xy+... +x,)?0%3

x20B 4 x30B 4 a0 > PR =
n

2022
= (x1 + x2+. . +Xn)

X, + x2+...+xn>

= (x1 + x3+...+xp) - ( m

Hence:

Marking scheme:
(@) If shown to be (1.1)..cccevieiiiiieiieicece e +2 points.
(b) For any complete proof ........ccccccevvevvinnieninne. 10 points.

Problem 2. Prove that, given f:[0; 1] = [0; 1] a continuous function has at least one
fixed point.

Solution: We define g(x): = f(x) — x, this function is coninuous in the segment
[0; 1]. We have the following two cases:

(i) f(1) =1 or £(0) = 0 then f has at least one fixed point.

(ii) The first case is not appropriate, then f(1) < 1 and f(0) > 0. Hence, g(0) >0
and g(1) < 0. From g(0) - g(1) < 0, (2.1) there is at least one point ¢ € (0; 1), such
that g(c) = 0, because g is continuous. This ¢ be fixed point for f function. (2.2)

Hence, given f:[0; 1] — [0; 1] a continuous function has at least one fixed point.
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Marking scheme:

(a) If function g IS CNOSEN .......c.covvviiiiiiiiieeeee s +3 points.
(b) If it is shown that g IS CONtINUOUS ........cccvervvrieiieiiierienne +1 points.
() If (2.1) ISProVEd ..o +4 points.
(d) 1T ShOWN O DE (2.2)eiiveeiiiecie e +2 points.

Problem 3. Let A, 4,,..., A, be idempotent matrices (42 = 4;) in M,,(R). Prove

that
K K
Z N(4;) = rank <I — HAi>
i=1 i=1

where N(4;) = n —rank(4;) and M, (R) is the set of square n x n matrices with
real entries.

Solution: Fix an index i and note that because 4; is idempotent, then A;(I,, —
A;))X; = 0, for any matrix X;. Hence, by Sylvester rank inequality:

n —rk(4y) = rk((I, — ADX;) — rk(0,) = rk((I, — ADX;). (3.1)

for any matrix X;. By summing and using the supra-additivity (rk(A4) + rk(B) ==
rk(A + B)) of the rank we may infer

k

k k
Z(n —rk(4;)) = Z rk((I, — ADX;) =7k (Z(In — ADX; ) . (3.2)

=1

By letting X; = I, and X; = A4, ... A;_, fori > 2 the conclusion immediately

follows.
k k
Z N(A4;) = rank (1 - nAi>
i i

Note: Sylvester rank inequality:
rank(A) + rank(B) < rank(AB) + n
where A, B € M, (R).
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Marking scheme:

(@) 1T (3.1) IS ProVed ..o + 3 points.
(b)) 1T (3.2) IS PrOVEd ...t +3 points.
(c) If X; are chosen and proof is complete..........cccovveiininnnne. +4 points.

Problem 4. Lets,, = fol sin™ (nx)dx.

(i) Prove that s,, < %for all odd n.

(i1) Find all the limit points of the sequence sy, 55, S3, . ..

Solution: We proceed with each part as follows:

(i) By the substitution x — % may consider s, = %fol sin™(x)dx . Note that
because sin(x) = —sin(x + m), we have sin™(x) = —sin"™(x + m) for odd n. Let
k = n (mod 2m). By the parity of sin™(x), we know that fozn sin™(x)dx = 0. Hence,

l]nsin"(x)dx = 1jksin"(x)dx < ljnsin"(x) dx = E
nJ, nJ, nJ, n
as required.
(ii) We shall prove that the only limit point is 0. We already know that s,, — 0 for

odd n, so it suffices to prove that s,, — 0 for even n. To do so, we will bound the
function from above using rectangles, i.e. we shall take an appropriate upper Darboux

sum to bound fol sin™(x)dx.

For a sufficiently small § > 0, we define the partition
P(n)—{[O'E—S) 5- 62 +4) F+5-3—”—5) &+6'n]}
5 - ) 2 ) 2 ) 2 ) 2 ) 2 yreey 2 10,

For each interval in Ps(n) containing some multiple of % we bound sin™(x) by a
rectangle of height 1. Otherwise, we can bound the interval by sin™(x) by a rectangle
of height sin™ (g — 6) = cos™(6), where we note that cos™(§) » 0 asn — oo . We
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note that there are less than n multiples of g in the interval [0; n], so the sum of the
areas of these rectangles is at most 2né + ncos™(6), and hence

Sy =~ (2n8 + ncos™(8)) = 26 + cos™(8) » 28, as n - oo

T
Now suppose for the sake of contradiction that 2 > 0 was a limit point of the
sequence. By selecting § < &, we show that the terms of s,, are eventually inside the
interval (0; 2¢), a contradiction. Then the sequence is bounded in the interval [0; 1]

but has no limit point greater than 0, hence by Bolzano-Weierstrass theorem, the only
limit point is 0.

Marking scheme:

(@) If part (1) ISPrOVEd .......ocveiieiecie e +4 points.
(b) If part (ii) IS PrOVEA ....cc.oceeivieriiiecie e +6 points.
(c) For any complete proof .........cccocevieiinieiie s 10 points.

Problem 5. Let p >3 be a prime number. A sequence of p —1 integers
a, ay, ..., a,_1 is called wonky if they are distinct modulo p and A;Aiyp

af,, (mod p) foralli € {1,2,...,p — 1}, where a,, = a, and

a,+1 = ap. Does there always exist a wonky sequence such that
a;a,, a.a, + axas, cen a1a; +...+ ap_1a4

are all distinct modulo p?

Solution: Throughout this solution all congruences are taken modulo p. Our

construction will be a; = E (mod p) (5.1). We now verify this construction works.

i
Note that:

k K K
Zajaj“EZj(j-ll—l) EZ(%_HLJEl_k—il (5.2)
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which are all distinct since
1 1 1 1

1-——=1- = = =k = 5.3
k+ 1 m+1 k+1 m+1 m (5:3)
Moreover

p—1 p—2

1
ajQjq = Z ajaj 1+ apqa; =1- — 1=1,
. : p—1
j=1 j=1

and 1 — ﬁ # 1V k so this is distinct from all the previous terms (5.4). Finally if
I<p-—-2

1 1 1 5
- * T = = ajyq
i(i+2) i(i+2)+1 (i+1)?

A;Qjyp =

Additionally if i € {p — 2;p — 1}, a;a;,, = —3 # 1since p # 3 (5.5).

Marking scheme:

(@) I (5.1) IS CROSEN ..ot +3 points.
(B) If (5.2) 1S PrOVEd ... + 3 points.
(€) I (5.3) IS ProVed ..o +1 points.
(d) If (5.4) IS PrOVEd ..ot +1 points.
(€) 1T (5.5) IS PrOVEM ....oveiiiiiiecie s +2 points.

Problem 6. Let A be a square matrix with entries in the field Z/pZ such that A™ — I
Is invertible for every positive integer n. Prove that there exists a positive integer
m such that A™ = 0.

Note: A matrix having entries in the field Z/pZ means that two matrices are considered
the same if each pair of corresponding entries differ by a multiple of p.

Solution 1: Note that there are finitely many matrices under consideration. Let the
number be k € N. Then by pigeonhole principle, two of the k4 1 matrices
A, A%, A3, ..., AF*1 must be equal. Suppose that they are A” and AS, where r > s. Then
note that:
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AT—AS=0 ASAS-D=0s A5=0, (6.1)

since A5 — [ is invertible.

Marking scheme:

(a) If it shows that the number of matrices is finite .........c.ccccceveeiinnenn, +2 points.
(b) If the pigeonhole principle IS USed .........ccooveiiiiiienin e + 3 points.
(€) IF (6.1) ISPrOVEA ..ot +5 points.

Solution 2: We shall prove the statement using eigenvalues and the Cayley-Hamilton
theorem.

By the Cayley-Hamilton theorem, the characteristic polynomial ¢, of A satisfies
CA(A) - 0

Consider the eigenvalues of A over the algebraic closure of Z/pZ. The closure is
countable, but all elements have finite order. Suppose for the sake of contradiction that
some eigenvalue A is not zero. Then there exists m € N such that A™ = 1. However
this implies det(A™ — 1) =0, and A™ — I is therefore not invertible, which is a
contradiction.

Since all eigenvalues are 0, the characteristic polynomial must be ¢, = X™. Thus,
c,(A) = A™ = 0, as required.

Problem 7. Let S be a set with 10 distinct elements. A set T of subsets of S (possibly
containing the empty set) is called union-closed if, forall A,B € T , itis true that A U
B € T. Show that the number of union-closed sets T is less than 21923,

Solution: Let f(n) denote the number of union-closed sets T over a set Sp =
{1,2,...,n}. We bound £(10) by showing that f(n) < f(n — 1)2.

Let T be a union-closed set over S,,, for n > 1. We partition T into A and B, where
A={te T:n¢t},and B={t €T : n € t}. Then define B'={b\
{n}: b € B}. Note that both A and B’ are union-closed sets over S,,_;, and furthermore,
T uniquely partitions into A and B’ by the above method. Since there are f(n — 1)?
choices of A and B’, we have f(n) < f(n—1)? (7.1), as desired (we have an
inequality here since not all T generated by arbitrary

A and B’ will be union-closed over S_n).
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We now count that f(2) < 14, since |P(P(S;))| = 16 (7.2), but {{1},{2}} and
{®,{1},{2}} are not union-closed. Hence f(10) < F(2)2° = 14256 < 21023 gjnce

256
14 1
( ) < _.
16 2

Marking scheme:

(a) If Aand B sets are ChoSeN ........ccccccevvvevee i +2 points.
(D) 1T (7.1) IS PrOVEA ..ot 6 points.
(o) If (7.2) iscalculated ........ccoocvvieiieiieieee e +2 points.
(d) If the proof is completed COrrectly ........ccovvvvveveiiinieiiennn, +2 points.

Problem 8. Let R? denote the Euclidean plane. A continuous function f: R? - R?
maps circles to circles. (A point is not a circle.) Prove that it maps lines to lines.

Solution: In this proof, we use the notation X': = f(X). The proof can be broken down
into four main steps.

f is injective: Suppose that A and B are distinct points such that A" = B’. Since the
range of the function is at least a circle, which is an uncountable set, there must exist
points P and Q so that A, B, P, Q lie in general position, and A’, P’, Q" are distinct. Let
C, be the circle passing through APQ and C, be the circle passing through BPQ. Note
that ¢; and ¢, both map to the circumcircle ' of A'P'Q’, which must exist.

/2!
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Now, since f is continuous, there exists a neighbourhood V' of P on C; which maps to
a subset of C" \ {4’; Q'}. Consider a perturbation of the circle C,, such that it still
passes through B and Q, but now passes through a point in V" distinct from P. Each of
these circles in the perturbation must then also map to ¢’ by the same argument as
above. Hence, this perturbation creates a region R such that f (R) = C'. However, note
that any circle contained entirely within R must then also map to exactly C'. This
implies that there are arbitrarily small circles which map to C’, contradicting the
continuity of f. Hence f is injective.

f is surjective: Since f is injective, we now know that C;and C, must intersect only
at P' and Q'. Let X,Y € C, so that C, separates X from Y. By injective continuity we
can deduce that C; separates arc P'X'Q’ from arc P'Y'Q’, and hence X' from Y'. Let
the intersection of X'Y’ with ¢; be R’ and S’. WLOG, assume that S is not an
intersection of XY with C;, then the circumcircle of XYS must map to the circumcircle
of X'Y'S’, a contradiction. Hence R and S must be the intersection of XY with C;.

Consider any point Z' not on the line X'Y’. Let the circumcircle of X'Y'Z" intersect C; at
U’. We know this intersection point exists because the circumcircle of X'Y'Z’ passes
through X’ and Y’, which are separated by C;. Since f is injective, U is distinct from S
and R, and hence the circumcircle of XYU which must map to the circumcircle of
X'Y'U’, which passes through Z'. Hence any point Z' not on the line X'Y” is in the image

of f.

Repeating this argument replacing X with a different point W on the arc PXQ shows
that every point is in the image of f. This proves that f is surjective and thus bijective.
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f preserves collinearity: Above, we proved that the family of circles passing through
X' and Y’ is mapped to by some circle passing through X and Y. Conversely, any circle
passing through X and Y must map to a circle passing through X’ and Y’. Hence, the
family of circles passing through X and Y maps to the family of circles passing through
X" and Y'. Since f is bijective the complement of the family must map to the
complement of the image family. This shows that for any point T on the line XY , T’
must lie on the line X'Y".

f maps lines to lines: Finally, since f is bijective and preserves collinearity, a line £
must map to a subset ¢’ ofaline L'. LetT' € L'. If T ¢ ¢', then T must lie off the lie £.
Consider a circle passing through T and two points D, E € £. This must map to a circle,
but T'D'E' forms a line, a contradiction. Hence, lines must map to lines.

o7

f
—-

LI‘.'..
Marking scheme:
(a) Ifitis proved that fiS INJECTIVE .....ccoecveveerieece e + 3 points.
(b) If it is proved that fiS SUJECTIVE ......ccevveiieece e +3 points.
(c) If it is proved that f preserves collinearity ..........ccccveevivnvesieinnnnnnn, +2 points.
(d) If itis proved that f maps lines to liNeS .........ccccvvvvevviiviie i, +2 points.
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Problem 9. Let G be a simple graph with n vertices and m edges such that no two
cycles share an edge. Prove that 2m < 3n.

Note: A simple graph is a graph with at most one edge between any two vertices and
no edges from any vertex to itself. A cycle is a sequence of distinct vertices v,..., v,
such that there is an edge between any two consecutive vertices, and between v,, and
V.

Solution 1: Every cycle contains > 3 edges, but every edge is in < 1 cycle. Denote
the number of cycles by C, then we have C < ? (9.1). Delete an edge from each cycle
to obtain the graph G'. G' has no cycles, so it has at most n — 1 edges. (This is a well-
known fact.) Then m = |E(G)| =C + |E(G")| < ? +n-1<< % + n, and hence

sz < n as required (9.2).

Marking scheme:

(@) 1T (9.2) IS PrOVEd ....oovveiieiieieee e +2 points.
(B) If G S CNOSEN ..o +3 points.
(c) IT (9.2) isproved ........cccovvvvveieniniieiieenn, +5 points.

Solution 2: G must be planar. This can be most quickly shown using Kuratowski’s
Theorem. Suppose G is not planar, then it contains a subgraph K33 or Ks , which
contradicts the assumption that cycles in G do not share an edge.

Therefore G is planar, so every cycle contributes 1 to the number of faces. Since the
number of cycles C satisfies C < g (9.1),and F = C + 1, applying Euler’s formula
F —E +V = 2 completes the proof (9.3).

Note: (Kuratowski’s Theorem:) A graph is planar if and only if it does not contain any
subdivision of K3 5 or K.

Marking scheme:

(@) 1T (9.1) IS ProOVEd ..o +2 points.
(B) I (9.3) IS PrOVEM ..o +3 points.
(o) Ifitis proved that G is planar .......c.ccccoeovevieeve e +5 points.

(d) If itis not shown that G is planar ............cccoccvveiiniiininnn —1 points.
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Problem 10. Let (X; d) be a nonempty connected metric space such that the limit of
every convergent sequence, is a term of that sequence. Prove that X has exactly one
element.

Solution: Suppose |X| > 1. Take x € X and consider A = {x},B =X — {x}.(so B
becomes non empty) Since X is connected we must have either cls(A) N B # ¢ or
cls(B)NA + ¢.Butcls(A) = Aandso cls(A) N B =ANB = ¢. So we must have
cls(B)NA + ¢ = x € cls(B) (10.1). So every x € X is a limit point of X. So for all
€ > 0 we must have X N B.(x) is infinite. So exist a convergent sequence {x,} going
to x and none of x, equals to x. Now for any small € > 0 exist x # x,,_ such that
d(x,x,,) < &. Now we know for all such n_g,x,_ is a limit point of X. Now any
subsequence of {x,} can’t go to x,,_ so exist y,,_ # x,_ and not equals to any term of
the sequence {x,}such that d(x, ¥, ) < &= d(x y,,) < 2¢ (10.2). So we get a
sequence {y,_} going to x while no terms of {y, } is a term of sequence {x,,}. Now as
per given condition we know x is a term of {y,,_} as well as of {x,, } but that’s impossible
(10.3). So, |X| = 1. Here cls(S) denotes closure of set S.

Marking scheme:

(@) 1T (10.1) IS PrOVEA ..ocvvvieieiieiieiie et + 3 points.
(b) If itis shown that X, oo +1 points.
() Iy, 1S ChOSEN ..o, +2 points.
(d) If (10.2) IS PrOVEd ..o +2 points.
(€) 1T (10.3) IS PrOVEA ....eeeveeieeceectie e +2 points.
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XPOMATOI'PAOUYECKOE NCCJIIEAOBAHHUE
TEPMOKATAJIMTUYECKOI'O ITPEBPAIIIEHUA ITVIACTMACC B
AKNUIKOE TOIIJIMBO B ITPUCYTCTBUU I'JIMHbI

dnoex Caaum yram Kapumos
AccucteHnt byxapckoro rocy1apcTBEHHOTO YHUBEPCUTETA

JIrooos Biaagumuposua @ypaa
benropoackuii rocy1apCTBEHHBIN HALMOHAJIBHBIN UCCIIEI0BATENLCKA YHUBEPCUTET
JIOLECHT YHUBEPCUTETA, KAHIUIAT XUMUYECKUX HAYK, JOLICHT

Ouara Esrenesna JleoeneBa
HannronanbHbIN HCCIEI0BATEIBCKUNM beNTropoICKUil TOCYJapCTBEHHBIA YHUBEPCUTET
IIpodheccop yHuBepcuTeTa, TOKTOP XMMHUYSCKUX HAYK, Ipodeccop

baxtuép ykypyaiaoesuuy I'anues
ACCHUCTEHT-AOKTOPAHT byXapCKOro rocy1apCTBEHHOTO YHUBEPCUTETA

Annomayun: B o>moii cmamwve onuceieaemcs UcCcie0o08anHue Memooos
xpomamoepaguu U - peHmeeHoPAZ06HO20  AHAIU3A  MEPMOKAMANUMUYECKO20
npespaujenst NAACMMAce 8 HCUOKOe MONIUBO 8 NPUCYMCMEUU KAOJUHA U 2TUHBL.
IIposeden ananuz HCUOKUX MONIUS, NOJYHEHHBIX U3 NAACMMACC, MemoooM
Xpomamozpaghuu u uzyuen cocmas Kamaiuzamopd, NPpueomosieHHo20 memooom PDA
HA OCHOB8e KAOAUHA U 2MuUHbl. Taxdce npedcmasieHa MeXHONOSUHEeCKdas cxemd U
MemoooN02U4ecKass 4acms MmMepMOKAMaIumu4ecko2o npespaujeHus. niacmmacc 6
AHCUOKOE MONJIUBO.

Knioueevie cnoea: emopuunoe cvipbe, NIACMMACCHL, HCUOKOE MONJIUBO,
Kamaauzamopwvl, MepMOKaAMAaIumu4eckas KOHEEpCUsl, DPeHmeeHODA306blll aAHAIU3,
xXpomamozpacghusi, enuna.
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BBenenue

B Hacrosiiee Bpemsi mpo6iiema nepepaboTKH MOJIMMEPHBIX OTXO0JI0B 0OpeTaeT
BCE OOJIBIIYIO0 aKTyalbHOCTb, TAaK KaK B YCJIOBHSIX JehUIIUTA MOJIUMEPHOTO ChIPbhS
MJIACTUKOBBIE OTXObl CTAHOBSITCS MOTECHIIUATBHBIMU CHIPHEBBIMU M SHEPTETUYECKUMHU
pecypcamu. C y4eTOM HEBO30OHOBIISIEMOCTH MCKOIIAEMOTO yTIECBOAOPOTHOTO CHIPHS
3a/1aua MepepabOTKU IUIACTUKOBBIX OTXOJIOB B JKHJKOE TOIUIMBO TIPEICTABIISACTCS
MEePCIEKTUBHON. TepMOKaTanuTHIeCKasi KOHBEPCHUS SBIICTCS OJHUM W3 CIIOCOOOB,
KOTOPBI TO3BOJISICT TMOy4YaTh JKUAKAE TPOAYKTHI HEOOXOIWMOTO Jrara3oHa
YIJIEBOJOPOIOB.

HNuTepecHO, 4YTO KaTadUTHUYECKas AaKTUBHOCTh TajlbKa OblIa OOHapy» eHa
ciyyaitno [1]. JlaHHBIN MaTepuall 4acTO SBJISIETCS HANOJHUTEIEM MOJIMIIPONHIICHA
(I'1IT), moBbIIAIONIN €T0 )KECTKOCTh. BhIX0ABI M cOCTaBbI MPOAYKTOB U3 unctoro 111
u 111 ¢ HamoTHUTENAMH TTOKa3aIl 3HAYUTENIbHBIC OTINYHUA. JTO YKa3bIBaeT Ha OoJiee
BBICOKYIO cTeneHb faectpykuuu [II1 ¢ HamosHUTENsIMU, 4TO, CKOpEe BCETO, SBISETCS
PEe3yJbTaTOM KAaTAIUTHUUYECKOTO JCHCTBUS TajbKa. DTO JaJI0 ropa3zio 0ojiee BhICOKUI
BbIXO/I Ta3a (76,3 Macc.%) 1 He3HAUUTEIBHBIN BHIXO]T BOCKA.

Khan and Hussain Tak)xe cOOOINMIN O KAaTAJIMTHYECKON aKTHUBHOCTHU TajbKa
(bpaniry3ckuii Mel, Kak yroMuHajaoch B padore) [2]. OHM yka3anu, 4YTO MPOAYKTHI
MUPOJIN3a HE COJIEPKAT BOCK U JAIOT BRICOKHI BBIXO/ JKUJIKUX YTJIE€BOIOPOIOB. Takxke
ObLI0 3a(MKCHUPOBAHO 0Opa30BaHKE ra3000pa3HbBIX MPOJTYKTOB.

Pe3ynbTaThl, MOMYyYEHHBIC JJIs1 CEMMOJUTA, MOKAa3bIBAIOT, UYTO, HECMOTpPS Ha
HU3KYI0 KATAIUTUYECKYH AaKTUBHOCTh, JAHHBIM TJIMHUCTBIA Marepuana o0jamact
JOCTaTOYHBIMU ~ KATAIUTUYECKHUMH CBOMCTBAMHU IS CHWXKEHHUS TEMIIepaTyphl
paznoxenust 19 wm IIIT [3]. Onpnako crepuueckue 3¢ EKTH, CBS3aHHBIE C
samectutensmu [IC u DBA, ymeHbmaroT katanutudeckuii 3pdexr. OnbiTel 10
TEPMOOKHUCIIUTEIILHON  JIECTPYKIIUUA  TOKa3ajid, YTO 3aMETHOTO  CHIDKCHHS
TeMIepaTypbl, KOTOPOE MOKET ObITh CBSI3AHO C TPUCYTCTBUEM TJIMHBI, HE TPOUCXOIUT.

Karanuzatopsl Co/BepMukyuT v Ni/Bepmukynut B padbote Chen et al. umenu
00J1ee BHICOKYIO CEJICKTUBHOCTb IO (PPaKIMSIM C YHCIOM aTOMOB yriiepoza 6oibiie Ciz
[4]. Oprannueckuii BepMUKYJIUT U Co-Ni/BepMUKYIUT oOjaganu Oojiee BBHICOKOU
CEJICKTUBHOCTBIO IO (PPAKITUSM C YUCIIOM aTOMOB yriepoja Meree Ci3. Bo3aMOXHOCTH
oOpazoBaHusi  OOJIBIIOTO  KOJMYECTBA  JU3EIBHOTO  TOIUIMBA,  JUCTUILUIATA
HedrenpoayktoB u H; B ra3000pa3HbIX NPOJAYKTaX CBSI3aHA C KHUCIOTHOCTBIO
KaTajau3aTropa, oOyCJIOBICHHON CTPYKTYPHBIMH CBONCTBAMHU.

[Mupodummnut, 00pabOTaHHBIA  KUCIOTOM, TakKKe TOKa3zal  XOpOIIHe
KaTaTUTHYECKUE XapaKTEPUCTUKUA B OTHOIIIEHUU PA3JIOKEHUS MTOJTUCTHUPOJIA B KUJIKUE
yraeojgopoasl [5]. Ilo cpaBHEHHIO C TEPMUUYECKOW AECTPYKIMEW TPUCYTCTBUE
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KaTaau3aTopa moka3ajgo ropaszno 00see BHICOKYIO CEJIEKTUBHOCTD IO ITUIOCH30IIY H
He3HauuTeabHbIN BEIXo Ci16—Co1 (8,5 mace.%).

Filip u np. mccnemoBanm mpormecchl TepMudeckon nectpykiuu mnpu 420 °C
cmecu minactukoBbix 0Tx070B (IIC, II9T®, [IBX) B oTCYyTCTBHE U B MPUCYTCTBUU
IBYX THIIOB KaTaJu3aTOPOB HA OCHOBE MPUPOAHBIX PYMBIHCKHUX TJIMHHCTBIX
Martepuaios [6]. Pe3yiabTaThl moka3aiu, 4To KuAKue Ppakiuu coiepxKaii B OCHOBHOM
MOHOapoMaTH4eckue coearuHeHus. Haubompiee KoanMuecTBo cTUposia odpasyercs B
pe3yibTaTe TEPMHUYECKOTO PAa3JIOKEHHUS IOJMCTUPOJIA, KOTOPHIA OBLT OCHOBHBIM
KOMITOHEHTOM TUTAaCTUKOBOM cMmecH. [ mmHa Bany Kpunrynyii otmedeHa kak Hanbosee
3¢ ()EeKTUBHBIN KaTaTnu3aToOp TEPMUYECKOTO PA3I0KECHUS IACTUKOBOW CMECH.

[ToaBOI UTOTH, MOKHO CKa3aTh, YTO CAMbI€ BHICOKHE BBIXO/IbI )KUJIKOCTH OBLITU
nosrydensl 1t [IDHIT na katanuzatope ®ymieposoit 3emunu (91,0 mace.%) [2]; 111 Ha
MPUPOJIHOM TJIMHUCTOM MUHepane u3 WHAOHE3WH, HUMIIPErHUPOBAHHOM HAHO
gactuniamu LaFeOs (88,8 macc.% nHa 5-m nukie) [7]. Caeayer moauepkHyTh, 4TO B
MOCJAEAHEM  CIydae pPOCT BbIXOJA  IEJEBBIX MPOAYKTOB  OOECreuuBalICS
cnequpuyeckuM  3(PPEKTUBHBIM  MNPOMOTOPOM — (EpPpUTOM JIaHTaHA. ITO
CYIIECTBEHHOE OTJIMYME KaTajlu3aTopa IMPHUBJICKAET BHUMAHHUE K MEPCHEKTHBAM
HEKUCJIOTHOW Moaudukaiuu v [8,9].

Pe3ynbTaThl MHOTOYHMCIEHHBIX UCCIEAOBAHUN CBHUJETEIBCTBYIOT O TOM, YTO
OCHOBHBIMU 3KCIIEPUMEHTAIBHBIMU MMAPAMETPAMHU TEPMOKATATUTUIECKON KOHBEPCHUH
MJIACTMACC SBJISIOTCS TEMIIEpaTypa peakiuh, KUCIOTHOCTb MOJIU(DUIIMPOBAHHBIX
KaTaJn3aTOpPOB U COOTHOIIEHUE KaTalu3aTop: MIacTUK. Bapbupys nmapaMeTpbl, MOKHO
JTOOUTHCS CYIIECTBEHHOTO YBEJIMUEHHUS BBIXOJA KUJIKUX YTJIEBOJAOPOJOB B MpOIIECCe
KOHBEpCHHM TiacTmacc [8].

IOKCIIEPUMEHTAJIBHASA YACTb
MeToauKka NPUTOTOBJICHUS PEAKIIMOHHON CMecH

[IpenBaputenbHO M3MENBUYEHHBIM 00paszer] mojuMepa M MOTOPHOE Macio
noMemanu B ¢GapdopoByr0 dYallKy M OCTaBsUIM Ha | Yac TNpuU KOMHATHOM
TeMriepatype. MaccoBoe COOTHOILIEHHE MOJMMEP: MOTOPHOE Macliio cocTaBisuio 1:1.
Jlanee cMmech HarpeBajiu JI0 MOJYyYEHHUS BS3KOrO pacTBOpa MOJUMEpa, U B TOPSUHl
pacTBOp BHOCHJIM  HABECKy IIOpOINKAa KaTraju3aTropa TMpU  HEMpPEepPhIBHOM
nepeMemnBaHuu. [lolydeHHyI0 CMeCh OCTaBJISLIM MMPU KOMHATHOW TEMIIEpaType 10
MOJTYYEHHs] TBEPAOW IUIEHKH. MaccoBO€ COOTHOIIEHHE MOJIUMEP: MOTOPHOE
Maciio:katanu3arop coctanisiyio 1:1:1. [TomyyeHHble TBEpAbIE MIIEHKU U3MENBYAIIN 10
pasmepa 2-3 MM U 3arpyxajiu B KaTATUTUYECKUIN PEaKTop.
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MeToauka NMPOBEACHUA KATAJIUTUICCKOTO PA3JI0KCHUS IMMOJIUMEPOB

DKCHEPUMEHTHl MO0 TEPMOKATAIIUTUYECKOMY MPEBPAICHUIO MPOBOJUIU B
KATAJIMTUYECKOM YCTAaHOBKE C HCIOJB30BAHUEM peaKkTopa MPOTOYHOIO THIIA C
HETOABMKHBIM CIIOEM KaTalu3aTopa u pearenra (puc. 1).

. 1 — 6asoH ¢ aproHom, 2 —
ﬂ 1 peomerp, 3 — XpoMelb-
ajromesieBasl TepMornapa, 4 —
peakTop, 5 — TpyO4JarTas neun, 6 —
—o 0oOpaTHBIN XOJIOTUIBHUK, 7 —

MIPUEMHUK, 8 — O0apOoTep ¢

h

HETIOJISIPHBIM PACTBOPUTENEM, 9 —

6 MHJUTABOIBTMETP, 10 — JIATP

Pucynox 1 — [lpunnunuanbHas
CXeMa YCTAaHOBKH IS IPOBEIAECHUS
KaTaJUTHYECKOU NECTPYKINHU
MTOJIMMEPOB

HaBecky nM3MenpueHHBIX IUIEHOK PEAKIMOHHON CMECH MOMEIIAIN B PEAKTOp C
BIASHHOM I1a3yXOoW Uil TepMomapsl. Temrieparypy MOJHMMAIN IOCTENECHHO,
nzorepmudecku BoiepxuBain mnpu 300°C, mubo 350°C. TemmnepaTypHblid pexkuM
3aJaBIM U ToAAEPKUBAIM ¢ ToMouIbio JIATP a u xpomenb-airoMeseBor TEpMOTaphl.
COop XUIKUX MPOTYKTOB OCYIIECTBIISIN B MPUEMHUK, YCTAHOBJICHHBIN Ha BBIXOJIC U3
peakropa. KoHBepcuto cMecu MmojimMep — MOTOPHOE MAacliOo MPOBOJAWIN B MHEPTHOU
aTMocdepe aprosa, MOTOK KOTOPOTO PETYJIUPOBAIH C TTIOMOIILI0 PEOMETPA; CKOPOCTh
noroka cocrasisia 4800 cm®/u.

CrereHb MpEBpaIICHHS TOJTMMEPOB OIICHUBAIH 110 MACCOBOMY BBIXOY KHUIKUX
MPOAYKTOB JeCTpyKuuu (Macc.%) ¢ ydeToM CyMMapHOM Macchl MojuMepa M
pPacTBOPHUTEIIS.

MeToauka npoBeaeHust XpoMaTorpaguuecKkoro aHajan3a

CocTtaB KUJIKUX TPOIYKTOB ACCTPYKIIMU M3ydaiM Ha ra30BOM Xpomartorpade
mapku Gas Chromatograph Agilent 7890A, cHa0keHHOM HOHH3AIHOHHO-TUIAMEHHBIM
nerekTopoM. Paznenenue Benu Ha KBaplLeBOM kKanwuispHor kosoHke HP —5ms (niuna
30 M, BuyTpeHHuil nuametrp 0,25 mwm, TommmHa ¢asel 0,25 MKM) ¢ HEMOABMKHOU
xKuakoi azoit (5%-heHn)-MeTHIIMOMNCIIOKCAH C IPOrPaMMHUPOBAHHBIM ITOHEMOM
temrepatypsbl ot 27°C 1o 260°C co ckopocTbio 5°C/MuH.
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PE3YJBTATBI U UX OBCYXIEHHUE
TepMokaTaJauTH4YEeCKOE KOHBEPCHS MOJUIPONUJICHA B )KHAKOE TOIJINBO

Kak mokasan aHanmu3 JWTEpaTyphl, MPOOJIEMON YTWIM3AIHMHA TIOJMMEPHBIX
OTXOJIOB C IENBIO MOJYYCHHUS JKUJKUX MOTOPHBIX TOIUTUB C HCIIOJIb30BaHUEM
HEJOPOTUX U JIOCTYIHBIX KaTAJIM3aTOPOB 3aHUMAIOTCS BEAYIUE YICHBIC Pa3IMIHbIX
ctpad. Ha kadenpe obmieid xumuu benropoackoro rocy1apcTBEHHOTO HAIMOHAIBHO-
HCCJIEIOBATEIIbCKOTO YHUBEPCUTETA YKe Obla pa3paboTaHa METOAMKA MepepadOTKH
nonnosiecpuHoB B HePTENOM0O0HBIM HAOOp YIVIEBOJAOPOJAOB C HCIIOIb30BAaHUEM B
KaueCTBE KaTalu3aTOpoB TJIMHBI benropojckoit obnactu. OJHAKO CYIIECTBYET
npoOsjema oOecreueHrus KOHTAaKTa IOJIMMEPOB C IOBEPXHOCTBIO KaTaiu3aropa.
Janubiii pakTop OKa3zbIBaeT HEMOCPEICTBEHHOE BIMSHUE Ha CKOPOCTh MPOTEKAHUS
mpoliiecca, BBIXOJ M COCTaB IMOJMy4YaeMbIX MNPOAYKTOB. B KadecTBe pacTBOpUTEIs
MOJIMMEPOB B HACTOSIICH paboTe MPEeI0AKEHO UCTIOIb30BaTh MOTOPHOE MAacIIo.

OKCIIEpUMEHT IO TEPMOKATAIUTHYECKOMY NPEBPALICHUIO NOJHUATWICHA H
MOJIUTIPONWJIEHA C MOTOPHBIM MAaciiOM B MPUCYTCTBUU OOpa3LOB HCXOJHON H
MOAU(PUIMPOBAHHOW IIIMHBI MOKa3ajl, YTO MPUPOJA U BBIXOJ MPOAYKTOB JAECTPYKLIUU
CYILIECTBEHHBIM 00pa30M 3aBUCAT OT THUIMA KaTaau3aTopa U OCOOCHHOCTEH CTPOEHUs
IoJmmepa.

Jns cmecH mNOMMATHIIEH — MOTOPHOE MAacilio Ha BCEX MCCIEAYEMBIX
KaTtauu3aTopax B YCIOBHUSAX MPOBEACHUS OMbITA XKUAKUAE MPOIAYKTHI HE HAOIIOJANH.
O06pa30BBIBAIUCH JIMIIIH MACISTHUCTBIC TPOAYKTHI JKEJITOTO LIBETA.

TepMuueckyro JECTPYKIMIO IOJUIPONHICHA W MOTOPHOTO Macia He
MPOBOJMJIM, TaK KaK TIOJyYCHHAs PEaKIMOHHAS CMECh IIOCIIC BBICYITMBAHUS
MIPEAICTARISIa COOOW MSATKYIO, MACISHHUCTYIO Ha OINyIb, TJICHKY W €€ 3arpyska B
KaTAIUTUYECKUA  pEakTop HE  TMPEACTaBIsIaCh  BO3MOXHBIM.  Pe3ynbrarsl
TEPMOKATATUTHICCKOTO TIPEBPAIICHUS] CMECH TTOJIUITPONIIICHA U MOTOPHOT'O Maciia B
MPUCYTCTBUM HUCXOJHOTO U MOJIU(DHUIIMPOBAHHBIX 00pAa3IOB INIMHUCTOTO MaTepuasa
MpejcTaBIeHbl B Ta0uIe 1.
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Taomuma 1

BBIXOL[ KUIKUX IIPOAYKTOB KaTaJIMTUYECKOU ACCTPYKIUU CMCCHU
IMOJIMIIPOITNIICHA U MOTOPHOT'O MacCJid

Broixon sxunkux
O6pa3er karanuzaTopa O6pa3zen poayKToB (Macc.%)
(£2%)

Hcxonnplii o6pasel TIMHUCTOr0 MaTepraa I'TI 34
[Tomyuennsrit o6padotkoit 2H H2SO04 I-2S 42
[Tomydennsiit 06padotkoit 40 H2SO4 I-4S 44
[Monyuennsrit oopadotkoii 20 HCI I-2Cl 37
[Monyuennsrit oopadotkoii 41 HCI I-4Cl 51
[Tomyuennsiit o6padotkoit 20 HNO3 I-2N 51
[omyuennsiit o6padorkoit 40 HNO3 I'-4N 45

CornacHO TOJIyYEHHBIM pe3yJbTaTaM, BCE HCCIEAyEMbIE KaTalUu3aTOPhI
CIOCOOHBI OCYILECTBIIATh NECTPYKLHIO CMECH MOJUIPONIIEH - MOTOPHOE MAacio J0
KUJKUX YTIIEBOJIOPOA0B. BapbrpoBaHue yclioBUl KUCIOTHOW 00paOOTKHU MO3BOJISET
HE TOJILKO MPOU3BECTH UOHHBIN OOMEH KaJIbIIMsl, MAaTHUS U JIPYTUX KATHOHOB IJIMH HA
IIPOTOHBI, HO M PETYJIHMPOBATH KHUCIOTHOCTh TNIMHUCTOro marepuana [9]. CormacHo
MOJIYYCHHBIM JIaHHBIM, MPUPOAA M KOHIEHTPALMS KUCIOTHI, HUCMIOJb3yeMOUN IS
00paboTku oOpaslia TJIMHBI, OKa3bIBA€T CYIIECTBEHHOE BIMSIET Ha pe3yJbTar
KOHBEPCHUU CMECH TMOJUMIPOINUIIEH — MOTOpHOE Macio. McxoaHas riivHa OKa3bIBAaeT
HAaWMEHBIIYI0 KAaTaJTUTUYECKYyI0 aKTUBHOCTh. HanmOonbImuii BBIXOA  IENEBBIX
porykToB 51 Macc.% momydeH Ha KaTalnu3aTopax, 00paboTaHHBIX 4 H COJISTHOW U 2 H
a30THOM KUcCHoTaMH. J[JIsi CEpHOM W COJITHOM KHCJIOT MOBBIIIEHUE KOHICHTPALUU
PacTBOPOB CIIOCOOCTBYET POCTY KOJMYECTBA IMOJTydYaeMbIX MPOIYKTOB OT 42 no 44
Macc.% u ot 37 no 51 macc.% coorBercTBeHHO. B ciiydae oOpaOOTKHM TNIMHUCTOTO
Marepuaia a30THOM KUCIOTOW HaOmoAaeTcst oOpaTHasi 3aBUCUMOCTb.

Karanutuueckas akTUBHOCTb aJIOMOCHJIMKATOB BO MHOTHUX mponeccax
OIIPCACTIACTCA HAJIUMIHNCM KHCIIOTHBIX LICHTPOB. BpeHCTeI[OBCKaﬂ N JIBIOMCOBCKas
KHCJIOTHOCTH COC}II/IHCHI/Iﬁ O6YCJIOBJI€Ha HaJU4ueM aToMoB ajfomMuHus. CorjacHo
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JaHHBIM TaOMMIBl 2 cojiep)kaHue amoMuHus (Macc.%) mIa Bcex 00pasIoB
MPAaKTUYECKA OJWHAKOB, a CHJIMKAaTHBIA MOJYJIb BapbhbUPYETCSs B HEOOJIBIIIOM
uHTepBaie 3HadueHund 8,0 — 8,9. Taxke crout ormernth, uTo O0Opazen ' mmeer
nanMensbiee 3Hauenue SiO,/Al,O3, 0aHAKO OH MMOKa3al HAMMEHBIIHHA BBIXOT JKUIKHX
npoiykToB. JlaHHbIN (hakT TpeOoBal TOMOJHUTEIBHBIX UCCIEAOBAHUM.

XapakTepUCTUKU  HMCXOAHOTO  TIJIIMHHUCTOTO  Marepuaia u  00pasioB
KaTaJn3aTOPOB, MOJYYCHHBIX HA €T0 OCHOBE, NMPEACTABICHBI B TabmuIe 2.

Tabmnma — 2

XapaKTCpI/ICTI/IKI/I HCXOAHOTO I''TIMHUCTOI'O MaTCpHrajid U HCCIICYCMbIX
KaTaJin3aTopoB, IOJYYCHHBIC Ha €0 OCHOBC

Ob6pazen XUMHUYECKUH COCTaB [Tnomanp yaenpHOM OO0mwmii Cpennuii
katanmusatopa | — L vacc.% | SIOZAI IIOBEPXHOCTHU IO o0BeM, pasmep
(0=+3) .05 OJTHOTOYEYHOMY eMr, nop, A,
merony BOT, M/, V+5% (£5%)
S+5%

' 11,7 8,0 39 0,055 57
r-2s 11,3 8,5 37 0,065 70
I-4S 11,5 8,2 52 0,067 52
I-2ClI 111 8,9 50 0,066 53
I'-4Cl 11,2 8,6 51 0,066 53
I'-2N 111 8,7 51 0,067 54
I'-4N 11,4 8,5 50 0,.068 54

[Ipu kucinoTHOM 00pabOTKE MCXOJHBIA TJIMHHUCTBIM MaTtepuas MpeTeprieBacT
3HAUUTEIbHbIE U3MEHEHHS] XMMUYECKOr0o U (Pa3oBoro cocraBa. XMMHUYECKHUI COCTaB
KaTajlu3aTOpOB,  TMOJYYEHHBIX  KUCJIOTHOM  0OpaboTKO, MO  JaHHBIM
HHEProMCIEPCUOHHOIO aHAIN3a MPUBECH B Tabnuiie 3.
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Tabmanma — 3

XHUMHUYECKHUI COCTaB KaTalIM3aTOPOB, OJYYSHHBIX KUCIOTHOM 00paboTKOM

Obpazen CopepxaHrie OCHOBHBIX COCTABIISIOIINX, Macc.%

FATHIBATOPY 177510, [ AlOs | FesOs | TiO; | CaO | MgO | NaO | KO
' 54,60 16,08 5,08 091 | 17,80 | 2,32 0,40 2,71
I-2S 72,47 14,44 6,89 0,87 0,99 1,54 0,12 2,68
I-4S 70,92 14,64 7,65 1,32 1,11 1,48 0,15 2,73
I-2Cl 74,29 14,13 5,48 0,89 0,80 1,43 0,16 2,81
I-4Cl 72,70 14,35 6,87 0,95 0,81 1,49 0,15 2,68
I'-2N 72,18 14,11 7,51 1,05 0,84 1,44 0,13 2,74
I'-4N 72,51 14,52 7,04 1,01 0,58 1,48 0,23 2,63

PentrenogasoBbiii aHau3

CorjacHO JaHHBIM TaONWIBI 3, TMPH KHUCIOTHOM 00pabOTKE HMCXOIHOTO
IJIMHUCTOrO MaTepuana IpouCcXoauT ynanenue karuonos K, Na*, Ca?*, Mg?*, Fe*,
KOTOPBIE ABJSIOTCS 00MEH CIOCOOHBIMU Ha HOHBI BOJOPOa. He3HaunTenbHbIN BHIXO/
B PacTBOP ATIOMUHHS MOXET CBHETCIHCTBOBATH O Pa3pyMICHHH KPHUCTATHYCCKOM
CTPYKTYPBI M YaCTUIHOM aMOp(U3aIIuH aJTFOMOCHINKATA.

2 s
é b
E _w—Wa—-ﬁ—Jﬂl’qu.h-—L_#mL_ﬁh‘._l‘\« % 1
E 10 20 30 40 50 60 =
5 Guanz. 5 02 010650191 [}
E 5
: E I-48

’ . S - “ " N W T Y I M | WO

l I d e 10 20 30 40 50 60
) "‘). L u“l ‘!.OM, Ll,liu,.nJ,.LLl. ﬁ,,,JJm,&ﬂ_u 26, rpan
20, rpan
PucyHok 2 — PeHTreHoBCKHE PucyHok 3 — PeHTreHoBCKast MOPOIIKOBAs
MOPOIIKOBBIE TU(PAKTOTPAMMBbI audpaxkTorpaMma oOpasia UCXOAHOTO
00pa31oB KaTaJIn3aTopoB [JIMHACTOIO MaTepualia
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Orto moaTBepxkaaeTca pesyiapratamu PDA. JludpaktorpamMmsl s 00pasiio
['M u I'-4S nmpuBeneHsl B KadecTBe Npumepa Ha pucyHke 2,3. Ilpu xucinotHoM
BO3JICHCTBMM Ha TMOPOIIKOBBIX JU(PPAKTOrpaMM HAOIIOAETCS  YMEHBIICHHE
MHTEHCUBHOCTHU Pe(pIEKCOB C UX HEOOIBIINM PACIIMPEHUEM, YTO CBUICTEILCTBYET O
YaCTUYHOM aMOopuU3ali CTPYKTYPhl COCTaBIISIONIMX KOMIIOHEHTOB TJIMHUCTOTO
Marepuaa.

AHAaJIM3 METOJI0M Ira3oBoi xpoMarorpadumn.

AKTHUBHOCTh MCCIIEyEMBIX KaTajau3aTOpPOB IMPOBOJIMIM METOJOM CpPaBHEHHS
xpomatorpamm (puc. 4). JlaHHbII METO/ 1a€T BO3MOXHOCTh TPOBECTU KAYECTBEHHYIO
o0paboTky xpomarorpamm. [lomydeHHBIE pe3ynbTaThl IMOKAa3add  Pa3IHune
KOMIIOHEHTHOT'O COCTaBa MPOAYKTOB NECTPYKLMHU AJI BCEX UCCIEAYEMbIX 00pa3lioB
KaTajau3aTopoB. MakcuMyMmbl HaOJIOJAIOTCS B JOCTATOYHO IIMPOKOM JHAara3oHe
3HAYECHUH BPEMEHM YIECPKHUBAHUS. Y3KO€ pacHpeleseHUEe NPOAYKTOB IO YHUCIY
VIJIEPOJIHBIX aTOMOB (Qukcupyetrcss it oOpasua [-2N. Jlanaelii  daxt ngaet
BO3MOKHOCTh yTBEPXKJaTh, YTO MCXOAHBIA M MOJU(PUIMPOBAHHBIE OOpa3IIbI
[NIMHUCTOTO MaTepuana JalT BO3MOXKHOCTh HAIIPaBJIEHHO PEryJMpOBaTh COCTAaB
MOJIyYa€MbIX IPOIYKTOB B PEAKLUU TEPMOKATATUTHUYECKON KOHBEPCHH.

o e A I\ r-4S
IV Y VA TS W, jﬁt r-2CI
Ll I-4Cl

JLA T-2N

T I A r-28

: ~ ANA T-4N

. Maciao

b m . ) rm

2.0 4.00 5,00 6,00 7.00 8.00

Bpeses,
Pucynok 4 — XpomaTorpamMmbl 00pa3iioB KUIKUX TPOTyKTOB KOHBEPCUU
MOJIMITPOITAJIEHA KU MOTOPHOT'O MacJja B IPUCYTCTBUU UCCIIENYEMBIX KATAIU3aTOPOB

BoiBoabI

KucnotHas 00pabOTKa TINIMHUCTOrO MAare€puana OKa3bIBAET BIMAHHE Ha
KOHIIEHTPAIMIO TIOBEPXHOCTHBIX KUCIOTHBIX MEHTPOB. CrOCOOHOCTh HMCCIEMYEMBIX
KaTaan3aTOpOB mpeBpaliaTb CMECH MNOJIUNPONUIEH-MOTOPHOE MACIO B KHUIKHE
yIJIEBOIOPOABl 3ABUCHUT KOJIWMYECTBA M HMX JOCTYMHOCTHM KHUCIOTHBIX LEHTPOB
ONpEAENEHHON CUJIbl. BBITIOTHEH KOMIUJIEKCHBIM AHAJIW3 MCXOIHOr0 TJIMHHUCTOTO
Marepuasia ¥ 00pas3loB, MOJYYEHHBIX KHUCIOTHBIM MOAMGMUIIMPOBAHUEM, HA Ero
ocHose metogamu POA u xpomarorpaduu.
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SHO‘RLANGAN MAYDONLARDA YEM-XASHAK EKINLARINING
O°SISHI VA RIVOJLANISHI

J.Eshonqulov, g.x.f.d., dotsent
O.Gulmetov, magistrant

Toshkent davlat agrar universiteti

Kirish. Bugun global iglim o‘zgarishi sharoitida gishlogq xo‘jaligida, aynigsa
sug‘orma dehgonchilik sohasida ilmiy tadgigotlarni olib borish juda katta masalaga
aylanmoqda, aholi sonining ortib borayotganligi va shu bilan birga gishloq xo‘jaligi va
sanoatning yangi tarmoglarining vujudga kelishi suv is’temoli ko‘lamini yanada
kengaytirib yubormoqda, bu jarayon uzluksiz davom etmoqda. Qishlog xo‘jaligi va
boshga tarmoglarni suv bilan ta’minlashda suv omborlarining ahamiyati juda yuqori
hisoblanadi. Sug‘orma dehgonchilik sohasi keng targalgan AQSh, Xitoy va Hindiston
kabi mamlakatlarda sug‘orish suvining asosiy qgismi suv omborlari hisobidan
ta’minlanadi. Lekin, ayrim tabiiy va antropogen omillar ta’sirida to‘g‘onlarda yorilish,
o‘pirilish, yuvilish holatlari sodir bo‘lib kelmoqda. Natijada suv toshqini ogibatida
insonlar hayoti, sog‘lig‘i, uy joylari hamda daromadlariga ancha salbiy ta’sir
ko‘rsatmoqda.

Tadgqiqot natijalari. Jo‘xorining o‘sish va rivojlanishini hisobga olib borish. Suv
toshqgining ta’sir doirasida tabiiy-texnogen holatlar ta’siri o‘simlikning o‘sish va
rivojlanish davrida yagqol ko‘zga tashlandi. Ko‘p tajribaga ega bo‘lgan dehgonlarning
fikriga ko‘ra va kuzatishlarimizda ekilgan ekinlarning barchasida o‘sish va rivojlanish
jarayoninig sust kechishi kuzatilib turdi. Buni olingan natijalar ham tasdigladi.
Jo‘xorining o‘sish va rivojlanishini kuzatib borish magsadida unda biometrik
hisoblashlar olib borildi.
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Jo‘xoridagi birinchi biometrik hisoblashlar o‘tkazilgan tajriba variantlarida
o‘simlikning bo‘yi o‘rtacha 28,1 sm. bo‘lib, 7-chi barg chigish boshlangan bo‘lsa,
keyingi rivojlanish davrlarida o‘sish jadal kechgan va 1.07.da o‘tkazilgan
hisoblashlarda o‘simlikni bo‘yi 78,1 sm va bargi shunga mos holatda 11,0 ta. bo‘lgan
va nihoyat o‘simlikda biometrik hisoblashlar o‘tkazilgan uchinchi muddatda 1.08. da
o‘simlikning bo‘yi 150,4 sm va barg soni 13,4 tani tashkil gildi. Jo‘xorining ko‘k
massa va pichan hosilini hisoblash. Jo“xorini ko‘k massa va pichan hosilini hisoblashda
har bir gaytarigdan 25 tadan jami 100 ta o‘simlik sanab olindi. Ajratib olingan
o‘simliklar yig‘ishtirib olinib, dastlab ho‘l massa so‘ngra quruq holatida o‘lchandi. Har
bir delyanka bo‘yicha hosildorlik hisoblab chigilgandan keyin uni gektar hisobiga
aylantirildi.

Tadgigotda birinchi gaytarigda ho‘l massa 2978 g. yoki qurug massa 856,0 g/ni,
ikkinchi gaytarigdan olingan hosil 2978 g, qurug massa 856,0g uchinchi gaytariqdan
olingan ho‘l massa 3005 gni tashkil etdi. Tadgigotda jo‘xorini qurug massa hosilini
(silos) hisoblash ham shu tartibda olib borildi. Bunda ham dastlab variantlar bo‘yicha,
so‘ngra o‘rtacha hosil hisoblandi.

Bedaning o°‘sishi va rivojlanishi va hosildorligi. Bedaning biologiyasi bo‘yicha
o‘sish va rivojlanish fazasi gayd etilgan bo‘lib, tadgigotda suv toshginidan keyingi
yetishtirish texnologiyasi ishlab chigishda 3tasi fenologik kuzatish olib borish
imkoniyati bo‘ldi. 1 m? dagi poyalar soni sanaldi, Bedani shonalash fazasiga kirishi,
Gullash fazasini boshlanishi; Beda 25% gullash fazasiga kirishi bilan o‘rildi. Bunda 1
m2 dagi ko‘k massa, so‘ngra quritilgan holda hisoblab chiqildi. Tadgigotda loygadan
keyin o‘sib rivojlangan beda poyalarining o‘sish va rivojlanishi bo‘yicha tajriba
variantlarida fenologik kuzatishlar olib borildi. Kuzatishlarga asoslanib 1 m2 da
ikkinchi yili ko‘karib chiggan maysalar soni hisobga olindi. Bunda 1 m2 dagi ko‘karib
chiggan maysalar soni 60 tani tashkil etib, jami poyalar soni 240 tani tashkil etdi.
Bunda dastlabki beda maysalari o‘g‘itlanib, sug‘orilgandan keyin keyin 7-8 kunda
ko‘karib chiga boshladi va 15-16 kunlari dastlabki poyalar paydo bo‘ldi. Beda
kuzatuvlarning 25-28 kunlari dastlabki shonalashga kirdi va nihoyat 39-42 kunlari
gullar paydo bo‘ldi.

Ushbu tuproglar sharoitida beda yetishtirish va uning hosildorligini belgilovchi
ko‘rsatgichlar 1m?dagi poyalar soni, bedaning ko‘k va qurug massa hosili, har bir
o‘rimlarda olingan faktik hosil miqdori va nihoyat ularning s/ga hisobidagi
hosildorligidir.

Tadgigotda bedaning ko‘k massa va pichan hosilini hisoblash quyidagi tartibda
olib borildi. Hisoblashlar har bir o‘rimdan oldin o‘tkazildi. Dastlab, takrorlashlar
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bo‘yicha 1 m? dagi poyalar soni, ko‘k va qurug massa, hamda delyankalar bo‘yicha
hosildorlik alohida olingan tartibda hisoblab chiqildi. Vegetatsiya davrida beda 2-
marta o‘rib olindi. O‘rib olingan beda dastlab delyankalar bo‘yicha so‘ngra gektarga
ko‘paytirilib oldin ho‘l massa so‘ngra qurug pichan hosili hisoblab chiqgildi. Birinchi
tajriba maydonidagi bedaning quruq massa hosildorligi o‘rtacha birinchi va ikkinchi
o‘rimda 150-161 sentr quruq pichan hosili olindi. 3-tajriba maydonidagi 1 vyillik
bedaning pichan hosildorligi 1-o‘rimda 134 s/ga bo‘lsa, ikkinchi o‘rimda bu
ko‘rsatkich 120 s/ga pichan hosildorligi olindi.

Xulosalar. Sardoba suv toshqini natijasida sugoriladigan yerlarning meliorativ
holatini yaxshilash magsadida loyga chokindi galinligi 0-15sm, 15-30 sm va >30
smdan yugori bo‘lgan sharoitda jo‘xori va bed ekinlari ekib yetishtirildi va hosildorlik
oshirishga, tuproq tarkibidagi tuzlar migdorining kamayishiga olib keldi.
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SHO*‘RLANGAN MAYDONLARDA SOYANING SUG*ORISH TARTIBLARI
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Annotatsiya. Ushbu maqolada Sardoba suv ombori toshginidan keyingi
sug ‘oriladigan yerlarning eko-meliorativ holatini yaxshilash, unumdorligini saglash
va oshirish magsadida soya o ‘simligini yetishtirishda sug ‘orish oldi tuproqg namligi,
sug ‘orish tartiblari, sonlari va ma’sumiy suv iste’moli ko ‘rsatkchilari bo ‘yicha
ma’lumotlar keltirilgan.

Kalit so‘zlar: Sardoba, suv ombori, loyga cho ‘kindisi, sug ‘orish tartibi,
sug ‘orish soni.

Kirish. Dunyo aholisining oshib borayotganligi, aholi sonining o‘sishi bilan
bog*liq ravishda gishlog xo‘jaligi va sanoatning yangi tarmoglarining vujudga kelishi
suv is’temoli ko‘lamini yanada kengaytirib yuboradi va bu jarayon uzluksiz davom
etmoqda. Qishlog xo‘jaligi va boshga tarmoglarni suv bilan ta’minlashda suv
omborlarining ahamiyati juda yuqori hisoblanadi. Dunyoda dehgonchilik magsadida
barcha gilingan to‘g‘onlar soni, umumiy to‘g‘onlar soniga nisbatan yarmidan
ko‘prog‘ini tashkil etadi. Sug‘orma dehgonchilik keng targalgan Xitoy, Hindiston,
AQSh va boshga mamlakatlarda sug‘orish suvining asosiy qgismi suv omborlari
yordamida ta’minlanadi. Lekin, ayrim tabiiy va antropogen omillar ta’sirida
to‘g‘onlarda o‘pirilish, yorilish, yuvilish holatlari sodir bo‘ladi. Natijada suv toshqini
ogibatida insonlar hayoti, sog‘lig‘i, uy joylari va daromadlariga katta salbiy ta’sir
ko‘rsatadi. Dunyo aholi sonining mutassil oshib borayotganligi, aholi sonining o‘sishi
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bilan bog‘lig ravishda xalq xo‘jaligi va sanoat yangi tarmoqlarining vujudga kelishi
suv is’temoli ko‘lamini yanada kengaytirib yuboradi

Tadgqiqot natijalari. Tadgiqgot ishi natijalarining ilmiy ahamiyati shundan iborat,
loyga cho‘kindilari galinligi 0-15, 15-30, >30 santimetrdan yuqori bo‘lgan sharoitda
moyli soya, kungabogar, yem-xashak jo‘xori va beda o‘simlik navlarini yetishtirish,
sug‘orish tartiblari, sizot suvlar sathi, uning minerallashganlik darajasi, suv va tuz
balanslari dinamikasi, moyli va yem-xashak ekinlarini sug‘orish me’yori, tartibi
hamda mavsumiy suv-oziga iste’moli ko rsatkichlari tuprogga loyga galinligi bo‘yicha
turlicha ishlov berish aniglanganligi bilan izohlanadi. Sirdaryo viloyati Sardoba suv
toshgini natijasida sug‘oriladigan yerlarning eko-meliorativ holatini yaxshilash
borasida olib borilgan tadgiqotlar natijasida loyga cho‘kindilari qoplami galinligi 0-15
sm bo‘lgan Oqoltin tumani “Bekzafarlik chorvadorlar” fermer xo‘jaligida amal davri
boshida sug‘orish ishlarini tashkil gilishda muhim hisoblangan tuprogning cheklangan
dala nam sig‘imini aniglash ishlarida o‘rtacha bir metr gatlamda 22,5 % ga teng bo‘ldi.
Sardoba tumanida joylashgan “Temir yo‘l agro” fermer xo‘jaligi dalarida loyqga
cho‘kindi galinligi 15-30 sm qalinlikda olib borilgan tajriba natijalarida tuprogning
ChDNS o‘rtacha bir metr gatlamda 22 % bo‘ldi. Sardoba suv omboriga 1,5-2 km
uzoglikda joylashgan “Jasoratli Oybek™ fermer xo‘jaligi dalalarida o‘rganilgan dala
tajribalarida tuprogning mexanikaviy xossasi qum bo‘lgan sharoitida o‘rtacha 1-metr
gatlamda 20,1% ga teng bo‘lganligi aniglandi, va ushbu ko‘rsatkichlar bo‘yicha hisob
kitob ishlari amalga oshirildi.

Loyga cho‘kindi galinligi 0-15 sm, 15-30 sm va >30 smdan yugori bo‘lgan
tajriba dalalarida moyli ekinlardan soya o‘simligi xar bir sug‘orish oldi tuproq
na’munalari olinib, termostat tarozi usulida aniglandi va tuprogning Cheklangan dala
nam sig‘imiga nisbatan 70-70-65% sug‘orish oldi tuproq namligi bo‘yicha, sug‘orishda
tuprogning hisobiy gatlami 0-70 sm ni hisobga olgan holda sug‘orish ishlari amalga
oshirildi. 2021-yilda soya o‘simligini loyga cho‘kindi qalinligi 0-15 sm bo‘lgan
maydonlarda sug‘orishdan odin namlik 15,6-69,3% bo‘lganda 1-sug‘orish agrotadbiri
o‘tkazildi. 2-sug‘orish ishlari 15,7-69,7% bo‘lganda amalga oshirildi. Shu tartibda xar
bir sug‘orishdan oldin tuproq na’munalari olindi va +-2% atrofida ushlab turildi va
sug‘orish tashkil etildi. Soya o‘simligini sug‘orish oldi tuproq namligi cheklangan dala
nam sig‘imiga nisbatan 70-70-65 % tartibda, sug‘orishda 0-70 sm tuprogning hisobiy
gatlami bo‘yicha amalga oshirildi. 2021/2022-yillarda olib borilgan tajriba natijalarida
quyida natijalar olingan

Loyqga cho‘kindi galinligi 0-15sm bo‘lgan sharoitda 2021-yilda 1-sug‘orishda
760 m3/ga suv sarflangan, 2-sug‘orishda 749 m®/ga, 3-suvda 738 m3/ga me’yorda, 4-
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suvda 727 m®/ga, 5-sug‘orishlarda 870 m®/ga sug‘orish suvlari bilan sug‘orilgan, jami
5 marta sug‘orish agrotadbiri o‘tkazilgan bo‘lib, masumiy sug‘orishning me’yori esa
3844m?3/gani tashkil etgan, loyga cho‘kindi galinligi 15-30 sm tajriba dalasida
sug‘orishlar bo‘yicha 1-suv 765m3/ga, 2-sug‘orish esa 754 m®/ga, sug‘orishning 3-
davrida 733 m®/ga, 4-suvda 821%/ga va 5-sug‘orishda esa 897 m®/ga sug‘orilib, jami
3970 m®/ga mavsum davomida sug‘orish suvlari sarf etildi. Loyga cho‘kindi galinligi
>30 sm bo‘lgan tajriba dalasida o‘tkazilgan tadgiqotlar natijasi quyidagicha aniglandi,
sug‘orish suvlari 1-marta 664 m®/ga, 2-sug‘orishda 697 md®/ga, 3-sug‘orishda 708
m3/ga, 4-5sug‘orishlarda 652 m3/gadan, 6-sug‘orishlarda 753 m3/ga me’yorda
sug‘orildi.

Yuqoridagi tajriba olib borgan sharoitga mos ravishda 2022-yilda soya
o‘simligini bir galgi sug‘orish me’yori va mavsumiy sug‘orish me’yori aniglangan
tajriba dalasida 0-15 sm tuprgoning hisobiy qatlami loyga cho‘kindilari goplagan
maydon bo‘yicha o‘simlik vegetatsiya davri davormida 5 marta sug‘orilgan bo‘lib xar
galgi sug‘orishning me’yorlari 716, 705, 694, 749, 847 m®/ga sug‘orishlarning mavsum
davomida jami 3711 m®/ga sug‘orish suvlari sarf etildi. Loyga cho‘kindi galinligi 15-
30 sm qalinlikdagi tajriba dalasida sug‘orishning bir galgi me’yorlari 731, 777, 710,
699, 876 m®ga me’yorlarda jami 5 marta sug‘orishlar o‘tkazilgan bo‘lib, mavsum
davomida jami 3793 m®/ga suv sarf etildi. Loyga cho‘kindi gatlami galinligi >30 sm
bo‘lgan maydonda sug‘orishlar soni ortishi jami 6 marta sugorildi va ularning bir
galda sarf etilgan me’yorlari quyidagicha 664, 697, 708, 653, 653, 752 m%ga
sug‘orishning mavsum davomida sarflanganligi 4127 m®/ga sug‘orish suvlari sarf
etilganligi tajriba natijalarida o‘z isbotini topdi.

Xulosa. Sardoba suv toshginidan keyin ekilgan soya o‘simligini o‘rganilgan
tajribalarda loyga cho‘kindi galinligi 0-15, 15-30 sm bo‘lgan tajriba dalalarida 5-marta
sug‘orildi sug‘orishning umumiy me’yorlari o‘rtacha ikki yilda 3844-3970 m®/ga va
3711-3793 m3/gani tashkil etdi. Loyga cho‘kindi galinligi >30sm bo‘lgan maydonda 6
marta sug‘orilgan bo‘lib, 4126-4127 m®/ga sug‘orish suvlari sarflanganligi aniglandi.
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Annotation: The main content of this article is that higher education English
teachers provide recommendations and methods on how to help students learn English
in ability-based classes and how to improve their knowledge. In addition, this article
explores effective methods of teaching English in mixed classrooms.
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Annomayua: Ocnognoe cooepicarue OaHHOU CMambU 3aKII0YAemCcs 8 MOM,
ymo npenooagamenyu AHIIULCKO20 A3bIKA 6 BbICUUUX YUeOHbIX  3A8e0eHUsX
npeodoCmasAom peKOMeHOayuu U Memoobl, KAK HOMOYb CHLYOeHmAM U3y4amby
AHRIULUCKULL A3bIK HA 3AHAMUSX, OCHOBAHHBIX HA CNOCOOHOCSAX, U KAK YIY4UUMb C80U
snanus. Kpome moeco, 6 Oamnoti cmamve ucciedyiomcs 3¢hghexmuenvie memoowvl
npenoo0asaHus AH2IUUCKO20 A3bIKA 8 CMEUAHHBIX KIACCAX.

Knrouesvie cnosa: oyanvnoe obpazosanue, cmapuiue KIAcCcyl, KIACCHOE
obuenue, K1ACCUDUKAYUOHHASL OUHAMUKA, KIAACCHblE 3A0AHUsl, KOMMYHUKAMUGHbIU
A3bIK.

INTRODUCTION

Classes with large differences in ability, motivation for learning English, needs,
interests, educational background, learning styles, anxieties, experiences, and other
factors are known as mixed-ability classes. Teaching a group of students with distinctly
varying levels of language proficiency is quite challenging. They may have varied
English proficiency levels from the outset or learn the language at very different rates.
This is a very typical issue.
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LITERATURE REVIEW AND METHODOLOGY

Very frequently, the instructor must figure out how to address the demands of
a class that has two or more clearly differentiated levels of ability. Naturally, there are
no simple answers to this dilemma, thus it would be incorrect to pretend that there are
any.

The class should be informed about the problem and told that it is something
that the entire class must cope with. This is an important first step. Most effectively,
this should be conducted in the pupils’ native language. It is crucial to emphasize the
value of collaboration among the class members and the requirement that they utilize
English whenever feasible in classroom discussion because the majority of solutions
to problems require their participation.

If you want to include every student in the class, pair and group work are
crucial. The utilization of surveys and interviews is a key strategy here. You may
ensure that every student participates to the fullest by partnering up weaker and
stronger students and including them in the development and administration of the
questionnaire. The stronger pupils can then interview the weaker ones, and vice versa.
Naturally, this may frustrate the stronger individuals, but if they are able to view their
position as one of "helper" or even mentor, it may also have a good impact.

Project work is a second activity that can be fruitful in mixed ability
classrooms. Another technique is to establish groups that are around the same level and
assign various tasks that are appropriate to each group’s level. This may also be done
successfully utilizing mixed groups where the stronger support the weaker. You may
give each group a task that it can do effectively by altering the assignment’s difficulty,
giving the more capable pupils the right amount of challenge without demotivating the
less capable ones.

Homework makes up a third category. No of the level, if you assign the
identical homework to the entire class, you can anticipate extremely inconsistent
outcomes. Similar to progress exams, homework should serve to reinforce what
students have learned in class. To this purpose, assigning easier assignments to less
capable pupils can aid in both motivating them and providing them more experience in
language-related skills they have not yet mastered.

The stronger pupils in the group should be given more difficult assignments to
complete in order to keep them engaged and moving forward. Although it requires the
instructor to do more effort, the end result ought to be results. Drilling with the choir
is a good approach to engage timid or underachieving youngsters. It may provide good
practice in rhythm and intonation, as well as reinforcing word order and grammatical
structure, if used sparingly (i.e., not all the time). Finally, use tact while you're asking

https://t.me/Erus_uz Multidisciplinary Scientific Journal July, 2024 47


https://t.me/Erus_uz

Educational Research in Universal Sciences VOLUME 3, ISSUE 7

ISSN: 2181-3515

questions. By choosing weaker students to be the first to respond to a question in open
class, try to avoid putting them "on the spot." Instead, make an effort to foster a culture
of attentive listening in the classroom by asking a better student a question before
asking a weaker student to repeat it. This type of contact may take some getting used
to, but once it does, it may be highly beneficial for class dynamics. In conclusion, there
1s some degree of mixed ability in all courses. Extreme situations, when near native
speakers are mixed with novices, can be quite difficult for the teacher.

RESULTS AND DISCUSSION

In these situations, it’s crucial to keep in mind that all of your students will learn
something from the lesson, if perhaps not exactly what you intended to teach them or
the same thing. For instance, the weaker students may start to be able to employ a new
tense, while the novices may start to understand your classroom language.

Mixed levels are inherently problematic. It might be challenging to teach pupils
who have varying levels of learning. However, teachers may deliver content in a way
that will simultaneously engage all students on all levels by learning to discern learning
capacities.

They may have varying initial English proficiency levels, or this may occur for
a variety of reasons, but mostly due to various learning preferences, learning rates,
degrees of desire, and, very frequently, logistical considerations.

Very frequently, the instructor must figure out how to address the demands of
a class that has two or more clearly differentiated levels of ability. Naturally, there are
no simple answers to this dilemma, thus it would be incorrect to pretend that there are
any.

It 1s crucial to emphasize the importance of teamwork and for the class to use
English whenever feasible in classroom communication because the majority of the
solutions to the issue depend on cooperation between the class members. Here are some
methods teachers can use to instruct a group of pupils with various learning styles.
These are a few approaches a teacher can use to handle this circumstance.

1. Supportive Learning Environment. It’s critical to provide a positive learning
atmosphere in the classroom where students feel comfortable and able to give their best
effort. The term "learning environment" simply refers to the classroom setting and how
students interact with it. No of their learning styles, teachers must design a classroom
that will benefit all of their pupils. If in-class tasks are required, for instance, create a
basic list of prerequisites and then provide students with supplementary instructions on
a case-by-case basis to meet their learning styles. Make sure the classroom has areas
where kids may focus and concentrate in peace. Or offer them the chance to collaborate
with others. Ensure that the class is aware that the alternatives are available since every
student performs best in a different environment.
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2. Needs assessment. Use a needs analysis to urge the students to consider their
learning preferences, linguistic requirements, learning techniques, love of learning,
drive, and language strengths and limitations. What types of classroom activities do
you enjoy or benefit from, for example? Which linguistic ability do you most want to
hone? Do you like working alone or with a partner better? Would you want to work in
a group throughout the session or just sit and listen to the teacher? In pairs or small
groups, students compare their solutions. You should gather the data and provide a
statistical breakdown of the main inquiries and responses. This will support the growth
of the class’s feeling of collective community.

3. Teamwork. Use a variety of engagement styles in the classroom. Students
should collaborate in teams, couples, and independently. Groupings must to be
switched up often to provide students a chance to interact with other students. It will
be easier to accommodate the range of levels in the class if students” work in the class
1s varied. There is a chance that these groupings will have comparable or mixed levels.
In a smaller group, it is hoped that the weaker student would feel more capable of
contributing. Divide the information among the pupils if the group is working with a
certain set of facts, pushing them to cooperate. Consider assigning various levels or
quantities of work to each group by splitting your class into levels for the duration of
the course. The class’s discussion of this tactic should aid in preventing stigmatization.

4. Work in pairs. Strong and weak can be paired, as well as strong and weak.
Perhaps the strong with the weak will function nicely in a carefully restricted activity.
Perhaps using strong with strong will be advantageous in a more liberated action. Here,
variety in the pairings is vital, and you should also pay attention to the connections in
general.

5. The entire class mingle. This is one of my preferred approaches.

During a mingle exercise, students must converse or engage with a large
number of different classmates quickly in order to complete a task. This implies that
every student will interact with students who are working at varying levels and will
have greater and worse communication. This helps the less capable kids and gives the
more capable ones opportunity.

6. Giving Different Students Different Instruction.

Because of the input of the more accomplished students, the average and lower
performing students are encouraged to attempt and expand their knowledge. Teachers
may adapt to a wide range of diverse interests, cultural backgrounds, and global
knowledge by using differentiated education, which leads to more engaging classroom
engagement. Setting the stage for the acceptance of diversity begins with the mindset
of the instructor.
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7.Process. Process refers to how students interact with and absorb material.
This is crucial because it gives pupils the chance to give new information time to fully
sink in. Students get the chance to assess what they may or may not comprehend via
the process. Teachers can monitor and evaluate a student’s development using this
procedure. For instance, John McCarthy, an educational consultant, advises instructors
to create "one or two processing experiences for every 30 minutes of instruction."
Through these interactions, both students and teachers may take a break and determine
who requires extra education and who does not.

8.Products. Products are tasks or projects that motivate students to apply
knowledge in both inside- and outside-the-classroom contexts. For instance, when the
material has been covered and students have had time to comprehend it, encourage
them to create a project of their own that best demonstrates what they have learned.
For instance, smaller kids can produce a poster board with images and labeling, while
older students might write a little play or draw illustrations. Teachers might wish to
provide pupils with a menu of possibilities and even let them work in groups.

CONCLUSION

In my conclusion, be courteous in your questioning strategies. By choosing
weaker students to be the first to respond to a question in open class, try to avoid putting
them "on the spot." Instead, make an effort to foster a culture of attentive listening in
the classroom by asking a better student a question before asking a weaker student to
repeat it. This type of contact may take some getting used to, but once it does, it may
be highly beneficial for class dynamics. If you only teach a few more differentiated
lessons, even the teacher could find it enjoyable. Dare to be different, and you never
know what you could discover. Be honest, and display your vitality and excitement!
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Annotatsiya: Magolada glitsin aminokislotasining kimyoviy xossalari va kvant-
kimyoviy hisoblashlarini o ‘rganishga bag ‘ishlangan adabiyotlar tahlil etilib, natijalar
o ‘rtasidagi bog ‘liglik o ‘rganiladi. ORCA va Gaussian dasturlarida glitsinning
geometriyasini to’lig optimallashtirish bilan elektron tuzilishini hisoblash DFT -
funktsional zichlik nazariyasi usulida B3LYP/6-311G(d,p) va M062X/6-311++G**
hamda B3LYP/6-31++G valent bo’lingan asosli to’plamlar doirasida amalga
oshirildi. Shuningdek, glitsin molekulasining biologik faolligi — PASS analizi va
molekulyar doking usullarida baholandi.

Kalit so“zlar: aminokislota, kvant-kimyoviy hisoblash, DFT, Mulliken, zaryad,
elektron tuzilish, HOMO, LUMO, glitsin, 1Q-spektroskopiya, PASS analiz, molekulyar
doking.

Kirish

Aminokislotalar — molekulasida amin va karboksil guruhi bo‘lgan organik
birikmalar, o‘simlik hamda hayvon ogsilining asosiy elementi hisoblanadi. A- rangsiz,
suvda eruvchan kristall moddalar. 200 ta tabiiy Aminokislotalar ma’lum. Lekin ogsillar
tarkibida fagat 20 Aminokislotalar va ularning 2 ta amidi uchraydi. Qolganlari ogsillar
tarkibiga kirmaydi. Aminokislotalarning D-yoki L-gatorga tegishligini N va NH,
guruhning uglerod atomida qanday joylashganligi ko‘rsatadi. Deyarli barcha tabiiy A
L-gatoriga kiradi. D-gatorga mansub Aminokislotalar tabiatda kamdan-kam bo‘lib,
mikroorganizmlar tarkibida topilgan. Aning L-formasi o‘simliklar tomonidan yaxshi
o‘zlashtiriladi va u moddalar almashinuvining barcha jarayonlarida gatnashadi, lekin
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D-formalarini o‘simliklar o‘zlashtira olmaydi, ba’zan ular moddalar almashinuvi
jarayonlarini  to‘xtatib qo‘yadi. Bu organizmning fermentativ  sistemasi
Aminokislotalarning L-gatoriga moslashganligidan darak beradi. Aminokislotalar
organizmda erkin holda va ogsillar yoki boshqa birikmalar tarkibida uchraydi. Ogsillar
sintezi uchun a formali 20 Aminokislotalar- proteinogen Aminokislotalar (lizin,
gistidin, arginin, aspartat kislota, asparagin, treonin, serin, glutamat kislota, glutamin,
prolin, glitsin, alanin, sistein, izoleysin, leysin, metionin, valin, tirozin, fenilalanin va
triptofan)dan foydalaniladi [1].

Glitsin — glikokol, aminosirka kislota, NH,—CH,—COOH, rangsiz kristall
modda. Glitsin nomi gadimgi yunon tilidan olingan bo‘lib, glycys - shirin,
aminokislotalarning shirin ta’mi tufayli shunday nom berilgan. Suyuglanish
temperaturasi 232—236° (parchalanadi), Mr=75,07, zichligi 1595 kg/m?®. Suvda yaxshi
eriydi, ko‘pchilik organik erituvchilarda erimaydi. Ogsil moddalarning muhim tarkibiy
gismi hisoblanadi [1, 6-9].

Glitsin — amin sirka kislotasi, eng oddiy almashadigan amin Kislotasi. Barcha
ogsillarning tarkibiga kiradi, tirik organizmda bo‘shda uchraydi. Glitsin — ko‘plagan
proteinlar bilan biologik birikmalarning (glutation, kreatin v.h.) tarkibiga kiradi. Tirik
hujayralarda glitsindan porfirinlar va purin asoslari tuziladi. Glitsin kislota bo‘lib,
metall ionlari bilan murakkab tuzlar (glisinatlar yoki xelatlar) hosil giladi: natriy
glitsinat , temir glitsinat, mis glitsinat, rux glitsinat, marganets glisinat va boshqalar
[2,3,8,9].

Eksperimental gism

Glitsin molekulasining reaksion qobiliyati va koordinatsion bog‘lanish
imkoniyatlarini va korroziya ingibatorlik xossalarini o‘rganish magsadida kvant-
kimyoviy hisoblashlar amalga oshirildi. Barcha hisoblashlar Gaussian va ORCA
dasturlaridan foydalangan holda amalga oshirildi [10,11, 15, 16]. Hisoblash natijalarini
tahlil etish va vizuallashtirish uchun Avogadro va Chemcraft dasturlaridan foydalanildi
[12,13].

Beckning uch parametrli funksional gibridini LYP funksional korrelyatsiyasi
bilan birgalikda ishlatish (B3LYP) eng mustahkam gibrid oilalardan biri hisoblanadi
[15, 16, 18, 19]. Gaussiandagi hisoblangan out fayllari Gauss View dasturi yordamida
vizualizatsiyalashtiriladi [15, 16, 19]. Elektron xossalarni, YuBMO-QBMO/(HOMO-
LUMO) energiyalarni, zaryadlarning atomlar bo‘yicha Malliken tagsimotini
hisoblashlar funksional zichlik nazariyasi (DFT) (B3LYP) usuli yordamida 6-311G++
(d, p) asosli to‘plam bilan amalga oshirildi.
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Ushbu magolada alaninning biologik faolligi PASS — komputer dasturi yordamida
bashorat qilindi. Bu dastur PASS (Prediction Activity Structure Substances —
Moddalarning tuzilishiga asosan faolligini bashorat gilish) Rossiyalik olimlar V.V.
Poroikov hamda D.A. Filimonovlar tomonidan yaratilgan [20]. PASS online dasturi
(https://www.way2drug.com/PASSOnline/index.php)  biologik faolligi ma’lum
bo‘lgan 30 000 dan ortiq biologik faol moddalarni o‘z ichiga olgan majmuani oz
ichiga oladi va 400 dan ortiq farmakologik ta’sirlarni, ta’sir qilish mexanizmlarini,
shuningdek mutagenlik, kanserogenlik, teratogenlik va embriotoksiklikni gamrab oladi
[21]. PASS ochiq tizim bo‘lib, foydalanuvchi mavjud o‘quv majmuasiga go‘shimcha
moddalar go‘shishi yoki uni gayta yaratishi va tizimni gayta tayyorlashi mumkin.

Alanin aminokislotasining zamburug‘ga nisbatan faolligi Vertisilium dalhliae
zamburug ‘idan olingan ogsil (PDB ID: 5xmz) ga CB-Dock?2 onlayn serveri yordamida
o‘zaro ta’sirini o‘rganildi va natijalar magolaning muhokama bo‘limida bayon etildi
[22, 23].

Olingan natijalar va ularning tahlili

1 va 2 rasmlarda Gaussian dasturi B3LYP/6-31**G va MO62X/3-311+G**
usullarida optimizatsiyalangan glitsin molekulasi tuzilishi va mulliken zaryad
tagsimoti keltirilgan.

t .
¢ a G/é b

1-rasm. B3LYP/6-31++G usulida optimizatsiyalangan glitsin molekulasining
tuzilishi (a) va Mulliken zaryad tagsimoti (b)

<
& e

-,
«® ¢,

2-rasm. M062X/6-311++G** usulida optimizatsiyalangan glitsin molekulasining
tuzilishi (a) va Mulliken zaryad tagsimoti (b)

a
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3-rasmda esa ORCA dasturi B3LYP/6-311(d,p) usulida optimizatsiyalangan
glitsin tuzilishi va zaryad tagsimoti keltirilgan.

<
/

<
0331
bo17s —

s O

3-rasm. ORCA dasturida B3LYP/6-311G(d,p) usulida optimizatsiyalangan glitsin
molekulasining tuzilishi (a) va Mulliken zaryad tagsimoti (b)

a

1-jadval

Gaussian va ORCA dasturlarida optimizatsiyalangan glitsin molekulasining Mulliken
zaryad tagsimoti

Gaussian Gaussian ORCA
B3LYP/6-31++G | M062X/6-311++G** | B3LYP/6-311G(d,p)
0 C 0.385064 0C 0.331444 0C 0.332021
1 N -0.856574 1N -0.520540 1IN -0.512233
2 C -0.467237 2C -0.175185 2C -0.170313
3 O -0.427835 30 -0.330863 30 -0.331458
4 O -0.463841 40 -0.294792 40 -0.308679
5 H 0.381939 5H 0.222998 5H 0.215561
6 H 0.401161 6H 0.221924 6H 0.214820
7 H 0.255927 7H 0.146927 7H 0.144829
8 H 0.279330 8H 0.151310 8H 0.159100
9 H 0.512066 9H 0.246777 9H 0.256352

1-jadvaldagi glitsinning mulliken zaryad tagsimoti tahlil etilganda COOH-
karboksil guruhidagi C=0 ning kislorodi uchun -0.426 (B3LYP/6-31++G), -0.291
(M062X/6-311++G**) va -0.331 (B3LYP/6-311G(d,p)) ga teng bo‘ladi. COOH-

https://t.me/Erus_uz Multidisciplinary Scientific Journal July, 2024 54



https://t.me/Erus_uz

Educational Research in Universal Sciences VOLUME 3, ISSUE 7

ISSN: 2181-3515

karboksil guruhidagi O—H gidroksil ioni kislorodi uchun esa -0.443 (B3LYP/6-
31++G), -0.211 (M062X/6-311++G**) va -0.295 (B3LYP/6-311G(d,p)) ga teng
bo‘ladi. Shuningdek, —NH; amino guruhning azot atomida manfiy zaryadlar tagsimoti
-0.856 (B3LYP/6-31++G), -0.520 (M062X/6-311++G**) va -0.512 (B3LYP/6-
311G(d,p)) ga teng bo‘ladi.

2-jadval

Gaussian va ORCA dasturlarida optimizatsiyalangan glitsin molekulasining dipol
momenti giymatlari

Gaussian Gaussian ORCA Gaussian
Hisoblash dasturi va
usuli MO062X/6- B3LYP/6- B3LYP/6- B3LYP/6-
311++G** 31++G 311G(d,p) 311++G(3df,2p)
Dipol moment 5.7130 6.4899 5.57090 7.20; 13,07 [9]

Turli dastur va usullardan foydalangan holda kvant-kimyoviy hisoblash
natijalariga ko‘ra glitsin molekulasining umumiy dipol moment qiymatlari u=5.7130
D (M062X/6-311++G**), u=6.4899 D (B3LYP/6-317"G) va u=5.57090 D (B3LYP/6-
311G(d,p)) ga teng bo‘ladi (2-jadval). [24] adabiyotda glitsin molekulasining svitter-
ion holati shaklida modellashtirlishi amalga oshirilgan bo‘lib, unga ko‘ra dipol
momenti qiymati glitsin molekulasining bargaror konformerida u=7.20 D dan u=13.07
D ga gadar oshganini va bu giymat konformerga nisbatan 1,8 martaga ortiq ekanligi
belgilangan. Yana bir e’tiborli jihati shundaki, glitsinngin svitter-ion holdagi
konformeri Gly(ZW) PMC modeli bo‘yicha umumiy energiya giymati 7,908 kj/mol ga
ortig bo‘lgan. Hisoblashlarda glitsin va suv molekulalari nisbatiga ko‘ra natijalar tahlil
etilganda Gly(llp)+ H,O sistemasi uchun dipol momenti qiymati u=13.47 D ga va
umumiy energiyasi 15,081 kj/mol ga teng bo‘ladi. Suv molekulasi sistemada ortishiga
garab dipol momenti ko‘rsatgichi p=15.42 D va u=18.06 D ga teng bo‘lgan. Mualliflar
tomonidan olib borilgan kvant-kimyoviy hisoblashlarda esa umumiy energiya giymati
-284,(3-4) oralig‘ida bo‘ldi (3-jadval).
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3-jadval

Gaussian va ORCA dasturlarida optimizatsiyalangan glitsin molekulasining umumiy
energiya giymatlari

Gaussian Gaussian ORCA
Hisoblash dasturi va usuli MO062X/6- B3LYP/6- B3LYP/6-
311++G** 31++G 311G(d,p)

Umumiy energiyasi, a.u. -284.408 -284.348 -284.369

*1zoh. 1 a.u. energiya birligi = 2625 kJ/mol = 627.51 kcal/mol = 27.21 eV ga teng.

ELumo=0,213

AELUMO=-7,211

Enomo=-6,998

4-rasm. ORCA dasturida B3LYP/6-311G(d,p) usulida optimizatsiyalangan glitsin
molekulasining energetic tagsimoti

Glitsin molekulasining funksional zichlik nazariyasi DFT asosida reaksion
gobiliyati elektromanfiylik (), kimyoviy potensial (1), umumiy qattiglik (1), umumiy
yumshoqlik(S), o-absolut yumshoqlik va elektrofillik indeksini (®) hisobga olgan
holda aniglangan. Boshgacha qilib aytganda, bu parametrlar molekulalarning
reaktivligining global deskriptorlarini aniglaydi va Koopmans teoremasi asosida global
reaktivlik tendensiyalarini muvaffagiyatli ravishda oldindan ko‘rsatib beradi. Ushbu
reaktivlik xususiyatlari Enomo, ELumo % = '1/2(ELUMO + Enomo), L = - =1/2
(ELU|\/|0+EHO|\/|0), n-= 1/2 (ELUMO' EHOMO), o= 1/1’], S= 1/21’] o= },l2/21”| kabi chegara
molekulyar orbitallarining energiyasidan foydalangan holda hisoblab topildi (4-jadval,
4-rasm).
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4-jadval

Glitsinning kvant-kimyoviy hisoblash usullari bilan aniglangan energetik parametrlari

Hisoblash dasturi E(Homo) ELumo)

AE c S [0
va usuli eV eV X " H
ORCA/ B3LYP/
-6.998 0.213 -7.211 3.3925 | -3.6725 | -0.272 | -3.3925 | -1.836 | -1.567
6-311G(d,p)
Gaussian/M062X/ -
-9.210 -0.568 -8.642 4,889 -4.321 -0.231 -4.889 -2.765
6-311++G** 2.1605
Gaussian/B3LYP/
-7.296 -1.003 -6.293 | 4.1495 | -3.1465 | -0.317 | -4.1495 | -1.573 | -2.736
6-311G(d,p)
MOPAC
7.0/SCF- —9.9053 0.9046 4.50035 | 5.40495 | 0.18501 0.0925 | 1.8735
10.8099 4.50035
MO/PM3 [102]
NWChem-6.6/
-7.39 -0.92 -6.47 4,155 3.235 0.3091 -4.155 | 0.1545 | 2.6683
6 —311++G**

2100 va 2600 sm™* mintagalarida glitsin kukuni spektrlarida juda zaif va keng
cho‘qqgilar kuzatiladi, ular suv go‘shilishi bilan kamayadi. Bu cho‘qgilar dimerlarning
shakllanishi bilan bog‘liq bo‘lishi mumkin va suv qo‘shilishi ularning nisbati
pasayishiga olib keladi. 2900 sm™ dan yuqori bo‘lgan hududda 2974 sm™ da intensiv
o‘tkir chiziq va 3009 sm™ da sezilarli darajada kamroq intensiv chizig C—H cho‘zish
tebranishlariga to‘g‘ri keladi va 3100-3200 sm™' mintagasida zaif keng chiziq
kuzatiladi (5-7-rasmlar, 5-jadval). Oxirgi tarmogli N-H va O-H cho‘zilgan
tebranishlarga tegishli bo‘lishi kerak. Spektrlarning giyosiy tahlili faol guruhlar -
COOH va -NH; ning go‘shni glitsin molekulalari va suv molekulalari bilan o‘zaro
ta’siri hagida xulosa chigarishga imkon beradi.

5-rasm. Glitsinning 1Q spektri
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6-rasm. M062X/6-311++G** usulida optimizatsiyalangan glitsin molekulasining 1Q
spektri

Vibrational spectrum Gaussian/DFT/B3LYP/6-31++G
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7-rasm. B3LYP/6-31++G usulida optimizatsiyalangan glitsin molekulasining 1Q
spektri

5-jadval

Turli kvant-kimyoviy usullarda hisoblangan glitsin molekulasining 1Q spekitr
tebranish sohalari

MO062X/6-311++G** B3LYP/6-31++G
Funksional

Tebranish 1Q Tebranish 1Q guruh
chastotasi intensivligi chastotasi intensivligi

76.7849 2.6358 76.1658 1.1264

257.3983 14.1191 305.3341 5.255
321.8624 17.0381 314.0091 23.4867
516.4455 3.5189 507.1092 1.2941
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555.7607 8.4409 550.6392 4.8504
655.4487 7.3644 629.0774 14.6822
815.7254 118.4713 751.5683 150.645
837.9575 46.2537 851.8354 80.4809
897.4073 61.4634 911.1729 96.8371
948.4771 56.9355 923.126 52.2236
1103.813 14.2041 1076.719 29.0076
1173.321 2.8836 1180.416 0.9667
1243.263 13.184 1183.362 48.9535
1332.791 9.276 1342.794 358.6844
1372.712 7.5588 1359.165 1.046
1430.847 437.028 1378.367 18.243
1474.735 3.4752 1500.246 14.2316
1664.356 41.8225 1708.361 52.9928
1904.527 407.8664 1758.954 320.9282
3093.06 9.3881 3075.74 10.0441
3141.066 3.6074 3125.668 4.4383
3570.081 25.6056 3270.933 251.4155
3627.263 263.6828 3561.03 2.8808
3654.936 23.1689 3670.508 20.3153

Glitsinning PASS analizi

PASS dasturi stereoizomerlarning biologik faollikning namoyon bo‘lishiga
ta’sirini baholashga imkon bermaydi, chunki hozirgi vaqtda ko‘plab moddalarning
fazoviy tuzilishining xususiyatlarini hisobga oladigan dasturiy ta’minot mavjud emas.
Tabiiyki, PASS dasturi tomonidan bashorat qilingan biologik faolliklarini tahlil
qilishda eksperimental sinovlarning real imkoniyatlarini hisobga olish kerak. Bunday
holda, biologik faollikni eng ko‘p ehtimoldan eng kam ehtimolgacha ketma-ket
o‘rganish tavsiya qilinadi.

PASS dasturi yordamida alifatik monoamino- monokarbon kislota —glitsinning
biologik faolliklari o‘rganildi (6-jadval).
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6-jadval

Glitsinning PASS online dasturi bo‘yicha birikmalarning yugori biologik
faollik turlari va ko‘rsatkichlari

Pa - Faollik | Pi - Nofaollik | Biologik faollik turi

0,943 0,001 Mucinaminylserine mucinaminidase inhibitor

0,941 0,002 NADPH peroxidase inhibitor

0,937 0,003 Monodehydroascorbate reductase (NADH) inhibitor
0,930 0,002 Fucosterol-epoxide lyase inhibitor

0,930 0,004 Methylenetetrahydrofolate reductase (NADPH) inhibitor
0,924 0,003 Superoxide dismutase inhibitor

0,923 0,002 Peptide agonist

0,919 0,004 Sphinganine kinase inhibitor

0,917 0,003 Glucose oxidase inhibitor

0,914 0,003 Protein-disulfide reductase (glutathione) inhibitor

0,910 0,001 D-alanine 2-hydroxymethyltransferase inhibitor

0,909 0,001 Glycopeptide alpha-N-acetylgalactosaminidase inhibitor
0,905 0,005 Polyporopepsin inhibitor

0,905 0,004 Pro-opiomelanocortin converting enzyme inhibitor
0,902 0,004 Arylacetonitrilase inhibitor

Glitsinning molekulyar dokingi

Glitsinning biologik faolligini o‘rgsnish magsadida Vertisilium dalhliae (PDB
ID: 5xmz) zamburug‘idan olingan ogsilga ta’sirini o‘rganish magsadida CB-Dock2 va
Arguslab dasturlaridan foydalanildi [22, 23, 28-32].

CB-Dock2 onlayn serveri yordamida dastlab 5XMZ ogsilining ligand bilan
ta’sirlashish bo‘shliglari izlandi, bunda 103, 92, 88, 55 va 48 A3 hajmdagi 5 ta faol
bo‘shliq markazi aniqlandi (8-rasm). So‘ng ligand va ogsil serverga yuklanib,
molekulyar dokingi amalga oshirildi.
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7-jadval
Glitsinning 5XMZ ogsiliga molekulyar doking natijalari
Bo‘shliq Bo‘shliq Doking
Boshlig | Bo‘shliq | Markaz | g¢jchami | Bo‘shliq [Vina| pajmi | Markaz | pajmi
ragami |hajmi (A%)| (x,Y, 2) ragami [score XY, 2)
(x.y.,2) (A%) x.y,2)
C1 103 -11,31,2 | 12,9,6 C3 -4.0 88 -24,27,-4| 15, 15, 15
C2 92 -21,37,0| 8,5,5 C1 -3.3 103 -11, 31, 2| 15, 15, 15
C3 88  |-24,27,-4| 6,7,7 Ccs |-29| 48 '10’222" 15,15, 15
C4 55 -7,36,-4 | 7,5,8 C4 -2.8 55 -7,36,-4| 15, 15,15
C5 48  |-10, 22,-22| 5,5,3 C2 -2.7 92 -21,37,0] 15, 15, 15

Ogsil va ligandning o°zaro ta’siridan yuqoridagi keltirilgan bo‘shliglarga mos
ravishda -4,0; -3,3; -2,9; -2,8 va -2,7 kcal/mol energiyaga ega faollik kuzatildi (9-rasm).
Natijalar shuni ko‘rsatadiki hajmi eng katta va eng kichik bo‘shliqgda ligandning
faolligi yugori bo‘ladi.

9-rasm. 5XMZ ogsilining izlangan
bo‘shliglariga ligandning o‘zaro ta’siri

8-rasm. Bo‘shliglarni gidirish natijalari
Xulosalar

Xulosa o‘rnida olngan tadgiqot natjilari asosida quyidagilarni ta’kidlash
mumkin:

- kvant-kimyoviy hisoblashlar asosida korroziya ingibitorlik xossasi aniglandi.
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- DFT hisoblashlari va eksperimental olingan 1Q spektr parametrlari taggoslab,
tahlil etildi.

- biologik faolliklari PASS analizi va molekulyar doking asosida baholanib, 40
dan ortig biologik faollik hamda 5XMZ ogsiliga nisbatan -4,0 kcal/mol ta’sir
energiyasi aniglandi.
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ANNOTATSIYA

Magolada alanin aminokislotasining kimyoviy xossalari va kvant-kimyoviy
hisoblashlarini o ‘rganishga bag ‘ishlangan adabiyotlar tahlil etilib, natijalar
o rtasidagi bog ‘liqlik o rganiladi. Gaussian dasturida alaninning geometriyasini
to ‘lig optimallashtirish bilan elektron tuzilishini hisoblash DFT - funktsional zichlik
nazariyasi usulida B3LYP/6-31**G va B3LYP/6-311++G(d,p) hamda MO062X/6-
311++G**valent bo ‘lingan asosli to ‘plamlar doirasida amalga oshirildi. Shuningdek,
alanin molekulasining biologik faolligi — PASS analizi va molekulyar doking
usullarida baholandi.

Kalit sozlar: aminokislota, kvant-kimyoviy hisoblash, DFT, HOMO, LUMO,
alanin, PASS analiz, molekulyar doking.

Kirish

Barcha ogsillarning asosiy qurilish elementlari aminokislotalar ekanligi ko‘pdan
buyon ma’lum bo‘lsa ham, ogsillarning to‘la aminokislotali tarkibi fagat XX asrning
30-yillaridagina batamom belgilandi. Buning sababi, bir tomondan aminokislotalar
hali yaxshi o‘rganilmagani, oqgsil tarkibiga gaysi aminokislotalar kirganligi aniq
ma’lum bo‘lmaganligi bo‘lsa, ikkinchidan ularning ayrim vakillarini sifat va miqdor
analizi usullari hali mukammal bo‘lmaganligi edi. Bu muammo faqat 40- yillarning
boshlarida qog‘oz xromotografiyasi usuli qo‘llanilishi bilan hal bo‘ldi [1-6].

a - aminokislotalar - geterofunktsional birikmalardir. Ular tarkibida karboksil -
COOH va aminokislota -NH, guruhlari mavjud. Amino-guruh barcha proteinogen
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aminokislotalarda o - uglerod atomida joylashganligidan, ular o - aminokislotalar
gatorini tashkil giladilar. Ularning umumiy formulasi quyidagicha:
(04

H,N——CH—COOH

R

Demak, barcha aminokislotalar bir-biridan fagat tarkibidagi R - radikali bilan
farglanadi. — CH(NH;) — COOH qismi esa hamma aminokislotalarda bir xil.

Peptidlar, umuman ogsil molekulalarining aminokislota tarkibi yozilganda,
ularning nomi boshlang‘ich uch harfdan tuzilgan gisqartmalaridan foydalaniladi [4, 6].
Masalan, Alanin - Ala, Fenilalanin - Fen. Radikal (R) ning tabiati, unda qo‘shimcha
amino-, karboksil- va boshqa funktsional guruhlarning mavjud bo‘lishiga qarab
aminokislotalar turli guruhlarga bo‘linadi.

Ushbu magolada aminokislotalarning bir turi — alaninning kvant-kimyoviy
hisoblash usulida olingan natijalar muhokamasi va biologik faolligini baholashning —
PASS analiz hamda molekulyar doking usulida o'rganilgan tadgiqot natijalari bayoni
keltirilgan.

Eksperimental gism

Alanin  molekulasining  kvant-kimyoviy hisoblashlash ishlari shaxsiy
kompyuterda Frisch va boshga hammualliflikda yaratilgan Gaussian 09W dasturiy
ta’minoti amalga oshirildi [7-11]. Beckning uch parametrli funksional gibridini LYP
funksional korrelyatsiyasi bilan birgalikda ishlatish (B3LYP) eng mustahkam gibrid
oilalardan biri hisoblanadi [7, 10, 11]. Gaussiandagi hisoblangan out fayllari Gauss
View dasturi yordamida vizualizatsiyalashtiriladi [7]. Elektron xossalarni, YuBMO-
QBMO/(HOMO-LUMO) energiyalarni, zaryadlarning atomlar bo'yicha Malliken
tagsimotini hisoblashlar funksional zichlik nazariyasi (DFT) (B3LYP) usuli yordamida
6-311G++ (d, p) asosli to'plam bilan amalga oshirildi.

Ushbu magolada alaninning biologik faolligi PASS — komputer dasturi yordamida
bashorat qilindi. Bu dastur PASS (Prediction Activity Structure Substances -
Moddalarning tuzilishiga asosan faolligini bashorat gilish) Rossiyalik olimlar V.V.
Poroikov hamda D.A. Filimonovlar tomonidan yaratilgan [12]. PASS online dasturi
(https://www.way2drug.com/PASSOnline/index.php) biologik faolligi ma'lum bo'lgan

30 000 dan ortiq biologik faol moddalarni o'z ichiga olgan majmuani o'z ichiga oladi
va 400 dan ortiq farmakologik ta'sirlarni, ta'sir qilish mexanizmlarini, shuningdek
mutagenlik, kanserogenlik, teratogenlik va embriotoksiklikni gamrab oladi [13]. PASS
ochig tizim bo’lib, foydalanuvchi mavjud o'quv majmuasiga go'shimcha moddalar
go'shishi yoki uni gayta yaratishi va tizimni gayta tayyorlashi mumkin.
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Alanin aminokislotasining zamburugga nisbatan faolligi Vertisilium dalhliae
zamburug‘idan olingan ogsil (PDB ID: 5xmz) ga CB-Dock?2 onlayn serveri yordamida
o‘zaro ta’sirini o‘rganildi va natijalar magolaning muhokama bo"limida bayon etildi
[14, 15].

Olingan natijalar va ularning muhokamasi

Alanin — aminopropion kislotasi. Har turli ogsillarning tarkibiga kiradi. Qon
plazmasida bo‘sh uchraydi; ogsil tarkibiga kiradigan 20-ta aminokislotalarning biri:
CH3-CH-(NH2)-COOH tabiatda aminokislotaning 2 izomeri turida keng targagan [4,
6]. Aminokislotalardan glitsin va leysinga xos kvant-kimyoviy hisoblashlar mualliflar
tomonidan amalga oshirilgan tadgigot natijalari sifatida nashr etilgan bo’lib, ushbu
magolada alanin molekulasining kvant-kimyoviy hisoblashlari muhokama etilgan [16,
17, 18].

DFT hisoblashlari

Alanin molekulasining infragizil, Raman va elektron spektrlari gattiq va suvli
eritmada o'rganilgan. Neytral va uning svitter-ion shaklidagi alaninning asosiy holatlari
va quyi bo'sh elektron holatlarining energiyalari uchun tebranish chastotalari DFT
usullari yordamida turli xil asos to'plamlari bilan hisoblab chigilgan. Gaussian dasturi
B3LYP/6-31**G va M0O62X/3-311+G** usullari bilan gaz fazasida L -alaninning
tebranish chastotalari bo'yicha hisoblashlar amalga oshirildi (1-2-rasmlar).

S

‘/»;
1-rasm. B3LYP/6-31++G usulida 2-rasm. MO62X/3-311+G** usulida
optimizatsiyalangan alanin optimizatsiyalangan alanin
molekulasining tuzilishi molekulasining tuzilishi

1-jadvalda turli hisoblash usullari (PM6, PM3, AM1, RM1 va MNDO)
yordamida gaz va suvli fazalardagi o'rganilayotgan alanin uchun hisoblangan ba'zi
energetik parametrlarining qiymatlari ko'rsatilgan. Chegara molekulyar orbitallarning
energiyalari (yugori band molekulyar orbitalning energiyasi Eqomo va quyi bo'sh
molekulyar orbitalning energiyasi ELumo) kimyoviy moddaning reaktivligini aniglash
uchun muhim parametrlardir. Korroziyani ingibirlash samaradorligi va bir nechta
kvant kimyoviy parametrlari, jumladan Enomo va ELumo O'rtasida yaxshi bog'liglik
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asosida topiladi. Enomo bo'sh molekulyar orbital bilan mos keladigan gabul giluvchiga
elektronlarni berish uchun inhibitor molekulasining joylashishi bilan bog'lig. Shunday
gilib, Enomo giymatini oshirish adsorbsiyani rag'batlantirishi va shuning uchun
inhibisyon samaradorligini oshirishi mumkin.

AELUMO='7,315

- B Eg2Egz88zE88 238

FEEE EE [

555288288 ;::33:%:

Enomo=-6,968

P G AN
8 8 8 8 8 8

-600

3-rasm. Alaninning molekulasi YuBMO va QBMO energetik diagrammasi

Boshga tomondan, E_umo alanin molekulasining elektronlarni gabul qilish
gobiliyatini  ko'rsatadi, bu o'rganilayotgan aminokislotalarning ingibirlash
samaradorligi E_umo qiymatlarining pasayishi bilan oshishi kutilayotganligini
anglatadi (3-rasm). Epomo Vva Erumo uchun olingan natijalarga asoslanib,
o'rganilayotgan aminokislotalarning ingibirlash  samaradorligi  eksperimental
natijalardan olingan tendentsiyaga mos kelishini aytish mumkin.

Shuningdek, 1-jadvalda alanin molekulasining turli yarim empirik usullar bilan
hisoblangan dipol moment qiymatlari ham keltirilgan. Aminokislota dipol
momentining pasayishiga asoslanib, ingibirlash samaradorligining kutilayotgan
tendentsiyasi ham chegara molekulyar orbitallarning energiyasiga asoslangan
tendentsiyaga mos keladi [19].

1-jadval
Gaz fazada va suv muhitida hisoblangan alanin molekulasining energetik
parametrlari

. Gaz fazada Suv mubhitida
Hu'zﬁlblfrslh L |EHOMO|ELUM]| EL-H L |EHOM|ELUM[EL_H
(Debye) | (eV) |0 (V)| (eV) |(Debye)| O (eV)O (V) (eV)
PM6 2.02 —8.97 0.49 9.46 2.80 —9.10 | 0.22 | 9.32
PM3 1.61 —8.68 1.07 9.75 2.20 —8.71 | 0.94 | 9.65
AMI 1.52 —9.31 1.27 10.58 2.06 —9.34 | 1.11 | 10.45
RM1 1.51 —9.27 1.21 10.48 2.04 —9.32 | 1.05 | 10.37
MNDO 1.37 —9.68 1.06 10.74 1.89 —9.70 | 0.97 | 10.67
B3LYP/6-31++G| 5.38 -6.968 | 0.347 7.315 5.42 -6.972 | 0.334 | 7.306
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Alanin molekulasining infragizil spektrlari Spectral Database for Organic
Compounds, SDBS. spektral ma'lumotlar bazasidagi spektrlari tebranish chastotalari
DFT usullari yordamida Gaussian dasturi B3LYP/6-31**G usuli bilan gaz fazasida
hisoblangan L -alaninning 1Q spektroskopik valent va deformatsion tebranish
chastotalari taggoslab o'rganildi (4-rasm).
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4-rasm. Alaninning eksperimental va hisoblangan 1Q spektrlari

PASS analizi

PASS dasturi stereoizomerlarning biologik faollikning namoyon bo'lishiga
ta'sirini baholashga imkon bermaydi, chunki hozirgi vaqtda ko'plab moddalarning
fazoviy tuzilishining xususiyatlarini hisobga oladigan dasturiy ta’'minot mavjud emas.
Tabiiyki, PASS dasturi tomonidan bashorat qilingan biologik faolliklarini tahlil
qilishda eksperimental sinovlarning real imkoniyatlarini hisobga olish kerak. Bunday
holda, biologik faollikni eng ko'p ehtimoldan eng kam ehtimolgacha ketma-ket
o'rganish tavsiya qilinadi.

Shuni ta'kidlash kerakki, PASS dasturi ma'lum bir moddaning dori vositasiga
aylanishini oldindan aytib bera olmaydi, chunki bu bir qator turli omillarga bog'liq.
Biroq, bashorat, tahlil qiluvchining qaysi biologik faolliklari uchun birinchi navbatda
sinovdan o'tkazilishi kerakligini va qaysi moddalar kerakli faollikni namoyon etishi
mumkinligini aniglashga yordam beradi. PASSda go'llaniladigan matematik algoritm
magsadli tahlil gilish va shunga o'xshash muammolarni hal gilish uchun ko'p sonli turli
usullarning samaradorligini taggoslash orgali tanlangan. PASS tizimini amaliy qo'llash
uchun 85% bashorat gilishning aniqligi etarli, chunki 780 turdagi faoliyatdan birini
tasodifiy taxmin gilishning kutilayotgan ehtimoli taxminan 0,1% ni tashkil giladi [12,
13, 20].

PASS dasturi yordamida alifatik monoamino- monokarbon kislota —alaninning
biologik faolliklari o’rganildi (2-jadval).
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2-jadval
Alaninning PASS online dasturi bo yicha birikmalarning yugori biologik
faollik turlari va ko rsatkichlari

Pa - Faollik Pi - Nofaollik Biologik faollik turi

0,963 0,002 Acylcarnitine hydrolase inhibitor

0,955 0,002 NADPH peroxidase inhibitor

0,949 0,001 Dimethylargininase inhibitor

0,945 0,001 NADPH-cytochrome-c2 reductase inhibitor

0,943 0,002 Arginine 2-monooxygenase inhibitor

0,942 0,001 Aspartate-ammonia ligase inhibitor

0,943 0,002 Arylacetonitrilase inhibitor

0,938 0,004 Membrane integrity agonist

0,935 0,003 Superoxide dismutase inhibitor

0,932 0,002 Glutamine-phenylpyruvate transaminase inhibitor
0,929 0,001 S-alkylcysteine lyase inhibitor

0,925 0,002 Mucinaminylserine mucinaminidase inhibitor
0,926 0,004 Sphinganine kinase inhibitor

0,924 0,002 Lysine 2,3-aminomutase inhibitor

0,922 0,001 Glycine dehydrogenase (decarboxylating) inhibitor
0,924 0,004 Chymosin inhibitor

0,924 0,004 Saccharopepsin inhibitor

0,924 0,004 Acrocylindropepsin inhibitor

0,925 0,004 Methylenetetrahydrofolate reductase (NADPH) inhibitor
0,923 0,003 Antiseborrheic

0,921 0,002 Fragilysin inhibitor

0,920 0,002 Pseudolysin inhibitor

0,920 0,002 Omptin inhibitor

0,918 0,004 Phobic disorders treatment

0,915 0,002 Threonine aldolase inhibitor

0,917 0,004 Pro-opiomelanocortin converting enzyme inhibitor
0,916 0,003 Monodehydroascorbate reductase (NADH) inhibitor
0,915 0,002 Fusarinine-C ornithinesterase inhibitor

0,916 0,004 Beta-adrenergic receptor kinase inhibitor

0,916 0,004 G-protein-coupled receptor kinase inhibitor

0,913 0,003 Protein-disulfide reductase (glutathione) inhibitor
0,910 0,002 Levanase inhibitor

0,908 0,001 D-alanine 2-hydroxymethyltransferase inhibitor
0,907 0,002 Leucolysin inhibitor

0,909 0,005 Polyporopepsin inhibitor

0,906 0,002 Methylamine-glutamate N-methyltransferase inhibitor
0,906 0,003 Fucosterol-epoxide lyase inhibitor

0,908 0,006 Mucositis treatment

0,901 0,002 Hydrogen dehydrogenase inhibitor

0,901 0,004 Peptidyl-dipeptidase Dcp inhibitor
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Alaninning 5XMZ ogsiliga molekulyar dokingi

Molekulyar doking usuli kimyo va biologiyada reseptor-substratning o‘zaro
ta'siriga asoslangan yangi biologik faol birikmalarni aniqlash uchun keng qo‘llaniladi.
Bundan tashqari, usul bizga ligand yoki kompleksning makromolekula bilan o‘zaro
ta'sir mexanizmini o‘rganishga va ogsilning faol markazida ligandning qulay
konformasiyasini topishga imkon beradi. Shuni inobatga olgan holda biz
aminokislotalarning Vertisilium dalhliae (PDB ID: 5xmz) zamburug‘idan olingan
ogsilga CB-Dock2 onlayn serveri yordamida o‘zaro ta’sirini o‘rgandik va natijalar
ushbu bo’limda bayon etildi [14, 15, 21-25].

CB-Dock?2 onlayn serveri yordamida dastlab 5XMZ ogsilining ligand — alanin
bilan ta'sirlashish bo‘shliglari izlandi, bunda 103, 92, 88, 55 va 48 A® hajmdagi 5 ta
faol bo‘shliq markazi aniglandi (5-rasm, 3-jadval). So‘ng ligand va ogsil serverga
yuklanib, molekulyar dokingi amalga oshirildi.

3-jadval
Alaninning 5XMZ ogsiliga molekulyar doking natijalari
Bo‘shliq | Bo‘shliq | Markaz B‘O Shhq, Bo‘shliq |Vina Bo s_hl¥q Markaz Dol_<|n_g
ragami |hajmi (A3)| (x,vV, 2) o*lchami ragami [score hajmi x,v,2) hajmi
s (x,y,2) (A3) s (x,Y,2)
C1 103 -11,31,2 | 12,9,6 C3 -4.0 88 -24, 27, -4| 15, 15, 15
C2 92 -21,37,0| 8,5,5 C1 -3.3 103 -11,31,2] 15, 15, 15
C3 88  |-24,27,-4| 6,7,7 C5 |-2.9 48 '10’222’ " | 15,15, 15
C4 55 -7,36,-4 | 7,58 C4 -2.8 55 -7,36,-4 | 15,15, 15
C5 48 -10, 22,-22| 5,5,3 C2 -2.7 92 -21,37,0] 15, 15, 15

Ogsil va ligandning o‘zaro ta'siridan yuqoridagi keltirilgan bo‘shliglarga mos
ravishda -4,0; -3,3; -2,9; -2,8 va -2,7 kcal/mol energiyaga ega faollik kuzatildi (6-rasm).
Natijalar shuni ko‘rsatadiki hajmi eng katta va eng kichik bo‘shligda ligandning
faolligi yuqori bo‘ladi.

6-rasm. 5XMZ ogsilining izlangan

5-rasm. Bo‘shliglarni gidirish natijalari . . .
05 a J bo‘shliglariga ligandning o‘zaro ta’siri
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Xulosalar

Xulosa o'rnida olngan tadgigot natjilari asosida quyidagilarni ta kidlash
mumkin:

- kvant-kimyoviy hisoblashlar asosida korroziya ingibitorlik xossasi aniglandi.

- biologik faolliklari PASS analizi va molekulyar doking asosida baholanib, 40
dan ortiqg biologik faollik hamda 5XMZ ogsiliga nisbatan -4,0 kcal/mol ta’sir
energiyasi aniglandi.
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GEOGRAFIYA ILIMINE QARASLARDIN TARIYXIY BAGDARLARI

Uzakbaev K.K.
Ajiniyaz atindagi Nokis mamleketlik pedagogikaliq instituti Geografiya oqitiw
metodikasi kafedrasi assistent oqitiwshisi
Turganbaev D.N.
Ajiniyaz atindag1 Nokis mamleketlik pedagogikaliq instituti Geografiya ham
ekonomikaliq bilim tiykarlari talim bagdar1 1-kurs studenti

Annotaciya: bul ilimiy maqalada geografiya ilimine qaraslardin tariyxiy
bagdarlar: haqqinda soz baradh.

Tayanish tusinikler: A.Gumboldt, 1.Kant, K.Ritter, F.Rixtgofen, N.Baranskiy,
tabiyiy geografiva, ekonomikalig-sociallig geografiva, “Kosmos”, “Zamanagoy
geografiyamin waziypalart ham metodlar:”.

Kirisiw. Geografiya ilimi ulken tariyxqa iye ilimlerdin biri esaplanip, otken
tariyxiy dawirler dawaminda bul ilimge ilimpazlar har quyli kozqarastan baha bergen.
Bunin natiyjesinde geografiya iliminin tyreniw obyekti hdm predmeti maselesinde
turlishe pikirler jizege kelgen.

Geografiya sozi grek tilinen alingan bolip, “geo” - jer, “grafo” - jazaman degen
manisti bildiredi. Bul ilim juda erte dawirlerden baslap galiplesken boliwina
qaramastan, ogan us1 atamam b.e.sh. III asirde grek ilimpazi1 Eratosfen bergen.
Geografiya ilimi bugingi dawirge shekem birqansha rawajlaniw basqishlarin basip 6tti.
Har bir dawirde ogan bir-birinen pariq qilatugin kozqaraslar menen munésibette
bolindu.

Tiykargi bélim. Ulli geografiyaliq ashiliwlardan keyin de geografiyanin ilimler
sistemasindagi orn1 maselesinde bir-birinen pariq qilatugin pikirler kép boldi. Ul
tabiyattaniwsh1 ilimpaz A.Gumboldt 6zinih bes tomnan ibarat “Kosmos” ath
miynetinde geografiyaga tiyisli kdzqaraslarin bayan etti. Ol geografiyani tdbiyattaniw
ilimi dep esaplagan, on1 jerdin tabiyiy jagdayin suwretlewshi ilim dep atagan ham onin
magqseti “kopliktegi birlikti biliw, uliwma nzamlhiglardi yreniw” dep aytip Otken.
Gumboldt organikaliq tirishiliktin jansiz tabiyatqa baylanishiligin Gyreniwdi jerdegi
hadiyselerdegi sebeplik gatnasiglardi tsiniwdin tiykarg waziypasi dep esapladi [16].

4

Osimlik gaplami ham klimat ortasindagir baylanisliliqtt Uyrenip, en ahmiyetli
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geografiyaliqg nizamliglard: - kenlik zonalarin ham balentlik poyaslarin belgilep berdi.
Ol insand1 tek gana tabiyattagi “jerdegi kushlerge” tésiri kozgarasinan uyrengen.
A.Gumboldt aymagqlardin tabiyati bir putinlik, yagniy Jer shart ham putkil kosmos
penen baylanisl halda korip shigiliwi kerek ekenligin aytada.

A.Gumboldttin zamanlas1 K.Ritter basqa bagdardagi ham tiykarman kabinet
ilimpaz1 bolip, Kanttan geografiyanin xorologiyaliq korinisin gabil qildi. Ritterdin
pikirine qaraganda, geografiya tariyxt1 iyreniw ushin daslepki sharayatlardi jaratiwi
ham Jerdi tabiyiy dene sipatinda tabiyattamiw kdzqarasinan emes, al onin ruwxiy
tarepten jagsilaniwi ushin joqaridan insan jasaytugin orin sipatinda tyreniwi kerek
ekenligin aytadi. Kontinentlerdih geometriyaliq formalarinda ilimpaz jaratiwshinin
jasirin jobasin kordi, onin insaniyat tagdiri ushin 4hmiyetin aship beriwge umtildi.

Karl Ritterdin shakirti Ferdinand Rixtgofen 1883-j1lda “Zamanagoy
geografiyanih waziypalart hdm metodlar’” miynetinde geografiya jerdi siwretlewshi
ilim emes, al hadiyseler ham obyektler, jer betindegi sebeplik baylanislar menen
shugillanatugin jer juzi haqqindag: ilim ekenligin aytqan ham geografiya iliminin
waziypalart sipatinda tomendegilerdi belgilegen: 1) litosfera, gidrosfera ham
atmosferant materialliq quram, transformaciyalar ham kelip shigiw1 kozqarasinan
uyreniw; 2) 0simlik hdm haywanat dunyasin birdey kozqarastan Gtyreniw; 3) insandi
ham onin materiallig hdm ruwxiyy madeniyatinin juzege keliwin birdey principler
tiykarinda ayreniw [15].

Juwmaglaw. Biz geografiya ilimine garaslar haqqindagi pikirler maselesinde,
Ferdinand Rixtgofennin pikirine qosilamiz. Sebebi, geografiya tek gana tabiyatti
uyreniw menen sheklenip qalmastan, onda jasawshi xaliqti, olardin turmis iskerligin,
xojaligin tyreniwshi ilim bolip esaplanadi. Usi orinda F.Rixtgofennin geografiya ilimi
haqqindag1 pikirine qosimsha retinde, geografiya tiykarnan aymagqliq tarqaliw
maseleleri menen shugillaniwin esapga aliw kerek. F.Rixtgofennin aniglamasinda
mine us1 masele esapga alinbagan. A.Gumboldt geografiyani tdbiyattamiw ilimi dep
esaplawina sebep, onin sayaxatsh1 hdm tébiyat haqqindagr maselelerge qizigiwshi
ilimpaz bolganlig: esaplanadi. Bul pikir geografiya iliminin bir taraw1 bolgan tabiyiy
geografiyanin aniglamasina tuwra keledi. Al, geografiyanin ekinshi ahmiyetli taraw1
esaplangan ekonomikaliq hdm socialliq geografiya tabiyatti siwretlewshi ilim emes,
insan ham onin xojaliq iskerligi, sonday-aqg, olardin aymaqliq sholkemlestiriliwi
maselelerin Gyrenedi. Geografiya mine usi eki tlken taraw, yagniy tabiyiy hamde
ekonomikalig-socialliq geografiyanin birliginen turtwshi kélemli ilim bolip tabiladi.
Bul eki tarawdi bir-birinen bolek jagdayda emes, olardi 6z ara baylanisl halda uyreniw
geografiyaliq izertlewlerdin tiykargt mazmunin quraydi. Bul eki taraw geografiya
ushin qustin eki qanati styaqli ahmiyetke iye esaplanadi. Belgili geograf ilimpaz
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N.N.Baranskiy aytqaninday, tdbiyiy geografiya insandi, al ekonomikalig-socialliq
geografiya tabiyatti umitpaw1 kerek.

Joqarida korsetilgenindey ilimpazlar geografiya ilimine tlrlishe kozqarastan
baha beredi. Geografiya ilimine bolgan kozqaraslardin har tarliligi onin tdbiyiy ham
social-ekonomikaliq qanatlarin bir-birinen ajiratiw maselelerin de korip shigiwdi alga
surdi. Biraq, uzaq jilliq tajiriybe soni korsetedi, bul eki tarawdi bir-birinen ajiratiw
mumkin emes. Sebebi, geografiya jer juzinin tabiyati menen birgelikte onin xalqir ham
onin xojaliq iskerligin Gyrenedi.
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ELEKTRON TA’LIM TIZIMIDA TALABA BILIMINI BAHOLASH UCHUN
KLASTERLASH ALGORITMI: K YAQIN QO‘SHNI (KNN)
ALGORITMIDAN FOYDALANISH.

Ro‘zimboyeva Sevara Nurmat qizi
Urganch Davlat Universiteti
rozimboyevasevara@gmail.com

Yuldashov Ollabergan Ergash o‘g‘li
Urganch Davlat Universiteti o‘qituvchisi
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Annotatsiya. Bugungi IT sohasi rivojlanib borayotgan davrda elektron ta’lim
hamda unda talabalar bilimini baholash masalasi davr talabi sanaladi. Talaba
bilimini baholashda ma lumotlarni intellektli tahlil qgilish ham dolzarb masaladir.
Intellektli tahlil jarayon algoritmlari, ma’lumotlar ham holisona baholashga xizmat
ko ‘rsatmog i kerak. Ushbu magqolada talaba bilimini baholashda muhim o ‘rin
tutadigan barcha attributlar va ularning giymatlari e tiborga olindi. Tuzilgan data set
yordamida K yaqin qo ‘shni algoritmi asosida hisoblashlar amalga oshirildi. Talaba
bilimini baholashda ushbu algoritmning afzallik hamda kamchilik jihatlari keltirib
o ‘tildi.

Kalit so “zlar: Klasterlash, Evklid algoritmi, Xemming algoritmi, nominal attribut,
numerik attribut.

Aunnomayusa. B oannoti cmamve paccmMompeHvl 6ce ampudymol U UX 3HA4eHus,
ueparowjue 8aMCHYI0 poJib 8 OyeHKe 3HaHUU ydawuxcs. Pacuemwvl nposoounucey Ha
ocHose ancopumma K Onudsicaiiwux cocedetl ¢ ucnonib308anuem co30aHH020 Habopa
oanHvlx. Ommeuensvl npeumyuecmsa u HedoCmamKu OAHHO20 Al2OPUMMA NPU OYeHKe
3HAHUL Y4aujuxcs.

Knrwouesvie cnosea: rxiacmepusayus, aneopumm Eexnuoa, Manxsmmenckuil
aAneopumm, HOMUHAILHLIL amMpudym, YUco80U ampuoym.

Abstract. In this article, all the attributes and their values that play an important
role in evaluating student knowledge are considered. Calculations were made based
on the K nearest neighbor algorithm using the created data set. Advantages and
disadvantages of this algorithm were mentioned in the assessment of student
knowledge.

Key words: Clustering, Euclidean algorithm, Manhetin algorithm, nominal
attribute, numerical attribute.
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KIRISH

Hozirgi globallashuv davrida elektron ta’lim shakli ta’lim jarayonida muhim
ahamiyatga ega. Elektron ta’lim o‘zida ta’limning innovatsion yondashuvini
go‘llagan holda ta’lim sifati va imkoniyatlarini oshirish uchun multimediya va
zamonaviy internet texnologiyalarini qo‘llashga asoslangan ta’lim shakli sanaladi.
[1] Elektron ta’lim tizimida talaba bilimini baholashda tahlil ma’lumotlari juda katta
ahamiyatga ega. Holislikni amalga oshirish uchun tahlil ma’lumotlari va ularning
qiymatlari to‘g‘ri tanlanmog‘i kerak.

Axborot kommunikatsion texnologiyalarning tez su’ratlarda rivojlanishi axborot
tizimlarining ko‘payishi va axborot hajmini keskin tarzda oshib borishiga sabab
bo‘ldi. Natijada, axborotlarni avtomatik tarzda tahlil qilib, katta haymdagi axborotlarni
qayta ishlash, ko‘rsatkichlarning bir-biri bilan bog‘ligligi, bashoratlash va xulosalar
chigarish kabi masalalar bugungi kunda dolzarb mavzuga aylanib bormoqda.[2], [3],
[4], [5], [6] Ma’lumotlarni intelektual tahlil qilish aynan shunday masalalarni
yechishga yo‘naltirilgan.

Bugungi kunda klasterizatsiya masalasini yechish uchun ko‘plab usullar va ular
asosida bir nechta algoritmlar ishlab chigilgan. Klasterlash bu klaster so‘zidan kelib
chiggan bo‘lib guruhlarga ajratish degan ma’noni anglatadi . [7], [8]Klasterlashdan
maqgsad yangi bir testlanayotgan data setni klass ya’ni sinfini topish sanaladi.
Klasterlash algoritmlaridan K yaqin qo‘shni algoritmi ham berilgan namunalar
asosida yangi testlanayotgan namunaning (class) sinfini  topish uchun keng
qo‘llaniladigan algoritm sanaladi.[9], [10].

ADABIYOTLAR TAHLILI.

Ta’lim sifatini intellektual tizimlar asosida doimiy takomillashtirishga
garatilgan loyihalarni amaliyotga tatbiq etish borasida ko‘plab tizimli ishlar olib
borilmoqda. Odatda katta hajmli ma’lumotlarni gayta ishlashda ma’lumotlarning
intellektual tahlili usullaridan foydalaniladi. Ta’limda ma’lumotlarning intellektual
tahlili (Educational Data Mining, EDM) — ta’lim sifatini oshirishga qaratilgan foydali
ma’lumotlarni olish usuli hisoblanadi. Ta'lim sohasidagi ma'lumotlarni tahlil qilishda
asosan ikkita usuldan foydalaniladi: o‘quv analitikasi (Learning Analytics) hamda
ta'limda ma'lumotlarning intellektual tahlili (Educational Data Mining, EDM).

Ma’lumotlarni intellektli tahlil qilish hamda katta haymdagi ma’lumotlarni qayta
ishlash borasida xorijiy va O‘zbekistonlik olimlar tomonidan ishlar olib borilmoqda.
Shu o‘rinda mavzuga oid adabiyotlar sifatida quyidagi ishlarni keltirishimiz mumkin.
Ushbu[11] maqola mualliflari tomonidan ma’lumotlarni intellektli tahlil qilish
usullari hamda sun’iy intellektning amaliy sohalarda qo‘llanilishi haqida to‘xtalib
o‘tilgan. Ushbu masala bo‘yicha neyron to‘rlar va uning tadbiqini esa ushbu maqola

mualliflari ishida ko‘rishimiz mumkin.Data scince va uning algoritmlari tadbiqini esa
ushbu maqolalar mualliflari ishida yoritilgan [12], [13], [14], [15], [16], [17].
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TADQIQOT METODOLOGIYASI.

Bugungi IT sohasi rivojlanib borayotgan kunda har bir sohani avtomatlashtirish
davr talabi sanaladi. Shuningdek ta’lim sohasini ham . Elektron ta’lim tizimida talaba
bilimini baholashni optimallashtirishda biz sun’ity intellekt algoritmlaridan
foydalangan holda baholash modelini qurishimiz kerak. Ushbu maqolada
Klasterizatsiya algoritmlaridan K yaqin qo‘shni algoritmi ko‘rib chiqildi.

K-Yaqin qo‘shni (KNN) - bu mashinani o‘rganish (Machine Learning) texnikasi va
algoritmi regressiya va tasniflash vazifalari uchun ham foydalanish mumkin. K-Yagin
qo‘shnilar (KNN) kontseptual jihatdan sodda, ammo juda kuchli algoritm bo‘lib, shu
sabablarga ko‘ra u mashinani o‘rganishning eng mashhur algoritmlaridan biridir. KNN
yoki K-eng yaqin qo‘shni algoritmi nazorat ostidagi o‘rganish algoritmi bo‘lib, u bir-
biriga yaqin joylashgan har bir ma’lumot nuqtasi bir sinfda keladi degan printsip
asosida ishlaydi. Bu yerda asosiy taxmin shundaki, bir-biriga yaqin bo‘lgan narsalar
bir-biriga o‘xshaydi.
Algoritm quyidagi ketma-ketlik asosida ishlaydi.
1. Data set shakllantiriladi.
2. Yangi obyekt bilan data setdagi barcha obyektlar orasidagi masofa
aniglanadi.
2.1 Masofani hisoblashda biz attributni turiga e’tibor qaratamiz. Agar attribut
numerik bo‘lsa ya’ni sonlardan tashkil topgan bo‘lsa biz masofani
hisoblashda Evklid algotirmi (metrikasi)dan foydalanamiz.

f:H;'T-:."-. ‘CJ} - \/E;;l l(mém - H-:jm}z

2.2 Agar berilgan attribut nominal bo‘lsa Xemming masofadan foydalanib
hisoblashlar amalga oshiriladi.
Xemming masofasi: Bu usul ikkita giymatni solishtirish uchun
ishlatiladi. Agar ikki qiymat bir xil bo‘lsa, masofa 0, agar farqli bo‘lsa,
masofa 1 deb belgilanadi.
Masofa(A, B) =0, agar A = B bo‘lsa
Masofa(A, B) =1, agar A # B bo‘lsa

3. K giymatini oldindan kiritib olamiz va k ta eng yaqin qo‘shnisini ajratib
olamiz. Shu o‘rinda izoh sifatida to‘xtalib o‘tsam, biz kiritadigan k qiymatni
odatda toq son qilib berish magsadga muvofiq sanaladi. Bunga sabab agar
juft son kiritadigan bo‘lsak eng yomon holat ya’ni 50 ga 50 holati yuzaga
kelib golishi mumkin. Bunday holatni oldini olish magsadida K ning giymati
ko‘p hollarda toq son qilib kiritiladi.
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4. Hisoblash jarayoni tugagach masofalar o‘sish tartibida saralanadi , albatta
klass o‘zgarmagan holda.

5. Ajratib olingan K ta giymatning klasslari orasida qaysi biri ustun bo‘lsa
natijamiz o‘sha klassga tegishli deb klassifikatsiya qilinadi.

Data setda 4 ta klass (qoniqgarsiz, qoniqarli, yaxshi, a’lo) hamda quyidagi
attributlar joylashgan :

1.

Studentning ism familiyasini nomer ID bilan almashtirdik va albatta
bu shaxsiy ma’lumotlarni himoyalash magsadida

Talabaning davomati — bunda giymatlarimiz 3 ga bo‘linadi : A’lo,
Yaxshi, Qoniqarli

Darsda gatnashishi- Har doim, Ba’zan , hech qachon

Amaliyot bahosi- baholar 5 lik baholash sistemasiga binoan 3,4,5
ko‘rinishida

Mustagqil ta’lim bahosi — bu ham amaliyot baho singari 3,4,5
Daftar — Daftar yozilishiga mavzular to‘ligligiga qarab To‘liq,
Yaxshi, Yomon kabi giymatlarga ajraladi.

Qo‘shimcha ish — Bunda qo‘shimcha ishning turiga ham e’tibor
qaratdik ya’ni darslardan tashqari o‘z sohasiga oid , sohaga oid
bo‘lmagan , Umuman ishlamasligi mumkinligi keltirib o‘tildi
To‘garak yoki kurs- Darslardan bo‘sh payti to‘garak yoki kurslarga
gatnashishi ha yoki yo‘q kriteriya bo‘ylab belgilandi.

Laboratoriya bahosi — Amaliyot , Mustagqil ta’lim singari bu ham
3,4,5 kabi baholandi

10.Class — bu yakuniy natija sanaladi , unda giymatlarimiz mos ravishda

qoniqarsiz, qoniqarli, yaxshi, a’lo kabi belgilandi .

Ushbu masala uchun yaratilgan data set namuna sifatida fagat bir guruh birinchi
bosqich talabalarning ““ Dasturlash asoslari” fani bo‘yicha olingan natijalari asosida

tashkil gilindi.

Biz yaratgan data setda numeric hamda nominal attributlarni ikkalasi ham gatnashgan
bo‘lib, algoritmning ishlash prinsipi asosida hisoblashlarni amalga oshiramiz.
Yaratilgan data set ko‘rinishi , undagi attributlar, qiymatlari quyidagicha:
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1D Davomat Darsda_gatnashishi Amaliyot_bahosi Mustaqgil_ta_lim Daftar Qushimcha_ish Tugarak_yoki_kurs Laboratoriya_baho Class
1A lo Har_doim 4 5 Yaxshi Yug Ha 5 4]
2A o Har_doim 5 5 Yaxshi Ha_sohaga_oid Ha 5 5
3A o Har_doim 5 4 Tulig  Yug Ha 4 4
4 A lo Har_doim 5 5 Yaxshi Ha_sohaga_oid Ha 5 5
5 Yaxshi Har_doim 4 4 Yaxshi Yug Yug 4 4
6 A lo Har_doim 4 4 Yaxshi Yug Ha 4 4
T Yaxshi Har_doim 4 4 Yaxshi Yug Ha 4 4
8 A lo Ba_zan 5 4 Yaxshi Yug Yug 4 4
9A lo Har_doim 4 4 Tulig  Yug Ha 4 4
10 Yaxshi Ba_zan 3 3 Yaxshi Yug Yug 3 3
11 A lo Har_doim 4 4 Tulig  Yug Ha 4 4
12 A lo Har_doim 5 5 Tulig  Yug Ha 5 ]
13 Yaxshi Har_doim 4 4 Tulig  Yug Yug 4 4
14 Yaxshi Ba_zan 3 4 Yaxshi Yug Yug 4 3
15 Yaxshi Ba_zan 3 3 Yaxshi Yug Yug 3 3
16 Yaxshi Ba_zan 3 3 Yaxshi Yug Yug 3 3
17 A lo Har_doim 5 5 Yaxshi Ha_sohaga_oid Ha 5 5
18 Yaxshi Har_doim 4] 5 Yaxshi Yug Ha 5 4]
19 A lo Har_doim 4 4 Yaxshi Yug Ha 4 4
20 A o Ba_zan 3 4 Yaxshi Yug Ha 4 3
21 Yaxshi Har_doim 4 4 Yaxshi Yug Yug 4 4
22 Yaxshi Har_doim 4 4 Yaxshi Yug Yug 4 4
23 A o Har_doim 4 4 Yaxshi Yug Ha 4 4
24 A lo Har_doim 4 4 Yaxshi Yug Ha 4 4
25 Qonigarli Ba zan 3 3 Yaxshi Ha sohaga oid emas Yug 3 3
1-rasm

Yaratilgan data set Weka dasturiga yuklandi.

Program Visualization Tools Help

Applications

Experimenter

} WEKA

The University
of Waikato

KnowledgeFlow

Workbench
Waikato Environment for Knowledge Analysis
Vession 2.9.5
() oL Simple CLI
The University of Waikats
Hamilton, New Zealand

il

2-rasm 3-rasm
Attributlarning vizual tasviri hamda qo‘llaniladigan algoritm Kko‘rinishi
guyidagicha:
B =
Il
-~ I_1__H=
T =

4-rasm 5-rasm
Olingan natija esa quyidagicha:
KNN ( K Star )algoritmini qo‘llashda biz Cross-validation gismini tanlab , uning
giymatini 10 gilgan holatda ushbu natijaga ega bo‘ldik.
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6-rasm
Yaratilgan data set KNN algoritmi hamda Cross -validation qo‘llanilganda
model aniqligi 91% ni tashkil gildi. (6-rasm)
Shu o‘rinda Cross validation haqida to‘xtalib o‘tsak.

Cross-validation asosan modelni o‘rganish va sinovdan o‘tkazish jarayonida
ishlatiladi. Ushbu jarayonning asosiy magsadi modelni yaxshi ishlashi va uni
yig‘iladigan ma'lumotlar (training) va sinovdan o‘tkazish (testing) jarayonlarida sinab
ko‘rishdir. Bunday ko‘rsatkichlar yordamida modelni o‘rganishning samaradorligini
aniglash mumkin.

Preprocess | Classify | Cluster | Associate | Select aftributes | Visualize

Classifier

| cnoose J|Kstar-a 20-Ma

Test options Classifier output
() Use training set Tugarak_yoki_kurs A
: o r
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(® Percentage split % 80 ——= Classifier model (full training set) ———
Mare options.
l P J KStar Beta Verion (0.1b).
Copyright (c) 1995-97 by Len Trigg (triggles.waikato.zc.nz).
Java port to Weka by Abdelaziz Mahoui (amld@ics.waikato.ac.nz).
(Num) Class r
[ KStar options : -B 20 M a
Start Stop

_ _ - Time taken to build model: 0 d:
Result list (right-click for options) ime taken to puild meds seconds

=== Evaluztion on test split ===

13:10:25 - lazy.KStar

Time taken to test model on test split: 0.01 seconds

=== Summary ===

Correlation coefficient 0.9158
Mean absolute error 0.1353
RoOT mean squared error 0.2993
Relative absclute error 22.1339 %
Root relative squared error 41.2205 %
Total Number of Instances 13

Status

oK
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Yaratilgan data set KNN algoritmi hamda training va test datani 80 va 20 qilib
ajratgandagi model aniqligi 91% ni tashkil gildi. (7-rasm)

Data set uchun qo‘llanilgan usullar natijalari bir xil qiymatni tashkil qildi, ya’ni
model anigligi: 91% ni tashkil gildi. Ushbu masalaga muvofiq python dasturlash
mubhitida, bulutli hisoblash texnologiyasi ( Google colab) asosida dasturiy ta’minot
shakllantirildi.

Masalani yechish uchun standartlashtirishdan foydalanish.

Ushbu rasmda standartlashtirish orgali optimal k ni topish grafigi keltirilgan
bo‘lib, X 0‘qida 40 gacha bo‘lgan qiymatlarda va Y o‘qida 1 gacha bo‘lgan qiymatlarda
grafik minimum va maximum giymat gabul gilishi keltirilgan.

5% optimal k giymati: 18
8.928571428571428¢6

0.90 4

0.85 1

0.80 1

0.65

0.60

8-rasm
Masalani yechish uchun normallashtirishdan foydalanish.

5~ optimal k giymati: 2
2.9285714285714286

[-L

0.90 1

0.85 1

0.80 1

0.75

0.70

0.65 4

0.60 4

9-rasm
Ushbu rasmda esa normallashtirish orgali optimal k ni topish grafigi keltirilgan
bo‘lib, X 0‘qida 40 gacha bo‘lgan qiymatlarda va 'Y o‘qida 1 gacha bo‘lgan qiymatlarda
grafik minimum va maximum giymat gabul gilishi keltirilgan.
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K ning giymatini va testlanuvchi parametrlar giymatlari console ekrandan Kiritib
oladigan qilindi. Ikkala holat uchun ham model anigligi bir xil natija berdi , fagat
optimal k qiymati farqli bo‘ldi.

Model aniqgligi: 0.9285714285714286

4
0

K ning giymatini kiriting: 3
Model aniqligi: 0.9285714285714286

v ° new Davcmat = int (input("Davematning giymatini kiriting: ")
new Darsda_gatnashishi= int (input ("Darsda_qg:

")

ir x ing givmatini kirizing: "))
new ance vomat, new_Darsda_ is ew_Emaliyot_bahosi,new_Mustagil_ta_lim,new_Daftar, new_Qushimcha_ish,new_

Laboratoriya bahesi )]

print (new_instanc
print (knn.predict (new_instance) )

0
=]
f

avomatning giymatini kiriting: 3
Darsda_gatnashishi ning giymatini kiriting: 4
Emalivot b ining giymatini kiriting: 5

1
Tugarak_yoki_kurs i
Laboratoriya bahosining qiymatini kiriting: 4
13, 4, 5 5 2, 2,2, 4]

151

10-rasm

K ning giymatini va testlanuvchi parametrlar giymatlari console ekrandan kiritib
oladigan qilindi. Ikkala holat uchun ham model aniqgligi bir xil natija berdi , fagat
optimal k qiymati farqli bo‘ldi.

Model aniqligi: 0.9285714285714286

Yaratilgan data set hamda dasturiy ta’minot ushbu Git Hub profilga
joylashtirildi:
https://github.com/RSevaraN/Magistr_dissertatsiya/blob/main/KNN_tayyor proyekt.
ipynb

XULOSA.

XXI asr axborot texnologiyalari asrida sun’iy intellekt algoritmlari , modellari
rivojlanib borayotgani har bir sohaga ushbu sun’iy intellektni qo‘llashni taqozo
qilmogda . Ta’lim jarayonida ma’lumotlarning intellektual tahlili sun’iy intellekt
metodlari yordamida avtomatlashtirilgan o‘qitish sohasida qo‘llanishining amaliy
natijasi sanalib , ta’lim tizimlarining yangi avlodi hisoblanadi. Ushbu maqolada esa
elektron ta’lim tizimida talaba bilimini baholashda ma’lumotlarni intellektual tahlil
qilish algoritmi bo‘lmish KNN algoritmi keltirib o‘tilgan.

Xulosa qilib shuni aytishimiz mumkinki, aynan talaba bilimini baholashda yoki
bahoni oldindan bashorat (predikt )qilishda K yaqin qo‘shni algoritmini qo‘llash data
setda numeric hamda nominal attributlardan foydalana olish jihati afzallik jihati
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hisoblanadi. Chunki fagat baho taraflama qarash, fagat numerik attribut bilan
cheklanish yoki o‘sha numerik attributlar yig‘indisining o‘rta arifmetiki olinish
muammoni to‘liq yecha olmaydi. Berilgan masalani yechishda optimal k ning
giymatini topishga ham alohida e’tibor qaratildi. Bunda standartlashtirish hamda
normallashtirishdan foydalanildi.

Ushbu masalani yechishda biz bir gator sun’iy intellekt algoritmlariga murojaat
gildik. Algoritmlar natijalari ham tahlil gilindi, bir — biri bilan solishtirildi. Inson
hayotida yoki bo‘lmasa uni bilim olishida unga ma’naviy taraflama ham ta’sir
qiladigan jihatlarga e’tibor qaratildi va ulardan eng maqbul parametrlar saralab olinib
attributlar ro‘yxatida shakllantirildi.

Xulosa qilib aytadigan bo‘lsak, talaba bilimini baholashda KNN algoritmini
qo‘llash jarayonida olingan natijalar tahlil qilindi. Weka dasturida olingan natijalar
skrinshot qilib asos sifatida keltirildi. Bir so‘z bilan aytganda, olingan natijalarga
asoslanib shuni aytishimiz mumkinki, ushbu data set uchun KNN algoritmini qo‘llash
yaxshi samara beradi.
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